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The preparation of the varieties of five-coordinate sixteen-electron manganese(l) complexes [N EIh -
o-E'-)]” (E=Te, Se, S, O; E= NH, S, O) by (a) oxidative addition of 2-aminophenyl dichalcogenides to
anionic manganese(0)-carbonyl, @@donating ligand metathesis reaction of complex [Mn(g&©YeCsH4-0-
NH-)]~, and (c) reduction /deprotonation of the neutral dimetallic [(Mn(£)-SCsHs-0-S—S—CeH4-0-u-S—
N/[(CO)sMn(u-SGH4-0-NH2—)]> proved successful approaches in this direction. Thevgd data of the
coordinatively and electronically unsaturated [Mn(@@EGC:H4-0-E'—)]~ (E = Te, Se, S, O; E= NH, S, O)
complexes suggest the relative ordermsflonating ability of the series of bidentate ligands being [gFé&o-

NH]2~ > [SeGHs-0-NH]2~ > [SCsH4-0-NH]2~ > [SCeH4-0-S]2~ > [SCeH4-0-0]2~ > [OCgH4-0-O]%~. Proton

NMR spectra of the [Mn(CQJ—ECsH4-0-NH-)]~ (E = Te, Se, S) derivatives show the low-field shift of the
amide proton{H NMR (C4DgO): 6 9.66 (br) ppm (E= Te), 9.32 (br) ppm (E= Se), 8.98 (br) ppm (E= S)).

The formation of the dimetallic [(C@WMn(u-SGN2H4-0-S—)]22~ can be interpreted as coordinative association

of two units of unstable mononuclear [(CMN(—SGN2H4-0-S—)]~ and reflects ther-donating ability of the
bidentate ligand is responsible for the formation of pentacoordinate, sixteen-electron manganese(l) carbonyl
complexes. The neutral bimetallic manganese(l)-bismercaptophenyl disulfide complex [(My(ZS)CsH4-0-
S—S—CgH4-0-u-S—)] with internal S-S bond length of 2.222(1) A and the five-coordinate sixteen-electron complex
[Mn(CO)3(—SGH4-0-S—)]~ are chemically interconvertible. In a similar fashion, treatment of complex [Mn{CO)
(—SGsHs-0-NH—)]~ with HBF, yielded neutral dinuclear complex [(C&)n(u-SCGH4-0-NH2—)]2 and showed

that the amine deprotonation is reversible. Investigations-dbnating ligand metathesis reactions of complex
[Mn(CO)s(—TeGH4-0-NH—)]~ revealed that the stable intermediate, nottfaonating ability of bidentate ligands,

is responsible for the final protonation/oxidation product. This argument is demonstrated by reaction of [Mn-
(CO)s(—TeCGsH4-0-NH—)]~ with 1,2-benzenedithiol, hydroxythiophenol, and catechol, respectively leading to
the formation of [MNn(CO)—EGCsHs-0-E'—)] (E = S, O; E = S, 0), although anyr-donor containing the
amido group is a more effective donor than any othetonor lacking an amido group. Also, the reactions of
[Mn(CO)3(—TeGsH4-0-NH—)]~ with electrophiles occurring at the more electron-rich amide site support that the
more electron-rich amide donor of the chelating 2-tellurolatophenylamido occupies an equatorial site as indicated
by a shorter Mh—N bond length of the distorted trigonal bipyramidal [Mn(G@)TeGsH4-0-NH—-)] .

Introduction following methods: (1) Oxidative substitution of two CO lig-

The coordinatively as well as electronically unsaturated iron a_nds of [Mn(COj]~ by 32' 5-d|{ert-butyl-1,2-benzoqumon§_to
center coordinated with mixed CO and Chgands which plays ~ 9'V€ [Mn(COX(DBCan)" *(2) W(COR(—NHCsH2-0-NH-)]
a major role in acting as a binding site for the soft ligangd H prepared by the reaction of W(C@TH@ aqd 2 equiv of
and in catalyzing reversible activation of Has been observed ~Moncdeprotonated ligands [NHg,-0-NH;] 2}’ intermolecular
in the H-cluster of [Fe] hydrogenastJhese sixteen-electron deprotonatiorf,(3) [Cr(CO)(—SGsHa-0-S—)]*” obtained from

. ; : P '
coordinatively unsaturated metatarbonyl complexes have thus tgeatm4ent dOf b'?]ent?te th|<?1late. Ilglan((jj [8.0 ° ?] anld cr
attracted recent interest. Preparation of five-coordinate, sixteen-(CO):* and (4) the electrochemical reduction of complefees

electron, unsaturated metatarbonyl complexes includes the [Mn(X)(CO)s(Pr-DAB)] (X = Br, Me; 'Pr-DAB = 1.4-

*To whom correspondence should be sent. (2) (a) Hartl, F.; Vicek, A., Jr.; deLearie, L. A.; Pierpont, C. [Borg.

T National Changhua University of Education. Chem.199Q 29, 1073. (b) Hartl, F.; Stufkens, D. J.; Vicek, A., Jr.

* National Taiwan University Inorg. Chem.1992 31, 1687.
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diisopropyl-1,4-diaza-1,3-butadiene) affording the five-coordinate

anion [Mn(CO}(‘Pr-DAB)]~ via dissociation of X from the
one-electron-reduced intermediate [Mn(X)(G(Pr-DAB)] —.5

As part of our recent investigations of the pentacoordinate
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determined the molecular structures of five-coordinate, sixteen-
electron complexes, namely, the manganese(l) and iron(ll)

derivatives [Mn(COY—SGCsH4-0-NH—)]~,6 [MNn(CO)s(—SCsHa-
0-S-)]~,7 and [Fe(CO)CN)(—SGCHs-0-NH—-)]~.8 For the

comparison we have sought to synthesize analogues containing

m-donating bidentate{EC¢H4-0-NH]?~ (E = Te, Se) ligands.

Reactivities of the series of these unsaturated [MngeO)
(—ECsH4-0-NH—)]~ (E = Te, Se, S) complexes have been
studied. Additional comparison of the stability of the 1,2-ben-

zenedithiolate complex [Mn(C@)-SGH4-0-S—)]~ with that
of its analogue [Mn(CQJ—SGN2H4-0-S—)]~ also allows one
to understand the influence of-donating abilities on the
structural bonding (coordination) of the [Mn(C{D)noiety. In
particularz-donating ligand metathesis reactions of [Mn(GO)

(—TeGH4-0-NH—)]~ in this investigation demonstrate that the
stability of intermediate plays a critical role in determining the

reaction product (reaction pathway).

Results and Discussion

The chemistry reported herein is summarized in Schemes
1-4. The reaction of 2-aminophenyl dichalcogenide with
[Mn(CO)s]~ proceeds cleanly in dry THF to form pentacoor-

dinate, sixteen-electron, E,NH-chelated [Mn(GEG)ECsH4-0-
NH-)]~ (E = Te (1), Se @) via oxidative decarbonylation

addition, chelation, oxidation, and deprotonation (Scheme Oc.

la—c).? CompoundL (compound?) was isolated as brown solid
from THF-hexane in 86% yield (72% yield f&). Oxidative
addition of 2-aminophenyl dichalcogenide to [Mn(GP)yields
monodentate (E-bondedis-[Mn(CO)4(—ECsH4-0-NH>)] ~ (3)

(Scheme 1a)° Chelation of one terminal chalcogenolate lig-

and of intermediate3 yields the fac-[Mn(CO)3(—ECsH4-0-
NH>—)(—ECsH4-0-NH>)]~ (4) with one of the anionic [EgH4-

(5) Rossenaar, B. D.; Hartl, F.; Stufkens, D. J.; Amatore, C.; Maisonhaute,

E.; Verpeaux, J.-NOrganometallics1997, 16, 4675.
(6) (a) Liaw, W.-F.; Lee, C.-M.; Lee, G.-H.; Peng, S.-Norg. Chem

1998 37, 6396. (b) Liaw, W.-F.; Hsieh, C.-K. Unpublished results.
(7) Lee, C.-M.; Lin, G.-Y,; Hsieh, C.-H.; Hu, C.-H.; Lee, G.-H.; Peng,

S.-M.; Liaw, W.-F.J. Chem. Soc., Dalton Tran&999 2393.

(8) Liaw, W.-F.; Lee, N.-H.; Chen, C.-H.; Lee, C.-M.; Lee, G.-H.; Peng,

S.-M. J. Am. Chem. So@00Q 122, 488.

(9) (a) Engman, L.; Stern, D.; Cotgreave, I. A.; Andersson, CIJMAM.
Chem. Socl1992 114 9737. (b) Ayyangar, N. R.; Lugade, A. G.;
Nikrard, P. V.; Sharma, RSynthesis1981 640. (c) Battistoni, P.;
Bompadre, S.; Bruni, P.; Fava, Gazz. Chim. Ital1981, 111, 505.
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0-NH;]~ ligands bound to the Mmmetal in a bidentate manner
(E,N-bonded) while the second one is bound to theé Matal

in a monodentate (E-bonded) manner (Schemé4®xidation

(by dry O,) of the monodentate chalcogenolate ligand and the
concomitant deprotonation of amine proton of bidentate chal-
cogenolate ligand of intermediai¢ leads to formation of
complexesl and 2 accompanied by byproducts,,® and
2-aminophenyl dichalcogenide as identified'syNMR (Scheme

(10) (a) Liaw, W.-F.; Ou, D.-S.; Li, Y.-S.; Lee, W.-Z.; Chuang, C.-Y.;
Lee, Y.-P.; Lee, G.-H.; Peng, S.-Nhorg. Chem1995 34, 3747. (b)
Liaw, W.-F.; Chuang, C.-Y.; Lee, W.-Z; Lee, C.-K,; Lee, G.-H.; Peng,
S.-M. Inorg. Chem.1996 35, 2530.

(11) Liaw, W.-F.; Chen, C.-H.; Lee, G.-H.; Peng, S.-®itganometallics
1998 17, 2370.
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Figure 1. ORTEP drawing and labeling scheme of the [Mn(€O)
(—TeGH4-0-NH)]~ anion with thermal ellipsoids drawn at the 30%
i 13) probability.
E=E=S(14)
E=S,E'=0(Q5) Table 1. Crystallographic Data of Complexdsand7
E=E'=0(16) 1 7
@ " o STH[T o chemformula  GHasN,OPMnTe  CoHegNePiOsSMn;
o MiZ Mg fw 896.23 1739.54
o 1LY YCo cryst syst triclinic triclinic
5 o space group P1 P1
an 2, A (Mo Ka) 0.7107 0.7107
a A 9.872(2) 12.5774(3)
1c)%212Complex1 is stable in THF solution under an inerp N Eé ﬂ:ﬁggg; igggi?gg
atmosphere for 6 days. To our knowledge, it is the first pen- ¢, deg 89.68(3) 72.485(1)
tacoordinate metal carbonyl complex stabilized#ygonating B, deg 89.08(3) 84.767(1)
chelating [TeGH4-0-NH]2/[SeGHs-0-NH]2~ ligands313 7, deg 81.23(3) 73.453(1)
Proton NMR studies for the series of unsaturated [Mn(#0O) VA 2008.2(7) 2021.74(7)
Z 2 1
(-ECeHs-0-NH-)]™ (E = Te, Se, S) complexes suggest the ¢ . g cm3 1.482 1.429
similar geometries, the main difference with the spectra of the 4, mm? 1.163 0.556
[Mn(CO)3(—ECsH4-0-NH—)]~ derivatives being the low-field T, K 295(2) 150(1)
shift of the amide proton ((Mn(CQ)—ECsH4-0-NH—)]~: 6 9.66 R 0.0329 0.0413
(br) ppm (E= Te), 9.32 (br) ppm (E= Se), 8.98 (br) ppm (E EV(V)FF %%9791& Oiogi)f

=S) (4Dg0)). Also, chelation of [TegHs-0-NH]%~ ligand in
the series of [Mn(CQJ—ECsH4-0-NH—)]~ complexes causes 2R =73 [(Fo = Fol/XFo. ® Rwe® = {3 W(Fo* — FAF3 [W(FoH)T} 2
a decrease of carbonyl stretching frequencies (THF): 1966

Table 2. Crystall hic Data of C lexd4-O(CH d17
vs, 1867 s (E= Te): 1971 vs, 1869 s (E Se): 1973 vs, 1870 e 2 Crystallographic Data of Complexdd-O(C;Hs). an

s (E= S) cn1?Y),%a implying the order ofz-donating ability 11-0(C.Hs). 17
[TeCeHs-0-NH]2~ > [SeGH4-0-NH]2~ > [SCeH4-0-NH]2 [ > chem formula GH2oN07SMn, Ci1gHg06SMnN;
[SCsH4-0-SJ2~ (the IR ¥(CO) data are known to be excellent fw 600.42 558.36
probes of the electron-donating ability of the ancillary ligands grg:yfgu P';";QOC"”'C Pg‘?nnoc"n'c
in metal carbonyl complexes). The relative stability of the /II,OA (M% KO% 0'71107 0_17107
series of pentacoordinate sixteen-electron [Mn(§{OECsH4- a, A 11.2562(2) 10.6320(1)
o-NH-)]~ (E = Te, Se, S) complexes is barely discernible. b, A 25.1443(2) 12.4082(3)

Figure 1 depicts the structure of complé&xas an ORTEP; c, A 20.0981(3) 16.6646(2)
significant bond distances and angles are given in Table 3. The a, deg 30 90

: B, deg 104.490(1) 94.703(1)

geometry around the Mn(l) center can be loosely defined as ' geq 90 90
trigonal bipyramidal with the electron-rich amide donor of the vV, A3 5507.41(14) 2191.06(6)
chelating 2-tellurolatophenylamido occupying an equatorial site.  Z 8 4
The bite angle of the bidentate 2-tellurolatophenylamido in  Qeaica 9_{“”3 1.448 1.693
complex 1 is 84.21(8y, smaller than that of the chelating /_f_ Em 591502 %é5562
2-thiolatophenylamido in [Mn(CQJ—SGsHa-0-NH—)]~ (10).52 T 2052 )
The significantly shorter Ma-Te and MA—N bonds of length Ruwe2 0.1379 0.066%
2.556(1) A and 1.904(3) A, respectively, in compléx GOF 1.099 1.023

comparing with the reported MaTe bond of length 2.674(1) SR= |(Fo— FI/SFo. ® Rue? = { SW(F — FOY¥ [W(Fe2Z} 12

12 @ Okigngu%;.i ;agja)lrgizilvva, S Ueyama, N; Nakamurinaig. A in cis[Mn(CO)y(TePh}]~,1% and Mr?—N bond of length
em. . 18. ellmann, D.; Emig, S.; Heinemann, F. W.; ; _
Knoch, F.Angew. Chem., Int. Ed. Endl997, 36, 1201. (c) Sellmann, 1.981(3) A in [Mn(CO}TMPO)] (TMPO = 2,2,6,6-tetra-

D.; Emig, S.; Heinemann, F. WAngew. Chem., Int. Ed. Engl997, methylpiperidinyl-1-oxo¥? were attributed to the strong-do-
36, 1734. (d) Crociani, L.; Tisato, F.; Refosco, F.; Bandoli, G.; Corain, nating ability of the bidentate [Te€l;-0-NH]2~ ligand which

13) ?é;) \Iﬁmﬁiv\"-\) 'X-?-Tﬁ]rpécﬁe,\rﬂ“; ggﬁ?ﬁamlq%?gzgﬁm 1995 34 stabilized the unsaturated complexThe distinct difference of

5900. (b) Petrie, M. A.; Olmstead, M. M.; Power, P.JPAm. Chem. Te—C(4) and N(1)-C(9) distances (2.063(3) and 1.373(4) A,
Soc 1991, 113 8704. respectively) in compled vs (Te-CgH4NH,), ligand (2.129-
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Table 3. Selected Bond Distances (A) and Angles (deg) for

Complexesl and7

Complexl
Mn—C(2) 1.759(4) Mr-C(1) 1.778(4)
Mn—C(3) 1.784(4) Mr-N(1) 1.904(3)
Mn—Te 2.556(1) Te-C(4) 2.063(3)
N(1)—C(9) 1.373(4)
C(2-Mn—C(1)  91.3(2) C(2yMn—C(3) 91.7(2)
C(1)-Mn—C(3)  93.2(2) C(2rMn—N(1) 122.3(2)
C(1)-Mn—N(1) 92.3(2) C(3rMn—N(1)  145.37(14)
C(2-Mn—Te 94.52(14) C(BMn—Te 174.14(14)
C(3)-Mn—Te 87.04(12) N(1LyMn—Te 84.21(8)
C(4)-Te—Mn 90.35(10)
Complex7
Mn(1)—S(1A) 2.3684(7) Mn(1)S(1) 2.4514(7)
Mn(1)—S(2A) 2.3666(7) Mn(1A)S(1) 2.3684(7)
Mn(1A)—S(2) 2.3665(7)

S(1A-Mn(1)-S(1) 84.58(2) S(2AYMn(1)-S(1A)) 86.56(2
S(2A-Mn(1)-S(1)) 87.89(2 Mn(1AyS(1)-Mn(l) 95.42(2)
C(4)-S(1)-Mn(1)  102.15(8) C(5yS(2-Mn(1A)  104.31(8)
C(3-Mn(1)-S(2A)) 175.27(8 C(HXMn(1)-S(1A)  95.41(5)

(3) A (Te—C, average) and 1.392(5) A (\C, average}f can

Inorganic Chemistry, Vol. 40, No. 14, 2008471

Figure 2. ORTEP drawing and labeling scheme of the [(@M)(u-
SGNzH4-0-S)],?~ anion with thermal ellipsoids drawn at the 50%
probability.

7. These differences probably originate from the additional
m-donating interactions of the S(1A) and S(2A) with Mn(1)
metal center. The longer MaS bond distance of 2.3675(7) A
(average) in complex, compared to that of pentacoordinate
complex [Mn(CO}(—SGsH4-0-S—)]~ (2.230(1) A averagé),
also suggests the relativedonating ability of the dithiolate
ligands being [S@H4-0-ST?~ > [SCsN2H4-0-S>~. Formation of

plausibly be accredited to the delocalized lone pairs of electronsComplex7 can also be interpreted as coordinative association

around the five-membered ring (MiTe—C—C—NH) in com-
plex 1. In particular, the Mh—N bond length of 1.904(3) A in
complex1 is longer than that in complex0 (1.889(3) A)éa

In contrast, when 2,3-quinoxalinedithiol was reacted directly
with [PPN][Mn(CQO)] in THF at room temperature for 2 days,
the hexacoordinate, 18-electron Meomplex [Mn(CO)-
(—SGN2H4-0-S—)]~ (5) was formed as a dark green semisolid
(Scheme 2a). When a THF solution of complgxs purged
with Ny, the IRvco peaks at 2065 w, 1990 s, 1964 m, 1921 m
cmt immediately shifted to 1997 s, 1902 br chindicating
formation of pentacoordinate 16-electron 'Miomplex [Mn-
(CO)(—SCsN2H4-0-S—)]~ (6) (Scheme 2b, 2¢) On bubbling
CO through THF solution of comple®, carbon monoxide

of two units of anionic mononuclear [(Ce)n(—SGN,H4-0-
S—)]~. Notably, both the electronic and steric reasons are
responsible for the formation of compléx

In contrast to the inert MN linkages in most transition metal-
amide complexe¥! the & manganese(l) compourt reacts
readily with a variety of thiols to give hexacoordinate/penta-
coordinate manganesefi¢arbonyl complexes. As illustrated in
Scheme 3ac, treatment of 1 equiv of compled with
2-aminophenyl thiol in THF led to the formation of the known
pentacoordinate 16-electron [Mn(CGy SGH4-0-NH-)]~ (10)
accompanied by byproducts, 2-aminophenyl ditelluride ag@ H
as identified by'H NMR. Previous work has shown that the
formation of pentacoordiante compledd occurs via a Six-

absorption takes place in smooth leading to the hexacoordinatecoordinate intermediate containing a bidentategt®e-NHo|~

complex5 (Scheme 21).
THF solution of complex6 was stirred fo 3 h atroom

and a monodentate {SCgHsNH;]~ ligands® The formation of
the pentacoordinate compléd from the reaction of complex

temperature, and then hexane was added to precipitate the dar with 2-aminophenyl thiol was shown in Scheme-3a

brown solid [PPNJ[(CO)sMn(u-SGsN2H4-0-S)lz (7) (Scheme
2d). Crystals suitable for X-ray crystallography were obtained
by diffusion of diethyl ether into its CyCl, solution. The IR
spectrum of compleX in the aprotic solvent CyCl, reveals

Reaction may be initiated by protonation of the amide site of
complex1,?® followed by the rupture of the Ma-NH; bond of
the chelating [TegHs-0-NH2]~ of intermediate8, and con-
comitant chelation of [S§H4-0-NH_] ~ ligand to give intermedi-

two strong absorption bands for the CO groups at 2005 s, andate 9. Upon contact with dry @ oxidation of the terminal

1914 br cnt?, as expected for the existence of centrosymmetry
(vibrationally uncoupled CO groups on adjacent Mn(l) sites).

Obviously, the formation of pentacoordinate, 16-electron man-
ganese(l)-dithiolate carbonyl complexes is particularly sensitive
to the appended aromatic heterocycles. The unstability of
complex 6 can be attributed to the presence of electron-

withdrawing N atoms which decrease thelonating ability of

the dithiolate dianion.

The structure of compleX is depicted in Figure 2. Selected
bond distances and angles are given in Table 3. Complex
consists of discrete PPN\cations and [(CQMn(u-SGsN2H,-
0-S)],>~ anions. Complex possesses crystallographically im-
posed centrosymmetry. Two six-coordinate Mn(l) atoms are

tellurolate ligand and subsequent deprotonation of amine proton
of intermediated occurred leading to the formation of complex
10, along with byproducts 2-aminophenyl ditelluride anghi

as verified by!H NMR spectroscopy.

The reaction (Scheme 3b) may proceed from the intermediate
8, perhaps due to better/stable chelating ability of {S40-
NH,]~ than [TeGH4-0-NH,] ~ in forming a five-membered ring.
Specifically, the [S@H4-0-NH]~ and [TeGH4-0-NH;] ~ ligands
may compete for the Mn orbital. The shorter MiN as well
as Mri—S bond lengths (1.889(3) and 2.268(1) A in complex
10, respectively) of the bidentate [g&s-0-NH,]~ ligand,
comparing with Mi—N and Mri—Te bond distances (1.904(3)
and 2.556(1) A in complex) of [TeCsH4-0-NH,]~ ligand,

connected via two thiolate bridges and three pairs of CO groups'eflects the fact that chelation of [g84-0-NH,]~ to Mn' in

(C(1)O(1)/IC(1A)O(1A), C(2)0O(2)/IC(2A)O(2A), C(3)O(3)/
C(3A)O(3A)) point into the antiparallel direction. The nearly
identical Mn(1}-S(1A) and Mn(1)-S(2A) bond lengths of

2.3684(7) and 2.3666(7) A, respectively, are considerably shorter

than the Mn(1)-S(1) bond distance of 2.4514(7) A in complex

forming a five-membered chelate ring presumably stabilize the

(14) Nugent, W. A.; Haymore, B. LCoord. Chem. Re 198Q 31, 123.

(15) (a) Michelman, R. I.; Andersen, R. A.; Bergman, RJGAm. Chem.
Soc 1991 113 5100. (b) Michelman, R. |; Ball, G. E.; Bergman, R.
G.; Andersen, R. AOrganometallics1994 13, 869.
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intermediate9. Obviously, the direction of reaction we have
observed for ther-donating ligand metathesis reactions must
depend on the formation (stability) of intermedice i.e.,
oxidation of intermediat® leads to formation of complek0,
whereas the intermediaBawas oxidized to form complek. In
addition, no fluxional process was observed between intermedi-
ates8 and9. The preceding argument has been invoked in-Mn
(ECsH4-0-NH,) bidentate bonding, and there are no inconsis-
tencies with ther-donating ability guideline ([EgH4-0-NH]%")
for predicting the formation (stability) of five-coordinate sixteen-
electron manganese(l)-carbonyl complexes.

Under similar reaction condition, pentacoordinate 16-electron
[MN(CO)y(—ECsH4-0-E'—)]" E=E =S (14;E=S,E =
O (15; E = E = O (16)) was obtained from reaction of
complex1 and 1,2-benzenedithiol (hydroxythiophenol or cat-
echol respectively) in THF at room temperature (Scheme
4a—c) although anyr-donor containing the amido group is a
more effective than any otherdonor lacking an amido group.
Obviously, the preferred (stable) intermediate, notsthgonat-
ing ability of bidentate ligands, is responsible for the final
protonation/oxidation product. The coordinatively and electroni- Table 4. Selected Bond Distances (A) and Angles (deg) for
cally unsaturated complexds, 16 were unstable with respect ~ Complexesll and17

Figure 3. ORTEP drawing and labeling scheme of the neutral
dimetallic [(Mn(CO})(u-SCsH4-0-S—S—CgH4-0-u-S—)] with thermal
ellipsoids drawn at the 30% probability.

to CO loss and decomposed when the solution was allowed to Complex11

stir at ambient temperature. Attempts to isolate compléXes Mn(1)—S(2) 2.363(2) Mn(2-S(1) 2.364(2)
16 have thus far been unsuccessful. No reaction was observed Mn(1)—N(2) 2.094(5) Mn(2)-N(1) 2.094(4)
when complexd was treated with HO-Et and [NH-CgHz-0- Mn(1)-S(1) 2.435(2) Mn(2yS(2) 2.450(2)
NH;] respectively. The known bond energy of the-B bond C(1)-Mn(1)-N(2)  91.8(3) N(2)-Mn(1)—-S(2) 83.93(14)
(87 kcal/mol in phenol) vs the NH bond (88 kcal/mol in C(3)-Mn(1)-S(2)  93.3(2) N(2rMn(1)—-S(1) 92.08(13)
aniline) may explain this observatidf. C(2-Mn(1)-S(2)  174.3(2)  N(IyMn(2)-S(2) 92.05(12)

The neutral dinuclear Mn(l)-bismercaptophenyl disulfide ﬁg;:m::((g:gg)) Sg;?gz()lz) iﬁgmgg:ggg Sg;?%
compound [(Mn(COY)2(u-SCH4-0-S—S—CeH4-0-u-S—)] (17)
containing an internal disulfide linkage was prepared in a one-

step synthesis by treating compl&4 with HBF, (or [Cp.Fe]- Mn(1)-S(4) 2.379%f)mpIEXl|Z/|n(2}s(1) 2.380(1)
[BF4]) in THF under N atmosphere at room temperature Mn(1)-S(3) 2.315(1) Mn(2)S(2) 2.314(1)
(Scheme 4d). Complex7 was isolated as an air-stable brown Mn(1)—S(1) 2.423(1) Mn(2)S(4) 2.421(1)
solid. The formation of comple47 is presumed to occur via S(2)-S(3) 2.222(1)

protonation of thiolate, subsequent elimination of(tdentified C3-Mn(1)=S(3) 173.31(10) S(BMn(1)—S(4 82.99(2
by GC), and concomitant formation of& bond (Scheme 4d). ngg—Mnglg—s% 94_18((8) ) S((33;Mnglg—sglg 95_41E23
Formation of complexl7 can be interpreted as coordinative  C(1)-Mn(1)—S(4) 171.69(9) S(2YMn(2)—S(1) 83.12(2)
association of two thiolate-based oxidation fragments [Mng€O) C(2)-Mn(1)-S(1) 175.68(9) Mn(2}S(1}-Mn(1) 91.85(2)
(‘SGsH4-0-S—)].517 Complex14 was reobtained upon chemical g((i-;:l'\\/l/lg((%))_g((%)) gg-ggg; ggg‘)}gg)):gﬂ&(f) 18%-%((%
reduction of complext7 with [PPN][BH4] in THF at room : B '
temperature. Apparently, the anionic pentacoordinate complex S@SErMn) - 102.74(3) - S(EMn(2)-S(4) 82.83(2)
14 and the neutral dinuclear complek7 are chemically Mn'—S bond length of 2.398(1) A (average)dis-[Mn(CO)s-
interconvertible at room temperature (Scheme 3d,d (SPh)]~.18 The constraints of the bismercaptopheny! disul-
Figure 3 displays an ORTEP plot of the neutral dinuclear fide ligand generates (ca. 82.992%(3)-Mn(1)-S(4) and
complex17. The selected bond distances and angles are listedg3.12(2) S(2)-Mn(2)-S(1) angles) a severe distortion from
in Table 4. Two six-coordinate Mn(l) atoms are connected via octahedron at the hexacoordinate manganese(l) sites.
chelating “thiolate,disulfide-bridging” ligand (indicated below).

Further appropriate description of the bridging-bonding is that
Mn! atoms were coordinated by a bridging bismercaptophenyl S
disulfide ligand [SGsH4-0-S—S—CgHy-0-S—]%~ with S—S :\s

bond length of 2.222(1) A, and facial carbonyl groups. The
Mn(1)—S(3) and Mn(1}-S(4) bond lengths of 2.315(1) and S‘_'_ N
2.379(1) A, respectively, are considerably shorter than the ~  TTTmees Mn
Mn(1)—S(1) bond distance of 2.423(1) A in compl&X These ) ]
differences probably originate from the additiomationating !N contrast, protonation of complet0 by 1 equiv of HBR
interactions of the S(3) and S(4) with Mn(1) metal center, since in THF under N at room temperature yielded neutral dinuclear
the Mn(1)-S(3) and Mn(1)-S(4) distances (2.315(1) and 2.379- hexacoordinate Mn(tythiolate carbonyl complex [(C@n-
(1) A, respectively) in comples7 are shorter than the terminal ~ (#-SCsHa-0-NH>—)] (11) with two bridging [SGH4-0-NH,|
ligands bound to the Mn(l) ion in a bidentate manner (S,N-
(16) McMillen, D. F.; Golden, D. MAnnu. Re. Phys. Chem1982 33, bonded) individually (Scheme 3d). Obviously, the protonation
493.
(17) (a) Stiefel, E. IJ. Chem. Soc., Dalton Tran997, 3915. (b) Sellmann, (18) Liaw, W.-F.; Ching, C.-Y.; Lee, C.-K.; Lee, G.-H.; Peng, S.-0/.
D.; Geck, M.; Moll, M. J. Am. Chem. Sod 991, 113 52509. Chin. Chem. Soc. (Taipe)996 43, 427.
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Figure 4. ORTEP drawing and labeling scheme of the neutral dinuclear 8 - *
[(CO)MN(u-SCsH4-0-NH2—)]2 with thermal ellipsoids drawn at the Oc, | . Te -| o -
50% probability. U 4 o Q _l
o N oNH, @+ Oc | NE
of complex10 occurred at the more electron-rich amide site HE / —\, ch \E,)
leading to the formation of charge-controlled, collision complex Ha0 + (Te-CeH NHy);
11. Formation of compled1 may be attributed to the avoidance © D)

of electron deficiency at the Mn(l) centers as well as to the o-4-S—))/[(CO)sMn(u-SCsH4-0-NH,—)]2 proved to be success-
ava”ablhty of the nonbonding electron pairs of the sulfur atoms ful approaches_ The IRco data of the COOfdinative]y and
in intermediate [Mn(CQY—SGH4-0-NH>—] obtained from  electronically unsaturated [M(CO)(—ECsHs-0-E'—)]~ (E =
prOtonation of Comple){LO. In a similar fashion, the anionic Te, Se, S, O; E=NH, S, O) Comp|exes show that the relative
pentacoordinate compleb0 was reobtained upon addition of 2 order of z-donating ability of the series of bidentate ligands
equiv of [MeN][BH 4] to complex11in THF at room temper- being [TeGHs-0-NH]2~ > [SeGH4-0-NH]2~ > [SCsH4-0-
ature. Apparently, the deprotonation of the acidic amine proton NH]2~ > [SCgH4-0-SP~ > [SCsH4-0-O]2~ > [OCgH4-0-0]2~ 313
of complex11 results in the formation of the pentacoordinate Pproton NMR spectra of the [Mn(C@()-ECsHs-0-NH—)]~ (E
16-electron complex0 (Scheme 3¢. = Te, Se, S) derivatives show the low-field shift of the amide
The X-ray crystal structure of complekl consists of two proton ¢H NMR (C4DgO): 6 9.66 (br) ppm (E= Te), 9.32
crystallographyically independent molecules. As can be seen(pr) ppm (E = Se), 8.98 (br) ppm (E=S)). The neutral
from Figure 4, both the 2-aminophenyl thiolate chelating ligands phimetallic manganese(bismercaptopheny! disulfide complex
are on one side of the M&, plane. Each manganese atom is 17 with internal S-S bond length of 2.222(1) A and the five-
surrounded pseudooctahedrally by two bridging thiolates, one coordinate sixteen-electron compléx4 are chemically inter-
teminal amine, and facial carbonyl groups, with the bite angle convertible. Similarly, treatment of complek0 with HBF;
of the chelating 2-aminopheny! thiolate being 83.83t14he yielded neutral dinuclear completl and the reaction is
nearly identical Mn(1)-S(2) and Mn(2)-S(1) bond lengths of  reversible?’ The investigation ofr-donating ligand metathesis
2.363(2) and 2.364(2) A, respectively, are considerably shorter reaction of complex revealed that the stable intermediate, not
than the Mn(1)-S(1) and Mn(2)-S(2) bond distances of 2.435-  the z-donating ability of bidentate ligands, is responsible for
(2) and 2.450(2) A in complexl (Table 4). The terminal  the final protonation/oxidation product. This argument is il-
Mn'—NH, bond length of 2.094(5) A (average) in complek lustrated in Scheme 5.
is significantly longer than the MaNH bond length of The ability of a proton donor to precoordinate to the amide
1.904(3) A in complexl. The observed carbonyl stretching  sjte must play a role in these-donating ligand metathesis
bands in the IR Spectrum are in agreement with the Observedreactions_ This is particu|ar|y apparent when Comparing
structure of complex1in which both chelates are on one side  EtO—H/[NH,—CgH,-0-NH;] to the [SH-CgH.-0-SH] reagents.
of the Mn:S; plane™® The protonation of complex with monodentate alkylthiol
(H—SR) proceeded readily to six-coordiante compkexin
which the 2-aminophenyl tellurolate ligand is bound in a
The preparation of the varieties of five-coordinate sixteen- bidentate mode (Scheme 5a). Complaxundergoes facile
electron manganese(l) complexes [Mn(@@ECsH4-0-E' )]~ conversion to the unsaturated complexnder Q (Scheme 5
(E=Te, Se, S, O; E= NH, S, O) by (a) oxidative addition of ~ The results are consistent with oxidation of the monodentate
2-aminophenyl dichalcogenides to anionic manganese(0)-car-thiolate ligand and concomitant deprotonation of the amine
bonyl, (b) #-donating ligand metathesis reaction of complex proton of bidentate [TegH,-0-NH,]~ ligand (Scheme 5d)a
[Mn(CO)3(—TeGH4-0-NH—)]~, and (c) reduction/deprotonation Attack of complexl by “unfavorable bidentate ligands”

Conclusion and Comments

of the neutral dimetallic [[Mn(CQ)2(u-SCsH4-0-S—S—CgHs- HS---E'H (e.g. HS-(CH)3—SH, HS-(CH,),—S—(CHy),—SH,
(19) (a) Abel, E. W.; Dunster, M. Ql. Chem. Soc., Dalton Tran%973 (20) (a) Sellmann, D.; Utz, J.; Heinemann, F. WWorg. Chem 1999 38,
98. (b) Jeannin, S.; Jeannin, Y.; Lavigne, A.GCryst. Mol. Struct. 459. (b) Sellmann, D.; Utz, J.; Heinemann, F. Mbrg. Chem 1999

1977, 7, 241. 38, 5314.
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HO—(CH),—SH) generate8 (Scheme 5b). Conversion of (t), 6.94 (d) ppm (Te-CsHa). Absorption spectrum (THFMfax nm
intermediateB to C was not observed, presumably due to the (e, M cm™)]: 409(3536), 514(2329). Anal. Calcd forglssOsN-
better chelating ability of [TegHs-0-NH,]~ than that of TeRMn: C, 60.31; H, 3.94; N, 3.13. Found: C, 59.89; H, 3.93; N,
[S++E'H]~ (Scheme 5¢). As expected, a similar oxidation/ 3:26- C‘_’m|exz' IR »(CO): 1971 s, 1869 s cm (THF). *H NMR
deprotonation of thiolate/amine was observed when the complex (S:Ps9): 0 9532 (br) (N-H), 7.69 (d), 7.05 (d), 6.81 (1), 6.55 (1) ppm
B was treated with dry @resulting in regeneration of complex (Se-GefHa). Absorption spectrum (THFJw, nm (&, M= e J]: 400-

- . 2794), 505(1182). Anal. Calcd forsg3s03N.SeBMn: C, 63.76; H,
1 (Scheme 5td). ComplexD is formed on reacting complek 2.16. ?\1 3_3(1_ Fm)md: C 6367 H@_E_Q? N 3%0.

with the “favorable bidentate ligands” HEE'H (e.g., [HSGH4- Reaction of [PPN][Mn(CO)s] and 2,3-Quinoxalinedithiol. [PPN]-
0-SH], [HSGH4-0-NHy], [HSCsH4-0-OH], [HOCgH4-0-OH]) [Mn(CO)s] (0.2 mmol, 0.147 g) and 2,3-quinoxalinedithiol (0.2 mmol,
(Scheme 5eg). Specifically, the more stable intermediate 0.039 g) were dissolved in 3 mL of THF and stirred under nitrogen for
(intermediate C) formation, not the-donating ability of 2 days at ambient temperature. Hexane was then added slowly to
bidentate ligands [Eg[;—|4_o_E']2* (E=Te, Se, S, O; E= NH, precipitate a dark green semisolid [PPN][Mn(GE)SCsN2H4-0-S—

S, 0), is the major factor governing the reaction product ) (5. IR ¥»(CO) (THF): 2065 w, 1990 s, 1964 m, 1921 m tmThe

(reaction route) in ther-donating ligand metathesis reaction OMplex5 solution was purged with N30 min) and monitored with
(Scheme 5) FTIR. IR spectrumy(CO) (THF) 1997 s, 1902 s,br cry having the

. . . . same pattern as, but differing slightly in position from, that of [Mn-
Also, the reactions of complekwith electrophiles occurring (COR(—SC:Hs-0-5-)]~ (IR »(CO) (THF): 1986 s, 1887 br cn),’

at the more electron-rich amide site support that the more jngicated the formation of [PPN][Mn(C@)-SGNzHs-0-S—)] (6).
electron-rich amide donor of the chelating 2-tellurolatophenyl- Complex6 was converted completely to compl&xon stirring under
amido occupies an equatorial site as indicated by a shorterCO atmosphere for 10 min at room temperature. Attempts to isolate

Mn'—N bond length of the trigonal bipyramidal compl&x.6.7 pure complexs led to isolation of the mixture of complexé&sand6.
After stirring a THF solution of comple® for 3 h at 25°C, hexane
Experimental Section was then added to precipitate the dark brown solid [BRED)sMn-

(u-SGN2H4-0-S)], (7). Solvent was removed and dried under vacuum.
Manipulations, reactions, and transfers of samples were conductedThen the dark brown complékwas recrystallized with CKCl,—diethyl
under nitrogen according to standard Schlenk techniques or in aether (0.086 g, 48%). Diffusion of diethyl ether into @, solution
glovebox (argon gas). Solvents were distilled under nitrogen from of complex7 at—15°C for 2 weeks led to dark brown crystals suitable
appropriate drying agents (diethyl ether from Gaétetonitrile from for X-ray crystallography. IR/(CO): 2005 s, 1914 br cm (CH.CL,).
CaH—P,0s; methylene chloride froms; hexane and tetrahydrofuran ~ *H NMR (CD,Cly): ¢ 7.63 (d) (SGNzH4-0-S), 7.49-7.45 (m) ppm
(THF) from sodium-benzophenone) and stored in driefjlieéd flasks (Ph). Absorption spectrum (GBI,) [Amax NM (e, Mt cm™)]: 404-
over 4 A molecular sieves. Nitrogen was purged through these solvents(36456), 521(6892), 577(4608). Anal. Calcd fagdssOsNsSsPsMn2:
before use. Solvent was transferred to reaction vessels via stainlessC, 64.90; H, 3.94; N, 4.83. Found: C, 64.80; H, 4.23; N, 4.76.
steel cannula under positive pressure ef The reagents dimanganese Reaction of Complex 1 with 1,2-Benzenedithiol (hydroxythiophe-
decacarbonyl, 2-aminophenyl disulfide, 2-aminophenyl diselenide, 1,2- nol and catechol, respectively)To a stirred solution of compount
benzenedithiol, 2-aminophenylthiol, hydroxythiophenol, catechol, 1,3- (0.090 g, 0.1 mmol) in THF (3 mL) 1,2-benzenedithiol (4B, 0.1
propanedithiol, ferrocenium hexafluorophosphate, bis(triphenylphos- mmol) [hydroxythiophenol (10.&L, 0.1 mmol) and catechol (0.011
phoranylidene)ammonium chloride, fluoroboric acid, and 2,3-qui- g, 0.1 mmol), respectively] were added underatiroom temperature.
noxalinedithiol (Lancaster/Aldrich) were used as received. Compound The reaction solution was stirred for 5 min and monitored by IR. The
2-aminophenyl ditelluride was synthesized by published procedures. IR spectrumy(CO) 1986 s, 1887 br cmt (THF), was assigned to the
Infrared spectra of the carbory(CO) frequency were recorded on a  formation of the known [Mn(CQ{—SGsHs-0-S—)]~ (14) (IR »(CO)
Bio-Rad Model FTS-185 spectrophotometer with sealed solution cells spectrum 1990 s, 1890 s, 1881 s ¢niTHF) assigned to [Mn(CQ)
(0.1 mm) and KBr windows*H and*3C NMR spectra were obtained  (—SGH4-0-O—)]~ (15); IR »(CO) spectrum 1996 s, 1887 br cin
on a Bruker Model AC 200 spectrometer. BVis spectra were (THF) assigned to [Mn(CQ}—OCsH4-0-O—)]~ (16)).2” Complexesl5
recorded on a GBC 918 spectrophotometer. Analyses of carbon, and16 are extremely unstable. Stirring of the THF solution of complex
hydrogen, and nitrogen were obtained with a CHN analyzer (Heraeus). 15 (16) overnight at room temperature led to insoluble decomposition
Preparation of [PPN][Mn(CO) 3(—EC¢Hs-0-NH—-)] (E = Te (1), solid. Attempts to isolate complexd$ and 16 were unsuccessful.
Se (2)).The compounds [PPN][Mn(C@})(0.5 mmol, 0.367 ¢} and Preparation of [(Mn(CO) 3)o(u-SCsH4-0-S—S—CeH4-0-u-S—)] (17).
2-aminophenyl ditelluride (0.5 mmol, 0.220 g) (or 2-aminophenyl A portion (35uL, 0.2 mmol) of HBR (or [Cp.Fe][PF], 0.066 g, 0.2
diselenide) were dissolved in 4 mL of THF and stirred at ambient mmol) was added dropwise by syringe into a£CH (3 mL) solution
temperature. A vigorous reaction occurred with evolution of CO gas. of [PPN][Mn(CO)(—SGHs-0-S—)] (0.163 g, 0.2 mmol) under Nat
The reaction was monitored with FTIR. IR spectra, 2027 m, 1956 vs, ambient temperature. A vigorous reaction occurred immediately. The
1946 sh, 1911 m cr (v co) (THF) were assigned to the formation of  color of the reaction mixture turned from dark red purple to red brown.
Cis[PPN][Mn(CO}(—TeGH4-0-NHy)7] (3). A gentle stream of dry © The reaction was monitored with FTIR (the evolution of ¢&s was
(about 7 mL) was bubbled through the brown solution. The brown identified by GC). Hexane (10 mL) was added to precipitate the
solution completely converted into a dark brown solution accompanied insoluble solid [PPN][BE]. The resulting mixture was filtered to remove
by formation of byproducts, 2-aminophenyl ditelluride andCOH [PPN][BF,] and solvent was removed from the filtrate under vacuum.
(identified by*H NMR in the separate NMR experiment). The solution Five milliliters of hexane was added to redissolve the product.
was then filtered through Celite, and hexane (10 mL) was added to Recrystallization from slow evaporation from the concentrated hexane
precipitate the dark brown solid [PPN][Mn(C§) TeCGHs-0-NH—)] solution (2 mL) gave brown crystals (0.038 g, 68%)-t5 °C, and
(1) (dark brown semisolid [PPN][Mn(CQ)—SeGH4-0-NH-)] (2)). the crystals were used in the X-ray diffraction study. AR O): 2041
The solid was washed with hexane (5 mL) and recrystallized from w, 2022 vs, 1966 m, 1944 m crh(CH.Cl,); 2043 w, 2025 vs, 1974
THF—hexane (1:5 ratio). The yield of dark brown proddaetas 0.388 m, 1960 sh, 1952 s cm (hexane).!H NMR (C;DgO): o 7.46 (m),
g (86%) (72% for complex). Diffusion of hexane into a solution of 7.70 (d), 8.20 (d) ppm (§Ha). 3C NMR (CsDgO): o6 128.3, 132.8,
complexl in THF at— 15 °C for 4 weeks led to dark brown crystals  133.4 ppm (GH.). Absorption spectrum (THF)Afax NmM (e, M
suitable for X-ray crystallogaphy. CompléxIR »(CO): 1966 s, 1867 cm1)]: 390(3325), 485(1989). Anal. Calcd fori4150sS,Mny: C,
s cn! (THF). 'H NMR (C:DgO): 6 9.66 (br) (N-H), 6.40 (t), 6.77 38.69; H, 1.43. Found: C, 38.40; H, 1.53.
Reaction of Complex 17 with [PPN][BH,]. A solution containing
(21) (a) Inkrott, K.; Goetze, G.; Shore, S. &.Organomet. Cheni978 0.056 g (0.1 mmol) of complex7 and 0.112 g (0.2 mmol) of [PPN]-

154, 337. (b) Faltynek, R. A.; Wrighton M. SI. Am. Chem. Soc [BH4] in THF (3 mL) was stirred at ambient temperature foh and
1978 100, 2701. monitored by FTIR. The IR spectrum(CO): 1986 s, 1887 br cm)
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was assigned to the formation of complex [PPN][Mn(€g©5GH.-
0-S—)].” The dark purple red product [PPN][Mn(C£0)- SCsHs-0-S—

)] was precipitated by addition of diethyl ether and isolated by removing
the solvent.

Preparation of [(CO)sMn(u-SC¢H4-0-NH2—)]2 (11). Compound
[PPN][Mn(CO)(—SGCH4-0-NH-)] (0.160 g, 0.2 mmol) was loaded
into a 25 mL Schlenk tube, and 3 mL of dry THF was added by cannula
under a positive pressure of,NFluoroboric acid (35:L, 0.2 mmol)
was added dropwise by syringe to the dark red solution. After being
stirred at ambient temperature for 15 min, diethyl ether (15 mL) was
added to completely precipitate [PPN][BFThe resulting mixture was
filtered to remove [PPN][BH and solvent was removed from the filtrate
under vacuum. The yield of compleX was 0.045 g (85%). Recrys-
tallization from saturated diethyl ether solution of complekwith
hexane diffusion at-15 °C gave brown red crystals (65%). IRCO):
2028 sh, 2005 s, 1933 sh, 1915 vsEer{iTHF); 2022 s, 2013 vs, 1937
sh, 1920 s cm! (CH,Cly); 2031 m, 2012 s, 1941 w, 1920 vs cin
(diethyl ether)H NMR (C4DgO): 6 4.18 (br), 4.21 (br) (NH), 7.08,
7.52,7.38 ppm (€H4). °C NMR (C4DgO): 6 126.0, 131.0, 136.0 ppm
(CeHg). Absorption spectrum (THFMfax nm (e, Mt cm™1)]: 324-
(7115), 345(4655). Anal. Calcd fori@H1,N,0sS;Mn,: C, 41.08; H,
2.30; N, 5.32. Found: C, 41.26; H, 2.21; N, 5.44.

Reaction of Complex 11 with [MeN][BH 4]. A solution containing
0.053 g (0.1 mmol) of complex1 and 0.028 g (0.2 mmol) of [M&l]-
[BH4] in THF (3 mL) was stirred under Nor 72 h at room temperature.
The IR spectrumy(CO): 1973 vs, 1870 s cm (THF)) was identical
to that of [MgN][Mn(CO)3(—SGHs-0-NH-)]. The product [MeN]-
[Mn(CO)s(—SCsH4-0-NH—)] was precipitated by adding hexane and
isolated by removing the solvent.

Crystallography. Crystallographic data of complexés7, 11, and
17 are summarized in Tables 1 and 2 and in the Supporting Information.
The crystals ofl, 7, 11, and17 are chunky. The crystals df, 7, 11,
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and 17 chosen for X-ray diffraction studies measured 0x¥®.70 x

0.60 mm, 0.23x 0.16 x 0.09 mm, 0.30x 0.25x 0.20 mm, and 0.50

x 0.30x 0.28 mm, respectively. Each crystal was mounted on a glass
fiber. Diffraction measurement for compléxvas carried out on Nonius
CAD 4 diffractometer and empirical absorption correction from psi
scan was mad®.Diffraction measurements for complexé$ and 17
were carried out at 295(2) K (150(1) K for compl@xon a Siemens
SMART CCD diffractometer with graphite-monochromated Ma K
radiation (10.7107 A) and between 1.41 and 25.0@or complex1,
between 1.58 and 26.37or complex7, between 1.32 and 25.06or
complex11, and between 2.05 and 27°48r complex17. Least-squares
refinement of the positional and anisotropic thermal parameters for all
non-hydrogen atoms and fixed hydrogen atoms contribution was based
onF2. A SADABS? absorption correction was made. The SHELXTL
structure refinement program was employed.
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