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Lists of abbreviations

1,4-becpvb = 1,4-bis(2-(4-cyanophenyl) vinyl)benzene-
N,N'

2,2-biPy = 2,2-bipyridine

2,2-biPy-tzl= 2,2'-bipyridin-6-yl)-tetrazolato

2-Py = 2-pyridine

2-Py-CH:z-6-Cou = (2-pyridyl)methyliden]-6-coumarin
2-pyO = 2-hydroxypyridine
2-sba = 2-sulfobenzoic acid
3,5-(6-2,2-biPy)Pzl = 3,5-bis{6-(2,2'-dipyridyl)}
pyrazole

4,4-biPy = 4,4-bipyridine
4-Py = 4-pyridine

Boc = tert-butoxycarbonyl
BOC-5,6-anh-nc = 2-Boc-5,6-anhydride-
naphthylcarboxylate

bpdcn = biphenyl-4,4'-dicarbonitrile-N,N'

Bphen = bathophenanthroline (4,7-diphenyl-1,10-
phenanthroline)

BrbiPyBr = 5,5'-dibromo-2,2"-bipyridine

BrPhenBr = 3,8-dibromo-1,10-phenanthroline

Bzm = benzimidazole

cca = 2-(9H-carbazol-9-yl) acetic acid

cyclam = 1,4,8,11-tetraazacyclotetradecane

Dmphen = 2,9-dimethyl-1,10-phenantroline

dppb = 1,4-bis(diphenylphosphino)butane

dppe = 1,2-bis(diphenylphosphino)ethane

dppf = 1,1-bis(diphenylphosphino)ferrocene

dpph = 1,6-bis(diphenylphosphino)hexane

dppm = bis(diphenylphosphino)methane

eddbn = 4,4'-ethene-1,2-diyldibenzonitrile-N,N'

edt = ethanedithiolate

EtPs = 1,1,1-tris(diphenylphosphino)-ethyl)ethane

Fc = ferrocene

fptzH = 5-trifluoromethyl-3-(2'-pyridyl)-1H-1,2,4-
triazole

Hbmp = 2-(2-benzimidazolyl)-6-methylpyridine

| BSN = 1,2-bis[2-(4-methyl-7-acetylamino-1,8-

naphthyridine)Jethylene

m-fmptzH = 5-trifluoromethyl-3-(5-methyl-2’-
pyridyl)-1H-1,2,4-triazole

mnt = cis-1,2-dicyanoethylene-1,2-dithiolate

mpyO = 6-metylpyridin-2-olate

N~CAN = 1-methyl-3,5-di(2-pyridyl)benzene

N~CAN = 1-methyl-3,5-di(2-pyridyl)benzene

N~N = 2-(2-tert-butyl-tetrazol-5-yl)pyridine

N~N~OH = 2,4-dimethyl-7-hydroxyl-1,8-
naphthyridine

NMP = 2-(4-Dimethylaminophenyl)imidazo (4,5-f)(1,
10)phenanthroline

NPs = tris(2-(diphenylphosphino)ethyl)amine

NPN = bis(2-pyridyl)phosphole

NPP = 2-pyridylbis(diphenylphosphino)methane
n-PyCO:z=n-pyridylcarboxylate

o-bmptzH = 5-tert-butyl-3-(6-methyl-2"-pyridyl)-1H-
1,2,4-triazole

OCCL = 2-cyano-3-(4-(diphenylamino)phenyl) acrylic
acid)

o-fmptzH = 5-trifluoromethyl-3-(6'-methyl-2'-pyridyl)-
1H-1,2,4-triazole

paa or NAN-N”N = pyridine-2-carbaldehyde azine
p-fmptzH = 5-trifluoromethyl-3-(4"-methyl-2'-
pyridyl)-1H-1,2,4-triazole

phen = phenantroline

pht = phthalimide

pmk = bis(2-pyridylmethyl) ketazine

PPDMe = [3,6-bis(3,5-dimethylpyrazol-1-
yl)pyridazine]

Pydz = pyridazine

pymS = pyrimidine-2-thionato

pPyz = pyrazine

TCNQ =7,7,8,8-tetracyanoquinodimethane

tddeddbn = thiene-2,5-diyldiethene-2,1-
diyl)dibenzonitrile-N,N'

tmsc = thiosemicarbazide ligand

triphos = 1,1,1-tris(diphenylphosphinomethyl) ethane
tsac = thiosaccharin

ttfa = thenoyltrifluoroacetone

ttfac = 2-thenoyltrifluoroacetone
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Figure S1. '"H NMR spectra (500 MHz, CD:Clz, 298K, ppm) of [(p2-dppm)2Cuz][1n?-BHa]z.

7.33

~
\

7.26

2.89

7.0 6.5 6.0 5.5 5.0 45 4.0 3.5 3.0 2.5 2.0 15

0.5

-0.5

S4



Figure S2. "B{'H} NMR spectra (160 MHz, CD:Clz, 298K, ppm) of [(p2-dppm)2Cuz][n?>-BHa].

—-29.40

30 20 10 0 -10 -20 -30 -40 -50 -60 -70 -80 -90 -100 -110 -120

-130

-140

-150

-160

S5



Figure S3. 3'P{'H} NMR spectra (202 MHz, CD2Clz, 298K, ppm) of [(t2-dppm)2Cuz][n?>-BHa].
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Figure S4. 3C{'H} NMR spectra (126 MHz, CD:Clz, 298K, ppm) of [(p2-dppm)2Cuz][n?>-BHa]-.
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Figure S5. 3C{'H} NMR spectra (126 MHz, CD2Clz, 298K, ppm) of [(p2-dppm)2Cuz][n?*-BHa]2 (16850-16600 Hz).
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Figure S6. 3C{'H} NMR spectra (126 MHz, CD:Clz, 298K, ppm) of [(p2-dppm)2Cuz][n>-BHa]2 (3290-3180 Hz).
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Figure S7. 3C{'H} NMR spectra (126 MHz, CD:Clz, 298K, ppm) in JMODECHO mode of [(p2-dppm)2Cuz][n?>-BHa].
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Figure S8. FTIR spectra of [(t2-dppm)2Cuz][n?-BHa]2 in the KBr pellet.
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Figure S9. FTIR spectra of [(pt2-dppm)2Cuz][n?-BHa]2 in Nujol mull/thin polyethylene film.
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Figure S10. 3'P{'H} (202 MHz, 298K, ppm) and 'H NMR spectra (500 MHz, 298K, ppm) of [(p2-dppm)2Cuz][n?-BHa4]z in

CDCl.
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Figure S11. General view of molecular structures of 1 and 2 conformations. The solvents molecules are omitted for
clarity.

1 [(p2-dppm)2Cuz(n?-BHa4)2]-CH2Cl2 orthorombic 2 [(p2-dppm)2Cuz(n?-BHa)2]-0.5CH2Cl2 monoclinic (P21/c) Qeale
(P212121) Qcalc = 1.353 g/cm? =1.328 g/cm?
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Table S1. CCDC analysis of the structures, containing eight-membered [(pu2-dppm)2Cu2]** moieties.

Ne | CSD refcode Formula Conf 5P Ligand lcu-cwy | ZPCuP | Dih.angle | /PCP Ref
1. SETDAW [(u2-dppm)2Cuz(uz-mpyO)]2-BF 4 Boat-Boat -9.2 o) mpyO 2679 | 123125 | 123-127 | 1101110 | [1]
[(p2-dppm)2Cuz(p-CeHa(CO2)2) J _ _
2 NOFHIZ ot ool BFe)e 3 ACHLOz Boat-Boat CsHa(CO2)o 2.708 | 130130 | 1351127 | 1121112 | [2]
3. ELIKOZ [(p2-dppm)2Cuz(pi2-SoNEL)|[CIO4]- EtOH- Ho0 D'Stg;a?r"at' - EtNS; 2.712 | 133/134 | 119150 | 114/115 | [3]
4. AWUCIE [(M2-dppm)2Cuz(p2-SPh)(NCMe)]J[CIO4]- E2O Boat-Chair - PhS 2.735 | 125128 | 1291127 | 111/112 | [4]
[(p2-dppm)2Cu2{(S,S)-iPr-pybox}][PFe]2 Twisted . 6 .
5, ONUFEJ B Boat. Boat 3.6 (&-me2c0) (S,S)-iPr-pybox 2.743 | 124/140 | 164/-103 | 111/111 | [5]
6. JIQVUB (u2-dppm)2Cusa(2-sba)-3CH:Cl, D'Stg[]' a?fat' —9.8 (cocn) 2-sba 2.749 | 1271146 | 121/-154 | 110/110 | [6]
7. BUVPAK [(u2-dppm)2Cuz(NANAO)][BF a2 Boat-Boat - NANAO 2781 | 119120 | 119121 | 111111 | [7]
8. NOQXAS [(u2-dppm)2Cuz(u-O2CMe)|[BF4]-Me2CO Boat-Boat | —-10.2 (coscn) MeCO: 2.789 | 129131 | 124/136 | 1121112 | [8]
[(u-dppm)2Cuz-
9. NOFJUN (02CC2F4C02)Cua(p-dppm)z](PFs)2-5CH-Cla Boat-Boat - CoF4(CO2)s 2.833 | 125/134 | 1361124 | 1121113 | [2]
10. CIYMIH [(H2-dppmM)2Cuz][PFe]2-2CH2Cl2-H20 D'Stg[;a?r"at' —7.0 (cozciz) - 2.833 | 132/134 | 144/-122 | 1121113 | [9]
Distor. Boat-
: _ 2.833 | 136/142 | 164/-127
11. IMOWOX [(u2-dppm)2Cu2(4-PyCO2)]4[BF 4]a- CH2Cl2 Bog?_ggat —7.9 (cociz) [4-PyCOz2] 2968 120/130 125/-129 112/113 | [10]
2.844 | 121126 | 130/-124 | 112/114
i CIYMUT 1.5 [(u2-dppm)2Cus][PFe]o-2CH:Cla Boat-Chair | —7.0 (cozcn) - 2.878 | 1171120 | 116/-121 | 112/113 | [9]
2.924 | 125131 | 1251131 | 111/115
13. TADZOP [(2-dppm)2Cus(cca)(NOs)(CH3OH)] Boat-Boat - cca 2.847 | 124/126 | 1231128 | 111/112 | [11]
14.|  TEQGED [(H2-dppm)2Cuz(NAN)I[BF 2 Dister Boat | 7.0 (cocn) NAN 2.849 | 138/139 | 133/-160 | 114/115 | [12]
15, ETIQEF [{(u2-dppm)>Cua(p-CN)}2][PFel> Dip Feel | el il CN 2.867 | 126/135 | 116/-150 | 112/113 | [13]
Chair (cb2ci2)
16. IMOWUD [(u2-dppm)2Cua(6-Me-3-PyCO,)|4[BF ] Boat-Boat ~7.8 oo 6-Me-3-PyCO, 2.869 | 129130 | 1331129 | 114/114 | [10]
. 2.874 | 123/124 | 1231124 | 111/113
17. CIYMON 2 [(12-dppm)2CU3][PFels-CH:Cla Boat-Chair | —7.0 (cozcn) = 5950 | 1961130 | 1311419 | 1141115 | 1
—10.9 (cociz)
18. IPAHIQ [(M2-dppm)2Cua(C7H7N)(u-NOs)|[NOs] Boat-Boat /-23.0 free NOs™ 2916 | 128/136 | 136/-133 | 1101111 | [14]
dppm
19. CAWKIV [(u2-dppm)2Cuf{(CO2)2CsHz(Boc)z}]o 11 THF B;"i‘;'_%fgir -8.2 (o [(Boc)::CeHa(CO2)] | 2.925 | 122/130 | 105/-148 | 110/115 | [15]
20. XuJciQ [(42-dppm)2Cua(OOCL)L[NOs]2 D'Stg';;“t' - - 2931 | 119120 | 134/-108 | 110/112 | [16]
— 6
21. SOMJAF [(uz-dppm)2Cu2][OC6Cl4OH]2 Boat-Chair /_61'3 g &DF:”;[‘;: HOCsCl4O" 2.944 | 130/131 | 137/-124 | 113/113 | [17]
22. SULYAZ [(M2-dppm)2Cua(u-O2CPh)][0>CPh]-Ho0 D'Stg';;“t' - PhCO:, 2.944 | 117119 | 1271111 | 110112 | [18]
23. YIVSUT [(M2-dppm)2Cuz(tsmc)}NOslo-MeOH:-H20 Boat-Chair - tsmc 2.956 | 126/130 | 1281128 | 113/114 | [19]
24. LERFOE [(M2-dppm)2Cua(u-HCOO)(C7H-N)JINOs] Boat-Boat 151 Emes HCOO/C7H/N 2958 | 125132 | 1321129 | 111/112 | [20]
25.|  TEDHUG [(u2-dppm)2Cu2][2-pyOl Boat-Boat | -11.2 «ouso) 2-pyO- 2.962 | 123/128 | 1281128 | 110/112 | [21]
26. SIWYED [(M2-dppm)2Cu2][BOC-5,6-anh-nc]z BZ‘;’E;%‘; - BOC-5,6-anh-nc 2.981 | 117126 | 1391103 | 109/113 | [22]
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-13.6 cociy

27.|  INOSOT [(u2-dppm)Cullttfac)lo-(CaHsO)2 - -23.0 free ttfac 2.986 - - - [23]
dppm
28.|  XUDKUD [(2-dppm)2Cuz]ftsacl> CH:Cl gooed ;;fhﬁg tsac 3036 | 110/115 | 891138 | 1091112 | [24]
29.|  LEFBUW [{(H2-dppm)2Cua(fptz)][CIO4]-2H,0 DiSt‘B’gaE?at' ~11.4 p2ci) fptz 3.049 | 1211130 | 131120 | 1141114 | [25]
30.| LEFBEG [(12-dppM)2Cua(m-fMptz)][C104]-2CH.Cl2 Boat-Chair | -11.1 woece) m-fmptz 3.085 | 130132 | 1351127 | 114/115 | [25]
31. LEFBOQ [(R2-dppm)2Cuz(0-bmptzH)][ClO4]2-H20 DiStggaE:w' - bmptzH 3.085 | 130121 | 131/-120 | 114/114 | [25]
32.|  AzINEC [(H2-dppm)2Cuz2(CN{BU)|[BF ]2 BoatBoat | -2.13 coece) CNtBu 3100 | 118122 | 1250114 | 110111 | [26]
33, LEFBIK [{(H2-dppm)2Cuz(p-fmptz)][CI04]-2H.0 DiStggaE:“t' -12.8 (op2ci) p-fmptz 3110 | 114/131 | 1231121 | 113114 | [25]
34.| CAWKOB [(12-dpPM)2Cua{(CO2):C1oHa(Boc):}]-3DME pontd - (Bock:CroHa(CO2)2 | 3.119 | 1241126 | 94/-156 | 109110 | [15]
35. IMOWIR [(H2-dppmM)2CU2(3-PyCO2)[2(BF4)2-4CH:Clz DiSt‘B’gaE?at' -8.0 (coci) 3-PyCO2 3126 | 122123 | 115/-132 | 112/113 | [10]
36.|  IMOWEN [(H2-dppM)2Cuiz(2-PyCO2)lo(BF a)2 pometed | =77 oo 2-PyCO; 3133 | 120132 | 1081145 | 1121115 | [10]
37.|  VOFwOD [{(0Tol)2PCH2P(0Tol)2}CuCll2-2C2HeCl poisted | -18.4 o cr 3133 | 119119 | 90/-149 | 1091110 | [27]
38. LEFBAC [(p2-dppm)2Cuz(o-fmptz)][ClO4]-2CH,Cl2 Boat-Chair '10?9/)‘_%0”'2’ o-fmptz 3.136 | 129/133 | 128/-134 | 115/115 | [25]
39.| HoOsxoc [(1z-dppM)2Cuz2(MezNCN)s][BF il2 BoatBoat | -10.0 oo Me2NCN 3143 | 115125 | 1181123 | 110113 | [28]
40.| TOMKOW [(“Z'dppm)20“2‘553“;)']?‘5;\"02(“'S)Z(edt)Z} Boat-Boat - (U-S)oMoz(u-S)edt) | 3.159 | 113/113 | 113113 | 1121113 | [29]
41.]  YUMKEY [{(H2-dppm)2Cuz(k-Cl)(i~CoHzN)I[CI] BoatBoat | -15.2 oo CI/i-CoHiN 3163 | 121124 | 121125 | 114114 | [30]
42. GIPNOJ {{(u2-dppm)2Cuz}a(p-eddbn)] [PFsla-11CH2Cla} Boat-Boat ‘Bl'f’éﬁ'fj"'z’ eddbn 3.166 | 123/125 | 125/-123 | 111/112 | [31]
43.|  SACKUE [(12-dpPM)2Cua(1-NCMe)(NCMe)][CIOu]> Boat-Chair - MeCN 3168 | 130132 | 1311131 | 1121114 | [32]
44, NIKBAK [(2-dppm)2Cuz]NO32 Distor. Boat- | _12.3 (coas) NOs™ 3470 | 1321132 | 122142 | 1121112 | [33]
45. | 2/[dppmCuBHa]. [(1z-dppm)2Cuzln>BHalz Boat-Boat | -14.6 woece) BH4 3204 | 117718 | 117118 | 11111 |
46. GIPPIF [{(u2-dppm)2Cuzla(u-bpden)] [BFalz-CHoClz DiStg[;a'?r"at' - bpden 3213 | 124/138 | 1421121 | 1131114 | [31]
47.|  GIPPAX {[{(“Tdppm)chj;}éﬂ%éﬁfgl\:i)(“_1 A-bepvO)l | ot Boat - 1,4-bcpvb 3223 | 121127 | 1241124 | 111112 | [31]
48. GIPNUP {[{(“Z'dpp”El)jgelﬁ?j%’éﬁfgl‘;;‘n)(“'bpdcn)] Boat-Boat _ bpdcn 3235 | 133/134 | 131/-136 | 111/112 | [31]
T I~ I R 7 o e
oat
50.|  BUPYOB | [(1-dppm):Cuz{SP(OIPr:NC(SINHPhMe.CO | DiStor- Boat —25(;2;;;)2.2 SP(OPr:NC(S)NHPh | 3.246 | 109/110 | 117/-102 | 113113 | [34]
51.|  FIWWEO [{(H2-dppm)2Cuz(u-SCN)2]-3MeCN Boat-Boat - SCN- g:gg? ] ]gﬂ ]g ] ]?H ]? 113115 | [35]
52.]  YUMKOI [(H2-dppm)2Cuz(4 4-biPy)(u-CII[CI]-4MeCN Boat-Boat - ClI/4,4-biPy 3.264 | 1161122 | 1201118 | 112114 | [30]
53.| OLARUQ [{(“f;gi?[rgféiﬁ?(zuﬁézzégpy_ S —1518(};?)/202) 2,2-biPy-tzl 3288 | 117143 | 1181145 | 115/118 | [36]
54.|  HOMVEK [(2-dppm)2Cuz(Me-NCN)(u-CI)[CIl-2MeNCN | D1S195 B3t 1455 6oy Cl/Me:NCN 3203 | 125125 | 121130 | 114115 | [37]
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3294 | 1321132 | 129/135 | 114/114
55.|  BUVPEO [(M2-dppm)2Cuz(NACAN)][BF 4l2-3CH-Cl2 Boat-Boat | —11.2 owso) NACAN 3314 | 126196 | 130120 | 1181115 | 7]
56.| BEBPOO [(2-dppm)2Cua(Py-2,6-CO2)][NOs]z Distor. Boat | _13.9 coas) Py-2,6-CO2 3208 | 125131 | A0 | 414114 | (38
[(2-dppm)2Cua (- Distor. Boat- _ 3313 | 1221131 | 1281126 | 112/115
| AR MeCN)(MeCN ][BF alo-CH.Cl Boat BN 3380 | 119133 | 1321122 | 112114 | 13°)
58.|  YUMLAV {[(H2-dppmM)2Cui2(4,4-biPy)(u-CJ[CIOT}n Boat-Boat - CI/4,4-biPy 3.328 | 1221122 | 1201124 | 1141114 | [30]
59. SULXUS [(M2-dppm)2Cu2(O2CPh)z] Chair-Chair _ PhCO, 3.359 | 144/144 | 180/180 | 112/112 | [18]
60.| SOFQUA é}gﬁfgﬁiﬁu&(ﬁ;ﬂﬁggh‘ Distgrc.) ;oat- _ CI/CoHAN 3.364 | 1111120 | 113120 | 114/114 | [40]
61.| NEPSOS [{(H2-dpPM)2Cuz(u-CsHeN:S)][1]21.5MeCN Distor. Boat: - I"/CsHsN2S 3375 | 117/120 | 1131124 | 1141117 | [41]
62. PUSMEX [(12-dppm)2Cuiz(u-CaHsN2S)][Br]2-2MeCN D'Stg';anat‘ - Br/CsHsN2S 3.378 | 116/119 | 123/-113 | 113/117 | [42]
[(u2-dppm)2Cu2{p-3,6-(2-Py)2-4,5-(4- o _ 3,6-(2-Py)2-4,5-(4- ]
63. IXOMOY P Boat-Chair 6.5 (cocis) PyiPydz 3.390 | 1241131 | 129127 | 114/115 | [43]
[(M2-dppm)2Cu2{y-3,6-(2-Py)2-4,5-(4- P B 3,6-(2-Py)2-4,5-(4- )
64. IXONAL B by NG CHLO Boat-Chair 6.5 (coca) PyiPydz 3.390 | 124/131 | 127/-129 | 114/116 | [43]
65.|  SIBDUD dppm)zCuZ{Mo(mnt)a{}[éll\J/lzc;CN)]-MeCN~2EtzO}n Boat-Boat - [Mo(mnt)s2/MeCN | 3.391 | 116/125 | 121/-121 | 114/116 | [44]
Twisted _ thi
66. | 1/[dppmCuBHa]z [(u2-dppm)2Cuz][N2-BHe]o Bomt Bogt | 146 oz BH4 3392 | 1117113 | 13492 | 111113 | 8
67. REWBIF dopm)Cuz {W(mnt)aﬁ(Mp:CN)}MeCN~2EtzO}n Boat-Boat - [W(mnt)s]/MeCN 3.395 | 116/125 | 121/-121 | 114/116 | [45]
[(u2-dppm)2Cu2{p-3,6-(2-Py)2-4,5- _ 3,6-(2-Py)2-4,5-
68. IXOMUE L e A Boat-Boat 8.1(coce) on 3.406 | 125/130 | 129/-126 | 114/117 | [43]
69. QITFUW [(H2-dppm)2Cuz(p-pmK)][BF ]2 D'Stg';aBtoat' =111.2 emsm) pmk 3.417 | 114/114 | 106/-123 | 114/114 | [46]
70. BUVPOY [(u2-dppm)2Cuz(paa)][BF 42 Boat-Boat - paa 3.420 114/114 112/-118 113/113 [71
71. HOSXUI [(M2-dpPmM)2Cuz(p-Cl04s)(Me2CN)][CIO4] Boat-Chair | —10.9 (cocis) ClOs"/ MeCN 3424 | 1311133 | 1314135 | 112/115 | [28]
72.|  DEDFEX [{(H2-dppm)2Cuzl[-S2C(oTol)lz Distor. Boat- - [S2C(oTol)" 3.426 | 114114 | 101/-129 | 111111 | [47]
73. KIKBEL [(2-dppm)2Cux(u-PPDMe)][BF 2 Boat-Chair | =7.4 cozc) PPDMe 3452 | 1251130 | 124/-132 | 115/116 | [48]
74. AFOJEL {[(u2-dppm)2Cuz(u-Cl)((Uz-TCNQ)}n Di“‘é;::“t' -13.4 "-owe) CI/TCNQ 3454 | 95130 | 107/-87 | 113/115 | [49]
75. SOFQIO [(2-dppm)2Cuz(CeH7N)(p-CI)J[CI]-2CaH7N - H.O DiStg';anat‘ - Cl-/MesNCN 3.467 | 111/118 | 122/-108 | 114/114 | [40]
76. CAHKAZ [(2-dppm)2Cua(u-Ln)][BF4lo-4H,0 Boat-Boat _ Liw 3.637 | 1241128 | 127/-130 | 114/115 | [50]
77.|  NOVHUB [(42-dppm)2Cus(-NO3)(Py)slINOs]o- CHsOH Boat-Boat | -10.8 oo NOs/Py 3651 | 126/126 | 128/-128 | 112/113 | [51]
78.|  PUXJAT [(12-dppm)2Cuz]]ttfal gooed - ttfa 3663 | 115115 | 144192 | 113113 | [52]
79. NIWKAG {[(12-dppm)2Cuz(4,4-biPy)][BF sl2-2.5CHzClz}n DiStggaE?at' - 4,4-biPy 3713 | 1221130 | 1151142 | 1111117 | [53]
80. QIFZIo [(42-dppm)2Cux(u-TePh)|[BF:] Boat-Chair | —6.9 (&.acetone) TePh 3723 | 1281129 | 1291131 | 112/114 | [54]
81.| CECNAA [(12-dppm)2Cuz{SoP(OiPr)2}]- 2CHCl ponioied +2.1 (coc S:P(OiPrY, 3736 | 111111 | 93134 | 115115 | [55]
82. QIFZEK [(M2-dppmM)2Cuz(u-SePh)(Me2CO)][BF]- ELO Boat-Chair | —6.3 (&.acetone) SePh/Me.CO 3739 | 1281129 | 130/-129 | 112/113 | [54]
83.| WEGSOR [(M2-dppm)2Cuz(4-vinylPy)a(u-HCOO)|[PFe] DiSt‘B’rc')aE:°at' -10.6 (cooi) HCOO/4-vinylPy 3.742 | 119127 | 1291122 | 115/115 | [56]
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Distor. Boat-

84.|  QITGAD [(12-dppM)2Cua(MeCN)4l[BF iJ2 o5 S o MeCN 3.755 | 1201120 | 1081137 | 114114 | [46]
| oo | Wompmoemerse Do | Wl | waruers | 350 |00 100 ||
86.| WABHEN [(H2-dppm)2Cuz2(MeCN)4J[PFel: BZ";’E;‘; - MeCN 3756 | 1201120 | 1381107 | 1141114 | [57]
87.| FEWVAE [(H2-dppm)2Cuz2(MeCN)J[CIO4l gsted - MeCN 3757 | 120120 | 138/-107 | 113113 | [58]
88.| CODSUK [(Hz-dppm)2Cuz(pht)z] THF Chair-Chair - pht 3776 | 1321132 | 180/-180 | 110/110 | [59]
89. CATHAH [(H2-dppm)2Cuz(Bzm)a2(u-NO3)[[NO3] DiStg';?at' - Bm 3.852 | 127127 | 139/-122 | 116/116 | [60]
90. SUHFIK [(“Tdppm)zc“é%tﬁ'['(c‘}ba'swry')Py}z(“‘ DiStg[;aEi‘r"at' - styrjil(:fcll_o " 3.865 | 1321137 | 1531125 | 1151117 | [61]
91.|  QUHMAI {[((:‘;Z;gpo‘zg‘]“[)ég;‘;(ég'ﬁfg&g‘:' Boat-Chair | -12.2 @Pouso) |  4,4-biPy/CFsSOs 3901 | 128/137 | 137/-138 | 1151116 | [62]
92.| OXIFAD {[(uo-dppm)2Cuz(4-CFspymS)z]-2MeCN Chair-Chair |  23.0 coc 4-CFspymsS 3.904 | 1301130 | 180/-180 | 114/114 | [63]
93.| KANQOG [(H2-dppm)2Cuz(Py-2-CO2)2][NO3l2 Chair-Chair | -14.4 cocs Py-2-CO; 4068 | 1401140 | 180/-180 | 112112 | [64]
94.| GOMDES {[(42-dppm)2Cuz(po-py2)[CIO:]2 CHoCl}n Chair-Chair - pyz 4116 | 1451145 | 180/-180 | 115115 | [65]
95.| QUHLUB [(Hz-dppM)2Cuz(piz-py2)I[(BF alz-(CH2Cl2)a} Chair-Chair | -12.1 «®.ouso) pyz 4120 | 1451145 | 180/-180 | 116/116 | [62]
9%6.| EREHUF [(H2-dppm)2Cuz{-3,5-(6-2,2-biPy)PzI}[NOs. | Plain(boat) - 3,5-6-2,2-biPy)Pzl | 4277 | 148150 | 1701170 | 117117 | [66]
97. FERLIZ [(H2-dpPM)2Cua(BrbiPyBr)2][CIO2-2CH.Cl. | Chair-Chair - BrbiPyBr 4433 | 135(135 | 180/180 | 116/116 | [67]
98. RIRRIV [(u2-dppm)2Cus(Bphen)s][BF ] CHCla DiStgL' a?fat' -6.6 (coz2ci) Bphen 4.464 | 1351141 | 171/-154 | 116/116 | [68]
99.| EVOXUKO2 [{(H2-dppm)2Cu(Hbmp)}2[ClOs]-2CHCl Chair-Chair - Hbmp 4585 | 135(135 | 180/-180 | 120/120 | [69]
100]  YEHXAL [(1z-dppM)2Cuz(5-NO2-1,10-Phen)J[CIO:]. Chair-Chair - 5.NO-1,10-Phen | 4.595 | 136/136 | 180/180 | 116/116 | [70]
101  uJoqep [(1z-dppm)2Cuz(1,10-Phen)]INOsl2 6Hz0 Chair-Chair - 1,10-Phen 4598 | 136/136 | 180/-180 | 11717 | [71]
102]  BUDGOX [(1z-dppM)2Cuz(2,2"-biPy)2I[BF iz Chair-Chair - 2,2"-biPy 4599 | 1371137 | 1801180 | 117117 | [72]
103]  YEHXEP [(1z-dppM)2Cuz(NMP)Z[CIO.]2 Chair-Chair - NMP 4633 | 135135 | 180/180 | 116/116 | [70]
104]  VIMQUDO1 [(12-dpPM)2Cuia(2,2-biPy)o]INOs]2 Chair-Chair | —9.9 cocs 2,2"-biPy 4637 | 1341134 | 180/-180 | 147147 | [73]
105 YUMKUO [(H2-dppm)2Cuz(2,2'-biPy)2][CF2S O]z Distor. Boat- | _15.2 o) 2,2'-biPy 4644 | 134138 | 158-171 | 1171119 | [30]
106|  UFADAH [(12-dpPM)2Cua(2,2'-biPy)o][BF 4] 2E4:0 Chair-Chair - 2,2"-biPy 4671 | 1331133 | 1801180 | 117117 | [74]
107l MOFJIC [{(H2-dppm)2Cuz(BrPhenBr)2][Cllz-2CH:Cl Chair-Chair | ~* 0'(_”5‘;2”“”) BrPhenBr 4679 | 136/136 | 1791179 | 1171118 | [75]
108]  YUMKIC [(42-dppm)2Cua(1,10-Phen)z][Cllo 5H20 Chair-Chair | -15.2 coc 1,10-Phen 4700 | 1351135 | -180/-180 | 118/118 | [30]
109 TICNIE e IO it Chair-Chair - 2Py-CHr8-Cou | 4778 | 15434 | -taor1a0 | 11a/11s | 7O
110  sazFop [(2-dppm)2Cuz(1,10-Phen)o][BFsl2CH:Cl. | Chair-Chair - 1,10-Phen 4720 | 133133 | 1801180 | 119119 | [77]
11| JoaNUO [(Hz-dppM)2Cuz(1,10-Phen)z][PFel2Me2CO | Chair-Chair | 5.6 (-acetone) 1,10-Phen 4742 | 1341134 | 180/-180 | 120120 | [78]
oo | reemooeHac ottt | s | soeen | it | 7| T e [

vdW radii Cu = 1.4 A — ZvdW(2Cu) = 2.8 A
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Table S2. Structural parameters of crystal structure 1 (Twisted Boat-Boat) and optimized structures.

Distances, A 1 M06 | PBEO | PBE0-D2 | PBE0-D3BJ | B3LYP | B3LYP-D2 | B3LYP-D3BJ | BP86 | BP86-D2 | BP86-D3BJ
Cu(1)-Cu(2) 3.392(1) | 3.398 | 3.439 3.164 3.145 3.760 3.237 3.216 3616 | 3.135 3.062
Cu(1)-P(2) 2.238(2) | 2277 | 2.268 2.234 2.243 2.304 2.258 2.268 2262 | 2219 2.228
Cu(2)-P(1) 2.253(2) | 2282 | 2273 2.235 2.245 2.315 2.266 2.273 2269 | 2230 2.234
Cu(1)-P(3) 2254(2) | 2282 | 2271 2.233 2.246 2.315 2.263 2.271 2270 | 2230 2.334
Cu(2)-P(4) 2.257(2) | 2277 | 2.267 2.228 2.240 2.303 2.257 2.267 2260 | 2222 2.224
Cu(1)-B(1) 2.1949) | 2.196 | 2.195 2.176 2.185 2.239 2.206 2.216 2202 | 2170 2.184
Cu(2)-B(2) 2.190(7) | 2.196 | 2.195 2.175 2.183 2.240 2.214 2.214 2203 | 2.180 2.182
Cu(1)-H(1)BA 17682 | 1.776 | 1.774 1.754 1.756 1.810 1.772 1.767 1.781 1.747 1.746
Cu(1)-H(1)BB 18956 | 1.839 | 1.819 1.810 1.823 1.848 1.826 1.850 1.816 1.795 1.823
B(1)-H(1)BA 112 1278 | 1.286 1.286 1.285 1.271 1.271 1.270 1.287 1.288 1.285
B(1)-H(1)BB 112 1270 | 1.280 1.280 1.278 1.265 1.268 1.262 1.280 1.283 1277
B(1)-H(1)BC 112 1207 | 1.215 1.215 1.215 1.206 1.205 1.205 1.214 1.213 1214
B(1)-H(1)BD 1.12 1207 | 1.215 1.216 1.215 1.206 1.207 1.206 1.215 1.215 1.215
Cu(2)- H(2)BA 19398 | 1.839 | 1.824 1.806 1.820 1.852 1.851 1.845 1.823 1.815 1.817
Cu(2)- H(2)BB 16944 | 1.776 | 1.773 1.755 1.755 1.807 1.775 1.767 1.780 1.759 1.745
B(2)-H(2)BA 1.12 1270 | 1.279 1.281 1.278 1.264 1.263 1.263 1.279 1.278 1.278
B(2)-H(2)BB 1.119 1278 | 1.286 1.286 1.285 1.271 1.271 1.270 1.287 1.284 1.285
B(2)-H(2)BC 112 1207 | 1.215 1.215 1.215 1.206 1.207 1.205 1.215 1.216 1214
B(2)-H(2)BD 112 1207 | 1.215 1.216 1.215 1.206 1.208 1.206 1.215 1217 1.215
H(1)BB--H(2)BA 31143 | 2.909 | 3.090 2.722 2.713 3.722 2.673 2.836 3422 | 2464 2574
B(1)B(2) 506(1) | 5363 | 5517 4217 5175 6.145 5.065 5293 5847 | 4.880 5.051
H(19)A—-CI(1") 2.722 - - - - - - - - - -
H(13)A—-CI(1") 2.727 - - - - - - - - - -
H(29)A—-CI(1") 2.816 - - - - - - - - - -
H(28)A—-CI(1) 2.627 - - - - - - - - - -
H(1)BD---CI(2) 2.814 - - - - - - - - - -
Angles,’ 1 M06 | PBEO | PBE0-D2 | PBE-D3BJ | B3LYP | B3LYP-D2 | B3LYP-D3BJ | BP86 | BP86-D2 | BP86-D3BJ
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P(2)-Cu(1)-P(3) 112.93(7) | 111.584 | 118.067 | 113.251 113464 | 121.080 | 115.889 112.025 | 120.230 | 115438 | 110573
H(1)BA—Cu(1)-H(1)BB | 60.95 | 70.604 | 71.273 | 71.987 71.539 68.728 | 70.149 69.530 71.004 | 72.470 71.591
P(1)-Cu(2)-P(4) 111.33(6) | 111.590 | 118.351 | 113.463 | 113214 | 120.968 | 115.393 111673 | 121.232 | 114.441 | 110.150
H(2)BA—Cu(2)-H(2)BB | 60.84 | 70.604 | 71.194 | 72.038 71.603 68.697 | 69.447 69.622 70.845 | 71.590 71.782
P(1)-C(1)-P(2) 112.6(3) | 108.993 | 111.059 | 105.982 | 111.059 | 113.863 | 108.332 107.842 | 112.360 | 106.433 | 105.431
P(3)-C(2)-P(4) 109.9(4) | 108.991 | 110.962 | 106.198 | 110.962 | 114.088 | 108.847 107.641 112.508 | 106.816 | 105.326
Cu(1)y-H(1)BA-B(1) 96.3 90.455 | 90.206 | 90.084 90.206 91543 | 91.411 92.240 90.270 | 89.964 90.922
Cu(1)-H(1)BB—B(1) 89.6 87.004 | 88428 | 87.795 88.428 89.988 | 89.106 88.683 88.919 | 88.040 87.738
Cu(2)-H(2)BA-B(2) 87.1 87.001 | 88.242 | 87.906 88.242 89.854 | 88.497 88.765 88.688 | 87.844 87.850
Cu(2)-H(2)BB-B(2) 1002 | 90.461 | 90.280 | 89.977 90.280 91.664 | 91.706 92.123 90.379 | 90.134 90.816
C(19)-H(19)A--CI(T’) | 150.9 - - - - - - - - - -
C(13)-H(13)A--CI(T’) | 1408 - - - - - - - - - -
C(29)-H(29)A--CI(T’) | 136.0 - - - - - - - - - -
C(28)-H(28)A--CI(T") | 150.4 - - - - - - - - - -
B(1)-H(1)BD---CI(2) 142.6 - - - - - - - - - -
Dihedral Angles,’ 1 M06 | PBEO | PBE0-D2 | PBE-D3BJ | B3LYP | B3LYP-D2 | B3LYP-D3BJ | BP86 | BP86-D2 | BP86-D3BJ
1(P,Cu,Cu,P) —02.41(6) | —87.634 | —-92.646 | -83.909 | -84.431 | -99.810 | -88.029 —83.833 | -95.140 | -86.784 | -83.875
1(P,Cu,Cu,P) 133.69(6) | 137.091 | 146.124 | 144279 | 143.359 | 147.675 | 144.838 141.351 148.106 | 144253 | 137.410
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Table S3. The differences between structural parameters of crystal structure 1 (Twisted Boat-Boat) and optimized structures.

Distances, A 1 A[MO06] A[PBEO] A[Pngfo' AI[)'?,";E;" A[B3LYP] A[BSZYP' A[DBSS]P' A[BP86] | A[BP86-D2] Aéggﬁ?'
Cu(t)-Cu@) | 3.392 0.006 0.047 0.228 _0.247 0.368 _0.155 0.176 0.224 _0.257 ~0.330
Cu(1)-P(2) 2.238 0.039 0.030 —0.004 0.005 0.066 0.020 0.030 0.024 —0.019 ~0.010
Cu2)-P(1) 2.253 0.029 0.020 0.018 —0.008 0.062 0.013 0.020 0.016 0.023 _0.019
Cu(1)-P(3) 2.254 0.028 0.017 —0.021 ~0.008 0.061 0.009 0.017 0.016 —0.024 0.080
Cu(2)-P(4) 2257 0.020 0.010 0.029 ~0.017 0.046 0.000 0.010 0.003 —0.035 ~0.033
Cu(1)-B(1) 2.195 0.001 0.000 0.019 0.010 0.044 0.011 0.021 0.007 0.025 —0.011
Cu(2)-B(2) 2.191 0.005 0.004 0.016 —0.008 0.049 0.023 0.023 0.012 _0.011 ~0.009
Cu(1-H(1)BA | 1.768 0.008 0.006 _0.014 _0.012 0.042 0.004 —0.001 0.013 —0.021 —0.022
Cu(1}-H(1)BB | 1896 | -0.057 ~0.077 —0.086 ~0.073 —0.048 0.070 —0.046 ~0.080 —0.101 ~0.073
B)-H(1)BA | 1.12 0.158 0.166 0.166 0.165 0.151 0.151 0.150 0.167 0.168 0.165
B(1)-H(1)BB | 1.12 0.150 0.160 0.160 0.158 0.145 0.148 0.142 0.160 0.163 0.157
BA)}-H(M)BC | 1.12 0.087 0.095 0.095 0.095 0.086 0.085 0.085 0.094 0.093 0.094
B(1-H(1)BD | 1.12 0.087 0.095 0.096 0.095 0.086 0.087 0.086 0.095 0.095 0.095
Cu@-H@2)BA | 19398 | -0.101 ~0.116 ~0.134 ~0.120 —0.088 —0.089 —0.095 ~0.117 —0.125 ~0.123
Cu(@-H(@)BB | 16944 | 0.082 0.079 0.061 0.061 0.113 0.081 0.073 0.086 0.065 0.051
B(2-HQ2BA | 1.12 0.150 0.159 0.161 0.158 0.144 0.143 0.143 0.159 0.158 0.158
B(2-H(2)BB | 1.119 0.159 0.167 0.167 0.166 0.152 0.152 0.151 0.168 0.165 0.166
B2)-H(2BC | 1.12 0.087 0.095 0.095 0.095 0.086 0.087 0.085 0.095 0.096 0.094
B(2-H(2BD | 1.12 0.087 0.095 0.096 0.095 0.086 0.088 0.086 0.095 0.097 0.095
H(1)BBH(2)BA | 3.1143 | —0.205 —0.024 —0.392 —0.401 0.608 —0.441 0.278 0.308 —0.650 ~0.540
B(1)-B@2) | 506(1) | 0302 0.456 _0.844 0.114 1,084 0.004 0.232 0.786 _0.181 —0.01
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. A[PBEO- A[PBEO- A[B3LYP- | A[B3LYP- ] A[BP86-
Angles, 1 A[MO6] A[PBEO] D2] D3BJ] A[B3LYP] D2] D3BJ] A[BP86] | A[BP86-D2] D3BJ]
P(2)-Cu(1)-P(3) | 112.94 -1.36 5.13 5.13 0.52 8.14 2.95 -0.91 7.29 2.50 —2.37
H(1)BA—Cu(1)- 9.65 10.32 10.32 10.59 7.78 9.20 8.58 10.05 11.52 10.64
60.95
H(1)BB
P(1)-Cu(2)_P(@) | 11134 0.25 7.01 7.01 1.87 9.63 4.05 0.33 9.89 3.10 ~119
H(2)BA—Cu(2)— 9.76 10.35 10.35 10.76 7.86 8.61 8.78 10.01 10.75 10.94
60.84
H(2)BB
PA-CUIP@) | 1126 —3.61 —154 —154 —154 1.26 —4.27 —4.76 —0.24 —6.17 717
P(3)I-C2)-P@) | 1099 ~0.91 1.06 1.06 1.06 419 ~1.05 —2.26 2.61 —3.08 457
Cu(t-H(1BA- | g5 4 -5.85 -6.09 -6.09 ~6.09 -4.76 -4.89 —4.06 -6.03 -6.34 -5.38
B(1) '
Cu(1)-H(1)BB- -1.70 -1.17 -1.17 -1.17 0.39 -0.49 -0.92 -0.68 ~1.56 ~1.86
89.6
B(1)
Cu(2)-H(2)BA- 0.80 1.14 1.14 1.14 2.75 1.40 1.67 1.59 0.74 0.75
87.1
B(2)
Cu(2)-H(2)BB- -9.74 -9.92 -9.92 -9.92 -8.54 -8.49 -8.08 -9.82 -10.07 -9.38
100.2
B(2)

. . A[PBEO- A[PBEO- A[B3LYP- | A[B3LYP- ] A[BP86-
Dihedral Angles, 1 A[MO6] A[PBEO] D2] D3BJ] A[B3LYP] D2] D3BJ] A[BP86] | A[BP86-D2] D3BJ]
n(P,CuCuP) | —92.42 4.79 -0.23 8.51 7.99 -7.39 4.39 8.59 —2.72 5.64 8.55
w(P.CuCuP) | 133.70 3.39 12.42 10.58 9.66 13.98 11.14 7.65 14.41 10.55 3.71
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Table S4. Structural parameters of crystal structure 2 (Boat-Boat) and optimized structures.

Distances, A 2 MO06 PBEO | PBE0-D2 | PBE0-D3BJ | B3LYP | B3LYP-D2 | B3LYP-D3BJ | BP86 | BP86-D2 | BP86-D3BJ
Cu(1)-Cu(2) 3.2035(4) | 3.298 3.462 3.181 3.183 3.689 3.244 3.225 3.540 3.146 3.018
Cu(1)-P(2) 2.2234(7) | 2277 2.267 2.227 2.238 2.318 2.255 2.264 2.273 2.220 2.224
Cu(2)-P(1) 2.2608(7) | 2.282 2.255 2.234 2.247 2.305 2.260 2.274 2.262 2.228 2.233
Cu(1)-P(3) 2.2288(6) | 2.282 2.260 2.235 2.244 2.309 2.264 2.272 2.265 2.228 2.233
Cu(2)-P(4) 2.2542(6) | 2277 2.261 2.226 2.238 2.313 2.254 2.265 2.269 2214 2.224
Cu(1)-B(1) 2.198(2) 2.196 2.194 2.179 2.181 2.238 2214 2.212 2.202 2.179 2.184
Cu(2)-B(2) 2.192(3) 2.196 2.191 2174 2.182 2.239 2.207 2.213 2.202 2.170 2.184
Cu(1)-H(1)BA 1.79(2) 1.839 1.816 1.816 1.814 1.850 1.847 1.843 1.818 1.814 1.823
Cu(1)-H(1)BB 1.78(3) 1.776 1.779 1.762 1.756 1.807 1.775 1.768 1.781 1.757 1.748
B(1)-H(1)BA 1.15(2) 1.270 1.280 1.279 1.280 1.265 1.264 1.263 1.280 1.279 1.277
B(1)-H(1)BB 1.18(3) 1.278 1.286 1.284 1.286 1.271 1.270 1.270 1.287 1.284 1.284
B(1)-H(1)BC 1.11(3) 1.207 1.215 1.216 1.214 1.206 1.207 1.205 1.214 1.215 1.214
B(1)-H(1)BD 1.12(3) 1.207 1.215 1.216 1.215 1.206 1.208 1.206 1.215 1217 1.215
Cu(2)-H(2)BA 1.75(3) 1.776 1.775 1.754 1.759 1.807 1.773 1.769 1.780 1.795 1.748
Cu(2)-H(2)BD 1.77(2) 1.839 1.820 1.804 1.818 1.854 1.827 1.845 1.824 1.747 1.823
B(2)-H(2)BA 1.21(3) 1.278 1.286 1.287 1.285 1.270 1.271 1.270 1.286 1.288 1.284
B(2)-H(2)BD 1.212) 1.270 1.279 1.281 1.279 1.264 1.268 1.263 1.279 1.283 1.277
B(2)-H(2)BC 1.15(3) 1.207 1.216 1.216 1.215 1.207 1.207 1.206 1.215 1.213 1.214
B(2)-H(2)BB 1.10(3) 1.207 1.215 1.213 1.215 1.206 1.205 1.205 1.215 1.215 1.215
H(1)BB--H(2)BA 2.59(4) 2.909 3.127 2.582 2.701 3.582 2.675 2.833 3.252 2.468 2.516
B(1)-B(2) 4.731(4) 5.363 5.561 4.995 5.166 5.999 5.068 5.289 5.687 4873 4.966
H(10)A--CI(2)D 3.031 - - - - - - - - - -
H(26)A--H(1)BD 2.246 - - - - - - - - - -
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Angles,’” 2 MO06 PBEO | PBE0-D2 | PBE0-D3BJ | B3LYP | B3LYP-D2 | B3LYP-D3BJ | BP86 | BP86-D2 | BP86-D3BJ
P(2)-Cu(1)-P(3) 117.74(2) | 111584 | 119.267 | 115259 | 112.483 | 120.928 | 115.194 111462 | 120.293 | 113.400 | 110.522
H(1)BA—Cu(1)-H(1)BB 64(1) 70.604 | 71.239 | 71.598 71.809 68.719 | 69.507 69.695 70.959 | 71.669 71512
P(1)-Cu(2)-P(4) 117.29(2) | 111590 | 117.354 | 116.085 | 112.909 | 120.358 | 116.110 111.636 | 119.647 | 115.233 | 110.522
H(2)BA—Cu(2)-H(2)BD 67(1) 70.604 | 71.291 | 72.236 71.618 68.636 | 70.107 69.614 70.845 | 72.498 71512
P(1)-C(1)-P(2) 110.6(1) | 108.993 | 110.837 | 107.498 | 107.108 | 113.429 | 108.813 107.714 | 111.939 | 106.592 | 105.229
P(3)-C(2)-P(4) 111.5(1) | 108.991 | 111.432 | 107.351 107.242 | 113.684 | 108.421 107.772 | 112.150 | 106.688 | 105.230
Cu(1)=H(1)BA-B(1) 94(1) 87.904 | 88.461 | 87.690 87.866 89.839 | 88.675 88.767 88.822 | 87.798 87.737
Cu(1)-H(1)BB=B(1) 94(2) 90.455 | 89.931 | 89.908 90.222 91587 | 91.712 91.967 90.242 | 90.179 90.836
Cu(2)-H(2)BA-B(2) 94(2) 90.461 | 89.937 | 89.907 90.223 91683 | 91435 91.984 90.372 | 89.984 90.836
Cu(2)-H(2)BD-B(2) 93(1) 87.901 | 88.145 | 87.852 87.822 89.731 | 89.064 88.754 88.622 | 88.030 87.737
C(10)-H(10)A--CI(2)D 1492 - - - - - - - - - -
C(26)-H(26)A--H(1)BD | 168.2 - - - - - - - - - -
Dihedral Angles,’ 2 MO06 PBEO | PBE0-D2 | PBE-D3BJ | B3LYP | B3LYP-D2 | B3LYP-D3BJ | BP86 | BP86-D2 | BP86-D3BJ
71(P,Cu,Cu,P) 117.04(2) | 87.432 | 146.479 | 87.452 84979 | 148.891 | 87.925 84.165 148.106 | 86.633 84.404
7(P,Cu,Cu,P) —118.44(2) | —137.150 | —92.806 | —145.202 | -141.616 | —97.280 | —145.005 | -140.400 | —95.140 | —143.184 | —136.953

Table S5. Energy of the formation of the DFT-optimized geometries’ binuclear complexes (1 and 2) computed relative to the monomer complexes.

Energy, MO6/1 | Mo6/2 PBEO | PBEO | PBEO- | PBEO- | PBEO- PBEO- | B3LYP | B3LYP | B3LYP- | B3LYP- | B3LYP- | B3LYP- | BP86 | BP86 | BP86- | BP86- | BP86- BP86-

kcal/mol n 12 D2/1 D2/2 D3BJ/1 | D3BJ/2 n 2 D2/1 D2/2 D3BJ/1 | D3BJ/1 n 2 D2/1 D2/2 D3BJ/1 D3BJ/2
AE -458 | -46.0 | -31.7 | -31.7 | -54.7 -54.6 -60.5 -60.5 -20.2 -19.8 -49.6 -49.7 -58.5 -58.5 -263 | =261 | -57.5 | -57.7 -71.4 -71.3
AEzpe -42.7 | -42.5 | -29.8 | -29.4 | -526 -52.5 -57.6 -57.6 -18.2 -17.9 -47.4 -47.5 -55.8 -56.0 -23.2 | -229 | -55.2 | -553 —69.1 —69.3
AH°® -434 | -433 | -30.2 | -30.0 | -52.9 -52.9 -58.4 -58.4 -18.5 -18.2 -47.6 -47.7 -56.2 -56.3 -23.7 | -23.5 | -55.6 | -55.8 —68.2 —68.3
AG® -233 | -228 | -112 | -95 -35.7 -34.3 -37.3 -36.8 21 22 -30.1 -29.9 -51.8 -51.8 -2.9 -25 -36.7 | -36.1 -54.9 -54.4
AEpcm -41.8 | -41.7 | -25.9 | -259 | -48.1 -48.2 -52.3 -52.4 -14.2 -13.4 -43.5 -43.5 -49.4 -49.6 -18.7 | -18.1 | -50.9 | -51.0 —64.9 —65.1
AH®pem -394 | -39.1 | -243 | -242 | -46.3 -46.5 -50.2 -50.3 -12.5 -11.8 -41.5 -41.5 -27.2 -28.2 -17.1 | -16.5 | -49.0 | -49.1 -61.7 —62.2
AG°pem -19.3 | -18.6 -5.4 -3.8 -29.1 -27.9 -37.3 -36.8 8.1 8.6 -24.0 -23.7 -34.0 -34.9 3.8 4.5 -30.1 -29.5 —48.4 —48.3
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Table S6. CCDC analysis of the structures, containing {Cu(BHa4)} moieties.

CSDb Complex BH | cu-B | CuH | XCuX | X | Ref
refcode ligand
2549 | 1.841
EXEJAU (Ha-H)-(is-BHa)(12-PPhaNHPPh2)sCus N 2584|183 | - | P | [80]
2508 | 1.949
POSCAB [(EtO)sP](phen)Cu(n?-BHa) 2 2.341 ;'?g] 7834 | N | [81]
ALUDUH {C[(Fe(CO)sJ4}Cu(n?BHk) N2 2.140 1 S - Fe| 182
BAWNAO (PPhs)(phen)Cu(n?-BHa) 2 2274 | 1406 | 7811 | N | [83]
BAWNAQO1 (PPhs)(phen)Cu(n?-BHa) 2 2.320 | 1.571 | 7760 | N | [84]
BAWNAOO2 (PPhs)(phen)Cu(n2-BHa) 2 2200 | 1733 | 77.86 [84]
BHTPCU11 (PPhs)2Cu(n?-BHs) T=295K 2 2252 | 1030 [ 12279 | P | [84]
BHTPCU12 (PPhs)Cu(n2-BHs) T=90K 2 2212 1;38 12299 | P | [85]
BHTPCU13 (PPhs)2Cu(n?-BHs) T=90K w? 2212 | 1509 | 12301 | P | [86]
DAYHEQ (PPhs)2Cu(n?-BHa) - Py 2 2189 | 1T [ 12301 | P | [87]
2232 | 1.812 | 119.66
2:m2 202
CICFID [{(PPhs)2Cula(1,n2n2BHa)][CIO4] pmzm | 5250 | 1o 1008 | e | [sg]
(2,9-Me-4,7-Ph-phen)Cu(n?-BH4) 5
CIFSUF i) N 2112 | - - I N 84
CIFSUFO1 | (2,9-Me-4,7-Ph-phen)Cu(nBHs) T=90K 2 2415 | o0 |~ [N | 89
(PPhz)( 4,7-Me-phen)Cu(n?-BHa4) B 2.027
LESPIJ i) - 2286 [ 20201 — | N | [90]
ciGalu [(p-MeOPh)sP]2Cu(n?-BH) 2 2.180 ]'ggg 12151 [91]
CIGQOA (PCys)2Cu(n>-BHa) 2 2234 | 1.813 | 13245 [o1]
CIGQUG [CH3Ph)sPJ2Cu(n?-BHa) 2 2185 | | ;g‘s‘ 1199 | P | [91]
COJMIX ("BUPPh2)2Cu(n?BHa) 2 2190 | 1900 [ 11397 | P | [92]
NOKLAC [(NCEt)sP].Cu(n?-BHs) 12 2222 | 7531 | 1257 | P | 03]
PHRLCU (Dmphen)Cu(n?BHs) 2 2079 | 1270 | 8173 | N | [94]
SUFJUA (CAAC)Cu(n?-BHa) 2 2.101 1 1 - e s
TUFBOL (FCPPh2)2Cu(nz-BHa) 12 2158 | 19 | 11269 | P | [96]
2247 | 11 | 119.72
VUDKUA [{Ph2P(CHz2)2l2NCH2]2Cu(n2-BHa) 02 : P| 97
1.691
2.247 119.72
1,675
BOLJAN (triphos)Cu(n'-BHa) 0 24411605 | - | P | [99]
TMPCUBO1 [(MePhoCHa)sPJsCu(n'-BHz) T=15K Y 3128 | 1.698 | - | P | [99]
TMPCUB02 | [(MePh2CHa)sP]sCu(n'-BHa) T=295K Y 2578 | 1835 | — | P | [99]
TMPCUB03 | [(MePh2CHa)sP]sCu(n'-BHa) T=295K Y 2499 | - — [P | [99]
TMPCUB10 [(MePh2CHa)sPJsCu(n'-BHa) 0 2646 | 1467 | — | P | [100,101]
HAFSUC (cyclam)Cu(n'-BHs) N 3.003 | 2274 | — | N | [102]
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-1.033163000
-0.007002000
-0.342448000
-0.534177000
-1.876445000
-1.506222000
-3.197506000
-3.854001000
-3.675332000
-4.701324000
-1.126672000
-1.928817000

1.184195000
2.186416000
-0.342375000
-0.534090000

0.938134000

1.741119000
-1.368310000
-2.362845000
-3.700709000
-3.797855000
-2.958986000
-2.052144000
-3.798060000
-2.052220000
-2.958788000
-3.700581000
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MO6/[(dppm)Cu(BH.)]: [1] E= -6630.36616569 Ha
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-0.002785000
-0.001729000
-2.101712000
-1.581100000
2.099356000
1.570946000
-0.199357000
-0.334039000
-1.209781000
0.811401000
-0.111281000
0.208628000
1.227597000
-0.797459000
0.132798000
0.314688000
-2.132356000
-1.399264000
-3.114068000
2.113475000
3.085866000
1.368935000
-2.792141000
-3.236093000
-3.190655000
-3.715431000
-4.052422000
-3.754708000
-4.129901000
-3.306624000
-3.329156000
-2.825565000
-2.463885000
-3.436749000
-4.757633000
-5.014292000
-5.744185000
-6.764219000
-5.419084000
-6.190142000
-4.111718000
-3.856512000
-3.118974000
-2.098617000
-3.153688000
-4.111102000
-3.912612000
-5.309388000
-6.049042000
-5.554670000
-6.489902000
-4.600989000
-4.787322000
-3.398337000
-2.656885000
-0.897302000
-0.763236000
-1.152270000
-0.130251000
-0.030582000
0.359488000
0.852635000
0.215497000
0.603954000
-0.397850000

1.644781000
-1.639445000
-1.313054000

1.541564000

1.314181000
-1.540208000
2.672455000
1.417964000
3.045333000
2.852112000
3.287414000

-2.668454000
-3.022253000
-2.871721000
-3.281099000
-1.409933000
-0.122260000
-0.509814000
-0.054523000
0.127204000
0.058378000
0.518240000
-2.844361000
-2.961763000
-2.110207000
-4.183433000
-4.263722000
-5.296257000
-6.245753000
-5.189408000
-6.054882000
-3.973415000
-3.894307000
-0.711499000
-0.576629000
-0.861595000
-0.087136000
0.021609000
0.269786000
0.654522000
0.132155000
0.407927000
-0.363085000
-0.482333000
2.432027000
2.556500000
2.143342000
3.221703000
3.315219000
3.777522000
4.297738000
3.670670000
4.104508000
2.999769000
2.907836000
2.362105000

1.765617000
0.766163000
2.450109000
1.974539000
3.739583000
4.268887000
4.348933000
5.349344000
3.663198000

-1.227336000
-1.231047000
-0.402897000
0.411490000
-0.404166000
0.414070000
-3.160269000
-2.956913000
-3.705203000
-3.794755000
-2.052757000
-3.160349000
-3.702110000
-3.794953000
-2.050206000
-2.962499000
1.014524000
1.739188000
1.503723000
1.017497000
1.524841000
1.729060000
0.322975000
1.645762000
2.321459000
2.122635000
3.153009000
1.283972000
1.655897000
-0.035394000
-0.691319000
-0.513669000
-1.538956000
-1.491892000
-1.034653000
-0.014828000
-1.885128000
-1.526982000
-3.197599000
-3.859587000
-3.659729000
-4.678344000
-2.811126000
-3.171508000
0.139761000
1.158334000
2.147104000
0.916038000
1.706535000
-0.343297000
-0.531678000
-1.353462000
-2.331492000
-1.116758000
-1.910028000
1.903503000
3.164763000
3.350821000
4.206664000
5.179214000
4.004620000
4.815228000
2.755726000
2.586831000
1.711562000

MO6/[(dppm)Cu(BH)]; [2] E=

29

-0.006509000
0.006510000
-1.577910000
-2.095766000
2.095751000
1.578033000
3.417638000
-3.417689000
-3.240655000
-3.186734000
-0.896116000
-3.164170000
116205000
-1.373946000
-3.090552000
-2.799525000
3.164340000
2.116185000
1.373868000
3.090520000
-3.457394000
-2.726386000
-4.102120000
-3.869326000
-0.220158000
3.240394000
3.186348000
2.799517000
-3.096037000
-2.087687000
3.776514000
4.157082000
-4.724301000
-4.987250000
-5.327593000
-6.051235000

-4.061934000
0.759762000
1.146785000

-2.842759000

-2.482011000

-4.066748000

-3.807631000

-5.354049000

-6.105181000
0.220257000
0.896164000
0.360229000
0.853556000
3.095981000
2.087626000

-0.126879000

-0.025128000

-4.687982000

-4.911381000

-3.776736000

-4.157397000
2.842901000
2.482347000

-0.399911000

-0.486280000
0.399906000
0.486349000
3.331516000
3.361737000
0.213385000
0.600291000
3.726892000
4.061332000
0.126792000
0.025035000

-0.360417000

-1.649044000
1.648792000
-1.536976000
1.320844000
-1.320825000
1.537021000
-0.701711000
0.701819000
2.967776000
2.119634000
-2.358457000
-2.405624000
0.132792000
0.521855000
0.066413000
2.848114000
2.405586000
-0.132785000
-0.521759000
-0.066508000
-2.899879000
-2.802951000
-2.550538000
-2.191507000
-2.672475000
-2.967913000
-2.119813000
-2.848140000
0.397879000
0.578462000
-5.297120000
-6.245623000
0.485598000
0.739995000
-3.163040000
-3.273708000
-1.760760000
-0.760220000
-0.062252000
-0.246891000
4.188112000
4.270506000
1.760998000
0.760496000
3.973363000
3.892400000
-0.143602000
-0.386350000
-0.380431000
-0.811408000
2.672263000
2.358584000
-3.735852000
-4.265057000
-0.397686000
-0.578262000
-2.445200000
-1.968768000
-3.515253000
-3.890231000
5.297010000
6.245472000
-3.973318000
-3.892273000
-3.660874000
-4.131369000
3.660957000
4.131376000
-5.187820000
-6.050406000
-4.346556000
-5.347664000
-4.188297000
-4.270777000
2.445519000
1.969194000
3.736110000

-6630.36633635 Ha

-1.228961000
-1.228952000
0.415028000
-0.404570000
-0.404525000
0.415017000
-1.499953000
-1.500005000
1.639419000
2.318789000
1.906656000
0.150075000
1.016477000
1.731325000
1.5620353000
0.315979000
0.150122000
1.016543000
1.731383000
1.520461000
-1.126775000
-1.928944000
1.184181000
2.186439000
-3.160475000
1.639419000
2.318838000
0.315905000
-2.829377000
-3.197636000
1.268920000
1.637883000
-1.033220000
-0.007031000
0.938115000
1.741134000
3.167163000
3.351783000
-1.876538000
-1.506305000
2.112333000
3.143298000
3.167115000
3.351849000
-0.525384000
-1.550944000
-3.675443000
-4.701448000
-3.197629000
-3.854150000
-3.160465000
1.906563000
4.007854000
4.818419000
-2.829298000
-3.197565000
4.209109000
5.181020000
-1.368429000
-2.363009000
1.268998000
1.637966000
-0.525545000
-1.551164000
1.715684000
0.735986000
1.715433000
0.735705000
-0.051338000
-0.710743000
2.759961000
2.591479000
2.112341000
3.143368000
4.208956000
5.180919000
4.007527000

55
PBEO/(dppm)Cu(BH,) E= -3314.11480323 Ha
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-1.619314000
1.475176000
-1.317725000
0.245726000
0.675181000
-0.041553000
-1.956791000
-2.180151000
-1.622110000
-1.028364000
-3.002193000
1.786759000
1.381371000
2.372791000
1.540926000
2.534923000
2.115251000
0.943410000
2.711110000
1.216535000
2.985774000
2.242107000
3.015141000
4.276355000
2.989259000
5.466873000
4.183642000
5.425985000
4.322981000
2.035243000
6.428664000
4.140100000
6.353908000
-2.641748000
-3.450096000
-2.876595000
-4.461428000
-3.881213000
-4.675604000
-3.294801000
-2.283549000
-5.082437000
-4.052082000
-5.463283000
-1.227897000
-1.541009000
-0.854070000
-1.478302000
-0.794640000
-1.104920000
-1.819256000
-0.616041000
-1.716505000
-0.505427000
-1.053715000

0.754527000
-0.705702000
-0.210552000

-1.235978000
-1.188840000
-2.282656000

1.731279000
2.265632000
0.487228000
2.320981000
1.759620000
1.060166000
2.057749000
1.457112000
3.422442000
2.818568000
3.802937000
1.767591000
0.698640000
4.178999000
3.113735000
4.862577000

-1.533335000
-0.987976000
-2.767939000
-1.648307000
-3.428812000
-2.871734000
-0.036248000
-3.224622000
-1.206343000
-4.379970000
-3.386090000
-1.431632000
-1.349612000
-2.471949000
-2.302117000
-3.423908000
-3.341723000
-0.543244000
-2.526290000
-2.227167000
-4.221134000
-4.078941000

0.932102000
2.294919000
0.497830000
3.207553000

1.411906000
2.768136000
2.635538000
-0.555122000
4.260344000

1.066838000
3.478541000

1.852656000
1.146405000
-0.080363000
-0.188801000
-1.206000000
0.019409000
3.680147000
2.525050000
3.569988000
4.191831000
4.287129000
0.676178000
1.596248000
-0.550581000
1.287124000
-0.853945000
0.062590000
2.557446000
-1.263147000
2.006780000
-1.806065000
-0.177668000
0.533578000
0.885760000
-0.159397000
0.543140000
-0.499224000
-0.151434000
1.423596000
-0.438102000
0.819408000
-1.038162000
-0.416284000
-0.491363000
-1.646646000
0.442136000
-1.871238000
0.208575000
-0.950405000
-2.367742000
1.361756000
-2.768384000
0.937153000
-1.128276000
-1.518481000
-1.313214000
-2.813399000
-2.380927000
-3.878282000
-3.662651000
-0.310628000
-2.994293000
-2.207574000
-4.874977000
-4.492519000
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6
6
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6
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6
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6
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6
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6
6
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6
1

6
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6
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6
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6
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6
1

6
1

6
6
1

6
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Table S7. DFT-optimised geometries (Cartesian coordinates) and electronic energies.

2.863851000
2.710593000
1.237846000
2.095343000
2.335675000
2.654155000
3.313630000
2.367670000
2.804905000
1.526646000
1.302820000
0.963353000
0.319708000
-1.398855000
-1.036539000
-1.128619000
-0.583816000
-0.310517000
-0.492120000
-0.142016000
-0.859111000
-0.796463000
-1.314914000
-1.610227000
-3.170959000
-2.811975000
-1.777018000
-3.780077000
-3.486347000
-5.117359000
-5.868029000
-5.486311000
-6.525686000
-4.522634000
-4.819486000
-6.034366000
-6.648059000
-6.098655000
-7.948951000
-8.409622000
-8.654859000
-9.667610000
-8.051654000
-8.593173000
-6.749318000
-6.296996000
-4.560828000
-5.526611000
-6.161254000
-5.682727000
-6.426331000
-4.884077000
-5.007434000
-3.935686000
-3.316411000
-3.773156000
-3.044412000
-2.685112000
-3.457726000
-3.775539000
-3.798591000
-4.391900000
-3.369096000
-3.633869000
-2.593746000
-2.252001000
-2.246848000
-1.634160000
-1.700866000
-2.568349000
-3.629359000
-2.078947000
-2.762309000
-0.720103000
-0.342236000

0.151948000

1.213122000
-0.332934000

0.353899000

7.277097000
6.212512000
7.068912000
7.944359000
8.930404000
7.547070000
8.229566000
6.271732000
5.964409000
5.393847000
4.401830000
5.787071000
5.100586000
9.167439000
10.500363000
11.284778000
10.831587000
11.865360000
9.836602000
10.097021000
8.513501000
7.737580000
8.175141000
7.145030000
10.037155000
11.238315000
11.414818000
12.223425000
13.145952000
12.025357000
12.792525000
10.835424000
10.665198000
9.848005000
8.916889000
6.794702000
6.177174000
5.422453000
6.537261000
6.050351000
7.522920000
7.802952000
8.145773000
8.912453000
7.784568000
8.285617000
4.559133000
4.280272000
5.082058000
2.972847000
2.764898000
1.931097000
0.912642000
2.198437000
1.393615000
3.508414000
3.716322000
5.653190000
6.097107000
7.143022000
5.206408000
5.558183000
3.866233000
3.174255000
3.422979000
2.385478000
4.311337000
3.964955000
8.321504000
9.388093000
9.344985000
10.522172000
11.338762000
10.605845000
11.488860000
9.551596000
9.611985000
8.420011000
7.611085000

-6.174444000
-5.970264000
-3.158658000
-2.450409000
-2.860925000
-1.226129000
-0.682317000
-0.700638000
0.253806000
-1.404630000
-1.004031000
-2.632911000
-3.187815000
-1.574803000
-1.266902000
-2.025210000
0.020038000
0.251511000
1.012559000
2.015700000
0.714970000
1.482711000
-0.572861000
-0.795693000
-3.679651000
-4.335922000
-4.642425000
-4.603876000
-5.113273000
-4.217753000
-4.427801000
-3.563953000
-3.270731000
-3.299534000
-2.806185000
-4.812538000
-3.692740000
-3.121203000
-3.307456000
-2.443416000
-4.023923000
-3.720446000
-5.129711000
-5.691943000
-5.523705000
-6.383448000
-5.855871000
-6.852449000
-7.243505000
-7.337003000
-8.111699000
-6.825396000
-7.205094000
-5.824211000
-5.419916000
-5.336101000
-4.549218000
-8.835269000
-9.934631000
-9.998027000
-10.965098000
-11.814320000
-10.909379000
-11.714221000
-9.824809000
-9.778080000
-8.790080000
-7.952292000
-8.315701000
-8.650964000
-8.388088000
-9.324872000
-9.575875000
-9.675732000
-10.198818000
-9.347641000
-9.603697000
-8.671069000
-8.402144000

110

PBEO/[(dppm)Cu(BH.)]: [1] E= -6628.28015261 Ha
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-2.912803000
-0.659062000
0.472631000
-1.981195000
-4.307303000
-2.231214000
-3.107487000
-2.169317000
-2.573144000
-3.788075000
-3.834282000
0.313023000
-0.008019000
1.262055000
0.581285000
-0.709003000
-0.501693000
-0.878137000
0.117310000
-3.905267000
-4.680453000
-3.843916000
1.920816000
2.119099000
1.402389000
3.239200000
3.380141000
4.173049000
5.043676000
3.981787000
4.701339000

6.633157000
6.036462000
7.560624000
8.679942000
6.269463000
6.778465000
5.140422000
5.191729000
5.155431000
4.156730000
6.189358000
4.069227000
3.104679000
3.878387000
5.024836000
4.386404000
9.095968000
9.491814000
9.867458000
7.263844000
7.172218000
8.317591000
8.225190000
9.592654000
10.344437000
10.005654000
11.068174000
9.060338000
9.383434000
7.695062000
6.952468000

-3.468762000
-5.997397000
-4.762692000
-3.261276000
-5.215059000
-7.439752000
-1.871057000
-2.749838000
-0.779624000
-2.083095000
-1.964365000
-6.064930000
-6.731082000
-5.331179000
-6.871810000
-5.351232000
-4.339010000
-5.300458000
-3.845415000
-6.744187000
-7.526672000
-6.414499000
-5.701080000
-5.997302000
-5.656906000
-6.743476000
-6.963251000
-7.200706000
-7.778509000
-6.913416000
-7.269336000

110

PBEO/[(dppm)Cu(BH.)]: [2] E= -6628.28008304 Ha

6.039569000
5.654960000
3.848410000
4.010708000
7.609522000
7.786740000
9.271616000
2.391207000
4.984531000
5.051233000
3.166671000
2.612465000
3.493842000
4.098523000
2.429230000
4.466329000
9.138937000
8.043184000
7.337676000
9.074162000
3.062486000
4.131956000
1.223631000
0.862715000
6.341272000
7.463631000
8.058035000
7.117075000
2.166835000
2.957039000
6.287021000
5.965273000
1.369652000
1.541940000
0.302157000
-0.769475000
2.598088000
2.513595000
0.140303000
-0.643031000
5.426375000
5.813554000
8.690205000

3.545440000
6.794765000
3.550133000
5.996221000
3.300768000
6.385263000
2.707830000
6.879164000
5.106641000
4.090567000
1.832240000
4.430590000
4.199059000
3.584452000
4.101408000
6.165334000
6.395347000
4.778462000
4.799166000
4.680931000
5.244404000
5.325701000
4.308445000
3.660882000
3.232779000
2.102103000
2.937712000
2.036505000
7.803299000
8.002457000
0.008095000
-0.772456000
6.639134000
5.941318000
5.005258000
4.908588000
1.239701000
1.804237000
7.309495000
7.122250000
5.335905000
4.499479000
7.365996000

2.277929000
3.409208000
2.860651000
4.729207000
3.884767000
4.042225000
3.331917000
4.655673000
7.302005000
6.902334000
2.917675000
1.811714000
4.575549000
5.265163000
4.853785000
6.519653000
2.789821000
4.957878000
5.809042000
5.344483000
0.748855000
0.542781000
2.056590000
2.862302000
0.127394000
6.517582000
6.898712000
5.146440000
3.611794000
2.880939000
6.944186000
7.639318000
5.606607000
6.432764000
1.260187000
1.456872000
4.068249000
5.000478000
5.507746000
6.248166000
8.618823000
9.208634000
6.602861000

S31



8.648281000
4.409518000
4.014786000
0.931043000
0.766837000
-0.080649000
-1.038786000
5.477665000
8.354769000
2.236733000
1.876856000
9.567970000
8.810794000
2.137155000
1.697174000
2.133852000
2.493417000
5.363573000
5.707493000
6.346683000
6.057657000
3.268429000
3.722344000
8.401079000
8.120877000
5.937788000
5.335485000
2.802491000
2.886307000
7.049052000
7.326146000
9.073360000
9.328886000
9.128990000
9.429035000
8.791309000
8.825229000
4.853416000
4.802459000
10.249602000
10.022649000
0.757391000
0.037501000
11.509220000
12.258263000
11.803768000
12.785259000
10.833509000
11.053073000
8.801960000
7.752404000
10.501063000
10.774202000
11.165283000
11.951935000
11.507759000
12.558438000
9.815541000
9.543087000
5.356209000
7.390039000
6.414024000
6.252853000
4.465083000
5.490957000
5.392810000
6.507416000

A A A B M A AT AR A AR AD AN AN AN AN AN AN AN AN AP AN AN AN AN AN AN D AN ADONAD DO =

6.340943000
7.462062000
8.296501000
8.470761000
9.183591000
8.225827000
8.748433000
8.416255000
7.653044000
-0.842121000
-1.874573000
2.727541000
3.060704000
-0.090236000
-0.534001000
5.941450000
6.574377000
6.625044000
6.802188000
0.938190000
0.883020000
1.063349000
1.503354000
8.998405000
9.237567000
-0.068718000
-0.902654000
-0.260463000
-0.839567000
1.094982000
1.158943000
8.399672000
8.162343000
9.727701000
10.529197000
10.023617000
11.055875000
7.686942000
8.694983000
2.252352000
2.203156000
5.825509000
6.368262000
1.835878000
1.480117000
1.868465000
1.541967000
2.311786000
2.333890000
6.445736000
6.505285000
6.347517000
6.333514000
6.371580000
6.360546000
6.333238000
6.293686000
6.430640000
6.464961000
3.233457000
3.086138000
4.360482000
2.286871000
8.930560000
8.597058000
7.159085000
8.845393000

6.979861000
7.091672000
6.504864000
3.517157000
2.704594000
4.460710000
4.386382000
1.947031000
5.260401000
2.849029000
2.822468000
1.951013000
1.234703000
4.031941000
4.930070000
-0.046469000
-0.861791000
9.173925000
10.196718000
4.692692000
3.638145000
1.729846000
0.836173000
4.813678000
3.782886000
5.583629000
5.213508000
1.698213000
0.774386000
7.408758000
8.465310000
7.477915000
8.514886000
7.023443000
7.704494000
5.688915000
5.329461000
8.404184000
8.824838000
4.247596000
5.317517000
0.209305000
-0.410182000
3.788138000
4.501801000
2.411379000
2.055359000
1.497126000
0.426328000
1.419013000
1.121075000
3.171419000
4.231578000
0.827744000
0.067703000
2.193777000
2.495421000
0.442736000
-0.615286000
-0.583409000
-0.468797000
0.741599000
0.985798000
1.513381000
3.213058000
1.691823000
1.466490000

55

PBEO-D2/(dppm)Cu(BH,) E= -3314.18172578 Ha

29  -1.606718000
15 1.507600000
15 -1.285981000
0.191771000
0.604473000
-0.165819000
-1.911795000
-2.204461000
-1.563551000
-0.964865000
-2.923814000
1.637542000
1.154532000
2.119256000
1.128710000
2.104805000
1.603186000
0.801266000
2.502675000
0.734054000
2.464293000
1.583542000
3.016174000
4.258780000
2.991127000
5.435351000
4.171454000
5.396418000
4.295451000
2.047429000
6.383487000
4.131559000
6.313243000
-2.650097000
-3.232890000
-3.134160000
-4.276762000
-4.169725000
-4.742923000
-2.876937000
-2.708242000
-4.726237000
-4.537588000
-5.555300000
-0.995974000
-1.294594000
-0.478557000
-1.074014000
-0.258971000
-0.554970000
-1.673315000
-0.248148000
-1.296757000
0.142785000
-0.379132000

N X R X o N RGN, Yo (oW Y- W SN, Y- N Yo - N SSIRININING. NEC N = = R SN S SN

0.783497000
-0.811123000
-0.291347000

-1.429824000
-1.548611000
-2.416193000
1.933190000
2.334019000
0.685292000
2.583518000
2.013299000
0.960985000
1.941217000
1.367391000
3.300341000
2.723127000
3.690094000
1.649476000
0.616476000
4.039263000
3.025263000
4.744637000
-1.521348000
-0.850870000
-2.777027000
-1.414610000
-3.340493000
-2.661194000
0.123869000
-3.321198000
-0.878360000
-4.310088000
-3.098926000
-1.415000000
-1.396212000
-2.326945000
-2.286541000
-3.219418000
-3.200654000
-0.684196000
-2.324413000
-2.262621000
-3.918912000
-3.889901000
0.824614000
2.195763000
0.365091000
3.095526000

1.266314000
2.633568000
2.553221000
-0.695946000
4.157104000
0.904254000
3.334795000

1.916359000
1.295115000
0.064910000
0.077068000
-0.942277000
0.426093000
3.642205000
2.448420000
3.645858000
4.034285000
4.298703000
0.778371000
1.678588000
-0.489530000
1.306511000
-0.853195000
0.042347000
2.673716000
-1.186221000
2.009145000
-1.841011000
-0.248725000
0.495545000
0.625184000
-0.158591000
0.104527000
-0.677602000
-0.549641000
1.120923000
-0.263982000
0.206962000
-1.183153000
-0.954590000
-0.444097000
-1.730459000
0.526098000
-2.044035000
0.204550000
-1.082034000
-2.479598000
1.535876000
-3.040953000
0.960404000
-1.328948000
-1.357244000
-1.197909000
-2.591570000
-2.255757000
-3.646416000
-3.478180000
-0.234550000
-2.729515000
-2.118403000
-4.597186000
-4.299077000

15

-4.307835000
-2.324097000
-2.860818000
-2.045421000
-2.183087000
-3.635855000
-3.514141000
0.102526000
-0.349922000
1.138569000
0.287976000
-0.792204000
-0.445878000
-0.807742000
0.153092000
-3.980708000
-4.750127000
-3.915523000
1.981223000
2.415577000
1.860538000
3.553339000
3.881959000
4.266065000
5.149645000
3.838151000
4.386841000
2.699406000
2.348646000
1.122725000
1.876524000
2.143356000
2.279920000
2.850119000
1.936059000
2.242819000
1.200268000
0.924716000
0.795817000
0.219826000
-1.326532000
-0.983187000

-0.505315000
-0.243750000
-0.371460000

0.001312000
-0.721034000
-0.615726000
-1.202600000
-1.473112000
-3.182684000
-2.946309000
-1.937688000
-4.013486000
-3.819714000
-5.322536000
-6.150040000
-5.565865000
-6.581347000
-4.503391000
-4.697923000
-6.009185000
-6.399516000
693401000
671820000
964667000
562183000
549513000
178569000
866677000
907766000
-6.614455000
-4.491287000
-5.421859000
-6.089565000
-5.487725000
-6.197771000
-4.627252000
-4.674165000
-3.709205000
-3.034250000
-3.641023000
-2.926342000
-2.810542000
-3.621625000
-3.924732000
022237000
646759000
612873000
927602000
798157000
481219000
391206000
-1.761034000
-1.667931000
-2.424639000
-3.487246000
-1.809194000
-2.403039000
-0.438154000

0.037811000

0.321229000

1.391469000
-0.289512000

0.309323000

6.265702000
6.858815000
5.143795000
5.103557000
5.145813000
4.213385000
6.244347000
3.973850000
2.997994000
3.786878000
4.882590000
4.367612000
9.057954000
9.385400000
9.861535000
7.377181000
7.325279000
8.407438000
7.976596000
9.314166000
10.124273000
9.616320000
10.655327000
8.585821000
8.822505000
7.249733000
6.446018000
6.943201000
5.908469000
7.127588000
8.087993000
9.037774000
7.824631000
8.573910000
6.600392000
6.401859000
5.637056000
4.689843000
5.895711000
5.155602000
9.220471000
10.574228000
11.307111000
10.979842000
12.028136000
10.036394000
10.354256000
8.691907000
7.956628000
8.279444000
7.233626000
9.839726000
10.950513000
11.165557000
11.778097000
12.631041000
11.508430000
12.149206000
10.408735000
10.176866000
9.579202000
8.703739000
6.713783000
6.318857000
5.762482000
6.661519000
6.354068000
7.405727000
7.676273000
7.802243000
8.380842000
7.457558000
7.785498000
4.627415000
4.418809000
5.229856000
3.172907000
3.015991000
2.129684000
1.161747000
2.329779000
1.526964000
3.577624000
3.748085000
5.840702000
6.359191000
7.411898000
5.529443000
5.931750000
4.180525000
3.535012000
3.667023000
2.620830000
4.493782000
4.098308000
8.420402000
9.604001000
9.621502000
10.780257000
11.692415000
10.785232000
11.703253000
9.608187000
9.605702000
8.434932000
7.530841000

-5.095831000
-7.237857000
-1.867996000
-2.861720000
-0.858259000
-1.966316000
-1.897957000
-5.999443000
-6.566735000
-5.392857000
-6.882450000
-5.163646000
-4.604427000
-5.596124000
-4.137467000
-6.547581000
-7.339447000
-6.153043000
-5.813221000
-5.946563000
-5.465122000
-6.717733000
-6.817216000
-7.359069000
-7.959017000
-7.228987000
-7.728168000
-6.464562000
-6.378633000
-3.179585000
-2.465772000
-2.940928000
-1.148432000
-0.592000000
-0.538683000
0.492608000
-1.250347000
-0.779938000
-2.573662000
-3.134656000
-1.864123000
-1.642391000
-2.447409000
-0.385708000
-0.212561000
0.653731000
1.632109000
0.435839000
1.238066000
-0.820402000
-0.998074000
-4.008382000
-4.850407000
-5.212693000
-5.248834000
-5.906485000
-4.807958000
-5.126151000
-3.961798000
-3.630053000
-3.566957000
-2.938848000
-4.564824000
-3.261000000
-2.634412000
-2.772059000
-1.764161000
-3.571306000
-3.185718000
-4.866127000
-5.489949000
-5.361887000
-6.362730000
-5.899653000
-6.944111000
-7.253378000
-7.585309000
-8.402229000
-7.185401000
-7.693355000
-6.139777000
-5.832518000
-5.491688000
-4.682493000
-8.686222000
-9.721967000
-9.702994000
-10.781802000
-11.585156000
-10.812280000
-11.637780000
-9.787736000
-9.806170000
-8.724066000
-7.920727000
-7.961098000
-8.122434000
-7.865693000
-8.591866000
-8.705089000
-8.909646000
-9.266401000
-8.760723000
-8.983447000
-8.287925000
-8.135975000
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4.690676000
7.817261000
8.258825000
7.269470000
3.424486000
4.466059000
7.202540000
7.174806000
1.770089000
1.529741000
-0.360200000
-1.140949000
3.803416000
3.451947000
0.745707000
-0.294479000
4.823016000
5.274041000
6.695720000
6.225418000
3.682800000
3.239120000
2.391822000
2.636554000
1.057216000
0.254922000
7.137490000
7.572439000
4.509675000
4.705744000
8.510611000
7.505909000
4.048952000
3.880414000
0.295079000
0.028825000
4.205286000
4.170039000
6.682297000
6.232695000
4.478593000
4.667147000
8.161230000
8.843769000
6.655654000
6.199770000
4.721185000
5.094596000
7.782100000
8.207960000
6.406371000
5.726898000
6.990104000
6.764107000
7.872460000
8.334283000
3.638533000
3.161531000
9.982506000
10.118006000
-0.709164000
-1.763486000
11.095244000
12.098299000
10.918804000
11.788758000
9.630842000
9.490333000
10.068546000
9.332426000
10.578991000
10.237821000
12.386566000
13.457242000
11.952423000
12.683777000
11.446685000
11.778802000
3.637096000
5.585218000
5.051412000
4.457927000
6.321971000
7.304010000
6.684199000
8.225248000

3.664708000
0.443601000
0.901176000
1.252203000
7.161581000
7.048900000
-1.564619000
-2.654954000
7.378537000
7.429740000
3.952441000
3.904991000
2.784830000
3.729904000
7.455192000
7.554195000
9.302540000
9.180920000
4.872936000
3.970160000
9.596223000
9.708051000
7.235539000
7.166225000
7.379478000
7.426754000
7.762475000
5.650271000
0.470145000
-0.378140000
4.485887000
4.827201000
1.688354000
1.785354000
4.058570000
4.106631000
10.516167000
11.346198000
0.637525000
1.263120000
1.442710000
1.355223000
6.807621000
7.414251000
-0.763277000
-1.228750000
0.347507000
-0.587685000
-0.959283000
-1.576989000
5.251543000
4.636651000
6.406817000
6.699277000
7.180352000
8.078026000
10.659999000
11.601897000
3.153644000
2.460548000
4.009261000
4.011554000
3.596994000
3.259937000
4.487990000
4.838697000
4.927983000
5.624758000
6.403529000
6.856523000
5.023761000
4.431693000
5.982842000
6.121230000
5.205249000
4.746322000
6.580322000
7.178085000
3.900397000
3.287176000
4.755470000
2.772106000
8.493386000
8.126207000
6.558243000
7.736441000

0.181872000
3.740153000
4.629639000
2.719350000
1.556390000
1.243945000
2.499231000
2.415370000
3.347193000
4.413753000
4.178355000
4.943490000
6.583723000
7.009175000
2.392021000
2.714617000
7.539412000
8.528748000
7.274142000
6.873294000
4.980707000
3.987645000
0.602273000
-0.460665000
1.018742000
0.276322000
1.653861000
6.480093000
6.895824000
7.557940000
0.736679000
0.476608000
7.431327000
8.508224000
1.830634000
0.771241000
7.180333000
7.891951000
1.585065000
0.806029000
4.661545000
3.586916000
7.048103000
6.445890000
1.477312000
0.598906000
5.509366000
5.083804000
3.629669000
4.426317000
8.598988000
9.197105000
9.151069000
10.180393000
8.371394000
8.792110000
5.900303000
5.614067000
2.167331000
3.004031000
2.813426000
2.520692000
1.437966000
1.714104000
0.359022000
-0.204353000
0.007711000
-0.822472000
3.381941000
2.710280000
5.337616000
6.193743000
4.015583000
3.837460000
5.108779000
5.780934000
3.157347000
2.304446000
-0.378382000
-0.549556000
0.755831000
1.068256000
1.131900000
2.871298000
1.623060000
1.111145000

6
6
6
6
6 -0.629442000
6
1
1
1
1
1

-1.318416000
-2.104225000
-0.583445000
-2.158388000

-1.417601000
-2.653408000

0.046390000
-2.766505000
-0.040727000
-1.447337000

1.106374000
2.244836000
1.066183000
3.320768000
2.151067000
3.276708000
2.288828000
0.205928000
4.197122000
2.119038000
4.120535000

-1.124008000
-0.831022000
-2.328261000
-1.730137000
-3.220126000
-2.924898000

0.115161000
-2.565979000
-1.491318000
-4.140690000
-3.619436000

110

PBEO-D2/[(dppm)Cu(BH.)]: [2] E= -6628.45053203 Ha

5.190521000
6.526351000
3.786170000
4.470914000
7.213770000
7.830516000
8.686551000
3.115400000
4.873510000
5.370910000
4.019996000
2.003013000
3.855113000
4.605313000
2.872206000
4.297751000

110

PBEO-D2/[(dppm)Cu(BH.)]; [1] E= -6628.45069679 Ha

29  -2.761928000
29  -0.783029000
15 0.490218000
16 -1.894749000

6.565931000
5.958504000
7.473798000
8.624279000

-3.512181000
-5.904405000
-4.865962000
-3.505460000

9.632335000
7.705388000
6.889163000
8.662697000
1.652509000
2.437438000
0.992357000
1.264476000

3.898987000
6.576017000
4.069464000
6.993400000
3.089504000
5.338335000
3.605430000
7.225988000
8.237787000
7.307387000
2.673007000
4.006375000
5.549870000
5.363755000
5.746385000
8.374112000
5.619577000
3.479435000
3.097019000
3.023430000
4.055360000
4.100770000
3.949515000
3.888569000

2.289741000
3.369613000
4.009156000
4.139917000
2.787339000
4.681500000
1.824704000
2.932577000
6.625003000
6.913830000
5.189359000
3.567954000
5.141961000
5.930934000
5.608531000
5.337855000
4.470656000
4.538569000
5.177431000
4.851603000
2.202200000
1.440593000
4.555297000
5.614669000

55

PBE0-D3BJ/(dppm)Cu(BH,) E= -3314.20502556 Ha

29
15
15
6
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-1.473775000
1.512305000
-1.335559000
0.243458000
0.587768000
0.010278000
-1.825374000
-1.417260000
-1.787764000
-1.031621000
-2.975277000
1.883715000
1.284708000
2.673528000
1.438912000
2.841251000
2.214997000
0.684844000
3.160502000
0.954892000
3.455380000
2.337088000
3.011364000
4.265235000
2.967542000
5.437575000
4.143989000
5.380973000
4.317992000
2.016813000
6.396095000
4.090609000
6.294204000
-2.630295000
-2.981322000
-3.271657000
-3.951115000
-4.236750000
-4.576369000
-2.509089000
-3.019677000
-4.222693000
-4.731137000
-5.333812000

0.414580000
-0.450653000
-0.247749000

-1.207263000
-1.283349000
-2.224360000

1.153286000

1.882431000
-0.106192000
1.312070000
1.452344000
1.114718000
2.305571000
1.157889000
3.508638000
2.364537000
3.539102000
2.281371000
0.246189000
4.418575000
2.389138000
4.475240000
-1.454713000
-0.965754000
-2.714459000
-1.708917000
-3.461595000
-2.961590000
0.006477000
-3.122414000
-1.312624000
-4.434307000
-3.543104000
-1.408064000
-1.519943000
-2.230205000
-2.453469000
-3.165825000
-3.278859000
-0.867562000
-2.121039000
-2.532597000
-3.795192000
-4.001196000

2.173737000
1.074544000
0.110817000
-0.092564000
-1.139557000
0.273370000
4.096442000
3.108438000
3.795260000
4.993743000
4.335481000
0.161982000
0.632044000
-1.010526000
-0.078750000
-1.708096000
-1.249452000
1.548077000
-1.368516000
0.285266000
-2.613152000
-1.801267000
0.680685000
1.127612000
0.041360000
0.926998000
-0.151801000
0.286996000
1.627312000
-0.311390000
1.273419000
-0.649114000
0.135278000
-0.486722000
-1.850362000
0.468490000
-2.252175000
0.060518000
-1.299618000
-2.590055000
1.528814000
-3.308388000
0.805085000
-1.615636000

110
PBEO.
29

-D3BJ/[(dppm)Cu(BH,)]. [1] E= -6628.50645672 Ha

-2.774400000
-0.773305000
0.478111000
-1.929817000
-4.304861000
-2.286307000
-2.877112000
-2.036727000
-2.225398000
-3.616855000
-3.563365000
0.099222000
-0.331113000
1.099183000
0.338248000
-0.836877000
-0.483887000
-0.852804000
0.106200000
-3.946047000
-4.708844000
-3.878526000
1.938246000
2.283605000
1.676023000
3.400336000
3.657175000
4.181799000
5.049125000
3.843882000
4.445780000
2.727539000
2.450179000
1.173611000
1.941303000
2.169804000
2.415035000
2.997253000
2.131385000
2.495809000
1.382107000
1.154991000
0.905021000
0.318276000
-1.358061000
-1.021771000
-1.152080000
-0.540283000
-0.283240000
-0.396248000
-0.019653000
-0.742278000
-0.632759000
-1.227112000
-1.496036000
-3.208164000
-2.969629000
-1.967993000
-4.024241000
-3.827237000
-5.323453000
-6.141575000
-5.569003000
-6.578278000
-4.520412000
-4.719915000
-6.004717000
-6.456783000
-5.798665000
-7.730351000
-8.068501000
-8.564307000
-9.553736000
-8.120891000
-8.764009000
-6.847967000
-6.512632000
-4.541629000
-5.465338000
-6.088357000
-5.586492000
-6.291580000
-4.791893000
-4.882735000
-3.884735000
-3.263526000
-3.759953000
-3.055313000
-2.762563000
-3.543891000
-3.829896000
-3.938419000
-4.541189000
-3.551638000
-3.861938000
-2.763060000
-2.459786000
-2.363301000
-1.752019000
-1.628085000
-2.345751000
-3.382851000
-1.725741000
-2.290902000
-0.389963000
0.090274000
0.329043000
1.373402000
-0.283298000
0.289743000

6.541394000
5.944534000
7.486542000
8.618097000
6.247874000
6.832851000
5.099626000
5.094407000
5.108357000
4.144178000
6.176653000
3.945617000
2.976793000
3.740178000
4.857112000
4.339128000
9.051923000
9.367353000
9.867744000
7.350531000
7.314318000
8.376493000
8.024100000
9.373999000
10.178816000
9.697315000
10.746643000
8.677175000
8.930488000
7.328725000
6.530883000
7.000741000
5.953111000
7.154614000
8.125960000
9.082617000
7.865382000
8.623955000
6.631468000
6.433279000
5.657338000
4.700338000
5.913751000
5.161978000
9.205899000
10.559220000
11.299945000
10.958046000
12.006201000
10.010031000
10.322912000
8.667039000
7.927405000
8.261439000
7.216452000
9.855924000
10.962859000
11.156078000
11.821809000
12.671950000
11.590438000
12.257156000
10.495852000
10.295841000
9.633137000
8.763472000
6.729645000
6.246888000
5.612027000
6.598297000
6.221227000
7.438532000
7.715026000
7.922301000
8.576149000
7.569373000
7.966448000
4.606050000
4.420008000
5.253797000
3.165580000
3.028101000
2.087956000
1.112190000
2.264065000
1.432558000
3.520495000
3.666802000
5.816395000
6.347694000
7.404775000
5.525874000
5.939836000
4.171608000
3.532401000
3.645331000
2.595404000
4.463865000
4.055610000
8.382802000
9.596843000
9.656529000
10.751141000
11.685929000
10.704287000
11.604410000
9.496824000
9.453347000
8.346367000
7.418203000

-3.515371000
-5.867440000
-4.819848000
-3.451599000
-5.132123000
-7.259913000
-1.877020000
-2.849088000
-0.851253000
-2.001733000
-1.913189000
-5.950016000
-6.544352000
-5.291883000
-6.813578000
-5.162328000
-4.549034000
-5.540683000
-4.095908000
-6.582224000
-7.379072000
-6.180179000
-5.799482000
-6.026687000
-5.605402000
-6.817912000
-6.989611000
-7.387894000
-8.003814000
-7.164815000
-7.608051000
-6.379557000
-6.223816000
-3.152690000
-2.470048000
-2.950208000
-1.176639000
-0.646514000
-0.558409000
0.453526000
-1.238713000
-0.762842000
-2.536895000
-3.069415000
-1.805586000
-1.573809000
-2.369719000
-0.317499000
-0.139485000
0.714430000
1.692440000
0.489755000
1.286920000
-0.766263000
-0.946009000
-3.931735000
-4.777658000
-5.169301000
-5.137693000
-5.797377000
-4.652775000
-4.938664000
-3.802925000
-3.434995000
-3.448016000
-2.814286000
-4.618850000
-3.365986000
-2.763946000
-2.891366000
-1.922477000
-3.653401000
-3.278815000
-4.896625000
-5.492824000
-5.378618000
-6.339761000
-5.919457000
-6.973558000
-7.312103000
-7.587591000
-8.411797000
-7.149090000
-7.634640000
-6.091047000
-5.749734000
-5.471108000
-4.649417000
-8.716194000
-9.767866000
-9.757791000
-10.834691000
-11.648121000
-10.860252000
-11.691717000
-9.823485000
-9.838824000
-8.752108000
-7.941947000
-8.010403000
-8.102186000
-7.763801000
-8.615781000
-8.674770000
-9.051334000
-9.444620000
-8.974196000
-9.292596000
-8.454684000
-8.364073000

PBEO-D3BJ/[(dppm)Cu(BH.)]; [2] E= -6628.50644645 Ha

29
29
15
15
15

5.202176000
6.554724000
3.823207000
4.496957000
7.197047000

3.915868000
6.599401000
4.036437000
6.950827000
3.036449000

2.226976000
3.277025000
3.984988000
4.108279000
2.759714000

S32



5 7.822607000
8.695957000
3.072335000
3.806561000
3.334308000
4.098561000
2.022449000
3.936611000
4.731882000
2.972655000
4.417712000
9.642065000
7.670774000
6.835710000
8.609164000
1.602962000
2.346668000
1.062792000
1.387223000
4.675132000
7.752384000
8.213745000
7.211631000
3.293384000
4.304040000
7.070479000
7.014432000
1.767052000
1.592402000

-0.305107000
-1.045642000
4.253496000
4.158805000
0.692813000
-0.317210000
3.817815000
3.343524000
7.232246000
7.344891000
5.044032000
5.537161000
2.211827000
2.389274000
0.914766000
0.074125000
7.221142000
7.438673000
4.673208000
4.904749000
8.565698000
7.579488000
4.543330000
4.665132000
0.230744000
-0.087530000
4.438173000
4.446663000
6.595087000
6.153538000
4.227783000
4.133240000
7.279093000
7.410786000
6.530099000
6.051087000
4.508879000
4.626435000
7.680932000
8.099765000
6.863428000
6.701831000
6.704611000
6.411456000
6.918637000
6.778329000
5.049237000
5.535708000
9.967704000
10.071392000
-0.721902000
-1.788497000
11.099246000
12.083489000
10.967855000
11.853212000
9.704165000
9.597195000
10.155295000
9.470153000
10.526646000
10.130988000
12.422872000
13.503283000
11.912275000
12.593837000
11.545172000
11.935881000
3.612459000
5.526647000
5.108479000
4.451065000
6.407071000
7.380915000
6.778747000
8.316960000

B A A A B A A A0 A AR A AN A AR A AN AN AN AN AN AN AN AN AN AN AN AN A AN AP ANONAD AN AN AN AN AN AN AN AP AN AN ADNAD AN ADDNDANDOD = DD =

5.316497000
3.509754000
7.235895000
8.313428000
7.390856000
2.599726000
3.957657000
5.504078000
5.328849000
5.660248000
8.370251000
5.564224000
3.459975000
3.120723000
2.984543000
4.082886000
4.199569000
3.802427000
3.675609000
3.885215000
0.400606000
0.866588000
1.197190000
7.223429000
7.072173000

-1.621780000
-2.712526000
7.442801000
7.471139000

3.789334000
3.666289000
2.696242000
3.660725000
7.614800000
7.762178000
9.437947000
9.381493000
4.706156000
3.644414000
9.571870000
9.613919000
7.394137000
7.366444000
7.586161000
7.713402000
8.054079000
5.685459000
0.297164000

-0.590347000
4.461425000
4.866981000

1.549943000
1.639791000
4.069779000
4.177492000
10.628498000
11.501897000
0.566004000
1.180359000
1.331452000
1.248973000
7.051968000
7.816507000

-0.834522000
-1.310744000
0.189489000
-0.776213000
-1.001682000
-1.608128000
5.087433000
4.319177000
6.446367000
6.738515000
7.429165000
8.487255000
10.692940000
11.615082000
2.973815000

2.222749000
3.926550000
3.916740000

3.402657000

2.995974000

4.364067000

4.701838000
4.889269000
5.638465000

6.354596000
6.825686000

4.962010000

4.372261000

5.912990000

6.045334000

5.134776000

4.669521000

6.522853000

7.127808000
4.214862000
3.555649000
4.898075000
2.914385000
8.861246000
8.202892000
6.871936000
8.129635000

4.602656000
1.811614000
2.986191000
6.547088000
6.893586000
5.106777000
3.621012000
5.129231000
5.875257000
5.644132000
5.275812000
4.498828000
4.505818000
5.143814000
4.840187000
2.280184000
1.486518000
4.647314000
5.685589000
0.111129000
3.771232000
4.645424000
2.738367000
1.592707000
1.206997000
2.594367000
2.540047000
3.488752000
4.568686000
4.334264000
5.129781000
6.508154000
7.012834000
2.604536000
2.996403000
7.391285000
8.375327000
7.365345000
7.132998000
4.862556000
3.885879000
0.709739000

-0.368040000

1.213482000
0.525552000
1.793134000
6.367534000
6.647576000
7.242737000
0.778097000
0.541255000
7.271622000
8.355101000
1.973129000
0.933112000

6.974138000

7.632104000
1.630296000
0.839020000
4.489005000
3.401848000
6.705117000
5.932963000
1.559745000
0.700041000
5.253894000
4.756232000
3.698499000
4.506736000
8.668916000
9.430822000
8.991850000
10.003885000
8.007500000
8.241720000

5.707303000

5.378187000
2.118760000

2.908229000
2.995715000
2.753842000

1.410561000

1.658190000

0.388979000
-0.157065000
0.071614000

-0.716519000

3.449356000
2.738558000

5.422674000

6.256382000

4.227845000

4.121248000

5.285089000

6.002997000

3.316024000

2.493845000

-0.377829000
-0.689175000

0.773788000
0.913925000
1.391783000
3.052939000
1553775000
1.273048000

5.254622000
4.126994000
5.250414000
4.147130000
2.157302000
6.119032000
4.113181000
6.111446000
-2.583144000
-2.858191000
-3.222618000
-3.744723000
-4.106414000
-4.367769000
-2.395429000
-3.035782000
-3.952525000

-0 094699000
-3.283457000
-0.427072000
-2.025028000

[ - X X X N B SN Yo Yo N W N SN W Y- N

-2.086258000
-3.309032000
-3.118987000
-0.468607000
-2.636530000
-1.936719000
-4.110707000
-3.772257000
-1.449175000
-1.668271000
-2.252611000
-2.677421000
-3.263985000
-3.478302000
-1.043216000
-2.079164000
-2.834604000
-3.873450000
-4.258311000
1.183166000
2.235155000
1.215097000
3.282656000
2.268536000
3.300917000
2.237637000
0.434100000
4.084889000
2.283951000
4.117704000

1.351094000
-0.405707000
0.404646000
2.235957000
-0.922408000
1.990302000
-1.137850000
0.305973000
-0.472578000
-1.835747000
0.491415000
-2.224398000
0.098799000
-1.258939000
-2.592044000
1.547310000
-3.278078000
0.852117000
-1.563432000
-1.119391000
-0.827262000
-2.333961000
-1.733714000
-3.236452000
-2.940701000
0.115874000
-2.579488000
-1.492587000
-4.164890000
-3.641497000

6 -2.678440000  9.224627000 -8.943057000
1 -3.732604000  9.137734000 -8.701547000
6 -2.244390000  10.333433000 -9.679171000
1 -2.963082000  11.083202000 -9.995332000
6 -0.891557000  10.474737000 -10.007558000
1 -0.556779000  11.334878000 -10.578619000
6 0.027892000  9.504111000 -9.593129000
1 1.080557000  9.608839000 -9.834074000
6 -0.403589000  8.398063000 -8.853863000
1 0.319897000  7.657631000 -8.526495000

55

B3LYPI(dppm)Cu(BH4) E= -3316.03659703 Ha

-1.665569000
15 1.592734000
15 -1.388529000
6 0.261574000
1 0.542852000
1 0.114018000
5  -2.128504000
1 -1.769453000
1 -2.059456000
1 -1.339565000
1 -3.276399000
6 2.109151000
6 1.741485000
6 2.848154000
6 2.083340000
6 3.195220000
6 2.809056000
1 1.192323000
1 3.167274000
1 1.789416000
1 3.770501000
1 3.080945000
6 3.004762000
6 4.141010000
6 3.014332000

0.468547000
-0.267292000
-0.173625000

-0.999191000
-1.035706000
-2.032803000
1.129760000
1.899377000
-0.097873000
1.281268000
1.374701000
1.235726000
2.491549000
1.189155000
3.671000000
2.367520000
3.610568000
2.544419000
0.231982000
4.630826000
2.317828000
4.524600000
-1.422673000
-1.253585000
-2.466725000

2.216282000
0.974078000
0.112713000
-0.139646000
-1.198248000
0.199586000
4.187356000
3.229297000
3.827808000
5.079120000
4.449355000
0.022982000
0.543417000
-1.175457000
-0.129762000
-1.843242000
-1.323827000
1.479068000
-1.576734000
0.282747000
-2.762939000
-1.842515000
0.664716000
1.484963000
-0.279574000

110

B3LYP/[(dppm)Cu(BH)]. [1] E= -6632.10540056 Ha

29  -3.066931000
29 -0.550939000
15 0.482644000
15 -1.975190000
15 -4.348090000
15 -2.231466000
5  -3.453857000
-2.459206000
-3.021102000
150730000
-4.118233000
0.598772000
0.378014000
1.537469000
0.803521000
-0.446567000
-0.515459000
-0.913752000
0.117015000
-3.896307000
-4.672042000
-3.839830000
1.918996000
2.022542000
1.247369000
3.128981000
3.193611000
4.145287000
5.002729000
4.049914000
4.831424000
2.946445000
2.874925000
1.240566000
2.122557000
2.383581000
2.678693000
3.355880000
2.364476000
2.799124000
1.497543000
1.254580000
0.938055000
0.282307000
-1.334189000
-0.876673000
-0.911585000
-0.399757000
-0.053599000
-0.378263000
-0.010751000

-4.982965000
-5.700256000
-5.387899000
-6.421070000
-4.464378000
-4.791234000
-6.082917000
-6.768453000
-6.275786000
-8.072959000
-8.585755000
-8.713815000
-9.726768000
-8.040756000

-4 981500000
-3.893646000
-3.248697000
-3.746445000
-3.003577000
-2.679624000
-3.524304000
-3.921571000
-3.839410000
-4.487917000
-3.311325000
-3.554146000
-2.466862000
-2.049026000

-1.483432000
-1.764446000

PP AN AP AN AP AN AN AN AN AN AN AN AN AN AN AN AN AN AP AN AN AP AN AN AN AN AN AN AN AND AN AN AN ADAND 2D A 20 U1 s

6.719456000
6.086066000
7.627949000
8.730741000
6.296200000
6.724720000
5.244401000
5.240939000
5.263834000
4.292002000
6.306385000
4.168691000
3.222348000
4.021282000
5.172976000
4.371975000
9.125856000
9.545245000
9.882054000
7.207710000
7.087859000
8.267897000
8.374613000
9.737318000
10.437716000
10.214582000
11.270159000
9.338388000
9.709531000
7.977713000
7.289156000
7.496938000
6.438245000
7.049003000
7.863595000
8.853224000
7.400753000
8.036051000
6.117648000
5.758768000
5.299491000
4.303738000
5.759800000
5.113645000
9.109909000
10.395350000
11.205430000
10.649338000
11.644627000
9.623107000
9.822129000
8.347575000
7.550220000
8.088140000
7.097879000
10.147804000
11.363813000
11.518787000
12.393726000
13.324140000
12.226612000
13.026111000
11.022974000
10.880555000
9.991494000
9.058020000
6.852347000
6.251744000
5.489703000
6.639056000
6.164477000
7.637666000
7.938397000
8.246296000
9.022158000
7.856834000
8.345834000
4.552526000
4.191077000
4.945870000
2.859716000
2.591153000
1.872355000
0.837451000
2.220030000
1.460310000
3.554650000
3.815064000
5.521680000
5.869537000
6.876988000
4.931767000
5.211978000
3.635140000
2.907984000
3.284129000
2.284605000
4.221482000
3.941237000
8.239585000

-3.407498000
-6.128867000
-4.744871000
-3.139853000
-5.288539000
-7.567504000
-1.767522000
-2.558572000
-0.642081000
-2.015543000
-1.944797000
-6.260346000
-6.974625000
-5.517910000
-7.000802000
-5.565996000
-4.247363000
-5.179100000
-3.767892000
-6.854380000
-7.619422000
-6.580134000
-5.634585000
-5.967248000
-5.677774000
-6.682850000
-6.928810000
-7.074829000
-7.627274000
-6.753289000
-7.057900000
-6.044266000
-5.815378000
-3.172290000
-2.434123000
-2.796915000
-1.239988000
-0.677813000
-0.770324000
0.157392000
-1.500057000
-1.145260000
-2.699235000
-3.270773000
-1.452336000
-1.100260000
-1.822593000
0.187786000
0.449220000
1.142483000
2.144417000
0.804118000
1.539817000
-0.486698000
-0.734272000
-3.471981000
-4.062820000
-4.371102000
-4.263373000
-4.721316000
-3.873654000
-4.029610000
-3.284387000
-2.985354000
-3.088097000
-2.639757000
-4.984066000
-3.905556000
-3.309744000
-3.589922000
-2.759537000
-4.335426000
-4.087130000
-5.398851000
-5.980956000
-5.722592000
-6.551079000
-5.829349000
-6.770154000
-7.183278000
-7.165424000
-7.891428000
-6.622879000
-6.929885000
-5.682111000
-5.253984000
-5.282361000
-4.537681000
-8.892150000
-9.965219000
-10.046063000
-10.951268000
-11.775697000
-10.880460000
-11.649126000
-9.823565000
-9.765035000
-8.832198000
-8.022531000
-8.521100000

B3LYPI[(dppm)Cu(BH;)]z [2] E= -6632.10482187 Ha

6.024019000  3.452991000  2.282444000
29 5691499000  6.907449000  3.534030000
15 3.789613000  3.590492000  2.885146000
15 3.944257000  6.072524000  4.785109000
15 7.674957000  3.248611000  3.884159000
15 7.875618000  6.369464000  4.071420000
6 9316609000 2652331000  3.289659000
2.337454000  6.959954000  4.638016000
4.915905000  5.153381000  7.326515000
5118127000  4.192675000  6.864199000
3.049908000  1.900040000  2.965088000
2617710000  4.493957000  1.791698000
3.433050000  4.277759000  4.583780000
4.012288000  3.667485000  5.284375000
2.373536000  4.181464000  4.844885000
4.308853000  6.194786000  6.597979000
9.158623000  6.375945000  2.753735000
8.124992000  4.734008000  4.936674000
7.447929000  4.749179000  5.798637000
9.152567000  4.628352000  5.302935000
3.123531000  5.289865000  0.748755000
4192550000  5.353039000  0.584785000
1.222970000  4.402195000  1.973168000
0.815335000  3.774464000  2.759906000
6.283241000  3.025210000  0.100871000
7.597114000  2.056899000  6.515561000
8.197140000 2.884978000  6.878036000
7.211966000  1.992507000  5.161767000
2186359000  7.939395000  3.641363000
3.014517000  8.179531000  2.983358000
6.448405000 -0.031115000  6.977165000
6.154476000 -0.807701000  7.676019000
1.251856000  6.674060000  5.492094000
1359164000  5.936991000  6.282792000
0.354076000  5.103941000  1.135340000
-0.718528000  5.027632000  1.283682000
2.480399000  1.337820000  4.122145000
2428210000  1.904635000  5.044769000
0.038486000  7.349410000  5.344600000
-0.789872000  7.124088000  6.009237000
5272177000  5.330427000  8.669111000
5.728520000  4.509298000  9.213464000
8.973165000  7.252713000  6.587107000
8.954190000  6.224219000  6.929351000
4.085281000  7.424857000  7.251325000
3.624432000  8.245570000  6.712370000
0.966225000  8.613912000  3.496774000
0.863039000  9.366922000  2.722590000
-0.106251000  8.320557000  4.343333000
-1.049588000  8.845775000  4.230182000
5549831000  8.630131000  2.110595000
8.536900000  7.586038000  5.292283000
2.021562000 -0.727110000  2.931260000
1624492000 -1.737212000  2.917851000
0.548487000 2579654000  1.904905000
8.768166000  2.859698000  1.205861000
1970683000  0.032470000  4.103821000
1532376000 -0.384402000  5.005514000
2.248176000  5.993040000  -0.089285000
2651592000  6.607040000  -0.887133000
5037741000  6.552983000  9.306294000
5314105000  6.689373000  10.346800000
6.434659000  0.896039000  4.736177000
6.117483000  0.833092000  3.699659000
3.104278000  1.120497000  1.788853000
3.557217000 1528374000  0.890429000
8.562879000  8.940638000  4.895049000
8.208272000  9.221390000  3.908120000
6.059211000 -0.107949000  5.634826000
5.456538000 -0.939927000  5.286023000
2589673000 -0.178325000 1773839000
2.637420000 -0.761946000  0.860176000
7.216479000  1.053576000  7.415244000
7.524059000 1118415000  8.454494000
0.434818000  8.245947000  7.460908000
9.767357000  7.971436000  8.457338000
9.468125000  9.582359000  7.052896000
9.827268000  10.350576000  7.730404000
9.029903000  9.926455000  5.767377000
9.045181000  10.962573000  5.445036000
4.445477000  7.600083000  8.590704000
4.262523000  8.554893000  9.073057000
10.338666000  2.263772000  4.178654000
10.170003000  2.285801000  5.251129000
0.866869000  5.902403000  0.103219000
0.190183000  6.446571000  -0.548232000
11571100000  1.822426000  3.691589000
12.349954000  1.521670000  4.385625000
11.797330000  1.759982000  2.309569000
12.754527000  1.414028000  1.931890000
10.786567000  2.136651000  1.420930000
10.951809000  2.085913000  0.349868000
8.758791000  6.460474000  1.408303000
7.707140000 6543005000  1.160788000
10.532359000  6.304743000  3.060389000
10.858866000  6.264442000  4.095265000
11.077036000  6.374941000  0.699517000
11.818518000  6.373503000  -0.093327000
11.484516000  6.302039000  2.039109000
12540273000  6.245659000  2.285069000
9717300000  6.455959000  0.386388000
9.395298000 6517510000  -0.647510000
5.295980000  3.039500000  -0.591567000
7.306809000  2.806229000  -0.498356000
6.408115000  4.158189000  0.663217000
6.159486000  2.135148000  0.991184000
4.555884000  9.197959000  1.728912000
5.608660000  8.752510000  3.366947000
5418133000  7.401426000  1.817276000
6.573444000  9.039437000  1.621372000
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-1.913480000
-2.224627000
-1.687767000
-0.950540000
-2.896080000
1.638650000
1.162887000
2.109708000
1.133341000
2.094362000
1.599949000
0.810182000
2.484456000
0.741983000
2.445941000
1.578310000
3.007937000
4.249268000
2.966939000
5.409127000
4.129745000
5.353784000
4.300204000
2.027241000
6.353885000
4.077165000
6.254625000
-2.642811000
-3.221238000
-3.115786000
-4.248581000
-4.134973000
-4.703590000
-2.876257000
-2.695023000
-4.691878000
-4.491718000
-5.500229000
-0.999700000
-1.296209000
-0.469232000
-1.063242000
-0.236333000
-0.532347000
-1.682387000
-0.239662000
-1.284839000
0.174400000
-0.347289000

2.033388000
2.386152000
0.792878000
2.673946000
2.154089000
0.964147000
1.938267000
1.373195000
3.291800000
2.722743000
3.683380000
1.649776000
0.631422000
4.022176000
3.024530000
4.730469000
-1.519963000
-0.857860000
-2.770148000
-1.424431000
-3.337514000
-2.666335000
0.110150000
-3.306556000
-0.896001000
-4.300542000
-3.105124000
-1.435371000
-1.407790000
-2.363950000
-2.302434000
-3.260430000
-3.231022000
-0.689338000
-2.376112000
-2.270889000
-3.970475000
-3.921982000
0.814605000
2.179728000
0.357090000
3.074136000
1.251378000
2.612924000
2.542496000
-0.695361000
4.127849000
0.890384000
3.307747000

3.645628000
2.456372000
3.672652000
3.984724000
4.324335000
0.793857000
1.692714000
-0.470038000
1.325912000
-0.829045000
0.067061000
2.678303000
-1.167003000
2.025969000
-1.810403000
-0.219279000
0.484481000
0.589047000
-0.164099000
0.051276000
-0.700956000
-0.596615000
1.077261000
-0.252223000
0.135197000
-1.199884000
-1.013865000
-0.453366000
-1.734259000
0.496692000
-2.061884000
0.162991000
-1.118431000
-2.468867000
1.499054000
-3.052212000
0.902128000
-1.374994000
-1.339288000
-1.187133000
-2.561254000
-2.238575000
-3.609598000
-3.448000000
-0.239710000
-2.695022000
-2.105819000
-4.547245000
-4.261201000

55

B3LYP-D2/(dppm)Cu(BH.) E= -3316.12855609 Ha
29  -1.653045000  0.803735000  1.928692000
15 1.516509000 -0.805382000  1.303838000
15 -1.301109000 -0.302046000  0.071527000
6 0.183269000 -1.422377000  0.107185000
1 0.588143000 -1.550552000  -0.904036000
1 -0.163372000 -2.401363000  0.460727000

110

B3LYP-D2/[(dppm)Cu(BH.)]; [1] E= -6632.33611796 Ha

29

-2.839133000
-0.754707000
0.460020000
-1.956387000
-4.393418000
-2.339624000
-2.587382000
-1.897083000
-1.823309000
-3.210770000
-3.400285000
0.291296000
-0.047345000
1.308892000
0.431800000
-0.658690000
-0.502329000
-0.843520000
0.087549000
-4.000767000
-4.773644000
-3.950185000
1.917402000
2.291575000
1.717453000
3.399737000
3.679543000
4.144377000
5.001981000
3.778136000
4.349249000
2.668955000
2.369283000
1.122305000
1.839889000
2.037388000
2.295008000
2.835633000
2.039819000
2.387454000
1.335665000
1.124710000
0.877683000
0.320439000
-1.342772000
-0.924211000
-1.015600000
-0.406434000
-0.086685000
-0.304590000
0.099680000
-0.722697000
-0.638302000
-1.244448000
-1.556935000
-3.168983000
-3.329128000
-2.654215000
-4.375727000
-4.481653000
-5.275516000
-6.086741000
-5.118432000
-5.808377000
-4.075516000
-3.962624000
-6.104138000
-7.168220000
-6.995758000
-8.447008000
-9.261326000
-8.675311000
-9.667478000
-7.617266000
-7.779955000
-6.338794000
-5.527141000
-4.526394000
-5.369830000
-6.016206000
-5.365911000

6.605450000
5.955762000
7.510726000
8.681174000
6.268973000
6.774007000
4.988649000
5.166361000
5.009155000
3.965472000
5.953038000
4.013317000
3.032108000
3.887788000
4.956338000
4.293769000
9.073960000
9.407857000
9.874399000
7.290997000
7.195817000
8.335035000
8.063996000
9.410798000
10.196050000
9.754005000
10.797405000
8.754376000
9.021292000
7.408893000
6.630699000
7.062018000
6.021724000
7.158989000
8.134545000
9.103573000
7.860383000
8.618718000
6.607106000
6.397571000
5.632074000
4.667154000
5.903643000
5.155256000
9.162181000
10.478759000
11.245375000
10.802520000
11.818694000
9.812828000
10.064612000
8.505338000
7.735499000
8.175717000
7.158483000
10.000187000
10.496039000
10.200196000
11.375239000
11.745015000
11.775534000
12.455861000
11.295749000
11.602584000
10.415853000
10.046789000
6.810863000
5.903663000
4.843533000
6.367015000
5.658369000
7.735756000
8.090992000
8.644614000
9.707039000
8.186955000
8.900490000
4.599084000
4.329620000
5.109479000
3.067008000

-3.508229000
-5.898283000
-4.784716000
-3.408787000
-5.117706000
-7.281141000
-2.028157000
-3.080613000
-1.094257000
-2.154820000
-1.898264000
-6.080278000
-6.697804000
-5.443078000
-6.908738000
-5.283288000
-4.508643000
-5.494446000
-4.046154000
-6.619527000
-7.391132000
-6.295920000
-5.747775000
-5.898738000
-5.419299000
-6.684084000
-6.794960000
-7.323243000
-7.932985000
-7.175561000
-7.671580000
-6.396756000
-6.304112000
-3.120395000
-2.401429000
-2.850347000
-1.111635000
-0.554491000
-0.531988000
0.475060000
-1.245226000
-0.797906000
-2.541880000
-3.091949000
-1.757075000
-1.482174000
-2.246670000
-0.225629000
-0.015522000
0.764769000
1.740543000
0.495592000
1.254975000
-0.762327000
-0.972936000
-3.817640000
-5.126180000
-5.921461000
-5.432319000
-6.447590000
-4.436681000
-4.675253000
-3.128828000
-2.349291000
-2.821055000
-1.807001000
-4.757567000
-4.608243000
-4.757227000
-4.272245000
-4.157400000
-4.083784000
-3.823104000
-4.226401000
-4.074897000
-4.556716000
-4.646482000
-5.832991000
-6.930120000
-7.321212000
-7.524193000

S33



-6.003094000
-4.516086000
-4.503589000
-3.679229000
-3.012938000
-3.683491000
-3.036035000
-2.798555000
-3.674479000
-4.058781000
-4.042176000
-4.716520000
-3.533398000
-3.819542000
-2.657180000
-2.263874000
-2.285757000
-1.611785000
-1.750254000
-2.610649000
-3.684767000
-2.089233000
-2.761632000
-0.702900000
-0.300946000

0.161184000

1.236177000
-0.360404000

0.313551000

2.868663000
2.064702000
1.087139000
2.324731000
1.556620000
3.590078000
3.796942000
5.668560000
6.082634000
7.099004000
5.194355000
5.517890000
3.886027000
3.195626000
3.473952000
2.462868000
4.361193000
4.036260000
8.323520000
9.358061000
9.249218000
10.537451000
11.329017000
10.696910000
11.615381000
9.671554000
9.788544000
8.492237000
7.709393000

-8.379785000
-7.030114000
-7.502277000
-5.940380000
-5.563430000
-5.336875000
-4.492425000
-8.664921000
-9.686069000
-9.692264000
-10.699744000
-11.486905000
-10.701174000
-11.488901000
-9.691632000
-9.686591000
-8.672681000
-7.887330000
-8.073237000
-8.490312000
-8.379512000
-9.036357000
-9.353224000
-9.172454000
-9.588527000
-8.767097000
-8.851798000
-8.222294000
-7.891720000

11.770227000
3.599531000
5.526972000
5.036984000
4.444034000
6.365046000
7.328189000
6.682619000
8.240965000

7.209620000
3.869233000
3.248397000
4.700526000
2.747241000
8.510348000
8.162256000
6.602927000
7.722680000

2.318672000
-0.404742000
-0.611256000

0.695853000
1.012896000
1.067208000
2.800102000
1.604924000

1.068273000

110

B3LYP-D2/[(dppm)Cu(BH)]; [2] E= -6632.33626909 Ha
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5.185731000
6.536824000
3.768332000
4.451762000
7.239758000
7.855992000
8.699354000
3.117351000
4.883243000
5.427048000
4.024436000
1.994779000
3.839691000
4.570469000
2.861960000
4.261186000
9.646998000
7.728049000
6.928668000
8.679676000
1.646707000
2.421334000
0.985121000
1.251838000
4.654663000
7.879086000
8.356603000
7.291352000
3.442307000
4.478208000
7.207709000
7.173505000
1.769905000
1.515207000
-0.360221000
-1.136463000
3.782247000
3.396926000
0.761576000
-0.275978000
4.816435000
5.302317000
6.678041000
6.196267000
3.582969000
3.104245000
2.425372000
2.682625000
1.090434000
0.303475000
7.160188000
7.582957000
4.558395000
4.770588000
8.519004000
7.523364000
4.048257000
3.858873000
0.295972000
0.034128000
4.135153000
4.086862000
6.655748000
6.175394000
4.531176000
4.737308000
8.179864000
8.881266000
6.620280000
6.127692000
4.797145000
5.206655000
7.836421000
8.292306000
6.370024000
5.669253000
6.962901000
6.722673000
7.872488000
8.339489000
3.522077000
2.997552000
9.993448000
10.134051000
-0.705241000
-1.750973000
11.096921000
12.094641000
10.914312000
11.774576000
9.630309000
9.485425000
10.075736000
9.347572000
10.596321000
10.264400000
12.386881000
13.448135000
11.961480000
12.691284000
11.446226000

3.884083000
6.617801000
4.071996000
7.014784000
3.080748000
5.340506000
3.609951000
7.235762000
8.228651000
7.323351000
2.692308000
4.003999000
5.558209000
5.374697000
5.753121000
8.367546000
5.629140000
3.486918000
3.100219000
3.035688000
4.014248000
4.032048000
3.984440000
3.959529000
3.628423000
0.456521000
0.920282000
1.249561000
7.162024000
7.059177000
-1.557841000
-2.640873000
7.369618000
7.421369000
3.984817000
3.967619000
2.803866000
3.731834000
7.423710000
7.508964000
9.261953000
9.138907000
4.875868000
3.999035000
9.5661678000
9.677092000
7.211168000
7.133167000
7.340425000
7.368097000
7.780653000
5.638748000
0.528052000
-0.302263000
4.508683000
4.855452000
1.727526000
1.824380000
4.015047000
4.033190000
10.448494000
11.252581000
0.622529000
1.229903000
1.480861000
1.387932000
6.771303000
7.367116000
-0.773277000
-1.246059000
0.404815000
-0.512050000
-0.941029000
-1.543923000
5.243131000
4.642068000
6.374373000
6.658474000
7.134502000
8.011266000
10.595970000
11.514470000
3.162247000
2.461681000
4.002332000
4.003813000
3.621454000
3.286531000
4.528615000
4.891863000
4.969010000
5.678956000
6.422299000
6.877704000
5.030047000
4.428849000
6.006823000
6.150488000
5.218172000
4.757096000
6.606393000

2.265385000
3.371638000
4.008631000
4.147908000
2.775733000
4.679583000
1.816616000
2.927057000
6.623581000
6.870413000
5.193990000
3.564818000
5.126197000
5.919857000
5.582819000
5.365501000
4.462749000
4.519922000
5.160981000
4.824690000
2.204463000
1.445480000
4.545613000
5.598663000
0.131459000
3.729363000
4.585425000
2.728273000
1.561701000
1.259591000
2.552945000
2.486769000
3.319136000
4.373222000
4.169349000
4.928409000
6.577180000
6.987370000
2.356124000
2.662077000
7.562216000
8.525047000
7.235525000
6.817585000
5.062478000
4.096294000
0.598098000
-0.452432000
0.993858000
0.246430000
1.602479000
6.472253000
6.916111000
7.582321000
0.753464000
0.504816000
7.432626000
8.497456000
1.831881000
0.779219000
7.255904000
7.983667000
1.636119000
0.873998000
4.686234000
3.625329000
7.062753000
6.488029000
1.549984000
0.706409000
5.541215000
5.131317000
3.642093000
4.421803000
8.551894000
9.123253000
9.126457000
10.146001000
8.377875000
8.814900000
6.005447000
5.761130000
2.145783000
2.963755000
2.808705000
2516261000
1.426374000
1.691031000
0.370170000
-0.183833000
0.033937000
-0.772700000
3.386283000
2.723905000
5.313807000
6.155888000
4.003987000
3.824851000
5.084620000
5.743255000
3.159866000

55

B3LYP-D3BJ/(dppm)Cu(BH,) E=
29

-1.608194000
15 1.499402000
15 -1.264091000

0.200127000
1 0.625326000
1 -0.151404000
5  -1.986622000
1 -2.253564000
1 -1.570509000
1 -1.098400000
1 -3.011209000
6 1.676872000
6 1.226195000
6 2.165964000
6 1.238212000
6 2.190640000
6 1.720214000
1 0.871594000
1 2.521747000
1 0.867808000
1 2.555068000
1 1.729294000
6 3.008903000
6 4.256443000
6 2.977800000
6 5.430445000
6 4.155205000
6 5.384499000
1 4.303356000
1 2.035883000
1 6.380117000
1 4.109844000
1 6.296980000
6 -2.647699000
6  -2.485478000
6 -3.922976000
6 -3.579430000
6  -5.017736000
6 -4.847169000
1 -1.507393000
1 -4.053012000
1 -3.444342000
1 -5.996267000
1 -5.695023000
6 -0.968433000
6  -1.231983000
6  -0.497830000
6  -1.017701000
6  -0.280773000
6  -0.538540000
1 -1.580242000
1 -0.298751000
1 -1.214358000
1 0.086314000
1 -0.366884000

0.894451000
-0.794777000
-0.270372000

-1.405073000
-1.525324000
-2.382352000
2.140922000
2.464572000
0.932971000
2.855390000
2.194033000
0.954426000
1.959447000
1.324037000
3.304487000
2.664885000
3.656260000
1.696258000
0.560743000
4.061225000
2.936799000
4.696816000
-1.560156000
-0.925003000
-2.820258000
-1.524449000
-3.420550000
-2.774253000
0.047370000
-3.342877000
-1.015668000
-4.391323000
-3.239025000
-1.356247000
-2.418011000
-1.099821000
-3.204318000
-1.885643000
-2.937925000
-2.636040000
-0.290179000
-4.023144000
-1.680326000
-3.550975000

0.817296000
2.189935000
0.327971000
3.060062000
1.197960000
2.567496000
2.578335000
-0.730327000
4.119690000
0.810940000
3.243003000

-3316.19531257 Ha

1.859937000
1.281389000
0.027373000
0.058191000
-0.943333000
0.405633000
3.545999000
2.340741000
3.606578000
3.932831000
4.167934000
0.729661000
1605995000
-0.538105000
1.213118000
-0.923067000
-0.050217000
2.597306000
-1.221126000
1.895625000
-1.907940000
-0.357892000
0.553637000
0.719736000
-0.072575000
0.258514000
-0.532432000
-0.371331000
1.198514000
-0.201961000
0.388762000
-1.015749000
-0.729484000
-0.476775000
-1.385087000
0.057029000
-1.754320000
-0.316677000
-1.222137000
-1.800196000
0.768958000
-2.453184000
0.103521000
-1.508671000
-1.416090000
-1.280864000
-2.647519000
-2.354504000
-3.717169000
-3.571178000
-0.329889000
-2.777189000
-2.233266000
-4.661999000
-4.402659000

-5.574284000
-6.569504000
-4.511425000
-4.692099000
-6.010790000
-6.441785000
-5.780603000
-7.702099000
-8.022387000
-8.544421000
-9.520676000
-8.123125000
-8.771058000
-6.863469000
-6.546778000
-4.541835000
-5.463654000
-6.103373000
-5.556359000
-6.258270000
-4.731533000
-4.798410000
-3.822768000
-3.176669000
-3.728615000
-3.021004000
-2.788799000
-3.588162000
-3.880509000
-3.995715000
-4.611640000
-3.603358000
-3.922804000
-2.798517000
-2.493785000
-2.387316000
-1.770196000
-1.603768000
-2.291376000
-3.320810000
-1.645978000
-2.186625000
-0.312770000

0.187170000

0.376567000

1.415500000
-0.263152000

0.286454000

10.402946000
10.195701000
9.578950000
8.737125000
6.753194000
6.365458000
5.781780000
6.748445000
6.445873000
7.526393000
7.827329000
7.915040000
8.518931000
7.530024000
7.853914000
4.621811000
4.435987000
5.254558000
3.201119000
3.065702000
2.140607000
1.183092000
2.315197000
1.501741000
3.552942000
3.692608000
5.809524000
6.343427000
7.389143000
5.536219000
5.951908000
4.190990000
3.563773000
3.660819000
2.620656000
4.465933000
4.050225000
8.346923000
9.570688000
9.645870000
10.716670000
11.656752000
10.652058000
11.543584000
9.434295000
9.376800000
8.292349000
7.359707000

-3.805150000
-3.428955000
-3.430181000
-2.770489000
-4.626268000
-3.341911000
-2.709075000
-2.875953000
-1.884676000
-3.680719000
-3.314987000
-4.956964000
-5.584209000
-5.427734000
-6.412038000
-5.929180000
-6.976178000
-7.290511000
-7.616685000
-8.432631000
-7.214852000
-7.721086000
-6.168026000
-5.858647000
-5.520585000
-4.712930000
-8.698285000
-9.725665000
-9.698852000
-10.788838000
-11.579886000
-10.836498000
-11.662520000
-9.824559000
-9.855332000
-8.756252000
-7.968278000
-7.977482000
-8.051801000
-7.723327000
-8.532735000

-8.951223000
-9.314981000
-8.894075000
-9.197855000
-8.409486000
-8.336629000

6 9.957069000
1 10.060556000
6 -0.726554000
1 -1.789034000
6 11.087844000
1 12.067120000
6 10.958922000
1 11.841420000
6 9.698987000
1 9.594069000
6 10.166692000
1 9.501947000
6 10.508384000
1 10.105125000
6 12.413205000
1 13.487402000
6 11.889561000
1 12.556351000
6 11.552456000
1 11.951857000
1 3.535530000
1 5.413940000
1 5.067076000
1 4.388827000
1 6.500160000
1 7.425874000
1 6.789113000
1 8.367561000

2.999352000
2.248164000
3.971143000
3.966160000
3.456369000
3.068484000
4.427653000
4.789185000
4.933256000
5.690567000
6.319960000
6.805517000
4.900370000
4.304934000
5.839952000
5.958235000
5.055242000
4.572316000
6.472019000
7.078322000
4.165070000
3.472281000
4.827214000
2.886449000
8.896044000
8.232901000
6.920155000
8.098900000

2.144130000
2.920789000
3.087650000
2.866587000
1.468567000
1.728020000
0.465270000
-0.052448000
0.134662000
-0.633717000
3.461712000
2.756870000
5.404013000
6.218040000
4.239825000
4.140676000
5.277069000
5.984238000
3.338487000
2.533067000
-0.404214000
-0.753763000
0.684825000
0.874044000
1.311238000
2.969191000
1.509198000
1.212571000

110

B3LYP -D3BJ/[(dppm)Cu(BH.)]. [1] E= -6632.48392832 Ha

-2.786519000

29 -0.741216000
15 0.494699000
15 -1.917737000
15 -4.322529000
15 -2.292801000
-2.868584000
-2.074250000
191651000
-3.600079000
-3.558164000
0.127408000

-0.344561000
1.132311000

0.368984000

-0.754179000
-0.499658000
-0.880642000
0.077112000

-3.928829000
-4.689292000
-3.844662000
1.933905000

2.310281000

1.749983000

3.399195000

3.677921000

4.123890000

4.967087000

3.757824000

4.314965000

2.668663000

2.372448000

1.161786000

1.923897000

2.176640000

2.355836000

2.932033000

2.033412000

2.362464000

1.287645000

1.027693000

0.854832000

0.271363000

-1.330135000
-0.975743000
-1.097591000
-0.483680000
-0.212676000
-0.346945000
0.037141000

-0.709490000
-0.603891000
-1.203789000
-1.478211000

-5.356704000
-6.183607000

B RO AN A ADAD AN AND AN AN AN AN AND AN AN AN AN ADD AN AAD A2

6.507722000
5.891934000
7.483607000
8.602682000
6.245888000
6.809061000
5.061930000
5.043848000
5.094290000
4.107894000
6.118441000
3.858931000
2.918920000
3.616701000
4.768990000
4.270558000
9.022647000
9.314524000
9.851173000
7.350024000
7.339401000
8.363510000
8.049190000
9.395394000
10.176258000
9.748059000
10.792065000
8.759420000
9.034213000
7.414021000
6.642728000
7.058859000
6.018107000
7.164879000
8.127446000
9.067079000
7.879189000
8.629154000
6.666204000
6.479101000
5.701339000
4.765184000
5.945683000
5.201299000
9.208128000
10.554422000
11.274996000
10.971218000
12.010904000
10.047192000
10.372068000
8.711672000
7.992289000
8.288971000
7.251733000
9.807912000
10.887149000
11.085798000
11.709487000
12.536095000
11.467907000
12.102211000

-3.470875000
-5.874906000
-4.823929000
-3.441521000
-5.122667000
-7.249537000
-1.793911000
-2.784468000
-0.796265000
-1.878049000
-1.834958000
-5.988310000
-6.578361000
-5.369088000
-6.830042000
-5.172596000
-4.566417000
-5.549198000
-4.144866000
-6.554532000
-7.340606000
-6.152492000
-5.804138000
-5.941429000
-5.440621000
-6.745496000
-6.846861000
-7.419973000
-8.045206000
-7.285755000
-7.806835000
-6.485971000
-6.399224000
-3.153795000
-2.466124000
-2.946980000
-1.163902000
-0.632490000
-0.538336000
0.478659000
-1.220099000
-0.739567000
-2.528818000
-3.055971000
-1.818938000
-1.615942000
-2.419390000
-0.378109000
-0.224727000
0.667583000
1.629196000
0.472874000
1.277264000
-0.766148000
-0.917496000
-3.928102000
-4.804225000
-5.205709000
-5.183355000
-5.864673000
-4.688083000
-4.989794000
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B3LYP-D3BJ/[(dppm)Cu(BH.)]: [2] E=

5.175473000
6.569948000
3.813602000
4.500505000
7.191049000
7.826461000
8.686720000
3.078249000
3.769270000
3.245235000
4.122432000
2.016681000
3.961026000
4.755636000
3.016972000
4.431874000
9.639191000
7.641829000
6.806043000
8.558125000
1.574858000
2.294012000
1.077424000
1.415142000
4.597329000
7.786923000
8.277633000
7.208225000
3.292099000
4.291615000
7.063723000
7.006349000
1.778430000
1.606698000
-0.288774000
-1.010263000
4.285797000
4.175111000
0.705711000
-0.296625000
3.796808000
3.284042000
7.179735000
7.294069000
5.125236000
5.655971000
2.211941000
2.384818000
0.922164000
0.084545000
7.276328000
7.414307000
4.766633000
5.025429000
8.560905000
7.583803000
4.609907000
4.738149000
0.204047000
-0.129145000
4.486231000
4.508294000
6.552625000
6.083737000
4.276386000
4.175172000
7.250535000
7.404869000
6.484952000
5.976276000
4.592996000
4.730535000
7.714922000
8.162467000
6.776285000
6.592740000
6.610282000
6.289229000
6.854704000
6.710184000
5.148256000
5.686083000

3.908004000
6.620846000
4.064483000
6.976294000
3.018608000
5.300056000
3.513035000
7.230745000
8.347439000
7.452937000
2.632058000
3.992087000
5.527139000
5.348051000
5.686453000
8.385203000
5.525434000
3.454017000
3.132312000
2.968193000
4.096922000
4.196670000
3.862687000
3.754307000
3.827754000
0.401595000
0.868360000
1.187905000
7.159554000
6.997602000
-1.618674000
-2.701338000
7.446862000
7.515027000
3.854772000
3.753150000
2.722731000
3.673519000
7.572420000
7.726129000
9.456297000
9.413802000
4.720968000
3.666138000
9.554321000
9.583901000
7.282206000
7.205784000
7.485673000
7.574140000
8.072549000
5.685993000
0.346528000
-0.531324000
4.474813000
4.869676000
1.585459000
1.670443000
4.088486000
4.181144000
10.614204000
11.473311000
0.551870000
1.152989000
1.377250000
1.297218000
7.048392000
7.802362000
-0.842408000
-1.320773000
0.243533000
-0.707708000
-0.994033000
-1.590423000
5.110937000
4.355280000
6.465944000
6.764486000
7.435673000
8.487274000
10.661265000
11.555520000

2.191443000
3.239167000
3.993125000
4.111100000
2.747611000
4.582649000
1.823649000
2.994281000
6.516199000
6.831645000
5.098019000
3.660988000
5.127762000
5.857802000
5.656896000
5.278527000
4.491176000
4.489344000
5.117277000
4.836869000
2.333063000
1.528538000
4.700338000
5.726945000
0.057674000
3.745019000
4.590985000
2.735188000
1.608603000
1.224776000
2.616205000
2.571869000
3.488320000
4.557748000
4.414520000
5.218903000
6.491232000
6.998362000
2.606586000
2.991981000
7.368497000
8.324096000
7.323994000
7.105587000
4.906884000
3.960301000
0.726543000
-0.340787000
1.223757000
0.539550000
1.725347000
6.329184000
6.611041000
7.193693000
0.808759000
0.559822000
7.241277000
8.315769000
2.051716000
1.024027000
6.992738000
7.655207000
1.662135000
0.889188000
4.475117000
3.397955000
6.650964000
5.886250000
1.603880000
0.773686000
5.225208000
4.724105000
3.685292000
4.473924000
8.607005000
9.364284000
8.912494000
9.904903000
7.932217000
8.151882000
5.759007000
5.462610000

-6632.48388594 Ha

55

BP86/(dppm)Cu(BH.) E=

29  -1.495612000
15 1.463998000
15 -1.370407000
0.255326000
0.648793000
0.041759000
-1.776030000
-1.540352000
-1.828482000
-0.848753000
-2.869528000
1.963690000
1.626111000
2.671198000
1.976983000
3.023323000
2.674628000
1.090449000
2.962407000
1.709354000
3.572558000
2.952134000
2.972999000
4.217812000
2.932602000
5.380963000
4.099655000
5.326643000
4.273691000
1.992055000
6.330499000
4.046225000
6.232089000
-2.645056000
-3.048150000
-3.219561000
-3.996848000
-4.164002000
-4.552899000
-2.635931000
-2.933057000
-4.305763000
-4.602827000
-5.293551000
-1.467914000
-2.208134000
-0.879633000
-2.367189000
-1.035535000
-1.781182000
-2.646716000
-0.292843000
-2.939620000
-0.571358000
-1.898638000

N - X= N X X RGN Yo Yo N Yo N. SNROIIINGINT. Yo Y. o - Y- SNSRI, So Yo N NFo X- YIRS T NN Y

0.526216000
-0.476592000
-0.189751000

-1.087700000
-1.015955000
-2.151387000

1.268071000
2.006737000
0.015626000
1.403972000
1.579009000
1.182024000
2.327076000
1.352232000
3.615496000
2.638327000
3.771934000
2.205489000
0.474790000
4.491041000
2.758450000
4.772037000

-1.489890000
-1.052751000
-2.730396000
-1.823417000
-3.503920000
-3.053653000
-0.100054000
-3.104686000
-1.464769000
-4.458346000
-3.655641000
-1.445843000
-1.677839000
-2.219588000
-2.675678000
-3.219896000
-3.450119000
-1.069130000
-2.025029000
-2.844039000
-3.808174000
-4.222417000

1.099069000
2.270541000
0.966611000
3.279358000
1.980616000
3.136132000
2.391630000
0.078092000
4.179121000
1.868500000
3.924012000

-3316.28679966 Ha

1.990301000
1.009444000
-0.071151000
-0.310120000
-1.340544000
-0.094012000
3.941172000
2.904685000
3.616376000
4.707503000
4.358241000
0.339832000
1.103038000
-0.876937000
0.652186000
-1.322602000
-0.559376000
2.050932000
-1.464375000
1.251693000
-2.262288000
-0.907611000
0.623243000
1.150500000
-0.059857000
0.986139000
-0.219434000
0.300187000
1.687791000
-0.475225000
1.396302000
-0.753498000
0.175702000
-0.543986000
-1.880776000
0.495389000
-2.171465000
0.199292000
-1.134280000
-2.691080000
1.535425000
-3.208009000
1.010906000
-1.364008000
-1.384435000
-1.087750000
-2.665799000
-2.054848000
-3.629563000
-3.327099000
-0.091104000
-2.919016000
-1.810196000
-4.614427000
-4.077496000

110

BP86/[(dppm)Cu(BH)]; [1] E=
29

-2.979129000
29  -0.593262000
15 0.474380000
15 -1.980498000
15 -4.308001000
15 -2.224412000
5 -3.266625000

1.228800000
2.124248000
2.393398000
2.685922000
3.376678000
2.362705000
2.803022000
1.480982000
1.229516000
0.916208000

1 -2.281533000
1 -2.795022000
1 -3.949367000
1 -3.968594000
5 0.504467000
1 0.274754000
1 1.444724000
1 0.718351000
1 -0.559479000
6 -0.497178000
1 -0.880238000
1 0.141172000
6 -3.900004000
1 -4.683685000
1 -3.848497000
6 1.936847000
6 2.067577000
1 1.291469000
6 3.199945000
1 3.287738000
6 4.213207000
1 5.092919000
6 4.088690000
1 4.869568000
6 2.959974000
1 2.862954000
6

6

1

6

1

6

1

6

1

6

6.691885000
6.102240000
7.592616000
8.705347000
6.292310000
6.759768000
5.193387000
5.240722000
5.196676000
4.222349000
6.256422000
4.195362000
3.233632000
4.049830000
5.195563000
4.417440000
9.117174000
9.548091000
9.866044000
7.234344000
7.108443000
8.300263000
8.308673000
9.675526000
10.394910000
10.130953000
11.192516000
9.229014000
9.584810000
7.864009000
7.154319000
7.403872000
6.339844000
7.019242000
7.839717000
8.832052000
7.377992000
8.017527000
6.092977000
5.734769000
5.270492000
4.271244000
5.728166000

-6632.61395301 Ha

-3.448267000
-6.100477000
-4.764310000
-3.196160000
-5.244331000
-7.520408000
-1.860377000
-2.686759000
-0.740606000
-2.116607000
-1.989089000
-6.216068000
-6.922350000
-5.461183000
-6.984770000
-5.527156000
-4.277263000
-5.221464000
-3.771725000
-6.810708000
-7.581169000
-6.518669000
-5.649889000
-5.991960000
-5.715421000
-6.697392000
-6.951169000
-7.069545000
-7.615142000
-6.739202000
-7.029603000
-6.039783000
-5.800090000
-3.178539000
-2.447797000
-2.825440000
-1.245562000
-0.686834000
-0.762610000
0.173476000
-1.486619000
-1.119711000
-2.693691000

S34



1 0.246428000
6  -1.383124000
6 -0.966665000
1 -1.008391000
6  -0.527571000
1 -0.212333000
6  -0.504744000
1 -0.166790000
6  -0.924736000
1 -0.916639000
6 -1.365392000
1 -1.703754000
6  -3.135743000
6  -2.738485000
1 -1.697508000
6  -3.675421000
1 -3.351501000
6  -5.020371000
1 -5.746741000
6  -5.427716000
1 -6.472453000
6  -4.495151000
1 -4.821380000
6  -6.045444000
6  -6.705340000
1 -6.185579000
6  -8.015701000
1 -8.511149000
6  -8.686834000
1 -9.707142000
6  -8.037749000
1 -8.550673000
6  -6.725187000
1 -6.239349000
6  -4.558325000
6  -5.582132000
1 -6.252795000
6  -5.756697000
1 -6.549736000
6 -4.915109000
1 -5.054749000
6 -3.903209000
1 -3.251626000
6  -3.724557000
1 -2.953059000
6  -2.673520000
6 -3.505430000
1 -3.892400000
6  -3.816055000
1 -4.455675000
6  -3.295700000
1 -3.535096000
6  -2.463670000
1 -2.051236000
6  -2.149189000
1 -1.490700000
6  -1.756765000
6  -2.675350000
1 -3.735641000
6 -2.239057000
1 -2.961653000
6  -0.881632000
1 -0.544837000
6 0.041435000
1 1.100149000
6 -0.390672000
1 0.333966000

5.081852000
9.136867000
10.449125000
11.248392000
10.743946000
11.762046000
9.732755000
9.964669000
8.430166000
7.642630000
8.128487000
7.115608000
10.110216000
11.329880000
11.488071000
12.357519000
13.293321000
12.184063000
12.984204000
10.976010000
10.827821000
9.946045000
9.004343000
6.832422000
6.204493000
5.432841000
6.574528000
6.078309000
7.581047000
7.867961000
8.216303000
8.999935000
7.845522000
8.354983000
4.552897000
4.218218000
4.995347000
2.886014000
2.635189000
1.874618000
0.836781000
2.198111000
1.417105000
3.532450000
3.780479000
5.576333000
5.954559000
6.977290000
5.030754000
5.333430000
3.721351000
3.004050000
3.342084000
2.329743000
4.263933000
3.967457000
8.287700000
9.288235000
9.205289000
10.406198000
11.171163000
10.538936000
11.407795000
9.551699000
9.650720000
8.437239000
7.680404000

-3.266499000
-1.495840000
-1.160526000
-1.908539000
0.141665000
0.392611000
1.124187000
2.139378000
0.799837000
1.559324000
-0.504323000
-0.746605000
-3.570013000
-4.171310000
-4.469836000
-4.395221000
-4.862244000
-4.018139000
-4.192016000
-3.419107000
-3.130446000
-3.199878000
-2.745361000
-4.888510000
-3.798651000
-3.221153000
-3.450865000
-2.610561000
-4.174942000
-3.901463000
-5.249203000
-5.816511000
-5.605306000
-6.442512000
-5.815424000
-6.736623000
-7.118595000
-7.147174000
-7.858848000
-6.639574000
-6.958731000
-5.717762000
-5.315357000
-5.301945000
-4.568561000
-8.873880000
-9.956875000
-10.024792000
-10.969654000
-11.805206000
-10.914088000
-11.705797000
-9.845367000
-9.799241000
-8.827100000
-8.004222000
-8.465364000
-8.868106000
-8.608624000
-9.605486000
-9.907853000
-9.953935000
-10.528147000
-9.557413000
-9.814700000
-8.815774000
-8.496387000

BPSG/[(dppm)Cu(BHJ]z [2] E= -6632.61357531 Ha

6.025795000

29 5.681489000
15 3.831441000
15 3.995700000
15 7.627948000
15 7.831673000
9.273413000
2.378779000
4.960543000
5.132219000
3.115066000
2613505000
3.473131000
4.068803000
2.405120000
4.383413000
9.147529000

8.101967000

7.426063000

9.145072000

3.083803000

4.158195000
1.217775000

0.841475000

6.297386000
7.541574000

8.137754000

7.159263000

2.201520000
3.020506000

6.405606000
6.115138000
1.316506000

1.449579000

0.309825000

-0.766710000
2.551537000

2.499776000

0.096439000

-0.717051000
5.322840000

5.754898000

8.941030000

8.956239000

4.196370000

3.756156000

0.975125000

0.849093000

-0.075743000
-1.026002000
5.523693000

8.467638000

2.102940000

1.710202000

9.533215000

8.764836000

2.049195000

1.612905000

2.168849000

2.544061000

5.124712000

5.405949000

6.389037000

PP LD LD NN RO SRRSO RSO AD D AN DD ROUN DDA 2DDD22DOD 2D O D

3.516160000
6.837492000
3.569908000
6.048095000
3.280599000
6.385109000
2.656446000
6.938762000
5.149327000
4.163035000
1.862425000
4.446578000
4.247900000
3.637244000
4.156312000
6.198331000
6.393858000
4.764091000
4.789677000
4.656372000
5.265145000
5.361886000
4.304198000
3.652171000
3.167526000
2.094207000
2.936487000
2.023759000
7.901625000
8.118113000
-0.018500000
-0.805160000
6.676505000
5.950215000
4.981791000
4.866669000
1.289317000
1.859604000
7.363152000
7.157594000
5.349156000
4.520139000
7.325312000
6.290000000
7.458495000
8.284938000
8.586556000
9.329531000
8.319681000
8.855507000
8.480619000
7.637166000
-0.787270000
-1.808853000
2.627710000
2.957603000
-0.027702000
-0.454789000
5.943114000
6.576759000
6.600881000
6.754395000
0.914538000

2.299384000
3.475765000
2.888120000
4.761431000
3.882673000
4.042286000
3.300524000
4.642962000
7.331589000
6.888035000
2.968344000
1.809145000
4.595799000
5.298378000
4.866182000
6.574168000
2.745737000
4.939418000
5.815256000
5.291113000
0.756289000
0.581674000
2.010662000
2.806366000
0.142463000
6.529392000
6.894628000
5.166364000
3.623280000
2.929295000
6.988135000
7.691477000
5.545558000
6.355091000
1.179755000
1.341703000
4.133326000
5.065172000
5.423537000
6.126958000
8.678280000
9.248189000
6.546820000
6.899228000
7.200360000
6.634351000
3.505387000
2.712193000
4.401225000
4.308995000
2.018229000
5.250509000
2.928363000
2.912518000
1.910821000
1.204195000
4.111205000
5.020213000
-0.073674000
-0.882398000
9.289321000
10.335723000
4.733604000

1
6
1
6
1
6
1
6
1
6
1
6
1
6
1
6
1
6
1
6
1
6
1
6
1
6
1
6
1
6
1
6
1
6
1
6
1
6
1
1
1
1
1
1
1
1
1

55

6.073933000
3.172860000
3.620968000
8.449113000
8.067054000
6.019329000
5.421427000
2.666382000
2.715699000
7.164904000
7.470530000
9.394299000
9.756602000
9.382822000
9.736864000
8.908268000
8.889999000
4.562965000
4.408002000
10.267362000
10.069177000
0.785308000
0.076286000
11.504627000
12.264731000
11.760845000
12.723398000
10.775730000
10.965344000
8.773151000
7.715203000
10.522168000
10.825649000
11.123451000
11.889685000
11.503475000
12.563216000
9.761182000
9.459379000
5.302535000
7.334819000
6.400110000
6.203168000
4.519541000
5.551975000
5.409084000
6.558225000

0.854171000
1.084227000
1.507310000
8.995018000
9.253553000
-0.099477000
-0.944404000
-0.226726000
-0.811715000
1.080554000
1.148422000
8.346025000
8.088988000
9.686828000
10.477956000
10.007833000
11.049359000
7.655260000
8.634772000
2.204007000
2.190453000
5.804044000
6.329700000
1.741079000
1.388418000
1.721594000
1.356736000
2.163136000
2.144833000
6.447241000
6.497882000
6.363792000
6.351046000
6.414637000
6.422933000
6.372167000
6.349285000
6.453601000
6.491630000
3.177455000
2.991865000
4.300128000
2.238604000
9.021913000
8.646841000
7.226362000
8.889881000

3.686201000
1.781393000
0.876128000
4.835083000
3.841839000
5.636062000
5.282158000
1.763911000
0.840271000
7.432675000
8.481935000
7.406440000
8.407220000
6.981900000
7.650440000
5.694051000
5.358353000
8.543365000
9.006363000
4.203555000
5.280901000
0.137319000
-0.510360000
3.723321000
4.428133000
2.336944000
1.964125000
1.435326000
0.357957000
1.383065000
1.113042000
3.089198000
4.141676000
0.726183000
-0.055673000
2.083663000
2.357287000
0.378342000
-0.672348000
-0.553867000
-0.465323000
0.744455000
1.018675000
1.598419000
3.285587000
1.760700000
1.530909000

BP86-D2/(dppm)Cu(BH,) E= -3316.38083161 Ha

29
15
15
6

p
4
5
1
1
1
1
6
6
6
6
6
6
1
1
1
1
1
6
6
6
6
6
6
1
1
1
1
1
6
6
6
6
6
6
1
1
1
1
1
6
6
6
6
6
6
1
1
1
1
1

-1.576581000

1.566691000
-1.249535000
0.199820000
0.598631000
-0.179420000
-1.909103000
-2.209790000
-1.547751000
-0.966294000
-2.920802000
1.636207000
1.116587000
2.083625000
1.012732000
2.000791000
1.454682000
0.798719000
2.489817000
0.581331000
2.331519000
1.374592000
3.044984000
4.277854000
3.009223000
5.434709000
4.169452000
5.385008000
4.319940000
2.072771000
6.374833000
4.121726000
6.285910000
-2.648471000
-2.945933000
-3.442699000
-4.015846000
506068000
792528000
355387000
230498000
246337000
116725000
625068000
916281000
-1 305951000
-0.289462000
-1.073452000
-0.058025000
-0.449140000
-1.763123000
0.028761000
-1.368212000
0.429794000
-0.263561000

0.785544000
-0.873294000
-0.318162000

-1.493109000
-1.663156000
-2.456874000
1.943428000
2.322557000
0.698245000
2.607580000
2.018969000
0.916335000
1.854893000
1.371944000
3.219064000
2.734364000
3.657092000
1.529438000
0.651598000
3.920011000
3.073010000
4.714802000
-1.532830000
-0.831431000
-2.783737000
-1.361331000
-3.313440000
-2.603810000
0.140604000
-3.349779000
-0.801925000
-4.279665000
-3.014773000
-1.393576000
-1.686135000
-1.958184000
-2.545566000
-2.823219000
-3.118493000
-1.226775000
-1.703328000
-2.763563000
-3.253532000
-3.784010000

0.788625000
2.142517000
0.354343000
3.047884000

1.260819000
2.609516000
2.482918000
-0.687509000
4.095757000
0.917437000
3.315142000

1.925590000
1.308454000
0.097753000
0.132485000
-0.886129000
0.521852000
3.644881000
2.444492000
3.655418000
4.023939000
4.302842000
0.834810000
1.762012000
-0.430602000
1415699000
-0.765547000
0.153378000
2.759377000
-1.146952000
2.136290000
-1.752183000
-0.118202000
0.410913000
0.470702000
-0.256029000
-0.129593000
-0.855020000
-0.795333000
0.972896000
-0.306946000
-0.080786000
-1.368399000
-1.262021000
-0.414233000
-1.766296000
0.615002000
-2.081933000
0.294844000
-1.053786000
-2.565089000
1.660595000
-3.129777000
1.094688000
-1.303286000
-1.323645000
-1.198571000
-2.516992000
-2.251026000
-3.567616000
-3.434927000
-0.262419000
-2.626079000
-2.139474000
-4.485565000
-4.251135000

3.420249000
3.712507000
4.173170000
5.051054000
3.792013000
4.370947000
2.659930000
2.341222000
1.085946000
1.784877000
1.961558000
2.246704000
2.772894000
2.016036000
2.369161000
1.330777000
1.140034000
0.866239000
0.322085000
-1.338638000
-0.938473000
-1.056786000
-0.408603000
-0.101421000
-0.279850000
0.133417000
-0.680932000
-0.573890000
-1.212731000
-1.511315000
-3.201087000
-3.373410000
-2.685241000
-4.443999000
-4.562324000
-5.351046000
-6.181999000
-5.178088000
-5.874819000
-4.113873000
-3.986070000
-6.097228000
-7.150974000
-6.958215000
-8.440126000
-9.250116000
-8.687395000
-9.690338000
-7.638211000
-7.815874000
-6.348913000
-5.539347000
-4.503228000
-5.386504000
-6.074789000
-5.368980000
-6.038307000
-4.465570000
-4.443735000
-3.585236000
-2.872664000
-3.602139000
-2.918701000
-2.821110000
-3.703297000
-4.081130000
-4.081274000
-4.761699000
-3.576156000
-3.870952000
-2.694070000
-2.304950000
-2.311980000
-1.633308000
-1.718287000
-2.557784000
-3.642462000
-2.002188000
-2.658217000
-0.605056000
-0.176124000

0.236931000

1.323142000
-0.317756000

0.336410000

9.676425000
10.722706000
8.645536000
8.889810000
7.299007000
6.495786000
6.981558000
5.939253000
7.178381000
8.184574000
9.160141000
7.932399000
8.715033000
6.672356000
6.480066000
5.667276000
4.694304000
5.915846000
5.147422000
9.151775000
10.482638000
11.254536000
10.811704000
11.841105000
9.814023000
10.071477000
8.491709000
7.714600000
8.155281000
7.124954000
9.979287000
10.509731000
10.244436000
11.382586000
11.781028000
11.743796000
12.421471000
11.231705000
11.510318000
10.355853000
9.956009000
6.807558000
5.878303000
4.811217000
6.328749000
5.603561000
7.704388000
8.050040000
8.633499000
9.703889000
8.190366000
8.919621000
4.626891000
4.366869000
5.147823000
3.114349000
2.919594000
2.118840000
1.148273000
2.373916000
1.611311000
3.627533000
3.841245000
5.684268000
6.115937000
7.145203000
5.230814000
5.566058000
3.912028000
3.222896000
3.484661000
2.462052000
4.367354000
4.037506000
8.319741000
9.389328000
9.310339000
10.561930000
11.384406000
10.677145000
11.592886000
9.614690000
9.698019000
8.442657000
7.626706000

-6.738522000
-6.878189000
-7.336382000
-7.943360000
-7.154266000
-7.620926000
-6.380960000
-6.258240000
-3.135786000
-2.425475000
-2.891694000
-1.124391000
-0.569243000
-0.528647000
0.489935000
-1.236480000
-0.775002000
-2.543999000
-3.099086000
-1.797706000
-1.524256000
293453000
264075000
-0.051001000
0.727062000
1.707996000
0.456045000
1.218321000
-0.804671000
-1.027210000
-3.826882000
-5.129429000
938591000
-5.409829000
-6.422812000
-4.393647000
613336000
-3.090426000
-2.293609000
-2.808015000
-1.797113000
-4.715149000
-4.546963000
-4.693580000
-4.198558000
-4.068804000
-4.016770000
-3.745754000
-4.179024000
-4.033347000
-4.522277000
-4.627997000
-5.844811000
-6.922889000
-7.264241000
-7.557752000
-8.401256000
-7.124544000
-7.630967000
-6.056675000
-5.730045000
-5.412102000
-4.584873000
-8.624377000
-9.643562000
-9.638842000
-10.668339000
-11.458289000
-10.679918000
-11.478382000
-9.669329000
-9.672162000
-8.639178000
-7.845142000
-8.030156000
-8.428967000
-8.300016000
-8.979033000
283196000
-9.136395000
-9.555878000
-8.749081000
-8.847859000
-8.200777000
-7.877051000

110

BP86-D2/[(dppm)Cu(BH)]. [1] E= -6632.85331963 Ha

-2.802710000
-0.796406000
0.423623000
-1.967635000
-4.378186000
-2.342762000
-2.531939000
-1.840966000
-1.745080000
-3.171004000
-3.340123000
0.230905000
-0.130064000
1.272588000
0.350873000
-0.707043000
-0.525804000
-0.878693000
0.066348000
-4.004697000
-4.783302000
-3.940048000
1.902675000
2.288168000
1.700601000

6.609878000
5.956182000
7.498457000
8.663862000
6.288190000
6.780961000
5.000492000
5.196339000
4.999201000
3.979352000
5.983133000
4.039369000
3.045647000
3.920692000
4.980617000
4.331827000
9.081060000
9.396270000
9.896182000
7.333930000
7.242725000
8.384025000
8.016323000
9.364029000
10.171379000

-3.546174000
-5.864714000
-4.814049000
-3.449561000
-5.090914000
-7.230858000
-2.115539000
-3.184971000
-1.189266000
-2.256599000
-1.952240000
-6.021514000
-6.623531000
-5.406203000
-6.878022000
-5.194960000
-4.566152000
-5.565857000
-4.107179000
-6.586891000
-7.367420000
-6.249717000
-5.773401000
-5.958989000
-5.511241000

110
BP86-D2/[(dppm)Cu(BH.)]; [2] E= -6632.85364032 Ha
29 5202431000  3.946605000
29 6.524797000  6.576757000
15 3.813504000  4.114976000
15 4.491966000  7.020864000
15 7.189848000  3.099003000
15 7.807132000  5.344214000
6  8.687705000  3.608404000
3.131857000  7.221181000
4.884828000  8.239747000
5.408845000  7.316336000
4.069864000  2.678097000
2.027587000  4.069465000
3.900216000  5.558549000
4.665493000  5.358050000
2.923425000  5.743532000
4.294170000  8.384512000
9.609236000  5.604199000
7.650170000  3.485592000
6.812939000  3.122339000
8.594912000  3.015904000
1.667494000  4.083503000
2448107000  4.105863000

1.024716000
1.308379000
4.688940000
7.804706000
8.274622000
7.228894000
3.435369000
4.475827000
7.130090000
7.090006000
1.786945000
1.554466000
-0.332665000
-1.108294000
3.942079000
3.635199000
0.756595000
-0.283318000
4.812140000
5.274561000
6.693370000
6.233172000
3.640123000

4.051803000
4.024001000
3.675307000
0.451934000
0.910395000
1.262327000
7.086488000
6.956712000
-1.556492000
-2.647765000
7.386569000
7.482012000
4.055204000
4.038956000
2.751521000
3.690104000
7.417601000
7.527171000
9.287805000
9.161087000
4.928034000
4.008673000
9.594921000

2.258185000
3.367178000
3.981221000
4.164231000
2.803107000
4.685804000
1.879169000
2.957750000
6.656645000
6.923459000
5.104476000
3.556846000
5.158062000
5.929857000
5.644163000
5.375102000
4.460392000
4.567083000
5.192248000
4.901654000
2.191685000
1.423509000
4.555848000
5.614646000
0.157916000
3.742366000
4.617725000
2.736868000
1.583911000
1.272812000
2.527589000
2.447980000
3.373841000
4.439729000
4.190248000
4.963227000
6.513547000
6.987264000
2.420212000
2.742628000
7.591174000
8.575409000
7.296869000
6.920534000
5.042862000

3.183630000
2.396614000
2.636114000
1.062741000
0.255652000
7.113834000
7.558696000
4.619428000
4.840671000
8.539254000
7.541043000
4.217454000
4.118363000
0.305062000
0.029334000
4.156076000
4.102871000
6.597652000
6.127176000
4.467135000
4.588224000
8.140411000
8.814462000
6.553537000
6.062566000
4.740355000
5.070903000
7.755666000
8.202365000
6.403988000
5.732188000
6.979053000
6.752684000
7.853153000
8.307473000
3.573197000
3.066062000
9.974470000
10.084451000
-0.692477000
-1.750022000
11.107393000
12.103572000
10.958835000
11.844427000
9.679889000
9.561848000
10.044975000
9.307423000
10.555100000
10.210884000
12.365508000
13.437226000
11.930661000
12.662640000
11.424934000
11.758154000
3.631269000
5.564072000
5.087757000
4.452303000
6.304498000
7.320154000
6.621733000
8.187431000
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BP86-D3BJ/(dppm)Cu(BH4) E=

29  -1.450435000
15 1.608433000
15 -1.199996000
0.238338000
0.606848000
-0.137232000
-1.816280000
-2.088227000
-1.410131000
-0.913573000
-2.850409000
1.704611000
1.214519000
2.145217000
1.137255000
2.082940000
1.569185000
0.912303000
2.530279000
0.736380000
2.409572000
1.507849000
3.088172000
4.336278000
3.045046000
5.497486000
4.210632000
5.439264000
4.389984000
2.100719000
6.449172000
4.156112000
6.344370000
-2.617541000
-3.141505000
-3.199144000
-4.222666000
-4.272157000
-4.785442000
-2.714073000
-2.818099000
-4.627014000
-4.716410000
-5.627489000
-0.932450000
-1.309055000
-0.369773000
-1.120289000
-0.179948000
-0.552971000
-1.722780000
-0.072106000
-1.404281000
0.260544000
-0.398982000
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9.707871000
7.113102000
6.988374000
7.278600000
7.288395000
7.655895000
5.694019000
0.411766000
-0.460787000
4.494493000
4.841370000
1.622506000
1.688109000
4.085641000
4.106501000
10.491357000
11.307983000
0.650635000
1.280639000
1.454957000
1.399158000
6.873431000
7.469184000
-0.752269000
-1.216914000
0.327920000
-0.599252000
-0.952444000
-1.572396000
5.342379000
4.739220000
6.520303000
6.840203000
7.280989000
8.195497000
10.642274000
11.575790000
3.152322000
2.458380000
4.073080000
4.075695000
3.595390000
3.257224000
4.492079000
4.843654000
4.937727000
5.639913000
6.379477000
6.827651000
5.005190000
4.418861000
5.949280000
6.081120000
5.177025000
4.715992000
6.548120000
7.138174000
3.926483000
3.262227000
4.764728000
2.804840000
8.381846000
8.072737000
6.466052000
7.564899000

0.795663000
-0.873611000
-0.284412000

-1.468215000
-1.613575000
-2.437664000
1.884389000
2.313345000
0.655355000
2.561326000
1.894842000
0.908208000
1.859510000
1.350358000
3.223477000
2.711570000
3.647418000
1.538912000
0.623911000
3.938463000
3.040659000
4.705113000
-1.557795000
-0.895442000
-2.785054000
-1.434655000
-3.324781000
-2.650615000
0.054071000
-3.329228000
-0.903759000
-4.272430000
-3.069390000
-1.357621000
-1.423853000
-2.145575000
-2.278837000
-3.004474000
-3.072642000
-0.801274000
-2.070054000
-2.321035000
-3.607866000
-3.734237000

0.827058000
2.181556000
0.392215000
3.087845000

1.300521000
2.650412000
2.521501000
-0.652718000
4.136204000
0.956873000
3.357467000

4.054730000
0.631332000
-0.428394000
1.048433000
0.308538000
1.578951000
6.477360000
6.709926000
7.333037000
0.790400000
0.510844000
7.311469000
8.400177000
1.831281000
0.772631000
7.257587000
7.984975000
1.623170000
0.858548000
4.510025000
3.423147000
7.010282000
6.386508000
1.521209000
0.660281000
5.307493000
4.830532000
3.636889000
4.421510000
8.613167000
9.232811000
9.130324000
10.152306000
8.325281000
8.719064000
5.983085000
5.718219000
2.255497000
3.096105000
2.824739000
2.540152000
1.555071000
1.856288000
0.473591000
-0.066167000
0.090828000
-0.739246000
3.363338000
2.688842000
5.327971000
6.187844000
3.993817000
3.811200000
5.093132000
5.764750000
3.133821000
2.275162000
-0.388219000
-0.577404000
0.707842000
1.064688000
1.041835000
2.774604000
1.626872000
1.016976000

-3316.44396646 Ha

1.967046000
1.238769000
0.106077000
0.073476000
-0.958034000
0.447015000
3.728196000
2.539759000
3.694341000
4.173786000
4.353928000
0.750077000
1.679183000
-0.520884000
1.331239000
-0.859257000
0.062289000
2.682468000
-1.242001000
2.054793000
-1.849957000
-0.211561000
0.369855000
0.498584000
-0.335646000
-0.079532000
-0.911345000
-0.788832000
1.040257000
-0.436326000
0.021956000
-1.456487000
-1.238694000
-0.361299000
-1.671694000
0.662890000
-1.955422000
0.371851000
-0.938519000
-2.462403000
1.687791000
-2.971341000
1.168880000
-1.162494000
-1.324655000
-1.179162000
-2.548006000
-2.237287000
-3.603113000
-3.447972000
-0.223948000
-2.679084000
-2.109292000
-4.543903000
-4.268682000

110

BP86-D3BJ/[(dppm)Cu(BH4)]2 [1] E=

29  -2.761633000
29  -0.800601000
15 0.421723000
15 -1.952303000
15 -4.296531000
15 -2.261105000
5 -2.865290000
1 -2.045875000

6.498215000
5.912683000
7.524792000
8.571865000
6.321451000
6.796043000
5.060345000
5.045177000

-6633.00167138 Ha
-3.514630000
-5.792265000
-4.845478000
-3.427812000
-5.128276000
-7.218521000
-1.873704000
-2.863064000
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-2.192471000
-3.610522000
-3.547832000
0.042491000
-0.435905000
1.040630000
0.309883000
-0.860056000
-0.580824000
-0.990461000
-0.007344000
-3.884237000
-4.645866000
-3.764564000
1.838646000
2.165145000
1.572910000
3.238391000
3.479901000
3.994467000
4.828252000
3.674554000
4.257265000
2.601425000
2.334926000
1.125139000
1.857130000
2.068159000
2.309375000
2.860626000
2.038157000
2.383473000
1.321113000
1.100294000
0.865281000
0.298471000
-1.333479000
-0.953029000
-1.072133000
-0.439562000
-0.145743000
-0.311477000
0.090019000
-0.702623000
-0.603092000
-1.215648000
-1.511783000
-3.311329000
-3.219643000
-2.273079000
-4.351969000
-4.271265000
-5.579417000
-6.459334000
-5.673638000

5.077884000
4.107692000
6.138956000
3.901178000
2.948179000
3.661561000
4.801374000
4.341049000
9.064917000
9.349521000
9.909737000
7.426112000
7.436453000
8.445032000
8.091956000
9.451185000
10.239029000
9.805503000
10.861683000
8.806482000
9.083847000
7.448041000
6.667340000
7.090020000
6.036662000
7.242790000
8.246887000
9.200432000
8.023643000
8.806953000
6.795349000
6.627824000
5.790430000
4.840414000
6.009902000
5.238925000
9.155742000
10.501766000
11.237417000
10.898916000
11.940669000
9.956451000
10.267502000
8.621218000
7.886686000
8.216597000
7.176810000
9.745627000
10.778595000
10.979250000
11.555056000
12.349978000
11.314258000
11.912297000
10.299246000

-0.861881000
-1.977298000
-1.909341000
-5.837874000
-6.420687000
-5.190536000
-6.704501000
-5.036456000
-4.583242000
-5.568205000
-4.163233000
-6.563503000
-7.362457000
-6.155933000
-5.864992000
-6.068466000
-5.595360000
-6.906181000
-7.061386000
-7.547520000
-8.199850000
-7.348674000
-7.846726000
-6.515508000
-6.376892000
-3.175789000
-2.499436000
-2.994493000
-1.190597000
-0.662334000
-0.551963000
0.472907000
-1.225000000
-0.731290000
-2.538501000
-3.066144000
-1.801680000
-1.590501000
-2.393923000
-0.345231000
-0.182195000
0.696276000
1.665815000
0.491153000
1.295065000
-0.755162000
-0.923982000
-3.825563000
-4.786623000
-5.295446000
-5.103527000
-5.851900000
-4.458645000
-4.713821000
-3.486028000

110

BP86-D3BJ/[(dppm)Cu(BH4)]2 [2] E=

-6.627062000
-4.550138000
-4.635285000
-5.977489000
-6.423968000
-5.771164000
-7.681876000
-8.017528000
-8.504553000
-9.482193000
-8.065174000
-8.698129000
-6.807585000
-6.470711000
-4.560909000
-5.469533000
-6.080157000
-5.584394000
272657000
799340000
883899000
906179000
289532000
786173000
086639000
-2.775679000
-3.586458000
-3.877971000
-4.004337000
-4.632174000
-3.607625000
-3.936005000
-2.788346000
-2.479996000
-2.368913000
-1.742282000
-1.486447000
-2.046741000
-3.046233000
-1.315388000
-1.756769000
-0.027462000

0.542224000

0.529719000

1.537833000
-0.190916000

0.259934000

0.017573000
-0.017595000
1.511250000
2.051617000
-2.051623000
-1.511240000

10.091329000
9.517952000
8.704393000
6.865745000
6.465657000
5.848926000
6.878464000
6.565789000
7.697224000
8.020961000
8.098775000
8.738312000
7.685290000
8.022263000
4.706311000
4.562754000
5.413133000
3.331134000
3.226548000
2.234556000
1.277530000
2.368932000
1.524455000
3.603664000
3.722475000
5.768467000
6.291444000
7.347629000
5.461052000
5.866401000
4.107904000
3.461619000
3.591380000
2.542391000
4.417687000
4.017125000
8.267687000
9.565661000
9.738593000
10.654154000
11.655942000
10.455254000
11.303717000
9.161218000
9.000658000
8.076844000
7.079293000

1.508997000
-1.509017000
1.475592000
-1.306595000
1.306578000
-1.475611000

-2.993699000
-3.174901000
-2.447681000
-4.626120000
-3.342152000
-2.715207000
-2.871264000
-1.877969000
-3.671401000
-3.301161000
-4.946968000
-5.570126000
-5.422850000
-6.406695000
-5.955349000
-7.030214000
-7.350304000
-7.691360000
-8.535040000
-7.277852000
-7.801900000
-6.200100000
-5.881441000
-5.534816000
-4.704048000
-8.649361000
-9.683999000
-9.670488000

-10.736514000
-11.536306000
-10.765441000
-11.585448000
-9.745763000
-9.763353000
-8.686504000
-7.883834000
-8.003347000
-8.001593000
-7.592517000

-8.518119000

-8.507500000

-9.048662000
-9.439061000
-9.070360000
-9.460902000
-8.547760000
-8.529845000

-6633.00147820 Ha
-1.207141000
-1.207139000

0.440319000
-0.392087000
-0.392048000
0.440351000

-3.365665000
3.365634000
3.438574000
3.566336000
0.781115000
3.086509000
2.080530000
1.347268000
3.067192000
2.768864000

-3.086509000

-2.080526000

-1.347271000

-3.067192000
3.349033000
2.610201000
4.039924000
3.825281000
0.223863000

-3.438581000

-3.566386000

-2.768835000
3.030086000
2.020305000

-3.746010000

-4.123598000
4.673133000
4.938758000
5.255429000
5.992670000
0.686938000
1.143241000
5.629286000
6.634160000
3.923755000
4.436295000

-0.686999000

-1.143383000
2.589364000
2.051409000
3.993462000
3.722316000
5.287363000
6.032339000

-0.223922000

-0.781074000

-0.594923000

-1.138774000

-3.030156000

-2.020392000

-0.002915000

-0.072547000
4.567568000
4.770646000
3.746068000

0.596608000
-0.596601000
-2.979759000
-2.101403000

2.305961000

2.374377000
-0.174791000
-0.580134000
-0.088172000
-2.871881000
-2.374394000

0.174768000

0.580110000

0.088141000

2.884847000

2.754407000

2.536526000

2.163844000

2.472918000

2.979714000

2.101336000

2.871868000
-0.225331000
-0.412344000

5.373043000

6.341234000
-0.365491000
-0.663211000

3.188788000

3.313520000

1.723219000

0.750202000

0.251548000

0.447218000
-4.225028000
-4.298206000
-1.723252000
-0.750275000
-4.031732000
-3.954596000

0.393147000

0.694371000

0.634689000

1.125198000
-2.472921000
-2.305959000

3.643693000

4.154335000

0.225391000

0.412433000

2.389657000

1.927848000

3.540403000

3.924175000
-5.373068000

-1.455162000
-1.455218000
1.484320000
2.122359000
1.908451000
0.166139000
1.081030000
1.800752000
1.568325000
0.245382000
0.166207000
1.081066000
1.800795000
1.568352000
-1.123226000
-1.919803000
1.198580000
2.206444000
-3.155547000
1.484375000
2.122374000
0.245453000
-2.775619000
-3.149799000
1.129276000
1.472329000
-0.966539000
0.052963000
0.935834000
1.735254000
3.193050000
3.395395000
-1.786600000
-1.401453000
1.923545000
2.887857000
3.193101000
3.395453000
-0.549181000
-1.500036000
-3.594764000
-4.610079000
-3.100492000
-3.734615000
-3.155544000
1.908479000
3.987579000
4.787802000
-2.775587000
-3.149795000
4.225516000
5.215648000
-1.379233000
-2.382828000
1.129140000

4.123670000
-2.589289000
-2.051313000

0.186419000

0.232082000
-0.186266000
-0.231852000
-3.079074000
-2.935514000
-0.490804000
-0.966347000
-3.923744000
-4.436310000

0.002863000

0.072416000

0.594981000

1.138835000

0.490967000

0.966597000

3.079162000

2.935636000
-4.673150000
-4.938745000

5.520605000

6.468883000
-5.629325000
-6.634188000
-5.287440000
-6.032435000
-3.993555000
-3.722442000
-3.349057000
-2.610232000
-4.039910000
-3.825247000
-5.520629000
-6.468915000
-5.255426000
-5.992656000
-4.567605000
-4.770700000

1.259145000
-0.783312000

0.317150000

0.149416000

0.783242000
-0.149446000
-0.317202000
-1.259212000

-6.341263000
4.031743000
3.954628000
3.573135000
4.017883000

-3.573076000

-4.017790000
5.272886000
6.162502000
4.238157000
5.201722000
4.224977000
4.298132000

-2.389673000

-1.927894000

-3.643654000

-4.154282000

-4.238081000

-5.201600000

-5.272880000

-6.162477000
0.365480000
0.663172000
3.689503000
4.196809000

-0.251535000

-0.447219000

-0.634625000

-1.125108000

-0.393059000

-0.694238000

-2.884887000

-2.754478000

-2.536515000

-2.163821000

-3.689502000

-4.196801000

-3.188767000

-3.313476000

-3.540432000

-3.924223000
2.793701000
2.663193000
1.217279000
3.116661000

-2.663186000

-3.116671000

-1.217281000

-2.793704000

1.472167000
-0.549063000
-1.499908000

1.681192000

0.682038000

1.681198000

0.682026000
-0.108816000
-0.729360000

2.714263000

2.514325000

1.923634000

2.887935000

4.225573000

5.215725000

3.987616000

4.787846000

2.714274000

2.514322000
-0.108966000
-0.729544000
-0.966453000

0.053065000
-0.355752000
-0.559117000
-1.786506000
-1.401340000
-3.100424000
-3.734545000
-3.594727000
-4.610064000
-1.123144000
-1.919732000

1.198665000

2.206521000
-0.355624000
-0.558966000

0.935950000

1.735383000
-1.379121000
-2.382705000
-3.704957000
-3.805759000
-2.903894000
-2.055508000
-3.805778000
-2.055510000
-2.903883000
-3.704936000
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