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Abstract- A new class of chiral thio- and sclenasubstitutcd ferroccnylamincs were pmpamd by 

the dilithiation of R-(+)-N,N-dimcthyl-l-fermnnylethylsmjnc followed by the reaction with 

either a disulfide or disclenidc. 

Since the pioneering work of Ugi et al. in 1970 dimcrcd towards the synthesis of fermcenyl ligands 

possessing both central and planar ~himlity.~ Hayashi and coworkers have exploited the modification of chiral 

f~enylph~~e Iigands for use in ~~don-~~~a~y~ asymmetric synthesis.* Recently, Hayashi er 

al. have rqntcd the use of the (R)_(S)-fumcenylaminamine ligand I in an elegant synthesis of oxaxolines using a 

gold(I) catalyzed aldol reaction with both high diastcmo and enantiosclcctivity.3 

W)-(S)-1 
2 

8.R’=CH3;R2=H;X=S 

b.R’=H; R2=CH3;X=Sc 

Tht demonstrated importance of ferroccnyl ligands in transition-mctal- catalyxcd reactions has led to 

research efforts for the synthesis of fcnoccnyl ligands with metal-chelating groups other than phosphorus. 

Simple fcrrocenyl ligands with sulfur, selenium, and tellurium donor substitucnts have been dcscribed.4d 

Quite rcccntly, Brubakcr et al. have mported the synthesis of the chiral fcrmccnylamines 29-b containing a 

single sulfur- or s&no-substituent, which were effective catalysts for Grignard cross-coupling reactions.’ 

Our laboratory efforts have been dkccted towa& the synthesis of chiral fcmxcnylamine chelating 

ligands having either two suifde or sclenide donor groups. The procedure developed allows for their rapid 

preparation starting from the readily available (R)-(+)-fanxenylethylamine 3.’ The (R)-(Rwthiw 

fcrmccnylamine 4 was prepared by the sequential mctalation of 3 in die&y1 ether with n-butylh&ium (n-BuLi) 

followed by n-BuLi with N.N.N’,N’-ttrramethylethylencdiamine (TMBDA).s’s The reaction of 4, prcpamd in 

sifu, with cxccss Sac at rcflux tcmpcratum gave the corresponding bisrbio- and bissclen~substituted 
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fcrrocenylamines da-c.4 The reaction of 6a-e with acetic anhydrides’ at 100 “CT gave the corresponding acetates 

7a-c as liquids. Chmmatographic purification (neutral Al@$ of the acetates resulted in partial hydrolysis to 

I 

Fe 
1. n-BuLi 

* 

~ 

2. n-B-DA 

m - (+)-3 

a.R=Ph;X =S 

6 

a.R=Ph;X =S 

CH30H A 

7 
a.R=Ph;X =S 

the cormsponding alcohol whereupon the mixture must be reesterified prior to further modification. The 

reaction of 78-b with N.N,N’-uimetby1ethylenediamine, 8, in methanol at reflm? gave the thio and 

seleno-substituted f errocenylamines 9a-c, which are currentiy under study in our laboratory. 

EXPERIMENTAL 

All reactions were carried out in dried apparatus under a dry argon atmosphere. Woelm alumina N 

(activity I), and Merck silica gel 60 (70-230 Mesh) were used for chromatography. AR ‘H NhSR spectra wm 

obtained on a Bru ker 300 MHz spectrometer and chemical shifts are relative to TMS where a positive sign is 

downfield from the standard. The abbreviations used for peak multiplicity ate s = singlet, d = doublet, t = 

triplet, q = quartet, and m = multiplet. Reagents were purchased from commercial labomtory supply houses. 

All solvents were dried prior to use. Elemental analyses wem performed by Analytical Research Services. 

CIBAGEIGY Corp. 

(~)-N~-Dim+thyl-1-[(~)-1’J-bbfpbcnyith &a): To a solution of 7.71 g (30 

mmol) of (R)-(+)_3 in 50 mL of anhydmus diethyl ether was added dropwise over 5 min 22.5 mL (36 mmol) of 

a 1.6 M hexane solution of n-BuLi. The reaction mixture was stinul for 7 h at 27 T and then a solution9 of 

3.97 g (34.2 mmol) of TMEDA and 24.4 mL (39 mmol) of a 1.6 M hexane solution of n-BuLi in 30 mL of 

diethyl ether was added dropwise. The reaction mixture was stirred at room temperature for 5 h and then to the 

reaction mixture at 0 “C was added dmpwise a solution of 19.65 g (90 mmol) of Sa in 80 mL diethyl et&r. 

The reaction mixture was heated at reflux for 76 h and then to the cooled reaction mixture was added 100 mL 

of saturated sodium bicarbonate followed by 50 mL of toluene and SO mL of water. ‘flu organic phase was 

separated, was extracted with water, and was dried over anhydrous MgSO,. The solvent was removed in VUCI(O 

and the residue was pmitied by chromatography twice (Al&&. hexane followed by CH2C12 eluent and SQ. 
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aCetOIIG GkGnt). IhG residue Was SequGBtiatfy racryscalliZGd frapn hGXane and me!hyt ak&oi to @G 5.77 g 

(4 1%) of a yellow crystalline solid, mp 85-86 “C: [a] =o -220.73° [c 0.545, CHCI,]; ‘H NMR (CDCls) S 1.49 

cd, 3 tr), 1.84 (s. NKH&. 6 H)- 3.42 (q. C&&s 1 H-& 4.29 - 4.48 &xnpkx m.6 Ii), 4.50 @I, t HI, 7.00 - 
7-27 fconrpE~x tn. 10 M. AnaI. C&d for qsHzTF~NS2: C, 65.9% H, 5.75; N, 2.96. Found: C, 65.81; H, 5.73; 

N, 3.06. 

(R)-N~-Dimcthyl-l-[(S)-l’~lris(bentyIthio)fe~nyl~~hy~~~ (6b): By the prow&e used IO 

pnpare compound 6a, compound 6b was prep& from 7.7 1 g ( 30 ml) of & 22.5 mL (34 mmol) of a 1.6 M 

htXanG solution Of d.Wi, a mhtion of 3.97 g <34.2 mmol) of TMEDA and 24.4 mL (39 mmol) of a i.6 M 

hexanc solution of n-But& and 22.775 g (90 mm&) of 5b. The residue was purifkd by c~~~ph~ three 

dmGS fAQ-2,. fiGxSnG fOi~OWGd by aCGtOiIG Gtlitm and tWiCC sif&, acetone GklGtIt) t0 giVG 2.3-l g (1 !i %) of a 

viscous red liquid. RI faatone) 0.62; fa] =t, -23.62’ fc 0.635, CHC59; ‘H NMR (CRC@ 6 1.40 (d, 3 Hf, 2.20 

(s, NKI-i&, 6 HI, 3.71 fs. PhCj&, 2 H), 3.93 (AB q. Phclfi, 2 H), 4.00 - 4.25 (GO@GX m, 8 I-Q, 7.03 - 7.30 

&Ompl~x m, $0 3-1). Anal. Cakd for qsH3,FcNS2: C, 67.06; H. 6-23; N, 2.7% S, 12.78. Found: C, 67.19; H, 
6.40; N, 2.7% S, 12.78, 

fR)-N,N-Dimetbyl-r-[(S)-X’~~~ph~y~eno)fer~~yt9~hylam~~~, (6ck By the pmcedun used IO 

pnpar~ compound 61, compound 6c was pnpartd fimn 7.71 g ( 30 mid) of $22.5 mL (36 mmol) of a 1.6 M 

hexane solution of n-BuLi, a solution of 3.97 g (34.2 mmol) of TMEDA and 24.4 mL (39 mmol) of a 1.6 M 

htxane solution of n-&&i, and 28.09 g (90 mmoi) of&. mG nsidue was purifkd twicG by c~~to~phy 

(Ai&. hexan~ foilowed by acetone ctuent and sit&, aoetmte GiuGnt) to give 7.00 g (41 96) of a yellow 

crystalline SoEd, mp 58-59 “C, ta9=o -201.9?P 9c 0.514, CHC&9; ‘H NMR (CDQ) pi I.47 Id. 3 H), 1.95 fs+ 

N(CH&, 6 I-i), 3.92 (q, C&Z&Q, l H), 4.28 (cornp~~x m, 2 H), 4.38 (compkx m, 4 H), 4.53 fm. 1 H), 7.08 _ 

7.43 (COIT~~GX m, 10 H). Anti. Cakd for GHnFcNS+: C, 55.0s; H. 4.80; N, 2.47. Found: C. 54.75; H, 5.02; 

N, 2.52. 

rRf-N-[~_(N;N-DimccJby~~no)~byt~-N-~hyt-~-~~S~~‘~-b~phenytt~) fer~yt9ethy~~~e, 

@a): A tnixn~e of 5.67 g (I 1.9 mrno1) of &I and 35 mL of ace& anhydride was heated for I h at 100 T. 

After concenuation in VLICUO and chromatography (A120s, CH#& eluent) to ntnove umGd 6a. the partially 

hydrolyzed 7a was heated with 35 n&of a&c anhydride at 100 ‘C for 1 h. The volatiks were rcmovcd in 

VUCUO and thG =ultant 7a f4.30 g, 74 %) WBS USed WithOUt fUrthGr p~~~~~.~’ 

A mixture of 4.30 g (8.8 mmoi) of 7n and 77 I& (594 mmoi) of 8 in 200 mL of tnetbyf alcohol was 

hcattd s nfbix for 20 h. flte voktihzs werG rrmwcd ilr v&-u0 and rhcn a djethyl e&r Mtfution of the residue 

WBS Gxtractcd with samred tint. ThG organic phase W&S drkd ovGr anhydrous MgS3, end the volatile were 

nmovGd in vocuo. The nsidue was purifkd by ~~~~~hy (SQ, 99:l diethyi e~~:~~y~~nG (J+N) 

foitonred by 99: t CH~~H:Et~N GkGntf, Tht product was dksolv~d in tolucne, WBS wttmct~d with watGr, and 

the organic phase was drkd with ~hy~us MgSU,. The volatiles wm x~movGd in vucuo to givt 1.97 g (42 

%) of a red viscous liquid, [Alps -152.63’ Ic 0.494, MC59; ‘H NMR ICDCI,) 6 1.40 cd, 3 H). 1.87 (tn, CH,, 2 

W), 1.92 (s, NCH3,3 H), 2.02 (s, NICH&. 6 HI, 2.33 fm, CH2.2 H), 4.05 (q, C@CH3, 1 H). 4.37 fcompIGx m, 

6 H), 4.55 (m. 1 H), 6.98-7.22 (complex m. 10 H). Anal. Calcd for ~H,N@S,: C, 65.65; H, 6.46, N, 5.28; 
S, 12.09. Found: C, 65.59; H, 6.47; N, 5.34; S, 12.01. 

~~)_N-~2-_(N,N-Rimetbylrtmino)cthyll-N-~thyI-I-ICS)-l’~-bis(benzyttbio) fgr~Ryi9~~yla~~e~ 

19bf: By tk proccdun used 10 pnparr: 7% compound 7b was prcpm.d fmm 2.20 g (4.39 md) of fib and 13 

II& of acetic anhydride. The resuhttt 7b (2.23 g , 98 %f WRS used without fur&r ptxificarioo. 

By the pmctdun used to prrperr !& hound 9b was prepand from a mixture of 2.23 g (4.32 mmol) 

of 7b, 38 mL 1292 mmol) of 8, and 98 mL of mttfiyf alcohol. The residue was purifkd by c~a~~phy 

(SK& 99~1 &ethyl Gtha:EtsN followed by 99: 1 CH$BH:EtsN eluen;) to @vG I.88 g (78 46) of a Tad ViscouS 

l&d, I=9=o -4O&@’ Ic 0.564. CffC139; ‘H NkfR (Cw,) 6 1.33 fd, 3 H), 2.17 (s, NCH3, 3 H), 2.19 (s, 

Nfm3)2.6 Hf. 2.29 (COmPkX m. 1 H), 2.42 (ComplGX m, 1 H), 2.55 (COmpItX m 2 H), 3.71 (S. PhCH2* 2 H), 

3.83-4.23 (complex overlapping m, 10 HI, 7.07-7.30 @cmpl~x m, 10 H). Anal. C&d for c,,H,,N~F&: c, 
66.65; Y 6.86; N. 5.01: S, 11.48. Fmmd: C, 66.49; H, 6.72; N, 4.76; S, 11.49. 
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(~)-N-[2-gu,N~Dimethyrlsmina)ctbyll-N-mctbyl-l-[(S)_l’~-bis(phcnylselen o)lerrocenyl]ethytamine, 

(SC): By the procedure used to prepan: 7s, compound 7c was prepared from 6.80 g (12.7 mmol) of 6c and 35 

mL of acetic anhydride. The resultant 7c (5.50 g ,74 96) was used without fimhcr purification. 

By the pmccdun used to prepare 90, compound !k was prepared from a mixtme of 5.50 g (9.4 mmol) of 

7c, 80 mL (630 mmol) of 8, and 200 mL of methyl alcohol. The residue was purified by chromatography 

(SQ; 99: 1 diethyl ctha:EgN followed by 99: 1 CH,0H:Et3N elucnt) to give 4.10 g (70 %) of a red viscous 

liquid, [c#$-, -167.99’ [c 1.087, CHCI,]; tH NMR (CDCI,) 6 1.39 (d, 3 H), 1.94 (m, CH2, 2 H), 1.95 (s, NCH,, 

3 H). 2.05 (s. N(CH&. 6 H). 2.34 (m, CH?, 2 H). 4.04 (q, a_(&, 1 H). 4.26 (complex m. 2 H), 4.38 (complex 

tn. 4 H), 4.48 (tn. I H). 7.08-7.38 (c~mplcx m, 10 H). Anal. calcd for C&IMNzFcS+: C, 55.79; H, 5.49; N. 

4.49; Se, 25.29. Found: C, 55.54, H, 5.56; N. 4.54; Se, 25.00. 
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