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Condensation offf)-2,2-diamino-1,1-binaphthyl with 2 equiv of pyrrole-2-carboxaldehyde in toluene
in the presence of molecular sieves at°@gives R)-bis(pyrrol-2-ylmethyleneamino)-1;binaphthyl
(1H,) in 85% vyield. Deprotonation ofH, with NaH in DME, followed by reaction with YGlin DME
gives the complext-YCl(dme) @) in 75% vyield. A salt metathesis reaction betweeand (MeSi),NNa
in a mixed solvent of THF and toluene (1:1) gives the organoyttrium artidgN(SiMes),](thf)-C/Hg
(4) in 70% vyield. Alternatively, the organolanthanide amides may also be prepared by silylamine
elimination. For example, treatment diH, with 1 equiv of Ln[N(SiMe)]; in toluene at reflux gives,
after recrystallization from a mixed toluene and THF solution, organolanthanide atriigél(SiMes),]-
(thf)«(CHg)n (n=12,Ln=Sm @); n=1,Ln=Y (4); n= 0, Ln = Yb (5)) in good yields. Reaction
of 4 with one equiv of MeN-HCI or excess of MgAl leads to formation ofl-YCl(dme) @) and1-Y (u-
Me),AlMe, (6), respectively. Treatment o with excess oflH, in toluene at reflux gives, after
recrystallization from a benzene solution, the dinuclear comp(&)Yby} 3 2C;Hg-2CHs (7) in 65%
yield. All compounds have been characterized by various spectroscopic techniques and elemental analyses.
The solid-state structures of compou2dst and7 have been further established by single X-ray diffraction
analyses. Organolanthanide ami® are active catalysts for asymmetric hydroamination/cyclization
of aminoalkenes and polymerization of MMA, affording cyclic amines in good yields with moderate ee
values and syn-rich poly(MMA)s, respectively.

Introduction To date, the catalysts based on lanthanide metals have shown

the most promising for this purpo8e!® However, even within

The hydroamination is a highly atom economical process in this class only a small number (4) of highly enantioselective
which an amine N-H bond is added to an unsaturated carbon  reaction £90% ee) have been report&dThus, alkene hy-

carbon bond. This reaction is of great potential interest for the groamination remains an open area of research.
waste-free synthesis of basic and fine chemicals, pharmaceu-

ticals, and other industrially relevant building blocks starting
from inexpensive precursots!® Therefore, it is not surprising
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Although many chiral lanthanide catalysts based @n (m, 2H), 5.95 (tJ = 2.7 Hz, 2H), 5.88 (s, 2H)}:3C NMR (CsDg):
symmetric Cp ligand$, and non-Cp ligands such as bis- ¢ 150.6, 149.8, 134.2, 132.0, 131.1, 129.4, 127.8, 127.5, 127.2,
(oxazolinato) bis(phenolatey,bis(thiolate)? biphenolates and ~ 126.8, 124.9, 122.8, 120.2, 116.1, 109.9. IR (KBr, ém » 3411
binaphtholate$,and other complex&shave been studied, the  (s), 3052 (w), 2894 (w), 1623 (s), 1608 (s), 1586 (s), 1447 (s),
development of new lanthanide catalysts for asymmetric alkene 1350 (m), 1122 (s), 1085 (s), 1032 (s), 833 (s), 803 (s), 737 (s).
hydroamination is a desirable and challenging goal. In recent Anal. Calcd for GoHz2N,: C, 82.2; H, 5.06; N, 12.8. Found: C,
years, we have developed a series of chiral non-Cp multidentate82-0; H, 5.18; N, 12.5.
ligands, and they have been shown that their Ir(l), Rh(l), Ti-  Preparation of 1-YCI(dme) (2). A solution of1H, (0.22 g, 0.5
(IV), and Ag(l) complexes are useful catalysts for a range of Mmol) in DME (20 mL) was stirred with NaH (0.50 g, 20.8 mmol)
transformations! In our attempt to further explore the chiral &t room temperature f@ h and then filtered; t_he filtrate was added
N4-ligand system and their application in lanthanide chemistry, {© @ suspension of Y€(0.10 g, 0.5 mmol) in DME (10 mL) at
we have recently studied a new chiral tetradentate ligaRd, ( 10°M temperature with stirring. The mixture was stirred at room
bis(pyrrol-2-ylmethyleneamino)-2;binaphthyl (H,), and found temperature overnlg_ht and filtered. The filtrate was cc_)ncentr_ated
it useful to stablize the amido lanthanide complexes, which are to about 2 mL2 was isolated as yellow cry_stals after this sglupon
potential catalysts for the asymmetric hydroamination/cyclization 3?20—(1265121 z(éo(rgetce)rme'\rl?}llge(éog ? %a%/S%?Y(';ldégjzi gl(zc?JA)—) mp
of primary aminoolefins, allenes, :_;md aIkyne_s. We report herein 8.4 Hz, 2H), 7_35'7_25 (m, 6HE3, %..06 (t;] _ 8_0' Hz, 2H) 6.74?d,
the synthesis and property of’th_ls new chiral Ilg_aria)-tms_- J=13.0 Hz, 2H), 6.57 (tJ = 1.4 Hz, 2H), 3.25 (s, 4H, DME),
(pyrrol-2-ylmethyleneamino)-1;binaphthyl (Hy), its use in 317 (5 gH, DME)13C NMR (CDg): o 159.2, 147.0, 142.1, 138.6,
the coordlna_ltlon chemistry of lanthanide, and the appll_catlpns 134.1, 131.6, 128.7, 128.3, 128.1, 126.6, 126.5, 124.9, 123.2, 121.5,
of the resulting complexes as catalysts for the hydroamination/ 113 3 72.0, 58.5. IR (KBr, cm): v 3045 (w), 2961 (w), 1620
cyclization reaction and the polymerization of methyl meth- (w), 1590 (m), 1567 (s), 1433 (m), 1389 (s), 1292 (s), 1261 (s),

acrylate (MMA). 1083 (m), 1034 (s), 805 (M), 746 (m). Anal. Calcd fogdsoN,-
ClO,Y: C, 62.7; H, 4.64; N, 8.61. Found: C, 62.5; H, 4.72; N,
Experimental Section 8.53.

Preparation of 1-Sm[N(SiMe&),](thf) -C;Hg (3). A toluene

General Methods. All experiments were performed under an  solution (10 mL) of1H, (0.22 g, 0.5 mmol) was slowly added to
atmosphere of dry dinitrogen with rigid exclusion of air and g toluene solution (10 mL) of Sm[N(SiMg]s (0.32 g, 0.5 mmol)
moisture using standard Schlenk or cannula techniques, or in awith stirring at room temperature. The resulting solution was
glovebox. All organic solvents were freshly distilled from sodium  refluxed for 2 days and filtered. The filtrate was concentrated to
benzophenone ketyl immediately prior to use. Methyl methacrylate about 2 mL, and three drops of THF were add2dias isolated as
(MMA) was freshly distilled from Caklimmediately prior to use.  yellow crystals after this solution was allowed to stand at room
(R)-2,2-diamino-1,1-binaphthyl? Ln[N(SiMes)5]3,'* 2,2-dimeth- temperature for one week. Yield, 0.36 g (80%); mp 292 °C
ylpent-4-enylaminé, pent-4-enylaminé, 2,2 -dimethylhex-5-eny- (dec). IR (KBr, cnTd): v 3059 (w), 2925 (w), 2883 (W), 1623 (W),
lamine® N-methylpent-4-enylaming,and 1-(aminomethyl)-1- 1595 (w), 1564 (s), 1504 (m), 1432 (m), 1387 (m), 1294 (s), 1259
allylcyclohexané were prepared according to literature methods. (s), 1179 (m), 1034 (s), 809 (s), 748 (s). Anal. Calcd faHgNs-
All other chemicals were purchased from Aldrich Chemical Co. OSipSm: C, 61.9; H, 5.97; N, 7.68. Found: C, 61.7; H, 5.96; N,
and Beijing Chemical Co. and used as received unless otherwise7 47.
noted. Infrared spectra were obtained from KBr pellets on an Avatar Preparation of 1-Y[N(SiMes);(thf) -CsHs (4). Method A. This
360 Fourier transform spectrometer. Molecular weights of the compound was prepared as orange crystals from the reaction of
po_lymer were estimated by gel permeation chromatography (GPC) 1H, (0.22 g, 0.5 mmol) with Y[N(SiMg),]5 (0.29 g, 0.5 mmol) in
using a PL-GPC 50 apparatu$4 and **C NMR spectra were  y5),ene (20 mL) and recrystallization from mixed solvents of toluene
recorded on a Bruker AV 500 spectrometer at 500 and 125 MHz, 4,4 THF (20:1) by a similar procedure as in the synthesis. of
respectively. All chemical shifts are reported & units with Yield, 0.32 g (75%); mp 145147 °C (dec).'H NMR (CeDe): &

reference to the residual protons of the deuterated solvents for proton; gg (s, 2H), 7.78 (m, 4H), 7.45 (s, 2H), 7:27.12 (m, 11H), 7.02
and carbon chemical shifts. Melting points were measured on an  j— 7 5 Hz 2H) 6.77 (S’ 2H) 654 (é 2H), 3.43 ’(m oH THE)

’

X-6 melting point apparatus and were uncorrected. Elemental 5 34 (m, 2H, THF), 2.23 (s, 3H), 1.18 (M, 4H, THF), 0.27 (s, 18H).
analyses were performed on a Vario EL elemental analyzer. 13C NMR (CsDg): 6 160.0, 146.8, 140.0, 138.3, 134.6, 131.9, 129.5,
Preparation of (R)-Bis(pyrrol-2-yimethyleneamino)-1,1-bi- 129.1,128.3,128.2, 128.1, 126.9, 126.8, 126.7, 125.4, 125.0, 123.7,
naphthyl (1Hy). Pyrrole-2-carboxaldehyde (1.90 g, 20.0 mmol) was 122 5 113.1, 70.3, 24.7, 21.2, 4.5. IR (KBr, Th » 3064 (w),
mixed with R)-2,2-diamino-1,1-binaphthyl (2.84 g, 10.0 mmol) 2961 (m), 2891 (w), 1612 (w), 1597 (m), 1565 (S), 1494 (m), 1433
in dry toluene (50 mL). A fev 4 A molecular sieves were added, (s), 1388 (s), 1325 (s), 1291 (s), 1260 (s), 1181 (s), 1093 (s), 1034

and the solution was warmed up to 70 and kept for 2 days at (), 1011 (s), 991 (s), 868 (m), 809 (s), 748 (s). Anal. Calcd for
this temperature. The solution was filtered, and the solvent was C,,H,,NsOSLY: C, 66.4: H, 6.40: N, 8.24. Found: C, 66.7: H,

removed under reduced pressure. The resulting brown solid wasg 66: N, 8.18.
recrystallized from mixed solvents (30 mL) of toluene ardexane Method B. A toluene (5 mL) solution of (MgSi),NNa (37 m

. A . g,
(1:1) to givelH; as an orange solid. Yield, 3.72 g (85%); mp 89 0.2 mmol) was added to a THF (5 mL) squtionlaZWCI(dme) e

o 1 .
%9711 C. dngs(gﬁze);%i'ﬁ (bzrl,_|s, 72T)7_77§§ (s, 26|:|) 762 130 mg, 0.2 mmol) with stirring at room temperature. This mixture

71 (m, 4H), 7.56 (d) = 8.4 Hz, 2H), 7. .00 (m, 6H), 6. was stirred at room temperature overnight and filtered. The filtrate
was concentrated to about 1 mL. Orange crystals were isolated after

. (\1(|1r2 (é) {IEMFOI Yg&g-kﬁgﬁ:ﬁﬂg‘é §i£3}29§15?&)4§?-éb_) )Z<:anGg this solution stood at room temperature for two weeks, which were

L Zha’ng,'Y.'; V'Vang', Q. Ya'mg', Y. Zhang, Z.Organc.)metal.YCh.énQOOZY identified as4 by X-ray diffraction analysis. Yield, 119 mg (70%).

692 3949. ‘ Preparation of 1-Yb[N(SiMej3),](thf) (5). This compound was
(12) (8) Zi, G.; Xiang, L.; Zhang, Y., Wang, Q.; Zhang, Appl. prepared as orange microcrystals from the reactiatHef(0.22 g,

Organometal. Chem2007, 21, 177. (b) Brown, K. J.; Berry, M. S.; . . .
Murdoch, J. RJ. Org. Chem1985 50, 4345, 0.5 mmol) with Yb[N(SiMe),]s (0.33 g, 0.5 mmol) in toluene (20

(13) Bradley, D. C.; Ghotra, J. S.; Hart, F. A&. Chem. Soc., Dalton mL) and recrystallization from mixed solvents of toluene and THF
Trans.1973 1021. (20:1) by a similar procedure as in the synthesi8.ofield, 0.29
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Table 1. Crystal Data and Experimental Parameters for Compounds 24 and 7

2 3 4 7
formula GaaH3oN4CIO2Y C47Hs54NsOSLSmM Ci7Hs4NsOSkY Cog.6Hs9.3N12Yb2
fw 650.98 911.48 850.04 1769.07
cryst syst monoclinic orthorhombic orthorhombic monoclinic
space group P121 P212:2; P212:2; Cil21
a(A) 14.688(1) 11.236(2) 11.179(3) 25.536(3)

b (A) 23.835(2) 17.360(4) 17.442(5) 22.103(2)

c(A) 21.211(2) 68.727(14) 68.466(19) 25.583(3)

B (deg) 102.57(1) 90 90 111.31(1)

V (R3) 7247.8(11) 13406(5) 13350(7) 13453(3)

z 8 12 12 6

Dcalcd (g/CTP) 1.193 1.355 1.269 1.310

(Mo Ka)caled (Mm1) 1.714 1.408 1.404 2.124

size (mm) 0.30x 0.28x 0.22 0.22x 0.18x 0.16 0.22x 0.20x 0.18 0.14x 0.12x 0.10
F(000) 2672 5628 5352 5312

260 range (deg) 3.3250.00 3.3452.04 3.3452.02 3.22-55.74

no. of refns, collected 54829 62550 62330 63422

no. of unique reflns 24906:(,; = 0.1026) 20400R;,; = 0.055) 23852Rn = 0.065) 31053Rin: = 0.064)
no. of obsd refins 24906 20400 23852 31053

abscorr Tmax Tmin) 0.70, 0.63 0.81,0.75 0.79,0.75 0.82,0.76

R 0.077 0.048 0.053 0.060

Ry 0.178 0.073 0.057 0.120

Raii 0.111 0.062 0.102 0.070

GOF 0.98 1.01 0.82 1.05

g (70%); mp 196-198°C (dec). IR (KBr, cnt): v 3054 (w), 2962 were introduced sequentially into a J. Young NMR tube equipped
(m), 2918 (w), 1619 (w), 1596 (s), 1580 (s), 1388 (m), 1260 (s), with Teflon screw cap. The reaction mixture was subsequently kept

1091 (vs), 1032 (vs), 800 (vs). Anal. Calcd foiB4eNsOSkYb: at 21°C or heated at 60C to achieve hydroamination, and the

C, 57.1; H, 5.51; N, 8.32. Found: C, 57.3; H, 5.80; N, 8.33. reaction was monitored periodically B NMR spectroscopy. The
Reaction of 4 with MesN-HCI. A solid of MesN-HCI (19 mg, cyclic amine 2,4,4-trimethylpyrrolidine was vacuum transferred

0.2 mmol) was added to a DME (10 mL) solutionle¥ [N(SiMes),]- from the J. Young NMR tube into a 25 mL Schlenk flask which

(thf)-C7Hs (4; 170 mg, 0.2 mmol) with stirring at room temperature.  contained 62 mg (0.32 mmol) oB)-(+)-O-acetylmandelic acid
This mixture was stirred at room temperature overnight and filtered. (or (S)-(—)-Mosher’s acid in the case of 2-methiykmethylpyrro-
The filtrate was concentrated to about 1 mL. Yellow crystals were lidine). This transfer was quantitated by washing the NMR tube
isolated after this solution stood at room temperature for two weeks, With a small amount of CDGI The resulting mixture was stirred
which were identified asl-YCl(dme) @) by X-ray diffraction at room temperature fa2 h and the volatiles were removéul
analysis. Yield, 49 mg (38%). vacua The resulting diastereomeric salt was then dissolved in
Reaction of 4 with MesAl. NMR Scale. To a J. Young NMR CDCl; and the enantiomeric excesses were determinéti iNMR
tube charged with-Y[N(SiMe3)](thf)-C7Hs (3; 17 mg, 0.02 mmol) spectroscopy.
and GDs (0.5 mL) was added M@l (11 mg, 0.15 mmol). The General Procedure for Polymerization of MMA. A 2.0 mL
color of the solution immediately changed from orange to pale- (1.86 g, 18.6 mmol) portion of methyl methacrylate was added into
yellow. The'H NMR spectrum contained resonances consistent @ toluene (2 mL) solution 08 (0.034 g, 0.037 mmol) at room
with 1-Y(u-Me),AlMe; (6) (*H NMR (CsDg): 6 7.73 (t,J = 8.3 temperature with stirring. After the reaction mixture was vigorously
Hz, 4H), 7.50 (s, 2H), 7.27 (m, 4H), 7.04 (m, 6H), 6.78Jc= 3.6 stirred for 60 h at room temperature, the polymerization was
Hz, 2H), 6.42 (m, 2H)~0.50 (s, 6H),—1.42 (s, 6H)) and (Mg quenched by the addition of acidified methanol. The resulting
Si)NAIMe, (*H NMR (CgDg): 6 0.36 (s, 18H, EsSi), —0.21 (s, precipitated poly-(MMA) was collected, washed with methanol
6H, CH3Al)) (100% conversion)6 was not isolated as a pure several times, and dried in vacuum at 8D overnight.
compound on a synthetic scale, since it is an oily residue and very ~ X-ray Crystallography. Single-crystal X-ray diffraction mea-
soluble in solvents such as toluenehexane, and the adduct (Me surements were carried out on a Rigaku Saturn CCD diffractometer
Si),NAIMe,(AlMe3), cannot be removed under vacuum. at 113(2) K using graphite monochromated Mo radiation ¢ =
Reaction of 5 with 1H,. A toluene solution (5 mL) ofiH, (44 0.71070 A). An empirical absorption correction was applied using
mg, 0.1 mmol) was slowly added to a toluene solution (5 mL) of the SADABS program? All structures were solved by direct
1-Yb[N(SiMe3),](thf) (5; 84 mg, 0.1 mmol) with stirring at room  Methods and refined by full-matrix least-squaresF8rusing the
temperature. The resulting solution was refluxed for 2 days, and SHELXL-97 program packag. All the hydrogen atoms were
the solvent was removed under vacuum. The resulting oily residue 9eometrically fixed using the riding model. The crystal data and
was extracted with benzene (5 mi_2), and the benzene solution ~ experimental data fo2—4 and 7 are summarized in Table 1.
was combined and concentrated to about 1 mL. Orange-red crystalsSelected bond lengths and angles are listed in Table 2.
were isolated after this solution stood at room temperature for two

weeks, which were identified gd¥1)sYb2}3:2C;Hg2CsHe (7) by Results and Discussion
X-ray diffraction analysis. Yield, 57 mg (65%); mp 27@72°C ) _ o ) _
(dec). IR (KBr, cntl): v 3044 (w), 2962 (m), 1615 (w), 1593 (m), Ligand. The Cx-symmetric pyrrole imine ligand,R)-bis-

1568 (s), 1431 (m), 1388 (m), 1293 (m), 1260 (s), 1092 (s), 1033 (pyrrol-2-ylmethyleneamino)-1,binaphthyl (H,), is readily
(s), 1020 (s), 800 (s). Anal. Calcd fobégHo0dN3zsYbe: C, 67.0; H, prepared by condensation dR)¢2,2-diamino-1,1-binaphthyl
3.95; N, 9.50. Found: C, 67.2; H, 3.74; N, 9.42.
General Procedure for Asymmetric Hydroamination/Cy- (14) Sheldrick, G. M.SADABS, Program for Empirical Absorption
clization. The cyclization of 2,2-dimethylpent-4-enylamine by Correction of Area Detector DataUniversity of Gdtingen: Gitingen,

: : : ] Germany, 1996.
catalyst3 is representative. In a nitrogen-filled glovebdxSm- (15) Sheldrick, G. MSHELXL-97, Program for the Refinement of Crystal

[N(SiMes)2](thf)-C7Hg (3; 14.6 mg, 0.016 mmol), §Ds (0.7 mL), Structure from Diffraction Data University of Gitingen: Gitingen,
and 2,2-dimethylpent-4-enylamine (36 mg, 412 0.32 mmol) Germany, 1997.
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Table 2. Selected Bond Distances (A) and Bond Angles (deg) Scheme 1. Synthesis of Organolanthanides
for2—4 and 7
compound2 ‘O
Y(1)—N(1) 2.467(7)  Y(1N() 2.445(8) NH,
Y(1)-N(3) 2.432(8)  Y(1)}N(4) 2.392(7) NH
Y(1)-0(1) 2.425(7)  Y(1}O(2) 2.447(6) 2
Y(1)—CI(1) 2579(2)  O(1}Y(1)-0(2) 67.0(2)
N(L)-Y(1)-N(2) 74.6(3) N(1)-Y(1)-N(3) 68.8(3) o
N(2)-Y(1)—N(4) 68.3(3) N(3}-Y(1)—N(4) 161.7(3)
torsion (aryt-aryl) 70.1(3) 2 \
compound3 C7H8/m s.
Sm(L)-N(1) 2527(4)  Sm(BN(2) 2.506(5)
Sm(1)-N(3) 2.460(5)  Sm(LyN(4) 2.478(5) 1yxs NaH ﬁ
Sm(1)-N(5) 2.477(4)  Sm(ByO(1) 2.438(4) \ / dme 2) YCl, N=
N(1)—Sm(1)-N(2) 77.1(2) N(1)-Sm(1)-N(3) 67.8(2) / \ al
N(2)—Sm(1)-N(4) 68.2(2) N(3}-Sm(1)-N(4) 155.2(2)
torsion (aryt-aryl) 69.2(6)
compound4 (MesSi),NNa
Y(1)—N(2) 2.468(4) Y(1)-N(2) 2.445(4) 822 Ln N(SiMe
Y(1)—N(3) 2.396(4)  Y(1}N(4) 2.398(4) MeN&Hs c [H (/THF 32ls
Y(1)—N(5) 2.227(4)  Y(1)-O(1) 2.368(3) 7 8
N(L)-Y(1)-N(2) 77.8(2) N(1)>-Y(1)-N(3) 69.3(2) /
N(2)-Y(1)—N(4) 69.8(2) N(3)-Y(1)—N(4) 153.3(2) ,
torsion (aryt-aryl) 67.3(4) N_ /Me AIMe; \ //thf
compound? /L \ Me/ \ CeDs / \ N(SiMes),
Yb(1)-N(1) 2.430(7)  Yb(1XN(2) 2.456(6) N \
Yb(1)-N(3) 2.364(6)  Yb(1}N(4) 2.347(7) \
Yb(1)-N(7) 3.012(7)  Yb(1)}N(11) 2.774(7)
Yb(1)—Cent(ring) 2.625((8)) Yb(2)-N(5) 2.644(7) 6 Ln=8m (3) Y (4). Yb (5)
2.526(8
Yb(2)—N(6) 2.437(5)  Yb(2FN(7) 2.383(7) 1/C7H8/06Hel
Yb(2)—N(8) 2.366(7)  Yb(2N(9) 2.631(6)
Yb(2)—N(10) 2.437(6)  Yb(2}N(11) 2.407(6) Q
Yb(2)-N(12) 2.337(7)  N(1}Yb(1)-N(2) 68.4(2) Q
N(1)~Yb(1)-N(3) 70.0(2) N(2)-Yb(1)-N(4) 70.2(2) '
Cent(ring)-Yb(1)~  105.1(7)  N(5)-Yb(2)—N(6) 68.13(19) '

ent(ring) /Q =
N(5)—Yb(2)—N(7) 66.1(2) N(6)-Yb(2)—N(8) 69.3(2) OO //Q\l N

N(7)-Yb(2)-N(11) 69.9(2) N(9-Yb(2)-N(10)  68.68(19) b
N(9)—Yb(2)-N(11) 66.1(2) torsion (arytaryl) ;g?z((g)) / / \N
82.7(9) ‘O " \ \
o g
with 2 equiv of pyrrole-2-carboxaldehyde in the presence of = Q
molecular sieves in toluene at 7€ (Scheme 1). The product O
is isolated in 85% yield after recrystallization from toluene and ' O
n-hexane (1:1).

Ligand1H, is air-stable, but sensitive to hydrolysis, and very
soluble in CHCI,, CHCL, toluene, and benzene, but only Ln =
slightly soluble inn-hexane. It has been fully characterized by
various spectroscopic techniques and elemental analyses. Bot
the 'H and 13C NMR spectra of1H, indicate that it is
symmetrical on the NMR time scale, which is consistent with
its C,-symmetric structure. The IR spectrum @, shows

7

Sm@);n=1Ln=Y (4);n=0,Ln=Yb (5) in good
H/lelds (Scheme 1).

These complexes are stable in dry nitrogen atmosphere, while
they are very sensitive to moisture. They are soluble in organic
solvents such as THF, DME, pyridine, toluene, and benzene,
I - but only slightly soluble im-hexane. They have been character-
chalrlactenstlc.NH and N=C absorptions at 3411 and 1623 ized by various spectroscopic techniques and elemental analyses.
cm, respectively. The 'H NMR spectrum of2 supports the ratio of DME and

Organolanthanide ComplexesDeprotonation of the chiral  |igand 1 is 1:1, and théH NMR spectrum of4 supports the
ligand 1H; is achieved by reaction with an excess of NaH in ratio of THF, toluene, amino group N(SiMe, and ligandl is
DME. The resulting disodium saliNa, thus formed is reacted  1:1:1:1. ThelH NMR spectra of the hydrolytic products 8f
with 1 equiv of YCE in DME to give the complex-YCl(dme) and5 support the ratio of THF, amino group N(Sihe and
(2) in 75% yield (Scheme 1). Salt metathesis reaction between|igand 1 is 1:1:1 for3 and5. Their IR spectra exhibit a weak
2 and (MgSi):NNa in mixed solvents of THF and toluene (1: typical characteristic KC absorption at about 1620 ch The
1) gives the organoyttrium amideY[N(SiMes)](thf)-C7Hg (4) solid-state structures of the complex2s4 have been further
in 70% yield. It has been documented that amido lanthanide confirmed by single-crystal X-ray diffraction analyses.
complexes also can be efficiently prepared via silylamine  Reactivity. It has been reported that the addition of excess
elimination reactions of Ln[N(SiMg,]3 and protic reagenfs89 MesSiCl or a stoichiometric amount of MM-HCI to the metal
It is rational to propose that two acidic protons in the ligand amide complexes results in the clean formation of chloride
1H, would also allow the similar silylamine elimination to occur  derivativest® Treatment ofl-Y[N(SiMes),](thf)-C;Hg (4) with
betweenlH, and metal amides. In fact, treatmentldi, with 1 equiv of MeN-HCI in DME gives1-YCl(dme) @) (Scheme
1 equiv of LN[N(SiMe),]s in toluene at reflux temperature gives, 1), while the reaction between N®iCl and4 is very compli-
after recrystallization from a mixed toluene and THF solution, cated, and no pure product has been isolated. In an NMR tube,
organolanthanide amiddsLn[N(SiMe3),](thf)-(C/Hg)n (N = 1, treatment ofL-Y[N(SiMe3),](thf) -C7Hg (4) with excess of Mg
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Table 3. Enantioselective Hydroamination/Cyclization of Table 4. Enantioselective Hydroamination/Cyclization of
2,2-Dimethylpent-4-enylaminé Aminoalkenes
H entry catalyst (Ln) substrate product conv. (%)” ee (%)°
/\></ NH, catalyst N 1 3 (Sm) NH, H 46 7.4
= = N
2 4(Y) C\\ (f 86 12
- . 3 5(Yb) 35 2.6
catalyst T time conversion ee
entry (Ln; mol %) (°C) (h) (%) (%)° 4 3(Sm) >CN/Hi >CN)H‘ 40 1
1 3(Sm; 5%) 21 20 51 21 5 40v) o 75 14
2 3(Sm; 5%) 60 6 a4 24
3 4(Y; 1%) 21 20 59 24 6 5(Yb) 28 4.6
4 4(Y; 3%) 21 20 97 21
5 4(Y; 5%) 21 20 98 18 7 3(Sm) NH; OC»C 50 19
6 4(Y; 5%) 60 6 93 20 OC\
7 5 (Yb; 5%) 21 20 35 7.2 8 4 \ 82 2
8 5(Yb; 5%) 60 6 50 5.4 9 5(Yb) 43 5.7
9 7 (Yb; 5%) 120 160 N.R. N.A.
N ) . 10 3(Sm) / | 25 5.6¢
aConditions: GDs (0.70 mL), 2,2-dimethylpent-4-enylamine (0.32 NH N
mmol, 45.2uL). ® Determined by*H NMR. N.R. = no reaction¢ Deter- 11 4(Y) < (f 68 107
mined by'H NMR of its diastereomericgj-(+)-O-acetylmandelic acid sdit. A\

N. A. = not applicable. 12 5(Yb) 30 22

) ) ) a Conditions: GDe (0.70 mL), aminoalkene (0.32 mmol), catalyst (0.016
Al in CgDg at room temperature gives the resonances consistentmmol), at 60°C, 6 h.? Determined byH NMR. ¢ Determined byH NMR
with the dinuclear compleg-Y(u-Me),AlMe; (6) with 100% of its diastereomeric3-(+)-O-acetylmandelic a\cid_saﬁt.d Determined by
conversion (Scheme 1J.Treatment ofl-Yb[N(SiMes),](thf) *H NMR of its diastereomericS)-(—)-Mosher's acid saf.
(5) with excess oflH, in toluene at reflux gives, after

recrystallization from a benzene solution, the dinuclear complex Table 5. MMA Polymerization Results*
{(1)3Yb2}3:2CHg:2CsHs (7) in 65% yield (Scheme 1)7 is conversion me e M

stable in a dry nitrogen atmosphere, while it is very sensitive entry precatalyst (%) (%) (%) (kg/molf  My/M.C
to moisture. Itis soluble in organic solvents such as THF, DME, — 3 45 55 60 26.9 1.79
pyridine, toluene, and benzene, but only slightly soluble in > 4 75 29 56 42.7 1.74
n-hexane. It has been characterized by infrared spectroscopy, 3 5 5.2 29 51 47.2 1.94
elemental analyses, and single-crystal X-ray analysis. a Conditions: precat./MMA (mol/mol= 1/500, 2 mL of toluene, MMA/

To examine the catalytic ability of the organolanthanide solvent (v/iv)= 1/1, at room temperature, 60 'hTriad values from methyl
amides 3—5, the asymmetric hydroamination/cyclization of region of'H NMR spectra in CDQat 25°C. © Measured by GPC (using
aminoalkenes and polymerization of methyl methacrylate (MMA) Polystyrene standards in THF).

have been tested under the conditions given in Tables3and 4 = . L )
and Table 5, respectively. lectivity increases slightly as temperature is increased in some

The results of the hydroamination/cyclization of 2,2-dimeth- &S€S whereas in other cases it declines modestly. Under similar
ylpent-4-enylamine show that the Siion gives noticeably reaction conditions, no detectable hydroamination activity is
better ee values (Table 3, entries 1 and 2), but the rate is slow.OPserved for complex, even at 120C for one week (Table 3,

On moving to the smaller ¥ ion (Table 3, entries 5 and 6), €Ny 9). _ _

the rate increases while the ee falls slightly. Decreasing the ratio  Other aminoalkene substrates have also been investigated for
of the catalyst to 2,2-dimethylpent-4-enylamine, increases the hydroamination/cyclization activity in forming five- and six-
enantioselectivity of 2,4,4-trimethylpyrrolidine (Table 3, entries Membered heterocycles (Table 4). Similar to the results obtained
3-5), and the best enantioselectivity (24% ee) is obtained whenfor 2,2-dimethylpent-4-enylamine, the bis(pyrrolate) catalysts
1 mol % of4 is used (Table 3, entry 3). However, the smaller €xhibit moderate to good reaction rates with low enantioselec-
Yb3* ion results largely in decrease ee values with moderate fivities regardless of the size of the lanthanide ions and substrates
conversions (Table 3, entries 7 andBYhis result maybe due ~ (Table 4, entries £12). The best enantioselectivity for 1-(ami-

to the inversion of the product configuration for smalleftn ~ nhomethyl)-1-allylcyclohexane is only 22% ee, mediated by the
ion, which has also been observed by Marks and co-worker for catalyst (Table 4, entry 8). Our results show that the catalytic
their binaphtholate catalystsVariations in the reaction tem-  activities of the bis(pyrrolate) resemble those of biphenolates
perature have no profound effects on enantioselectivity com- and binaphtholateSwhile the enantiomeric excesses of the

pared to those of ionic radius, as shown in Table 3. Enantiose-resulting cyclic amines are similar to those initiated by bis-
(phenolatef. Although the enantiomeric excesses obtained are

(16) For selected recent papers, see: (a) Diamond, G. M.; Jordan, R. F.;modest, it should be noted that there are only few catalysts for
Petersen, J. lOrganometallicsl996 15, 4045. (b) Hughes, A. K.; Meetsma,  these reactions that give a significant ee afll.

A.; Teuben, J. HOrganometallics1993 12, 1936. (c) Carpenetti, D. W.; o :
Kioppenburg, L.; Kupec, J. T.; Petersen, J.Qrganometallics1996 15, The polymerization data (Table 5) show that the conversion

1572. (d) Zi, G.; Li, H.-W.; Xie, Z.Organometallic2002, 21, 3580. of MMA is low regardless of the metal ions. The reasons for
(17) Anwander and co-workers have reported the first example of the low conversion are not clear at this time; however, the
silylamide elimination between amino lanthanide complexei&R)Ln- sterically encumbered environment around the metal center
[N(SiHMey)2]2 and AlMe; gives the bis(tetramethylaluminate) complexes . . . .
(CsMesR)Ln(AMey),, see: Anwander, R.; Klimpel, M. G.; Martin Dietrich, ~ coupled with the relatively |0V\{ reactivity of the .am'do (?Om.plex
H.; Shorokhov, D. J.; Scherer, V\@hem. Commur2003 1008. compared to the corresponding alkyl or hydride derivatives
(18) For the ionic radius of yttrium (¥ = 0.88 A), samarium (SAT = seems to be a major reason for such a low conversion. The

0.964 A), and ytterbium (Yo" = 0.858 A), see: Cotton, F. A.; Wilkinson,
G. Advanced Inorganic Chemistryith ed.; John Wiley & Sons: New York,
1980; p 982. (19) Yasuda, HJ. Polym. Sci., Polym. Cher001, 39, 1955.
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Figure 1. Molecular structure oR (thermal ellipsoids drawn at
the 35% probability level).

resulting poly(MMA)s are all syn-rich under the conditions
examined. Molecular weights and polydispersities of the
polymers produced ranged from 26.9 to 47.2 kg Thaind 1.74

to 1.94, respectively. Our results show that the catalytic activities

of 3—5 resemble that of [MgSi(Cy3Hg) (CsMeq)]YN(SiMes)2,20
while the microstructure of the resulting poly(MMA)s are similar
to those initiated by PrL,NB(CgHg)(C2B10H10)INAN(SiHMe,)2-
(THF)?t and [MeSi(CsMeq)(CsHsR*)ILNE(SiMes), (E = CH,
N; R* = (—)-menthyl)22

Molecular Structure. The solid-state structures 2f4 and
7 have all been confirmed by single-crystal X-ray diffraction

analyses. Selected bond distances and angles are listed in TabI

2 for comparison.

The single-crystal X-ray diffraction analysis shows that there
are four moleculesl-YCl(dme) @) in the lattice. In each
molecule 1-YCIl(dme) @), the Y8 is o-bound to the four
nitrogen atoms of the ligand, and two oxygen atoms from
DME, and one chlorine atom in a distorted-pentagenal

bipyramidal geometry (Figure 1) with the average distance of

Y—N being 2.434(8) A, the average distance of (DME)
being 2.436(7) A, and the distance ofCl being 2.579(2) A.

These structural data are close to those reported in the

literature?® The twisting between the naphthyl rings of torsion
angle is 70.1(3) which is larger than that (63.9(8) found in
(R)-2,2-diamino-1,1-binaphthyl?*

The single-crystal X-ray diffraction analyses confirm tBat
and4 are isostructural, and show there are three moledules
[N(SiMe3);](thf) and three toluene molecules of solvent in the
lattice. In each moleculd-Ln[N(SiMej3),](thf), the Lr** is
o-bound to four nitrogen atoms from the ligafidone oxygen
atom from THF, and one nitrogen atom from the amino
N(SiMe3), group in a distorted-octahedron geometry (Figures
2 and 3) with the average distance oftN being 2.490(5) A
for Sm and 2.387(4) A for Y, respectively, and the distance of
Ln—O(THF) being 2.438(4) A for Sm and 2.368(3) A for Y,

respectively. These structural data are close to those reporte

(20) Lee, M.-H.; Hwang, J.-W.; Kim, Y.; Kim, J.; Han, Y.; Do, Y.
Organometallics1999 18, 5124.

(21) zi, G.; Li, H.-W.; Xie, Z.Organometallic2002 21, 1136.

(22) Giardello, M. A.; Yamamoto, Y.; Brard, L.; Marks, T. J. Am.
Chem. Soc1995 117, 3276.

(23) Schumann, H.; Meese-Marktscheffel, J. A.; EsseiChem. Re.
1995 95, 865.

(24) Jones, M. D.; Almeida Paz, F. A.; Davies, J. E.; Johnson, B. F. G.
Acta Cryst.2003 E59 0910.

Xiang et al.

Figure 2. Molecular structure oB (thermal ellipsoids drawn at
the 35% probability level).

Figure 3. Molecular structure ot (thermal ellipsoids drawn at
the 35% probability level).

in the literatureé’® The distance of LaAN(SiMe3); is 2.277(4)

A for Sm and is 2.227(4) A for Y, and these are very close to
the corresponding values of 2.284(5) A for Sm and 2.223 A
for Y found in the starting materials Sm[N(SiM)g]3?> and
Y[N(SiMe3)2]326 The twisting between the naphthyl rings of
torsion angle is 69.2(8)for Sm and 67.3(4)for Y, which is
slightly smaller than that (70.1(3)found in 2.

The single-crystal X-ray diffraction analysis shows that there
are three molecules of)z3Yb,, two toluene molecules, and two
benzene molecules of solvent in the lattice. Coordination of three
ligands1 around two YB™ ions results in the formation of the
dinuclear complexeslfsLn, (Figure 4a). Figure 4b shows that

fne YB* is o-bound to four nitrogen atoms from one ligahd

andz®-bound to two pyrrolyl rings from the other two ligands
1in a distorted-octahedron geometry with the average distance
of Yb(1)-N being 2.399(7) A, which is close to those reported
in the literature?® The distances of Yb-Cent(pyrrolyl ring) are

(25) Brady, E. D.; Clark, D. L.; Gordon, J. C.; Hay, P. J.; Keogh, D.
W.; Poli, R.; Scott, B. L.; Watkin, J. Gnorg. Chem.2003 42, 6682.

(26) Westerhausen, M.; Hartmann, M.; Pfitzner, A.; Schwarz, V.
Anorg. Allg. Chem1995 621, 837.
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a)

Figure 4. (a) Molecular structure of (thermal ellipsoids drawn
at the 35% probability level); (b) core structure of

2.625(8) and 2.526(8) A, which is close to that found in (1,1
dipyrrolylcyclohexanediyl-Yhyu-O)(thf), (2.572(7) A)?” The
other YBP* is o-bound to eight nitrogen atoms from two ligands
1 in a distorted-hexagonabipyramidal geometry with the
average distance of Yb(2)-N being 2.455(7) A, which is slightly
longer than that found for Yb(1)-N (2.399(7) A). The twisting

(27) Freckmann, D. M. M.; DuheT.; Beubg C. D.; Gambarotta, S.;
Yap, G. P. A.Organometallic2002 21, 1240.

Organometallics, Vol. 26, No. 22, 208329

between the naphthyl rings of torsion angles are 70°7(9)
75.3(9¥, and 82.7(9), which are larger than those found2n
(70.1(3¥), 3 (69.2(6)), and4 (67.3(4)).

Conclusions

A new chiral tetradentate ligand has been prepared from the
reaction between pyrrole-2-carboxaldehyde af)}2,2-di-
amino-1,1-binaphthyl, which can effectively go by either salt
metathesis reaction or silylamine elimination reaction giving
amido lanthanide complexes. These organolanthanide amides
have displayed moderate to good catalytic activity for the
asymmetric hydroamination/cyclization of representative ami-
noalkenes, although enantioselectivities have remained low (up
to 24% ee). The reasons for the low enantiomeric excess are
not clear at this time; however, it seems that very precise control
of the metal coordination sphere is required for this to be a
realistic prospect. However, it appears that our ligand set using
peripheral binaphthalene coupled with pyrrole ligation in
multidentate systems does not provide sufficient rigidity of the
dative N-donor ligand to achieve this goal. These amido
complexes can also initiate the polymerization of MMA, leading
to syn-rich poly(MMA)s, but the conversion is very low. Further
exploration of these catalysts toward other types of transforma-
tions and the optimization of the ligand architecture to improve
the enantiomeric excess for hydroamination/cyclization are
currently underway.
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