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Abstract A new cbiral bls-sull’on~de hgand (S.S)-1.2~his(p~tolylsulfinyl)bet~zene (BTSB), which 
possesses S.S-hidentate chelating donor atoms ou an aromatic ring, was synthesized. Pd, Rh, and 
Ru readill ga!are adducts wth this ligand. The cryttal wwture of Pd(:ll_Ibuh-S.S’~2(C6H6) showed 
that this lipnd had C?-symmetrtc S-coordination. Moderate asymmetric induction wa observed in 
the Pd-catalyzed allyltc suhshtutlon usmg BTSB as a ligand 

Various Cz-symmetric choral lrgands have been developed, and they play a significant role in 
catalytic asymmetric synthesis. They can be classilled into two types, which carq their chn-ahty either in 
their backbones or m the coordinating atom Itself. The latter type usually involves a choral phosphorus 
atom, and much less attention has been patd to the chmal sulfur atom. Only a few studies have examined 
the use of chlral sultoxlde as a hpand for a transition metal catalyst.1 In this report, we describe a new 
C2-symmetric bis-sulfoxide hgand, its transition metal complexes, and Its application to an asymmetric 
allyhc substitution reaction. 

Sulfoxldes are known to act as ambldentate Ilgands, which coordinate to metals via either oxygen 
(0) or sulfur (S) according to electronic and stenc factors. Due to this tlexible coordination of sulfoxide. 
careful design IS important to obtain the S,S-coordinating bls-sulfoxlde ligand. Based on the bite angle 
and the ring size of the resulting metal chelates, we designed (S,S)-I,?-bls(p-tolylsulfinyl)benzene 
(BTSB) (3). Synthesis of 3 was readily achieved m a three-step sequence starting from 3-bromoaniline, 
as shown m Scheme 1.2 First , 7--bromoamline was converted mto the tolylthloether 1 m 55% yield.” 
Next, an optically acnve sulfmyl group uas introduced to 1 using (-)-menthyl (S)-p-toluenesulfinate 
accordmg to the method of Anderson ef al.* to give (-)-2 in 51% yield [[ap4~ -231” (c 0.38, CHClj)]. 

The optical purity of (-)-2 (>99%) was confirmed by HPLC analysis using a chiral phase column (Daicel 

Chiralcel OJ, iPrOH-hexane = l/9). Finally, oxidation of (-)-2 \h Ith MCPBA gave the desired optically 
active bis-sulfoxide (-)-3 in 46% yield [[(I]‘~D -316” (c 2.40 CHCls)]. Although meso-sulfoxlde (30%) 

and sulfone-sulfoxjde (74%) were also formed, these byproducts were readily separated by flash column 

chromatography. Fmal confirmation of the structure of 3 was achieved by X-ray analysis (Fig. I).5 
To investqate how this ligand coordinates to transition metals, we prepared Pd. Rh, and Ru 

compleycs of (-)-3. [(S.S)- I .2-Bls(p-tolylsulfinyl)ben/.ene-S,S’]dichloro palladium(I1) (PdClz[( S,S)-btTb]) 
(4) was readily prepared m a quantitative yield bq treating (-)-3 w*lth PdCl2(CH+ZN)2 (1 eq) in ethanol 
[[(x12% -252” (c 0.50, CH2C12)1. The resulting yellow Pd complex (-)-4 wa.. stable tn air and in most 

organic solvents. A catlomc Rh complex, [Rh((S,S)-btsb)(cod)]+ClOa- (5). was obtained by reacting 
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Scheme 1. i) NaNO,, cHCI, 0 “C, then p-Tol-SNa. aq.NaOH. reflux, Ii) n-BuLi, THF -78 “C. 
then (J3-Menlyl-p-loluenesulrinatc. rt. iii) MCWA. CH Cl 1 *, ~30 “C‘. IV) PdCII(CH&N)I. E1W-I. rl ; 
v) [Rh(ccd)r’l]~. A&W,. acctonr. rt, vi) lW&(dmso),. (XK‘I~. reflux. 

(-)-3 with a catmmc complex prepared from (Rh(ct~I)Cl]~.~~ The bimetalhc complex, [Rh(cod)CIj2, was 

first treated with AgClOq (2 eq) m acetone. and (-)-3 (1 eq to Rh) was then added to the mixture after 

AgCl was removed by flltratlon. Concentration of the reactlon mixture after stirring at 23 “C for 12 h 

gave the desired 5 111 a quanhtatlve yield. The bls-BTSB complex of Ru(l1) 6 (RuCl2[(S,S)-bLsb]z) was 

obtalncd In 549~ yield by refluxing RuC12(dm.so)G7 and 2 eq 01. (-)-3 m CHCl3 for 2 days. Simple tH- 

NMR spectra revealed the Cz-symmetric structure of these complexes. Early work on sulfoxide 

complexes led to the empirical observation that coordmatlon to a metal center via oxygen generally leads 

to a decrease in the frequency of the band assigned as v(S=O), 8 whereas coordmation vta sulfur generally 

leads to an Increase m frequency. The IR spectra of all of these complexes Indicate coordination via 

sulfur(3: 1()57ccm~t;4: 1072cm-t;S: 10Y2cm-t;6: lll4cm-I). 

Ft,p-c 1. 0KTl:t’ dtagram of 3 and 4 S&cled dislancer (A, atld angles (dr@ are; 3. S-O 1.481(4). 
S-C(d) 1 X0.5(3). S-C(Ph) 1.821(O), 0.S-(‘(ml) 106 j(2). 0.S-[‘(Ph) 10s S(2). C(M)-S-C‘(Ph) 96 (42). 
4 S-O 1461(12). S-(‘(101) 1.75.5(1). S-(‘(Ph) I 789(7). W-S 2 22.3(2). Pd (‘I 2 302(2). S-Pd-S 90 57(t). 
S-W-(‘1 87.%(I). (‘I-Pd.Cl 946X(1) 

Final structural conflrmatlon of 4 ww achlevcd by X-ray crystal structure analysis (Fig 1).s The 

small differences In S-O bond lengths between 3 and 4 (0.020 A) deserve comment. In the case of 

PdCIZ(dmso)Z, the S-O bond length IS 0.055 A shorter than that In DMSO,g suggesting an Increase in the 

n-bonding character and a change In the Iocalllatlon of an electron from oxygen to sulfur. The relatively 

small shortemng of the bond length m PdCl2(btsb) lmphes that the electron dcftclency of the sulfur atom 

may be compensated for by the aryl n-electron of BTSB or by n-backdonatIon from the metal, rather than 

by the electron of the oxygen. As a result, the electron density of the oxygen m 4 is relatively high. 

suggestq the posslbtllty of- addttlonal posttlvc mtcractlon between the sulfoxide oxygen and the 

substrate 
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Tabk 1. 

OAc (Pd($-C,H,ph (5 mol%) CH(CO,M& 

Phd Ph 

dwal ligand 2 of 3 (20 mol%L 
nudeophile. salt (10 mol%) ph dPh 

7 CH&lP ,25 ‘C a 

entry kgand nudeophle ’ salt time (h) yteld (%) ee (%) 

1 (S) 2 A ACOK 114 

2 (3 2 A AKINa 66 

3 (S.S).3 A AcOK 140 

4 (S.S)~ 3 A AeONa 226 

40;o)b ;c $-$-&iq 

5 (SS) 3 B ACOK 168 17 (95) 20 PhT-TPh &$&is 
a b 

6 (S.S)-3 B ACCNI 168 70(69) 62 
L 

Pil 
9 NU 

7 (SS).3 B (AW@ 120 64 (66) 50 
Scheme 2. 

6 (S.S)-3 B %U,N~AC 76 25 (85) 25 

a) A CH2(C02Me)2 (3 eq). WA (3 eq). ‘d TMSO(MeO)C=CHCO$Je (3 eq), 
b) yield on the basis of recovered starting material c) [@‘o -10 1” (c 1 0 E1Ot-l) 

To test the eflecttveness of (-)-3 as a chtml Itgand, we used It In an asymmetrtc allyhc substitution 

rcactton (Table I). Under standard condttionsg (5 mol Vc of [Pd(q3-C3Hs)Cl]2, 20 mol % of 3, and a 

mtxture of N,O-b~s(tnmethyls~lyl)ace~mide (BSA) and a catalytic amount of acetate salt), mccmic 7 

reacted wtth dtmethyl malonate to give the ophcally activfc substttutton product 8. The enantioselectivity 

of thts rcactton was determmed by HPLC analysts using a choral phase column (Dame) Chlrdipdk AD 

IPrOH-hexane = I/?()). The absolute configuratton was detcrmmed to be (S) by comparing the optical 

rotatmn with ltterature valuestt’ C2-symmetric BTSB 3 gave beller asymmetric induction than 

unsymmetnc monosulfoxtde hgand 2 (entrtes 2 and 4). However, the chemical yield of 8 from the 

reactton usmg 3 was low because of deactivation of Pd-catalyst. probably owing to the generatton of N- 

(trimethylsilyl)acctamtde. In fact, this problem was solved by using the ketene trimethylsilyl acetal of 

dtmethyl malonate (entry 6). t t Also rn thts case, a catalync amount of acetate salt appears to gave a low 

conccntratton of the metal sah of dtmethyl malonate rn situ. Although the ee of the product IS still not 

sansl~actory. the asymmetric tnductton observed here IS, to our knowledge, the highest among those 

observed in reactions usmg hgands with only sulfoxtde chtrahty. It is also interesting that the counter 

canon of the nucleophtlc greatly affects the chemtcal and optical yteld. Furthermore, the absolute 

conftgurntion of the product was opposite that of what we expected. Nucleophtles normally prefer lo 

attack at carbon (I to avotd stenc interaction between the phenyl group and a large substituent (L) of the 

ltgand tn the tmnsttton state (Scheme 2).tz In the case of (S,S)-BTSB, however, the dominant product 

was (S), suggestmg a predominant attack at carbon 6. These results may imply some secondary 

Interactton between the sulfoxtde oxygen and the nucleophtle. 

In concluston. we have synthesized and characterized a novel Cz-symmetric chiral bis-sulfoxtde 

ligand 3 and 11s sulfur-bound complexes with Pd(ll). Rh(1). and Ru(ll). The crystal structure of the Pd 

complex clearly shows that this hgand coordmates to Pd(ll) through the sulfur atom, and that the complex 

has C;?-symmetry. Prehmmary results m allyltc alkylattons demonstrate the potential of this novel type of 

the chtral sulfoxide hgand. Further studies on vartous catalyttc asymmetric reactions using this ligand 

and 11s derivatives are in progress. 
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Srlecled specval d&a for l-6: 
1, colorless solid. ’ II-NMR h (-UK) &IIlz, CDCIJ; all J in 11~) 2 39 (3H. s). 0.X1 (I H, dd, J = 1 .S. 8.0). 6.98 (lH, ddd, J = 
l.S.XO,X.O),7.1O(IH,ddd.J= 1.5.X.0,8.0).7.22(21~,d,5=8.0).7.U,(2H,d,~=8.0),7.53(1H,dd,J= 1.5.8.0). 
IR (cm-‘, neat) 11x9, 1426 El-MS (m.z) 2X0,27X (M+) HR.MS calcd for (‘13Hl 18’Br~ 279.9745, found 279.9738. 
nlp=f~O”~ 
2: colorless prom (recrystalbzed from iZc0I.t hexane). ‘II-NMR h (400MtIz. CDC13) 2.32 (311. s), 2.3.5 (3H, s), 7.07 
(1H,s).7 lS(lH.dd. J= 1.5.X.0). 72(1(2H.d.I=X.O),7.32(1H,ddd. J= 1.5.8.0,8.0).7.48(lH,ddd,J= 1,.,X8.0. 
XO),7.62(2H,d.J= X.O),8.IO(lH,dd.J= 15.80) ‘?-NMR h (678MHz. CDC13) 2N21.4. 124.6, 126.3, 128.2. 
129.X. 130.1, 130.5, 131.2, 131.4, 132,s. 134.2. 137.X. 111.6, 141.9, 146.3. IR (cm-l. neat) 10.56 El-MS (m/z) 338 (M+). 
HR.MS calcd for(‘~(,lfl~0?~ 338.0X00, found 33X.0805. mp = 1 IS “< 
3- odorless prism (recrystalhzed from CH2Clz). l H-SMR B (-MloMHz, CD($) 2.38 (6H, s), 7.2X (4H. d, J = X.0). 7.62 
(211, dd, J = 3.2, S.R), 7.64(2H.d. J = X.0). 7.<9X (2H. dd, J = 3.2,5.X) ‘3C-NMRb (67.XMHz. CDcl3) 21 4, 121.4, 
125.6, 130.3, 132.2, I&).X. 142.4. 143.9 IR (cm-‘, KBr) 1057. B-MS (m,z) 3SS(M++l). HR.MS calcd forC2(#I[gfi-S? 

3.S4.0719, found 3S4.07.56. mp = 17X- I 80 ‘C 
4: pale brown pIale (recrystallized from CHjCN-benzene). ‘11.NhIR h (UOMHz, CDCl3) 2.37 (GH, s), 7 36 (4H, d. J = 
X.SHz), 7.73 (4H. s), 7 77 (4H. d, J= X.5). 13C-NMR6 (67 8MHr. CDC13) 21 7, 126.0, 127.3, 131.0, 137.0. 138.1, 
1129, 146.0 IR (cm-l, KBr) 1072. mp = 16X-170 “C 
5: yelbw solid. ‘H-NMR 6 (27OMHz. CDCI3) 2.49 (611. s). 2.4-2 7 (XII. hr), S.(W) (2H, hr), 5 X0 (2H, br), 7.52 (4H, d. J 
= X.0). 7.73-7.82 (4H. m), 7.85 (4H, d, J 8.0). IR (cm-‘, KBr) 1092 
6. yellow solid. ‘H-NMR 6 (400MHz. CIXI3) 2.10 (12H, u), 7 09 (XH. d, J X.0). 7.56 (XH. d. J X.0). 7.57 (4H. m). 7.68 
(411, m). IR (cm-‘. KBr) 111-l 
L\’ II. Truce, D P. Tale. D. N. Burdge, J. Am Chrm. SW., 1960. X2. 2872. Separation of 1 from[+Tol-SH is crucial lo 
ohrain 2 WI& high ee in the next step. 1 was also prepared from 1 .I-dihromohenzene without cmtamination of p-Tol-SH 
((I) Mg. E120, reflux, then y-Tel-SO~Me, rt (li) (‘13SiH. &(I. 0 “C. 26% in IWO rteps) 
K K Anderson, W. Gaffield, N. E. Papanikolaou, J W. F&Z>. R. Perkins, J Am. Chrm. Sot. 1964,86,.%37. 
S-ra} analysis was carried out uGn.g single crystals ol.(?)-3 (recrystallized from AcOE&CH2CIz) and (+)-4 
(recrystallized liom CHQ-benzene) hecause unfortunately (-)-3 and (-)4 did not give N-ray grade single crystals. 
Crystcr/ dotu for 3 C20~1802S2, Mr = 3.Q.4X. Montrhn~c. Space group cZ:c. ~1= 19.431(l), b = 7 782(l), r = 
12133(1)~.‘3 =1c)7.N~l)“. V= 1750.20(4)~3.~ =4,1)c=1.34S~p,m~,t;(0(K))=74). 
Crvstul dam for 4. (‘21,HlX(h_S2Cl2Pd’2(:6&, Mr = 68X 02. Mont~Auuc, Space soup o-!c, u = 16.771(I), b = 
10.431(1),~~ =20.S21(l)A,13=IlX.X0(I)“,V=3146(1)A3,Z =4,Dc=l.4S3M~~m3,F(000)=l-11)0 
(Crystallographic Measurements and Structure Analyses The mrenslry data for both compounds were collected by 28/o, 
scan technique using graphite-monocbromated (‘uKtr radiation on a four-arcle diffractometer (Rigaku:AFCSR) at 
293K” The empirical (~-scan) ahsorption corrections were applied as Tmax = I .O, Tmin = 0.80 for 3, Tmax = I .O, 
Tmin = 0.60 for 4, respectively. The toIa1 numbers of reflections collected for 3 and 4 were 148X and 2682, respectively, 
of wtucb 1399 and 23’99 were significant (IFol t 2.667~7 (IFol)). Both structures were solved hy direct method using 
SIIEIXS-X6’-’ and were relined hy the full matrix least-squares methods. ‘Tbe weighting schema used iu tie final 
refinemtml cydes were fi = 1 #CT (IFol). The final R and Rw values were ll.06S and 0.071 for 3. and 0.070 and 0.074 for 
4 (iOF values were IO..W for 3 and 2.30 for 4 All of the alomic coordinates. bond lengths and angles, and the thermal 
parameters have heen deposited at the Cambridge Crystallographic Data CmW. 
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