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Halogenation and Alkylation at a Mo'" ,(u-S) Site. Scheme 1
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Bretagne Occidentale, BP 809, 29285 Bresti®e France,  complex [May(n®CsMes)z(u-S)(u-SMep(CO)] 1 is obtained.
Department of Chemistry, University of Glasgow, Glasgow Since 1 possesses an attractiMo"'(u-S)} site whose
G12 8QQ, Great Britain, and School of Physics, Universiti reactivity has been little explored, it seemed interesting to study

Sains Malaysia, 11800 USM, Penang, Malaysia electrophilic attack on it by halogens. Here we show that the
sulfide ligand in1 readily forms sulfur-halide bonds whose
Receied June 1, 2000  stability depends on the halide. Reactionslofvith various
functionalized alkyl halides are also reported.

Introduction Results and Discussion

Bridging sulfide ($7), hydrosulfide (SH), and thiolate (SR) The reaction of the-sulfido dimolybdenum complex [Vy5-
anions are useful ligands in polymetallic sulfur chemistry since cgMes),(u-S)u-SMep(CO),] 1 with an excess oflin CH,Cl,
they usually help to stabilize the metallic framework. They may gave a green solution of a novel dinuclear complex §®
also model the sulfur environment found in some natural CsMes)2(u-SMep(u-SI)(COMIs 2 (Scheme 1)2 was character-
metalloenzymes.The reactivity of metatsulfur sites is often ized by IR and™H NMR spectroscopy. ItdH NMR spectrum
determined by the Lewis and/or Brsted base behavior of the  jn cp,Cl, exhibits a resonance for thg%CsMes) rings at 2.01
available lone pairs and may be focused on either the metal Orppm and one for the SMe bridges at 2.34 ppm. The IR spectrum
sulfur atoms. A wide range of reactions involving the bridging gisplays a strong band at 1960 Th(KBr pellets) which is
sulfur atoms of bimetallic complexes has been described> attributable to terminal CO vibrations. A single-crystal X-ray
In - many of these reactions it is thought that the sulfur atom itfraction study revealed thatdoes indeed contain a sulfenyl
undergoes transient protonation or halogenation, respectivelyhajige ligand. Crystals o are built from more or less discrete
modeli.ng reduction of.dinitrogen by metalloenzyrit&sand the [MO2(375-CsMes)o(u-SMep(u-SI1)(COY]* cations (Figure 1a) and
formation of metat-halide bond$2*°Recently, we have shown  \/_shaped 4~ anions (Figure 1b). The cation lies across a mirror
that the decarbonylation of compounds of the general clasg [Mo pjane defined by the three bridging sulfur atoms so that the
Cp2(CO)] (n = 4 or 6) in the presence of dimethyl disulfide  (,5.CoMes) rings are equivalent by symmetry. It is structurally
is controlled by the electron density on the metal, varying with closely analogous to the previously reported complexes (o
the substitution pattern of the Cpyclopentadienyl groups.  CoMes),(u-SMep(u-SH)(COY]* and [Ma:Cpa(u-SMe)(CO)]*
When Cp = CsMes (7°-CsMes) the dicarbonyl u-sulfido (Cp = CsHs).87 Thus, two eclipsedi-CsMes)Mo(CO) units

. - - — - are linked by a Me-Mo bond whose length [2.7735(12) A] is

: Sg{égfsﬁ?e”é’éngrggggg S'C”C“%'gmf;?gs'pe‘""”@un""breSt'fr' typical of the values found in dimeric Mocomplexes contain-

* University of Glasgow. ing three bridging group¥:6.”The resulting metal coordination

8 Universiti Sains Malaysia. can be described as a distorted four-legged piano stool supple-
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Figure 1. (a) An ORTEP drawing (20% thermal ellipsoids) of the
cation [ (17°-CsMes)Mo(CO)} o(u-SMep(u-SI)]t 2+. Selected bond
lengths (A) and angles (deg): Mo@Mo(1) 2.7735(12), Mo(1}C(11)
2.007(8), Mo(1)-S(1) 2.454(2), Mo(1)}S(2) 2.477(2), Mo(1}S(3)
2.457(2), S(1)¥1(1) 2.504(2), C(11)yMo(1)—Mo(1) 89.6(3), C(11)
Mo(1)—S(1) 145.1(3), C(1HBMo(1)—S(2) 87.3(3), C(1EMo(1)—
S(3) 89.8(2), Mo(1)-S(1)-Mo(1') 68.8(1), Mo(1)-S(1)-I(1) 115.4(1),
Mo(1)—S(2)-Mo(1) 68.1(1), Mo(1)}-S(3-Mo(1) 68.7(1), S(1y
Mo(1)—S(2) 74.9(1), S(3yMo(1)—S(2) 111.5(1), S(EyMo(1)—S(3)
70.2(1). (b) A view down the-axis of the packing of thest anions
and the SMe and Sl units bridging units2nAll atoms shown lie on
the mirror plane az = 0. Atomic radii shown are ca. 75% of the van
der Waals radii. Weak-{+1 interactions in the range 3.6@1.00 A are
indicated by open bonds. Selected bond lengths (A) and angles (deg)
1(2)—1(3) 2.749(2), I1(4)-1(5) 2.796(2), I(5)-1(6) 3.106(2), 1(3)-1(6)
3.275(2), 1(1)--S(2) 3.495(3), I(2y-1(6") 3.600(1), I(2)-+1(4") 3.902(2),
1(2)—1(3)—I(6) 178.1(1), I(4)-1(5)—I(6) 178.4(1), I(5)-1(6)—I(3)
77.3(1). Symmetry codes: ® Y, —z (i) 1 —x 1—vy,z (ii)1 — X,
-y, Z

bonds of 3.036(1) and 3.158(1) A and the-IS:I units are
nearly linea? All other reported S| bond lengths, including
those in the few structurally characterized 3!l metallosulfur
complexed;5are greater than 2.60 & Among the rare metallic
compounds with S| bonds in the range 2-62.9 A are
[{ (enpCOo(SCHCH:NH))} 15 [S—I = 2.619(2) A]? [Cp-
Mo(N'Bu)(u-Syl2], [S—I = 2.720(1) A]?@ and [Co(py)(NCS
15)7] [S—I = 2.797(2) A]*° Nonmetallic compounds with-S
bonds in the range 2-62.9 A are more commd# and have

(8) (a) Minkwitz, R.; Preut, H.; Sawatzki, Z Naturforsch 1988 B43
399. (b) Goto, K.; Holler, M.; Okazaki, RChem Commun 1998
1915. (c) Based on a search of the Cambridge Structural Database,
January 2000 Version (207507 entries), see: Allen, F. H.; Kennard,
O. Chem Des Autom News1993 8, 31.

Notes

been successfully used as templates to build polyiodide arfays.
The chemical significance of these longefl®onds emphasizes
the strength of the shorter-3 bond in 2.

The anions irk are aggregated into continuous planar ribbons
of polyiodide which run parallel to the-axis (Figure 1b). The
atoms 1(2)-1(6) define a V-shaped pentaiodide anion formed
by relatively weak interactions of twg molecules with an
anion: the central 1(6}1(3) and 1(6)-1(5) bonds are both fairly
long [3.275(2) and 3.106(2) A] while the terminal 1€2)3)
and 1(4)-1(5) distances [2.749(2) and 2.796(2) A] are only
slightly greater than the bond length in solid iodine [2.715(6)
A].122The -1 bond lengths in2 are broadly consistent with
values in otherd~ structures (see, e.g., refs 12d), but the
central I(5)-1(6)—I1(3) angle [77.3(19] is unusually acute. The
pentaiodide ions associate through 1f2]4i) interactions of
3.902(2) A to give {¢*~ rectangles which were also recently
found in the structure of §D[dibenzo-18-crown-6}112¢ The
sulfenyl iodine atom interacts with the polyiodide array mainly
through an 1(1)+1(6") contact of 3.600(1) A which is 0.36 A
shorter than the van der Waals diameter of iodine.

Similar experiments were performed with ;Band Ch. A
moderately stable, green compl&xvas isolated from reaction
of 1 with Br, and was identified as the bromo analogue bfy
comparison of the spectral data of its cation with those of the
iodine derivative. TheH NMR spectrum displays two reso-
nances at 2.09 and 2.34 ppm in &I}, assignable to the £
Mes rings and the SMe bridges, respectively. The IR spectrum
(KBr pellets) shows a strong band at 1980 ¢rsharacteristic
of carbonyl vibrations. On monitoring the reaction bfwith
excess chlorine by IR at room temperature one short-lived
carbonyl species was detected by the appearance of a strong
band at 1965 cmt, close to the position of bands observed in
the carbonyl stretching region for the iodi@eand bromine3
derivatives. This strongly suggests that the structure of the
transient chloro complejd]* is similar to those of Z2]* and
[3]". The orange dichloromethane solution of the intermediate
4 evolved quickly to give finally a pink solution from which
only one well-defined product could be identified, on the basis
of a single-crystal diffraction study and spectral data, as the
aqua compound [Maf-CsMes)Cly(H20)] 6. Evidently, complex
4 was first readily oxidized by an excess of chlorine and then
hydrolyzed in wet conditions to form the monometallic com-
pound 6. However, when the reaction was conducted in dry
CH.CI, a bimetallic complex was formed. On the basis of
elemental analysis it was formulated as [(M®CsMes)Cl),-
(u-Cl)3(u-S)ICI 5, a logical intermediate in the conversionbf
to 6, and it was indeed observed that crystallizatio® af wet
CH,Cl,—hexane gave a clean conversiorétd-urther attempts
at spectroscopic characterizationsofailed because of its low
stability. Complex6 is air-stable and soluble in THF and

(9) Nosco, D. L.; Heeg, M. J.; Glick, M. D.; Elder, R. C.; DeutschJE.
Am Chem Soc 198Q 102, 7784.

(10) Harlt, H.; Steidl SZ. Naturforsch1977, 32b, 6.

(11) For example: (a) Herbstein, F. H.; Schwotzer,JAAmM Chem Soc
1984 106, 2367. (b) Klaptke T.; Passmore, Acc Chem Res 1989
22, 234. (c) Freeman, F.; Ziller, J. W.; Po, H. N.; Keindl, M. €.
Am Chem Soc 1988 110, 2586. (d) Blake, A. J.; Gould, R. O.; Radek,
C.; Schraer, M. J. Chem Soc, Chem Commun 1993 1191. (e)
Blake, A. J.; Devillanova, F. A.; Gould, R. O.; Li, W.-S.; Lippolis,
V.; Parsons, S.; Radek, C.; ScHsy, M. Chem Soc Rev. 1998 27,
195.

(12) (a) Van Bolhuis, F.; Kloster, P. B.; Migchelsen,Acta Crystallogr.
1967, 23, 90. (b) Zhang, W.; Wilson, S. R.; Hendrickson, D.INorg.
Chem 1989 28, 4160. (c) Beno, M. A.; Geiser, U.; Kostka, K. L.;
Wang, H. H.; Webb, K. S.; Firestone, M. A.; Carlson, K. D.; Nunez,
L.; Whangbo, M.-H.; Williams, J. MInorg. Chem 1987, 26, 1912.
(d) Kloo, L.; Svensson, P. H.; Taylor, J. Chem Soc, Dalton Trans
2000 1061.
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Scheme 2
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cant aspect of this study is the demonstration that aqua ligands
can be readily introduced into organometallic complexes. Similar
aqua derivatives have already been postulated as intermediates
in hydrolysis reaction&*'”but only a few, such as [Me=C(Et)-
7°3-(C(Et)C(Et)CHELt)} Br(OHy)(°-CsHs)][BF 4],° have been
structurally characterized.

The functionalization of the sulfido bridge in the dimolyb-
denum complex [Mg(;75-CsMes)a(u-S)(u-SMep(CO)] 1 can
be also easily achieved at room temperature: dissol%ing
(I;;g[l(mg 2. An ORTEP drawing (20% thermal ellipsoids) of a molecule \é?g?ﬂgégzﬁiehg:dc?—zé%gi)z:zeiriegls%ﬁgoﬁforfc Clgzrg;:lg’( es

75-CsMes)MoCl(OH,)] 6. Selected bond lengths (A) and angles 5

(deg): Mo(1)-O(1) 2.222(7), Mo(1C(Cp) 2.356(6)2.461(5), Mo(1)- of general formula [Ma(17>-CsMes)(u-SMep(u-SR)(CORX
Cl(1) 2.408(2), Mo(13-CI(2) 2.416(2), O(1FMo(1)—C(Cp) 149.7(3} 7—12 (Scheme 2). All the complexés-12 have been charac-
150.4(2), O(13Mo(1)—Cl(1) 75.4(2), O(1}Mo(1)—Cl(2) 76.2(2). terized by spectroscopy and by elemental analyses. The IR
Symmetry code: (i-X, Yy, z spectra of all the complexes exhibited a stroiGO) band at
. ca. 1976-1960 cnt?. 'H and3C NMR spectra displayed a set
dichloromethane. ItsH NMR spectrum showed very broad of resonances fully consistent with a bimetallic coi®[Mo (-

resonances indicative of a paramagnetic species. This preclude% Me SMeW(COWl bridaed by a third alkanethiolate
the formation of th_e diamagneti(;%dMo(VI) —hydroxo com- IlgandS)Z(gne res)z(gnan)(zz]e for tghe twg equivalesMe@s ligands,
pound as a possible_hydrolysis product and supports thetwo peaks for the two inequivalent SMe bridges, one signal for
formulation of6 as a 17-electron molybdenum(V) co_mplt_ax. the two equivalent CO groupd3C NMR), and the expected

Molecules of6 (Flgure 2) straddle a cryst_allograph|c MIMOr  esonance pattern for the various SR bridges. These reactions
pltang "t"r?d conttal_ré ar; %ctihgd'\;ally _coordmate_d moly_bd?num illustrate the nucleophilic character of the sulfido ligandifn
atom, the centroid of thej™LsVies ring Occuplies a single - 5,y give a pathway for introducing a functionalized organic
coordination vertex trans to the oxygen atom. An .equatorlal chain into the metallic framework. The sulfur-based nucleo-
plane around the metal is formed by the four chlorine atoms. philicity is also shown in the reactions afwith halogens %
The metal atom is displaced from the equatorial plane toward (X = 1. Br, Cl) by affording the stable2) or moderately stable

5. H H _ ’ ’

t7h5e£717 ZCS%eZ réng _Ic_:ﬁ ntlr oid, ;IO t?at(;hle ?\/Ito Cl a?%lezszzzars (3) sulfenyl halide derivatives in preference to direct oxidation

y ( )— : (.))' he long 0(1)-0Q1) dis ance or 2. (.) of the molybdenum atoms. It has been reported that the electron-
A is an immediate indication of the lack of the multiple bonding releasing @Mes groups could increase the reducing power of
between these two atoms since #0 distances involving organometallic complex&4® and promote oxidation of the

: : : 13
terminal oxo ligands are typically 1.678.707 A The molybdenum atoms. It has also been shown that permethylated

formulation of 6 as an aqua rather than hydroxo complex is o . .
also consistent with our ?ocation of the Wa%/er hydro enpatoms groups mh'b't decarbonylation reactions and t_he presence of
yarog carbonyl ligands tends to remove the electronic density from

and with the Mo(1)-O(1) bond length. The longest MdH the metal atom&.These effects would prevent direct oxidation

bond length we have fouftlis that of 2.080(3) A in [CpMo- : :
(OH)(PMe)3][BF]* whereas the mean of 316 M®H, g;'éhct?ergetalhc atoms and favor the formation of sulfengietal

distances is 2.184 A (80% lie in the range 2.322220 Afc

and values of 2.225(7) and 2.245(8) A have been recently
reported for a molybdenum(lll) compléX The conclusion from

the diffraction study tha6 is an aqua derivative is confirmed General ProceduresThe reactions were performed under nitrogen
by IR bands at 3420 (br) and 1570 (s) cinwhich correspond using standard Schlenk techniques, and solvents were deoxygenated
to typical vibrations of HO, and by the EPR spectrum of a and dried by standard methods. IR spectra were obtained with a Perkin-
dichloromethane solution containing It showed a single Elmer 1430. BotiHH and*3C NMR spectra were recorded on a Bruker

resonance flanked by satellites due to the low abundance (CaACSOO spectrophotometer. Shifts are relative to tetramethylsilane as

25%) of molybdenum isotope&Hlo and®’Mo) both with| = an internal r(fifherence| EPR| spectra were r?cord(ejd kg)n ahJEgL FE %X
o It e e tl entre

5/, atg = 1.911 @wo = 39.3 G). A similar EPR pattern was apparatus. Lhemical analyses were periormed by the Lentre de

previously observed by Poli et al. in the octahedral molybde-

Experimental Section

(16) Morales, D.; Poli, R.; Richard, P.; Andrieu, J.; CollangeJ.EChem

num(V) complex [CpMoCH S(Me)(CH).PPh}].26 A signifi- Soc, Dalton Trans 1999 867.
(17) (a) Legzdins, P.; Lundmark, P. J.; Philipps, E. C.; Rettig, S. J.; Veltheer,
(13) International Tables for Crystallographyolume C I.U.Cr; Kluwer J. E.Organometallics1992 11, 2991. (b) Poder-Guillou, S.; Scholl-
Academic Publishers: Dordrecht, The Netherlands, 1992; Table hammer, P.; Rélon, F. Y.; Talarmin, J.; Muir, K. W.; Baguley, P
9.6.3.3. Inorg. Chim Acta 1997, 257, 153. (c) Balzarek, C.; Tyler, D. R.
(14) Fettinger, J. C.; Kraatz, H.-B.; Poli, R.; Quadrelli, E. A.Chem Angew Chem, Int. Ed. 1999 38, 2406. (d) Alberto, R.; Schibli, R
Soc, Dalton Trans 1999 497. Waibel, R.; Abram, U.; Schubiger, A. Eoord Chem Rev. 1999
(15) Fries, A.; Green, M.; Mahon, M. F.; McGrath, T. D.; Nation, C. B. 190-192 901.
M.; Walker, A. P.; Woolhouse, C. Ml. Chem Soc, Dalton Trans (18) Poder-Guillou, S.; Rdlon, F. Y.; Schollhammer, P., Talarmin, N.

1996 4517. J. Chem 1997, 21, 477.
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Microanalyses du CNRS, Vernaison. Literature methods were used for Table 1. Crystallographic Data for

the preparation of [>-CsMes),Moz(u-SMek(u-S)(CO)).°

Synthesis of [Ma(®-CsMes)a(u-SMe(u-S1)(CO)]l s 2. A mixture
of 1 (100 mg, 0.155 mmol) and (118 mg, 0.466 mmol) in CpCl»
(10 mL) was stirred fol h atroom temperature. The solvent was then
evaporated in vacuo. The residue was washed twice with pentane (
mL) and recrystallized from methylene chloride/ethyl ether to give green
crystals. Yield: 161 mg, 75%. Anal. Calcd fopfl3elsM0,0,Ss: C,
20.5; H, 2.6. Found: C, 21.0; H, 2.7.

Spectroscopic Data for 2IR (KBr pellets): »(CO) 1960(s) cm*.*H
NMR (CD.Cly): 6 2.34 (6H, s, SMe), 2.01 (30H, sskles).

Synthesis of [Ma(575-CsMes)(#-SMe)(u-SBr)(CO),]Br 5 3. Bro-
mine was added (2bL, 0.50 mmol) to a dichloromethane solution of
1 (100 mg, 0.155 mmol). The solvent was then evaporated in vacuo.
The residue was washed with pentanex(® mL) to give a dark-
green powde. Yield: 123 mg, 85%. Poor analytical results were
obtained for3 because of its low stability. Anal. Calcd for4El3Br,-
Mo,0,Ss: C, 29.9; H, 3.8; Br, 33.1. Found: C, 27.5; H, 3.6; Br, 35.9.

Spectroscopic Data for 31R (KBr pellets): »(CO) 1980(s) cm*.H
NMR (CD.Cly): 6 2.34 (6H, s, SMe), 2.09 (30H, sskles).

Reaction of 1 with Chlorine. Chlorine gas was bubbled through a
CH.Cl, (10 mL) solution ofl (100 mg, 0.155 mmol) in a Schlenk
tube until the color changed from green to orange. IR control of the
solution then showed the formation of the carbonyl compléX.[
Additional bubbling of chlorine through the stirred reaction mixture
quickly turned it pink &5 min). The solvent was then removed under
vacuum, and the residue was washed with pentane §3nL) to give
a pink powder5. Yield: 98 mg, 90%. Anal. Calcd for £H3¢Cls-
Mo,S: C, 33.9; H, 4.2; CI, 30.0. Found: C, 32.8; H, 4.1; CI, 29.3.0n
cooling at—15 °C for a few days solutions 06 in CH.Cl./hexane
(1:1) afforded orange single crystals @f

Preparation of [Mo(55-CsMes)(#-SMe)(u-SR)(CO)]X Com-
plexes 712. The following procedure is applicable to the synthesis
of all these complexes. Compléx100 mg, 0.155 mmol) was dissolved
in the appropriate alkyl halide (2 mL, excess). The solution was stirred
for 30 min at room temperature (when @&, was used, the solution
was warmed overnight). During this time the reaction mixture changed
from green to red. Addition of diethyl ether precipitated the alkylated
complexes7—12 as red powders, which were washed twice with
pentane (5 mL).

7 (R=CH.CI, X = Cl). Yield: 91 mg, 80%. Anal. Calcd for £Hss
CloM0,0.Ss: C, 41.1; H, 5.2; Cl, 9.7. Found: C, 40.1; H, 5.3; Cl, 9.5.

Spectroscopic Data for 7IR (KBr pellets): »(CO) 1960(s) cm*.*H
NMR (CDsCN): 6 4.12 (s, 2H, SCELCI), 2.35 (s, 3H, SCH), 2.28 (s,
3H, SCH), 2.03 (s, 30H, EMes).**C NMR (CDsCN): 6 237.7 CO),
107.3 Cs(CHs)s), 46.2 (STHLCI), 25.9, 24.3 (EHg), 12.1 (G(CHa)s).

8 (R = CH:Br, X = Br). Yield: 108 mg, 85%. Anal. Calcd for
CasH3sBr,Mo,0,Ss: C, 36.7; H, 4.7; Br, 19.5. Found: C, 36.4; H, 4.8;
Br, 18.7.

Spectroscopic Data for 8IR (KBr pellets): »(CO) 1960(s) cmt.H
NMR (CDsCN): 6 3.93 (s, 2H, SChBr), 2.35 (s, 3H, SCH), 2.28 (s,
3H, SCH), 2.04 (s, 30H, EMes).*3C NMR (CD;CN): 6 237.7 CO),
107.4 Cs(CHs)s), 32.6 (SCHBr), 25.9, 24.1 (8Hj3), 12.2 (G(CHa)s).

9 (R = CH.CN, X = CI). Yield: 92 mg, 82%. Anal. Calcd for
CaeH3gNCIM0,0,Ss: C, 43.3; H, 5.3; N, 1.9; Cl, 4.9. Found: C, 43.1;
H, 5.2; N, 1.9; CI, 5.2.

Spectroscopic Data for 9IR (KBr pellets): v(CN) 2240(w),»(CO)
1965(s) cm*.!H NMR (CDsCN): ¢ 2.72 (s, 2H, SCKCN), 2.37 (s,
3H, SCH), 2.33 (s, 3H, SCh), 2.02 (s, 30H, 6Mes).**C NMR (CDs-
CN): 0 237.2 CO), 119.5 (SCHCN), 107.4 Cs(CHy)s), 26.1, 23.8
(SCH3), 12.1 (G(CH3)s), 10.8 (STH2CN).

10 (R = CH,CCH, X = Br). Yield: 95 mg, 80%. Anal. Calcd for
Cy7H3BrMo.0,S;: C, 42.5; H, 5.1; Br, 10.5. Found: C, 42.5; H, 5.1,
Br, 10.3.

Spectroscopic Data for 10IR (KBr pellets): »(CO) 1970(s)y(C=
C) 2100(w) cnt.H NMR (CDsCN): 6 2.80 (t,J = 2.8 Hz, 1H,
SCH,C=CH), 2.70 (d,J = 2.8 Hz, 2H, SEI,C=CH), 2.34 (s, 3H,
SCHy), 2.29 (s, 3H, SCh), 2.01 (s, 30H, Mes).23C NMR (CDsCN):

0 238.2 CO), 107.0 Cs(CHg)s), 82.6 (SCHC=CH), 77.6 (SCHC=
CH), 25.9, 24.1 (8Hs), 14.8 (SCH,C=CH),12.1 (G(CH3)s).
11 (R = CH,CO;Me, X = Br). Yield: 98 mg, 79%.

[Mo2(375-CsMes)»(u-SMep(u-Si)(COY]Is 2 and
[MO(HS-C5M65)C|4(H20)] 6

Notes

2 6
5 empirical formula G4H36l sM 020,83 Ci10H17ClsM0O
fw 1405.99 390.96
space group Pnnm Cmg;
a(h) 17.7079(3) 13.974(1)
b (A) 14.4213(2) 11.9079(4)
c(A) 14.5978(2) 8.4183(5)
V (A3 3727.9(1) 1400.8(2)
z 4 4
Peale glCn? 2.505 1.854
« (Mo Kay),mm?t 5.831 1.676
R1a[I > 20(1), all] 0.052, 0.083 0.033, 0.042
WR2[I > 20(1), all] 0.114,0.138 0.079, 0.084

aR1 = zHFobSI - |Fcalc||/Z|FobS|- bwR2 = {Z[W(Fobs2 - Fcalcz)z]/
> [W(Fobd)7} 2

Spectroscopic Data for 11IR (KBr pellets): »(CO) 1960(s)y(C=
0) 1735(m) cm™. *H NMR (CDsCN): 6 3.65 (s, 3H, SCHCO,CHj),
2.68 (s, 2H, SE,CO,CHs), 2.36 (s, 3H, SCH), 2.31 (s, 3H, SCh),
1.98 (s, 30H, @Mes).’®*C NMR (CDsCN): & 238.1CO), 171.9
SCHCO,CHj3),106.9 Cs(CHza)s), 53.4 (SCHCO,CHs), 28.0 (SCH--
CO,CHy), 26.2, 23.8 (§H3), 11.9 (G(CH3)s).

12 (R = CH,CHCH,, X = Cl). Yield: 84 mg, 75%.

Spectroscopic Data for 12IR (KBr pellets): »(CO) 1960(s) cm™.
H NMR (CDsCN): ¢ 5.81 (qt,J; = 17.0 Hz,J, = 10.2 Hz,J; = 6.7
Hz, 1H, SCHCH=CH,), 5.20 (“dq”,J; = 17.0 Hz,J, = 1.4 Hz, 1H,
SCH,CH=CHy), 5.11 (“dgq”, J; = 10.2 Hz,J, = 1.4 Hz, 1H, SCH
CH=CHy), 2.72 (“dt", J3= 6.7 Hz,J, = 1.4 Hz, 2H, SE,CH=CH,),
2.34 (s, 3H, SCh), 2.31 (s, 3H, SCh), 1.98 (s, 30H, gMes).1*C NMR
(CDsCN): 6 238.8 CO), 138.4, 119.0 (SCH¥H=CH,), 106.7 Cs-
(CHs)s), 29.6 (SCH,CH=CH,), 26.5, 24.1 (€H3), 12.2 (G(CHj3)s).

X-ray Crystallographic Analyses of 2 and 6.Information concern-
ing the structure analyses is presented in Table 1. Measurements were
made at 20C with Mo X-rays,A = 0.71073 A, using a Bruker SMART
diffractometer for2 and a CAD4 diffractometer fo8. Both structures
were solved by Patterson methods and refined by least squai€s on
using anisotropidJ; values for all non-hydrogen atonis.

Structure Analysis of 2.28463 intensity measurements wittMo
Ka) < 28, after application of empirical transmission factors of
0.5063-0.7298, yielded 4796 uniqu& with Ry = 0.073. These were
used to refine 184 parameters. Hydrogen parameters were not refined.
The idealized disordered methyl group model (HFIX 223)as used
for (#°-CsMes) hydrogen atoms. In the final difference synthesis
function values ranged from 2.644€8.00 e A3 but virtually all regions
with [Ap| > 1 e A3 were withih 1 A of | or Mo atoms. The high
value of Ry, and the noisy final difference synthesis are attributed to
inadequacies in the absorption correctign= 5.8 mnT?) and poor
crystal quality. Attempts to improve the absorption correction or to
get better data were not successful.

Structure Analysis of 6. 2653 absorption-corrected intensity
measurements with(Mo Ka) < 30° gave 1251 uniqué&? values Rint
= 0.031) from which 87 parameters were refined. The single
independent water H atom was freely refined, as were the orientations
of the methyl groups. FinglAp| values were< 0.75 e A3,
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(19) Programs used: (eBHELXL-97—Programs for Crystal Structure
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Chemie der Universita Tammanstrasse 4, D-3400 tBogen, Ger-
many, 1998. (b) WinGX-A Windows Program for Crystal Structure
Analysis. Farrugia, L. JJ. Appl. Crystallogr. 1999 32, 837.





