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Abstract 

The preparation and structural characterization of dirhodium(I1) tetrakis[N,N-dimethyl-2-pyrrolidone-5(S)-carb- 
oxamide], Rh2(5S-DMAP).,, a new sterically-demanding catalyst for enantioselective metal carbene transformations, 
is described. The pyrrolidone ligands are arrayed around the dirhodium(I1) core with two oxygen and two nitrogen 
donor atoms, each oriented cis, bound to each octahedral rhodium. The crystal structure of this compound has 
been determined to be that of Rh,(SS-DMAP),(CH,CN),.CH,CN.6H,O: space group p2,2,2, with cell constants 
a = 12.685(4), b = 15.050(3), c = 24.035(4) A; V= 4588.5(1.9) A3, Z = 4, R = 0.0316, Rh-Rh distance =2.4538(5) A. 
Decreased activity for diazodecomposition catalyzed by Rh,(5S-DMAP)4 is observed, and enantiocontrol for 
cyclopropanation and carbon-hydrogen insertion is lower than expected by analogy to the corresponding di- 
rhodium(I1) tetrakis[methyl 2-pyrrolidone-S(S)-carboxylate], Rh,(SS-MEPY),. Electronic stabilization of the in- 
termediate metal carbene is absent in reactions catalyzed by Rh2(5S-DMAP),. 

Key words: Crystal structures; Enantioselectivity; Cyclopropanation; Rhodium carboxamidate complexes; 
Carbene complexes; Dinuclear complexes; Carbon-hydrogen insertion 

Introduction 

We have recently reported extraordinary enantio- 
selectivity in metal carbene transformations of diazo- 
acetate esters catalyzed by dirhodium(I1) tetrakis[methyl 
2-pyrrolidone-5(S)-carboxylate], Rh,(SS-MEPY),, and 
its enantiomeric form, Rh,(SR-MEPY), [l-7]. These 
catalysts were constructed by ligand displacement on 
dirhodium(I1) tetraacetate with the chiral amide ligand. 
The only isomer of the tetrasubstituted dirhodium(I1) 
formed was that in which two oxygen and two nitrogen 
donor atoms, each oriented cis, were bound to each 
octahedral rhodium. Similar high selectivities, enhanced 
for intramolecular carbon-hydrogen insertion reactions 
[S], have been achieved with the oxazolidinone analog 
of Rh,(SS-MEPY),, dirhodium(I1) tetrakis[methyl 2- 
oxazolidinone-4(S)-carboxylate], Rh,(4S-MEOX),, but 
not with those whose substituents are benzyl, Rh,(4S- 
BNOX),, or isopropyl, Rh,(4S-IPOX), [l-5]. Significant 

*Authors to whom correspondence should be addressed. 

improvement in enantiocontrol was observed, however, 
when phenyl was the substituent instead of benzyl, and 
the influence of this catalyst, Rh,(4S-PHOX),, although 
not as great as the carboxylate-substituted catalysts, 
was reported to be the result of greater steric control 
of the transition states for carbenoid processes [9]. 

The transformation for which these catalysts have 
proven to be the most effective are intramolecular 
cyclopropanation [I, 3, lo] and carbon-hydrogen in- 
sertion reactions [l, 4, 81 of diazoesters (e.g. eqns. (1) 
and (2)). Among simple substrates enantiometric ex- 
cesses (e.e.) greater than 90% have been achieved, and 
increasing the substitution on the diazoacetate often 
leads to even higher % e.e. values. This pattern further 
suggests the influence of steric control on enantiose- 
lectivity. However, steric influence alone cannot explain 
the extraordinary selectivity provided by chiral dirhod- 
iurn catalysts with carboxylate attachments, 
Rh,(MEPY), and Rh,(MEOX),. Their influence has 
been attributed to interaction of the ligand’s carbonyl 
oxygen with the carbene carbon which is viewed as 
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stabilizing the transition state for electrophilic reactions 
as well as further orienting the carbene for greater 
enantiocontrol [ 1, 171. 

The design of new ligands for dirhodium(I1) that 
could further enhance enantioselectivity in metal carb- 
ene transformations brought us to N,N-dimethyl-2- 
pyrrolidone5(S)-carboxamide. The greater steric bulk 
of the dimethylamido group relative to methoxy and 
the increased basicity of the amide carbonyl oxygen 
were expected to have a substantial influence on en- 
antioselectivity in reactions catalyzed by the resulting 
dirhodium(I1) compound, Rh,(SS-DMAP),. We now 
report the synthesis, structure and catalytic effectiveness 
of Rh,(SS-DMAP),. 

Experimental 

General 
Dirhodium(I1) tetraacetate was obtained commer- 

cially or prepared from rhodium(II1) chloride hydrate 
[ll]. (-)-2-Py rro 1 one-5(S)-carboxylic I’d acid was re- 
crystallized from ethanol prior to use: [Q$,“= - 10 
(H,O, c=O.97), and its methyl ester was prepared as 
previously described [l]. d-( +)-Menthyl diazoacetate 
and Z-( -)-menthyl diazoacetate [12] were prepared 
from their corresponding diazoacetoacetate esters by 

Rh2(4S-PHOX)‘, 

deacylation in aqueous acetonitrile with 3.0 equiv. of 
lithium hydroxide [13]. 3-Methyl-2-buten-l-y1 diazo- 
acetate and 2-methoxy-l-ethyl diazoacetate were pre- 
pared by similar methods [l]. Chlorobenzene, dichlo- 
romethane and 1,Zdichloroethane were distilled from 
calcium hydride prior to use. 

N, N-Dimethyl-2-pyrrolidone-S(S)-carboxamide 
A 100 ml one-neck, round bottom flask, cooled to 

-78 “C, was charged with 50 ml of anhydrous, freshly 
distilleddimethylamine. Methyl 2-pyrrolidone-S(S)-carb- 
oxylate (5.5 g, 38 mmol) was added to this solution, 
the flask was sealed with a rubber septum, and the 
resulting solution was allowed to warm to room tem- 
perature. When the reaction was complete (24 h, as 
indicated by a NMR spectrum of a sample removed 
from the reaction solution), the flask was again cooled 
to -78 “C, the septum was replaced with a still head, 
and excess dimethylamine was removed by distillation. 
The residue was a white solid that was recrystallized 
from ethyl acetate. The resulting white solid (4.2 g, 27 
mmol, 70% yield) had a m.p. of 114-115 “C and 
[(Y]~‘* = - 37.2” (H,O, c = 1.164); lit [~y]~*~ = - 33.5” 
(H,O, c = 2) [14]. ‘H NMR (CDCI,, 300 MHz): 6 6.89 
(s, lH), 4.56 (dd, J=8.0, 4.6 Hz, lH), 3.09 (s, 3H), 
3.02 (s, 3H), 2.52-2.27 (m, 3H), 2.20-2.03 (m, 1H). 13C 
NMR (CDCI,, 75 MHz): 6 178.2, 171.2, 53.9, 36.4, 35.9, 
29.4, 24.9. 

Dirhodium(II) tetrakis[N, N-dimethyl-2-pyrrolidone-5(S)- 
carboxamide], Rh,(SS-DAMP), 

Rhodium(I1) acetate (200 mg, 0.452 mmol), N,N- 
dimethyl-2-pyrrolidinone-5(S)-carboxamide (1.0 g, 6.4 
mmol) and 20 ml of anhydrous chlorobenzene were 
combined in a 50 ml one-neck, round bottom flask 
fitted with a Soxhlet extraction apparatus into which 
was placed a thimble containing 5 g of an oven-dried 
mixture of 2 parts Na,CO, and one part sand. The 
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TABLE 1. Crystallographic data for (C,HI,N,02)4Rh,(CH,CN),. 
CH,CN .6H,O 

Formula Rh&H6sNr,G14 
Formula weight 1057.75 
Space group m,2,2, 
a (A) 12.685(4) 

b (A) 15.050(3) 

c (A) 
v (A’) 

24.035(4) 
4588.5( 1.9) 

z 4 
Crystal system orthorhombic 

PC.lC (g/cc) 1.528 
Crystal size (mm) 0.37 x 0.33 x 0.35 
Radiation, h (A) MO KCY, 0.07107 
Temperature CC) -90 
28 Range (“) 4.&60.0 
Reflections measured 14713 
Unique reflections 8181 
Reflections rejected 920 v0 <4(a(F,,))l 
& 0.0316 
Transmission factora range 0.5822-0.6553 
Secondary extinctionb correction factor 0.6(2)X lo-’ 

R(F) 0.035 (7261 reflections) 

R@‘) 0.041 (8181 reflections) 
Goodness of fit 1.219 
Max. ]A/4 0.003 
Min., max. peaks (e/A’) -0.771, 0.562 

“Absorption correction was based on measured crystal faces. 
bThe correction for secondary extinction is of the form: F,,,, = Fc,,,/ 
[(I +X)(F,,,JZ/sin28]‘” where X is the correction factor. “The 
function &v(]FO] - lF,I)‘) was minimized, where o= l/(s(FJ2+ 
(0.02F)‘) and s(F,) = {0.5kI’D[s(I)z + (O.OU)‘]“‘} with I = (Ipcak - 
I background) x scan rate. The factor 0.02 was used to downweight 
intense reflections and to account for instrument instability; k 
is the correction due to Lp effects, absorption and decay. 

Results and discussion 

All four acetates of dirhodium(I1) acetate were re- 
placed by NJ-dimethyl-2-pyrrolidone-5(S)-carboxam- 
ide using the methodology originally developed for the 
preparation of dirhodium(I1) tetrakis(acetamidate) [20] 
and subsequently employed to synthesize Rh,(SS- 
MEPY), and other chiral dirhodium(II) carboxamides 
[I]. Both the carbon and proton NMR spectra of Rh,(SS- 
DMAP), suggest the (2,2-cis) ligand geometry. This 
ligand orientation is confirmed by the X-ray crystal 
structure of the bis-acetonitrile complex (Fig. 1). Viewed 

along the Rh(2)-Rh(1) bond axis, the nearer carbox- 
amide substituents have a counter-clockwise orientation, 
whereas the farther carboxamides have a clockwise 
orientation, consistent with the S-configuration (Fig. 
2). Each of the carboxamide substituents is positioned 
so that the dimethylamido group is pointed away from 
the dirhodium(I1) core, and each of them has the 
expected planar geometry. The Rh-Rh, Rh-0 and 
Rh-N bond lengths of the Rh,(5S-DMAP)4 structure 
are very close to those reported for Rh,(SR-MEPY), 
[l]. The Rh-Rh-N(pyrrolidone) bond angles average 
85.28(H)“, while the Rh-Rh-0 bond angles average 
89.65(S)“. However, whereas the pyrrolidone rings of 
Rh,(SR-MEPY), are only slightly twisted, those of 
Rh,(5S-DMAP), are considerably distorted (Fig. 1): 
ligand a, puckered between a twist and envelope con- 
formation; ligand b, twist conformation; ligands c and 
d, envelope. The acetonitrile ligand of Rh(2) is bonded 
with a linear atomic array for Rh(2)-N( 12)-C( 13) (178”). 
whereas that of Rh(1) has a Rh(l)-N(15)-C(16) bond 
angle of only 163”. 

X-ray crystallographic analysis of Rh,(SS-DMAP), 
revealed six water molecules in the crystal structure. 
The carbonyl oxygens of two ligands, O(lOc), O(llc) 
and O(lOd), O(lld), form hydrogen bonds with four 
water molecules; the other two water molecules form 
bridges to the first three in what appears to be a cluster 
(see ‘Supplementary material’) which extends to a mol- 
ecule of acetonitrile that is incorporated into the crys- 
talline lattice. 

The catalytic activity for diazodecomposition of 
Rh,(SS-DMAP), stands in sharp contrast with that of 
the analogous Rh,(SS-MEPY),. Intramolecular cyclo- 
propanation reactions of 3-methyl-2-buten-l-y1 diazo- 
acetate or intramolecular carbon-hydrogen insertion 
reactions of 2-methoxy-l-ethyl diazoacetate performed 
with Rh,(SS-DMAP), in refluxing dichloromethane led 
to the recovery of unreacted diazoester. With ethyl 
diazoacetate and styrene in refluxing dichloromethane, 
the cyclopropanation product ethyi 2-phenylcycloprop- 
ane-carboxylate was isolated in only 47% yield (eqn. 
(3)) with a c&runs isomer ratio of 34:66 and enan- 
tiomeric excesses of 38% (lS, 2R) and 22% (LS, 2s). 
In contrast, with Rh,(SS-MEPY), these isomeric cy- 

-\Ph 
+ N,CHCOOR 

‘COOR 
(3) 

R = Et, 40°C (47% yield) 

R = I-Menthyl, 40°C (27% yield) 

R = I-Menthyl, 83°C (75% yield) 

R = d-Menthyl, 83°C (83% yield) 

66 (22% ee) 

63 (2% de) 

64 (1% de) 

58 (7% de) 

34 (38% ee) 

37 (13% de) 

36 (15% de) 
42 (33% de) 
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TABLE 2. Fractional coordinates and equivalent isotropic thermal 
parameters (A’) for the non-hydrogen atoms of 
(C,H,,N20Z)4Rh,(CH1CN)2.CH,CN.6Hz0 

Atom x Y 2 V 

Rhl 0.10468(2) 
Rh2 0.19699(2) 
NlA 0.1772(3) 
CZA 0.1376(3) 
C3A 0.1172(4) 
C4A 0.1200(4) 
C5A 0.1835(3) 
C6A 0.2985(4) 
N7A 0.3234(3) 
C8A 0.4308(4) 
C9A 0.2488(5) 
OlOA 0.3635(3) 
OllA 0.1164(3) 
NlB - 0.0259(3) 
C2B - 0.0272(3) 
C3B -0.1317(3) 
C4B -0.1854(5) 
C5B -0.1239(3) 
C6B -0.1845(3) 
N7B - 0.2347(3) 
C8B -0.2901(5) 
C9B - 0.2389(6) 
OlOB - 0.1897(3) 
OllB 0.0511(Z) 
NlC 0.3289(2) 
c2c 0.3292(3) 
c3c 0.4372(4) 
c4c 0.4970(4) 
c5c 0.4345(3) 
C6C 0.4882(3) 
N7C 0.5561(3) 
C8C 0.6205(5) 
c9c 0.5747(4) 
OlOC 0.4744(3) 
OllC 0.2481(2) 
NlD 0.0938(3) 
C2D 0.1383(3) 
C3D 0.1089(4) 
C4D 0.0076(4) 
C5D 0.0269(3) 
C6D 0.0819(3) 
N7D 0.0236(3) 
C8D 0.0732(4) 
C9D - 0.0925(4) 
OlOD 0.1799(3) 
OllD 0.1995(3) 
N12 0.2786(3) 
Cl3 0.3187(3) 
Cl4 0.3673(5) 
N15 0.0285(3) 
Cl6 0.0121(3) 
Cl7 - 0.0063(5) 
Cl8 0.7855(10) 
Cl9 0.8872(10) 
N20 0.9700(7) 
021 0.2491(4) 
022 0.3726(3) 
023 0.2552(5) 
024 0.6220(6) 
025 0.4543(5) 
026 0.3509(5) 

- 0.00625(2) 
- 0.12569(2) 
- 0.1958(2) 
-0.1611(3) 
- 0.2306(3) 
- 0.3167(3) 
- 0.2926(3) 
- 0.3237(3) 
- 0.4053(3) 
- 0.4378(4) 
- 0.4652(4) 
- 0.2779(3) 
- 0.0792(2) 
- 0.0762(2) 
-0.1481(3) 
- 0.1952(4) 
-0.1518(4) 
- 0.0661(3) 

0.0168(3) 
0.0645(3) 
0.1446(4) 
0.0457(5) 
0.0345(3) 

-0.1764(2) 
- O.O692(2j 

0.0052(3) 
0.0287(3) 

- 0.0580(4) 
- 0.1094(3) 
- 0.0963(3) 
- 0.1587(3) 
- 0.1389(4) 
- 0.2442(3) 
- 0.0268(2) 

0.0529(2) 
0.0519(2) 
0.0191(3) 
0.0706(3) 
O.l180(3j 
0.1266(3) 
0.2152(3) 
0.2886(3) 
0.3758(3) 
0.2901(3) 
0.2194(2) 

- 0.0485(2) 
- 0.2340(3) 
- 0.2893(3) 
- 0.3601(6) 

0.1082(3) 
0.1767(3) 
0.2642(4‘) 
0.5584(9j 
0.5214(7) 
0.4939(7) 
0.1649(4) 
0.1374(3) 
0.2869(5) 
0.3547(5) 
0.2521(5) 

- 0.0423(5) 

0.108890(10) 0.01636(7) 
0.158450(10) 0.01617(7) 
0.0884(Z) 0.0218(9) 
0.0431(2) 0.0230( 11) 

-0.0011(2) 0.0330( 14) 
0.0319(3) 0.041(Z) 
0.0848(Z) 0.0239( 11) 
0.0789(Z) 0.0261(11) 
0.0984(2) 0.0355( 13) 
0.0914(3) 0.051(Z) 
0.1255(3) 0.049(2) 
0.0543(2) 0.0415(12) 
0.03546(12) 0.0243(8) 
0.1238(2) 0.0217(9) 
0.1547(2) 0.0234( 11) 
0.1532(3) 0.0366( 15) 
0.1037(3) 0.060(2) 
0.0920(2) 0.0273( 12) 
0.1107(2) 0.0278( 12) 
0.0721(2) 0.0366( 13) 
0.0890(3) 0.055(Z) 
0.0134(3) 0.057(2) 
0.1603(2) 0.0418(H) 
0.18346(13) 0.0245(S) 
0.1289(2) 0.0200(9) 
0.0999(2) 0.0215( 10) 
0.0789(2) 0.0332( 14) 
0.0855(2) 0.039(2) 
0.1303(2) 0.0243( 11) 
0.1861(2) 0.0267( 12) 
0.2036(2) 0.0308( 11) 
0.2532(3) 0.048(2) 
0.1761(2) 0.0339( 14) 
0.2130(2) 0.0349( 10) 
0.09057(13) 0.0238(8) 
0.18399(14) 0.0205(9) 
0.2288(2) 
0.2806(2) 
0.2614(2j 
0.1976(2) 
0.1870(Z) 
0.1818(2) 
0.1829(3) 
0.1829(2) 
0.1861(2) 
0.23024(11) 
0.2044(2) 
0.2297(2) 
0.2611(4) 
0.0658(2) 

O.O224(1b) 
0.0297(12) 
o.o32+3j 
0.0220( 10) 
0.0237( 11) 
0.0289(11) 
0.043(2) 
0.0352( 14) 
0.0362( 11) 
0.0224(7) 
0.0258( 10) 
0.0321( 13) 
0.077(3) 
0.0277(11) 

0.0474(z) 0.0290( 13) 
0.0236(3) 0.048(2) 
O.O637(6j O.l76(8j 
0.0683(3) 0.083(4) 
O.O706(3j o.o94(3j 

- 0.0020(2) 0.074(2) 
0.2059<2j 0.044$3) 
0.0817(3) 0.095(3) 
0.0963(3) 0.109(3) 
0.1213(3) 0.089(2) 
0.3123(2) 0.093(3) 

For anisotropic atoms, the V value is Vcq, calculated as 
V,,=f C,E,U,,a,*a,*A,j where A,, is the dot product of the ith 
and jth direct space unit cell vectors. 

clopropane compounds were formed in higher yield 
with a cixtruns isomer ratio of 4456 and enantiomeric 
excesses of 33% (lS, 2R) and 58% (IS, 2s) [2]. Under 
the same conditions, cyclopropanation of styrene using 
f-methyl diazoacetate was also incomplete. However, 
in refluxing dichloroethane reactions of d- and Z-menthyl 
diazoacetate with styrene catalyzed by Rh,(SS-DMAP), 
went to completion, cyclopropane product yields were 
relatively high, and diastereomeric excesses were those 
reported in eqn. (3). Stereodifferention for d- and Z- 
menthyl diazoacetate reactions with styrene, with greatly 
different levels of diastereocontrol from the d- and Z- 
menthyl esters, is similar to that found with Rh,(QS- 
BNOX),, Rh,(4S-IPOX), and Rh,(4S-PHOX), [l, 2, 
91 and unlike the small differences found with the 
Rh,(MEPY), catalysts [21]. No significant difference 
in activity or selectivity in Rh,(SS-DMAP), promoted 
reactions was found when the catalyst was heated in 
a vacuum oven to remove volatile ligands like aceto- 
nitrile. 

Intramolecular cyclopropanation of 3-methyl-2-buten- 
l-y1 diazoacetate (eqn. (4)) and intramolecular car- 
bon-hydrogen insertion (eqn. (2)) reactions catalyzed 
by Rh,(SS-DMAP), occurred without undue compli- 
cations at 83 “C in refluxing 1,Zdichloroethane. The 
44% e.e. obtained from eqn. (4) can be compared with 
77% e.e. for the same product achieved with Rh,(SS- 
MEPY), in refluxing benzene [6]. Similarly, the product 
from C-H insertion (eqn. (2)) was obtained in only 
30% e.e. compared to more than twice that selectivity 
with Rh,(SS-MEPY),. Overall, enantioselectivities from 
the use of Rh,(SS-DMAP), are considerably lower than 
those from the use of Rh,(SS-MEPY),. 

Me 

Rh,(SS-DMAP), 

C1CH2CH,C1, reflux 
96% yield 

44% ee (lS,5R) 

The decreased activity and selectivity of Rh,(SS- 
DMAI’),, relative to Rh,(SS-MEPY), towards diazo- 
decomposition and metal carbene transformations are 
surprising. The open side of the catalyst not encumbered 
by carboxamide attachments would appear to have 
allowed ready access by diazoesters to the active rhodium 
center (Fig. 2). Increased selectivity based on either 
or both steric effects and electronic stabilization of the 
intermediate carbene is not observed. Diazodecom- 
position by Rh,(SS-DMAP), generally requires much 
higher temperatures than those routinely employed with 
Rh,(SS-MEPY),, and this lower activity is commonly 
attributed to steric effects [22]. The rigidity of Rh,(SS- 
DMAP),, which is suggested by the distortion of the 
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TABLE 3. Selected bond distances (A) and angles (“) for (C,HIIN20,),Rh,(CH&N)z.CH~CN.6HZO” 

Bond distances 
Rh(?b-Rh(l\ _ .._\_, ^___\_, 

O(lla)-Rh(1) 
N( lb)-Rh( 1) 
O(llc)-Rh(1) 
N(ld)-Rh(1) 
N(lS)-Rh(1) 
N(la)-Rh(2) 
O(llb)-Rh(2) 

Bond angles 
Rh(2)-Rh(l)-O(lla) 
Rh(2)-Rh(l)-N(lb) 
Rh(2)-Rh(l)-O(llc) 
Rh(2)-Rh(l)-N(ld) 
O(lla)-Rh(l)-N(lb) 
O(lla)-Rh(l)-O(llc) 
O(lla)-Rh(l)-N(ld) 
O(lla)-Rh(l)-N(15) 
N(lb)-Rh(l)-O(llc) 
N(lb)-Rh(l)-N(ld) 
N(lb)-Rh(l)-N(15) 

2.4538(5) 
2.084(3) 
1.996(3) 
2.073(3) 
2.011(3) 
2.231(4) 
2.002(4) 
2.090(3) 

89.49(8) 
85.53(10) 
89.94(9) 
85.15(10) 
86.20(13) 
89.07(12) 

173.98(12) 
92.55(13) 

173.48(13) 
90.64( 15) 
97.56(14) 

NtlcLRhW \--I ----\-I 
O(lld)-Rh(2) 
N(12)-Rh(2) 
C(2a)-N(la) 
C(Sa)-N( la) 
C(3a)-C(2a) 
O(lla)-C(2a) 

O(llc)-Rh(l)-N(ld) 
O(llc)-Rh(l)-N(15) 
N( Id)-Rh( 1)-N( 15) 
N(lS)-Rh(l)-Rh(2) 
C(2a)-N( 1 a)-C(5a) 
C(2a)-N(la)-Rh(2) 
C(Sa)-N(la)-Rh(2) 
C(3a)-C(2a)-O( 1 la) 
C(3a)-C(2a)-N(la) 
O(lla)-C(2a)-N(la) 
C(4a)-C(3a)-C(2a) 

2.00?(3) 
2.080(3) 
2.224(4) 
1.308(6) 
1.462(5) 
1.513(6) 
1.274(S) 

93.66(13) 
87.13(13) 
92.95(14) 

176.40(10) 
111.7(4) 
122.5(3) 
124.6(3) 
122.1(4) 
112.0(4) 
125.9(4) 
102.6(4) 

C(4a)-C(?a) 

C(5a)-C(4a) 

C(6a)-C(5a) 

N(7a)-C(6a) 

O(lOa)-C(6a) 
C(8a)-N(7a) 
C(9a)-N(7a) 

C(5a)-C(4a)-C(3a) 
C(6a)-C(Sa)-N(la) 
C(6a)-C(5a)-N(4a) 
N(la)-C(Sa)-C(4a) 
N(7a)-C(ba)-O(lOa) 
N(7a)-C(6a)-C(5a) 
O(lOa)-C(6a)-C(Sa) 
C(Sa)-N(7a)-C(9a) 
C@a)-N(7a)-C(6a) 
C(9a)-N(7a)-C(6a) 
N(12)-Rh(2)-Rh(1) 

1.52117\ ----\ I 
1.548(7) 

1.539(6) 

1.352(6) 

1.226(6) 

1.458(7) 

1.460(8) 

104.04(4) 
111.1(3) 
110.2(4) 
104.7(4) 
121.4(4) 
117.7(4) 
120.7(4) 
116.7(4) 
118.9(4) 
124.4(4) 
179.07(15) 

C4b 

b 

Ullc 
:2c Cid fi6d 

Fig. 1. View of Rh2(5S-DMAP),(CH,CN), with a numbering scheme showing the nearly octahedral coordination around the 
atoms. Thermal ellipsoids are scaled to the 30% probability level. 

Rh 

pyrrolidone rings and in the bending of one acetonitrile 
ligand, can be used to rationalize these results. Con- 
r;r,,~nt ..r;th ,h;,- ,ts-..,t..,,l r;n;rl;t.r ..,a ..,nr., ..,,hl, t,. JIOLbIIL vvllll 1,113 JLIULCUIa, I1g”ILy) WL WLIG “I,LI”Ic; L” 

prepare the tetramethyleneamido analog of Rh,(SS- 
DMAP), under the same reaction conditions but even 
longer reaction times. 

Whereas steric interference which restricts access of 
diazocarbonyl compounds to the metal center is normally 

associated with ligands that surround the metal center 
on at least three sides [22], the present results suggest 
&I.,4 *L:, :,c,,~_,-,,,,. :, ___^ ,..L*I- TL,. ^_,...:-:r.. ^P Lllal L111S IIILG1IGIGIILG 15 II‘“IG s”vLIe. I‘1E: pL”.UIIIILy “I 
a N,N-dimethylcarboxamido group to the approaching 
diazocarbonyl compound, which inhibits optimal align- 
ment for electrophilic addition by rhodium, is one 
probable cause of the decreased reactivity of Rh,(SS- 
DMAP),. The substantial double diastereoselectivity 



Fig. 2. The view direction of Rh2(5S-DMAP)4(CH&N), is down 
the Rh-Rh axis. 

observed with Rh,(SS-DMAP), (eqn. (3)), but not with 
Rh,(SS-MEPY), [21], further suggests that the principal 
factor responsible for enantiocontrol with Rh,(SS- 
MEPY),, that is, electronic stabilization of the inter- 
mediate metal carbene by the pendant carboxylate 
group, is absent in reactions catalyzed by Rh,(SS- 
DMAP),. Overall, including Rh,(SS-DMAP),, the di- 
rection often taken to produce larger bulkier ligands 
for rhodium in catalytic metal carbene transformations 
has not proven to offer any significant advantage in 
catalytic activity or enantioselectivity 122, 231. 

Supplementary material 

For the crystal structure of Rh,(C,H,,N,O,),- 
(CH,CN), . CH,CN + 6H,O: anisotropic thermal param- 
eters for the non-hydrogen atoms (2 pages), positional 
and isotropic thermal parameters for the H atoms (2 
pages), bond lengths and angles for the non-H atoms 
(3 pages), bond lengths and angles for the H atoms 
(3 pages), views of Rh,(SS-DMAP),(CH,CN),. 
CH,CN. 6H,O showing the atom labelling scheme (2 
pages), and a unit cell packing diagram (1 page) are 
available on request from author S.H.S. 
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