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In order to investigate the difference between mono- and bimetallic systems in the catalytic hydroamina-

tion/cyclization reaction two mono- and bimetallic amidinate samarium catalysts, featuring comparable

coordination environments, were synthesized. Both systems comprise two {N(SiMes),}~ leaving groups

to minimize the steric influence of the corresponding amidinate ligand. The bimetallic system is based
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Introduction

Amidinates and the closely related guanidinates are a very well
established class of ligands, which have been widely used in
coordination chemistry."™ In general, amidinates [RC(NR'),]”
are monoanionic nitrogen-donor ligands, which can be easily
accessed by different synthetic routes. Moreover, the steric and
electronic properties of amidinates can be tuned by adapting
the substituents R and R'.

In lanthanide chemistry, amidinates were introduced about
three decades ago by Edelmann et al.®"® Ever since they have
emerged as versatile ligands for the synthesis of both di- and
trivalent lanthanide complexes.”** Some of these complexes
have also been used for different applications such as
homogeneous catalysis, or as precursors for atomic layer depo-
sition (ALD) and metalorganic chemical vapor deposition
(MOCVD).7’8‘11’14_30

Nevertheless bis(amidinates), which were introduced into
rare-earth chemistry by Hessen, Teuben et al. about two
decades ago, are less common.*" Such ligand systems basically
contain two amidinate functions, that are linked by a flexible
or rigid organic spacer. Initially Teuben used these ligands for
the synthesis of monometallic compounds, whereas nowadays
linked bis(amidinates) are additionally applied in the synthesis
of bimetallic complexes. Trifonov, Shen and others employed
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on a bis(amidinate) 4,6-dibenzofuran derivative, while N,N’'-bis(2,6-diisopropylphenyl)benzamidinate was
employed as ligand for the monometallic catalyst. For the hydroamination/cyclization reaction five
different substrates were investigated. Additionally, kinetic studies were carried out to gain deeper under-

bis(amidinates) linked by e.g. 1,3-diaminopropane,**™® o-, m-

and p-phenylene,***° pyridinediyl,>**® 1,4-cyclohexene,*®
naphthalene*™** or propyl*® for the synthesis of mono- and bi-
metallic rare-earth complexes.

Aside from f-element chemistry Hagadorn et al. established
dibenzofuran and phenanthrene linked bis(amindinates) for
aluminium, titanium, and zirconium based complexes.*®™*’

Some of the bimetallic complexes ligated by linked bis(ami-
dinates) have been employed as catalysts.*******> In general,
bimetallic catalysts with both metals in well-defined distance
to each other can feature cooperative substrate activation, a
highly interesting property for the application in efficient cata-
lytic transformations.”®* On the other hand, it is very challen-
ging to obtain similar bimetallic catalysts together with their
monometallic reference systems to study these effects in
detail.

Recently, we introduced bis(amidinate) ligands linked by
rigid dibenzofuran and phenanthrene backbones into lantha-
nide chemistry for the first time. The design of this ligand
scaffold was inspired by the work of Hagadorn et al. men-
tioned above.***° Depending on the ligand scaffold and the
lanthanide source, either monometallic complexes or bi- and
tetra-metallic macrocycles were obtained.> The mono- and bi-
metallic systems (A and B) shown in Scheme 1 were used as
catalysts in the intramolecular hydroamination reaction and
their reactivity (mono vs. dinuclear) was compared. Depending
on the nuclearity of the catalyst a difference in kinetics was
observed.

Both systems shown in Scheme 1 feature one, respectively
two samarium atoms ligated by two amidinate units and one
{N(SiMe;),}~ leaving group.’® Herein, we now report on related
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Scheme 1 Recently reported mono and bimetallic catalyst for the
intramolecular hydroamination reaction.>*

but more open systems, in which the metal is ligated by one
amidinate unit only. Thus, two {N(SiMe;),}” leaving groups
can be bound to the central metal ion. For a reasonable com-
parison in the intramolecular hydroamination catalysis, we
attempted to design the ligand framework of the mono- and
the linked bis(amidinates) as closely related as possible.

Results and discussion
Ligands

Both systems presented in here are literature known. For the
synthesis of the bimetallic complexes a bis(amidinate) ligand
based on a dibenzofuran backbone, ""LygpH, (Scheme 2), was
applied. Following a procedure reported by Hagadorn et al.,*’
dibenzofuran was deprotonated with a slight excess of n-butyl-
lithium to give 4,6-dilithiodibenzofuran. Further reaction with
di-isopropylcarbodiimid (DIC) and hydrolyzation resulted in
the proligand " LpssH, (Scheme 2). The proligand was charac-
terized by NMR and IR spectroscopy. The data is in agreement
with the literature.*’

For the monometallic complex the proligand N,N'-bis(2,6-
diisopropylphenyl)benzamidine ("PPLp,H) was prepared ana-
logue to the literature in a one-pot reaction via the so-called
carbodiimide route.”® Phenyl lithium was reacted with bis(2,6-
diisopropylphenyl)carbodiimide in 1:1 molar ratio to give the
corresponding lithium salt Li[”'PPLp,]. After hydrolysis, the
amidine PPPL,H was obtained (Scheme 3). The NMR data
correspond to those in the literature.>

Metal complexes

The synthesis of the desired bimetallic complex [Sm,(* Lpgg)
{N(SiMe3;),}4] (1) was achieved by an amine elimination reac-
tion. The neutral proligand iPrp srH, was treated in refluxing
toluene with the homoleptic amido complex [Sm{N(SiMe;),};]

1.2 iPrN=C=NiPr O Q
O O 2 nBuLi O Q 2.2H,0
2 LioH _ 0
o I~ o ) - NN ~N
Li Li iPr-N H lPriPr’NH Nipr

PfLogrH;

Scheme 2 Synthesis of P"LpgeH,.4°
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Scheme 4 Synthesis of 1.

in a 1:1 stoichiometric ratio for three days (Scheme 4). After
workup, compound 1 was crystallised from hot toluene to give
single crystals suitable for X-Ray diffraction.

Compound 1 crystallizes in the orthorhombic space group
1222, with four molecules in the unit cell (Fig. 1). The crystals
showed signs of slight twinning but no applicable twin law
could be found for the final refinement. As expected, a bi-
metallic complex, in which two {Sm{N(SiMe;),},} fragments
coordinate to each amidinate function, was obtained. A crystal-
lographic C2 axis along the center of the furan ring is
observed. The amidinate function coordinates in a slightly
asymmetric fashion in a x*-(N,N') mode to the metal atoms
(Sm-N1 2.37(2) A and Sm-N2 2.42(2) A). The observed bond
distances are somewhat shorter than those in A (2.448 A).>* In
total the samarium atoms are four-fold coordinated in a dis-
torted tetrahedral fashion by two nitrogen atoms of the amidi-
nate function and two nitrogen atoms from the {N(SiMe;),}~
groups. The metal-to-metal distance in 1 is 8.84 A and thus
0.6 A longer than the metal-to-metal distance in A.

Compound 1 was also characterized by '"H NMR, “*C{'H}
NMR, IR spectroscopy and elemental analysis. The NMR

Fig. 1 Molecular structure of 1 in the solid-state. Hydrogen atoms are
omitted for clarity. Selected bond lengths [A], angles [°]: Sm—Sm’ 8.884,
Sm-N1 2.37(2), Sm—-N2 2.42 (2), Sm—-N3 2.282(14), Sm—-N4 2.30 (2),
Sil-N3 1.73(2), Si2—N3 1.70(2), Si3—N4 1.68(2), Si4—-N4 1.71(2), N1-C1
1.35(2), N2-C1 1.29(2); N1-Sm-N2 55.4(6), N2-C1-N1 115.0(2),
N3-Sm-Si4 136.0(5).

This journal is © The Royal Society of Chemistry 2019
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Scheme 5 Synthesis of 2.

spectra were measured at room temperature in THF for a
better resolution. However, due to the paramagnetic nature of
the samarium ions some line broadening is observed (Fig. S3
and S4t).

For accessing a mononuclear complex ligated by only one
amidinate ligand, a ligand with a high steric demand of the
substituent on the nitrogen atom is needed. Otherwise,
product mixtures with a metal to ligand ratio ranging from
1:1 up to 1: 3, are obtained, which are difficult to separate.

The desired complex [Sm("PPLp,){N(SiMe;),},] (2) was
obtained in a similar synthetic protocol as described above for
1. Reaction of P'PPLy, H with a slight excess of [Sm{N(SiMe3),};]
in refluxing THF resulted in an amine elimination reaction,
which gave the monometallic complex 2 in good yields. Single
crystals were obtained after recrystallization from hot THF
(Scheme 5).

Compound 2 was fully characterized by common analytic
techniques and its solid-state structure was established by
single crystal X-ray diffraction (Fig. 2). As described above for
compound 1, significant line broadening and shifting of reso-
nances is observed due to the paramagnetic character of the
samarium ion (Fig. S57).

Compound 2 crystallizes in the monoclinic space group
P2,/n with four molecules of 2 and four molecules of THF in
the unit cell. The amidinate group coordinates to the metal in
a syn-conformation with a k>-(N,N') mode, whereas the Sm-N1/

Fig. 2 Molecular structure of 2 in the solid-state. Hydrogen atoms and
solvent molecules are omitted for clarity. Selected bond lengths [Al],
angles [°]: Sm—-N1 2.421(3), Sm—-N2 2.415(3), Sm—N3 2.306(3), Sm—N4
2.297(3), Si1-N3 1.727(3), Si2—N3 1.705(4), Si3—N4 1.715(3), Si4—N4 1.728
(4), N1-C1 1.330(5), N2-C1 1.354(5); N1-Sm—N2 55.56(11), N3-Sm-N4
121.49(13), N1-C1-N2 114.2(4).

This journal is © The Royal Society of Chemistry 2019
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2 bond distances are 2.421(3) A and 2.415(3) A, respectively. As
observed in 1, the samarium atom is four fold coordinated in
a distorted tetrahedral fashion by two nitrogen atoms of the
amidinate function and two nitrogen atoms from the
{N(SiMe;),}~ groups. The Sm-N bond distances to the
{N(SiMe;),}~ groups are Sm-N3 2.306(3) A and Sm-N4 2.297(3) A.

Due to the similar binding modes of the ligands and
coordination polyhedrons observed in compounds 1 and 2 as
well as utilization of the same leaving groups ({N(SiMej),} ),
we consider compounds 1 and 2 as a suitable couple to
compare mono- and bimetallic complexes in hydroamination
catalysis.

Catalytic hydroamination cyclization reaction

Hydroamination is the addition of ammonia or an organic
amine nitrogen-hydrogen bond to a carbon-carbon double or
triple bond in one step. The advantage of this synthetic route
is the straightforward access to amines without any side-pro-
ducts. In contrast, most of the classical amine synthesis
require multistep reactions and are accompanied by the for-
mation of side-products. Although the catalytic hydroamina-
tion reaction is thermodynamically feasible under normal con-
ditions, the high activation barrier hampers its use in syn-
thesis. Since the pioneering work of Marks et al.>*®® in the
early 1990ies a large number of homogeneous catalysts for the
hydroamination reaction have been established. About two
decades ago Livinghouse et al. and our group could show that
homoleptic lanthanide amides [Ln{N(SiMej3),};] are active as
catalysts in the catalytic hydroamination reaction but co-
ligands are beneficial in many cases.’™°> The progress in this
area over the last decade has been reviewed extensively.>®%378°
On the other hand bimetallic catalysis in hydroamination reac-
tions was not investigated in detail.

In our previous contribution, we reported on the hydroami-
nation cyclization catalyzed by compounds A and B.’* In the
intramolecular hydroamination reactions, both of the com-
plexes give excellent yields. It was demonstrated that the
monometallic complex B shows faster conversion and different
kinetics than the bimetallic system A, e.g. for the formation of
the five-membered rings Ib and IIb (Table 1), zero-order kine-
tics with respect to the substrate concentration were observed
for the bimetallic catalyst A, while first order kinetics with
respect to the substrate concentration were determined for the
monometallic catalyst B.

Herein, we compare now the more open bi- and monome-
tallic catalysts 1 and 2, which both have two {N(SiMej),}~
leaving groups. The catalytic hydroamination experiments
were carried out under rigorous anaerobic conditions in CgDg
at different temperatures with catalyst loadings of 2 mol% for
the bimetallic system 1 and 4 mol% for the monometallic cata-
lyst 2, in order to have the same substrate to metal ratio. The
conversion was followed by "H NMR spectroscopy using ferro-
cene as an internal standard. To investigate the substrate
dependency five different substrates were employed, of which
four are amino alkenes (Table 1, Ia-IVa) and one is an amino
alkyne (Table 1, Va).

Dalton Trans., 2019, 48, 8153-8160 | 8155
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Table 1 Intramolecular hydroamination using 1 and 2 as catalysts
Ent.  Substrate Yield Kat. T[°C] ¢[min] Conv.[%]
1 /\Q HN 1 25 18 Quant.
2 = NH, 2 25 8 Quant.

la b
3 P P HN 1 25 34 Quant.
4 Ao, 2 25 5 Quant.

Ph” Ph
lla
b

5 e M, N 1 35 137 Quant.
6 i wWie 2 35 49 Quant.

llla b

Ph_Ph
7 SN, " 1 50 104 98
8 1 60 43 98
9 IVa Ph” Ph 2 50 15 98
10 2 60 10 Quant.

IVb
11 Net T 1 25 36 Quant.
12 N O<NH 8 2 25 19 Quant.
Va
Vb

Conditions: Complex 1: (10 mg, 2 mol%); complex 2: (10 mg, 4 mol%),
CeDg, calculated by 'H NMR spectroscopy, using ferrocene as the
internal standard.

All substrates were converted in (almost) quantitative yields,
as shown in Table 1. The differences in reactivity of the sub-
strates can be explained by the Thorpe-Ingold effect, which

100 .e
.
...
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-
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means that bulky substituents at the p-position to the amino
group favor the cyclization.”*%°

In general, compared to the bis(amidinate) complexes A
and B, compounds 1 and 2 show faster conversions for all sub-
strates depicted in Table 1. Obviously the more open coordi-
nation sphere of the mono(amidinate) complexes 1 and 2 is
beneficial. In addition it was shown by Rodriguez et al. that a
lutetium catalyst with two leaving groups can bind two cyclized
substrate molecules simultaneously.’® In general, the mono-
metallic catalyst 2 shows faster conversions than the bimetallic
system 1. We do not have a straightforward explanation for
this observation. However, since four substrate molecules can
bind to the samarium ions in 1, there may be a diffusion limit
to reach this concentration. In this case separating the metals
into two catalytic active molecules may be an advantage.

To get some understanding of the mechanism, kinetic
studies of the hydroamination cyclization of the aminoalkenes
IIla and IVa by using 1 and 2 as catalyst were carried out. All
reactions were monitored in situ by "H NMR spectroscopy at
different temperatures. The full data is shown in the ESLf
Substrate ITla was reacted at 35 °C and 60 °C by using 1 as cata-
lyst. Since 2 shows a higher catalytic activity, the reactions were
monitored at 15 °C, 25 °C, and 35 °C. In each case, a linear
dependency between In[substrate] vs. time was observed indi-
cating that the reaction is first order in substrate concentration
(see Fig. 3 and S9-513%).

In contrast to the previously reported catalysts A and B
neither different kinetics for the same substrate nor any temp-
erature dependency of the kinetic order were observed by com-
paring a mono vs. a bimetallic system.

100 .

conversion [%)
.

t [min]

o

T T T T T T J

L 10 15 20 25 30 35 40
t [min]

Fig. 3 Conversion of llla with 1 (left) and 2 (right) at 35 °C. First order kinetics in respect to the substrate concentration for both reactions were observed
(Table 1, entries 5 and 6, see also Fig. S9 and S137). For the determination of the kinetic the final phase (from about 90% conversion) was cut off.
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Fig. 4 Conversion of IVa with 1 at 40 °C (top) and 2 at 30 °C (bottom).
Zero order kinetics with respect to the substrate concentration for both
reactions were observed (see also Fig. S14 and S177).

In addition, the cyclization leading to a six-membered ring
was investigated in detail. Substrate IVa was reacted at 40, 50,
and 60 °C by using 1 as catalyst and at 30, 35, and 50 °C with
the faster system 2 as catalyst (Fig. 4 and S14-S297%). In each
case, a zero order kinetics in substrate concentration was
determined.

In contrast to catalysts A and B, compounds 1 and 2 always
show the same kinetic order for the same substrate. This may
be an effect of the more remote metal centers in the bimetallic
catalyst 1, which means that both catalytic centers operate
independently of each other.

Summary

In summary, we have prepared a mono and a bimetallic
complex with one amidinate ligand and two {N(SiMe;),}~
leaving groups. Both systems show similar kinetics for the
conversions of aminoalkenes to five and six membered
rings. Although both systems have a similar coordination
sphere, the monometallic system is the more efficient
catalyst. Since it is known that both leaving groups of the
metal can be substituted by two substrates, up to four sub-
strate molecules can bind to the bimetallic system. We
suggest that the lower performance of the bimetallic cata-
lyst may be caused by diffusion control of the substrate
coordination.

This journal is © The Royal Society of Chemistry 2019
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Experimental®’

General procedures

All air- and water-sensitive materials were prepared under an
argon or a nitrogen atmosphere on a Schlenk line or in a glove-
box. THF was distilled from potassium metal under nitrogen
before use. Toluene, n-heptane and n-pentane were dried
using an MBraun solvent purification system (SPS-800).
Deuterated solvents were purchased from Eurisotop (99
atom% D) and were dried and stored under vacuum with Na/K
alloy. All other chemicals were purchased and used without
further purification. NMR spectra were recorded on a Bruker
Avance II 300 MHz or Avance III 400 MHz NMR spectrometer.
Elemental analyses were carried out on an Elementar Vario
Micro Cube. IR spectra were performed on a Bruker TENSOR
37 spectrometer via the attenuated total reflection method
(ATR). [Sm{N(SiMe3),};] was prepared using a modified pro-
cedure of Bradley et al.’® We found, that using 2.90 equivalents
of K{N(SiMej;),} instead of 3 equivalents Li{N(SiMes),} gave
good yields without the formation of ‘ate’ complexes or the
need for additional purification.®® ™ L,s.H, was prepared
according to a literature procedure.*’

N,N'-Bis(2,6-diisopropylphenyl)benzamidinate. Bis-(2,6-
diiso-propylphenyl)carbodiimide (1.99 g, 5.5 mmol) was dis-
solved in n-heptane (50 mL). Phenyl lithium (1.9 M, 2.9 ml,
5.5 mmol) was added at room temperature to form a white sus-
pension. After stirring the reaction mixture for 2 h, H,O
(50 ml) was added to protonate the ligand. The organic phase
was separated, dried over sodium sulfate and then under
vacuum. Afterwards the residue was washed with cold
n-pentane and dried under vacuum to give a white powder.
Yield: 2.16 g, 89%.

[Sm, (P Lppp){N(SiMe;),}4] (1). Toluene (15 mL) was con-
densed at —78 °C onto a mixture of [Sm{N(SiMe3),};] (400 mg,
0.63 mmol) and *'Ly:H, (133 mg, 0.32 mmol). The reaction
mixture was heated under reflux for 72 h. After cooling to
room temperature, the solvent was removed under reduced
pressure. The residue was washed with n-pentane (10 mL). The
remaining solid was recrystallized from hot toluene to obtain
yellow single crystals suitable for X-ray diffraction. Yield (based
of single crystals): 205 mg (48%). Anal. Caled (%) for
[C50H106N5OSigSm,] (1360.85): C, 44.13, H, 7.85, N, 8.23.
Found: C, 43.31, H, 7.55, N, 8.06. "H NMR (dg-THF, 300 MHz,
298 K): 6 (ppm) = 9.94 (d, *Jun = 7.3 Hz, 2H, Ar), 9.59 (d, Jun
= 7.7 Hz, 2H, Ar), 8.69 (t, *Juu = 7.3 Hz, 2H, Ar), 4.37 (s, 4H,
CHCH3;), 1.22 (s, 12H, CHCH3), 0.05 (s, 12H, CHCHj;), —2.35 (s,
72H, SiCH;). "*C{'H} NMR (dg-THF, 75 MHz, 298 K): § (ppm) =
157.9 (ArCN,), 132.4 (Ar), 129.8 (4r), 128.9 (Ar), 126.6 (Ar),
126.3 (Ar), 124.0 (4r), 51.7 (CHCHj;), 28.0 (CHCHj;3), 23.4
(CHCH;), 2.7 (SiCH;) ppm. IR (ATR): (¥/em™) = 3660 (vw),
2956 (m), 2867 (W), 1641 (W), 1603 (W), 1472 (s), 1416 (m), 1336
(m), 1247 (s), 1178 (s), 1132 (w), 1054 (vw), 1001 (s), 931 (m),
879 (m), 830 (s), 786 (s), 754 (vs), 668 (m), 569 (m), 462 (W).

[Sm(P'PPL,, ){N(SiMe;),},] (2). THF (20 mL) was condensed
at —78 °C onto a mixture of [Sm{N(SiMe;),};] (394 mg,
0.624 mmol) and "PPL,. H (267 mg, 0.606 mmol). The reaction

Dalton Trans., 2019, 48, 8153-8160 | 8157
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was heated under reflux for 24 h. After cooling to room temp-
erature, the solvent was removed under reduced pressure. The
residue was washed with 5 ml of n-pentane and recrystallised
from hot THF to give yellow single crystals suitable for X-ray
diffraction. Yield (based of single crystals): 338 mg (61%).
Anal. Caled (%) for [C43H75N,Si,Sm] (910.80): C, 56.71, H,
8.30, N, 6.15. found: C, 56.93, H, 8.18, N, 5.94. "H NMR (C¢D,
300 MHz, 298 K): § (ppm) = 9.89 (d, *Juu = 7.6 Hz, 2H, Ar),
7.78 (t, Jun = 7.5 Hz, 2H, Ar), 7.64 (t, *Juu = 7.4 Hz, 1H, Ar),
7.07 (t, *Juu = 7.7 Hz, 2H, Ar), 6.79 (d, *Juu = 7.7 Hz, 4H, Ar),
1.44 (s, 12H, CHCH,), 0.77 (br. s, 4H CHCH;), 0.27 (s, 12H,
CHCH3;), —3.79 (s, 36 H, SiCHj). "*C{'H} NMR (C¢Ds, 75 MHz,
298 K): § (ppm) = 147.5 (ArCN,), 140.6 (Ar), 137.6 (A7), 134.9
(Ar), 131.1 (Ar), 128.8 (A7), 125.3 (4r), 123.8 (Ar), 28.9 (CHCH3),
24.7 (CHCHz;), 24.0 (CHCHj;), 0.4 (SiCH3) (one of the expected
aromatic carbon resonances is overlapped by the C4Ds signal).
IR (ATR): (¥/em™) = 3364 (W), 3062 (w), 2958 (s), 2869 (W),
1614 (s), 1575 (m), 1451 (s), 1433 (s), 1386 (m), 1354 (s),
1322 (m), 1249 (s), 1103 (w), 1052 (w), 930 (vs), 881 (m),
834 (vs), 764 (vs), 694 (s), 605 (W), 555 (W), 477 (W), 429 (W).

Typical procedure for the intramolecular hydroamination. In
a glovebox, a NMR tube was charged with the corresponding
catalyst ((2 mol%) 1 and (4 mol%) 2) and ferrocene (as internal
standard, 10 mol%). C¢Ds was condensed at —196 °C into the
mixture. After dissolving the catalyst in benzene and freezing
it at —196 °C, the substrate was injected into the mixture. The
NMR tube was flame sealed at —196 °C under vacuum. The
sample mixture was melted and mixed by shacking the sample
tube just before insertion into the NMR machine (¢,). The ratio
between the reactant and the product was calculated by com-
parison of the corresponding signals. The substrates C-(1-allyl-
cyclohexyl)-methylamine (Ia),”® 1-amino-2,2-diphenyl-4-methyl-
pent-4-ene (IMa),"*® 2,2-dimethylpent-4-en-1-amine (IlIa),”® 2,2-
diphenyl-5-hexenyl-1-amine  (Iva),’°®  [1-(pent-2-ynyl)-cyclo-
hexylJmethanamine (Va)®® were synthesized according to litera-
ture procedures. The 'H NMR data of 3-methyl-2-aza-spiro-[4.5]
decane (Ib),"°" 2,2-dimethyl-4,4-diphenylpyrroli-dine (IIb),"*°
2,5-dimethylpyrrolidine (IIb),”® 2-methyl-5,5-diphenylpiperi-
dine (IVb),'° 3-propyl-2-azaspiro[4.5]dec-2-ene (Vb),”° agree
with those reported in the literature.

X-Ray crystallographic studies of 1-2

A suitable crystal was covered in mineral oil (Aldrich) and
mounted on a glass fiber or a mylar loop. The crystal was
transferred directly to the cold stream of a STOE IPDS 2
diffractometer.

All structures were solved by using the program SHELXS/
T'9>1% ysing Olex2.'™ The remaining non-hydrogen atoms
were located from successive difference Fourier map calcu-
lations. The refinements were carried out by using full-matrix
least-squares techniques on F> by using the program
SHELXL."'*>'% In each case, the locations of the largest peaks
in the final difference Fourier map calculations, as well as the
magnitude of the residual electron densities, were of no
chemical significance. Positional parameters, hydrogen atom
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parameters, thermal parameters, bond distances and angles
have been deposited as ESL.}

Crystal data. CsoH;0sNgOSigSm,, M, = 1360.84, ortho-
rhombic, 1222 (no. 23), a = 10.5585(7) A, b = 20.1286(14) A, ¢ =
34.786(3) A, V'=7393.0(10) A>, T =100 K, Z = 4, u(MoK,,) = 1.74,
17 973 reflections measured, 9097 unique (R;,; = 0.0945) which
were used in all calculations. The final wR, was 0.2681 (all
data) and R, was 0.0984 (I > 2(I)).

Crystal data 2. C,;Hg;N,0Si,Sm, M, = 982.88, monoclinic,
P24/n (no. 14), a = 12.0107(7) A, b = 26.4912(18) A, ¢ = 17.3028
(10) A, p = 95.898(5)°, V = 5476.2(6) A, T = 210 K, Z = 4,
#(MoK,) = 1.20, 27921 reflections measured, 10159 unique
(Rint = 0.0431) which were used in all calculations. The final
WR, was 0.0836 (all data) and R, was 0.0386 (I > 2(I)).

Crystallographic data (excluding structure factors) for the
structures reported in this paper have been deposited with the
Cambridge Crystallographic Data Centre as a supplementary
publication no. CCDC-1904969-1904970.F
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