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Synthesis and X-ray crystal structure of nitrogen base adducts
of decamethylsamarocene: (C;Me),Sm(NH,CMe,)
and (C;Me),Sm(N-Melm),
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Abstract

(C5Me5)ZSm(THF)2 and (C4Mes),Sm(THF) do not react with Me;CNH, in THF, toluene or hexanes, but (CsMes),Sm
reacts in toluene to form hexane soluble (CsMes),Sm(NH ZCMe3) (1) in high yield. Compound 1 crystallizes from benzene with
benzene in the lattice as (C;Me;),Sm(NH,CMe;) - (C¢H,)y s in the monoclinic space group P2 1/¢(C3,; No. 14) with unit cell
paramcters at 173 K of a = 17.036(3) A, b = 21.538(4) A c=14.441(2) A, B = 91.814(12)°, V' = 5296.1(15) A and D, ,q=1.34 g

=3 for Z =8. Least squares refinement of the model based on 5480 reflections (| F, | > 3.00(| F, |)) converged to a final
R F=S5. 0% In the two mdependent molecules in the unit cell, the Me;CNH, groups are attached to the bent metallocenes with
2.804(10) A and 2.737(7) A Sm-N distances and 112.4(8)° and 112.2(5)° Sm~N-C angles. The average Sm—C(CsMe,) distance is
2.816(16) A and the (ring centroid)-Sm—(ring centroid) angles are 142.1° and 140.4°. (C5Me5)ZSm(THF)2 reacts with 2 equiv. of
N-methylimidazole (N-MeIm) in THF to form THF soluble (C;Me;),Sm(N-Melm), (2) in quantitative yield. Compound 2
crystallizes from THEF in the monochmc space group P2 /c(Cz,,, No. 14) with unit cell parameters at 163 K of a = 16.05%7) A
b =10.291(4) A, c = 17.635(5) A, B = 101.00(3)°, V = 2861(2) A’ and D_yeq = 1.36 g cm ™3 for Z = 4. Least squares refinement of
the model based on 2824 reflections (| F, | > 4.00(] F, 1)) converged to a final Rg =5.9%. The N-Melm ligands are attached to
the bent metallocene with Sm-N distances of 2. 618(10) A and 2.673(10) A The N-Sm-N angle is 84.2(3)° and the
centroid—Sm—centroid angle is 138.0°. The average Sm—C(CsMe;) distance is 2.853(10) A

Keywords: Samarium; Rare earth metals; Metallocenes; Amine; Imidazole; Lanthanide

1. Introduction

As part of a continuing effort to probe the limits of
reactivity of Sm" in soluble organometallic complexes
[1-5] and to develop new complexes of Sm!' with
varying solubilities [6,7], we have examined the reaction
of the Sm"' metallocenes (CsMe;),Sm(THF), (x =0-
2) [8-10] with tert-butylamine, Me,CNH,, and N-
methylimidazole, MeNCH=CHN=CH (N-Melm). We
sought to determine if (CsMe,),Sm(N-donor), com-
plexes would result by displacement of THF ligands
from (C;Me,),Sm(THF), [11] or by adduct formation
from (CsMes),Sm, or if a Sm™D complex such as
(CsMe;),Sm(NR,) would result either by reductive
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deprotonation [12] or reductive cleavage of C-N bonds
[13].

We report here that tert-butylamine does not dis-
place THF from (CsMe;),Sm(THF), (x =1, 2) [9,10],
but it reacts with unsolvated (C;Me;),Sm [8] to form
an isolable divalent adduct of the Sm™ metallocene.
In contrast, N-MeIm displaces THF from (C;Mes),Sm
(THF), in THF to form a bis(N-Melm) adduct analo-
gous to (CsMe;),Sm(THF),.

2. Experimental section

The chemistry described below was performed un-
der nitrogen and/or argon with rigorous exclusion of
air and water by using Schlenk, vacuum line, and
glovebox (Vacuum/ Atmospheres HE-553 Dri-Lab)
techniques. Physical measurements were obtained and
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solvents were freshly distilled as previously described
[14]. The complexes (CsMe;),Sm(THF), (x =0 [8], 1
[10], 2 [15]) were prepared according to the literature.
Me,CNH, (Aldrich) was vacuum transferred from
molecular sieves.

2.1. (CsMe),Sm(NH,CMe ) (1)

Excess Me,CNH, (0.5 ml) was added to dark green
(CsMe,),Sm {100 mg, 0.24 mmol) dissolved in 5 ml of
toluene and caused an immediate color change to
brownish-purple. The solvent was removed immedi-
ately to give 1 as a green powder. Subsequent crystal-
lization from hexanes at —35°C gives 1 as green crys-
tals (94 mg, 80%). '"H NMR (C,D,, 300 MHz, 25°C,
0.062 M): & 2.77 (br, v, ,, = 16 Hz, 30H, CsMe;), 2.6
(br, v, , = 150 Hz, 9H, CMe;). °C NMR (C¢Dj, 300
MHz, 25°C): § 97.0 (C;Me,), 40 (br, H,NCMe;), —91.0
(CsMes). IR (Nujol): 3731 w, 3619 m, 3331 w, 2725 m,
2363 w, 1588 m, 1256 w, 1244 m, 1213 m, 1156 w, 1081
w, 1050 w, 1019 m, 988 w, 900 s, 800 m, 725 vs, 694 s,
669 w cm~'. UV-VIS (hexane, A, nm (g)): 330
(1000), 290 (4700), 248 (6500). Magnetic susceptibility:
X3 =382 X 1073 cgs; prog = 3.0 . Anal. Caled. for
CuH,NSm: C, 58.35; H, 8.37; N, 2.84; Sm, 30.45.
Found: C, 58.11; H, 8.18; N, 2.69; Sm, 30.70.

2.2. X-ray data collection, structure determination, and
refinement for (CsMes),Sm(NH,Me;) - (CsHg), s

Under nitrogen, a green crystal of approximate di-
mensions 0.13 X 0.27 X 0.33 mm was immersed in
Paratone-D oil. The oil-coated crystal was then manip-
ulated in air onto a glass fiber and transferred to the
nitrogen stream of a Siemens P3 automated four-circle
diffractometer which is equipped with a modified LT-2
low-temperature system. Determination of Laue sym-
metry, crystal class, unit cell parameters, and the crys-
tal’s orientation matrix were carried out by previously
described methods similar to those of Churchill [16].
Intensity data were collected as described in Table 1.

All 7481 data were corrected for absorption and for
Lorentz and polarization effects, and placed on an
approximately absolute scale. The diffraction symmetry
was 2/m with systematic absences 0k0 for £ =2n+1
and h0! for /! =2n+ 1. The centrosymmetric mono-
clinic space group P2,/n, a non-standard setting of
P2,/¢(C3,; No. 14), is therefore uniquely defined.

All crystallographic calculations were carried out
using either our locally modified version of the UCLA
Crystallographic Computing Package [15] or the
SHELXTL pLUS program set [16]. The analytical scatter-
ing factors for neutral atoms were used throughout the
analysis [17a], both the real (Af’) and imaginary GAf")
components of anomalous dispersion [17b] were in-
cluded. The quantity minimized during least-squares

Table 1

Experimental X-ray data for (CsMes),Sm(NH,CMe;)-(C4Hg)gs
and (C;Me;), Sm(N-Melm), (2)

1-(C¢Hg)g5 2
Formula CpyH ;NSm-1/2(C¢Hg) CpyH,NySm
FW 533.0 585.0
Temperature (K) 173 163
Crystal system Monoclinic Monoclinic
Space group P2 /c P2,/c
(C3,; No. 14) (C3,; No. 14)
a(A) 17.036(3) 16.05%7)
b(A) 21.538(4) 10.291(4)
c(A) 14.441(2) 17.635(5)
B 91.814(12) 101.00(3)
V(A% 5296.1(15) 2861(2)
VA 8 4
Dy (mg m™3) 1.34 1.36
Diffractometer Siemens P3 Siemens P3
(R3m /v System) (R3m /v System)
Radiation Mo Ka (A= MoKa (A=
0.710730 A) 0.710730 &)
Monochromator Highly oriented Highly oriented
graphite graphite
Data collected +h, +k, £1 +h, +k, £
Scan type 8-20 8-20
Scan width 1.20° plus .20° plus
Ka separation Ka separation
Scan speed (in o) 3.0° min~! 3.0° min~!
26 range (©) 4.0-45.0 4.0-45.0
g (MoKa)(mm~Y) 224 2.08

Absaorption correction

Reflections collected

Unique reflections

Semi-empirical
(¥-scan method)
7481

Semi-empirical
(¥-scan method)
4238

with (1 F,| > 0) 6310 3447

Reflections with 5480 2824
UF,l>Xo(|F, 1)) X=30 X=40

No. of variables 513 298

Ry (%) 5.0 5.9

R r (%) 5.5 6.6

Goodness of fit 1.51 1.88

analysis was LZw(| F,| — | F,|)* where w™!=a%(| F, 1)

+0.0005(| F, )2

The structure was solved by direct methods and
refined by full-matrix least-squares techniques. There
are two independent molecules in the asymmetric unit
cell. There is also one-half molecule of benzene solvent
present per formula unit. Hydrogen atoms were in-
cluded using° a riding model with d(C-H) = 0.96 A and
U,, = 0.08 A2, The amine ligand in molecule 1 has
higher thermal motion than expected and a more satis-
factory refinement was obtained refining N(1) and
C(21) isotropically. In molecule 2, similarly high ther-
mal motion was not observed for the analogous atoms,
N(2) and C(45). A final difference-Fourier synthesis
yielded p(max) =2.58 ¢ A~? at a distance of 1.18 A
from N(1). Final fractional coordinates are given in
Table 2.
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2.3. (C;Mes),Sm(N-Melm), (2)

N-MeIm (0.03 mi, 0.36 mmol) was added to
(CsMes),Sm(THF), (100 mg, 0.18 mmol) dissolved in 5
ml of THF. The solvent was removed immediately. The
residue was washed with toluene to give 2 as a dark
purple powder (100 mg, 95%). '"H NMR (C,D;O (0.046
M), 500 MHz, 25°C): § 16.78 (v br, 2H, CH), 14.04 (v
br, 2H, CH), 7.58 (s, 2H, CH), 5.92 (s, 6H, CH,), 2.75
(s, 30H, CsMes). °C NMR (C,D;O, 300 MHz, 25°C):
8 113.6 (CH), 989 (CsMes), 304 (CH,), —66.3
(CsMey). IR (Nujol): 3670 m, 1590 m, 1525 s, 1521 s,
1517 s, 1416 s, 1285 s, 1230 s, 1110 s, 1083 s, 1024 m,
923 s, 825 m, 811 s, 765 m, 734 s, 662 s, 618 m cm ™.
UV-VIS (THF, A,,,, nm (g)): 232 (21000), 350 (sh,
2000). Magnetic susceptibility: X2*K = 3.99 X 1073 cgs;
Mese = 3.1 pp. Anal. Caled. for C,4H,N,Sm: C, 57.48;
H, 7.24; N, 9.58; Sm, 25.71. Found: C, 57.22; H, 7.09;
N, 9.40; Sm, 25.60.

2.4. X-ray data collection, structure determination, and
refinement for (C;Me;),Sm(N-Melm), (2)

Under nitrogen, a dark purple crystal of approxi-
mate dimensions 0.13 X 0.33 X 0.36 mm was handled as
described above for 1 (see Table 1). The diffraction
symmetry was 2/m with systematic absences 0k0 for
k=2n+1 and A0! for [ =2n + 1. The centrosymmet-
ric monoclinic space group P2,/c¢ (Cj,; No.14) is
therefore uniquely defined. All crystallographic calcu-
lations were carried out as described above for 1.
The quantity minimized during least-squares ana-
lysis was (| F,| —|F,])*> where w™'=0?(|F, 1)+
0.0005(| F, )%

The structure was solved by direct methods (SHELXTL
prus) and refined by full-matrix least-squares tech-
niques. Hydrogen atoms were included as described
above. A final difference-Fourier synthesis yielded

Table 2
Final fractional coordinates for (CsMes),Sm(NH,CMe,) - (CsHg)g s

x y z x y z
Sm(1) 58507(3) 13507(2) 22422(3) (33) 101398(64) 69093(43) 13084(69)
) 51643(57) 24588(39) 16179(59) C(34) 8491%(68) 69586(43) 22271(63)
2) 46667(52) 20120(40) 12439(59) C(35) 103605(55) 96223(37) 22327(59)
c@3) 50802(49) 16953(39) 5495(54) C(36) 107653(52) 92784(38) 15780(56)
c4) 58308(53) 19600(39) 5085(58) c(37n 111456(50) 87734(36) 20279(54)
cs) 58882(54) 24312(37) 11907(59) (38) 109725(50) 88173(41) 29743(58)
) 49710(67) 29381(43) 23716(66) C(39) 105093(52) 93355(41) 31025(55)
) 38165(55) 19321(51) 14427(69) C(40) 99146(73) 102167(46) 20579%(78)
c(8) 47467(65) 12028(45) —730(67) C@4n 108391(64) 94519(43) 5650(60)
c“® 64468(59) 18022(48) —2057(61) C42) 117275(54) 83378(45) 16157(62)
Cc(10) 66107(62) 28426(45) 1367%72) C43) 11323((59) 84033(48) 37317(65)
c(11) 67374(54) 5138(43) 33558(60) C44) 102948(65) 96184(49) 40443(65)
c(12) 65449(53) 1761(41) 25082(65) N(2) 90133(43) 83469(34) 38489(47)
C(13) 69808(56) 4552(41) 18043(59) Q45) 82685(55) 86901(44) 39791(62)
Cc(14) 74239%(51) 9525(38) 21935(63) C(46) 81921(56) 91811(43) 32365(64)
C(15) 7271%52) 9852(42) 31378(61) C(47) 82580(57) 89723(52) 49243(59)
«(16) 65086(70) 3295(50) 43222(67) C(48) 76165(58) 82238(50) 38827(72)
can 60374(59) —3860(43) 24305(73) C(49) 3668KX75) 54677(53) 74588(99)
C(18) 70037(69) 2202(45) 8303(63) C(50) 30696(104) 54524(54) 80788(84)
a19) 8010%(57) 13471(47) 17106(73) C(51) 2429%(76) 50688(63) 78735(100)
C(20) 76443(69) 14353(53) 38215(82) a(52) 24322(77) 47088(55) 71042(96)
N 53776(64) 16702(49) 40220(69) C(53) 30007(91) 47449%(54) 65376(81)
C(21) 46466(87) 14182(61) 42257(98) C(54) 36167(73) 51002(56) 66753(81)
C(22) 44307(63) 9131(46) 35795(67)
C(23) 46445(97) 11902%(73) 52104(91)
Cc249) 40404(83) 18728(65) 42095(100)
Sm(2) 95525(3) 84790(2) 20946(3)
C(25) 83149(51) 78850(38) 10634(56)
C(26) 87855(53) 81477(37) 3956(54)
c@27n 9498((52) 78397(38) 3871(56)
C(28) 94900(55) 73728(38) 10713(58)
C(29) 87577(53) 74007(37) 14968(56)
C(30) 7465%57) 80357(50) 12138(63)
C(31) 85213(62) 8678%41) —-236%62)
Cc(32) 101507(58) 79584(44) —3053(58)
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Table 3
Final fractional coordinates for (CsMes),Sm(N-Melm), (2)
x y z

Sm(1) 24987(4) 8178(6) 22044(3)
N(D 35600(60) 14512(103) 13087(48)
N(2) 45921(61) 15948(98) 6452(51)
N@G) 15162(63) 26526(110) 14170(52)
N@4) 11456(74) 46240(95) 10495(53)
1) 25783(65) —19548(111) 20486(62)
) 17970(70) —17051(111) 23096(59)
c®3) 12143(69) —10668(117) 17019(65)
c@4@ 16512(75) —9226(125) 10614(59)
& Q)] 24750(74) —14760(118) 12826(62)
C(6) 33391(73) ~2597%(133) 24568(72)
€¢)] 15574(89) —21876(133) 30478(70)
C®) 310%(72) —7533(140) 17116(75)
C(9) 12467(82) —4214(130) 2804(63)
C(10) 31197(85) —16442(133) 7828(69)
ca1y 24411(69) 17292(110) 37208(54)
C(12) 26847(68) 28446(102) 33358(56)
C(13) 35370(70) 26052(125) 32123(56)
Cc(14) 37870(69) 13501(114) 35095(59)
c(15) 31236(70) 8183(119) 38268(55)
c@16) 15970(77) 15953(132) 39699(65)
aan 22019(81) 40964(126) 31904(70)
«(18) 40828(86) 35700(132) 28720(72)
(19 46444(74) 7221(136) 35405(68)
C(20) 31833(84) —3951(121) 42868(70)
C(21) 43836(79) 13347(122) 13448(65)
C(22) 38472(86) 18881(129) 1607(65)
C(23) 32395(84) 18003(131) 5582(66)
a24) 54260(82) 15424(158) 45479)
C(25) 17774(88) 37593(140) 12294(70)
C(26) 4331(90) 39976(146) 11277(86)
cn 6747(87) 27843(164) 13515(80)
C(28) 12373(108) 59379%(151) 8311(83)

p(max) = 1.58 ¢ A~3. Final fractional coordinates are
given in Table 3.

3. Results
3.1. (CsMes),Sm(NH,CMe;) (1)

The purple complex (CsMe;),Sm(THF), shows no
color change and no evidence of reaction when treated
with Me,CNH, in THF. When the same reaction
is done in toluene, the dark green mono-solvate,
(CsMe,),Sm(THF), is recovered. However, addition of
Me,CNH, to dark green (CsMes),Sm in toluene
causes an immediate color change to brownish-purple.
Removal of solvent leaves (CsMes),Sm(NH,CMe;) (1)
as a green solid in quantitative yield. Complex 1 was
characterized by elemental analysis and NMR and IR
spectroscopy and was identified by X-ray crystallogra-
phy (Fig. 1). Samples of (CsMes), Sm(THF), (x = 0-2)
dissolved in neat tert-butylamine generate a purple
solution which gives a purple solid upon removal of
solvent. This material, which exhibits different NMR

signals (CsMe, resonance at § 2.01 ppm) from 1, may
be the disolvate (CsMe,),Sm(NH,CMe,),, but defini-
tive data on it were not obtained. In THF, both this
material and 1 revert directly back to (C;Me,),Sm-
(THF),.

The 'H NMR spectrum of 1 contains broad peaks
and is concentration dependent as is typical for the
(CsMes),Sm(THF), complexes [8,91. The °C NMR
spectrum of 1 has the distinctive shifts characteristic of
CsMe,; Sm"™ compounds [12]; the CsMe; ring carbons
resonate at —91.0 ppm and the C;Me; methyl carbons
resonate at 97.0 ppm. The color of 1 and its intensity
are also characteristic of Sm® rather than Sm®D®
[1,20]. Complex 1 is more soluble in alkane solvents
(ca. 0.05 M in hexane) than its THF counterpart
(CsMe,),Sm(THF) (ca. 0.01 M), but both of these
mono-solvates are less soluble than (CsMes),Sm in
hexane (ca. 0.1 M).

Compound 1 crystallizes from benzene with two
independent molecules in the unit cell. Hence, there
are two sets of values in Table 4. The structural param-
eters on 1 are similar to those for the monosolvates
(CsMes),Sm(THF) (3) [10] and (C;Mes),Sm(tetrahy-
dropyran) (4) [21]. The 2.781(8)-2.846(8) A range of
Sm-C(C;sMe;) distances is within the 2.770(9)-2.858(6)
A range found for 3 and 4 and the 2.82(2) A averages
for each molecule of compound 1 are identical to the
averages for 3 and 4. The 140.4° and 142.1° (ring
centroid)-Sm—(ring centroid) angles are also similar to
the 138.5 and 140.0° values for 3 and 4, respectively.
All of these values are very typical of Sm' bent metal-
locenes [22].

The nitrogen donor atom of the tert-butylamine
ligand is not located symmetrically in this complex. The
disparate 111.8 and 101.9° N-Sm—(ring centroid) an-
gles (115.7 and 101.5 in molecule 2 in the unit cell)

C24

Cc23

Ci7

Fig. 1. Thermal ellipsoid plot of (C;Me;),Sm(NH,CMe,) (1) drawn
at the 50% probability level.



W.J. Evans et al. / Journal of Organometallic Chemistry 483 (1994) 39-45 43

Table 4
Selected bond lengths (A) and angles (°) for (CsMes), Sm(NH ,CMe ;)
6))]

Sm(1)-C(1) 2.795(9) Sm(2)-C(25) 2.846(8)
Sm(1)-C(2) 2.827(9) Sm(2)-C(26) 2.8348)
Sm(1)-C(3) 2.837(8) Sm(2)-C(27) 2.823(8)
Sm(1)-C(4) 2.826(8) Sm(2)-C(28) 2.804(8)
Sm(1)-C(5) 2.781(8) Sm(2)-C(29) 2.810(8)
Sm(1)-C(11) 2.822(9) Sm(2)-C(35) 2.825(8)
Sm(D-C(12) 2.814(9) Sm(2)-C(36) 2.808(%)
Sm(1)-C(13) 2.811(9) Sm(2)-C(37) 2.7928)
Sm(1)-C(14) 2.817(9) Sm(2)-C(38) 2.793(8)
Sm(1)-C(15) 2.821(9) Sm(2)-C(39) 2.833(9)
Sm(1)-N(1) 2.804(10) Sm(2)-N(2) 2737
N(D-C(21) 1.398(18) N(2)-C(45) 1.486(12)
CQ1)-C(22) 1.472(17) C(45)-CX46) 1.509(13)
C(21)-C(23) 1.505(19) C(45)-C(47) 1.495(13)
C(21)-C(24) 1.423(20) C(45)-C(48) 1.501(14)

N(1)-Sm(1)-Cnt(1) 111.8
N(1)-Sm(1)-Cnt(2) 101.9
Cnt(1)-Sm(1)-Cnt(2) 142.1

N(2)-Sm(2)-Cnt(3) 115.7
N(2)-Sm(2)-Cnt(4) 101.5
Cnt(3)-Sm(2)-Cnt(4) 140.4

Sm(1)-N(1)-C(21)  112.48)  Sm(2)-N(2)-C(45)  112.(5)
N(1)-C(21)-C(22)  111.1(11) N(Q)-C(45)-C(46)  108.3(7)
N(D-C2D-C(23)  110.8(12) N(2)-C(45)-C@7)  110.7(7)
N(D-C(21)-C(24)  1123(11) N(Q)-C(45)-C(48)  106.7(8)

show the asymmetry of the nitrogen between the rings.
The nitrogen atom location also has a side to side
asymmetry as shown in Fig. 2. A symmetrically located
nitrogen donor atom would be coplanar with the
samarium and the Jwo CsMe, ring centroids. In 1, the
nitrogen lies 1.26 A out of this plane. Alternatively, the
asymmetry can be described by the fact that samarium

€23

Fig. 2. Top view of the thermal ellipsoid plot of (CsMes),Sm-
(NH,CMe,) (1).

lies 0.30 A” out of the plane defined by the two CsMe,
centroids and nitrogen. Both 3 and 4 show lateral
asymmetry for the oxygen donor atom with oxygen
lying 0.42 A and 0.34 A respectively, out of the cen-
troid—-Sm-centroid plane, but the oxygen atoms in
these complexes are located midway between the two
planes.

Although the structures of 3 and 4 show no special

need for this asymmetry, in 1, the position of the
methyl group of C(22) could be responsible via agostic
hydrogen interaction. The nonbonding dlstance from
this methyl carbon to samarlum is 3.29 A and the
analogous value is 3.26 A in molecule 2 in the unit cell
(involving C(46)). These distances are very long com-
pared to the Sm-C(C;Mes) distances, but they are
comparable to the closest intermolecular Sm- C(Me)
distance in divalent (C;Me;),Sm [8] which is 3.22(1) A
The 112.4(8) and 112.2(5) Sm-N-C(tert-butyl) angles
may be somewhat smaller than expected, but the N-
C-C angle involving the nearest methyl group is not
statistically distinguishable from the other analogous
angles.
, The Sm-N distances in 1 are 2.737(7) and 2.804(10)
A. Theseoare considerably longer than the 2.569(3) and
2.630(6) A Sm-O distances in 3 and 4, respectively, as
would be expected. For example, in (CsMes),-
Yb(THF)(NH 1) [23] the Yb—N(NH ;) dlstance is 2.55(3)
A and the Yb—O(THF) distance is 2.46(3) A. Similarly,
in the complexes, (CsMe,),Yb(SPhXNH,) (24] and
(CsMes),YB(TePhXNH ;) [25], the crystallographically
independent Yb-N distances are 2.50(1), 2.432(8),
and 2.423(8) A whereas in other eight coordinate
(CsMe;,), YDZ(THF) complexes, the Yb—O(THF) dis-
tances range from 2.330(3) Ato 237 A[22).

3.2. (C;Mes),Sm(N-Melm), (2)

In contrast to tert-butylamine, N-methylimidazole
readily displaces the THF ligands in (C;Mes),Sm-
(THF), in THF solution to form a bis(N-MeIm) adduct
(2). The purple 2, like 1, has 'H and C NMR spectra
characteristic of Sm‘®. Elemental analysis indicated
that a bis(N-Melm) adduct had formed and this was
confirmed by X-ray crystallography as shown in Fig. 3.
In contrast to 1, 2 is less soluble than its THF counter-
part; it is insoluble in toluene, but readily dissolves in
THF with a solubility of 0.15 M compared to 0.35 M
for (CsMes),Sm(THF),. The fact that the N-Melm-
solvated 2 is recovered from THF is consistent with the
strong binding exhibited by N-Melm to a variety of
metals [26,27].

The X-ray crystal structure of 2 allows some direct
comparisons between N-methylimidazole and THF as
solvating ligands for lanthanide complexes. Selected
bond distances and angles for 2 are given in Table 5.
The overall structures of 2 and (C;Me;), Sm(THF), (5)
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Fig. 3. Thermal ellipsoid plot of (CsMe;),Sm(N-Melm), (2) drawn
at the 50% probability level.

are similar with 138.0 and 136.5° centroid—Sm-centroid
angles and 84.2(3) and 82.5(3)° N(O)-Sm-N(O) angles,
respectively. The centroic!—Sm—donor atom angles are
also similar. The 2.85(1) A Sm-C(CsMe;) average dis-
tance in 2 is not different within the error limits from
the 2.86(2) and 2.87(2) values in 5. The similarity of
these parameters is not unexpected. However, it is
surprising that the Sm-donor atom distances are also
quite similar: %,618(10) and 2.673(10) in 2 and 2.614(7)
and 2.652(8) A in 5. Hence, in all of these metrical
aspects, N-methylimidazole appears to sterically mimic
THF in this Sm® system. Fig. 4 shows a super-
position of 2 and 5 which reveals the extent of the
similarity. The analogous side view shows that the two
(CsMe,),Sm units are coincident except for the ar-
rangement of the methyl groups around the CsMes

Table 5
Selected bond lengths (A) and angles () for (CsMes), Sm(N-Melm),
@

Sm(1)-C(1) 2.872(12)
Sm(1)-C(2) 2.850(12)
Sm(1)-C(3) 2.847(11)
Sm(1)-C(4) 2.842(11)
Sm(1)-C(5) 2.862(12)
Sm(1)-C(11) 2.852(10)
Sm(1)-C(12) 2.862(10)
Sm(1)-C(13) 2.862(11)
Sm(1)-C(14) 2.839(10)
Sm(1)-C(15) 2.846(9)
Sm(1)-N(1) 2.618(10)
Sm(1)-N(3) 2.673(10)
N(1)-Sm(1)-N(3) 84.2(3)
N(1)-Sm(1)-Cnt(1) 103.1
N(1)-Sm(1)-Cnt(2) 104.9
N(3)-Sm(1)-Cnt(1) 108.4
N(3)-Sm(1)-Cnt(2) 104.9
Cnt(1)-Sm(1)-Cnt(2) 138.0

Fig. 4. Ball and stick diagram of 2 superimposed on the ball and stick
diagram of (CsMes),Sm(THF), (5) (dotted lines).

rings. Fig. 4 shows the coincidence of the metal and the
oxygen and nitrogen donor atoms: the weighted root
mean square deviation of Sm and the two N donor
atoms in 2 and Sm and the two O donor atoms in § is
0.03 A. The main difference in the two structures is the
orientation of the N-Melm ligands versus the THF
ligands as shown.

The similarity of the Sm-N(N-MeIlm) distances to
the Sm-O(THF) distances is surprising in light of the
data discussed above for 1 which show that Ln-O
distances are ically shorter than Ln-N distances.
The 2.646(19) A average Sm-N distance in 2 also
appears to be short compared to the 2.77(2) A average
in 1, despite the fact that 2 has a higher formal
coordination number which should lead to a larger
value. Comparison can also be made with the pyridine
complex, (CsMe;),Yo(NC;sHj), [28], which has Yb-N
distances of 2.586(7) and 2.544(62 A. Considering that
eight coordinate Yb®" is 0.13 A smaller than eight
coordinate Sm@ according to Shannon [29], the com-
parabge Sm-N distances would be expected to be 2.67—
2.72 A. All of these comparative data are consistent
with a strong attachment of the N-Melm ligand to
samarium.

4. Discussion

The formation of nitrogen base adducts with diva-
fent lanthanide metallocenes has previously been ob-
served between (CsMes),Yb and pyridine [28] and
NH, [23]. With the more strongly reducing Sm®,
other reactivity patterns are possible including metalla-
tion [12,30) and C-N bond cleavage [13,31]). Using
tert-butylamine and N-methylimidazole as the nitrogen
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bases, these alternative reaction pathways are not ob-
served and simple adduct formation occurs. Tert-
butylamine is not a strong enough donor to displace
THF from (CsMes),Sm(THF), , in solution, but the
more powerful N-methylimidazole readily accom-
plishes this reaction to make a nitrogen analog of
(CsMe,),Sm(THF),. N-Methylimidazole has previ-
ously been shown to be an excellent donor ligand for
transition metal [26] and lanthanide complexes [27].

Derivatizing the (C;Me;),Sm(THF), systems with
these nitrogen donors has a significant effect on the
solubilities. Hence, by forming the tert-butylamine
monosolvate, a Sm complex more soluble in alkanes
than (CsMe,),Sm(THF) is obtained and by using N-
Melm, a complex less soluble than (C;Me,),Sm(THF),
in arenes results. These fully characterized complexes
can now be used for reaction chemistry which may
have specific solubility needs not met by the
(CsMe;),Sm(THF), reagents. Another way in which
these results can be used in other systems is to use
N-Melm to remove toluene soluble (C;Me,),Sm(THF),
complexes from a mixture which has some other desir-
able soluble component which does not react with
N-Melm. Simple addition of N-MeIm may precipitate
(CsMe;),Sm(N-Melm), and eliminate the mixture.

Although it is not established that there is any direct
connection between the enhanced solubility of 1 and
the use of a monodentate donor ligand which has a
methyl group which can fill in an open coordination
position, it is possible that this approach may be a
useful one in controlling solubility. To the extent that
the special properties found for the Sm metallocenes
arise from the protective environment provided by the
ligands [32], variations of the solvated species available
should provide additional opportunities to precisely
control reactivity.

5. Conclusion

The solubility of the (C;Mes),Sm unit can be con-
trolled by varying the base adducts attached to the
metal. Attachment of tert-butylamine gives a soluble
monosolvated species which contains a methyl group in
an otherwise open coordination position. Addition of
N-methylimidazole forms a disolvated complex which is
less soluble but nearly isostructural with (C;Me;),Sm-
(THF),.
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