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Procedures for compounds 1b-e

Preparation of [2,3-(diphenyl-C2’,C2”)quinoxaline-N1,N2 ]bis(tetracarbonylmanganese(I)), 1b.  A solution of 1a  (2 g, 7 mmol) and (PhCH2)Mn(CO)5 (4 g, 14 mmol) in heptane (30 mL) was brought to reflux and stirred for 20h.  The resulting deep purple-red solution was then cooled to room temperature and the solvent evaporated under reduced pressure.  The crude solid mixture was redissolved in CH2Cl2, silica gel was added, and the solvent was evacuated under reduced pressure.  The resulting coated silica gel was loaded on the top of a SiO2 column packed in dry hexane.  A deep purple band containing compound 1b was eluted with a 1 : 1 CH2Cl2/hexane mixture.  Removal of the solvents under reduced pressure afforded a purple powder (3 g, 63% yield) that was recrystallised from a mixture of CH2Cl2 and hexane.  Elem. anal. calcd for C28H12N2O8Mn2 : C, 54.75; H, 1.97; N, 4.56.  Found : C, 54.87; H, 1.79; N, 4.53.  IR (CH2Cl2) (CO): 2076 (m), 1999 (s), 1981 (s), 1941 (s).  1H NMR (CDCl3):  8.59 (m, 2H), 8.19 (d, 2H, 3J= 7.3 Hz), 7.99 (d, 2H, 3J= 8.0 Hz), 7.80 (m, 2H), 7.28 (t, 2H, 3J= 7.3 Hz), 7.01 (t, 2H, 3J= 8.1 Hz).  13C NMR (CDCl3, 263K) :  220.6 (CO), 213.9(CO), 212.7(CO), 181.1, 161.9, 149.3, 141.5, 131.6, 130.9, 130.6, 127.6, 123.6, 115.1.

Synthesis of lk-{2,3-di-[1’2’7’:-2’-(diphenylmethylene)phenyl]quinoxaline-N1,N2}bis(tricarbonylmanganese(I)), 1c.  A solution of diphenyldiazomethane (784 mg, 4 mmol) in toluene (5 mL) was added to a boiling solution of 1b (411mg, 0.67 mmol) in a 1:4 heptane/toluene mixture within 10 min.  The color of the medium quickly changed from deep purple to dark blue.  The solution was further stirred for 30 min and subsequently allowed to cool down to room temperature.  The solvents were evaporated under reduced pressure and the crude residue redissolved in CH2Cl2.  Silica gel was added to the resulting dark solution and the solvent evaporated subsequently.  The coated silica gel was loaded on the top of a SiO2 column packed in hexane.  Minor redish bands of untracable substances were first eluted with a 1:1 mixture of CH2Cl2/hexane.  The brown colour of the top of the SiO2 column was symptomatic of a partial decomposition of Mn(I) species during the course of the reaction.  A main deep blue band containing 1c was eluted down with pure CH2Cl2.  Evaporation of the solvent  and recrystallisation from a CH2Cl2/hexane mixture afforded compound 1c as a dark blue powder (358 mg, 60% overall yield) soluble in almost any organic solvent.  Crystals suitable for X-ray diffraction analysis were obtained at +4°C by the slow evaporation of a solution of 1c in pure n-heptane.  Elem. anal. calcd for C52H32N2O6Mn2 : C, 70.12; H, 3.65; N, 3.15.  Found : C, 70.17; H, 3.65; 3.04.  High Res. MS (FAB+) calcd for C52H32N2O6Mn2 :  890.10213 amu.  Found : 890.10133 amu.  IR (CH2Cl2) (CO) : 2000 (m), 1931 (s), 1907 (s) cm-1.  UV-visible (hexane) : max 351 (1.17  105 dm2.mol-1), 586 (5.0  104 dm2.mol-1) nm; (CH2Cl2) : max 347 (7.4  104 dm2.mol-1), 569 (2.8  104 dm2.mol-1) nm; (CH3CN) : max 344 (6.8  104 dm2.mol-1), 561 (2.5  104 dm2.mol-1) nm.  1H NMR (CDCl3, 273K):  7.87 (broad d, 4H, Hortho-Ph-exo), 7.60 (m, 2H, Hquinoxaline), 7.54 (m, 2H, Hquinoxaline), 7.39 (broad m, 6H, Hmeta-Ph-exo+Hmeta-phenylene), 7.27 (broad m, 4H, Hpara-Ph-exo + Hortho-Ph-endo), 7.18 (broad m, 4H, Hmeta-phenylene + Hortho-phenylene), 7.09 (d, 2H, 3J= 8.8 Hz, Hortho-phenylene), 6.90 (t, 2H, 3J= 7.2 Hz, Hmeta-Ph-endo), 6.65 (d, 2H, 3J= 7.2 Hz, Hortho-Ph-endo), 6.39 (t, 2H, 3J= 6.9 Hz, Hpara-Ph-endo), 6.30 (t, 2H, 3J= 7.4 Hz, Hmeta-Ph-endo).  1H (C6D6, 293K):  7.87 (d, 4H), 7.54 (m, 4H), 7.49 (d, 2H), 7.23 (t, 4H), 7.16 (m, 2H), 7.06 (t, 4H), 6.83 (t, 2H), 6.66 (t, 4H), 6.60 (m, 2H), 6.35 (t, 2H), 6.13 (t, 2H).  13C NMR (CDCl3, 273K):  230.3 (CO), 220.9 (CO), 219.8 (CO), 146.2, 146.1, 139.4, 134.9, 133.4, 133.2, 131.9, 131.6, 131.4, 128.7, 127.6, 126.3, 125.4, 124.9, 124.6, 124.1, 115.6, 86.9, 76.2.  MS (FAB+): m/e 890 [M]+, 806 [M-3CO]+, 778 [M-4CO]+, 722 [M-6CO]+.

Synthesis of 2,3-di{2’-[tricarbonyl(5-fluoren-9-yl)manganese (I)]phenyl}quinoxaline, 1d.  A solution of 9-diazofluorene (500 mg, 2.6 mmol) in toluene (5mL) was added to a boiling solution of 1b (500 mg, 0.81 mmol) in toluene during 30 min.  The color of the medium progressively changed from deep purple to orange-yellow.  The solution was further stirred for 30 min and subsequently allowed to cool down to room temperature.  The solvent was evaporated under reduced pressure and the crude residue redissolved in CH2Cl2.  Silica gel was added to the resulting solution and the solvent evaporated under reduced pressure.  The coated silica gel was loaded on the top of a SiO2 column packed in hexane.  A first orange fraction was eluted with a 2:8 CH2Cl2/hexane mixture and assigned to unreacted amounts of 9-diazofluorene.  A yellow band containing 1d was eluted down with a 7:3 CH2Cl2/hexane mixture.  Evaporation of the solvent afforded compound 1d as a canary-yellow powder (570 mg, 79% yield).  Crystals suitable for X-ray diffraction analysis were obtained at -20°C by the diffusion method in a narrow glass tube containing a concentrated CH2Cl2 solution of 1d (lower layer) and pure heptane (upper layer).  Elem. anal. calcd for C52H28N2O6Mn2 : C, 70.44; H, 3.18; N, 3.16.  Found: C, 70.60; H, 3.25; N, 3.21.  High Res. MS (FAB+) calcd for C52H29N2O6Mn2 (MH+): 887.078655 amu.  Found : 887.078307 amu.  IR (CH2Cl2) (CO): 2015 (m), 1937 (s) cm-1.  1H NMR (C6D6):  8.01 (d, 2H), 7.90 (m, 2H, Hquinoxaline), 7.61 (d, 2H), 7.49 (d, 2H), 7.25 (m, 2H, Hquinoxaline), 7.09 (d, 2H), 6.86-6.72 (m, 6H), 6.43 (t, 2H), 6.35 (d, 2H), 6.25 (t, 2H), 6.19 (d, 2H), 5.75 (t, 2H).  1H NMR (CDCl3, 283K):  8.13 (d, 2H, 3J= 7.5 Hz, Hphenylene), 8.00 (d, 2H, 3J= 8.6 Hz, Hfluorenyl), 7.96 (m, 2H, Hquinoxaline), 7.79 (d, 2H, 3J= 7.3 Hz, Hfluorenyl), 7.74 (m, 2H, Hquinoxaline), 7.25-7.19 (m, 4H, Hphenylene), 7.10 (d, 2H, 3J= 7.8 Hz, Hphenylene), 7.06 (t, 2H, 3J= 7.5 Hz, Hfluorenyl), 6.93 (dd, 2H, 3J= 6.6 Hz 3J= 8.2 Hz, Hfluorenyl), 6.43 (t, 2H, 3J= 7.5, Hfluorenyl), 6.14 (d, 2H, 3J= 8.9 Hz, Hfluorenyl), 6.05 (dd, 2H, 3J= 6.6 Hz 3J= 8.4 Hz, Hfluorenyl), 5.86 (d, 2H, 3J= 7.8 Hz, Hfluorenyl).  13C NMR (CDCl3, 283K):  224.9 (3CO), 153.7, 141.1, 138.0, 133.6, 132.6, 130.3, 129.9, 129.5, 128.6, 128.5, 126.7, 125.7, 125.3, 125.1, 124.6, 124.0, 123.4, 122.5, 108.1, 102.5, 96.6, 90.5, 83.3.  MS (FAB+) : m/e 887 [MH]+, 802 [M-3CO]+, 746 [MH-5CO]+, 718 [M-6CO]+, 663 [M-6CO-Mn]+, 608 [M-6CO-2Mn]+.

Preparation of poly([2,3-di{2’-[tricarbonyl(5-fluoren-9-yl)manganese (I)]phenyl}quinoxaline)silver(I)]tetrafluoroborate), 1e.  A stoichiometric mixture of complex 1d and AgBF4 in dry acetone was boiled for 10 minutes until the color changed from yellow to red.  The solution was then filtered through Celite and the solvent evaporated.  The crude mixture was then recrystallized from a mixture of CH2Cl2 and hexane and the red microcrystalline powder washed thrice with 20 mL of dry n-hexane.  Crystals suitable for X-ray diffraction analysis were obtained by the slow diffusion at -20°C of a concentrated solution of the former red crystals in a 1/1 MeOH/tetrahydrofurane mixture (lower layer)  into an upper layer of dry heptane.  Elem. anal. calcd for C52H28Mn2N2O6AgBF4•CH2Cl2•CH3OH: C, 54.13; H, 2.86; N, 2.34.  Found: C, 54.11, H, 2.70; N, 2.34.

Acquisition and Refinement data for the structure of 1e.
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ORTEP diagram of the asymmetric unit of 1e drawn at the 30% probability level.  Disordered BF4 has been removed for clarity.
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Symmetry related ORTEP diagram of a polymer unit of 1e

[image: image3.wmf]C32

O6

O5

O4

C19

C18

C17

C16

C15

C14

N1

Ag

N2

O7

C27

C12

C11

O8

C54

C55

O9

Mn2

C4

C5

C6

C51

C50

C49

C48

C52

O3

C3

O1

C1

O2

C2

Mn1

C35

C40

C39

C38

C37

C36

C31

C30

C29

C28

C33

C34

C7

C8

C9

C10

C11

C13

C45

C44

C43

C42

C46

C47

C41

C53

C25

C24

C23

C22

C21

C26

Views of the hybrid inorganic/organic polymer : (a) view of the single strand underscoring the head-to-tail arrangement of the bidentate ligand, (b) view of the zigzag shape induced by coordination of MeOH to each silver ion centre.

Table 1 : X-ray experimental data for 3e
Formula               : C55H39AgBF4Mn2N2O9




:C53H31AgMn2N2O6•BF4•2CH3OH

Molecular weight      : 1176.48

Crystal system        : orthorhombic

Space group           : P 21 21 21
a(Å)                  : 13.6186(5)

b(Å)                  : 15.1375(7)

c(Å)                  : 25.032(1)

V(A3)                 : 5160.5(4)

Z                     : 4

Color                 : red

Crystal dim(mm)       : 0.12*0.10*0.08

Dcalc(gcm-3)          : 1.51

F000                  : 2372

(mm-1)               : 0.930

Trans. min and max    : 0.8920/0.928

Temperature(K)        : 173

Wavelength(Å)         : 0.71073

Radiation             : MoK graphite monochromated

Diffractometer        : KappaCCD

Scan mode             : 'phi scans'

hkl limits            : -17,17/-19,19/-32,32

Theta limits(deg)     : 2.5/27.48

Number of data meas.  : 11811

Number of data with   : 3656

I > 3 (I)

Number of variables   : 634

R                     : 0.058

Rw                    : 0.080

GOF                   : 1.513

Largest peak in final : 0.959

difference (eÅ-3)

Table of Bond Distances in Angstroms

 ------------------------------------

 Atom 1  Atom 2  Distance    Atom 1  Atom 2  Distance

 ======  ======  ========    ======  ======  ========

 AG      N1      2.251(9)    C3      O3      1.12(2)    

 AG      N2      2.281(9)    C4      O4      1.16(2)    

 AG      O7      2.32(1)     C5      O5      1.21(2)    

 MN1     C1      1.75(1)     C6      O6      1.18(2)    

 MN1     C2      1.78(1)     C7      C8      1.43(2)    

 MN1     C3      1.85(2)     C7      C12     1.44(2)    

 MN1     C28     2.14(1)     C7      C28     1.47(2)    

 MN1     C29     2.19(1)     C8      C9      1.35(2)    

 MN1     C34     2.19(1)     C9      C10     1.38(2)    

 MN1     C35     2.22(1)     C10     C11     1.38(2)    

 MN1     C40     2.19(1)     C11     C12     1.40(2)    

 MN2     C4      1.79(1)     C12     C13     1.43(2)    

 MN2     C5      1.74(2)     C13     N1      1.34(1)    

 MN2     C6      1.76(2)     C13     C20     1.43(2)    

 MN2     C41     2.19(1)     N1      C14     1.37(1)    

 MN2     C42     2.23(1)     C14     C15     1.41(2)    

 MN2     C47     2.19(1)     C14     C19     1.41(1)    

 MN2     C48     2.18(1)     C15     C16     1.36(2)    

 MN2     C53     2.18(1)     C16     C17     1.41(2)    

 C1      O1      1.18(2)     C17     C18     1.32(2)    

 C2      O2      1.16(1)     C18     C19     1.43(2)    

 Bond Distances (cont.)

 ----------------------

 Atom 1  Atom 2  Distance    Atom 1  Atom 2  Distance

 ======  ======  ========    ======  ======  ========

 C19     N2      1.34(1)     C35     C40     1.42(2)    

 N2      C20     1.32(1)     C36     C37     1.32(2)    

 C20     C21     1.48(2)     C37     C38     1.39(2)    

 C21     C22     1.40(2)     C38     C39     1.42(2)    

 C21     C26     1.38(2)     C39     C40     1.46(2)    

 C22     C23     1.42(2)     C41     C42     1.47(2)    

 C23     C24     1.36(2)     C41     C53     1.50(2)    

 C24     C25     1.38(2)     C42     C43     1.39(2)    

 C25     C26     1.42(2)     C42     C47     1.49(2)    

 C26     C41     1.44(2)     C43     C44     1.34(2)    

 O7      C27     1.54(3)     C44     C45     1.41(2)    

 C28     C29     1.44(2)     C45     C46     1.42(2)    

 C28     C40     1.45(2)     C46     C47     1.46(2)    

 C29     C30     1.43(2)     C47     C48     1.44(2)    

 C29     C34     1.40(2)     C48     C49     1.34(2)    

 C30     C31     1.33(2)     C48     C53     1.46(2)    

 C31     C32     1.43(2)     C49     C50     1.36(2)    

 C32     C33     1.34(2)     C50     C51     1.42(2)    

 C33     C34     1.40(2)     C51     C52     1.38(2)    

 C34     C35     1.49(2)     C52     C53     1.43(2)    

 C35     C36     1.42(2)     C54     O8      1.57(4)    

 Bond Distances (cont.)

 ----------------------

 Atom 1  Atom 2  Distance    Atom 1  Atom 2  Distance

 ======  ======  ========    ======  ======  ========

 C55     O9      1.56(4)     F1      F4      1.76(5)    

 B1      F1      1.34(5)     F1      F1a     1.22(4)    

 B1      F2      1.43(3)     F1      F4a     1.18(5)    

 B1      F3      1.47(4)     F3      F1a     1.96(4)    

 B1      F4      1.34(4)     F3      F3A     1.06(3)    

 B1      F1a     1.25(4)     F4      F3A     1.24(3)    

 B1      F3A     1.21(4)     F4      F4a     1.46(4)    

 B1      F4a     1.64(5)                                

 Table of Bond Angles in Degrees

 -------------------------------

 At 1  At 2  At 3  Angle       At 1  At 2  At 3  Angle

 ====  ====  ====  =====       ====  ====  ====  =====

 N1    AG    N2   141.3(3)     C28   MN1  C29   38.9(4)    

 N1    AG    O7   109.4(4)     C28   MN1  C34   65.2(5)    

 N2    AG    O7   109.2(4)     C28   MN1  C35   64.8(5)    

 C1    MN1   C2   91.9(6)      C28   MN1  C40   38.9(4)    

 C1    MN1   C3   90.2(6)      C29   MN1  C34   37.3(4)    

 C1    MN1   C28  113.1(5)     C29   MN1  C35   63.5(4)    

 C1    MN1   C29  90.9(5)      C29   MN1  C40   63.6(4)    

 C1    MN1   C34  103.4(6)     C34   MN1  C35   39.4(5)    

 C1    MN1   C35  142.0(6)     C34   MN1  C40   64.5(5)    

 C1    MN1   C40  151.7(5)     C35   MN1  C40   37.6(5)    

 C2    MN1   C3   91.1(6)      C4    MN2  C5    92.3(6)    

 C2    MN1   C28  96.4(5)      C4    MN2  C6    88.6(6)    

 C2    MN1   C29  130.6(5)     C4    MN2  C41   98.6(5)    

 C2    MN1   C34  159.5(5)     C4    MN2  C42   93.8(5)    

 C2    MN1   C35  125.9(5)     C4    MN2  C47   123.2(6)   

 C2    MN1   C40  95.6(5)      C4    MN2  C48   160.0(5)   

 C3    MN1   C28  155.2(5)     C4    MN2  C53   135.7(5)   

 C3    MN1   C29  138.2(6)     C5    MN2  C6    91.0(6)    

 C3    MN1   C34  102.3(6)     C5    MN2  C41   157.9(5)   

 C3    MN1   C35  91.8(6)      C5    MN2  C42   121.8(6)   

 C3    MN1   C40  116.9(5)     C5    MN2  C47   92.1(5)    

 Bond Angles (cont.)

 -------------------

 At 1  At 2  At 3  Angle       At 1  At 2  At 3  Angle

 ====  ====  ====  =====       ====  ====  ====  =====

 C5    MN2   C48  96.0(5)      C8    C9   C10   119(1)     

 C5    MN2   C53  132.0(5)     C9    C10  C11   119(1)     

 C6    MN2   C41  108.2(5)     C10   C11  C12   123(1)     

 C6    MN2   C42  146.9(5)     C7    C12  C11   117(1)     

 C6    MN2   C47  147.8(6)     C7    C12  C13   125(1)     

 C6    MN2   C48  109.3(6)     C11   C12  C13   116(1)     

 C6    MN2   C53  91.1(5)      C12   C13  N1    115(1)     

 C41   MN2   C42  38.8(5)      C12   C13  C20   125(1)     

 C41   MN2   C47  65.9(5)      N1    C13  C20   119(1)     

 C41   MN2   C48  68.0(4)      C13   N1   C14   119(1)     

 C41   MN2   C53  40.2(4)      N1    C14  C15   120(1)     

 C42   MN2   C47  39.4(5)      N1    C14  C19   120(1)     

 C42   MN2   C48  66.4(5)      C15   C14  C19   119(1)     

 C42   MN2   C53  64.7(5)      C14   C15  C16   121(1)     

 C47   MN2   C48  38.5(5)      C15   C16  C17   118(1)     

 C47   MN2   C53  63.7(5)      C16   C17  C18   121(1)     

 C48   MN2   C53  39.1(5)      C17   C18  C19   121(1)     

 C8    C7    C12  116(1)       C14   C19  C18   117(1)     

 C8    C7    C28  118(1)       C14   C19  N2    118(1)     

 C12   C7    C28  125(1)       C18   C19  N2    124(1)     

 C7    C8    C9   123(1)       C19   N2   C20   122.4(9)   

 Bond Angles (cont.)

 -------------------

 At 1  At 2  At 3  Angle       At 1  At 2  At 3  Angle

 ====  ====  ====  =====       ====  ====  ====  =====

 C13   C20   N2   119(1)       C31   C32  C33   119(1)     

 C13   C20   C21  124(1)       C32   C33  C34   119(1)     

 N2    C20   C21  115.6(9)     C29   C34  C33   121(1)     

 C20   C21   C22  115(1)       C29   C34  C35   106(1)     

 C20   C21   C26  124(1)       C33   C34  C35   131(1)     

 C22   C21   C26  119(1)       C34   C35  C36   130(1)     

 C21   C22   C23  120(1)       C34   C35  C40   107(1)     

 C22   C23   C24  119(1)       C36   C35  C40   122(1)     

 C23   C24   C25  120(1)       C35   C36  C37   117(1)     

 C24   C25   C26  121(1)       C36   C37  C38   124(1)     

 C21   C26   C25  118(1)       C37   C38  C39   120(1)     

 C21   C26   C41  124(1)       C38   C39  C40   116(1)     

 C25   C26   C41  117(1)       C28   C40  C35   109(1)     

 C7    C28   C29  124(1)       C28   C40  C39   132(1)     

 C7    C28   C40  128(1)       C35   C40  C39   118(1)     

 C29   C28   C40  106(1)       C26   C41  C42   127(1)     

 C28   C29   C30  131(1)       C26   C41  C53   125(1)     

 C28   C29   C34  110(1)       C42   C41  C53   105(1)     

 C30   C29   C34  117(1)       C41   C42  C43   133(1)     

 C29   C30   C31  119(1)       C41   C42  C47   107(1)     

 C30   C31   C32  121(1)       C43   C42  C47   118(1)     

 Bond Angles (cont.)

 -------------------

 At 1  At 2  At 3  Angle       At 1  At 2  At 3  Angle

 ====  ====  ====  =====       ====  ====  ====  =====

 C42   C43   C44  121(1)       F1    B1   F3A   120(4)     

 C43   C44   C45  121(1)       F1    B1   F4a   45(2)      

 C44   C45   C46  121(1)       F2    B1   F3    120(2)     

 C45   C46   C47  117(1)       F2    B1   F4    105(2)     

 C42   C47   C46  118(1)       F2    B1   F1a   107(2)     

 C42   C47   C48  111(1)       F2    B1   F3A   103(2)     

 C46   C47   C48  130(1)       F2    B1   F4a   96(2)      

 C47   C48   C49  132(1)       F3    B1   F4    94(2)      

 C47   C48   C53  105(1)       F3    B1   F1a   91(2)      

 C49   C48   C53  121(1)       F3    B1   F3A   45(1)      

 C48   C49   C50  119(1)       F3    B1   F4a   139(2)     

 C49   C50   C51  122(1)       F4    B1   F1a   137(3)     

 C50   C51   C52  120(1)       F4    B1   F3A   57(2)      

 C51   C52   C53  117(1)       F4    B1   F4a   57(1)      

 C41   C53   C48  110(1)       F1a   B1   F3A   136(3)     

 C41   C53   C52  130(1)       F1a   B1   F4a   91(2)      

 C48   C53   C52  118(1)       F3A   B1   F4a   115(2)     

 F1    B1    F2   130(3)       B1    F1   F4    49(2)      

 F1    B1    F3   107(3)       B1    F1   F1a   58(2)      

 F1    B1    F4   81(3)        B1    F1   F4a   81(3)      

 F1    B1    F1a  56(2)        F4    F1   F1a   107(3)     

 Bond Angles (cont.)

 -------------------

 At 1  At 2  At 3  Angle       At 1  At 2  At 3  Angle

 ====  ====  ====  =====       ====  ====  ====  =====

 F4    F1    F4a  55(2)        F3A   F4   F4a   127(2)     

 F1a   F1    F4a  122(4)       B1    F1a  F1    65(2)      

 B1    F3    F1a  39(1)        B1    F1a  F3    48(1)      

 B1    F3    F3A  53(2)        F1    F1a  F3    87(2)      

 F1a   F3    F3A  93(2)        B1    F3A  F3    81(2)      

 B1    F4    F1   48(1)        B1    F3A  F4    66(2)      

 B1    F4    F3A  55(1)        F3    F3A  F4    129(3)     

 B1    F4    F4a  71(2)        B1    F4a  F1    53(2)      

 F1    F4    F3A  93(2)        B1    F4a  F4    50(1)      

 F1    F4    F4a  41(1)        F1    F4a  F4    82(3)      

