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Abstract

Several lanthanide(I1) and lanthanide(111) complexes of formula [Ln(LL'), X(thf),} (LL’ = v'-N(R)C(Bu')CHR, R = SiMe,: X = CI.
n=landln=CelorNd2orX=1Ln=1andLn=Sm3;0orX =1 n=0and Ln=Yb4), [Sm(LL),(th1)] 5 and [YB(LL'),] 6 have
been synthesised by the reaction of the appropriate lanthanide(I1} or lanthanide(I11) halide with two equivalents of 1, 3-bis(trimethylsilyl)-
I-aza-allyl-potassium [K(LL')],. Oxidation of 6 with Ag(OTY) afforded [Yb(LL'),(OTf)] 7 (Tf = SO,CF,). The reaction of 6 with half an
equivalent of I, yielded as the main oxidative product 4 but also led to ligand coupling. forming [RN=C(Bu')CH(R)], 8. which was also
prepared by the reaction of [K(LL')], with I,. Treatment of 6 with two equivalents of PhCN yielded the previously known -diketiminate
[YBL'L"),] [L'L” = N(R)C(Ph)C(H)C(Bu')NR). Complexes 1-8 were identified by C. H and N elemental analysis. multinuclear ('H. '*C,
“Si{'H). "Yb or "F) NMR and mass spectra. of which 3, 6 and 8 were additionally characterised by single crystal X-ray diffraction,
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1. Introduction

The ubiquitous m'-allyl ligand has been shown to
play an important role in many transition metal-media-
ted reactions [1.2]. In recent years, the chemistry of
heteroallylmetal complexes has attracted great interest;
in these complexes the metal tends to bond asymmetri-
cally to the ligand because of the differing electronic
nature of the heteroatom. Among the latter are oxygen,
phosphorus or nitrogen. Several n*-1-oxa-allyl- and m*
1-phospha-allyltransition metal complexes have been
reported [3-8]. Heteroallyl species containing two ter-
minal nitrogens (i.e. m'-1,3-diaza-allyls) or one cen-
trally located nitrogen (i.e. m'-2-uza-allyls) have also
been prepared [9-11]. The former include the well-
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known N N’-bis(trimethylsilyDbenzamidinato  ligands
[4-RC H,C(NR),]” (R =SiMe, and R =H, Me,
OMe, CF, or Ph), from which inter alia a series of
f-element complexes has been made [12-18). Numerous
n'-1-aza-allylmetal complexes of alkali metals [19-24]
and transition metals [25-27] have been synthesised and
structurally characterised.

We have recently reported that the reaction of
MCHR, (M =Li or K, R =SiMe;) with Bu'CN af-
forded the appropriate metal complex containing the
1.3-bis(trimethylsilyl)-1-aza-allyl ligand [yn'-
N(R)C(Bu')CR]™ (=[LL']") [28,29], and we have syn-
thesised and structurally characterised the corresponding
lithium, zirconium and thorium complexes, [Li(LL)],
[28]. rac{Zd(LL),CI,] [28.30). [{ZHLL)Cl.(p-Cl},]
[30] and rac-[Th(LL'),Cl,] [31]. Some of these papers
are Parts 2 [30], 3 [29] and 5 [31] of this series; Part |
[32] dealt with a uranium B-diketiminate and 1,3-diaza-
allyls of potassium and uranium, while Part 4 [33] dealt
with B-diketiminates but also l-aza-allyls of tin(ID).
lead(Il), iron(I1), cobalt(II) and copper(l).



The work described in this paper is concerned with
the use of the 1-aza-allyl ligand in lanthanide chemistry.
We have previously briefly communicated the prepara-
tion and X-ray structure of [Yb(LL),] 6 [34]; we report
here dJetails, including new data on § and the synthesis
and characterisation of other lanthanide(111) and samar-
jum(11) bis{trimethylsilyl)-1-aza-allyl complexes.

2. Experimental details
2.1. Materials and procedures

All manipulations were carried out under vacuum or
argon by Schlenk techniques. Solvents were dried and
distilled over potassium—sadium alloy under argon prior
to use. The following compounds were prepared by
known procedures: MCHR, (M =Na or K) [35],
[K(LED, [28], CeCl, [36], NdCI, [36], Tml,(thf), [37],
Ybl, [37], Ybl, [38] and Sml,(thf), [39]. Others were
purchased, and purified by standard procedures. Micro-
analyses were carried out by Medac Ltd. (Brunel Uni-
versity). NMR spectra were recorded with Bruker
WM250, WM360 or WMS00 instruments. Mass spectra
were recorded on o Jisons VG Autospec mass spec-
trometer operating in the EI mode at 70eV.

2.2. Synthesis of [Ce(LL),Cltthf)] (1)

A colourless solution of [K(LL)], (1.7 g. 6.1 mmol)
in tetrahydrofuran (SOmb) was added to a stirred sus-
pension of CeCl, (1).75 g, 3.04 mmol) in tetrahydrofuran
(100ml). The mixture was stirred at room temperature
for 12h and refluxed for another 12h, leaving a yellow
solution and a white precipitate which was filtered off.
Solvent was removed from the filtrate in vacuo and the
yellow residue was extracted with hexane (50 ml) and
filtered. The volume of the filtrate was reduced under
vacuum to ca. 10ml. Cooling to —30°C afforded the
title compound 1 (1.4g, 63%) as a yellow powder.
Anal. Found: C, 46.4: H, 8.84; N, 3.87.
C ., H,,CIN,OSi ;Sm Calc.: C. 46.9; H. 9.00; N, 3.91%.
MS: m/e 660 (1.5%, [M - tht]*): 587 (18%, [M -
SiMe,]*); 603 (12%, [M ~ Bu']*); 228 (22%. [(LL) —
Mel"). 186 (100%. [(LL) - Bu'l*): 73 (96%.
[SiMe,]").

2.3. Synthesis of [Nd(LL),Clithf)] (2)

A colourless solution of [K(LL)], (0.5 g, 1.77 mmol)
in tetrahydrofuran (50 ml) was added to a stirred sus-
pension of NdCl, (0.22 g, 0.88 mmol) in tetrahydrofuran
(100ml). The mixture was stirred at room temperature
for 12h and refluxed for another 8h, leaving a blue-
green solution and a white precipitate which was fil-
tered off. Solvent was removed from the filtrate in
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vacuo and the yellow residue was extracted with hexane
(50ml) and filtered. The volume of the filtrate was
reduced under vacuum to ca. 10 ml. Cooling to —30°C
afforded the title compound 2 (0.5 g, 77.8%) as a blue
powder. Anal. Found: C. 46.0. H, 8.66. N, 3.65.
C . H,CIN,NdOSi, Calc.: C, 46.6: H, 8.94: N, 3.89%.
MS: m/e 664 (0.05%, [M — tht]"); 591 2%, [M -
SiMe,]"): 607 (10%, [ M — Bu'l*); 228 (15%, [(LL") -
Mel*); 186 (85%, [(LL) - Bu'l*): 73 (100%,
[SiMe;]17).

2.4. Synthesis of [Sm(LL), lthP)] (3)

A colourless solution of [K(LL)], (1.2 g, 4.27 mmol)
in diethyl ether (50 ml) was added to a stirred suspen-
sion of Sml(thf), (1.43¢g, 2.1 mmol) in diethyl ether
(100 mi). The mixture was stirred at room temperature
for 36 h, leaving a yellow solution and a white precipi-
tate which was filtered oft. Solvent was removed from
the filtrate in vacuo and the yellow solid residue was
extracted with pentane (75 ml) and filtered. The filtrate
was concentrated to ca. 10ml. Cooling to —30°C af-
forded the title compound 3 (1.0g, 57%) as orange
crystals. Anal. Found: C, 38.1; H, 7.37; N, 3.54.
C. H,IN,0S8,Sm Calc.: C, 40.3; H, 7.73. N, 3.36%.
MS: m/e 764 (1.5%, [M — thf]'); 638 (2%,
[Sm(LL),1%): 521 (36%, [Sm(LL)]®); 394 (13%,
[Sm(LL)]"): 228 (22%, [(LL) — Me]"): 186 (92%,
[(LL) = Bu']"): 73 (100%. [SiMe,]").

2.5. Svnthesis of [YIMLL), 1] (4)

The reaction of [K(LL)], (0.7 g, 2.4 mmol) with Ybl,
(0.62 g, 1.12mmol) using the procedure described for 3
afforded the title compound 4 (0.6 g, 58.2 mmol) as dark
red crystals, Anal. Found: C, 36.2; H, 7.17; N, 3.48.
C,,H,,IN,Si,Yb Calc.: C. 36.7: H, 7.19: N, 3.57%.
MS: m/e 786 (8%, [M]*). 658 (28%, [M —1—-11");
543 (15%, [M—(LL)]Y): 486 (13%. [YB(LL)I -
Bu'l"): 416 (32%, [YB(LL)]™): 243 (32%, [(LL)]);
228 (70%, [(LL) — Me]*): 186 (94%. [(LL) — Bu'l*);
73 (100%. [SiMe,]").

2.6. Svathesis of [Sm(LL ),(thf)] (5)

A colourless solution of [K(LL)], (0.92 g, 3.26 mmol)
in tetrahydrofuran (50ml) was added to a stirred
green-blue solution of Sml.(thf), (0.9 g, 1.65 mmol) in
tetrahydrofuran (150 ml). The mixture was stirred at
room temperature for 18h: the colour of the solution
became red-brown. After filtration, solvent was re-
moved from the filtrate in vacuo to yield a green solid
which was extracted with pentane and filtered. The
filtrate was concentrated to ca. 5 ml. Cooling to —30°C
afforded the dark green crystalline 5 (1.0g, 83.2%).
Anal. Found: C, 47.1; H, 8.86; N, 3.80.
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C,,‘HMN OSi,Sm Calc.: C, 47.5; H. 9.12: N, 3.98%.
NMR: 'H (C D,. 25°C): & -ws {s. 9H. SiMe,).
—2.21 (s, 9H, SiMc,). 9.28 (s, 9H, Bu'). 39.47 (5. 1H.
CH). 3.85 (s. 2H. thf). —3.40 (s, 2H. thf). "'C{'H)
(C,D,.25°C: & —39.15 und —38.26 (SiMe,). 56.41
(d. CMe,), 22.06 (d. CMe,). 52.21 (CH). 303.65
(BU'CN), 16.16 and — 32.00 (thf). “'Si{' H} (C,D, 15%
+ C,H,CH, 85%. 25°C): & 83.74 and 79.4. MS: m /e
636 (7.5%. [M—1hf]*): 579 (0.2%, [Sm(LL), -
Bu'l*): 394 (5%, [Sm(LL)]"); 228 (23%, [(LL) -
Mel'); 186 (100%, [(LL) — Bu'l"): 7° (98%.
[SiMe,]1").

2.7. Svathesis of Yb(LL), ] (6)

2.7.1. From the reaction of Ybl, and [K(LL)],

A solution of [K(LL)], (1.95 g, 6.8 mmol) in diethyl
ether (50 ml) was added to a stirred suspensien of Ybl,
(1.44 ¢, 3.37mmol) in diethyl ether (150 ml). The mix-
ture was stirred at room temperature for 24 h, leaving a
red solution and a white precipitate which was filtered
oft. Solvent was removed from the filtrate in vacuo and
the residue was extracted with pentane (30 ml) and
filtered. The volume of the filtrate was reduced to ca.
Sml and cooled to —30°C to yield the title compound 6
(2.1 g, 95%) as dark red crystals. Anal. Found: C, 42.7;
H. 854 N, 4.20. CuH,(‘N,Sn Yh Cuaic.: C, 43.8: H.
8.58: N, 4.26%. NMR: 'H (C,D,. 25°C): & 0.26 (d.
9H. SiMe,). 0.33 (d. 9H. SiMe,). 1.21 (d. 9H. Bu').
3.84 (d. 1H. CH). ""C{'H} (C,D,, 25°C): & 1.09 (d.
SiMe,). 4.60 (d. SiMe,). %()49 (d. CMe,), 41.22 (d,
CMe). 77.9 and 80.00 (CH. Joyn = = 17.0H). 192.50
(Bu'CN). “Si{'H} (C,D, 15% + C ,H.CH, 85%,
25°C): & — 143, =145, =200 and =211, '"'Yb
(C.,D, 15% + C,H,CH, 85%, 25°C): & 829.57 (w, ,
= 42 Hyz). 820.04 (v, , = 54 Hz). MS: m/v 658 (22%,
[M]'): 416 (45%, [YBLL)]'): 186 (78%. [(LL) -
Bu'l*): 73 (100%. [SiMe,]").

2.7.2. From the reaction ofl Yb(CHR,)(OEt, ), | and
Bu'CN

A solution of NaCHR, (0.81 g, 4.3 mmol) in diethyl
ether (50 ml) was added to a suspension of YbI, (0.92 g,
2.15mmol) in diethyl ether (S0ml). The mixture was
stirred at ca. 25°C for 2 days and the resulting white
precipitate was filtered off. To the filtrate was added
Bu'CN (0.48 ml. 4.3 mmol) by syringe. The mixture was
stirred for 20h, and the colour of the solution gradually
changed to dark red. Solvent was removed from the
solution in vacuo and the resultant red residue was
extracted with hexane (20ml) and filtered. The filtrate
was concentrated to ca. 5ml. Cooling to —30°C af-
forded red crystalline 6 (0.6 g, 42%).

2.8. Reaction of [YB(LL), ] (6) with Ag(OTf)

Solid Ag(OTf) (Tf = SO,CF,) (0.37g, 1.52mmol)
was added to a stirred solution of 6 (1.0g, .52 mmol)

in toluene (75ml). The mixture was stirred at room
temperature for 12h and a silver mirror was formed on
the walls of the Schlenk flask. The colour of the
solution changed from dark red 10 light pink. After
filtration, the filtrate was concentraied to ca. S ml. Cool-
ing to —30°C afforded [YB(LL).(OTH] 7 (0.6 ¢. 49%)
as a pink powder. Anal. Found: C, 36.5; H, 8.54; H,
3.31. C,4HF;N,0,SSi, Calc.: C, 37.2: H, 6.99; N,
3.47%. MS: /e 808 (30%, [M17); 659 (57%. [M —
(OTN]*); 565 (100%. [M —(LL)]"): 3508 (77%.
[YB(LL'XOTH) — Bu']"): 416 (42%, [YB(LL)]"); 228
(50%. [(LL') — Me]*); 186 (95%. [(LL') — Bu'l*); 73
(90%. [SiMe,]").

2.9. Reaction of [YB(LL), ] (6) with 1,

A brown solution of I, in diethyl ether (10.0ml of a
0.03moldm ™" solution in Et,0, 0.3mmol) was added
to a stirred red solution of 6 (0.4 g, 0.6 mmol) in diethyl
ether (50 ml). The mixture was stirred at room tempera-
ture for 12h, leaving a pink solution. Solvent was
removed in vacuo from the solution and the red solid
residue was extracted with pentane (30 mb) and filtered.
The volume of the filtrate was reduced under vacuum to
ca. S5ml. Cooling to —30°C afforded pink needles
identified as 4 (0.3 g, 63.3%). From the mother liquor. a
mixture of pink needles 4. red cubic crystals (trace
amount) and white crystals identified as
[RN=C(Bu')CH(R)], (R = SiMe,) (9) (a truce amount)
were further isolated.

2.10. Reaction of [YMLL), | (6) with PhCN

PhCN (0.13ml, 1.25 mmol) was added by a syringe
1o a red solution of 6 (0.4 g, 0.61 mmol) in diethyl ether
(50mi) at room temperature. There was an immediate
colour change from red to blue, then to green. The
mixture was stirred at room temperature for 12h. Sol-
vent was removed in vacuo and the resultant green
residue was dissolved in hexane (Sml). The solution
was reduced under vacuum to ca. 3ml and cooled to
-30°C. ylt,ldln“ dmk green crystals which were identi-
fied by 'H, ""C and ' "Yb NMR spectra as [Yb(1/1),]
[L'L" = N(R)C(Ph)C(H)C(Bu')NR. R = SiMe,] (0. 33,
63%).

2.11. Svathesis of [RN:=C(Bu')CH(R),
[K(LL)], and 1,

(8) from

A solution of I, in diethyl ether (62mi of a
0.03 moldm * solution in Ft,0, 1.86 mmol) was added
to a stirred solution of [K(LL)], (1.05g, 3.73 mmol) in
diethyl ether (100ml). The red—brown colour was im-
mediately discharged: the mixture was stirred for 8h,
leaving a cloudy milky suspension. After filtration. the
filtrate was conceritrated to ca. 10 ml. Cooling to —30°C
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Table |
X-ray crystal structure details

[Sm(LL), I(th))] (3) [YB(LL),](6) [RN=C(Bu')CH(R)}, (8)
Formula C . H,, IN,OSi ,Sm C.,H,N,SiYb C, H( N,Si,
M 834.4 658.1 824.6

Crystal system, space group trictinic, P1(No. 2)

a b, ¢ (A)

a, B3,y 75.83(1), 88.32(3), 63.24(3)
UAY, Z D igem™ ) 2015, 2, 1.38
T (K) 293

F(000) 850

X-radiation Mo Ka
wlem™) 236

Crystal size (mm*) 04X 0.15 X 0.2
[ 25

Total unique reflections 7085

Significant reflections [[F*| > 20(F2)] 6172

R R 0.030, 0.039

11.163(6), 12,300(1), 17.030(2)

monoclinic P2, /¢ (No. 14)

19.890(6), 16259(4), 23.095(5)
90. 114.90(2), 90

6774.2, 8, 1.29

triclinic P1(No. 2)

9.054(2), 9.794(8), 10.252(3)
93.90(4), 161.76(2). 114.57(5)
7974, 1, 101

173 293

2720 270

Mo K« CuKa

290 18.3

0.3 X 0.3 X 0.3 cut from needle 0.2 X0.2x0.2
22 75

8629 37

4612 2559

0.066. 0.067 0.050, 0.060

"R=YEUFI-IFD/TUED R =[ZwlF | —IFD/EwUF D).

afforded the white microcrystalline 8 (0.6 g, 66%). Anal.
Found: C, 58.8; H. 11.6: N, 5.62. C,,Hy,N, Su Calc.:
C.59.4; H, 11.4; N, 5.78%. NMR: 'H (C, D, 25°C): &
0.16 (s, 18, SiMe,), 0.37 (s, 18H, SiMe,), 1.16 (s. 18H,
Bu'), 3.50 (s, 2H, CH). "C{'H} (C D,,. 25°C): § 2.0l
(SiMe,), 2.79 (SiMe,), 29.86 (CMe ), 43.66 (CMe,),
42.66 (CH), 186.46 (Bu'C =N). *Si{'H) (C,D, 15% +
C.H,CH, 85%, 25°C): 6 4.7. - 16.1.

2.12. X-ray structure determination for [ Sm(LL ), U thf)]
(3). [YMLL), | (6) and [RN = C(Bu')CH(R)], (8)

In each case, unique data sets were collected from a
crystal sealed in a capillary under argon on an Enraf-
Nonius CAD4 diffractometer in the #-26 mode with
monochromated radiation; Mo Ka for 3 and 6 and Cu
Ka for 8. Two standard reflections monitored every

2KCHR, + 2 Bu'CN

1
’ ref. [18)
o } B A n m—
(LaLLCbD) ~——-— = kL, ————  [ISnLL M(lhl‘)l
(Ln=Ce . otNd2) / \
lSthL‘):"hﬂl IYb(LL )} ,,',.* YLl + [RN C(BuYCH(R)];
] 6 4 8

i /

i [T}
’/ Vi \
. J

(¥B(LL)0TD] YB(LT,) [YBICHR ) Okity))
7

Scheme 1. Reagents and conditions: i, LnCl, (Ln = Ce or Nd). tht,
reflux, 12h: i, Sml,(thf),, Et, 20, 36h. 298K iii, Ybl,. Et,0, 36h,
298K iv. Sml,(thf),. tht, 18h. 298K v, Ybl,, Et,0, 24h, 298K;
vie 1/2 15, EhO 12h, 298K: vii, Ag(OTY). toluene, 12h, 298K:
viii, 2 PhCN. ht,O 12h, 298K ix. 2 Bu'CN. Et,0, 12h, 298K: x,
[,. Et,0, 8h, ’QBK

hour showed no significant change. Data were corrected
for Lorentz and polarisation effects (Lp), and also for
absorption for 3 and 6 based on psi-scan measurements
[4C]. Reflections with |F?|> 20 (F*), where o(F?) =
{a (1) +(0.041)*}'/? /Lp, were considered observed.
Each structure was solved using the heavy atom
routines (3 and 6) or direct methods (8) of SHELXS-86
[41]. Non-hydrogen atoms were refined with anisotropic
thermal parameters by full-matrix least-squares using
programs from the Enraf-Nonius MOLEN package. For
6. only Yb and Si atoms were anisotropic. For 3 and 6,

S

C(26) \ ‘ C(27)

C(23)

Fig. i. X-ray structure and atom labelling scheme for [Sm(LL'), K(thf)]
(3) (LL' = n*-MN(R)C(Bu')CHR. R = SiMe,).



Table 2

Selected intramolecular distances (A) and angles (°) with estimated
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standard deviations in parentheses for [Sm(LL), Ktht)] (3)

Bonds

Sm-1
Sm-C(1)
Sm-N(3)
Sm-C(19)
C(1)-C(2)
C(18)-C(19)

Angles

1-Sm-0
C(D-Sm-N(3)
N(3)-Sm-N(20)
C(18)-Sm-N(20)
C(H-C(2)-N(3)
Sm-C(1)-C(2)
Sm-NQ2O)-C(19)

3.002{1)
2.876(4)
231H3)
2.791(4)
1.372(5)
1.370(7)

82.76(8)
53.2(1)
112.1(1)
S3.1(1D)
56.42)
118.0(3)
93.3(2)

Sm-0
Sm-C(2)
Sm-C(18)
Sm-N(20)
C(2)-N(3)
C(19)-N(20)

Ct1)-Sm-C(2)
C(2)-Sm-N(3)
C(18)-Sm-C(19)
C(19)-Sm-N(Q2(®)
Sm-N(3)-C(2)

CUR)-C(19)-N20)

Sm-C(18)-C(19)

3.452(3)
2.772(3)
2.814(3)
2.348(3)
1.403(6)
1.380(5)

28.0(1)
30.3(1)
28.3(1)
29.6(1)
93.3(2)
117.1(4)
74.9(2)

the hydrogen atoms were held fixed at calculated posi-
tions with U, = 1.3U,, for the parent atom, except for
H1 and Hi8 in 3 which were fixed at positions from a
difference map. For 8, H atoms were freely refined
isotropic.

Further details are given in Table I.

3. Results and discussion

The synthesis and some reactions of the 1,3-bis(tri-
methylsilyl)-n'-1-aza-allyllanthanide complexes are il-
lustrated in Scheme | [LL' = N(R)C(Bu')CHR, L'L" =
N(R)C(Ph)C(H)C(Bu')NR, R = SiMe,].

Table 3

Fractional atomic coordinates and equivalent isotropic thermal parameters for [Sn(LL'), IGh)] (3)

Atom A v z Uy

Sm - ().2498(X2) -10.02359(2) -0.2172X(1) 0.03101)
| —(1.42827(3) ~0.15378(3) = 0.15571(2) 0.066(1)
Si(h) = (.19219(12) =0.23643(10) - 0.40355(7) 0.050¢D)
Si(2) G.12827(1D) —0.17854(11) —0.19614(¥) 0.047(1)
Si(3) ~(0.57321(10) 0.20025(1 1) ~0.31110(7) 0.043(1)
Si(4) - 0.20669(11) 0.2439010) -0.35200(8) 0.049(1)
(0] - 0.2119(3) - 0.0458(2) —-0.0718(2) 0.044(2)
) = 0.13304) -0.1917(3) -.3203(2) 0.038(3)
C() —0.0589(4H) = 0.2475(3) -1).2459(2) 0.038(3)
N(3) - 0.0273(3) ~0.1726(2) -0.2087(2) 0.036(2)
&) - 0.01525) ~{).3867(3) - 1982(3) 0.051¢3)
(S) =0 1 TOR6) ~0.4356(4) -(.2202(3) 0.07((4)
Clo) -~ 0.01296) = 0.4009(4) ~O00THI) 0.066(4)
(7 0.12546) — 0.4666(4) = 0.220004) 0.077(5)
C(¥) - (). 3441(5) ~0.26134) -~ (.38723) 0.077(4)
C(Y) =0.2351(5) - (.0997(5) -0.4942(3) 0.063(4)
C0) - 0.055()6) ~0.3720(5) —0.4341(3) (L.O76(5)
can 0.0949(4) - 0.0266i4) -0.1757(3) 0.063(4)
C(12) 0.249((5) = 0.3018(8) - 0. 1088(4) 0.072(5)
C(13) 0.2175(5) = 0.19746) —0.2894(4) 0.082(5)
c14) ~0.3206(5) —0.0121(5) ~0.0181(3) 0.063(4)
C(15) —0.2836(5) -.1325(5) 0.0470(3) 0.075(5)
Cuo) —0.1287(5) —0.1992(4) 0.0557(3) 0,065(4)
CGN —(L.OB8E(4) = 0.1275¢4) —0.0175(3) 0.05244)
C(18) —-0.4831(4) 0.2031(3) ~.2222(2) 0.0413)
C(19) - 0.3789(4) 0.2336(3) -0.2256(2) 0.037(3)
NQM -.2792(3) 0.1820(3) -0.2745(2) 0L037(2)
c2n - 0.4639(4) 0.0844(4) —0.3681(3) 0.0544)
C(22) —().7158(4) 0.1675(S) -.2782(3) 0.070(4)
C(23) —0.6466(5) 0.3596(5) -0.383((3) 0.073(5)
C(24) - {1L106K5) 0. 1164(4) —(.4009(3) 0.069(4)
C(25) - 0L0Y05(5) 0.3044(5) -0.3262(4)) 0.083(5)
C(26) ~-0.3329(6) 0.3733(5) —0.43224) 0.092(6)
c(Q7) —0.3698(4) 0.3174(3) —0.1734(3) 0.0513)
C(28) - 0467US) 0.3393(4) —-0.1089(3) 0.069(4)
C(29) -0.2273(5) 0.2610(4) —-0.1323(3) 0.065(4)
C(30) - 0.4070(6) 0.4480(4) —(.2315(4) 0.08((5)

U,, is defined as one third of the trace of the orthogonalised U, tensor.

O]
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3.1. Svathesis and characterisation of [CelLL),Cl{thf)]
(1). [Nd(LL),CI(th)] (2). [Sm(LL), Kthf)] (3) and
[YB(LL ), 1] (4)

Reaction of CeCl; or NdCl, with two equivalents of
1.3-bis(trimethylsilyD)-n*-1-aza-allyl-potassium.
[K(LL)],. in tetrahydrofuran under reflux yielded yel-
fow [Ce(LL),Cl(thf)] 1 or blue [NA(LL),Cl(thf)] 2.
Each was isolated from hexane as a microcrystalline
solid. Both were very soluble in ether and hydrocarbon
solvents, and were extremely air- and moisture-sensi-
tive. The reactions were fairly slow and refluxing was
required.

Using the lanthanide(IIl) iodide as starting material,
two bis[1.3-bis(trimethylsilyD)-m*-1-aza-
allylllanthanide(III) iodide complexes. [Sm(LL'), I(thf)]
3 and [Yb(LL'),1] 4 were prepared. The reactions pro-
ceeded readily without refluxing, and the resultant prod-
ucts had better crystallinity: both 3 and 4 afforded X-ray
quality crystals. Since compounds 1-4 are paramag-
netic. their '"H NMR spectral signals were very broad
and are difficult to assign. Compound [Sm(LL'), I(thf)]
3 was authenticated by single crystal X-ray diffraction.

3.2. The single crystal X-ray structure of [Sm(LL) I(thf)]
(3)

The molecular structure of 3 and the atom numbering
scheme are shown in Fig. 1. Selected bond distances
and angles and atomic coordinates are presented in
Tables 2 and 3 respectively.

The molecular structure, taking cach [LL']" ligand as
occupying either a single or a C.N-chelating site. shows
a distorted tetrahedral or octahedral geometry respec-
tively around the samarium atom: however. the attach-
ment of the Sm to theC, -+ C, --- N moiety can

Molecule A

Fig. 2. X-ray structure and atom labelling scheme for [Yh(LL' ):116) (Mulecute A and Molecule BY[LL = 1*-N(R)C(Bu' JCHR. R = SiMe, ]

perhaps best be described as involving v'-bonding. The
bond distances between samarium and the two carbons
(erminal C, and central C,) are similar. Sm-C,
2.876(4) [2.814(3)] and Sm-C, 2.772(3) [2.791(4)] A: it
is noteworthy that the lattcr is slightly the shorter, as is
the case for classical n'-allyls, e.g. of Pd(11) [42].

3.3. Svathesis and spectroscopic characterisation of

[Sm(LL),(thf)] (5) and [YB(LL), ] (6)

Reaction of Sml,(thf), or Ybl, with two equivalents
of [K(LL)], in diethyl ether yielded (iv or v in Scheme
1) the bis(q’-1-aza-allyDlanthanide(I) complexes
[Sm(LL),(thf)] (5) and [YB(LL'),] (6). Complex 6 had
previously be prepared (ix in Scheme 1) by the reaction
of [YB(CHR,),(OEt,),] (R = SiMe;) [34] with two
equivalents of Bu'CN in diethyl ether.

Complexes 5§ and 6 were extremely soluble in ether
or hydrocarbon solvents. Complex § was red—brown in
thf, green in diethyl ether or a hydrocarbon and was
isolated as green microcrystals from pentane. Complex
6 readily crystallised from pentane as red crystals.

Each of the complexes § and 6 was characterised by
C. H and N elemental analysis and 'H. "*C. *Si{'H}
and "'Yb (for 6) NMR spectroscopy and mass spec-
trometry. Complex 6 was also authenticated by single
crystal X-ray diffraction. Unlike the Sm(III} analogue 3.
complex 5 showed very sharp 'H NMR spectral signals,
although the chemical shifts appeared over a wide range
(=5 to 40 ppm). The integration of the 'H NMR spec-
tral peaks confirmed § to be a mono-thf adduct.

The diamagnetic complex 6 showed unexceptional
'H. "'C{'H). 'Si{'H} and "' Yb{'H} NMR spectra in
C,.D,. but cach group gave rise to two signals, which is
attributed to the asymmetry of the [LL']  ligand (C-3 of
the l-aza-allyl ligand is a chiral centre. causing the

C(16b)
c‘uun&
24b) 2y 31(3b)
C(22p)
[/ @ Clisn)

Cli2p)

Molecule B
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Table 4

Selected intramolecular distances (A) and angles (°) with estimated standard deviations in parentheses for [Yb(LL ). ] (6)
Bonds

Molecule A

Yb-N(1) 2.326(14) Yb-N(2) 2.344(12)
Yb-C(1) 2.78(2) Yh-C(2) 2.68(2)
Yb-C(4) 2.84(2) Yb-C(13) 2.66(2)
Yb-C(14) 2.63(2) Yb-C(20) 2.90(2)
Si(1)-C(2) 1.86(2) Si(2)--N(1) 1.69(2)
Si(3)-N(2) 1.729(15) Si(4)-C(14) 1.87(2)
C(13)-C(21) 1.57(3) C(1)-C(9) 1.53(3)
C(13)-C(14) 1.36(3) N(2)-C(13) 1.35(3)
C(1)-C(2) 1.38(3) N(1)-C(1) 1.36(2)
Molecule B

Yb(b)-N(1b) 2.35(2) Yb(b)-N(2b) 2.350(13)
Yb(b)-C(ib) 2.73(2) Yb(b)-C(2b) 2.70(2)
Yb(b)-C(4b) 2.81(2) Yh(h)-C(13b) 2.68(2)
Yb(b)-C(14b) 2.67(2) Yh(b)-C(20h) 2.92(2)
Si(1b)-C(2b) 1.87(2) Si(2h)-N(1b) 1.68(2)
Si(3b)-N(2b) 1.72(2) Si(4b)-C(14b) 1.85(2)
C(13b)-C(21b) 1.52(3) C(1b)-C(9b) 1.50(3)
C(13b)--C(14b) 1.41(3) N(2b)-C(13b) 1.31(3)
C(1b)-C(2b) 1.35(3) N(1b)-C(1b) 1.36(2)
Angles

Molecule A

N(1)-Yb-N(2) 125.6(5) N(D-C(1-C(2) 116(2)
N(1)-Yb-C(1) 29.2(5) N(1)-Yb-C(2) 54.7(5)
N(D-Yh-C(4) 90.0(5) N{1)-Yb-C(14) 158.4(5)
N(2)-Yb-C(13) 30.45) N(2)-Yb-C(14) 55.3(5)
N(2)-Yb-C(20) 83.5(5) C(4)-Yb-C(20) 84.7(5)
C(D-Yb-C(2) 29.2(6) C(1)~-Yb-C(4) 89.0(5)
C(13)-Yb-C(14) 29.7(6) C(13)-Yb-C(20) 86.2(5)
C(14)- Yb-C(20) 69.0(6) N(2)-C(13)-C(14) 119(2)
Molecule B

NCOIb)-Yh(h)-N(2h) 125.9(6) NUIb)-C(1b)-C(2h) 118(2)
N(1b)-Yh(h)-C(1b) 29.9(6) NUb)-Yh(b)-C(2h) 54.3(6)
N(D-Yb-C(4) 90.0(5) N(1b)-Yh(h)-C(4b) 89.2(5)
N(2b)-Yh(h)-C(13b) 29.2(5) N(2b}-Yhib}-C(14b) 54.6(6)
N(2b)- Yh(h)-C(20b) 83.7(5) C4b)-Yhih)-C(20b) 81.8(5)
C(1h)-Yb(h)-C(2b) 28.0(6) CUD)-Yh(b)-C(4h) 38.9(6)
C(13b)-Yh(b)-C(14b) 30.6(6) C(130)-Yh(b)-C(20b) 86.7(5)
C(14b)-Yb(b)-C(20b) 68.4(6) N(2b)-C{13b)-C(14b) 117(2)

complex to be a mixture of meso- and rac-diastereoi-
somers). In the ""C{'H} NMR spectrum, 'J('*C-"""Yb)
= 17Hz and 'J("*C-""Si) = 64.6 Hz coupling was ob-
served, involving the CH moiety. There was no obvious
"'yYb-'H coupling. However, the proton-decoupled
"'Yb{' H} NMR signal was sharper than the 'H coupled
analogue. The "7'Yb NMR chemical shifts were temper-
ature-dependent.

3.4. The single crvstal X-ray structure of [Yb(LL), | (6)

Large crystals of 6, obtained from a hexane solution
of 6 at —30°C, were cut into smaller single crystals
suitable for X-ray studies. A specimen of the latter was
coated with Nujol and placed on the diffractometer
under a cooled (173 K) nitrogen stream. The molecular

structure and atom numbering scheme for compound 6
are shown in Fig. 2. Selected bond distances and angles
und atomic coordinates are given in Tables 4 and 5
respectively.

The structure shows that 6 is a monomer in the solid
state. There are two independent molecules (A and B)
in the unit cell. with essentially the same geometry. The
n'-bonding between Yb and the [LL']” ligand is similar
to that in compound 3. except that the Yb distance to
the central carbon is slightly longer than io the terminal
carbon. The Yb-C bond distances for the central and
terminal carbons in molecule A are 2.78(2) [2.66(2)]
and 2.68(2) [2.63(2)] A respectively. There is ‘agostic’
intramolecular interaction between the ytterbium atom
and two of the methyls in the trimethylsilyl groups
bonded to the terminal carbons of the [LL']™ ligand.
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Table §

Fractional atomic coordinates and equivalent isotropic thermal parameters for [Yb(LL).] (6)

Atom x ¥ N Ui
Molecule A .
Yb 0.11209(4) 0.13317(6) 0.20533(3) 0.024(1)°
Si(1) - 0.0502(3) 0.1972(3) 0.1061(3) 0.031(3)"
Si(2) 0.14301(3) 0.0842(3) 0.0688(2) 0.029(2)*
Si(3) 0.2990(3) 0.1765(3) 0.3225(3) 0.030(2)
Si(4) 0.1043(3) 0.0509%(3) 0.3309(2) 0.026(2)*
N 0.1076(6) 0.1554(8) 0.1043(6) 0.023(4)
N(2) 0.20487) 0.181 (9N 0.3015(6) 0.029(4)
c( 0.0895(8) 0.2363(10) 0.1028(7) 0.018(4)
C(2) 0.0374(9) 0.2549(11) 0.1257(8) 0.026(5)
c3) —0.1123(10) 0.2635(13) 0.1283(9) 0.045(6)
C(4) -0.0418(9) 0.0967(12) 0.1496(8) 0.028(5)
C(s) —0.0965(10) 0.1727012) 0.0194(9) 0.038(6)
C(6) 0.1442(10) -0.0137(12) 0.1160(9) 0.035(5)
c(m 0.0725(9) 0.0679(12) —0.0156(9) 0.037(6)
C(@®) 0.2331010) 0.0948(14) 0.0694(9) 0.050(6)
C(9) 0.1337(10) 0.3044(13) 0.0890(9) 0.045(6)
C(10) 0104701 1) 0.3908(14) 0.0923(10) 0.057(7)
cn 0.2145010) 0.2938(13) 0.1311(9) 0.042(6)
Cc(12) o.1191011) 0.2330(14) 0.0170(10) 0.056(7)
c13) 0.1507(9) 02121010 0.3156(8) 0.027(5)
C(14) 0.0932(9) 0.1627(11) 0.3096(8) 0.030(5)
Cc(s) 0.3102(9) 0.1115(12) 0.2588(9) 0.038(6)
c(16) 0.35200(10) 0.2725(14) 0.3251010) 0.049(6)
can 0.3469(10) 0.1278014) 0.4032(9) 0.048(6)
C(18) 0.1784(10 0.0331013) 0.4120(9) 0.039(6)
C(19) 0.0152(11) 0.0146(14) 0.3274(10) 0.051(7)
Qo) 0.1259(9) =0.0166(12) 0.2778(8) 0.030(5)
cQn 0.1525(8) 0.3054010 0.3339(7) 0.020(5)
CQY) 0.1713Y) 0.3583(14) 0.2882(8) 0.039(5)
cQ3) 0.0807(10) 0.3356(12) 0.3328(9) 0.042(6)
CQ24) 0.02147010) 0.3122(13) 0.4006(9) 0.041(6)
Molecuie B

Yi(b) 0.65393(4) 0.14024(6) 0.21004(4) 0.029(1)
Si(1b) 0.8193(3) 0.1807(4) 0.3170(3) 0.04(3)
Si(2h) 0.6318(3) 0.0494(4) 0.3425(2) 0.033(3)
Si(3b) 0.4675(3) 0.2011(4) 0.1087(3) 0.033(3)
Si(4b) .6480(3) 0.0897(3) 0.0707(2) 0.00
N(1b) 0.6606(7) 0.1316010) 0.3148(6) 0.031(4)
N(2b) 0.5596(7) 0.2051C10 0.1235(7) 0.034(4)
C(1b) 0.6812(9) 0.2121012) 0.3257(8) 0.033(5)
2t 0.7352(9) 0.2391(12) 0.3099(8) 0.035(5)
C(3b) 0.8842(13) 0.2508(18) 0.3061(12) 0.088(9)
C(4b) 0.8642(10) 0.0964(13) 0.2593(9) 0.042(6)
C(Sb) 0.8643(11) 0.1343(16) 0.3993(10) 0.062(7)
C(6b) 0.6185(11) =0.0317013) 0.2816(9) 0.045(6)
C(7b) 0.7006(10) 0.0127013) 0.4214(9) 0.044(6)
C(8h) 0.5410C11) 0.0550014) 0.3487(10) 0.055(7)
C(9b) 0.6457(9) 0.2697(12) 0.3552(8) 0.031(5)
C(10b) 0.6711(10) 0.3571015) 0.3585(9) 0.052(6)
C(11b) 0.5625(10) 0.2718013) 0.3183(9} 0.043(6)
C(12b) 0.6641(11) 0.2418014) 0.4236(10) 0.052(7)
CU3m 0.6100(8) 0.2429(1 1) 0.1107T) 0.020(5)
Cl14b) 0.6663(9) 0.1932(12) 0.1066(8) 0.031(5)
C(15b) 0.4596(10) O.1187(13) 0.1601(9) 0.047(6)
C(16b) 0.4213(11) 0.2928(15) 0.1214(10) 0.059(7)
C(17b) 0.4097(9) 0.1696(11) 0.0241(8) 0.029(5)
C(18b) 0.5668(9) 0.0887(12) =0.6089(9) 0.038(5)
C(19b) 0.7347(10) 0.0570(12) 0.0617(9) 0.040(6)

C(20b) 0.6322(10) 0.0074(12) 0.1198(9) 0.037(6)
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Table 5 (continued)

Atom X A} o U
Molecule B
C(21b) 0.6110(9) 0.3358(11) 0.1027(8) 0.030(5)
C(22b) 0.6066(11) 0.375((15) 0.1602(10) 0.061(7)
C(23b) 0.6816(11) 0.3673(16) 0.0980(10) 0.060(7)
C(24b) 0.5436(10) 0.3579(15) 0.0410(9) 0.053(6)
! U,, is defined as one third of the trace of the orthogonalised Uj; tensor.
é
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Fig. 3. X-ray structure and atom labelling scheme for [RN = C(Bu'JCH(R)], (8) (R = SiMe,).

Yb-C(20) 2.90(2) and Yb-C(4) 2.84(2)A. The Yb-N
bond lengths of 2.326(14) and 2.344(12) A in molecule
A are shorter than those of 2.468(2) and 2.478(2) A in
the benzamidinate [Yb{(NR),CPh}.(thf),] (R = SiMe,).
which is not unexpected since the latter is a thf-solvate
[16].

Table 6 .
Selected intramolecular distances (A) and angles (°) with estimated

standard deviations in parentheses for [RN=C(Bu' )CH(R)], (8)
Bonds

Si(H)-C(1) 1.933(2) Si(1-C(7) 1.863(4)
Si(1)-C(8) 1.869(3) Si(1)-C(9) 1.866(3)
Si(2)-N 1.686(2) Si(2)-C(10) 1.872(5)
Si(2)-c(11) 1.848(5)  Si(2)-C(12) 1.851(5)
N-C(2) 1.256(3) c(n-cay 1.562(4)
C(1)-C(2) 1.528(3) C(2)-C(3) 1.565(3)
C(3)-C4) 1.524(4)  C(3)-C(5) 1.535(4)
C(3)-C(6) 1.527(4) C(1)-H1 0.85(2)
Angles

Si(2)-N-C(2) 161.0(2) Si(1)-C(1)-cay 112.7(2)
Si(D-C(N-C2)  104.6(1)  CUIY-CA)-CQ)  113.22)
N-C(2)-C(1) 118.1(2) N-C(2)-C(3) 122.0(2)
C(1-C(2)-C(3) 119.9(2) Si(1)-C(1)-H1 109(1)
C(1y -C(1)-HI 104(1) C(2)-C(1)-H1 114(1)

Symmetry element ' — x,— v.— .

3.5. Reactions of [YB(LL), ] (6) with Ag(OTf). 1, and
PhCN

Oxidation of [Yb(LL),] (6) with Ag(OTf) (Tf=
SO,CF,) in toluene afforded (vii in Scheme 1) the pink
powder of [Yb(LL'),(OTf)] (7) and a silver mirror.

Table 7
Fractional atomic coordinates and equivalent isotropic thermal pa-
rameters for [RN=C(Bu')CH(R)], (8)

Atom x ¥ z U,

Si(D 0.24638(7) 0.13909(7)  —0.06644(6)  0.045(1)
Si(2) 0.16124(9) 0.3746((8) 0.29276(7)  0.059(1)
N 0.1430(2) 0.2134(2) 0.2061(2)  0.047(1)
ca) 0.0924(2) 0.0137(2) 0.03022)  0.036(1)
CQ2) 0.1643(2) 0.0974(2) 0.1765(2)  0.039(1)
C(@3) 0.2636(3) 0.0393(3) 0.2838(2)  0.051(1)
C) 0.3010(3)  —0.0864(3) 0.2248(3)  0.066(1)
(s 0.4308(3) 0.1725(3) 0.3619(3)  0.076(1)
C(6) 0.1601(3) —0.0208(3) 0.3853(3)  0.074(1)
cm 0.2018(3) 0.3035(3) —0.1043(3)  0.068(1)
C(8) 0.4712(3) 0.2242(3) 0.0321(3)  0.070(1)
C) 0.2406(3) 0.0256(3) —0.2228(3)  0.064(1)
C(10) 0.1550(5) 0.3678(4) 04737(3)  0.105(2)
can 0.3632(5) 0.5296(4) 0.2853(4)  0.096(2)
C(i2)  -0.0142(4) 0.4160(4) 0.2113(5)  0.123(2)

U, is defined as one third of the trace of the orthogonalised U,
tensor.
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Compound 7 was characterised by C, H and N
elemental analysis, mass spectrum and '°F NMR spec-
trum. Since Yb(III) is paramagnetic, the “F NMR
signal of 7 was very broad.

The reaction of 7 with half an equivalent of 1, was
complicated, leading not only to its oxidation but also to
ligand coupling. The main product isolated from a
hexane solution was 4, as pink needles, as determined
by elemental analysis and mass spectrometry. From the
mother liquor, small amounts of red cubic crystals and
white crystals were also isolated. Single crystal X-ray
analysis showed the white crystals to be the ligand-cou-
pled product, [RN=C(Bu")CH(R)], (R = SiMe,) (8),
which was probably formed by a ligand radical cou-
pling, Eq. (1).

2 | sy
[YBLLY)) + 1213 ———» [Yb(LL):I] (main reaction}

—
[Yb(LLY),) + Ih ———— "(LL)=-Yb(ID-1" + (LL)

(n

(LLOT + [YB(LL)] — "(LL)-Yb(D-1" + ([LL-LL]

( LL-LL' = [RN=C(Bu"\CH(R)]; )

The red crystals might have been an ‘(LL)-Yb(ID-I"
complex, but due to the small amount of sample its full
characterisation was not achieved.

In order to throw light on the coupling reaction.
[K(LL)], was treated with half an equivalent of I, in
diethyl ether solution. The violet colour of I, was
immediately discharged and a white crystalline solid
was obtained. which was identified as 8 by C, H and N
elemental analysis. 'H, "“C{'H} and **Si{'H} NMR and
mass spectri.

Treatment of 6 with two equivalents of PhCN in
E(,O yielded (viii in Scheme 1) the green solid
[YB(L'L"),], which we had independently (Part 7) syn-
thesised by reaction of Ybl, with two equivalents of
[K(L)], [L'L" = N(R)C(Ph)C(H)C(Bu')NR, R =
SiMe,] [43), Eq. (2). The 'H, "*C and '"' Yb NMR and
MS spectra of both products were identical.

Bu' E‘ ]'-z Ph

— ELO P =
[¥YhLL).] + 2PhCN S HC Sy’ CH b)
C (D (2)

= =

Phy R R Bu'

3.6. The single crystal X-ray
[RN=C(Bu')CH(R)], (R = SiMe ) (8)

The molecular structure of 8 and the atom numbering
scheme are shown in Fig. 3. Selected bond distances
and angles and atomic coordinates are presented in
Tables 6 and 7 respectively.

The molecule 8 lies on a crvstallographic inversion
centre.

structure  of

3.7. Some comparative structural data for 1-aza-al-
Ivlmetal complexes

Available M-C ... M-C .. and M-N bond
lengths with C -M-N and C, -C_ ....—N bond
angles for I-aza-allylmetal complexes, including data
for 3 and 6 are listed in Table 8.
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