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The one-dimensional copper(l) coordination polymerg{®leSi(CH,SMe)} 2X3 (X = ClI, Br) and [ MeSi(CH,-

SMe)} Cu(NCMe)]Y (Y = OSOCFs, BF,4, PFs) were readily obtained in very good to excellent yields<{80

95%) by reacting CuX or [Cu(NCMg)Y, respectively, with the tridentate thioether ligand MeSi¢SMe); in
acetonitrile. The new complexes were characterized by a combination of analytical and spectroscopic techniques,
including electrospray ionization mass spectrometry and, for the bromo and hexafluorophosphate derivatives,
single-crystal X-ray diffraction. Both complexes exhibit one-dimensional chain structures with approximately
tetrahedral copper centers and bridging unidentate/bidentate thioether ligands.

Although polymeric compounds built upon Cu(l) centers and SMe

simple dialkyl thioethers (F8) are relatively rar&;” a number A

of species exhibiting extended solid-state structures have been

reported for derivatives of polydentate or macrocyclic thio- tridentate thioether MeSi(GiSMe) (Chart 1A) and structurally

ether$$-24 With the aim of exploring the chemistry of new characterized its octahedral group 6 metal carbonyl derivatives

acyclic polythioether ligands, we recently prepared the new {7*-MeSi(CH:SMe)}M(CO)s (M = Cr, Mo, W) 25 It occurred

to us that the enhanced structural flexibility of MeSi(gESVe)

(1) Blake, A. J.; Champness, N. R.; Hubberstey, P.; Li, W.-S.; Withersby, compared to that of related “crown” thioethers such as 1,4,7-
M. A Schrader, M. Coord Chem Rev. 1999 183 117138, trithiacyclononane (commonly abbreviated ttcn or 9S3, Chart

(2) Transition Metals in Supramolecular ChemistRabbrizzi, L., Poggi, . . ) >
A., Eds.; Kluwer Academic Publishers: Dordrecht, The Netherlands, 1B) may facilitate the preparation of complexes with different

Introduction Chart 1. MeSi(CH;SMe); and ttcn (9S3) Ligands
Molecular architecture and self-assembly of complex struc- Me
tures are two of the most fascinating themes in modern inorganic 1_ / \
chemistry:~3 Among the transition metals, copper(l) has played S‘\‘ S S
a central role in the construction of supramolecular arrays M ‘s ( M g/ \)
supported by a variety of nitrogen and sulfur donor ligahds. € SMe S
B

@ 25394- b3 Olenvuk. Bee Chem Res 1997 30, 502518 coordination geometries and novel structures. Our assumption
ang, P. J.; Olenyuk, BAcc Chem Res 30, . : :
(4) Munakata, M. Wu, L. P. Kuroda-Sowa, Ady. Inorg, Chem 1999 turned out to be correct, and we describe hert_aln Fhe syntheses
46, 173-303. and characterization of several copper(l) coordination polymers
(5) San Filippo, J., Jr.; Zyontz, L. E.; Potenzalnbrg. Chem 1975 14, supported by MeSi(C[_ySMe);_
1667-1671.
(6) Maelger, H.; Olbrich, F.; Kopf, J.; Abeln, D.; Weiss, Z.Naturforsch
1992 47B, 1276-1280. (16) Barnes, J. C.; Paton, J. Bcta Crystallogr 1982 B38 3091-3093.
(7) Lenders, B.; Grove, D. M.; Smeets, W. J. J.; van der Sluis, P.; Spek, (17) Dockal, E. R.; Diaddario, L. L.; Glick, M. D.; Rorabacher, D. B.
A. L.; van Koten, G.Organometallics199], 10, 786-791. Am Chem Soc 1977, 99, 4530-4532.
(8) Baker, E. N.; Garrick, P. Ml. Chem Soc, Dalton Trans 1978 416— (18) Diaddario, L. L., Jr.; Dockal, E. R.; Glick, M. D.; Ochrymowycz, L.
418. A.; Rorabacher, D. Blnorg. Chem 1985 24, 356-363.
(9) Black, J. R.; Champness, N. R.; Levason, W.; Reidln@rg. Chem (19) Munakata, M.; Wu, L. P.; Kuroda-Sowa, T.; Maekawa, M.; Suenaga,
1996 35, 4432-4438. Y.; Nakagawa, SJ. Chem Soc, Dalton Trans 1996 1525-1530.
(10) Ohrenberg, C.; Riordan, C. G.; Liable-Sands, L.; Rheingold, A. L. (20) Chen, L.; Thompson, L. K.; Tandon, S. S.; Bridson, Jngrg. Chem
Coord Chem Rev. 1998 174 301-311. 1993 32, 4063-4068.
(11) Dai, J.; Munakata, M.; Wu, L.-P.; Kuroda-Sowa, T.; Suenag#ofg. (21) Rogers, R. D.; Nunez, 1. Coord Chem 199Q 21, 111-118.
Chim Acta 1997 258 65—69. (22) Domenicano, A.; Spagna, R.; Vaciago, Bhem Commun 1968
(12) Van der Meer, HJ. Chem Soc, Dalton Trans 1973 1-2. 1291-1293.
(13) Yamamoto, M.; Gan, X.; Kuroda-Sowa, T.; Maekawa, M.; Suenaga, (23) Domenicano, A.; Spagna, R.; Vaciago, 8hem Commun 197Q
Y.; Munakata, M.Inorg. Chim Acta 1997, 261, 169-174. 1146-1147.
(14) Suenaga, Y.; Kuroda-Sowa, T.; Munakata, M.; Maekawa, M.; (24) Lucas, C. R.; Liu, SCan J. Chem 1996 74, 2340-2348.
Morimoto, H. Polyhedron1998 18, 429-436. (25) Yim, H. W.; Tran, L. M.; Dobbin, E. D.; Rabinovich, D.; Liable-
(15) Toyota, S.; Matsuda, Y.; Nagaoka, S.; Oki, M.; AkashiBill. Chem Sands, L. M.; Incarvito, C. D.; Lam, K.-C.; Rheingold, A. Inorg.
Soc Jpn 1996 69, 3115-3121. Chem 1999 38, 2211-2215.
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Figure 1. Positive ion ESI mass spectrum of £MeSi(CH:SMe)}.Cls in acetonitrile solution (cone voltage 140 V).

Chart 2. Two Possible Mono(thioether) Cu(l) Complexes
in Acetonitrile Solution (X= ClI, Br)

S /Me + /Me
F S
MeST, "49Cu—NCMe X" MeSIF 'g>0u X
\\s S
“Me “Me

Results and Discussion

Cuz{MeSi(CH,SMe)s} .X3 Complexes.An acetonitrile solu-
tion of copper(l) chloride reacted with MeSi(GEMe); in the

ratio 3:2 to give, within seconds and in excellent yield, an off-

white precipitate of composition GiMeSi(CH,SMe)},Cls, as

determined by elemental analysis (eq 1). The use of an exces

MeCN
3CuCl + 2MeSi(CH,SMe),

Cuy{MeSi(CH,SMe),),Cly (1)

of the thioether ligand X1 equiv) or a higher reaction

Scheme 1. Potential Routes to the Bis(thioether) Complex
[L2Cul" in Acetonitrile Solution [L= MeSi(CHSMe)]

//—:> 2 [LCu(NCMe)]X + [Cu(NCMe) X

CusloXg - [Cu(NCMe) X || + [Cu(NCMe) X

\\:> [LLCUX + 2[Cu(NCMe) X

to study the Cgl X3 complexes. The mass spectra of dilute

acetonitrile solutions of both complexes are virtually identical,

with that of the chloro derivative shown in Figure 1. The two
gnain peaks correspond to the molecular ion [LCu(NCMe)]

(m/z = 330) and the desolvated species [LCiivz = 289),

the latter presumably generated in the gas phase during the

ionization process. Surprisingly, a peak corresponding to the
bis(thioether) complex [fCu]" was also present at/z= 515.

While we are uncertain whether JCu]™ forms directly from

CuwslL X3 or from the comproportionation of two [LCu(NCMe)]

temperature (i.e., reflux) invariably led to the same product. fragments (Scheme 1), and we have not been able to indepen-

Similarly, the bromo analogue GiMeSi(CH:SMe)} ,Br; was

dently synthesize such complex yet, it is worth noting that the

isolated (ca. 90% yield) from the corresponding reaction of relgted biS(C“an thioethsczr) comp!exeﬁ@SS)lCu](BF4)2,30v31
CuBr. Both compounds are diamagnetic, fairly air-stable solids, [(7°-9S3)Cug’-9S3)]PF;,** and [(;°-12S3)Cuf’-12S3)b[Rus-

only slightly soluble in polar coordinating solvents such as

(CO)e(ue-C)]%® have been isolated and structurally character-

acetonitrile. Dissolution of the complexes in this solvent and z€d. Although no direct evidence has been found so far for the

precipitation of the solid, base-free complexes is reversible, and presence+of the homoleptic tetrakis(acetonitrile) complex [Cu-
no signs of decomposition were observed after several cycles.(NCMe)]™ upon dissolving the GilioX3 complexes in aceto-

The nature of the GfiMeSi(CH:SMe)} X3 (X = Cl, Br)
complexes in solution was initially investigated By NMR
spectroscopy. The spectra of both compounds igGMNDshowed

nitrile, more detailed studies of these compounds are currently
in progress.
Structure of Cus{MeSi(CH,SMe)},Brs. Single crystals of

only three resonances in the ratio 3:2:1, adscribed respectivelyCust MeSi(CH:SMe)} -Brs suitable for an X-ray diffraction

to the methylthio, methylene, and methylsilyl protons of one Study were obtained by slow evaporation at room temperature
or more (if equilibrated on the NMR time scale) complexes Of & concentrated acetonitrile solutighThe complex displays
bearing facially coordinated tridentate thioether ligands. We tend in the solid state a one-dimensional chain structure with each
to favor the presence in solution of the cationic acetonitrile Symmetric unit consisting of three CuBr units and two bridging

adduct [LCu(NCMe)T, rather than a neutral complex LCuX
[L = MeSi(CH:SMe);, Chart 2], on the basis of the solubility

and virtually identical spectroscopic data observed for both

(28) Hop, C. E. C. A.; Bakhtiar, Rl. Chem Educ 1996 73, A162—A169.
(29) Colton, R.; D'Agostino, A.; Traeger, J. ®lass SpectronRev. 1995
14, 79-106.

derivatives and the independent preparation and isolation of (30) Setzer, W. N.; Ogle, C. A.; Wilson, G. S.; Glass, Rirfarg. Chem

analogous complexes [LCu(NCMe)]X with noncoordinating

anions (X = OSQCF;, BF4 PFK), as described below. In

addition, electrospray ionization mass spectrometry (ESI-MS),

1983 22, 266-271.

(31) Glass, R. S.; Steffen, L. K.; Swanson, D. D.; Wilson, G. S.; de Gelder,
R.; de Graaff, R. A. G.; Reedijk, dJnorg. Chim Acta 1993 207,
241-252.

an analytical technique that is increasingly being applied to (32) Sanaullah; Kano, K.; Glass, R. S.; Wilson, G.JSAm Chem Soc

investigate inorganic and organometallic systéfn&’ was used

(26) Henderson, W.; Nicholson, B. K.; McCaffrey, L.Rolyhedron1998
17, 4291-4313.

(27) Gatlin, C. L.; Turecek, F. IElectrospray lonization Mass Spectrom-
etry; Cole, R. B., Ed.; John Wiley & Sons: New York, 1997; Chapter
15, pp 527570.

1993 115 592-600.

(33) Adams, R. D.; Layland, R.; McBride, KOrganometallics1996 15,
5425-5427.

(34) The chloro complex was determined to be isomorphous to the bromo
derivative on the basis of the following observed unit cell param-
eters: a = 16.0992(1) Ab = 7.985(3) A,c = 23.3462(10) Ap =
103.394(10), V = 2919.8(17) A. Liable-Sands, L. M.; Rheingold,

A. L. Unpublished results.
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between 2.419(1) and 2.563(1) A, appear to be noPffalas
are the SC and S+C bond lengths (ca. 1.81 and 1.88 A,
respectivelyps

[{MeSi(CH2SMe)s;} Cu(NCMe)]X Complexes.To access the
putative mononuclear complexes [LCu(NCMe)opper(l) salts
of less-coordinating anions were reacted with the thioether
ligand. For example, white complexes of composition [LCu-
(NCMe)IX (X = OSOCFs, BF4, PRs) were prepared (8690%
yield) by reacting MeSi(CkB5Me); with acetonitrile solutions
of CuOSQCF; (generated in situ from CuCl or Cul and
Figure 2. Two asymmetric units of the infinite chain structure of AgOSQ,CFs) or [CU(NCMeX]X (X = BFs4, PF), respectively
Cus{ MeSi(CH:SMe}2Brs with hydrogen atoms omitted for clarity.  (aq 2). The diamagnetic, slightly air-sensitive products were

Table 1. Selected Bond Lengths (A) and Angles (deg) for

Ce{ MeSi(CH:SMe)} »Br3 [Cu(NCMe),IX + L MeFZN
Cu(1)-S(1) 2.301(1) Cu(®s(2) 2.429(1) L = MeSi(CH;SMe)y
Cu(1)-S(3) 2.339(1) Cu(HBr(1) 2.419(1)
Cu(2)-S(4) 2314(1)  Cu(2)S(5) 2.297(1) [LCuNCMe)IX @
Cu(2)-Br(2) 2.563(1) Cu(2)Br(2) 2.425(1) ) o _ _
Cu(3)-S(2) 2.293(1) Cu(3)S(6) 2.299(1) characterized by a combination of analytical and spectroscopic
Cu(3)-Br(3) 2.503(1) Cu(3¥Br(3) 2.460(1) techniques. Significantly, acetonitrile solutions of all three [LCu-

(NCMe)]X derivatives display ESI mass spectra virtually
28)):238)):3&21)) 1111253((%) 5((312838@% 111185?2((33)) identical to those of the GUX3 complexes. The presence of
S(3)-Cu(1)-S(2) 100.38(3) Br(LyCu(1)}-S(2)  100.20(3) the acetonitrile ligands in [LCu(NCMe)]X was established by
S(5)-Cu(2)-S(4) 105.82(4) S(5YCu(2)-Br(2) 127.59(3) elemental analyses and verified by the observation of 1 equiv
S(A)-Cu(2)-Br(2)  109.74(3) S(5yCu(2)-Br(2) ~ 102.58(3) of liberated CHCN/copper complex in thefH NMR spectra
ggg)tgﬂg)tgzg) 1123'.%12((3)) 2?%%%?%%?{5,2)) ﬂ%gg% (obtained in CBCN). In addition, their IR spectra (obtained as
S(6)-Cu(3)-Br(3) 107.28(3) S(2rCu(3)-Br(3) 103.96(3) KBr pellets) show weak carbemitrogen stretching frequency
S(6)-Cu(3)-Br(3)  107.10(3) Br(3>Cu(3)-Br(3) 106.12(2) bands {cn) around 22752280 cnt?, values which are typical
Cu(2)—Br(2)-Cu(2) 79.24(2) Cu(3—Br(3)—Cu(3) 73.88(2) of metal-acetonitrile complexe¥.->°

Structure of [{ MeSi(CH2SMe)s} Cu(NCMe)]PFs. To verify
thioether ligands, as illustrated in Figure 2. Selected bond lengthsif the [LCu(NCMe)]X complexes were indeed mononuclear, an
and angles are included in Table 1. X-ray diffraction study was performed for the hexafluorophos-

Although all the copper centers are roughly tetrahedral, the Phate derivative [LCu(NCMe)]R§=single crystals of which were
flexibility of the polymeric structure in general and of the
thioether ligands in particular is reflected in the wide range of (39)

Corfield, P. W. R.; Ceccarelli, C.; Glick, M. D.; Moy, |. W.-Y;
Ochrymowycz, L. A.; Rorabacher, D. B. Am Chem Soc 1985

observed BrCu—S and S-Cu—S angles, which vary from 107, 2399-2404.
100.2 to 127.8. The thioether ligands exhibit two different  (40) Olbrich, F.; Schmidt, G.; Behrens, U.; Weiss JEOrganometChem
coordination modes, namely (i) unidentate:bidentatg*,?), 1991, 418 421-429.

as in the thioether containing Si(1), and (ii) bidentate:bidentate “1) %gf'd" F.; Kopf, J.; Weiss, B OrganometChem 1993 456 293~

(u-1%n?), as in the ligand containing Si(2), in which one of the  (42) Olbrich, F.; Maelger, H.; Klar, GTransition Met Chem 1992 17,

thioether arms bridges two copper centers. Alternatively, the 525-529. _
(43) Ainscough, E. W.; Baker, E. N.; Brodie, A. M.; Larsen, N. G.; Brown,

structgre.can b(_e described in terms of lthe two distinctive K. L. J. Chem Soc, Dalton Trans 1081 1746-1752.
coordination environments for the three unique copper centers:(44) Olmstead, M. M.; Musker, W. K.; Kessler, R. Mransition Met
(i) CussX, with one arm of a thioether ligand and two from Chem 1982 7, 140-146.

; i (45) Musker, W. K.; Olmstead, M. M.; Kessler, R. Morg. Chem 1984
another bonded to a CuBr unit, as for Cu(1), and (i) €4S 23 3266-3260.

with two arms of a thioether ligand bound to each copper atom (46) Lucas, C. R.; Shuang, L.; Newlands, M. J.; Charland, J.-P.; Gabe, E.
in the Cuf-Br),Cu groups, as for Cu(2) and Cu(3). The J.Can J. Chem 198§ 66, 1506-1512.

geometries of the two GBr, moieties in Cg{ MeSi(CH- 47 anortsman, J. R.; Cooper, S. R.Am Chem Soc 1986 108 1202~
SMe)}2Brs are similar to those observed in other complexes (48 Baker, E. N.; Norris, G. El. Chem Soc, Dalton Trans 1977, 877—

containing such dinuclear cores, for example [CuBr(9 g 882.

[CuBr(PPhMe)2]2,35 and [CuBr(PPb)(py)]g.% The Cu(3)-+Cu- (49) Nor'e_n, B.; O;karsson, AActa QhemScand 1987, 41A 12-17.
(3) separation [2.9832(9) A], while representing the shortest (50) SKC?(EI,I%hlérT? éggmitgolng’g'i‘é;ffgqord’ M. L.; Zubieta, i Chem

intermetallic distance in GIMeSi(CH,SMe)} -Brs, indicates (51) Albrecht, M.; Hibler, K.; Scheiring, T.; Kaim, Winorg. Chim Acta
at most a weak coppercopper interaction. The GtS bond 1999 287, 204-208.

: : . (52) Malachowski, M. R.; Adams, M.; Elia, N.; Rheingold, A. L.; Kelly,
lengths (in the approximate range 2-2843 A) are within the R. S.J. Chem Soc, Dalton Trans 1999 21772182

range of the values observed for other Cu(l) thioether (53) Brubaker, G. R.; Brown, J. N.; Yoo, M. K.; Kinsey, R. A.; Kutchan,
complexes$2432:33.3753 | jkewise, the Cu-Br bond distances, T. M.; Mottel, E. A.Inorg. Chem 1979 18, 299-302.

(54) Jagner, S.; Helgesson, &dv. Inorg. Chem 1991, 37, 1-45.

(55) Holloway, C. E.; Melnik, MRev. Inorg. Chem 1995 15, 147—386.

(35) Srivastava, D. K.; Rath, N. P.; Barton,Rolyhedron1992 11, 1251~ (56) Allen, F. H.; Kennard, O.; Watson, D. G.; Brammer, L.; Orpen, A.
1259. G.; Taylor, R.J. Chem Soc, Perkin Trans 2 1987 S1-S19.

(36) Engelhardt, L. M.; Healy, P. C.; Kildea, J. D.; White, A. Must J. (57) Storhoff, B. N.; Lewis, H. C., JCoord Chem Rev. 1977, 23, 1—-29.
Chem 1989 42, 913-922. (58) Endres, H. IComprehensie Coordination Chemistryilkinson, G.,

(37) Kippers, H.-J.; Wieghardt, K.; Tsay, Y.-H.; Kgar, C.; Nuber, B.; Gillard, R. D., McCleverty, J. A., Eds.; Pergamon Press: New York,
Weiss, JAngew Chem, Int. Ed. Engl. 1987, 26, 575-576. 1987; Vol. 2, pp 261267.

(38) Ohrenberg, C.; Saleem, M. M.; Riordan, C. G.; Yap, G. P. A;; Verma, (59) Conry, R. R.; Striejewske, W. S.; Tipton, A. Morg. Chem 1999
A. K.; Rheingold, A. L.Chem Commun 1996 1081-1082. 38, 2833-2843.
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Figure 3. Two asymmetric units of the infinite chain structure of the
cation in [MeSi(CH:SMe)} Cu(NCMe)]Pk-MeCN with hydrogen
atoms, the lattice molecule of acetonitrile, and the P€ounterions
omitted for clarity.

Figure 4. Copper coordination sphere i{NleSi(CH:SMe);} Cu-
(NCMe)T+ with hydrogen atoms omitted for clarity.

Table 2. Selected Bond Lengths (A) and Angles (deg) for
[{MeSi(CH.SMe)} Cu(NCMe)]PR-MeCN

Cu(1)-S(1) 2.319(2) cu(Bs() 2.339(2)

Cu(1)-S(3) 2.273(2) Cu(ByN(1) 1.985(7)

N(1)—C(8) 1.154(1) C(8YC(9) 1.435(1)
S(1-Cu(1)-S(2)  106.3(1) S(BCu(1)-S(3)  109.3(1)
S(1-Cu(1-N(1) 107.12) S(2YCu(1)-S(3)  110.4(1)
S(2-Cu(1}-N(1)  104.0(2) S(3}Cu(1}-N(1) 119.0(2)
Cu(1-N(1)-C(8) 172.8(7) N(1}C(8)-C(9)  179.0(9)

obtained from a concentrated acetonitrile solutior-80 °C.

To our surprise, we found that [LCu(NCMe)]PRas also
polymeric in the solid state, with cationic [Cu(NCM#&)]
fragments linked by bridging«»*:%?) thioether ligands (Figure

3) and no close contacts with the £Fcounterions. Selected
bond lengths and angles are shown in Table 2. The four-

coordinate copper centers (Figure 4) are approximately tetra-

hedral, with the SCu—S and S-Cu—N angles varying from
104.0 to 119.0. The Cu-S bond lengths observed in [LCu-
(NCMe)]PF, in the range 2.273(2)2.339(2) A, are comparable
to those found in Cgf MeSi(CH:SMe)},Brs, and the Cu-N
bond length [1.985(7) A] is on the long side, but within the

range, of the corresponding distances reported for other

tetrahedral acetonitrile complexes of copper(l) supported by

Inorganic Chemistry, Vol. 38, No. 26, 199%237

nitrogen or sulfur donor ligand<-74 The binding of the
acetonitrile ligands is fairly linear [Cu(¥)N(1)—C(8)= 172.8-
(7)°], and the rest of the metrical data (i.e5S, Si—C, N—C,

and C-C bond lengths) are unexceptional as well.

Conclusions

In summary, the copper(l) complexes £MeSi(CH,-
SMe)} X3 (X = Cl, Br) and [ MeSi(CH;SMe)} Cu(NCMe)]X
(X = OSQCHR;, BF,, PFs) have been prepared in excellent yield
from suitable starting materials and the thioether MeSi{CH
SMey). In contrast to the formation of octahedral group 6 metal
complexes LM(COj, which display tridentate, facially coor-
dinated thioether ligands, MeSi(G&8Me) exhibits a marked
tendency to bridge metal centers and form one-dimensional
coordination polymers in the context of copper(l) chemistry.
We are currently investigating the synthesis and reactivity of
the bulkier tridentate thioether ligands MeSi(§3R); (R = Ph,
BuY) as well as exploring the corresponding reactions of other
copper(l) salts. For example, Cul also reacts with MeSKCH
SMe); but forms instead a 1:1 product of stoichiometry LCul
and a dimeric structure in the solid state, results to be reported
in due course.

Experimental Section

General Considerations.All reactions were performed under dry
oxygen-free nitrogen in an Innovative Technology System One-M-DC
glovebox or under argon using a combination of high-vacuum and
Schlenk technique®:7” Solvents were purified and degassed by
standard procedures, and all commercially available reagents were used
as received. MeSi(Ci$Me)?® and [Cu(NCMe)]X (X = BF,, PR)™®
were prepared as reportétl and*3C NMR spectra were obtained on
General Electric QE 300 or Varian Gemini (300 MHz) FT spectrom-
eters. Chemical shifts)] are reported in parts per million relative to
SiMe, (6 = 0 ppm) and were referenced internally with respect to the
residual protio solvent resonances 1.94 for CQHCN, 6 1.39 for
CD3CN); coupling constants are given in hertz (Hz). IR spectra were
recorded as KBr pellets on a Midac Collegian FT spectrophotometer
and are reported in cn relative intensities of the absorptions are

(60) Conry, R. R.; Ji, G.; Tipton, A. Anorg. Chem 1999 38, 906-913.

(61) Keyes, M. C.; Chamberlain, B. M.; Caltagirone, S. A.; Halfen, J. A;;
Tolman, W. B.Organometallics1998 17, 1984-1992.

(62) Berreau, L. M.; Halfen, J. A.; Young, V. G., Jr.; Tolman, W.IBorg.
Chem 1998 37, 1091-1098.

(63) Schneider, J. L.; Carrier, S. M.; Ruggiero, C. E.; Young, V. G., Jr.;
Tolman, W. B.J. Am Chem Soc 1998 120, 11408-11418.

(64) Patch, M. G.; Choi, H.; Chapman, D. R.; Bau, R.; McKee, V.; Reed,
C. A. Inorg. Chem 199Q 29, 110-119.

(65) Canty, A. J.; Engelhardt, L. M.; Healy, P. C.; Kildea, J. D.; Minchin,
N. J.; White, A. H.Aust J. Chem 1987, 40, 1881-1891.

(66) Blake, A. J.; Gould, R. O.; Holder, A. J.; Lavery, A. J.; Sateg M.
Polyhedron199Q 9, 2919-2924.

(67) Scott, M. J.; Holm, R. HJ. Am Chem Soc 1994 116, 11357 11367.

(68) Escriche, L.; AlImajano, M.-P.; Casahb; Teixidor, F.; Lockhart, J.
C.; Forsyth, G. A,; Kiveka, R.; Sundberg, MPolyhedron1996 15,
4203-4209.

(69) Karlin, K. D.; Hyde, J. R.; Zubieta, Jnorg. Chim Acta 1982 66,
L23—-L24.

(70) Karlin, K. D.; Hayes, J. C.; Hutchinson, J. P.; Zubietdndrg. Chim
Acta 1983 78, L45—L46.

(71) Lynch, W. E.; Kurtz, D. M., Jr.; Wang, S.; Scott, R. A Am Chem
Soc 1994 116, 11039-11038.

(72) Jones, P. G.; Crespo, Bcta Crystallogr 1998 C54, 18—20.

(73) Reger, D. L.; Collins, J. E.; Rheingold, A. L.; Liable-Sands, L. M.
Organometallics1996 15, 2029-2032.
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indicated in parentheses (¥svery strong, s= strong, m= medium,

w = weak). Electrospray ionization mass spectra were obtained on a
PerSeptive Biosystems Mariner ESI-TOF mass spectrometer by direct
infusion using acetonitrile solutions and a flow rate of A0/min.
Elemental analyses were determined by Atlantic Microlab, Inc. (Nor-
cross, GA), or Desert Analytics (Tucson, AZ).

Synthesis of Cu{ MeSi(CH2SMe)s} .Cls. A stirred solution of CuCl
(1.00 g, 10.10 mmol) in acetonitrile (20 mL) was treated with MeSi-
(CH.SMe) (1.40 mL, 7.05 mmol), resulting in the immediate formation
of an off-white precipitate. The suspension was stirred for an additional
20 min and concentrated under reduced pressure to ca. 10 mL. After
addition of diethyl ether (25 mL), the product was isolated by filtration,
washed with diethyl ether (20 mL), and dried in vacupIc (2.32 g,
92%). NMR data (in CBCN): H ¢ 0.24 (s, 3 H, Ei3Si), 2.08 (s, 6
H, CHy), 2.26 (s, 9 H, SBl3); **C{*H} d —4.8 (s, 1 CCHsSi), 20.1 (s,
3 C,CHy), 22.4 (s, 3 C, 8Hy). IR data: 2912 (m), 2870 (w), 1420
(s), 1389 (m), 1313 (m), 1250 (s), 1242 (m), 1162 (w), 1140 (s), 1113
(w), 1098 (w), 1081 (w), 971 (s), 949 (s), 831 (s), 806 (s), 774 (s), 759
(s), 741 (m), 717 (m). Anal. Calcd forigHs6ClsCwSsSiz: C, 22.4; H,
4.8. Found: C, 22.5; H, 4.8.

Synthesis of Cy{MeSi(CH,SMe)}.Brs. (@) From CuBr-SMe,.
A stirred orange-red suspension of CeB¥e, (2.06 g, 10.10 mmol)
in acetonitrile (35 mL) was treated with MeSi(G&Me); (1.40 mL,
7.05 mmol), resulting in the immediate formation of an off-white
precipitate. The suspension was stirred for an additional 30 min and
concentrated under reduced pressure to ca. 10 mL. After addition of
diethyl ether (30 mL), the product was isolated by filtration, washed
with diethyl ether (20 mL), and dried in vacuorft h (2.86 g, 97%).
NMR data (in CRCN): H 6 0.23 (s, 3 H, Ei3Si), 2.10 (s, 6 H, Ely),
2.26 (s, 9 H, SEi3); *C{*H} 6 —4.8 (s, 1 C,CHsSi), 20.3 (s, 3 C,
CHy), 22.5 (s, 3 C, 8Hy). IR data: 2911 (m), 2869 (w), 1419 (s),
1387 (m), 1312 (m), 1251 (s), 1244 (m), 1163 (w), 1140 (s), 1114 (W),
1099 (w), 1082 (w), 971 (s), 951 (m), 830 (vs), 805 (vs), 774 (s), 757
(m), 739 (m), 717 (m). Anal. Calcd for GH3eBrsCuwsSsSix: C, 19.0;
H, 4.1. Found: C, 19.6; H, 4.2.

(b) From CuBr. A stirred red solution of CuBr (1.45 g, 10.10 mmol)
in acetonitrile (20 mL) was treated with MeSi(@&Me) (1.40 mL,

7.05 mmol), resulting in the immediate formation of an off-white
precipitate. The suspension was stirred for an additional 15 min, and
the product was isolated by filtration, washed with diethyl ethex (2

20 mL), and dried in vacuo for 45 min (2.60 g, 87%). The product
exhibits the same spectroscopic properties as those of the compoun
obtained in method a.

Synthesis of { MeSi(CH,SMe)s} Cu(NCMe)]OSO,CFs. (a) From
CuCl. A stirred solution of CuCl (0.19 g, 1.92 mmol) in acetonitrile
(15 mL) was treated with AgOSCF; (0.49 g, 1.91 mmol), resulting
in the formation of a gray precipitate (AgCl). After the mixture was
stirred for 20 min, the solution was filtered and the filtrate was treated
with MeSi(CH:SMe); (0.45 mL, 2.27 mmol). After stirring the solution

Yim et al.

Table 3. Crystallographic Data for Gu.Br; and
[LCu(NCMe)]PR-MeCN [L = MeSi(CH:SMe)]

CusL2Br3 [LCu(NCMe)]PFs-MeCN
formula GiaH36BraCusSsSi>  C11H24CuRsNLPSSI
fw 883.32 517.10
cryst syst monoclinic monoclinic
space group P2,/c (No. 14) P2;/n (No. 14)

T, 218(2) 173(2)

a A 16.3025(1) 8.4288(2)

b, A 8.1492(1) 20.8982(2)

c, A 23.6934(1) 12.5855(2)

B, deg 104.475(1) 99.7998(9)

v, A3 3047.80(4) 2184.55(5)

z 4 4

D, g cnT3 1.925 1.572

u(Mo Ka), cmt 65.01 14.62

Ri/WR, [I > 20(1)]* 0.0336/0.0712 0.0785/0.2619
Ri/WR; (all data}  0.0464/0.0871 0.0874/0.2684

2Ry = 3 (IFol — [Fe)/X|Fol; WRe = { T [W(Fe® — F)/ 3 [W(Fo)7} 2
wt = 04F,) + (aP)? + bP, P = [2FZ + max(F.%0)]/3.

83%). The product exhibits the same spectroscopic properties as those
of the compound obtained in method a.

Synthesis of { MeSi(CH,SMe)s} Cu(NCMe)]BF,. A stirred solution
of [Cu(NCMe)]BF4 (0.50 g, 1.59 mmol) in acetonitrile (15 mL) was
treated with MeSi(CkBEMe) (0.34 mL, 1.71 mmol). The resulting clear
pale yellow solution was stirred for 15 min and filtered. The filtrate
was concentrated under reduced pressure to ca. 5 mL. Addition of
diethyl ether (35 mL) induced the formation of a white precipitate and
a small amount of a colorless oily substance which redissolved upon
stirring the mixture for 15 min. The white product was isolated by
filtration, washed with diethyl ether (30 mL), and dried in vacuo for
45 min (0.59 g, 89%). NMR data (in GON): *H 6 0.25 (s, 3 H,
CH35Si), 1.96 (s, 3 H, free BsCN), 2.07 (s, 6 H, El,), 2.26 (s, 9 H,
SO‘|3), 13CH—4.8 (q,lchH =125,1 C,CH3Si), 20.3 (t,lchH =132,
3 C,CHpy), 22.8 (9,}c-1 = 140, 3 C, £Ha). IR data: 3003 (w), 2944
(w), 2918 (w), 2895 (w), 2308 (w), 2276 (w), 1434 (m), 1378 (w),
1259 (m), 1149 (m), 1053 (vs), 971 (m), 829 (s), 805 (s), 774 (m), 759
(w), 728 (w), 697 (w), 618 (w), 521 (w). Anal. Calcd foeld:BCuF:-
NSsSi: C, 25.9; H, 5.1; N, 3.4. Found: C, 26.0; H, 5.1; N, 3.9.

Synthesis of { MeSi(CH,SMe);} Cu(NCMe)]PFs. A stirred solution
f [Cu(NCMe))PFs (0.50 g, 1.34 mmol) in acetonitrile (15 mL) was
reated with MeSi(CkESMe); (0.28 mL, 1.41 mmol). The resulting clear
solution was stirred for 15 min and filtered. The filtrate was concentrated
under reduced pressure to ca. 5 mL, resulting in the formation of a
white precipitate. After addition of diethyl ether (40 mL), the white
product was isolated by filtration, washed with diethyl ether (15 mL),
and dried in vacuo for 45 min (0.57 g, 89%). NMR data (in4CD):
1H 6 0.25 (s, 3 H, E13Si), 1.96 (s, 3 H, free B;CN), 2.10 (s, 6 H,
CHy), 2.29 (s, 9 H, SEl3); °C § —4.8 (9,%Jc-n = 119, 1 C,CH;Si),

for 15 min, the solvent was removed under reduced pressure to give apg.3 (t,2Jc_y = 130, 3 C,CH,), 22.7 (q,"Jc_n = 140, 3 C, £Hy). IR

clear oily residue. Trituration with diethyl ether (15 mL) led to the
separation of a white solid, which was isolated by filtration, washed
with pentane (20 mL), and dried in vacuo for 18 h (0.64 g, 66%). NMR
data (in CRCN): H 6 0.25 (s, 3 H, Ei5Si), 1.96 (s, 3 H, free Bz~
CN), 2.11 (s, 6 H, €ly), 2.30 (s, 9 H, SEl3); 3C 6 —4.8 (q,%Jc—n =
122, 1 C,CHsSi), 20.3 (t,"Jc-n = 133, 3 C,CHy), 22.8 (9, Jc-n =
140, 3 C, £Hs). IR data: 2976 (w), 2912 (w), 2873 (w), 2311 (w),
2277 (w), 1420 (w), 1387 (w), 1258 (vs), 1232 (m), 1175 (m), 1044
(s), 1031 (m), 969 (w), 829 (m), 806 (M), 775 (w), 668 (w), 658 (m),
638 (m), 580 (w), 520 (w). Anal. Calcd forigH,1CuRNO;S,Si: C,
25.0; H, 4.4; N, 2.9; S, 26.7. Found: C, 25.0; H, 4.4; N, 2.7; S, 26.8.
(b) From Cul. A stirred solution of Cul (0.74 g, 3.89 mmol) in
acetonitrile (25 mL) was treated with AgOSCF; (1.00 g, 3.89 mmol),
resulting in the formation of a yellow precipitate (Agl). After stirring
the mixture for 45 min, the solution was filtered and the filtrate was
treated with MeSi(CkSMe); (0.82 mL, 4.13 mmol). After the solution

data: 2911 (w), 2374 (w), 2366 (w), 2362 (w), 2357 (w), 2346 (w),
2333 (w), 2287 (w), 2273 (w), 1420 (w), 1388 (w), 1312 (w), 1251
(w), 1141 (w), 1082 (w), 971 (m), 836 (vs), 806 (s), 775 (m), 758 (w),
560 (s). Anal. Calcd for 6H,,CuRNPSSI: C, 22.7; H, 4.5; N, 2.9.
Found: C, 23.0; H, 4.3; N, 3.3.

X-ray Structure Determinations. Crystal data collection and
refinement parameters are given in Table 3. Suitable crystals for data
collection were selected and mounted in nitrogen-flushed, thin-walled
capillaries. Data were collected on a Siemens P4 diffractometer
equipped with a SMART/CCD detector using MaxKadiation § =
0.710 73 A). The systematic absences in the diffraction data were
uniquely consistent with the reported space groups. The structures were
solved using direct methods, completed by subsequent difference
Fourier syntheses, and refined by full-matrix least-squares procedures.
Empirical absorption corrections were applied to the data using
SADABS. All non-hydrogen atoms were refined with anisotropic

was stirred for 20 min, the solvent was removed under reduced pressureisplacement coefficients. Fof MeSi(CH:SMe)} Cu(NCMe)|PFk, a

to give a clear oily residue. Trituration with diethyl ether (20 mL) led
to the separation of a white solid, which was isolated by filtration,
washed with pentane (20 mL), and dried in vacuo for 30 min (1.62 g,

molecule of acetonitrile was located in the asymmetric unit, and
hydrogen atoms on both the coordinated and the lattice acetonitrile
molecules were located from the difference map. All other hydrogen
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atoms in both structures were treated as idealized contributions. All (Grant No. CHE-9871160) for the purchase of the mass
software and sources of the scattering factors are contained in thespectrometry instrumentation and Mr. Michael F. Streeter and
SHELXTL (version 5.10) program library (G. Sheldrick, Siemens XRD, - professor Brian T. Cooper (UNC Charlotte) for their assistance
Madison, WI). with the ESI-MS experiments.
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