A probabilistic model-based methodology for the conformational study of cyclic
systems. Application to copper complexes double bridged by phosphate and related
ligands.
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Supporting information
Expressions used for the potential energy
Bond length deformation:
Ep =% k(i — o) (1)
Valence angle deformation:
Eo = Y2 ke(0ij - 00) (2)
Torsion angle deformation:
Eo = % ky(L + cos(m(@ij + o)) (3)
Non bonded interactions:

Enp = ae'bri,- - Cl'ij_6 4

RMS deviations of structures used in the parameters optimization

Structure RMS/A Structure RMS/A
AGOKEM 0.352 BOXBIZ 0.247
DEGDAU10 0.356 GMPCUP 0.208
HOWFEE 0.290 IKUVUF 0.245
JAGSEP 0.167 LOXSEW 0.168
MANHAK 0.295 PORROD 0.382
QEDKAL 0.288 RUQHUG 0.330

Optimized parameters

Bond Stretching ro/A ky/mdyn-A*

Cu-O 1.951 2.175

O-P 1.500 3.150




Angle Bending 00/° ke/mdyn-rad
Cu-O-P 2.321 0.100
O-P-O 2.029 0.620
Torsion ky/kcal-mol™

Cu-O-P-O 0.052

REFCODES for phosphate structures retrieved from the CSD, crystallographic R-
factor (%) value and the probabilities for the most likely conformations.*

0.563 (TCC,) 0.437 (CC,)

o =10° o =20°
AGOKEM, 3.59 0.998 (TCy) 0.002 (Cy) 0.802 (TCy) 0.177 (C7) 0.021 (TBCy)
BONTAZ, 6.00 1.000 (BC,) 0.969 (BCs) 0.031 (TBCy)
CUCMPA, 10.30 | 1.000 (C)) 0.999 (C,) 0.001 (TBCy)
CUMPAH10,8.60 | 1.000 (C)) 0.998 (Cy) 0.002 (TBC))
ENAJOS, 5.26 1.000 (By) 0.991 (B,) 0.009 (TBy)
1.000 (Cy) 0.973 (C;) 0.027 (TBCy)
1.000 (TBy) 0.960 (TB,) 0.027 (BB,) 0.012 (B,)
ENAJUY, 7.89 1.000 (By) 0.995 (By) 0.005 (TB,)
0.999 (C;) 0.001 (TBCy) 0.906 (C;) 0.093 (TBCy)
1.000 (Cy) 0.988 (C,) 0.012 (TBC,)
1.000 (TBy) 0.948 (TB,) 0.036 (B,) 0.016 (BB,)
ENAKAF, 7.48 1.000 (By) 0.995 (By) 0.005 (TB,)
1.000 (Cy) 0.974 (C;) 0.025 (TBC;) 0.001 (TCy)
1.000 (Cy) 0.994 (Cy) 0.006 (TBC,)
1.000 (TBy) 0.941 (TBy) 0.043 (B;) 0.016 (BB,)
ERUGIH, 6.02 1.000 (By) 0.977 (By) 0.022 (TBy)
FEBYOA20, 10.00 | 1.000 (Cy) 0.999 (C,) 0.001 (TBCy)
FERNIA, 4.73 1.000 (Cy) 0.998 (C;) 0.002 (TCy)
1.000 (By) 0.997 (B5) 0.003 (TB,)
1.000 (Cy) 0.923 (C,) 0.077 (TCy)
FEWTUX, 7.60 1.000 (TBy) 0.877 (TB,) 0.121 (BB,) 0.002 (BJ)
FEWVAZ, 10.80 1.000 (By) 0.987 (By) 0.013 (TB,)
1.000 (By) 0.999 (B1) 0.001 (TB,)
1.000 (By) 0.995 (B,) 0.005 (TBy)
FEXZUE, 5.17 1.000 (By) 0.997 (By) 0.003 (TBy)
1.000 (By) 0.993 (B1) 0.007 (TB,)
1.000 (Cy) 0.994 (C;) 0.004 (TC;) 0.002 (TBCy)
1.000 (Cy) 0.997 (Cy) 0.002 (TBCy) 0.001 (TCy)
1.000 (Cy) 1.000 (Cy)
1.000 (Cy) 1.000 (Cy)
0.880 (B1) 0.120 (TB,) 0.734 (B1) 0.265 (TB;) 0.001 (BBy)
0.894 (TB,) 0.106 (B,) 0.502 (TB,) 0.495 (B,) 0.003 (BB,)
FEYBAN, 4.96 1.000 (By) 0.989 (By) 0.011 (TB,)
0.960 (C;) 0.040 (TC,) 0.689 (Cy) 0.311 (TC))
1.000 (Cy) 0.993 (Cy) 0.007 (TC,)
1.000 (By) 0.997 (B,) 0.003 (TB,)
FEYBER, 3.72 1.000 (Cy) 0.969 (C,) 0.031 (TC,)
FIBKAD, 5.11 1.000 (TCy) 1.000 (TCy)
FISZOX, 4.58 1.000 (TBCy) 0.902 (TBC,) 0.098 (BCy)
1.000 (BCy) 0.942 (BC;) 0.058 (By)
1.000 (TBC,) 1.000 (TBC,)
FIZKAB, 3.64 1.000 (BCy) 0.999 (BC;) 0.001 (TBC;)
0.869 (CC;) 0.131 (TCCy) 0.560 (CC5) 0.351 (TCC,) 0.089 (CRy)
0.634 (CC;) 0.366 (TCCy) 0.491 (CC,) 0.425 (TCC,) 0.084 (CR,)
1.000 (BC,) 0.999 (BC;) 0.001 (TBC)
0.982 (CC;) 0.018 (TCCy) 0.645 (CC;) 0.247 (TCC,) 0.108 (CRy)
1.000 (BC,) 0.999 (BC;) 0.001 (TBCy)
0.993 (BB,) 0.007 (TBy) 0.812 (BB,) 0.188 (TBy)
0.998 (BB,) 0.002 (TB,) 0.832 (BB,) 0.168 (TB,)
FIZKEF, 7.96 0.985 (CC;) 0.015 (TCCy) 0.665 (CC5) 0.247 (TCC,) 0.088 (CRy)

0.475 (TCC,) 0.453 (CC,) 0.072 (CR))




1.000 (BCy)

1.000 (BCy)

1.000 (BC,)

0.869 (CC;) 0.131 (TCCy)
0.998 (BB,) 0.002 (TB,)
0.996 (BB,) 0.004 (TB,)

1.000 (BCy)

0.999 (BC;) 0.001 (TBCy)

0.999 (BC;) 0.001 (TBCy)

0.560 (CC5) 0.351 (TCC,) 0.089 (CRy)
0.829 (BB,) 0.171 (TB,)

0.822 (BBy) 0.178 (TBy)

GMPCUP, 6.10 1.000 (Cy) 0.997 (Cy) 0.003 (TCy)
IKUVUF, 3.47 1.000 (C,) 0.999 (C,) 0.001 (TC,)
IKUWIU, 6.82 1.000 (TBC,y) 0.998 (TBC,) 0.002 (TCy)
ILANOY, 3.78 1.000 (BCy) 1.000 (BCy)
1.000 (By) 0.974 (By) 0.026 (TBy)
1.000 (TCCy) 0.994 (TCC,) 0.006 (CC,)
JAGRUE, 8.50 0.999 (Cy) 0.001 (TCy) 0.843 (C,) 0.157 (TCp)
JAGSAL, 11.60 1.000 (C,) 0.999 (Cy) 0.001 (TBC))
JAGSEP, 8.40 1.000 (C,) 0.993 (Cy) 0.007 (TBC))
JEBIEG, 4.52 1.000 (B,) 1.000 (B,)
1.000 (C,) 0.957 (Cy) 0.043 (TCy)
1.000 (Cy) 0.993 (Cy) 0.007 (TCy)
1.000 (By) 0.972 (By) 0.028 (TBy)
LANBEH, 4.08 0.998 (TBC,) 0.002 (BC,) 0.733 (TBC,) 0.267 (BC,)
1.000 (BC,) 1.000 (BC,)
LEJLULI, 4.97 1.000 (Cy) 1.000 (Cy)
LULGII, 6.22 1.000 (TCp) 0.999 (TC,) 0.001 (Cy)
MADVIX, 2.61 1.000 (C;) 0.958 (Cy) 0.042 (TCy)
QIWDOP, 4.82 1.000 (BC)) 1.000 (BCy)
RAZJOS, 7.13 1.000 (BC,) 1.000 (BC,)
1.000 (TBCy) 0.872 (TBCy) 0.119 (BC3) 0.009 (Cy)
1.000 (By) 0.986 (By) 0.014 (TBy)
1.000 (Cy) 0.998 (Cy) 0.002 (TBC))
1.000 (By) 0.993 (By) 0.007 (TBy)
1.000 (Cy) 0.994 (Cy) 0.006 (TBC))
0.999 (TBC,) 0.001 (BC;) 0.835 (TBCy) 0.161 (BC3) 0.004 (Cy)
1.000 (BC,) 1.000 (BC,)
1.000 (TBCy) 0.904 (TBCy) 0.086 (BC;) 0.01 (Cy)
1.000 (BC,) 1.000 (BC,)
1.000 (By) 0.989 (By) 0.011 (TBy)
1.000 (Cy) 0.998 (Cy) 0.002 (TBC))
RECROG, 4.96 1.000 (Cy) 0.996 (C,) 0.004 (TCy)
SAPGUN, 6.5 1.000 (BCy) 0.889 (BC;) 0.103 (TBC,) 0.008 (BC,)

* |n structures with several fragments, the probabilities for each of them are reported.




REFCODES for the phosphonate structures retrieved from the CSD,
crystallographic R-factor (%) value and the probabilities for the most likely

conformations.*

o =10° o =20°
COYHAZ, 4.35 1.000 (BC)) 1.000 (BCy)
COYLOR, 5.27 1.000 (BC)) 1.000 (BC))
COYNIN, 2.97 1.000 (BC,) 1.000 (BC,)
DALQIR, 3.61 1.000 (Cp) 0.986 (C;) 0.014 (TCy)
DEFKUU, 2.80 1.000 (By) 0.991 (B,) 0.009 (TB,)
1.000 (Cy) 1.000 (Cy)
1.000 (C,) 0.998 (C,) 0.002 (TCy)
DEGDAUI0, 6.80 | 1.000 (Cy) 1.000 (Cy)
ECODUW, 7.97 1.000 (BC)) 1.000 (BC)
ECOKIQ, 4.68 1.000 (BC,) 1.000 (BC,)
HOWFEE, 2.45 1.000 (TCy) 1.000 (TCy)
HOWFII, 5.28 1.000 (TCy) 0.993 (TC,) 0.007 (Cy)
HUXGOW, 3.26 1.000 (BC,) 1.000 (BC,)
ICISOC, 2.95 0.999 (BB,) 0.001 (TB,) 0.869 (BB,) 0.131 (TB,)
ICISUI, 2.76 0.999 (BB,) 0.001 (TBy) 0.869 (BB,) 0.131 (TBy)
ICOJEQ, 6.99 0.692 (B,) 0.308 (TBy) 0.543 (By) 0.444 (TB,) 0.013 (BB,)
LOFGAOO1L 0.978 (BB,) 0.018 (BC,) 0.004 (TBy) 0.701 (BB,) 0.153 (BCy) 0.146 (TBp)
MANHAK, 5.21 1.000 (TCy) 0.999 (TC,) 0.001 (Cy)
NAVYEO, 3.40 0.998 (BB,) 0.002 (TBy) 0.848 (BB,) 0.152 (TBy)
NILHIZ, 5.65 0.607 (TB,) 0.393 (BB,) 0.587 (BB,) 0.397 (TB;) 0.016 (BC))
OFISAX01, 5.27 0.999 (CCs) 0.001 (TCCy) 0.877 (CCs) 0.122 (TCCy) 0.002 (CRy)
PORROD, 5.42 0519 (C;) 0.481 (TCy) 0504 (C;) 0.496 (TC,)
TAVTUG, 4.84 1.000 (TCy) 0.976 (TC;) 0.024 (Cy)
TECNIZ, 2.48 1.000 (Cy) 1.000 (Cy)
UGARAV, 5.11 1.000 (TBy) 0.874 (TB,) 0.120 (BBy) 0.006 (By)
UKETIN, 3.27 1.000 (BC)) 1.000 (BC))
WAJHIY01, 513 | 1.000 (BCy) 1.000 (BC))
WARPEL, 3.39 1.000 (TCC,) 0.895 (TCC,) 0.060 (CCy) 0.044 (CC,) 0.001 (CRy)
0.641 (BBy) 0.359 (TBy) 0.656 (BBy) 0.344 (TB,)
WIHNOQ, 7.21 1.000 (Cy) 0.999 (Cy) 0.001 (TCy)
1.000 (By) 0.966 (B1) 0.034 (TB,)
1.000 (Cy) 0.994 (C,) 0.006 (TC,)
WUTLIG, 6.65 1.000 (BC) 0.989 (BC,) 0.009 (TBy) 0.002 (BB,)
WUTLOMOL, 3.07 | 1,000 (CC,) 0.979 (CC,) 0.021 (TCCy)
WUTLUS, 3.05 1.000 (TB,) 0.798 (TB,) 0.201 (BB 0.001 (By)
WUTMAZ, 2.93 0.777 (CCy) 0.223 (TCCy) 0.696 (CC;) 0.304 (TCC)
1.000 (CC,) 0.976 (CC,) 0.024 (TCC,)
WUVGOJ, 3.31 1.000 (BC)) 1.000 (BC,)
WUVGUP, 4.84 1.000 (BC)) 1.000 (BC))
XAKYEO, 5.27 1.000 (TC,) 0.942 (TC,) 0.058 (Cy)
XONCUY, 4.73 1.000 (BC,) 1.000 (BC,)
1.000 (BC)) 1.000 (BC))

* In structures with several fragments it appears the probabilities for each of them.




Refcodes for the phosphinate structures retrieved from the CSD, crystallographic
R-factor (%) value and the probabilities for the most likely conformations.*

o =1Q° o =20°
BIRFAJ, 2.50 1.000 (C) 1.000 (C)
1.000 (Cy) 0.992 (C,) 0.008 (TCy)
BOXBIZ, 5.80 1.000 (C,) 1.000 (C,)
DBUPCU, 6.10 1.000 (Cy) 0.949 (C,) 0.051 (TCy)
0.999 (C,) 0.001 (TC)) 0.861 (Cy) 0.139 (TCy)
FEPBEH, 4.87 0.785 (Cy) 0.215 (TCy) 0.580 (C,) 0.420 (TCy)
GAWZAF, 7.77 1.000 (Cy) 1.000 (Cy)
1.000 (Cy) 0.998 (C,) 0.002 (TC»)
GIRRAA, 8.10 1.000 (CCy) 0.863 (CC;) 0.127 (TCC,) 0.019 (CRy)
ICINAK, 5.3 1.000 (C) 0.946 (C,) 0.054 (TCy)
LOXSEW, 2.44 1.000 (Cy) 0.994 (C,) 0.006 (TC,)
MEFKAJ, 3.42 0.937 (BB,) 0.063 (TB,) 0.741 (BB,) 0.259 (TB,)
MEFKEN, 7.35 0.994 (TB,) 0.006 (BB,) 0.671 (TBy) 0.317 (BB,) 0.012 (By)
NAGFIL, 4.08 1.000 (TB,) 0.824 (TB) 0.165 (BBy) 0.011 (By)
NAGFUX, 553 1.000 (By) 0.990 (By) 0.010 (TBy)
0.964 (TB,) 0.036 (BBy) 0.573 (TB,) 0.420 (BBy) 0.007 (By)
1.000 (TBy) 0.813 (TB,) 0.099 (BB,) 0.088 (B,)
NAVPAC, 5.76 0.998 (TB,) 0.002 (By) 0.712 (TBy) 0.147 (By) 0.141 (BB,)
0.969 (TB) 0.031 (By) 0.663 (TB) 0.281 (B,) 0.056 (BB)
0.909 (TCCy) 0.091 (CCy) 0.640 (TCCy) 0.360 (CCy)
1.000 (TCy) 0.942 (TC,) 0.058 (Cy)
1.000 (TCy) 0.928 (TCy) 0.072 (Cy)
QEDKAL, 6.86 0.984 (Cy) 0.016 (TC,) 0585 (Cy) 0.415 (TCy)
RUQHUG, 2.90 1.000 (B,) 0.998 (B,) 0.002 (TBy)
SAKYUZ, 3.90 1.000 (TCy) 0.999 (TCy) 0.001 (Cy)
SAKZAG, 6.60 1.000 (BC,) 1.000 (BC,)
TIRXUN, 11.17 1.000 (Cy) 0.995 (C,) 0.005 (TCy)
YOMDOT, 3.60 0.997 (TCy) 0.003 (Cy) 0.811 (TCy) 0.189 (Cy)
ZUHCAG, 2.90 1.000 (Cy) 0.988 (Cy) 0.012 (TC,)

* In structures with several fragments the probabilities for each of them are reported.




RMS deviations of structures used in the parameters optimization

Structure RMS/A Structure RMS/A
AGOKEM 0.352 BOXBIZ 0.247
DEGDAU10 0.356 GMPCUP 0.208
HOWFEE 0.290 IKUVUF 0.245
JAGSEP 0.167 LOXSEW 0.168
MANHAK 0.295 PORROD 0.382
QEDKAL 0.288 RUQHUG 0.330

Optimized parameters

Bond Stretching ro/A ky/mdyn-A*
Cu-0O 1.951 2.175

O-P 1.500 3.150

Angle Bending Oo/rad ke/mdyn-rad™
Cu-O-P 2.321 0.100
O-P-O 2.029 0.620
Torsion ky/kcal-mol™

Cu-0O-P-O 0.052
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BIC and BIC consecutive differences for phosphonate complexes (RingConf output)
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BIC and BIC consecutive differences for phosphinate complexes (RingConf output)
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Phosphinate structures: evolution of the partitions, as the partition size grows.

3 clusters 4 clusters 5 clusters 6 clusters 7 clusters

w(1): 4 data, std=3.4 —- p(1): 4 data, std=3.4 — p(1): 4 data, std=3.4 — p(1): 4 data, std=3.4

u(1): 13 data, std=11.5 G G C, C,
C
! w(4): 9 data, std=9.62—» p(4): 9 data, std=9.62 —1(4): 9 data, std=9.62 — 1(4): 9 data, std=9.62
Cy Cy G Cy

1(2):10 data, std=44.30
1(2):11 data, std=47.0
TN (7)1 data, TCC,

w(2):12 data, std=49.0 \
W(2):14 data, std=55.5_» |,(2):14 data, std=55.5 v u(6):1 data TCC; — p(6):1 data TCC,

u(5):2 data, std=9.8— (5):2 data, std=9.8 —— 1(5):2 data, std=9.8
TB, TB, TB,

p(3): 2 data, std=0.5—= 4(3): 2 data, std=0.5 — 1(3): 2 data, std=0.5 — p(3): 2 data, std=0.5 —— W(3): 2 data, std=0.5
TC,

TC, TC, TC, TC,



