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Synthesis of nitrosyl rhenium(I) complexes bearing bidentate ligands
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Abstract

The reaction of [ReCl(jpn-CIXCOEXCOXNO)), (2) (obtained from [ReCI{(-CIXCO)(NO)] and cyclooctene (COE)) with 2,2"-bipyri-
dine and 4.4'-dimethyl-2,2"-bipyridine leads to ReCl,(CONANO) complexes (L = 2.2"-bipyridine (3), 4.4'-dimethyl-2,2"-bipyridine (4))
with frans chloride substituents. The reaction of [ReCl(p-CIXCO),(NO)}, (1) with THF produces racemic ReCl,(CO),(THFXNO) (5).
The Re-THF bond in § is labile enough to provide a primary ceordination site for a bidentate ligand attack. The reaction of 2 with bpy
proceeds with regioselective Re~Cl cleavage trans to the CO ligand and affords the ionic [ReCKCQ),(bpyXNO)ReCl,(CO),(NO)]
complex 6 or, when a stoichiometric amount of NaBF, is present, [ReCHCO),(bpy XNO)IBF,] (7). The reaction of 2 with 1,2-bis(diphen-
ylphosphino)methane (dppm) gives cis.trans-[ReCl(n'-dppm),(CO)XNO)] (8) while the transformation with 1.2
bis(diphenylphosphinolethene (dppee), and NaBF,, yields an ionic [ReCNOXdppee), IBF,] compound 9. The reaction of racemic
trans-1,2-bis(dimethylphosphino)cyclopentane (dmpe) with § proceeds with loss of the THF molecule and of one CO group. affording a
diastereomeric mixture of ReCl,(COXdmpcXNO) (10). The compounds 2, 4, §, 6, 8, 9 and 10 were characterized by X-ray diffraction
studies. Crystl data: 2, monoclinic, space group P2, /¢, a = 9.471(5), b = 10.646(6), ¢ = 12.59%(7) A, B=99.78(2)0° V= 1251.8(12) A®,
Z = 2. 4, monoclinic, space group Cy/m, a= 13.472(4), b=201.717), ¢ = 6.491(2) A, B= 105.33(2)°, V= 1831.7(9 A}, Z=4; 5,
monoclinic, space group P2,/n, @ =6.1143), b= 18.443(12), ¢ = 9.954(5) A, B = 96.092)°, V = 1116.2(10) A}, Z=4; 6, wiclinic,
space grow P1, @ = BE92), b= 10.376(2), ¢ = 14660 A, o= 97.622). f=97.46(2F, y= 102.67Q2°, V = 1200.46) A", Z = 2.
8. monoclinic, spuce group P2,/n, a = 10.029(3), b = 30.364(9), ¢ = 16.487(3) A, B=98.1002° V= W7HDAY, Z=4. 9, trigonal,
spuce group P3, a = 20648(7), ¢ = 11.326(41A, V= AADAY, Z=4 10, wewagonal, spuce group Fdd2, a=14265(3), b=

SO190010), ¢ = 921D A, v = 659AD A", £ = 16.

Kevwords, Ligand replacement; Coordination compounds: Bidentate N, P donors: Rhenium nitrosyl complexes; Stereoisomery

1. Introduction

Recently the chemistry of transition metal nitrosyl
complexes has attracted growing interest [1-5), in par-
ticular in the context of Lewis acid applications of
coordination compounds [6-11]). Several features of the
NO ligand are important for its preferential choice in
this respect: the small steric demand, the strong =
accepting power and the high trans effect and influ-
ence. Appropriate d°{Re-NO} complexes indeed dis-
play Lewis acidic properties. In these compounds the
metal center is usually associated with monodentate P
donors [12-20] or cyclopentadienyl derivatives [21-23).
Many Lewis acidic coordination compounds however
contain bidentate P or N donors, but the number of

* Corresponding author.

reported nitrosyl Re(I) species with this type of ligand is
rather limited [20,24,25]. This prompted us to explore
new synthetic routes to obtain bidentate P and N donor
substituted complexes with the relatively hard {Re-~NO)
fragment [26).

In 1971, Uguagliati and coworkers [20,27,28] de-
scribed the synthesis of the first halogen bridged car-
bonyl rhenium nitrosyl complex [ReCl(u-CIXCO),-
(NO)], (1). The investigation of its reactivity towards
various ligands showed that mostly harder ¢ donor
ligands L like pyridine, 4-picoline, 3.4-lutidine, etc.
cause splitting of the halide bridges of 1 forming
ReC1,(CO), LANO) molecules [27,28]. With a = ligand
like cyclooctene (COE), however, the halide bridge is
preserved and CO substitution takes place producing an
[ReClI(-CIXCOXCOEXNNO)], species [20] (2). In view
of the above mentioned goal to prepare rhenium nitrosyl
compounds with bidentate ligands, it seemed appropri-
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ate to pursue a stepwise synthetic strategy starting from
complexes with easily exchangable ligands like 2 or
from ReCl,(CO),(NO)L species with a labile Re-L
bond (e.g. L = THF).

2. Experimental section

2.1. General considerations

All preparations were carried out under an atmo-
sphere of dry nitrogen by conventional Schlenk tech-
niques. All solvents were purified by usual methods.
rrans-1,2-bis(Dimethylphosphine)cyclopentane was pre-
pared from trans-1,2-bis(dichlorophosphine)cyclopen-
tane [29] and treated as for the analogous synthesis of
1,2-bis(dimethylphosphine)ethane [30]. The crude prod-
uct was distilled over a 20cm Vigreux column at
0.01 mbar/35°C (yield 65%). The compounds 1.2-
bis(diphenylphosphine)ethane (dppe), 1,2-bis(diphenyl-
phosphine)ethene (dppee), 1,2-bis(diphenylphosphine)-
methane (dppm), cyclooctene (COE) and 2.,2"-bipyridine
(bpy) were used as purchased from Fluka. The complex
1{12,19]) was prepared as described previously. Elemen-
tal analyses were carried out by the Analytical Depart-
ment of the Organic Laboratory of Zitrich University.
IR spectra were recorded on a Biorad FTS-45 instru-
ment. Mass spectra were run on a Finuigan MAT-8230
mass spectrometer with an EI source (70eV), 'H and
"¢ NMR spectra were obtained on a Varian Gemini
200 spectrometer operating at 200 and 50.3MHz re-
spectively. 'P NMR spectra were measured on a Gem-
ini 300 at 121 MHz,

2.2, {ReCHl u-CICONCOENNOI, (2}

A solution of 340 mg (0.49 mmol) [ReCl(p-
CIXCO),(NO)), (1) and 1ml cyclooctene in 20mi
toluene was heated under reflux for 8h. The solution
was concentrated in vacuo t ca. 10ml and 10ml
pentane was added. On standing at - 30°C overnight
yellow prisms separated. Yield 295 mg (70%). IR (KBt
pellets, em™'): 2924w, 2855w, 2066s, 17765, 1467w,
1447w, 1181w, 520w, 475w, 443w. 'H NMR (CDCI,):
8 1.34-180 (m, 8H, -CH,-) 1.82-2.08 (m. 2H.
=CH,-CH=); 2.45-2.60 (m, |H, -CH,-Cll=), 2.72-
285 (m, I1H, -CH,~CH=); 3.94-4.09 (m. |H.
=CH =CH-); 4.85-5.02 (m, |H, -CH=CH-). “C{'H}
NMR (50.3MHz, CDCl,: 3 25.83 (s, -CH »=) 26,04
(s, -CH,~); 26.21 (s, -CH,-) 28.37 (s, -CH,-);
32.19 (s, -CH,-); 86,98 (s, ~-CH=), 88.03 (s, ~-CH=);
189.86 (s, CO). Anal. Found: C, 25.60; H, 3.38; N.
3.30: Re, 43.53. C,H »Cl N O, Re, (850.42) Calc.: C,
25.42; H, 3.29; N, 3.29; Re, 43.79%.

2.3. trans-{ReClL,(CO)bpyINO)] (3)

A solution of 416 mg (0.49 mmol) [ReCl(p.-
CIXCOXCOEXNO)), (2) in 20 m! dichloromethanc and
180mg (1.15mmol) 2,2-bipyridine was stirred for 1h
at RT and three days at 40°C (reflux). During this time
the mixture turmed red and a dark red powder precipi-
tated. This powder was collected, washed with dieth-
ylether (2X Sml) and recrystallized from dimethyl-
formamide /acetone. Analytically pure prisms can alter-
natively be obtained by slow evaporation of a dimethyl-
formamide solution of 3. Yield 220mg (51%). IR (KBr
pellets, cm™'): 3110w, 3079w, 2923w, 2848w, 1967s,
1725s, 1604m, 1494w, 1469w, 1442m, 1310w, 1244w,
1108w, 1067w, 1049w, 775m. 730w, 653w, 596w,
508w. Anal. Found: C, 28.64; H, 1.78; N, 8.49.
C,,HgzCl,ONRe (455.23) Cale: C, 29.02; H, 1.75; N,
9.22%.

2.4. trans-IReCl,(CON4.4'-dimethyl-bipyridine A\NO)]
4)

Similar treatment as for 3 however starting from
200mg (1.08mmol) 4.4'-dimethyl-2,2"-bipyridine. The
obtained red powder can be purified by recrystallization
from| hot acetonitrile (Sml). Yield 270mg (55%). IR
(KBr, pellets, em™'): 3071w, 3035w, 2961w, 2927w,
2855w, 1973s, 1718s, 1618m, 1558w, 1486w, 1442w,
1418w, 1304w, 1244w, 1138w, 1034w, 897w, 848m.
§6dw, 522w, 505w, 472w, 416w. 'H NMR (acctone-d, ):
8 265 (s, 3H, CH - 271 (s, 3H, CH =) 7.67 (m,
TH, H3"™ ) 2.74 (m, 1H, HA" ) R§5-8.66 (m, 41,
H5.6"). "C{'H} NMR (50.3 MHz. acetone-d, ) 8
2038 (s, CH,) 2183 (s, CH ) 75.59 (s). 75.85 (s)
128,38 (s), 148,04 (8), 15112 (s): all CHMY; 153,12 (),
154.14 (), 154.80 (5), 155.54 (s), all C**; 214.82 (s,
CO). FAB-MS (CH,CN): m,/z 499 (M*, 18); 471
(M*-CO, 79) 464 (M*-Cl, 22) 435 (M*-CO-Cl,
20). Anal. Found: C, 34.15; H, 2.90; N, 11.30; Re,
37.14. C;H,,C1,N,0,Re - CH,CN (540.26) Calc.: C,
33.41 H, 2.78: N, 10.36: Re, 37.29%.

2.5. [ReC1,(CO)(THFXNO)] (5)

A solution of 200mg (0.29mmol) 1 in 10ml THF
was stirred at RT for 30 min. The reaction mixture was
reduced to 2ml and crystallization from THF /hexane at
= 30°C gave moderately air stable yellow plates of §.
Yield 228 mg (95%). IR (KBr pellets, em™'): 3003w,
2994w, 2108s, 2021s, 1779s, 1017w, 868w, 594w,
4Blw, 421w, 358w. 'H NMR (C,D,): & 0.92-0.99 (m,
4H, -0-CH,-); 3.66-3.73 (m, 4H, -CH,~-CH,-).
“Cl'H} NMR (503MHz, C(D,): 8 25.48 (s, -O-
CH,-): 76.05 (s. -CH,-CH,-); 185.39 (s, CO); 186.76
(s, CO). MS (ED: m/z 415 (M*), 387 (M"-CO). 356
(M*-2C0). Anal. Found: C, 17.38; H, 2.28; N, 3.21:



D. Veghini et al. / Journal of Organomerallic Chemistry 526 (1996) 117134 119

Table 1
IR data for 1-10 (KBr peliets, cm ™)
Compound w(CO) ¥(NO)
1 2108, 2048 1807
2 2066 1776
3 1967 1725
4 1973 1718
s 2103, 2029 1773
6 2113, 2051° 1807 ®
2094, 2020 ° 1766 °
7 2115, 2052 1818
8 2002 1734
9 — 1714
10 2019 1746
2009 1711

* Cation. ® Anion.

Re. 44.41. C H,Cl,NO Re (415.17) Calc.: C, 17.35;
H, 1.92; N, 3.37: Re. 44.85%.

2.6. [ReCHCO),(bpyNOINReC1(CO),(NO)] (6)

A solution of 200mg (0.29mmol) § and 100mg
(0.64mmol) 2.2"-bipyridine in 15ml THF was heated
under reflux. After 1h the yellow solution became dark
orange and later a yellow powder precipitated. After
three days the reaction mixture was concentrated to
2ml. A yellow powder was formed, which was filtered
off and washed with pentane (2 X 10ml). Recrystalliza-
uon from a mixture of 3ml dichloromethane, a few
drops of acetone and 2ml pentane at +5°C gave
yellow prisms of 6. Yield 137mp (56%). IR (KBr
pellets, em ™ ') 3120w, 3092w, 3064w, 2113s, 2004s,
20825, 2020s, 1807s, 17668, 17395, 1612w, 1605m,
1500m, 1454m, 1447m, 1322w, 1246w, 1160w, 1109w,
1077w, 1039w, 772m, 726w, 649w, 621w, 548m, 520w,

‘Table 2

430m. 'H NMR (acetone-d, ): & 8.10 (m, 2H, H5™);
8.71 (m, 2H, H4""); 9.11 (m, 2H, H3"*); 9.62 (m, 2H,
H6"™). *C{'H} NMR (50.3 MHz, acetone-d, ): 8 126.5
(s), 130.1 (s), 134.1 (s), 144.2 (5), 156.6 (s): bpy: 186.7
(s, CO,ien): 188.8 (s, CO,,,;)- Anal. Found: C, 19.73;
H. 1.17: N, 6.47; C1, 16.58 C,,H,Cl,N,O,Re, (842.37)
Calc.: C, 19.96; H, 0.95; N, 6.64; Cl, 16.83%.

2.7. [ReCKCO),(bpy)NO)I(BF, ] (7)

A solution of 300mg (0.43mmol) 5, 101 mg
(0.88 mmol) NaBF, and 143mg (0.91 mmol) 2,2'-bi-
pyridine in 20m! THF was stirred at RT for 2h and
then heated under reflux. An orange precipitate was
formed after 20h. it was filtered off, washed with
diethylether (2 X 5ml), dried in vacuo and extracted
with 20ml acetonitrile. Addition of diethylether and
crystallization at +5°C caused precipitation of orange
plates of 7, which were washed with diethylether and
dried in vacuo. Yield 107mg (45%). IR (KBr pellets,
cm™'): 3126w, 3094w, 3070w, 3044w, 2927w, 2852w,
21155, 2052s, 1818s, 1609m, 1505w, 1478m, 1447m,
1326w, 1247w, 1109m, 1070s, 1049s, 1024m, 902w,
779m, 730w, 494w. 'H NMR (acetone-d,): & 8.10 (m,
2H, H5"); 8.71 (m, 2H, H4*); 9.11 (m, 2H, H4™),
9.62 (m, 2H, H6'™). "“C{'H) NMR (50.3 MHz, ace-
tone-d,): & 126.5 (s), 130.1 (s), 134.1 (s), 144.2 (s),
156.6 (s): C™; 188.8 (s, CO). Anal. Found: C, 25.99;
H. 1.69: N, 7.69; Re, 33.25. C,,H N,0,CIF,BRe
(550.60) Cale.: C, 26.17; H, 1.45; N, 7.63; Re, 33.82%.

2.8. cis.rans-[ReCl(dppm) (CONNO)] (8)

A solution of 310mg (0,45 mmol) of T was heated at
80°C in acetonitrile for 10min. After cooling to RT,

Atomic coordinates { X 107} and cquivalent isotropic displacement coefficients (A? X 10") for 2

Atom X y 2 Uy ®
Re() 5041) 334(1) Jo35(1) 26(1)
Cin ~73%4) 22734 3735(4) 442)
CK2) 146%(4) 63%3) 5590(3) 3
o ~ 133801 4) =712} 1378011 SUH
o) 2027(15) = 2059(11) 374609) 54(5)
N(D 1427(15) - 1098(12) 360910} 3«S)
c(n - 61917) 7H15) 22001017) 4D
(40} 179617 1259%(16) 2400(14) 42(6)
) 245017 1488(12) 3d60(11) 2%(5)
(o)) 3876(18) 9211(19) 0214 535N
C(s) $120018) 1804(21) 3728015) 58(8)
c(6) 5092(28) 2097(30) 2562(19) 105(12)
N 4887(30) 1290(33) 17123 123(16)
C(®) 3470(19) 99%(21) 1043(15) 57(7)
(40 2350(19) 398(18) 1636(14) 50(6)

* Equivalent isotropic U defined as one third of the trace of the orthogonalized U, tensor.
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Table 3 .s

Atomic coordinates ( X 10%) and equivalent isotropic displacement coefficients (A° X 10°) for 4

Atom X ¥y z Uy ®
Re(D) 0 3344(1) 0 33(1)
CHD 1647(2) 3247(2) ~T781{H 49(1)
N(D) - 509%6) 2553(4) ~-2040(11) 33(2)
o) - 765(10) 4317(5) —3384(19) 76(4)
¢(10) - 480(9) 3954(5) —2099(19) 46(4)
(1) — 1044(8) 2583(5) —4107(14) 3%3)
CcQ2) —1394(8) 2074(5) —35337(19) 40(3)
Q(3) = 1196(9) 148%(6) —4419(15) 44(3)
(4 -635(9) 1463(5) 2280(15) 41(3)
c(s) - 306(7) 1988(4) - 1146(12) 343)
C(6) = 1565(13) NI - 5691(21) 66(5)
N(18) 1281031) 0 161(34) 121(16)
cas) 21760200 0 761(38) TI9)
c(28) 3267(19) 0 141146} R3010)

* Equivalent isotropic U defined as one third of the trace of the orthogonalized U, ; tensor.

366 mg (0.95 mmol) of 1,2-bis(diphenylphcsphine)-
methane was added and the mixture was stirred for 1h
at RT and heated at reflux for 14h, Then the volume of
the resulting suspension was reduced to 10ml in vacuo
and the precipitate was filtered off and washed with
diethylether (2 X 10ml). Suitable crystals for an X-ray
diffraction study were obtained by cooling a
dichloromethane /pentane solution of 8 to +5°C. Yield
520 mg (48%). IR (KBr pellets, em™'): 3055w, 3022w,
2920w, 2856w, 2002s, 1992s, 1734s, 1587w, 1574w,
1483m, 1436m, 1375w, 1191w, 1157w, 1181w, 1097m,
1028w, 999w, 7385, 694s, 655w, 357m, 504m, 490m.
'H NMR (CDC1,): 5 3.48 {m, 2H, P-CH,-P); 405
(m, 2H, P-CH,-P) 7.09-77 (m, Hy,. 40H). "C{'H)
NMR (50.3MHz, CDCI,): & 2058 (m. P- -CH,~P),
128.2-1309 (m, Cp ) 1978 (s, €O). “"P{'"H} NMR
(CD(‘I 8 170 (t-virt, “Jy, = 20H2) = 28,50 (t-vint,
2o = 2()H2) Anal. Found: C, 56.53; H, 4.32: N, 1.56;
Re, 16.75. C, H,,P,CI,NO,Re (1083.90) Culc.: C,
56.51: H, 4,05: N, 1.29: Re, 17.17%.

2.9. [ReCUNONdppee), I{BF, ] (9)

A suspension of 200 mg (0.29 mmol) 1 in 15ml THF
was heated under reflux for 10min. The starting mate-
rial had then dissolved and ReCl,(CO),(THF)NO) had
formed (IR monitoring). After cooling to RT and addi-
tion of 67 mg (0.6 mmol) NaBF,, the solution was stirred
for 10min and 510mg (1.2mmol) 1,2-bis(diphenyl-
plmsphmokthene was added. The reaction mixture was
again heated under reflux for 48 h. The reaction mixture
was allowed to cool to RT and the yellowish precipitate

was filtered off, washed with dicthylether (2 X 10ml)
and dried in vacuo, Extraction with 40ml acetonitrile
and muyxmllmmon from hot acetonitrile afforded
white /yellow prisms of 9. Yield 230mg (70%). IR
(KBr pellets, em ') 3033w, 3024w, 2926w, 2847w,
17148, 1483w, 143dm, 12120y, 1122shs, 10825, 10618,
910m, R0Sm, 749m, 695s, $64s, S17m, 475w, 456w. 'H
NMR (300 MHz, CD,CN): 8 6.92-7.02 (m, 16H, H,,):
7.22-7.33 (m, 16H, Hy,): 7.41-7.48 (m, 8H, H, ,):

Table 4

Atomic coordinates (X 10*) and equivalent isotropic displacement coefficients (A x 10%) for §

Atom A v : Uy !
Rell) o 1658(1) 3Ri0) 35(t)
CKn = | 329(6) 177142) BEI(3) S
CiY - W851(6) 1033(2) IR 62(1)
o 404901 2533(6) 223713 TKS)
o = 1671107 NG 976 10) 6l(4)
o(3) 2639(21) 1NAD 200 7X5)
Old) 1379(16) 6GI1%S) 23U 473)
e f}) =-91(23) 25748) J668(14) 8(5)
C( 3 2093200 216%(6) 2593(12) 324)
N(1) 1778018) 13047 B4 13) hXE)
C(4) 263425) 306(9) 1269(14) 35(5)
C5) B3NN = 24%Y) 1422(18) 66(6)
& ()] 22773 - 6349} 2392(1%8) 68(7)
o« 1622(32) - 36(9) 32107 3D

* Equivalent isotropic U/ defined as one thind of the trace of the orthogonalized U, wensor.
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7.88-8.08 (m, 4H, P-CH=CH). “'P{'H} NMR
(CD;CN): 5 30.0 (s). Anal. Found: C, 54.11; H, 4.33;
N, 1.24; Re, 16.23. C,,H,,CINOP,BF,Re (1130.92)
Calc.: C, 55.22; H, 3.89: N. 1.23; Re, 16.46%.

2.10. rac-[ReCl,(dmpc COXNO)] (10)

A solution of 300mg (0.44mmol) 1 in 20ml aceto-
nitrile was stirred at RT for 20min. Then 175mg
(1.10 mmol) (& )-trans-1,2-bis(dimethyl-
phosphino)cyclopentane was added. The yellow solu-
tion gradually turned orange with evolution of CO.
After 30h the solvent was removed in vacuo and the
crude product purified by recrystallization from
dichloromethane /pentane (3:1) at —30°C. Repeated
recrystallization gave orange/yellow plates of the iso-
meric mixture of 10 in analytically pure form. Yield
350mg (80%). IR (KBr pellets, cm™'): 2972w, 2947w,
2908w, 2866w, 2017s/2009s, 1747s/1711s, 1447w,
1415w, 1306w, 1284w, 1137w, 1070w, 948m, 921m,
887w, 847w, 754w, 700w, 527w, 462w, 445w. 'H

NMR (CDCl,): 8 1.40-1.80 (m, 12H. PMe); 2.25-2.35
(m, 8H, CH/CH,) “C{'H} NMR (50.3 MHz, CDCI,):
8 2.00-14.53 (PMe); 21.9-23.2, 30.4-31.4 (m, CH )
45.9-52.1 (CH): 196.48 (d X d. *Jpe = 46Hz, *Jp

89Hz, CO); 19829 (dXd, *J,c =4.5Hz, ‘J,,C=
9.3Hz, CO). "P{'H} NMR (CDCI,): I (X-ray): a
=101 (d, Yy = 16.3 Ha); 1160 (d, Fop

16.5Hz); I: & —9.66 (d, 2Jp = 168 Hz): —10.14 (d
2Jop = 17.2H2). MS (ED): m/z 477 (M*~CO): 447
(M*-CO-NO); 442 (M*-CO-Cl). Anal. Found: C,
23.78; H, 4.15; N, 3.02; Re, 36.63. C ;H,,Cl,NO,P,Re
(505.16) Calc.: C, 23.77; H, 3.95; N, 2.77; Re, 36.86%.

2.11. Crystal structure determinations of 2, 4,5, 6, 8, 9
and 10

The crystals were glued onto a glass fiber using
epoxy resin and mounted onto the diffractometer (Mo
Ka A =0.71073 A). Except for 4 (T = 233K) the mea-
surements were carried out at RT. The unit cell parame-

Table §

Atomic coordinates (X 10*) and equivalent isotropic displacement coefficients (A x 10" for 6

Atom X ¥ N U, 2
Re(1) 3094(1) 1169(1) ~2198(1) 38(1)
Re(2) 8873(1) 5042(1) - 306%(1) 44(1)
cun 6112(3) 4377(3) - 2986(2) 65(1)
Ci(2) 8727(4) T29%3) = 2470(2) 66(1)
CiI) 920D 4620(3) — 1482(2) 68(1)
CHD KYART )] - . 44(3) ~ 141 1(2) 6(X 1)
N(1) 1204(9) 1190 8) = 1424(6) 43(3)
N(2) 4202(9) 2480K7) = 91%8) 42(3)
N(3) 219) 2464(R) = 27970 45(3)
N(4) R30I 5365010 = RBUTD o01(4)
o) 199(10) = 1038(9) = 3R56(6) 83(4)
o) 6108(9) 1046(9) = J04H6) TH4)
o3 2485(8) 33229 =319 71(4)
(0.)] BIRKR(12) §547010) = 5044(6) 8#24)
o5 2115(9) 2220(8) = 3765)7) TN4)
o(6) 12406(10) 6225(9) =29147) 75(4)
(a4} 191712) =226(11) - 3259%(8) 54(4)
«2) 5027(12) 1121010) - 2747) 46(4)
c(3) 9004(11) 3286(10) - 3514(8) 46(4)
(4 11122(13) 5748(10) ~297((8) 58
cam =276(11) 556(10) - 1 738(9) 51K4)
can - 1446(14) SO8(12) - 1I8%(10) 63(5)
c12) = 1082(14) 1345(12) - 324(9) 063(5)
C(13) 471(15) 203(12) 18(9) 61(5)
caa 1595(12) 19210100 = 538(7) 4%4)
C(15) 3262(12) 25940100 - 268(7) 494)
C(16) 3870€(16) 3283(11) 6339 65(5)
can 5450(16) 3854012) B50(8) 65(5)
CU18) 6381(15) 3789012) 1779) 64(5)
(19 5735(12) 3072010) - 691(8) 51(4)
CI(28) 2676(5) 1238(5) 4723 107(2)
CI(1S) 5908(5) 2081(5) 45344) 130(3)
c(1s) 4196(15) 2578(14) 4567(12) 9K

3 Equivalent isotropic U defined as one third of the trace of the orthogonalized U, tensor.
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Table 6 . . 23 3

Atomic coordinates (X 10%) and equivalent isotropic displacement coefficients (A2 X 10°) for 8

Atom X ¥ z Uy ®
Re(1) 176%(1) 1565¢1) 3697(1) 300
4} 917%(1) 2286(1) 4103(1) R[]
4 3] - 47D 3170(1) 3454(1) 41(1)
P3} 2535(1) 907(1) 3008(1) 3501
4) 2929(1) sie(h) 1290(1) 431
Ci1) 2865(1) 2005(1) 2741(1) 55(D)
CI() —-22X1) 1507(1) 2672(1) 24(1)

- N(D 904(4) 1236(1) 4392(2) 50(1)
oy 4175(4) 1613(1) 4989%(2) 85(1)
o2) 340(4) 1017(1) 4828(2) 740
C(1} 3261 1598(2) 4471(3) 4001)
) 2344) 2617(1) 3213 D
C(10) - 478(4) 2278(1) 4699%(2) 3D
C(11) = 1447(4) 1951(2) 4523(3) 50(1)
c(1y = 26195 1960(2) 4881(3) 61
C(13) = 2B26(5) 2288(2) SA1(3) o%1)
C(14) -~ 1881(5) 2615(2) 5599%(3) 67(1)
c(15) -~ T0U5) 2612(2) 52453) 54D
3 2280(4) 9691 1893(2) 39%1)
C(20) 22424 26091} 4683(2) 36(1)
CcQ2i) 2593(4) 2534(2) 5515(3) 33D
C(22) 3658(5) 2754(2) 5955(3) 63D
€(23) 4380¢(S5) 304%(2) 55693 73D
a24) 4067(5) na 4736(3) 6%(1)
C(25) 2988(4) 2903(2) 4292(3) 5200
C30 S5 4) 541D 2891(3) 48(1)
cin 90NS) 394402} 3249(3) 65(1)
c(32) 1625(8) 4250(2) 2851(D) 87D
3D 1982(5) 4153%2) MIREY) 22(1)
€(34) 1634(6) 3765(2) 1743(0) U
C(38) 941(5) 3435(0) 21313 Ti(1)
C(40) = 2066(4) 3138 2806(3) 4701)
(41 - 2459(5) 343D 25%U3 o6 1)
C(42) = JRONG) IUAD 1750(.) o
C(43) = 470U 6) I4AD 19R% 4) YR(1)
C(44) = 432:6) JROS(D) 2630(d) 103(1)
C(48) = 3K RIHUY 3026 D
€30 158R(H) 42201} RERH IR 421
€N 534 25%2) 270)3) 53D
a(32) =23U3) =92) 29313 KL
€(33) S6(3) =23732) 3689(3) 1)
C(59) 1P X5) = 118(2) 4234(3) F6(1)
C(53) 1BBO(S) 2342) 4013(3) K1)
(&(. 1) 43 AN 763(2) 3248(3) 48D
(8 ()] 5232s) 196(2) 3276(3) oN1)
C62) 6340(3) 1007(2) 3360(4) 9{1)
€63 7049(6) 576(3) 346U &) 0N
Cl6d 6126(6) 2443 3426040 101(1)
C(63) 476 (%) 330 3318(3) 71
o 463U 692 1165(3) S0
< 5071 1125(2) 1163(Y) 7700
N 6381(5) 1223(2) 1033(4) 9X1)
(4 g} 7246(5) R9K2) Y08(4) /(1)
o 6827(5) 468(2) GIND 1031}
73 353U5) el 1055(:0 wq(i)
C(30) 19635(4) 055(2) 285(3) 45(1)
al.1)] 249(6) 845(2) - 34D 104(1)
382) 1ORAT) 9I%(3) - 108N4) 135(1)
C(83) 4047) 825(2) = 1216(3) 10K
C(84) -1 38(6) 643(3) = 602(4) Lot
QRS) 636(5) §53(2) 13903) 82(1)

* Byuivakent isotropic U/ defined as one third of the trace of the orthogonalized U, tensor.
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Table 7

Atomic coordinates (X 10*) and equivalent isotropic displacement coefficients (A2 X 10%) for 9

Atom X ¥ N Um 2
Re(1) 5000 0 0 35(1)
P 6082(1) 1243(1) - 304(1) 41(1)
M2) 4346(1) 552D - 1296(1) 41(1)
o)) 53442) —45%2) - 1601(3) S50(1)
N 4797(9) 38%(9) 1277(11) 105(1)
o(1) 4618(6) 643(6) 205%8) 6% 1)
1) 4746(3) 1342(3) —1447%(5) 48(1)
(2 71494 985(4) - 1345(6) 66(1)
C(3) 7661(5) 1047(5) -216247 86(1)
(e C)) 7756(5) 1504(5) =319%7) 93(1)
(s 7362(4) 1857(4) —3306) 76(1)
C(6) 6830(d) 1784(3) —-2447%5) 60(1)
on 6644(3) 1759%(3) 992(5) 41(1)
Q%) 6332(4) 2023(3) 1768(6) s6(1)
W) 06088(4) 2352(3) 2835(6) 62(1)
C(10) 7376{4) 2414(3) 3084(6) 66(1)
cn 7698(4) 2160(4) 2283(6) 66(1)
(12} 7333(3) 1829%(4) 1208(5) 56(1)
C(13) 3540(3) 458(3) - 970(5) 491)
Cc(14) 2923(4) SU4) - 165U 695(1)
c(15) 2245(5) —&(5) - 135048} 92(1)
C(16) 2196(5) 3445) - 319%(8) 98(1)
aQn 2831(5) 766(5) 36U3) 92(1)
c18) 347449 811(4) 58(6) 69(1)
(1, 4389(3) 304(3) - 2875(5) 47(1)
c(2m 469%D) 936(4) = 368%6) 69%(1)
c@n 4568(5) 74K(5) - 4883(6) 923(1)
C(22) 416%(5) 2U5) - 5265(6) BO(1)
€(23) 3900(5) - 54(X4) —4442(6) 79(1)
c(24) 4002(4) - 362(3) = 324(X6) 62(1)
C(30) §734(4) 1842(3) - 807(6) 57(1)
cin SO3ND 155((3) = 1192A5) s21)
F(1) 733U D 343 S5878) 1091}
(2} 60667 3333 72347 TiC1)
B(1) 6667 3333 6023(9) 3201)

* BEquivalent isotropic ¢ defined as one third of the trace of the orthoponalized ¢/ , tensor,

ters were determined and refined from a set of 24 10 36
equivalent reflections (207 < 20 < 28°). Data were col-
lected through w-20 scans with variable scan speeds
and a scan width adapted to the peak profile. After
every 97 collected reflections, three standard reflections
were measuted. In all cases no decay in intensity was
observed. The structures were solved using the SHELXTL
PLUS program package [31]). The heavy atoms were
located by the Patterson method and standard Fourier
techniques were used for the positioning of the remain-
ing non-hydrogen atoms in the molecules. All hydrogen
atoms were included in the calculations of the atomic
positions as fixed contributors. An empirical absorption
correction (piIFABS [32])) was employed. The min. /max.
residues found for all compounds were located in all
structures in the vicinity ¢f the rhenium atoms. Non-re-
solvable disorder in the CO and NO positions was
found in 5 (racemate), in the anion of 6 and in 8. As a
result of this the Re-N/Re-C and N-O/C-0O dis-

tances and the temperature factors of the N- and C-atoms
in §, 6 and 8 are similar. The structure of 10A was
solved in the monoclinic space group C2 with the
following cell parameters: a = 14.265(3), b = 9.217(2),
¢ =26.088(5) A, B= 105.86(2)°. The two independent
molecules in the asymmetric unit were refined with
R =0.0302, wR = 0.0407. However, inspection of the
b,c-projection of the C2 unit cell revealed an additional
symmetry relationship (0.5 — ) relating both RR and
S8 forms. Thus, the unit cell parameters were success-
fully checked for higher symmetry. The vectors
[~ 1,00) [~1.0,~ 2], [0,~ 1,0] define a cell with a =
14.265(3), b = 50.190(10), ¢ =9.217(2) A in the space
group Fdd2. The refinements led to R factors R=
0.0186, wR = 0.0256. IR data for 1-10 are given in
Table 1; atomic coordinates and selected bond lengths
and bond angles are given in Tables 2-15. Table 16
lists details of the crystal parameters, the data collection
and the structure refinement.
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Table 8 . <) .

Alomic coordinates (X 10*) and equivalent isotropic displacement coefficients (A® X 10-) for 10

Atom X y z Uy ®
Re(1) 7742(1) 9598(1) 0 28(1)
1) 8951(3) 9301(» ~997(2) 35(1)
P2 8461(1) 9487(1) 2264(2) 321
CH1) 6808(1) 9200(1) 507(2) 46(1)
CN2) 7053(2) 9600(1) — 2457(3) 52(1)
o1) 6110(4) 9930(2) 1333(9) 64(2)
oQ2) 8950(5) 10072(1) —286(8) 60{(2)
N1 8454 9884(1) ~208(7) 38(Q2)
i 6707(5) 9812(2) 857(9) 39%(2)
<(10) 9736(5) 9225(2) 523(10) 472)
i) 9170(5) 9187(2) 1910(9) 41(2)
cay) 9900(6) 9094(2) 3018(11) 55(3)
c11d) 10560(8) 8920(2) 2095(12) 67(3)
c(d 10371(6) 8975(2) 488(12) 61(3)
C(15) 8547(8) 8998(2) - 1821014 6%(3)
Cc(16) 9695(6) 9446(2) =2376(16) 67(3)
cun 9251(7) 9732(2) 2980(11) 57(3)
c(18) 77256) 9402(2) 380831 1D 38(3)
* Equivalent isotropic I/ defined as one third of the trace of the orthogonalized U, tensor.

Table 9

Selected bond distances (A) and angles (*) for 2

Rel-Clt 2.390(4) Rel-Cl12 2.498(4)
Rel=Ni 1.760(13) Rel-Cl 1.953(19)
Rel-C2 2.353018) Rel-C3 2.262015)
C1-01 1.153(22) N1-02 1.168(18)
C2-C3 1.397021)

Cll-Rel-C12 R6.41) C12-Rel-CI2A ROK(1)
Ci2-Ret=N1 91.8(4) Cil-Rel NI 178.1(4)
Ci2-Rel =C1 168,6(6) Cll-Rel-C1 RE.5(5)
Re1=NI-02 170.3012) C2-Re! -C3 35.45)
Ret-C1-OM 176,700

Table 10 )

Selected bond distances () and angles (°) for 4

Rel-Cll 24120 Rel -NI 2.166(8)
Rel=(C10/N) 1.8BRUI1) (C10/N)-0 1.138016)
Ni1=Cl1 1.346(11) N1-C3 1.355012)
C3-Co 1.491019) C5-CSa 1.498(14)
Cll-Rel-Ni R7.8(2) Cli-Ret-Cl0 23.99)
Ni=Rel-Cl0 97.0(4) Cli-Rel-Clla 170.002)
Ni=Ret=-N1A 75.1(4) Ci0-Rel =N S0.8(7
Table 11 ‘

Selected bond distances (A) and angles (°) for §

Re-C) 2.405(4) av, Rel-04 2.15%9)
Rel-C) 1.952(15) Rel-C2/N1 L.EB6(12) av,
C1-01 1.147018)

Cli-Rel-CI2 88.8(1) 04-Rel -Cl 174.5(5)
Cl2-Rel-04 86.3(3) Cll-Rel-04 84.9(2)
C2-Rel-04 95.4(5) 04-Rel-Cl 174.5(5)
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Table 12
Selected bond distances (A) and angles (°) for 6
Cation
Rel-Cl4 2.384(3) Rel-N1 2.148(9)
Re-N2 2142 Rel-N3 1.770(9)
Rel-Cli 1.982010) Rel-C2 1.99311)
N3-03 1.163(13) Cl1-01 1.14312)
C2-02 1.128(14)
Cl4-Rel-NI 88.7(2) Cl4-Rel-N2 85.1{2)
NI1-Rel-N2 76.8(3) Cl4-Rel-N3 172.7(3)
Ni1-Ret-Cl 97.1(4) N2-Rel-Ci 171.4(4)
N1-Rel-C2 171.6(4) N2-Rel-C2 97.1(3)
Anion
Re2-Cll 2.425(3) Re2-C12 2.426(3)
Re2-C13 2.433(3) Re2-C3 1.886(10)
Re2-C4 1.9531D Re2-N4 1.850(11)
C3-05 1.148(13) C4-06 1.128(13)
N4-04 1.154(14)
Table 13
Selected bond distances (A) and angles (°) for 8
Rel-Pl 2.475(1) Rel-P3 2.473(1)
Rel-Cll /2 2.438(2) av. Rel-N1/C1 1.827(4) av.
P1-C2 1.832(4) P2-C2 1.864(4)
P3-C3 1.829(4) P4-C3 1.867(4)
P1-Rel-P3 168.4(1) P1-Rel-Cll 83.9(1)
P1-Rel-ClI2 88.4(1) Cll1-Rel-CI2 89.5(1)
P1-Rel-Cl 92.4(1) P1-Rel-C2 1LY
Rel-P3-C3 LD Ni-Rel-Cl 90.4(1)
P1-C2-P2 115.3() P3-C3-P4 116.8(2)
Table 14
Selected bond distances (A) and angles () for 9
Rel-Pl 2.443(1) Rel-P2 2.463(2)
Rel=Cll 2.316(4) Rel-NI 1.8O3(16)
P1-Ci 1.8206) P1-C7 1.844(5)
P)-C30 18O P2-C13 1.H20(7)
P2-C19 L821(6) P2-CI 1.79918)
N1-0I LAT8(21) €30-C31 1.326(10)
B1-Fl 1.331(26) BI1-F2 1.379(13)
Pl-Rel -P2 79.8(1) Pl-Rel-Cit 90.8(1)
P2-Rel=Cll 91.8(1) P1-Rel-NI 86.5(4)
P2-Rel-NI 90.4(6) Cl1-Rel=NI 176.24(5)
P2-C31-C30 120.2(6) P1-C30-C31 120.4(5)
Table 1S
Selected bond distances (A) and angles (°) for 10
Rel-P2 2.392(2) Rel-Pl 2.45%(2)
Rel -Ci2 2.468(3) Rel--Cll 2.4406(2)
Rel~Ni 1.773(6) Rel-Cl 1.98%(8)
N1-02 1.178(9) Ci-01 1.027010)
P-C(Me) 1795011 av. C-Clring) 1.554(15) av.
P1-Rel-P2 83.3(1) P2-Rel-CI2 166.4(1)
P1-Rel-C12 86.5(1) P2-Rel-Cl 82.9%1)
P1-Rel-Cli $7.6(1) Cli-Rel-CI2 87.8(1)
P2-Rei-Cl 95.6(2) P1-Rel ~Cl 175.3(2)
CI2-Rel-Cl 93.8(2) Cli-Rel-Ni 174.92)
Rel-N1-02 177.0(6) Cll1=Rel-Ct 87.7(2)
P1-C10-CI11 110.1(5) Rel-C1-0l 178.9(6)
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3. Results and discussion

3.1. Crystal structure of [ReCl p-CIXCONCOE)NO)],
(2)

Complex 2 was synthesized with minor changes fol-
lowing the original report [20] (Eq. (1)).

[ReCl(R-CCORMNOYY, —2C0E: 200 (ReCi(u-CIN(COXCORXNO)L, M
i Tolucne 2 1
110°C

Suitable needles for an X-ray analysis were obtained
from a dichloromethane /pentane solution. The unit cell
of 2 contains two binuclear rhenium complexes. In
these dimers (Fig. 1) the octahedrally coordinated Re
atoms are connected by chlorine bridges with an inver-
sion center in the middie of the planar {Re(n-Cl);Re)
arrangement (Re1-C12 2.498(4) A).

2 contains chiral Re centers and represents a meso
form. One CO group (Rel1-C1 1.953(19)A) and the =
bonded COE ligand are trans to the bridging chlorine
atoms. Differences in the Re-C2 (2.353(18)A) and
Re-C3 (2.262(15) A) distances reveal a certain degree
of asymmetry in the COE binding. This is presumably
due to steric interactions. Too large standard deviations
prevent the observation of any particular elongation of
the coordinated C=C double bond (C2-C3
1.397(21)A). The NO ligand (Rel-N1 1.760(13)A,
N1-02 1.168(18) A) occupies one axial position rrans
to the terminal chlorine atom (Rel-Cll 2.390(4) A).
The Re-N1-02 angle (170.3(12)°) deviates from lin-
earity. There is however no obvious reason for this. In 2
the Re-C1,,, bend is particularly short in comparison
with such of P donor substituted compounds like
cis.trans-[ReC1,(PEL,),(COXNO)] [12) (Re-Cl
2.440(2)A av.), but it is similar to that found in
ReCl,(CO),(THFANO) (2.405(9) A av.) (vide infra) and
0.1 A “shorter than the bridging Re-CI2 distance. Finally
it should be noted that the planar {Re(n-Cl),Re} frag-

ment in 2 is practically isostructural with that in [Re(p-
CIXTHFXCO),], (Re-Cl,, 2.505(6) A and Cl-Re—CIA
81.3(2)°) [33). Selected bond distances and angles for 2
are given in Table 9.

3.2. Synthesis of ReCl,(LXCOXNO) (L = bpy (3), 4.4'-
dimethyl-bpy (4})

Reaction of 2 with an equimolar amount of 2,2'-bi-
pyridine in boiling dichloromethane results in the for-
mation of 3 (Eq. (2)) which precipitates as a dark red
powder.

2L, -2COE, -2CO

{ReCl(u-Cl)(CO)COEXNO)]
u-CIN * Cl;Cly. 40°C

2 ReCly(CONLINO)

L=bpy (3 03]
4,4 dimethyl-bpy (4)

The insolubility of 3 in almost all solvents (with the
exception of dimethylformamide) renders its spectro-
scopic characterization rather difficuit. Crystallization
attempts from a dimethylformamide mixture yielded
after a few months rubin-like c-ystals, which were
analyzed by X-ray diffraction. They showed good
diffraction properties, but a complex positional disorder
of the ligand sphere caused by the high symmetry of the
C2/m space group (Re atom in a special position)
prevented an acceptable structure solution with the col-
lected data. Nevertheless, the presence of the
{Re(bpyXCOXNO)} fragment in 3 was indicated oy the
position of the v(CO) and ¥(NO) IR absorptions (v(CO)
1967 cm ™', (NO) 1725 cm ™ ") and of v(CH) and v(CC)
vibrations of the bipyridine ligand. To obtain more
information about the structure of 3 we attempted the
synthesis of a related complex with the more soluble
4.4'-dimethyl-2,2'-bipyridine.

Under similar reaction conditions as for 3, 4 was
prepared in 55% yield (Fq. (2)). This compound was
soluble in polar solvents, allowing its spectroscopic
characterization in solution. The 'H NMR spectrum of 4

Fig. 1. Molecular structure of [ReCl(-CIXCOXCOEXNO)], (2). Ellipsoids are drawn with 40% probability.
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displays two singlet signals at‘2.65 and 2.75 ppm for the
methyl substituents and the *C NMR spectrum shows
non-equivalent signals for the two pyridyl units (methyl
substituents at 21.38 and 21.83 ppm). A singlet signal at
214.8 ppm was assigned to the carbonyl group. IR bands
for the coordinated CO, NO groups (v(CO) 1973cm ™',
w(NO) 1718cm™"') and FAB-MS peaks at 499, 471
(-CO), 464 (-C1) also supported the given structural
assignment. Finally an X-ray diffraction study was car-
ried out on 4. In consideration of the earlier reported
observations [27] on the reactivity of 1, we presume that
the first step in the reaction of 2 with a Lewis base
involves splitting of the chlorine bridges giving
{ReCl,(COXCOEXNO)L] mononuclear species. It is
suggested that for L = bpy the fission of the Cl bridges
occurs with regiospecificity in such a way that a mrans
n'-bpy, CO intermediate is formed. Subsequent replace-
ment of the Cl ligand trans to the NO group by the
second pyridyl residue produces an ionic [ReCl(n*-
bpyXICOXCOEXNO)]CI complex, which can undergo
COE substitution by the free chloride. It should be
noted at this point that the reaction of
Re(C0),(NO)CI,(THF) with bpy (vide infra) leads to a
different cationic product with exchange of one Cl and
one CO group.

3.3. Crystal structure of ReCl,(4.4'-dimethyl-
bpy)ICOXNO) (4)

The rhenium center in 4 (Fig. 2) is pseudo-octahedr-
ally coordinated with two almost linearly disposed chlo-
rine atoms (Re=Cll 2.412(3) A, Cli-Rel=ClIA
170.0(2)°). The €O, NO groups are disordered and are
copolar with the bipyridine unit, The Re=Cl1 distance is
about 0.080(2) A shorter thun that in (n’-tpy)Re(CO),CI
(2.493(1)A) [34), presumably reflecting the enhanced
hardness of the metal center in 4. Selected bond dis-
tances and angles are given in Table 10.
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Fig. 2. Molecular structure of ReCl,(4,4'-dimethyl-bpyXCOXNO)
(4). Ellipsoids ave drawn with 30% probability.

3.4, Synthesis and structure

Re”1,(CO)(THFNO) (S)

of

crystal

Dissolution of 1 in THF results in a quantitative
formation of § within 20min at RT (Scheme 1). After
this time the ¥(CO), v(NO) bands of 1 could no longer
be detected by IR monitoring. ReCl,(CO),(THF)NO)
(5) was isolated in 95% yield. The mononuclear nature
of § hus been assured by FAB-MS measurements (M *
peuk at 415, M*~CO at 387). The coordination of the
THF molecule was confirmed by resonunces for the
methylene groups of the THF moiet{y in the 'H (multi-
plets at 0.96 and 2.70ppm) and “C NMR spectrum

172 ReClibpyHCORMNO)IReCl3{CORMNO))

6 bpy. NaBF4
(ReClbpyHCORNO)(BF,]
THF e 7
bpy 70°C
THEF dppm
172 ReCl(-CINCO)RNON —:—> ReCly(COR(THEXNO) —W ReClAdppm)(COINO)
1 5 3°C 8
dmpe l CH\CN (ReClidppee)2(NO)){BFa)
(18
700C 9
ReClatdmpe)(CONNC)
10

Scheme 1.
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Fig. 3. Molecular structure of ReCl,(CO)L(THFXNO) (5). Ellipsoids
are drawn with 30% probability.

(singlets at 25.5 and 76.0 ppm). Furthermore, in the *C
NMR spectrum the inequivalence of the carbonyl groups
leads to two singlet signals in the expected chemical
shift region (185.4 and 186.7 ppm with 2:1 intensity). In
the IR spectrum of § the ¥(CO) and v(NO) absorptions
are shifted to lower wavelengths with respect to 1 (see
Table 1), indicative of a stronger 7 backbonding. If the
splitting of the bridges of 1 by THF occurs with reten-
tion of the configuratio. at the Re centers, the formation
of a racemic mixture of § is predicted. This indeed can
be observed in the solid state structure.

The pseudo-octahedral Re center in § bears one THF
group (Re-04 2.159(9) A) and one CO ligand (Re-Cl
19520133, C1-01 1.478(18) A) trans 10 each other
(Fig. 3). The cis CO, NO groups are positionally disor-
dered and lie in one piane with the two Cl atoms
(Re-Cl 2.405(4) A). Selected tond distances and angles
of § are compiled in Table 11. The Re~0O4 bond is
slightly shorter than that in [Re(THF)(-CIXCO),],
(2.213010) A) [33) and the Re-Cl average distances are
significantly shorter than in Re(CO),Cl (2.515(2)A,
about 0.1 A) [35].

3.5. The reaction of ReClL,(CO),(THF)XNO) (5) with
2.2"-bipyridine

5 was reacted with 2,2"-bipyridine in boiling THF.
After about 10h an orange-yellow precipitate of 6 was
formed and after ::out two days the starting material
was completely consumed (IR monitoring). During this

time no additional bands for an intermediate species
could be detected. 6 is soluble in acetone and aceto-
nitrile, but practically insoluble in all other solvents.
The IR spectrum (2200-~1700cm™!, see Table 1) was
quite complicated, because the CO and NO groups
displz‘xyed four and two bands respectively. Likewise in
the “C NMR spectrum two signals were observed for
the CO groups at 186.7 and 188.8 ppm and five singlet
signals in the aromatic region for the equivalent pyridyl
units of the bpy substituent. In the '"H NMR spectrum a
resonance pattern appeared, which was similar to that of
uncoordinated 2,2"-bipyridine, but shifted about 0.7 ppm
to lower fields. These observations were consistent with
the ionic nature of 6 containing two types of Re center
(Scheme 1).

Thus, the bpy substitutions of 2 and 5 took quite
different courses, even though the inner coordination
spheres o. both complexes appear to be quite similar.
The formation of different products 3 and 6 can presum-
ably be related to the intermediacy of the species 3A
and 6A, which differ by the replacement of a COE with
a CO ligand.

M M

7\

N N NN

oN,, | o oNy, | @ N N = bpy
"Re ‘Ré_

coe? | W o | Ve
8§ 8§
3A GA

Apparently in 3A the Cl rrans 10 NO is more labile and
is substituted by a ‘free leg’ of bpy., while in 6A the
more activated chloride position trans to CO is ex-
changed. The free chloride of 3A can subsequently
replace the COE moiety, thus creating a rans Cl,
arrangement,

The structure of 6 was finally manifested by an
X-ray diffraction study (Fig. 4). Selected bond distances
and angles for 6 are reported in Table 12. The anion of
6 possesses an octahedrally coordinated Re center (Re2)
with three facially coordinated chlorine atoms. Because
of the similarity of the Re2-N4, Re2-C3 (1.850(11) vs.
1.886(10) A) and N4-04, C3-05 (1.154(14) vs.
1.148(13) A) bond distances, we believe that the posi-
tions of the N4, C3 atoms are disordered to some extent.
The structural features of this anion are very similar to
that of fac-[PPNJ[ReCl1,(CO),(NO)} [36]. The cation of
6 contains the Rel atom in a slightly distorted octahe-
dral environment, one chlorine atom (Rel-Cl4
2.384(3) A) and one nitrosyl ligand (Re1-N3 1.770(9) A
and N3-03 1.163(13) A) are 1rans to each other, while
the 2,2"-bipyridine moiety (Rel-N 2.145(7)A av.) is
located trans to two carbonyl ligands (Rel-C
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Fig. 4. Molecular structure of [ReCICO)(bpyXNO))
[ReC1,(C0O),(NOY] (6). Eillipsoids are drawn with 30% probability.

19810 A av., C=O 1.130(13)A), The Rel-Cl4 dis-
tance in the cation is about 0.04A shorter than the
average Re=Cl bond found in the anion and about
0.10 shorter than the analogous bond in
ReCI(CO) (o 2-tpy) (2.493(1)A) [34), In the formation
of 6 the replaced chloride substituent of 6A is accepted
by a molecule of § yielding the [ReCl,(CO),(NO)]"
anion, In principle, this acceptor function could be taken
over by, for instance. Na* sources like NuBF, leading
to the precipitation of NaCl. The BF; would temain as
a counterion for the organometallic cation, which could
be of great udvantage, since BE; generally enhances
solubilities of salts in less polar solvents.

Under the sume conditions as for the preparation of 6
the reaction of § with NuBF, and 2,2"-bipyridine led to
a yellow=crange precipitate, which was characterized as
7. The CO and NO substituents of 7 showed the same
IR absorption bands as those assigned for the cation in
6. The presence of a non-coordinated BF;” anion was
assured by the uppearance of one strong band at
1070¢em ™" (in the solid state), which displayed a typical
splitting of the B-F stretching vibration [37] in the
range 1109-1024cm ™', and in addition by a signal in
the " F NMR spectrum at - 152 ppm.

3.6. Substitution reactions of § with ligands of the tvpe
PPhy,~(CH,),~PPh, (n =1, 2)

It was shown {20,27,28] that compounds of the type
cis,trans-[ReCl, L ,(COXNO)] (L = monodentate P
donors) can be prepared by the reuction of [ReCl(p-
CIXCO),(NO)], in coordinating solvents (like THF or

CH ,CN) or of [ReCl(n-CIXCOEXCOXNOY], in toluene
with 4 equivalents of L.

Therefore § was reacted with 1,2-bis(diphenylphos-
phine)ethane (dppe) in CH,CN. After a few hours a
precipitate was formed, but the insolubility of this com-
pound in all solvents made its full characterization
impossible. Nevertheless its solid state IR spectrum
indicated the presence of the coordinated phosphine
ligand (v(C-Hy,) at 3050-3070cm™", v(C-H ) at
2940-2990cm™"' and w(C=C,,) at 1413, 1436 and
1485cm™"), one carbony! (v(CO) 2000cm™') and one
nitrosyl substituent (v(NO) 1732cm™"). If a polymeric
structure were the reason for the poor solubility, then
the use of the more rigid [,2-bis(diphenylphos-
phine)methane (dppm) should sterically prevent the for-
mation of polynuclear species. In fact, the reaction of §
with dppm in acetonitrile led within 14h to the forma-
tion of a yellow product 8 with high solubility in polar
as well as chlorinated solvents (Scheme 1). Gas evolu-
tion was observed during the reaction and IR detection
indicated the disappearance of one CO band. The posi-
tions of the ¥(CO), v(NO) absorptions of 8 are practi-
cally identical to those of the previously reported
ReCl,(PPh,),(COXNO) species [13,20] (v(CO)
2007cm™', v(NO) 1738cm™"') displaying mans P
donors. The “C NMR spectrum of 8 confirmed the
presence of one CO group (broad signal at 197.8 ppm)
and the *'P NMR spectrum showed virtual triplets for
the two non-equivalent P nuclei at 1,70 and —~ 28.5 ppm.
The observation of virtual triplet resonances was also
reported for the similar  fuc-[Re(CO) Br[p-
(Me,PCH,PMe,)],] compound [38]. By cooling o
dichloromethane /pentane mixture of 8 to = 20°C, yel-
low prisms were obtained. A erystal structure analysis
confirmed the monodentate rrans-coordination of two
dppm substituents (Fig, 5).

The structure of 8 with ¢is arranged CO, NO groups
(disordered) trans to two chlorine atoms is thus compa-
rable with that of the cis.trans-{ReCl,(PEt,),(COXNO)}
complex [12]. The axial P-Re-P angle of 8 is com-
parably close (168.4(1)° vs. 176.8(1) for
{ReCl,(PEL,),(COXNO)]. Table 13 reports selected
bond distances and angles for 8, Apparently cis chela-
tion of the ppm ligand in 8 is less favorable than the
coordination of two ligands in trans position. The use
of a more rigid ligand could perhaps enforce chelation,
The closest analogue of dppe with a rigid structure is
1.2-bis(diphenylphosphinolethene [39.40] (dppee). The
substitution behavior of which was therefore investi-
gated.

3.7. Substitution reaction in § with 1.2-bis(diphenyl-
phosphinolethene (dppee)

The synthetic approaches to dppe and dppee com-
plexes are expected to be very similar. However, § did
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Fig. 5. Molecular structure of ReCl,(dppm),(COXNO) (8). Ellipsoids are drawn with 30% probability.

not react with dppee under the same or even more
forcing conditions than for the dppe ligand. Therefore §
was then reacted with dppee in boiling THF in the
presence of NaBF, comparable with the synthesis of 7
(Scheme 1). After two days no starting material could
be detected anymote and a yellow precipitate was
formed from which 9 was extracted with acctonitrile
from the coprecipitasted NaCl. The IR spectrum of 9
showed a strong band at 1714cm ™", which revealed the
coordination of one nitrosyl group, while no absorption
bunds wete present in the v(CQO) region (2200~
1800¢m ™). Funhu ~amuluml information could be
obtained from the 'H and *'P NMR spectra of 9.
Because of its limited bO]ublllly the complex signal
patterns displayed in the '*C NMR spectrum could not
be assigned unambiguously. The ught phenyl residues
of the ligands showed two groups of "H NMR signals,
attributed to the rings above and below the plane con-
taining the P atoms. The vinyl protons appear as a
multiplet at about 8 ppm, while the signals at 7.42-
7.50ppm (H,,,,,) and 7.22-7.36ppm (H,,,) as two
overlapping mplcts Moreover, a multiplet signal at
6.92-7.06 ppm is assigned to the phenyl ortho protons.
The P atoms in 9 are chemlc.llly equivalent and display
a singlet at 30ppm in the - “P NMR spectrum with a
shift of 6ppm to lower field with respect to the free
molecule [41]. 9 has good solubility in hot acetonitrile
and crystallizes at room temperature from this solution
to yield large yellow prisms.

One of these crystals was investigated by an X-ray
diffraction study. The asymmetric unit of the lrlgonal
cell (space group P3) consists of two distinct ions: a
cationic rhenium moiety (Fig. 6) and a BF;" counterion.

Rel occupies a special crystallographic position (x =
0.5, y=0, z=0), and therefore the P ligands are
symmetry related and the Cl and the NO group are
disordered. The Re center is octahedrally coordinated
with practically linear arrangement of the chloride and
the nitrosyl group (176.2(5)°) and with the two dppee
ligands in one plane. 9 is isostructural with the previ-
ously reported [24] [ReCI(NOXdppe), P* dication. The
Re--Cl bond in this Re(Il) compound is longer than in 9
(2.388(5) vs. 2,316(4) A in 6) and the Re-N distance is

Fig. 6. Molecular structure of [ReCldppee),(NO){BF,] (9). Eltip-
soids are drawn with 30% probability,
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shorter (1.730(13) vs. 1.803(16)A in 9) concomitant
with a longer N-O (1.24(2) vs. 1.1782D A in 9). The
position of the ¥(NO) bands in the IR spectrum of 9
(1714 vs. 1680cm ™) supports these structural observa-
tions. The Rel-Cl1 distance in 9 is 0.1 A shorter than
in trans{Re(IDCl,(dppee),] (2.422(2) A) [42], and
practically identical to that found in trans-
[Re(IIC!,(dmpe), IPF, ] (2.337(1)A) [43]. The Re-P
bond distances are on average 0.05A longer than in
trans-[ReCly(dppe), ] (2.405(2) A av.) [42], while the
P1-Rei-P2 angle of 9 is comparable with that com-
pound (78.75(7)°). The C=C, P-C bond lengths are in
the expected range and do not indicate any electron
defocalization from the C=C double bond into the P-C
bond [43,44). The most important bond distances and
angles of 9 are given in Table 14.

3.8. Substitution reaction in 5 with (3 )-trans-1,2-
bis(dimethylphoshino)cyclopentane

The use of a bidentate ligand with either high flexi-
bility, like 1,2-bis(dimethylphosphino)ethane (dmpe), or
a certain rigidity with a large bite angle should permit
the stabilization of the desired [ReCl,(CO),(y/'-
PPXNO)] (PP = bidentate P donor) system. Attempts at
the substitution of § with dmpe in acetonitrile at RT
were not successful, After a few hours, IR detection of
the reaction mixture indicated the presence of many
products, which could not be separated. Therefore
trans-1,2-bis(diphenylphosphin«)eyclopentane  (dppc)
witu a large bite angle, and in addition a rigid backbone,
was applied. The crystal structure of the non-coordi-
nated phosphorus derivanive showed a very large P-C-
C=P torsion angle (161.8°) and long PP distance
(4.450 ) [29). Upon coordination with an (NiBr}, frag-

ment the torsion angle became 53.7° and the PP dis-
tance 3.021 A, thus providing an ideal geometry for a
stable chelate [29,45].

S was reacted with a slight excess of racemic dmpe
in acetonitrile at RT (Scheme 1). During the reaction
the color changed from yellow to dark orange and gas
evolution was observed. This was confirmed by the
disappearance of one carbonyl band in the IR spectrum.
After 20h no more starting compound was detected in
the reaction mixture and two broad bands evolved at
2019 and 1718cm™'. Repeated crystallizations gave
orange 10 in analytically pure form. The analogous
reaction in THF led to significant decomposition and
therefore lower yields of 10. The IR analysis of 10 in
the solid state indicated the presence of two diastere-
omers 10A and 10B. In the *'P NMR spectrum they
displayed two doublets (at ~9.70 and — 11.87ppm)
with very similar coupling constants. In the mass spec-
tra (ED) a strong peak at 477 a.u. confirmed the presence
of an {ReCl,(NOXdmpc)} fragment.

Ma,pot
ON*-..,”I o PME Cho,,, l oo PMEy
OR'\\‘ 45 “.\\‘
o I g o™ l NO
¢ o
10A 108

The wo diastercomers 10A and 10B could not be
separated by crystallizution, but by careful analysis of

Fig. 7. Molecular structure of ReCl,(dmpcKCOXNQ) (10). Elipsoids are drawn with 40% probability.
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the crystal shapes it was possible to isolate a small
g:nount of one diastereomer 10A and thus to assign the
P NMR and the IR data of both diastereomers.

The structuie of the enantiomeric pair of H0A was
determined by an X-ray diffraction study. The unit cell
or 10A (space group Fdd2) contains the two enan-
tiomers 10A% and 10ARR. In Fig. 7 only the 10ARR
isomer is shown. Selected distances and angles are
reported in Table 15. The Re center is octahedrally
coordinated with one chlorine atom (Rel-Cll
2.446(2)A) trans to one nitrosyl ligand (Rel-NI
1.773(6) A, N1-02 1.178(9) A). The bidentate ligand
(Rel-P1 2.459(2)A, Rel-P2 2.392(2)A) is located
trans to a carbonyl ligand (Re1-C1 1.989(8) A, C1-01
1.127(10) A and P1-Rel-Cl 1753(2)°) and to a chlo-
rine atom (Rel-CI2 2.468(3)A and P2-Rel-CI2
166.4(1)°). The bite angle of the diphosphine in 10A
(P1-Rel-P2 83.3(1)°) is about 5° closer than in
NiBr,(dppc) [45] (88.3(3)°). The Re~Cl bond trans to
NO (Rel-Cll) is slightly shorter than that rrans to P2
(Rel-Cl2), reflecting the larger trans influence of P2
with respect to the NO ligand. In contrast, the Re-P
bond length trans to the chlorine atom (Rel-P2) is
about 0.07A shorter than that rrans to the carbonyl
ligand (Rel1-P1), indicating a larger trans influence of
CO with respect to the chlorine atom in 10A.

4. Supplementary material available

Further details of the X-ray structure determinations
may be obtained from the Fachinformationszentrum
Karlstuhe, Gesellschaft fiir wissenschaftlichtechnische
Information mbH, D-76344 Eggensicin-Leopoldshafeir,
Germany. Requests should contain the deposition num-
ber CSD-58827, the names of authors and the journal
citation.

Acknowledgements

We thank the Swiss National Science Foundation and
the EC COST programme for financial support.

References

(1) D.M.P. Mingos and D.J. Sherman, Adv. {nerg. Chem., 34
(1989) 293.

{21 B.F.G. Johnson, B.L. Haymore and J.R. Dilworth, in Compre-
hensive Coordination Chemisiry, Vol. 2, Pergamon Press, Ox-
ford, 1987, pp. 99118,

[3) P. Legzdins, Can. Chem. News, (1990) 19,

[4) J.H. Enemark and R.D. Feltham, Coord. Chem. Rev.. 13 (1974)
339.

[5] K.G. Caulton, Coord. Chem. Rev., 14 (1975) 317,

[6] T.K. Hollis, W. Odenkirk. N.P. Robinson, J. Whelan and B.
Bosnich, Tewrahedron, 49 (1993) 5415.

[7} W. Odenkirk, AL. Rheingold and B. Bosnich, J. Am. Chem.
Sec., 114 (1992) 6392.

[8] J.W. Faller. Y. Ma, C.J. Smart and M.J. DiVerdi, J. Orgunomer.
Chem., 420 (1991) 237.

[9] 1. W. Faller and Y. Ma, J. Am. Chem. Soc.. 113 (1991) 1579.

[10] R.V. Honeychuck, P.V. Bonnesen, J. Farahi and W.H. Hersh, J.
Org. Chem., 52 (1987) 5296.

[11} P.V. Bonnesen, C.L. Puckett, R.V. Honeychuck and W.H.
Hersh, J. Am. Chem. Soc., 111 (1989) 6070.

(12) H.-U. Hund, U. Ruppli and H. Berke, Helv. Chim. Acta, 76
(1993) 963.

[13] T.S. Cameron, K.R. Grundy and K.N. Robertson, Inorg. Chem.,
21(1982) 4149,

[14] G. LaMonica, M. Freni and S. Cenini, J. Organomet. Chem., 71
(1974) 57.

[15] 1.Y. Chen, K.R. Grundy and K.N. Rabertson, Can. J. Chem., 67
(1989) 1187.

[16] R.W. Adams, J. Chatt, N.E. Hooper and G.J. Leigh, J. Chem.
Soc., Dalten Trans., (1974) 1075.

{17] D. Giusto, G. Ciani and M. Manassero, J. Organomet. Chem.,
105 (1976) 91.

[18] J. Chatt, JR. Dilworth, G.I. Leigh and V.D. Gupta, J. Chem.
Soc.. (1970) 2631.

[19] H.-U. Hund, Ph.D. Thesis, University of Ziirich, 1991,

[20] A. Trovati and P. Uguagliati, fnerg. Chem., 10 (1971) 851.

[21] E.O. Fischer and H. Strametz, Z. Naturforsch., 23B (1968) 278.

(22] 1.H. Merrifield, J.M. Femandez, W.E. Buhro and J.A. Gladysz,
Inorg, Chem., 23 (1984) 4022,

[23] 1.M. Fernandez and J§ A. Gladysz, Organomeiallics, 8 (1989)
207.

[24] Y. Wang, JJR. Frausto da Silva, AJL. Pombeiro, M.A.
Pellinghelli and A. Tiripicchio, J. Organomer. Chem., 430
(1992) €56,

(25} Y. Wang, JJR. Frausto da Silva, Ai. Pombeiro. M.A
Pellinghelli and A. Tinpicchio, J. Organomet. Chem., 470
(1994) 9,

(26} D. Veghini and H. Berke, submitted to fnorg. Chem.

(27} F. Zingales, A, Trovati, F. Cariati and P. Uguagliati. Inorg.
Chem., 10 (1971) 507,

(28] F. Zingales, A. Trove ' and P. Uguaglisti. Iwrg. Chem., 10
(1971 510.

(29] D.L. Allen, V.C. Gibson, M.L.H. Green, J.F. Skinner, J. Bashkin
and P.D. Grebenik, J. Chem. Soc., Chem. Commun., (1983)
895,

[30] R.J. Burt, J. Chatt, W. Hussain and GJ. Leigh, J. Organomer,
Chem., (1979) 182, 203.

[31] G.M. Sheldrick. in Crystallographic Computing 3: Data Collec-
tion, Structure Determination, Proteiny and Databases, Claren-
don Press, New York, 1985, p. 175,

[32] N. Walker and D. Stuart, Acta Crystallogr., A39 (1983) 158.

{33] A.C.C. Wong, G. Wilkinson, B. Hussain, H. Motevalti and
M.B. Hursthouse, Polyhedron, 7 (1988) 1363,

[34]) E.R. Civitello, P.S. Dragovich, T.B. Karpishin, $.G. Novick, G.
Bierach, J.F. O'Connell and T.D. Westmoreland, inorg. Chem.,
32 (1993) 237.

[35] F.A. Cotton and L.M. Daniels, Acta Crystallogr., C39 (1983)
1495.

{36) J.L. Hubbard, K.L. Kimball, RM. Burn and V. Sum, Inorg.
Chem., 31 (1992) 4224,

{371 W. Beck and K. Siinkel, Chem. Rev., 88 (1988) 1405.

[38] J.T. Mague, org. Chem., 33 (1994) 4261.

[39] D. Sellmann and W. Weber, J. Organomet. Chem., 304 (1980)
195.

[40] A. Zanardo, R.A. Michelin, F. Pinna and G. Strukul, fnorg.
Chem., 28 (1989) 1648,



134 D. Veghini et al. f Journal of Organometallic Chemistry 526 (1996) 117-134

{411 H. Marsmann and H.-G. Hom, Z. Naturforsch., 278 (1972) 137, [44] M. Bakir, P.E. Fanwick and R.A. Walton, Polyhedron, 6 (1987)
{42] ).-L. Vanderheyden, M.J. Heeg and E. Deutsch, Inorg. Chem., 907.

24 {1985) 1666. [45] F.A. Cotton, E.C. DeCanio, P.A. Kibala and K. Vidyasagar,
(43] H. Schmidbaur, G. Reber, A. Schier, F.E. Wagner and G. Inorg. Chim. Acta, 184 (1991) 221,

Miiller, Inorg. Chim. Acta, 147 (1988) 143.



