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Table S1. Synthetic conditions and IR spectroscopic characteristics of Rh6(CO)15L clusters.

L
CO)/cm-1 (CHCl3) 
Ligand

   excess 
Final

 yield 
Eluant 

mixture
Conditions for 

crystal growth

P(OPh)3
2104w, 2069vs, 2041m,

               1793mbr
10
45%
Petroleum ether/

Et2O = 2:1
Et2O/hexane, 4 (C

P(4-F3CC6H4)3
2103w, 2069vs, 2039w, 

2028sh, 1794mbr
3 
83%
Petroleum ether/

Et2O = 3:1
Et2O/hexane, 4 (C

P(4-ClC6H4)3
2101w, 2067vs, 2037m, 

2028sh, 1792mbr
2.0 
83%
Petroleum ether/

Et2O = 2:1
Et2O/hexane, 4 (C

P(4-FC6H4)3
2100w, 2066vs, 2037m, 

2028sh, 1789mbr
1.1 
90%
Petroleum ether/

Et2O = 4:1
Et2O/hexane, 4 (C

P(4-MeOC6H4)3
2098w, 2063vs, 2032m, 

2023sh, 1791mbr
1.0
39%
Hexane/Et2O = 1:1
Et2O/hexane, 4 (C

P(nBu)3
2100w, 2064vs, 2032m,

       1788mbr
5 
58%
Petroleum ether/

Et2O = 9:1
CH2Cl2/hexane, 4 (C

DMSO
2108w, 2074vs, 2043m,

 2014sh, 1791mbr
20
Quantit-ative
-
CHCl3/heptane/

DMSO, 25 (C

NCMe
2103w, 2068s, 2040m, 

2018sh, 1788mbr
1000
Quantit-ative
CHCl3/hexane/NCMe = 10:20:1
CHCl3/heptane/NCMe, 4 °C

Cyclooctene
2104w, 2071s, 2041m, 

2031sh, 1797mbr
2000
90%
-
Heptane/cyclooctene, 4 (C

CO
2077 s, 2044 m,

         1810mbr





Table S2. X-Ray Experimental Data for Rh6(CO)15L clusters.


L = PR3, R
L


OPh
4-F3CC6H4
4-ClC6H4
4-FC6H4
4-MeOC6H4
n-Bu
Me2SO
MeCN
C8H14
CO

Empirical formula
C33H15O18PRh6
C37H13Cl3F9O15P

Rh6 
C40H28Cl3O15P

Rh6 
C33H12F3O15P

Rh6
C42H35O18PRh6
C27H27O15PRh6
C17H6O16Rh6S
C17H3NO15Rh6
C23H14O15Rh6
Rh6C16O16

M
1347.88
1623.25
1503.40
1353.86
1476.13
1239.92
1115.74
1078.66
1147.80
1065.62

Crystal system
Monoclinic
Monoclinic
Monoclinic
Monoclinic
Triclinic
Monoclinic
Triclinic
Monoclinic
Triclinic
Monoclinic

Space group
P21/n
C2/c
I2/a
P21/m
P
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P21/c 
P
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P21/c

a/Å
18.336(2)
34.131(1)
27.5907(8)
10.464(2)
9.6763(3)
9.7893(2)
9.400(2)
16.099(4)
9.466(2)
16.113(3) 

b/Å
10.335(1)
9.8589(2)
9.8040(3)
16.376(3)
13.3834(6)
23.4579(5)
9.841(2)
9.6260(10)
9.832(3)
9.5503(19) 

c/Å
20.122(2)
27.8430(8)
36.907(1)
11.934(2)
18.6774(8)
15.6844(3)
14.668(3)
17.080(3)
16.608(4)
17.013(4)

°
90
90
90
90
93.056(2)
90
99.08(1)
90
103.07(2)
90 

°
99.178(9)
90.268(1)
101.535(1)
112.99(1)
97.363(2)
95.979(1)
96.83(1)
104.39(1)
94.50(3)
104.89(3) 

°
90
90
90
90
96.616(3)
90
96.27(1)
90
98.62(3)
90 

U/Å3
3764.4(7)
9368.9(4)
9781.8(5)
1882.7(5)
2377.1(2)
3582.1 (1)
1319.0(5)
2563.8(8)
1478.5(7)
2530.1(9) 

Z
4
8
8
2
2
4
2
4
2
4 

Dc/g cm-3
2.378
2.302
2.042
2.388
2.062
2.299
2.809
2.795
2.578
2.798 

F(000)
2568
6176
5792
1284
1432
2376
1044
2008
1084
1976 

((Mo-K()/mm-1
2.691
2.371
2.237
2.696
2.140
2.810
3.820
3.845
3.341
3.896 

Independent reflections (R(int))
10976 (0.02)
19849 (0.069)
9641 (0.077)
4231 (0.0278)
9085  (0.074)
7123 (0.040)
3443 (0.0377)
5580 (0.0817)
6411 (0.0620)
7346 (0.066) 

Final R1 (I>2(I))
0.0276
0.0398
0.0416
0.0329
0.0425
0.0349
0.0391
0.0654
0.0579
0.0447 

Final R2 (all data)
0.0660
0.0983
0.1012
0.0740
0.1211
0.0995
0.0908
0.1645
0.1579
0.1173 

Number of variables (obs/variables)
524 (20.9)
641 (12.5)
594 (16.2)
280 (15.1)
651 (14.2)
518 (13.8)
365 (9.4)
364 (15.3)
399 (16.1)
344 (21.3)

Largest (mean) final shift/esd
0.001 (0.000)
0.004 (0.000)
0.000 (0.000)
0.001 (0.000)
2.467 (0.065)
0.909 (0.034)
0.001 (0.000)
0.001 (0.000)
0.004 (0.000)
0.001 (0.000) 

Final e- density map/eÅ-3
-0.66 to 0.60
-1.09 to  1.04
-0.81 to 0.88
-0.90 to 0.84
-1.14 to   1.14
-1.07 to 1.67
-0.78 to 0.98
-1.20 to 1.39
-2.00 to 1.34
-1.60 to 1.72 

Goodness of Fit
0.973
1.047
1.040
1.148
1.103
1.064
0.810
1.010
0.885
0.942

Estimated standard deviations are given in parentheses.

Table S3. Rh-Rh bond lengths(Å) in Rh6(CO)15L clusters.
L
Rh(10)-Rh(20); Rh(10)-Rh(21)
Rh(10)-Rh(30); Rh(10)-Rh(31)
Rh(20)-Rh(21)
Rh(30)-Rh(31)
Rh(20)-Rh(30); Rh(21)-Rh(31)
Rh(40)-Rh(20); Rh(40)-Rh(21)
Rh(40)-Rh(30); Rh(40)-Rh(31)
Average Rh-Rh bond lengtha

P(OPh)3
2.7905(4); 

2.7616(4)
2.7644(4); 

2.7699(4)
2.7120(4)
2.7204(4)
2.7407(4); 

2.7588(4)
2.7519(4); 

2.7556(4)
2.7401(4); 

2.7299(4)
2.75(2)

P(4-F3CC6H4)3
2.7934(7); 

2.8118(8)
2.7588(7); 

2.7841(8)
2.7301(8)
2.7481(8)
2.7623(7); 

2.7603(7)
2.7618(8); 

2.7853(7)
2.7542(7); 

2.7521(8)
2.77(2)

P(4-ClC6H4)3
2.8242(7); 

2.8233(7)
2.8291(7); 

2.7934(7)
2.7479(7)
2.7822(7)
2.7891(7); 

2.7919(7)
2.8053(7); 

2.8069(7)
2.7754(7); 

2.7645(7)
2.79(2)

P(4-FC6H4)3b
2.8403(7); 


2.7946(7); 


2.7248(9)
2.7614(9)
2.7778(7); 


2.7808(7); 


2.7557(7); 


2.78(3)

PPh3
[7b]
2.820(1); 

2.847(1)
2.770(1); 

2.791(1)
2.706(1)
2.758(1)
2.783(1); 

2.770(1)
2.768(1); 

2.778(1)
2.748(1); 

2.748(1)
2.77(4)

P(4-MeOC6H4)3
2.8050(7); 

2.8086(7)
2.7763(8); 

2.7933(8)
2.7214(7)
2.7415(7)
2.7728(7); 

2.7701(7)
2.7545(7); 

2.7747(7)
2.7579(7); 

2.7580(7)
2.77(3)

P(nBu)3
2.7833(5); 

2.8182(6)
2.7744(6); 

2.7827(6)
2.7373(5)
2.7331(5)
2.7813(5); 

2.7709(6)
2.7622(6); 

2.7556(6)
2.7468(5); 

2.7590(5)
2.77(2)

DMSO
2.763(2); 

2.768(2)
2.729(2); 

2.724(2)
2.735(2)
2.785(2)
2.753(2); 

2.755(2)
2.764(2); 

2.755(2)
2.747(2); 

2.755(2)
2.75(2)

NCMe
2.752(2); 

2.761(2)
2.726(2); 

2.733(2)
2.737(2)
2.765(2)
2.750(2); 

2.753(2)
2.744(2); 

2.729(2)
2.772(2); 

2.767(2)
2.75(2)

Cyclooctene
2.805(2); 

2.810(2)
2.760(2); 

2.764(2)
2.713(2)
2.762(2)
2.773(2); 

2.758(2)
2.759(2); 

2.767(2)
2.750(2); 

2.758(2)
2.77(2)

SMe2
[7a]
2.735(7); 2.744(6)
2.713(9); 

2.723(6)
2.699(7)
2.726(7)
2.730(7); 

2.703(7)
2.696(7); 

2.70(1)
2.691(6); 

2.688(8)
2.71(2)

VinPy

[7c]
2.741; 

2.736
2.757; 

2.787
2.778
2.737
2.766; 

2.773
2.781; 

2.760
2.769; 

2.758
2.76(2)

COEt-
[7d]
2.829; 

2.830
2.764; 

2.806
2.710
2.718
2.828; 

2.819
2.735; 

2.750
2.790; 

2.768
2.78(4)

CO(O)Me-
[7e]
2.760(2); 

2.797(2)
2.767(2); 

2.759(2)
2.741(2)
2.732(2)
2.786(2); 

2.802(2)
2.760(2); 

2.743(2)
2.769(2); 

2.769(2)
2.76(2)

I-
[7f]
2.759(7); 

2.755(5)
2.717(5); 

2.717(6)
2.717(5)
2.758(5)
2.772(4); 

2.759(4)
2.737(6); 

2.747(5)
2.749(5); 

2.763(7)
2.75(2)

Cl-
[7g]
2.768(1); 

2.757(1)
2.731(1); 

2.740(1)
2.740(1)
2.773(1)
2.767(1); 

2.774(1)
2.771(1); 

2.751(1)
2.768(1); 

2.753(1)
2.76(1)

CO







2.75(1) 
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a Values of                                     are given in parentheses.

b Contains crystallographic plane of symmetry

Table S4. Other selected bond lengths (Å) in Rh6(CO)15L clusters.

P-donor ligands.


Rh6(CO)15L, L = PR3


OPh
4-F3CC6H4
4-ClC6H4
4-FC6H4 
Ph [7b]
4-MeOC6H4
n-Bu

pKa' [15]
-2.79
-1.39
0.87
1.63
3.28
5.13
8.67

Rh-(3-CO) distances

Rh(10)-C(10);

Rh(10)-C(11)
2.125(3); 2.169(3)
2.138(7); 2.137(7)
2.162(6); 2.142(6)
2.133(5)
2.14(1); 2.166(9)
2.143(7); 2.137(7)
2.127(5); 2.092(5)

Rh(20)-C(10);

Rh(21)-C(11)
2.163(3); 2.160(3)
2.177(7); 2.209(8)
2.203(6); 2.216(6)
2.164(5)
2.17(1); 2.19 (1)
2.175(7); 2.199(7)
2.213(5); 2.172(5)

Rh(30)-C(10); Rh(31)-C(11)
2.278(3); 2.215(3)
2.249(7); 2.264(7)
2.310(6); 2.276(6)
2.360(5)
2.31(1); 2.34 (1)
2.294(7); 2.297(7)
2.238(5); 2.368(6)

Rh(20)-C(20);

Rh(21)-C(20)
2.178(3); 2.179(3)
2.241(8); 2.205(8)
2.189(6); 2.270(7)
2.221(5)
2.20 (1); 2.19(1)
2.241(7); 2.174(7)
2.186(5); 2.203(5)

Rh(40)-C(20)
2.160(3)
2.135(8)
2.148(7)
2.130(7)
2.14 (1)
2.149(7)
2.177(5)

Rh(30)-C(30);

Rh(31)-C(30)
2.166(3); 2.186(3)
2.186(7); 2.187(7)
2.199(7); 2.219(7)
2.165(6)
2.17(1); 2.17 (1)
2.175(8); 2.167(8)
2.182(5); 2.144(5)

Rh(40)-C(30)
2.209(3)
2.176(7)
2.210(7)
2.187(7)
2.24 (1)
2.209(7)
2.221(5)

Average*)
2.18(4)
2.19(4)
2.21(5)
2.20(8)
2.20(6)
2.20(5)
2.19(6)

C-O distances in bridging carbonyl ligands

Min/max
1.148(4)/1.160(4)
1.150(8)/1.171(8)
1.168(7)/1.185(7)
1.172(6)/1.188(9)
1.125/1.178
1.147(8)/1.155(8)
1.156(6)/1.166(6)

Average*)
1.155(4)
1.160(7)
1.178(7)
1.179(7)
1.16(3)
1.153(3)
1.161(4)

Rh-(t-CO) distances

Min/max
1.876(3)/1.916(3)
1.868(7)/1.920(8)
1.869(7)/1.944(7)
1.869(8)/1.923(6)
1.85(1)/1.94(1)
1.875(7)/1.927(7)
1.864(6)/1.924(6)

Average*)
1. 90(1) 
1.90(2)
1.92(2)
1.91(2)
1.907(22)
1.90(1)
1.90(2)

Rh(10)-C(40)
1.876(3)
1.868(7)
1.869(7)
1.869(8)
1.85(1)
1.875(7)
1.864(6)

C-O distances in terminal carbonyl ligands

Min/max
1.108(4)/1.128(4)
1.110(8)/1.141(8)
1.124(7)/1.159(7)
1.125(7)/1.140(9)
1.111/1.143
1.118(8)/1.143(9)
1.123(7)/1.140(7)

Average*)
1.120(6)
1.128(9)
1.14(1) 
1.131(4)
1.126(11)
1.131(7)
1.132(5)

C(40)-O(40)
1.128(4)
1.141(8)
1.157(7)
1.140(9)
1.143
1.130(8)
1.140(7)

Rh-P distances


2.2511(8)
2.344(2)
2.381(2)
2.357(2)
2.368(3)
2.370(2)
2.344(2)

Nonphosphorus donor ligands

L
DMSO
NCMe
Cyclooctene
I( [7e]
Cl( [7f]
SMe2 [7a]
VinPy [7c]
COEt(
CO(O)Me(
CO

Rh-(3-CO) distances

Rh(10)-C(10);

Rh(10)-C(11)
2.14(1); 2.14(1)
2.13(2); 2.21(2)
2.15(1); 

2.15 (1)
2.10(3); 2.06(3)
2.095; 2.119

N/A
2.22(5); 2.19(4)
2.151; 2.108
N/A
N/A


Rh(20)-C(10);

Rh(21)-C(11)
2.23(1); 2.18(1)
2.23(2); 2.18(2)
2.19(2); 2.21(1)
2.16(3); 2.19(2)
2.258; 2.197

N/A
2.24(4); 2.14(6)
2.234; 2.204
N/A
N/A


Rh(30)-C(10);

Rh(31)-C(11)
2.23(1); 2.29(2)
2.21(2); 2.20(2)
2.21(2); 2.24(1)
2.26(2); 2.25(2)
2.312; 2.272

N/A
2.19(5); 2.36(6)
2.251; 2.205
N/A
N/A


Rh(20)-C(20);

Rh(21)-C(20)
2.18(1); 2.18(1)
2.18(2); 2.17(2)
2.21(1); 2.19(2)
2.14(2); 2.15(2)
2.222; 2.210

N/A
2.20(4); 2.04(5)
2.156; 2.180
N/A
N/A


Rh(40)-C(20)
2.18(2)
2.15(2)
2.17 (1)
2.21(3)
2.194

N/A
2.15(5)
2.204
N/A
N/A


Rh(30)-C(30);

Rh(31)-C(30)
2.18(1); 2.19(2)
2.28(2); 2.23(2)
2.18(1); 2.16(2)
2.12(3); 2.17(2)
2.182; 2.203

N/A
2.14(6); 2.23(8)
2.199; 2.220
N/A
N/A


Rh(40)-C(30)
2.24(1)
2.21(2)
2.24(1)
2.18(2)
2.193

N/A
2.20(6)
2.180
N/A
N/A


Average*)
2.20(4)
2.20(4)
2.19(3)
2.17(6)
2.20(6)
2.19(7)
2.19(4)
N/A
N/A
2.19(1)

C-O distances in bridging carbonyl ligands

Min/max
1.13(1)/

1.16(2)
1.11(2) /1.17(2)
1.14(2)/

1.18(2)
1.17(3)/

1.21(3)
1.155/1.174

N/A
1.08(8) /1.17(5)
1.173/1.185
N/A
N/A
1.143(8)/

1.159(8)

Average*)
1.14(1)
1.14(2)
1.16(2)
1.19(2)
1.162(7) 

N/A
1.14(3)
1.171(5)
N/A
N/A
1.153(7)

Rh-(t-CO) distances

Min/max
1.87(2)/

1.93(2)
1.88(2)/

1.96(2)
1.86(1)/

1.93(2)
1.81(3)/

1.88(3)
1.873/1.986

N/A
1.81(5)/

1.93(7)
1.848/1.915
N/A
N/A
1.891(8)/ 1.951(7)

Average*)
1.90(2)
1.92(2)
1.90(2)
1.85(2)
1.90(3) N/A 
1.84(3)
1.88(2) 
N/A
N/A
1.92(2)

Rh(10)-C(40)
1.88(2)
1.93(2)
1.86(1)
1.87(2)
1.873 N/A
1.85(6)
1.848
N/A
N/A
N/A

C-O distances in terminal carbonyl ligands

Min/max
1.12(2)/

1.17(1)
1.08(2)/

1.15(2)
1.11(2)/

1.16(2)
1.07(3)

/1.19(4)
0.902/1.143

N/A
1.05(9)/

1.19(7)
1.115/1.175
N/A
N/A
1.103(8)/ 1.151(8)

Average*)
1.14(2)


1.11(2)
1.13(1)
1.14(3)


1.10(6)

N/A
1.12(4)


1.147(118)


N/A 
N/A
1.12(1)

C(40)-O(40)
1.12(2)
1.08(2)
1.14(2)
1.07(3)
1.120

N/A
1.11(7)
1.155
N/A
N/A
N/A

Rh-ligand donor atom (X)  distances

X
S
N
C
I
Cl
S
N
C
C



2.312(3)
2.03(2)
2.34(2); 2.28(2)
2.709(6)
2.413(1)
2.40(2)
2.187
2.06(2)
1.96(2)
N/A
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*) Values of estimated standard deviations are given in parenthesis

Fig. S1. ORTEP view of the Rh6(CO)16 cluster.
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Fig. S2. ORTEP view of the Rh6(CO)15(P(OPh)3) cluster.
[image: image6.wmf](

)

2

n

x

x

Σ

S

i

-

=



[image: image7.wmf](

)

2

n

x

x

Σ

S

i

-

=

 Fig. S3. ORTEP view of the Rh6(CO)15(Cyclooctene) cluster.
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