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Introduction

Chiral ligands containing both nitrogen and sulfur have
recently received considerable attention in asymmetric catalysis.

A number of mixed\,Sdonor ligands and their corresponding
complexes have been reported,
lidines? thioamides’ and thiouread All existing chiral variants

of these ligands depend on the chirality about the appended
a-carbon centers. A few examples of chirality on sulfur have
been reported for alternative ligand scaffolds as exemplified by

the neutral sulfoximido cap structure reported by Bolm aimesSu
Fink®> and theB-amino sulfoxide ligand reported by Pettinari
and co-workers.

Chiral sulfinamide-containing scaffolds have attractive fea-

tures as ligands for metal complexatiorf. These chiral sulfur
moieties have the potential to bind through nitrogeulfur, or
oxyger? to form a number of uniquely bonded motifs. Ad-

ditionally, they are both structurally and optically stable, and

can be rapidly assembled from simple building blo¥kderein,
we report a novel homochiraN,N-bis(tert-butanesulfinyl)-
amidine ligand3 and its complexation with rhodium(l) to afford

a structurally unigue nitrogen- and sulfur-bonded organometallic

complex4. This is the first reported anionic and homochiral
N,Sbonded bis(sulfinyl)amidinate complex involving any tran-
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sition metal center. Furthermore, to our knowledge, structure
represents the first example of a complex involving any sul-
finamide moiety with rhodium(l).

Results and Discussion

The reaction of R)-tert-butanesulfinamidé 1 with trimethyl
orthoacetate leads to a single isomer of the condensation product
2 (Scheme 1). This compound was then used to acylate the
potassium salt of a second equivalent Rf-{ert-butanesulfin-
amide to afford theN,N-bis(sulfinyl)amidine ligand3. This
novel pseudo-g&symmetric ligand can be isolated in good yield
by an agueous extraction followed by precipitation from hexanes
and diethyl ether to afford an analytically pure white powder.
After stirring 2 equiv of the potassium salt 8fwith 1 equiv of
(Rh(COD)CI}, we isolated a fluorescent orange powder as a
precipitate, and subsequent trituration in boiling

s*
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hexanes affords the rhodium(l) compléxas a single product

as observed by'H NMR spectroscopy (eq 1). The iso-
lated complex is air stable and soluble in most organic solvents.
The slow layering of diethyl ether into toluene solutionsdof
affords single crystals suitable for X-ray structure determina-
tions. The molecular structure, including atom labeling, is shown
in Figure 1.

Crystallographic Studies. Complex 4 crystallizes in the
acentric orthorhombic space groBp;2,2;. The rhodium atom
is coordinated by a COD ligand and MyN-bis(tert-butane-
sulfinyl)amidinate ligand, which is bonded to the rhodium center
via a nitrogen (N(2)) and a sulfur atom (S(1)) to form a five-
membered heterocyclic metallocycle. Interestingly, the tevt
butyl substituents of the metal complex of ligaBdare both
situated on one face of the complex, while the sulfinyl oxygen
atoms are positioned in the opposite direction.

An additional and interesting structural feature is the con-
siderabletrans influence revealed in the rhodiunCOD sp
carbon bonds. The bonds position&dns to the nitrogen
(N(2)) are slightly shorter (2.110(3) and 2.139(3) A) than
those positionedransto the sulfur (2.200(3) and 2.255(4) A).

(11) Liu, G. C.; Cogan, D. A;; Ellman, J. A. Am. Chem. S0d997, 119,
9913.
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Table 2. Selected Interatomic Distances for Rhodium Complex
Determined from X-ray Single-Crystal Structural Data

atoms d, (A atoms d, (A)
Rh(1)-S(1) 2.2676 S(HCE) 1.8490
Rh(1)-N(2) 2.1096 S(2+0(2) 1.4838
Rh(1)-C(11) 2.1391 S(AN(Q) 1.7008
Rh(1)-C(12) 2.1718 S(2}C(7) 1.8553
Rh(1)-C(15) 2.2000 N(1-C(1) 1.3169
Rh(1)-C(16) 2.2549 N(2}-C(1) 1.3582
S(1)-0(1) 1.4791 C(1rC(2) 1.5085
S(1)-N(1) 1.6581

Table 3. Selected Bond Angles for Rhodium Compléx

atoms angle (deg) atoms angle (deg)

S(1-Rh(1-N(2) 79.7191 Rh(:yN(2)—-C(1)  115.8209
Rh(1}-S(1-0O(1) 114.5474 S(N(2)—C(1) 115.4316
Rh(1}-S(1)-N(1) 104.3833  N(1}C(1)-N(2) 123.8753
Rh(1}-S(1)-C(3) 122.1717 N(L}C(1)-C(2) 113.7048
O(1)-S(1)-N(2) 107.6763  N(2rC(1)-C(2) 122.4199
Figure 1. ORTEP drawing o# showing the atom labeling scheme. 8((8:28)):323 igggggi gggggg:gégg iggggig
Thermal ellipsoids are shown at 50% probability. 0(2)-S(2-N(2) 108:0535 S(5C(3)-C(6) 108:1015

: 0O(2)-S(2)-C(7) 106.4947  S(2)C(7)-C(8) 1131.5709
Table 1. Crystallographic Data of the Rh Compldg N(2)—S(2)-C(7) 1015342 S(C(7)-C(9) 107.0786

chem formula Rh&;N;C;gHs33 fw 476.50 S(1)-N(1)—-C(1) 115.3276  S(2)C(7)—C(10) 103.7155
a=9.7213(1) A space group2;2;2; Rh(1}-N(2)—S(2) 128.7315
b=10.9246(2) A T=-99°C
c=19.3747(4) A A=0.71073 A tert-butanesulfinamide (12.8 mmol) were added 12.0 mL of trimethyl
Vf 2057.62(6) A Pca'Cd:_1'54 glend orthoacetate (94.0 mmol) and 10 mgpefoluenesulfonic acid mono-
ZK/I4K —10.45 ent S(Fz)’i_o%gio hydrate (0.005 mmol). A water-cooled reflux condenser was then
#(Mo Ka) =10.45 cnv W ’ attached to the reaction flask, and the mixture was brought to reflux.
aR=3Im||Fo| — |Fc||/Z|Fol. Rw= {[ZW|Fq| — |Fo)J/[ZW(Fo?)]} Y2 The solution was stirred fo3 h after which time the reaction was
determined to be complete by TLC (neat EtOAc). The volatile ma-
Furthermore, the two shortest RE bonds (Rr-C(11), Rh- terial was removed in vacuo, and the crude oil was purified by

C(15)) lie on opposite sides of the rhodium coordination plane. gg:ﬁ&atggri?]p;‘z’o/(;;J‘_‘Z}g‘egf;g??ltg g{:‘gg_llg(l)éo‘)fltzgel title

The geometry of the metal center is square planar with respect u 0 D o ’ ' !

to th% coord%/nating diene, and the—fRq h—CpangIes abovep 10811;:m1; HNMR (300 MH2) 0 3.76 (s, 3H), 2.29 (s, 3t), 1.21 (|Sd
' 9H); 1¥C NMR (75 MHz) 6 174.4, 56.0, 54.2, 22.0, 19.0. Anal. C

(C(16)-Rh—C(15)= 36.1(1) and below (C(11}Rh—C(12) for)C7H15N02S:( c, 47.421)2; H, 8.53; N, 7.90. Found: C, 47.4%6;1H, g.gs;

= 37.6(1)) the plane of the rhodium(l) center are nearly equal. \ 7.9g.

Finally, the remaining bond lengths and angles in the molecule  synthesis ofN,N'-Bis[(R)-1,1-dimethylethyl)sulfinyl]ethanimid-

are apparently normal. amide (3). A flame-dried 250 mL three-neck flask equipped with a
NMR Studies. A single complex is observed by NMR 250 mL addition funnel and a stir bar was charged with 3.5 g of KH
spectroscopy whed is dissolved in CDGL The*H NMR of (35 wt % in mineral oil, 31 mmol, 3 equiv) and 26 mL of THF, and

the complex shows four distinct COD alkene proton resonancesthe suspension was cooled t0°C in an ice bath. To the stirred
at 6.68, 6.27, 4.52, and 4.36 ppm. The former two resonancessuspzns!on szoﬁgdZ?, dl.t2h4egn(1i1xct)£12remvr\?:SL ;”ievli;?go:g:gsﬂ?{l the
. - . . . namide In po ,
r e ol corseay e o e ey L ST T S i
T i, L mmol) of tert-butanesulfinylimidate? in 26 mL of THF was added
from the coordinating nitrogen. Additionally, two distirtetrt- dropwise. After the mixture was stirred and allowed to cool fe32
butyl resonances are observed in the form of broad singlets aty the reaction was quenched wit M NaHSQ and the THF was
1.20 and 1.27 ppm. In th&*C spectrum, the COD alkene evaporated on a rotary evaporator. The residue was taken up in
resonances are present between 107.4 and 74.9 ppm, and eadtOAc, washed wh 1 M NaHSQ, dried over MgS@, and filtered.
resonance has a distinct R coupling constant. THEC NMR Evaporation of the solvents afforded a yellow solid, which was dissolved
spectra also reveal the lack of symmetry in the complex by the in EtO and precipitated by the addition of hexanes to afford 1.33 g of
presence of four distinct COD methylene resonances, as wellthe title product as a pure white solid (49%)]t —578 (c 1.0,

as two distincttert-butyl peaks at 23.4 and 23.3 ppm. CHCL); IR 3124 (br), 1605, 1579, 1456, 1093 c*H NMR (500
vip PP MHz) 6 10.46 (s, 1H), 2.30 (s, 3H), 1.28 (s, 9H), 1.22 (s, 9HL
Experimental Section NMR (125 MHz) 6 163.2, 58.5, 57.1, 22.7, 22.2, 22.1. Anal. Calcd

for CigH22N20,S,: C, 45.08; H, 8.32; N, 10.51. Found: C, 45.06; H,

General Procedures.The organic solvents were dried by standard 8.62; N, 10.39.
procedures. Unless otherwise noted, all reagents were obtained from  Synthesis of [(1,2,5,67)-1,5-Cyclooctadiene] { N-[(R)-(1,1-Di-
commercial suppliers and used with no further purification. IR spectra methylethyl)sulfinyl]- N'-[(R)-(1,1-dimethylethyl)sulfinyl-k S]eth-
were taken as thin films by dropping a solution of the compound in animidamidato-kN} rhodium (4). To a 50 mL round-bottom flask was
CH.Cl, on a salt plate and allowing the solvent to evaporate off (only added a suspension of 73.0 mg of 95% k8w (1.2 equiv, 0.62 mmol)
partial data are reported). For all NMR spectra, the samples were in 5 mL of toluene. After the suspension was cooled €0 138 mg
dissolved in CDGand chemical shifts are reported in parts per million  of bis(sulfinyl)imidamide3 (0.520 mmol, 1 equiv) in 5 mL of toluene
downfield from an internal solvent peak. Elemental analyses were was added with stirring. The suspension was stirred for an additional
performed by M-H-W Laboratories, Phoenix, AZ. 90 min under nitrogen. After this time, the reaction solution was warmed

Synthesis of MethylN-[(R)-(1,1-Dimethylethyl)sulfinyllethanim- to room temperature, and 127 mg (0.260 mmol, 0.5 equiv) of Rh(COD)-
idate® (2). To a 25 mL round-bottom flask charged with 1.55 g of Cl, was added as a solid. The suspension immediately turned bright
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1.0, CHC}); IR 1485, 1313, 1108, 1080 crh *H NMR (300 MHz) &
6.68 (s, 1H), 6.27 (s, 1H), 4.52 (s, 1H), 4.36 (s, 1H), 2.8G3 (M,
1H), 2.45-2.38 (m, 1H), 2.32 (s, 3H), 2.32.30 (m, 1H), 2.26-2.05
(m, 3H), 1.93-1.87 (m, 1H), 1.821.76 (m, 1H), 1.27 (s, 9H), 1.20
(s, 9H); 3C NMR (125 MHz)6 177.0, 107.4 Jrnc = 8.75 Hz), 95.7
(Jrie = 7.5 Hz), 86.3 Jric = 15 Hz), 74.9 Jruc = 11.2 Hz), 64.4,
59.3, 32.9, 31.7, 28.8, 27.5, 23.4, 23.3, 21.2. 1C0104205

Supporting Information Available: X-ray crystallographic files in
CIF format for the structure determination of [(1,2,%)641,5-COD]
{N-[(R)-NS(O)Bu]-N'-[(R)-(NS(O)Bu-kSethanimidamidatoeN} -
rhodium complex4. This material is available free of charge via the
Internet at http://pubs.acs.org.



