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For the first time the structural characterization of dimethyl selenoxide coordinated to metal complexes has been
performed confirming the Me,SeO arrangement assigned by spectroscopic techniques for the molecule in solution
and solid state. The structure of Me,SeO is trigonal pyramidal with Se—0 and Se—C bond lengths of 1.70 and 1.92
A, respectively, and Zx_se—y = 301°. As a ligand, dimethyl selenoxide was found to bind to the rhodium centers
of various Lewis acidity strengths by using only its oxo functionality in both terminal and bridging fashions. This
O-directed coordination preference contrasts with an ambidentate (—S and —0) hinding character revealed by
dimethyl sulfoxide upon formation of analogous donor—acceptor complexes. The study of dimethyl selenoxide in
the gas phase at 135-140 °C resulted in a thermal degradation of this molecule. The major decomposition product
has been entrapped by a metal complex and identified as dimethyl selenide. The isolation of the coordinated
Me,Se fragment clearly demonstrates that the Me,SeO molecule is less thermally stable than Me,SO, which under
similar reaction conditions shows no sign of decomposition at temperatures up to 160 °C.

Introduction

It is well established that dimethyl sulfoxide (MO,

DMSO), widely known and used as a polar aprotic solvent,
demonstrates an ambidentate character in reactions with
transition metal complexédDepending on the nature of the
metal center and other ligands, as well as the metal:ligand
ratio, dimethyl sulfoxide can exhibit four different binding

modes: very common terminal-O (a) andzn!-S(b) as well
as rare bridging:?-O (c)? andu?-O,S (d).?"® Moreover, the

linkage isomerism in the metaDMSO complexes, both

photochemical M-S— M—0 and thermal M-O — M-S,
has recently attracted much attentfon.

Me Me M, Me Me
M---O:é o:é---m :jo=é M---O:é---M
l\llle l\|/|e M Me Me
a b c d

In contrast to sulfur-containing ligands, the reactivity and
coordination of analogous organoselenium molecules toward
transition metal centers is not well researched. Geometrical
characteristics of complexes as well as of some simple Se-
containing molecules are still missing. For instance, the struc-
ture of biologically important dimethyl selenoxide, which is
known as a good substrate for the bis(molybdopterin) enzyme
dimethyl sulfoxide reducta8and is of interest as a cancer
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metal perchlorates have been studied only by IR and Raman Method Il. Dimethyl selenide (5.0 g, 0.045 mol) in CHGLOO
methods. mL) was placed in a 250 mL round-bottomed flask, ame
chloroperbenzoic acid (14 g, 70%, 0.05 mol) was added all at once
at —10 °C. The mixture was warmed to room temperature and
stirred for 30 min, and then it was quenched by addition of saturated

This work is a part of a broader study aimed at investiga-
tions of structural characteristics and ligating properties of

§ma|| organoselenium molecules, such as dlmethy! Selenox'NaHCQ, filtered, dried, and concentrated. The resulting residue
ide. W_e report here our resplts on b&eO (_:Omplexa,t'on by was purified by flash column chromatography using methaRol (
transition metal centers using both solution reactions and a g g) affording the title compound. Yield: 4.0 g, 78%. The spec-
gas-phase complexation approach. This study providestroscopic data are the same as for samples prepared by method 1.
comparative reactivity data for two similar ligands, namely  coordination of Me,SeO in Solutions. Synthesis of [Rf
Me,SO and MgSeO, in complexation reactions under the (0,CCFs)4]-Me,SeO (2).The solution containing M&eO (0.012
same experimental conditions. This work is based upon theg, 0.1 mmol) in 15 mL of benzene was carefully layered on a top
observed faét that the selected bidentate Lewis acids, of the CHCI; solution containindl (0.060 g, 0.1 mmol, 20 mL of
dirhodium(ll) carboxylates, do not significantly alter struc- CH:Cl2). The mixing of layers resulted in the formation of green
tural parameters of coordinated donors and that importantPlock-shaped crystals dt in a few days. They were collected,

feature was used to get the first geometric information on washed with hexanes, and dried in a vacuum. Yield: 0.043 g, 55%.
the dimethyl selenoxide molecule. Anal. Calcd for2, R,SeQF.Ci2Hs: C, 18.40; H, 0.77. Found:

C, 19.51; H, 1.10. IR (KBr, cmt): 3125 w, 3046 w, 2967 w, 2934
w, 1682 s, 1660 s, 1197 s, 1165 s, 859 m, 793 m, 741 s, 703 w.
Synthesis of [Rh(O,CCF3)4]-2Me,SeO (3).The solution con-

General Data. All of the manipulations were carried out in a  taining MeSeO (0.035 g, 0.3 mmol) in 20 mL of benzene was
dry, oxygen-free, dinitrogen atmosphere by employing standard carefully layered on a top of the GBI, solution containing. (0.062
Schlenk techniques. The unligated form of JRBL,CCF)4] (1) was g, 0.1 mmol, 15 mL of CKCL,). After 1 week violet plate-shaped
prepared according to the literature proceddrfRhy(O,CCHs)4] crystals of3 started to grow at the bottom of the tube. They were
was purchased from Strem and used as received. Elemental analysegollected, washed with hexanes, and dried in a vacuum. Yield:
were performed by Canadian Microanalytical Services, Ltd. IR 0.059 g, 70%. Anal. Calcd fo8, Rh,Se010F1.C1H120 C, 15.87;
spectra were recorded on a Nicolet Magna 550 FTIR SpectrometerH, 1.33. Found: C, 15.98; H, 1.40. IR (KBr, c): 3050 w, 3034
using KBr pellets. NMR spectra were obtained using Varian Gemini W, 3006 w, 2939 w, 2921 w, 2903 w, 1667 s, 1460 w, 1416 w,
or XL-300 spectrometers at 300 MHz féifl, 57.3 MHz for7’Se, 1227's,1197 s, 1172 s, 1158 s, 969 m, 915 w, 894 w, 863 m, 786
and 75.1 MHz fo3C. Chemical shifts are reported in ppm relative ™M, 779 m, 741 s.
to TMS or CHC} (7.24 ppm) for'H, CDCk (77.0 ppm) forl3C, Synthesis of [Rh(O,CCH3)4]-2Me,SeO (4).Dichloromethane
and MeSeSeMe (275 ppm) or MeSeMe (0 ppm) in CDfor (10 mL) was added to a mixture of two solids, }eO (0.042 g,
77Se. All 13C and7’Se NMR spectra were acquired in the proton- 0.34 mmol) and [RO,CCHs)s (0.038 g, 0.09 mmol). The
decoupled mode. MS data were determined on a Hewlett-Packardsuspension was stirredrf@ h atroom temperature to yield a clear
HP 5989 GC-LC-MS (70 eV for El). Relative % peak abundance blue-green solution. Hexanes (10 mL) were layered on a top of the

Experimental Section

is given in parentheses following tma'z value for each ion. CHCl; solution to afford blue-violet crystals @f in 2—3 days.
Synthesis of MeSeO. Dimethyl selenoxide was prepared Yield: 0.060 g, 86%.
according to the literature procedufés. Gas-Phase Complexation Studies. Synthesis of [KD,CCF3),]-

Method I. Hydrogen peroxide (13 g, 30%, 0.12 mol) was placed MezSe (5).A mixture of1 (0.066 g, 0.1 mmol) and M&eO (0.011
in a 50 mL round-bottomed flask, and dimethyl selenide (10 g, 9- 0-1 mmol) was sealed in an evacuated ¢i&tm) 10x 60 mm
0.09 mol) was slowly added by syringe atl0 °C. The reaction Pyrex tube. The ampule was then placed in an electric furnace
mixture was stirred for 30 min and then warmed to room having a small temperature gradient along th_e length of the
temperature during 1 h. Dioxane (25 mL) was added to the reaction P€. The ampule was kept at 120 for 3 days to give red-brown
mixture, and the reaction flask was put into a freezer@8 °C needles deposited in the cold end of the tube where the temper-
for 2 h. The resulting frozen solid was kept under vacuum until &{uré was at ca. 13%C. Some unidentified powder residue was
the weight of solid no longer decreased. The residue was recrystal-eft in the hot end of the tube. Crystals of volatile proddct
lized from benzene to afford the title compound. Yield: 8.8 g, 75%. Were collected manually. Yield: 0.027 g, 35%. Anal. CalcdSpr
1H NMR (CDCL): 6 2.66 (s).13C NMR (CDCL): 6 33.78.77Se Rh,SeQF1,CiHs: C, 15.66; H, 0.79. Found: C, 16.14; H, 0.90.
(CDCly): 6 945. GC-MS: m/iz 126 (Mt, 8Se, 100%), 110 (10), X-ray Crystallographic Procedures. Single crystals of com-
97 (82), 80 (40). IR (KBr, cmi): 3033 w, 3017 w, 2940 w, 2930 pounds2—5 were obtained as described above. X-ray diffraction

w, 1395w, 1375w, 1119 s, 1109 s, 1065 s, 1009 s, 969 m, 890 s, experiments were carried out on a Nonius FAST diffractometer
747 s, 723 m. with an area detector using MooKradiation. Details concerning

data collection have been fully described elsewhé&Ffty reflec-
tions were used in cell indexing, and about 240 reflections, in cell

(7) (a) Tanaka, T.; Kamitani, Tlnorg. Chim. Actal968 2, 175. (b)

Paetzold, R.; Bochmann, @. Anorg. Allg. Chem1971, 385, 256. refinement. Data were collected in a rande< 26 < 50° (4° <

(c) Paetzold, R.; Bochmann, @. Anorg. Allg. Cheml969 368 202. 20 < 45° for 5). Axial images were used to confirm the Laue group
(8) Cotton, F. A.; Dikarev, E. V.; Petrukhina, M. Angew. Chem., Int.  anq 4| dimensions. The data were corrected for Lorentz and

Ed. 2001, 40, 1521 and references therein. . . -,
(9) Cotton, F. A.; Dikarev, E. V.; Feng, Xnorg. Chim. Actal995 237, polarization effects by the MADNES prograthThe intensities

19. o were also corrected for anisotropy effects using a local adaptation
(10) (a) Krief, A.; Dumont, W.; Dinis, J. N.; Evrad, G.; Norberg, &. of the program SORTAVS Reflection profiles were fitted, and

Chem. Soc., Chem. Commur@85 569. (b) Ceccherelli, P.; Curini,
M.; Epifano, F.; Marcotullio, M. C.; Rosati, Ql. Org. Chem1995
60, 8412. (c) Krief, A.; Dumont, W.; De Mahieu, A. H.etrahedron (11) Bryan, J. C.; Cotton, F. A.; Daniels, L. M.; Haefner, S. C.; Sattelberger,
Lett 1988 29, 3269. A. P.; Fanwick, P. ElInorg. Chem.1995 34, 1875.
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Table 1. Crystallographic Data fof [Rha(O.CCFs)s]-MexSeG 1-1/2CHs (2:1/2CsHs), [Rho(02CCRs)4]-2MexSeO @),
[Rh(O2CCHs)4]-2Me;Se02CH,Cl, (4-2CH,Cly), and{ [Rhy(O:CCRs)4]-MesS 2 (5)

2:1/2GsHs 3 4-2CH,Cl, 5
formula RhSeQF;12Ci3Hg Rh,Se010F12C1oH12 Rh,SeCl;010C14H28 RhySeQF1:C10Hs
fw 821.98 907.96 861.90 766.93
cryst system triclinic triclinic monoclinic monoclinic
space group P1 P1 P2 P2:/c
a(A) 11.2884(10) 8.5443(9) 8.1902(9) 13.736(5)
b (R) 11.8657(9) 9.761(3) 18.0206(19) 8.522(5)
c(A) 20.0400(11) 14.603(3) 9.8268(11) 18.085(2)
o (deg) 74.657(6) 84.477(3)
B (deg) 81.996(6) 88.517(18) 107.116(2) 91.09(2)
y (deg) 64.516(4) 87.519(19)
V (A3) 2335.7(3) 1210.8(5) 1386.1(3) 2117(2)
z 4 2 2
Pcaled (g-cm~3) 2.338 2.490 2.065 2.407
w (mm1) 3.109 4.507 4.244 3.418
radiation ¢, A) Mo Ka (0.710 73) Mo K (0.710 73) Mo ku (0.710 73) Mo kx (0.710 73)
transm factors 0.3%10.629 0.496-0.915 0.442-0.959 0.496-0.845
temp (K) 213(2) 213(2) 173(2) 213(2)
data/obsd/params 7832/6967/609 4031/3552/335 6067/5718/297 2635/2358/274
R12, wR2 0.0600, 0.1662 0.0497, 0.1246 0.0373,0.0931 0.095, 0.2273

[I>20 ()]
R12, wR2 (all data)
quality-of-fit®

0.0676, 0.1779
1.074

0.0600, 0.1398
1.065

0.0401, 0.0946
1.044

0.1045, 0.2350
1.120

AR1 = Y ||Fo| — |Fc|l/=|Fo|. PWR2 = [=[W(Fo? ~ FA3/=[W(F?)?]]*2 ¢ Quality-of-fit = [=[W(Fo?® = Fc??/(Nobs — Nparamd] %, based on all data.

values ofF2 and o(F?) for each reflection were obtained by the
program PROCOR? The coordinates of rhodium atoms for the

Table 2. Selected Distances (A) and Angles (deg) in Complexes
{[Rhz(02CCF)d]*(MeSeO} ., (2), [Rh(O2CCFy)a]-(MezSe0} (3),

structures were found in direct methBcmaps using the structure  [RN2(02CCHg)a]-(MezSeO) (4), and{[Rha(O,CCF)a]-(Me:Se} ., (5)

solution program SHELXTL® The remaining atoms were located 2a 2! 4 5
after an alternating series of least-squares cycles and difference g —rp, 24176(11)  2.4225(12)  2.3942(5) 2.428(3)
Fourier mapg® The fluorine atoms of all CF groups were Rh—Orea 2.038(6) 2.036(6) 2.041(4) 2.04(2)
disordered over two or three different rotational orientations. Rh—Ose 2.295(5) 2.244(6) 2.290(5)

Anisotropic displacement parameters were assigned to all atoms, Rh—Se 2.590(3)
except the disordered fluorine atoms and disordered carbon atoms EE:SE:& 174.3(2) 176.2(2) 178.01(11) 178.49(12)
of solvent molecules. Relevant crystallographic data for complexes grp-o0-rh  118.1(2)

2:1/2 GHe, 3, 4:2CH,Cl,, and 5 are summarized in Table 1. Se-O 1.704(6) 1.687(6) 1.696(4)

Selected bond lengths and angles 2er5 are given in Table 2. Se-C 1.917(10)  1.929(9) 1.921(7) 1.93(2)
0-Se-C 102.0(4) 101.3(5) 101.8(3)

Results Cc-Se-C 98.0(5) 98.4(6) 96.1(3) 98.3(13)

. . . . . . a i i
Solution interaction of dimethyl selenoxide, MO, with Average for two crystallographically independent molecules.

1 at room temperature afforded two types of crystalline
adducts depending on the reagent concentrations, namely
{[Rhz(O:CCR)4]n*mMe,Sed, wherenm= 1:1 (2) and 1:2 °
(3). The monoaddu@ and the bis-addu@ show distinctly
different colors: green and violet, respectively. B@tand -
3 are stable at room temperature, b2itslowly loses
crystallization solvent. Identities of productsand 3 were
confirmed by chemical analysis and by X-ray crystal-
lography. Two types of structures have been identified: an
extended 1D coordination polymer 2{Figure 1); a discrete
bis-adduct type ir8 (Figure 2a). The first one is built on the
u-O-coordination of dimethyl selenoxide ligands that bridge

Figure 1. Fragment of the polymeric compld¥Rhx(O,CCFs)4]+(CHz)2-
SeGl (2) showing the alternating arrangement of JRD,CCFs)4] and
- - dimethyl selenoxide units. Atoms are represented by thermal ellipsoids at
(12) Pflugrath, J.; Messerschmitt, A. MADNES, Munich Area Detector the 40% probability level. Fluorine, carbon, and hydrogen atoms are shown

(New EEC) System, version EEC 11/9/89, with enhancements by a5 gpheres of arbitrary radii. Dashed lines indicate axial coordination to
Enraf-Nonius Corp., Delft, The Netherlands. A description of MADNES 1, qium atoms.

appears in: Messerschmitt, A.; Pflugrath).JAppl. Crystallogr1987,
20, 306.
(13) Blessing, R. HActa Crystallogr 1995 A51, 33.

dirhodium complexes to form an infinite structural motif with
(14) (a) Kabsch, WJ. Appl. Crystallogr 1988 21, 67. (b) Kabsch, WJ. an average RRO axial distance of 2.295(5) A. 18 two
Appl. Crystallogr 1988 21, 916. . . . . ..
(15) SHELXTL V.5 Siemens Industrial Automation Inc.: Madison, wi,  ligands are terminally coordinated to the axial positions of
19h94|16, . | . o GElack one dirhodium molecule. As expected, the average axial
(16) Sheldrick, G, M. InCrystallographic Computing 6Flack, H. D., Rh—O distance for the terminally bound M&eO ligand in

Parkanyi, L., Simon, K., Eds.; Oxford University Press: Oxford, U.K., . . )
1993; p 111. 3 is a bit shorter (2.244(6) A) than that &) while average
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Figure 2. Perspective drawings of the [RID2CR)u]-2(CHs),SeO molecules: (a) R= CF; (3); (b) R = CHs (4). Atoms are represented by thermal
ellipsoids at the 40% probability level. Fluorine, carbon, and hydrogen atoms are shown as spheres of arbitrary radii. Dashed lines showrsatiahcoordi
to rhodium atoms.

Discussion

This work tests an adduct formation approach for getting
geometrical characteristics of molecules with unknown
structures when direct crystallographic studies are not avail-
able. We decided to use the exceptional coordination ability
of a bidentate coordinatively unsaturated inorganic complex,
[Rhy(O,CCF)] (1), for preparation of crystalline adducts with
’ Me,SeO followed by their X-ray crystallographic study.
Figure 3. Fragment of 1D structure &, {[Rhy(O:CCFe)al-(CHg)»S& L. .The previous structural studies of adduct (':omple>.<e]5 of
Atoms are represented by thermal ellipsoids at the 40% probability level. With various donor molecules revealed an interesting and
Fluorine, carbon, and hydrogen atoms are shown as spheres of arbitraryimportant feature: the geometrical characteristics of coor-
radii. Dashed lines show axial coordination to rhodium atoms. dinated Iigands do not significantly differ from those of the
noncoordinated molecules. Some examples with sulfur
molecules illustrating this observation are shown in Table
3. Therefore, the dimensional parameters of the coordinated
ligand in this case can be regarded as a very close
approximation for the geometry of a “free” molecule. In

i vate. Crvstals | ent ikl daddition, acidic properties of the rhodium centers can be
romethane sovate. Lrystals 100Se Solvent very quickly, an readily tuned by changing substituents on the carboxylates
that prevented obtaining accurate chemical analysis data for

. ; and that was used to demonstrate the ambidentate character
4. A bis-adduct type of structure has been confirmed4for

. : . i ) of DMSO in solution?? Recently, flexibility in coordination
by X_-ray dlﬁract|pn ;tudy (F_lgure 20y. It is bu"t on the . of DMSO has been remarkably demonstrated by performing
terminal O-coordination of dimethyl selenoxide to the axial

" . . . : as-phase complexation reactions using the significant
positions of the dirhodium unit. The RIO distance to the gas-p P g 9

. N ) volatility of complex 1.%" For the systeni—DMSO, novel
termlnally_ bo_und M@Seo_ of 2.290(5) A |_n4 IS a .b't Io.nger adducts built onu-O andu-O,S coordination with new and
than that in3 in accord with a decrease in Lewis acidity on

. ) . varied stoichiometries have been discovered, namely-[Rh
going from 1 to dirhodium tetraacgtate. . (O,CCR3)4]n*mDMSO with mn = 7:8, 1:1, and 2:1. That

As a result of gas-phase reaction of #8eO with1 at variety along with a possibility for linkage isomeriém
135-140°C, novel product has been isolated in the form 5 ompted us to examine the reactivity and ligating properties
of well-defined red-brown crystals that are stable at room ¢ Me,SeO in the presence of dirhodium complesot only

temperature in air. Its chemical analysis characterization wasj,, so|ution but also in the vapor phase at elevated temper-
consistent with the composition [RID,CCR;)4]:(Me,Se)= atures.

1:1. An X-ray structural investigation revealed the polymeric
structure of the produd {[Rhy(O,CCF)4]-Me;Sé L (Fig-
ure 3). It is built on the MgSe fragments bridging two
rhodium centers to form an infinite 1D motif with the axial
Rh—Se distances of 2.579(3) and 2.601(3) A.

characteristics of the dirhodium cores are very similar2for
and3 (Table 2).

Solution interaction of MgSeO with [RR(O,CCHs)4]
resulted in the isolation of the only product, [Rh
(O,CCHy)4]-2Me,SeO @), that crystallizes as a dichlo-

Three new donocracceptor adduct®—4 have been iso-
lated from solution reactions, and these are the first coor-
dination complexes of dimethyl selenoxide crystallographic-
ally characterized in the whole transition metal series. As a

(18) Rettig, S. J.; Trotter, Acta Crystallogr.1987 C43 2260.

(17) We have obtained crystals ef as solvates with CKCl, and (19) Sands, D. EZ. Kristallogr. 1963 119, 245.
CIH,CCH,CI. In both cases all the crystal tried (over 10 total) have (20) Dikarev, E. V.; Petrukhina, M. A. Manuscript in preparation.
been shown to be twins. However, the twin refinemem-@CH,Cl, (21) Sime, J. G.; Woodhouse, D. I.Qryst. Mol. Struct1974 4, 269.
was successful. The results for this compound are reported in Tables (22) (a) Cotton, F. A.; Felthouse, T. Rorg. Chem.198Q 19, 323. (b)
1 and 2. Cotton, F. A.; Felthouse, T. Rnorg. Chem.1982 21, 431.

Inorganic Chemistry, Vol. 42, No. 6, 2003 1969



Dikarev et. al.

Table 3. Geometric Characteristics of “Free” and Coordinated to suggests that the S® bond should be ca. 1.70 A, as ob-
Sulfur Molecules served (Table 4). The observed-Se bonds in the DMSeO
Molecule Bond, | “Free” | Coord. complexes2 and 3 are slightly shorter than expected from
Angle | Ligand | Ligand the literature examples. From data presented in Table 4 and
Cyclo-octasulfur 113-S.S'.S" from our previous experience, we may conclude that struc-
S S-S 2.046 | 2.053 tural characteristics of the noncoordinated and the coordi-
S\S/ \S//S 8-8-S | 108.2 | 107.2 nated MeSeO molecules should be very close. Therefore,
—S—¢ [18] [8] we can provide average characteristics for the,34©
y . molecule in solution: a trigonal pyramid with S© 1.70
Dimethyl Sulfoxide S-0 149 ‘1‘2;8 A, Se-C 1.92 A andSx_sey = 301°. The sum of the angles
H3C S-C 180 1176 about the selenium atom is less than the expected value for
—0 C-S-0 | 1059 |104.6 pyramidal trisubstituted selenium with one lone pair (ca.
/ - C-S-C |97.8 |99.7 328.5).
HaC [fe] | [2f] Structural information on M&eO is useful for comparison
Dimethyl Sulfone 00 with the result; of theoretical calculations on this compound.
$=0 145 | 144 Thus, calculations on M&eO at the DFT (MP2j level
H3C, o S-C 1.78 1.74 predict Se-O 1.672 (1.663) A, &Se 1.983 (1.948) A,
\/ 0-s-0 |1172 |116.6 [CSeO 104.0 (103.8), and 1CSeC 94.4 (93.8). Both
/ X0 C-s-O0 | 1088 | 1083 Me,SeO and MgSO are best described as possessing highly
H3C C-8-C 11093'4 12006'7 polarized X-O (X = Se, S)o-bonds rather than3¢0 double
ST 9] /Ez_(]) = bonds, with dipole moments of 4.77 D (DFT; 4.87 D MP2)
S=0 144|144 and 4.45 D (DFT; 4.53 D MP2; 3.96 D experimental),
CeHs o S-C 1.77 1.76 respectively.
\S/ 0-S-0 | 1192 |116.9 It is interesting to compare our structural data on
/ X0 C-S-0  1108.1 | 108.0 Me;SeO in2 and 3 with results of the X-ray study of the
CeHs C-8-C Ezof]'l Ezog]'6 protonated dialkyl selenoxid@.There is a small but notice-

able elongation of the SeO distance upon protonation,
) ) which can be interpreted as showing stronger interaction of
result of these X-ray studies, the structure of dimethyl pyseo with the proton than with the rhodium centerd of

selenoxide has been proven to be theS& type analogous Investigation of reactivity of MggeO toward dirhodium
to DMSO. A bridging mode of_ the M&eO to the rhodium tetraacetate, [RKO,CCHy).], which was shown to be a softer
centers has been found 2y while complexes3 and4 both Lewis acid thanl in solution reactions with DMSE?

have terminally coordinated dimethyl selenoxide. In all yeyealed a difference in ligating properties of the two donor
adducts dimethyl selenoxide uses only the O-donor site for ysjecules. Dimethyl selenoxide was found to be insensitive
coordination. Geometrical parameters of the,S&0 mol- to the Lewis acidity of the rhodium centers as it was

ecules in O-bridging and O-terminal coordination modes O-terminally bound in both bis-adduc®® and 4. That
were found to be very similar (Table 4). The-S8 bond contrasts with the coordination behavior of DMSO, which
distance is slightly longer ii2 than in3 (1.704(6) versus  ¢jearly revealed its ambidentate character in similar reactions
1.687(6) A), while average SeC distances as well as all it these two dirhodium complexes. Thus, the preferred
angles about the selenium atom are very close for the two .gordination of DMSO ligands in the bis-adduct with

complexes. _ _ _ [Rhy(O,CCHs)4] complex was found to bg!-S, while in the
There are no published X-ray data for dialkyl selenoxides pis_adduct withl it was 7O bound??

except for the structures of a protonated dicyclohexyl  gq far the preference of the hard O atom of,BleO for

selenoxidé® and the selenolane five-membered ring based ., gination to the metal center, rather than the soft Se atom,
selenoxide’ Extrapolation of data from published studies 4 peen crystallographically confirmed in all addutst

on selenoxides of type C¥sFSe(Of***and (Csf,Sed* isolated from solutions. This is in accord with the greater
difference in electronegativities between selenium and

(23) Procter, D. J.; Thornton-Pett, M.; Rayner, C. Metrahedron1996

52, 1841, oxygen compared to the situation with sulfur and oxyéen.
(24) Iwaoka, M.; Takahashi, T.; Tomoda, Beteroat. Chem2001, 12, It is also consistent with hydrogen-bonding studies conclud-
o ing th i base of the R type th
(25) Takahashi, T.; Nakao, N.; Koizumi, Tetrahedron: Asymmet3997, ing that DMSeQ s a stronger base of the type than
8, 3293. DMSO % Lower reactivity of a selenophene 1-oxide toward

(26) Fujiwara, T.; Tanaka, N.; Ooshita, R.; Hino, R.; Mori, K.; Toda, F
Bull. Chem. Soc. Jpri99Q 63, 249.
(27) Takahashi, T.; Kurose, N.; Kawanami, S.; Arai, Y.; Koizumi,JT.

further oxidation (compared to respective S-containing

Org. Chem.1994 59, 3262. (31) Lowe, W.; Schmidt, R.; Luger, B. Heterocycl. Chenml994 31, 1275.

(28) Boullais, C.; Zylber, N.; Zylber, J.; Guiheim, J.; Gaudemer, A. (32) Stuhr-Hansen, N.; Sgrensen, H. O.; Henriksen, L.; LarseAct
Tetrahedron1983 39, 759. Chem. Scandl997, 51, 1186.

(29) Kimura, T.; Ishikawa, Y.; Ueki, K.; Horie, Y.; Furukawa, N. Org. (33) Tingoli, M.; Tiecco, M.; Testaferri, L.; Temperini, A.; Pelizzi, G;
Chem.1994 59, 7117. Bacchi, A. Tetrahedron1995 51, 4691.

(30) Shimizu, T.; Kikuchi, K.; Ishikawa, Y.; Ikemoto, |.; Kobayashi, M.;  (34) Dobado, J. A.; Mamez-Gar@, H.; Molina, J. M.; Sundberg, M. R.
Kamigata, N.J. Chem. Soc., Perkin Tran$989 597. J. Am. Chem. S0d.999 121, 3156.
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Table 4. Geometric Characteristics (A and deg) of Selenoxide Compoung&e(®

compd Se-O Se-C Se-C 0-Se-C O-Se-C C-Se-C Sx-se-y ref
Csp~Se(Rh-O—Rh)-Csp 1.704 191 1.93 100.6 103.3 98.0 301.9 this w@k (
Csp~Se(O-Rh)-Csp 1.687 1.92 1.94 100.5 102.1 98.4 301.0 this wak (
Csp~Se(O-Rh)-Csp 1.696 1.916 1.926 101.7 101.9 96.1 299.7 this wek (
Csp~Se(OH)-Csp'2 1.755 1.977 1.97 100.9 95.2 103.5 299.6 23
Csp~Se(O)-CspP 1.679 1.946 1.95 103.8 104.5 88.9 297.2 24
Csp~Se(O)-Csp© 1.682 1.953 1.91 104.4 103.4 94.7 302.5 25
Csp~Se(O)-Cspd 1.678 1.970 1.93 103.4 102.3 97.0 302.7 26
Csp~Se(O)-Cspe 1.676 1.955 1.93 102.8 103.4 96.9 303.1 27
Csp~Se(O)-Cspf 1.683 1.946 1.97 100.0 104.4 98.5 302.9 28
Csp~Se(O)-Csp9 1.690 1.958 1.95 101.8 102.8 96.6 301.2 29
Csp~Se(O)-Csph 1.662 1.945 1.98 106.5 102.4 98.7 307.6 30
Csp~Se(O)-Csp! 1.648 1.956 1.94 100.8 103.4 95.7 299.9 31
CspSe(O)-Csp! 1.683 1.931 1.95 104.6 100.9 97.4 302.9 32
Csp#~Se(O)-Cspk 1.646 1.938 1.95 103.3 103.1 96.0 302.4 33

aDicyclohexyl.? trans-3,4-Dihydroxy-1-selenolané.2-exoBorneol, 4-methoxyphenyf Ethyl, m-tolyl. € 2-exoBorneol, phenyl, cIathratéS’-Deoxyad-
enosine, phenyk 9-(Phenylseleno)dibenzothiophene, phehy,4,6-Triisopropylphenyl, 4p-menthyloxycarbonyl)phenyl.3,3-Bis(4-chloroquinolyl)j 4-
Methoxyphenyl, phenyl, monohydratePhenyl, 1-bromo-2-phenylethene.

molecules) has also been explained by decreased eIeCtrOIIabIe 5. Geometric Characteristics (A and deg) of Dimethyl Selenide

density on the selenium atom due to the highly polarized , X-ray
Se—0 bond3®¢ To force the Se-site coordination, it would microwave calcd? this
be interesting to explore the phototriggered transformations spectr# DFT MP2 ref37a ref38 work(5)
1?0 — u?-S,0 in the isolated crystalline monoadd@cts Se-C 1943 1970 1.948 . égl ) 51;;?125 . é-??Z
mtramolecul_ar p_hotochemlcal |somer|zat|on fromﬂn to C-Se-C 9611 969 959 9659 9911 98.3
Ru—S coordination has been previously observed in DMSO m-se 2375  2.566 2.579
complexes of Ru(ll}. M—Se-M Tonq0 12805 1293
. —o€e— . . .
We were not able to prove the structure of #8eQ in the M—Se-C 1071 1072  106.2

gas phase since dimethyl selenoxide showed limited thermal

stability at elevated temperatures. Instead, we discovered gransformation confirms that the M&eO molecule is less
major decomposition pathway of M&eO by successful  thermally stable than its sulfur analogue, which has been
entrapment of its reactive fragment, namely-8e, formed  found to exist in vapor phase at temperatures at least up to
in the vapor phase at 13840 °C using complexL as an 160 °C2 The above thermal degradation reaction of
electrophilic trap. Dimethyl selenide was found to be the \e,SeO in the presence of dirhodium complein the gas
major fragment of this decomposition process, as its en- phase is of interest as it provides an example of how
trapment byl afforded crystals of complex in moderate  environmentally important gas-phase transformatibo$
yield (ca. 35%). Chemical analysis also confirmed the selenium-containing molecules can be studied with the use
identity of the isolated product, which is stgble at room of the appropriate electrophilic metal complex traps.
temperature. There are sevéfairystallographically char- This work illustrates the utility of the adduct formation

acten; ed m etal complexes that contain terminal dl_methyl approach to get structural information for molecules that are
se'len.|de ligands and only two other exampfe¥’ with gaseous or liquid ligands or compounds with low melting

bridging MeSe groups. For the latter two compounds temperatures. In addition, this technique also provides a route
average values of the S€ bond and th_e €Se-C angle_ to examine decomposition reactions of thermally unstable
for MgZSe are close fo the corresponding values obtained molecules by entrapment of their reactive fragments formed
by microwave spectroscoffyand to the X-ray data for at high temperatures. This will be extended to other small

product5 (Table 5). .
. . i organoselenium molecules.
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