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Abstract: Nonaromatic, “saturated”,
spirocyclic N-heterocyclic diaminocar-
benes 11 can be obtained from spirocy-
clic imidazolidin-2-thiones 10 by reduc-
tive desulfurization with potassium.
The unsymmetrically N,N'-substituted
spirocyclic imidazolidin-2-thiones were
obtained by reaction of ketimines 9
with lithium N-butyl-N-lithiomethyldi-
thiocarbamate (6). *C NMR spectros-

N,N'-substituted spirocyclic imidazoli-
din-2-ylidene 11a undergoes a slow,
acid-catalyzed dimerization to give the
enetetramine 11a=11a, which exists in
two isomeric forms (syn and anti). This
reaction is reversible under special cir-
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cumstances. Carbenes of type 11 react
with [W(CO),] to yield air-stable car-
bene complexes of type [W(11)(CO);s]
(14). The molecular structures of two
derivatives 14a and 14b were establish-
ed by X-ray crystallography and show
clear distortion of the five-membered
N-heterocyclic ring, caused by the spi-
rocyclic molecular structure of the car-
bene ligands of type 11.

; cles - tungsten
copy revealed that the unsymmetrically

Introduction

The chemistry of N-heterocyclic carbenes has recently at-
tracted much attention owing to the application of such li-
gands for the preparation of complexes with desirable prop-
erties in homogenous catalysis."! The characterization of the
first stable N-heterocyclic carbene 17 in 1991 and especially
the preparation of the first stable nonaromatic (“saturated”)
N-heterocyclic carbenes of type
2P in 1995 have initiated a re-
'\( newed interest in the chemistry of
stable carbenes.

Among others, this has also led
\? to a reinvestigation of the diami-
nocarbene—enetetramine equilib-
rium for saturated carbenes of
type 2, which was postulated by

[a] Prof. Dr. F. E. Hahn, Dipl.-Chem. M. Paas, Dr. D. Le Van
Institut fiir Anorganische und Analytische Chemie

der Westfilischen Wilhelms-Universitdt Miinster
Wilhelm Klemm Strasse 8, 48149 Miinster (Germany)
Fax: (+49)251-833-3108

E-mail: fehahn@uni-muenster.de

Dr. R. Frohlich

Organisch-Chemisches Institut

Westfilische Wilhelms-Universitdt Miinster
Corrensstrasse 40, 48149 Miinster (Germany)

[t] Deceased 22.9.2004.

[b

—

5080

© 2005 Wiley-VCH Verlag GmbH & Co. KGaA, Weinheim

Wanzlick about 40 years ago.ll For carbenes of type 2, the
steric bulk of the N-alkyl or N-aryl substituents determines
whether the carbene is stable as a monomer or if it dimeriz-
es to an enetetramine of type 2=2. Monomeric carbenes of
type 2 are observed for bulky N-substituents like R =¢Bul
or R=mesityl.”! In contrast to this, less bulky N-substituted
carbenes (R=Me, Et) dimerize at once.’! Cross metathesis
with symmetrically N,N'-substituted enetetramine of type
2=2 seemed to have proven convincingly that Wanzlick’s
equilibrium does not exist in the absence of catalysts.

{0 C
C~J 0y
- L
R;=Mze, Et .

However, the existence of an equilibrium between the mon-
omeric carbene and its dimeric dibenzotetraazafulvalene has
been demonstrated for benzannulated carbenes of type 3.
The dimerization behavior of these carbenes is again con-
trolled by the steric bulk of the N-substituents.”!

In general, symmetrically substituted, saturated imidazoli-
din-2-ylidenes exist, depending of the steric bulk of the
N,N’-substituents, either as monomeric carbenes 2 or as ene-

DOI: 10.1002/chem.200500306 Chem. Eur. J. 2005, 11, 50805085



tetramines 2=2, and no equilibrium between these species
has been reported.’! In this situation we developed a syn-
thetic pathway leading to unsymmetrically N,N'-substituted
carbenes rac-4.! The two different N substituents allow the
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introduction of minute changes in the steric bulk and it was
hoped, that an equilibrium between the monomeric carbene
and its dimeric enetetramine could be observed for a certain
set of N,N' substituents. However, carbenes of type rac-4
can only be obtained as a racemic mixtures. To overcome
this problem we developed a synthesis for spirocyclic car-
benes of type 11, which contain no chiral carbon atoms. We
report here on the preparation of carbenes of type 11 and
on their coordination chemistry and dimerization behavior.

Results and Discussion

We have reported on a simple access to unsymmetrically
substituted, saturated N-heterocyclic carbenes of type rac-
4. This synthesis (Scheme 1) proceeds via a racemic mix-
ture of 4-substituted imidazolidin-2-thiones rac-8 obtained
from secondary amines and aldimines 7. In the final reaction
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rac-4a, rac-8a: R'= nBu, R? = tBu, R®= iPr, R*=H
rac-4b, rac-8b: R' = nBu, R? = jiPr, R®® = Et, R* = H
9a, 10a, 11a: n =2, R' = nBu, R? = iPr

9b, 10b, 11b: n=1, R' = nBu, R? = /Bu

Scheme 1. Preparation of carbenes rac-4 and spirocyclic carbenes 11.
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step the thiones were reductively desulfurized with a
sodium/potassium alloy to give racemic mixtures of the un-
symmetrically N,N'-substituted carbenes rac-4.

Our further studies were focused on the dimerization be-
havior of this type of N-heterocyclic carbene. Unfortunately,
"H NMR spectra reveal complicated sets of resonance sig-
nals due to several proton couplings involving the N-hetero-
cyclic ring and the substituents. Overlapping sets of signals
therefore rendered 'H NMR spectroscopy unsuitable for an
investigation of the carbene—enetetramine equilibrium.
BC NMR spectroscopy of less bulky substituted carbenes of
type rac-4 indicates slow dimerization of the imidazolidin-2-
ylidenes in [Dg]THF under dry argon. For the unsymmetri-
cally substituted carbene rac-4a, bearing at least one N-tert-
butyl group, *C NMR spectroscopy proves the existence of
a stable monomeric carbene (6(C2)~240 ppm), which
shows no tendency to dimerize.”! Decreasing the steric
demand of the bulky N-substituent from fert-butyl in rac-4a
to isopropyl allows a slow dimerization of the resulting car-
bene rac-4b in [Dg]THF over weeks to give the correspond-
ing olefin. Dimeric 4b=4b exhibits several sets of signals in
the *C NMR spectrum for the enantiomers and syn and anti
isomers in the range of 6(C2)~126-129 ppm. To reduce the
number of stereoisomers we extended the scope of the car-
bene synthesis to prepare spirocyclic unsymmetrically N,N'-
substituted imidazolidin-2-ylidenes 11 (Scheme 1). Dimeri-
zation products of these carbenes can only exist as syn and
anti isomers.

Synthesis of spirocyclic unsymmetrically N, N'-substituted
imidazolidin-2-ylidenes (11): The preparation of carbenes of
type 11 starts from lithium N-butyl-N-lithiometyldithiocar-
bamate 6 and ketimines 9 (Scheme 1). The ketimines are
synthesized by the proton-catalyzed reaction of cyclic ke-
tones and primary amines to give 9 in isolated yields of
about 80% after distillation.'”! Spirocyclic thiones 10a and
10b are prepared according to Ahlbrecht’s one-pot proce-
dure from 6 and ketimines 9a or 9b."" In a typical proce-
dure N-butylmethylamine is deprotonated with nBuLi.
After the addition of CS, the lithiumdithiocarbamate 5 is
obtained, which is then converted into the strongly nucleo-
philic lithium N-lithiometyldithiocarbamate 6 by a second
deprotonation with sec-butyllithium. Compound 6 reacts
even with less electrophilic ketimines of type 9 to give the
spirocyclic thiones 10. After purification by chromatography,
thiones 10 are reductively desulfurized with potassium in re-
fluxing THF*12 giving carbenes 11 in yields of 80-90%.

We have determined the molecular structure of thione
10a by X-ray diffraction (Figure 1).!% Crystals of 10a were
obtained from a saturated solution of the thione in hexane
upon storage at room temperature. The bond parameters
for 10a (Table 1) fall in the range described previously for
equivalent parameters in benzimidazol-2-thiones."! The dif-
ference in steric bulk of the N,N'-substituents manifests
itself in two different S-C1-N angles (S-C1-N1 123.8(2)°,
S-C1-N2 127.3(2)°).
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Figure 1. Molecular structure of thione 10a with the crystallographic
numbering scheme.

Dimerization behavior of the spirocyclic unsymmetrically
N,N -substituted diaminocarbene 11a: A *C NMR spectrum
of 11a in [Dg]THF recorded immediately after preparation
of the carbene clearly indicates the presence of the imidazo-
lidin-2-ylidene (6(C2)=236.0 ppm). No signals due to the
presence of the dimeric enetetramine 1la=l1a were ob-
served. However, storage of 11a under dry argon for several
weeks leads to the slow, but complete conversion of 11a
into the electron-rich olefin 11a=11a. Due to the formation
of syn and anti isomers of 11a=11a (Scheme 2), two reso-
nance signals with different intensities were detected
(0(C2)=130.0 ppm and 128.6 ppm). Removal of the solvent
and heating of olefin 11a=11a under dry argon (130°C,
16 h) leads to partial reformation of the carbene 11a, which
coexists with the olefin 11a=l11a as indicated by “C NMR
spectroscopy.

The dimerization of different types of N-heteroyclic car-
benes has been reported previously. Arduengo et al. isolated
the thiazol-2-ylidene 12, which is stable as a monomer in the
absence of a protic catalyst (Brgnsted or Lewis acid)."”) Ad-
dition of a small amount of the
corresponding thiazolium salt as
a catalyst leads to the forma- \/w
tion of the dimeric derivative N
12=12 (Scheme 2). Alder et al. 4 :
prepared the bis(N-piperidyl)-
carbene 13, which undergoes
an extraordinary slow dimeri-
zation to the olefin 13=13.11%%
The dimerization can be initi-
ated by the protonated carbene
13H' and is first-order with
respect to the carbene.!®”

In both cases the dissocia-
tion of the olefin back to the
carbene was not clearly ob-
served. Precisely this reversible N

dissociation of electron-rich

11a

olefins 2=2 was proposed by
Wanzlick more than 40 years
ago.! However, this proposal
was rejected based on the ab-
sence of cross metathesis prod-
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Table 1. Selected bond lengths [A] and angles [°] for compounds 10a,
14a, and 14b.

10a 14a 14b
W(S)-Cl1 1.678(2)  2.295(2) 2.285(2)
W-CO,; - 2.028(2)-2.045(3)  2.020(3)-2.045(3)
W—CO e - 2.005(3) 2.000(3)
N1-C1 1351(3)  1.357(3) 1.349(3)
N1-C2 1430(3)  1.463(3) 1.463(3)
N1-C9(C8) 1452(3)  1.457(3) 1.457(3)
N2—C1 1343(3)  1.351(3) 1.359(3)
N2-C3 1.488(3)  1.502(3) 1.487(3)
N2-C13(C12) 1475(3)  1.476(3) 1.456(3)
2-C3 1533(3)  1.526(3) 1.516(4)
W(S)-C1-N1 1238(2)  124.8(2) 124.9(2)
W(S)-C1-N2 1273(2)  127.9(2) 128.1(2)
N1-C1-N2 1089(2)  107.2(2) 106.3(2)
CI-N1-C2 112.6(2)  111.4(2) 112.1(2)
CI-NI-CO(C8)  1254(2)  126.8(2) 129.3(2)
C2-N1-C9(C8)  121.9(2)  117.8(2) 117.6(2)
C1-N2-C3 1122(2)  112.1(2) 111.7(2)
CI-N2-CI3(C12) 127.1(2)  122.8(2) 127.02)
C3-N2-CI3(C12) 1207(2)  125.1(2) 1202(2)
N1-C2-C3 1046(2)  102.1(2) 101.9(2)
N2-C3-C2 101.3(2) 99.4(2) 99.2(2)

ucts when different, symmetrically N,N'-substituted olefins
were heated together.”) The diaminocarbene—enetetramine
equilibrium postulated by Wanzlick is unequivocally estab-
lished if both the carbene and the corresponding enetetra-
mine are detected together in the absence of protic or elec-
trophilic catalysts in solution. Denk et al. observed the rapid
formation of mixed olefins in metathesis experiments start-
ing from olefins of type 2=2 by NMR spectroscopy.['”! How-
ever, these experiments, as the authors noticed, do not con-
clusively establish the existence of the Wanzlick equilibrium,
because the formation of mixed enetetramines could also be
rationalized by a [2+42] cycloaddition/[2+2] cycloreversion
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HsC, N/ s CHs
j[ >=<Nj( R = 2,6-(iPr),CeH3
H3C' S / CH3
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Scheme 2. Dimerization of diaminocarbenes.

www.chemeurj.org Chem. Eur. J. 2005, 11, 5080 —5085


www.chemeurj.org

Spirocyclic Diaminocarbenes

reaction mechanism. The equilibrium between carbene and
olefin at room temperature was established for benzannulat-
ed carbenes 3 (R=iBu),” which have spectroscopic and
structural properties typical for saturated carbenes of type
2.7 Potassium hydride was added to the mixture to exclude
the presence of protons as a catalyst for the formation of
the equilibrium.

To establish the type of equilibrium between carbenes 11
and their dimeric enetetramines 11=11, the dimerization re-
action was studied under rigorous exclusion of protic cata-
lysts in solution. For this experiment a 2.5 solution of the
carbene 11a in [Dg]THF was stored over sodium/potassium
alloy under argon. Under these conditions no dimerization
of 11a to give enetetramine 11a=11a was observed over
weeks at room temperature. These experiments indicate
that a protic catalyst is necessary to initiate the dimerization
process of N-heterocyclic carbenes of type 2. Our findings
are identical to those of Alder etal., who found that the
attack of the acyclic carbene 13 by the protonated carbene
13H* initiates the dimerization process, finally leading to
the enetetramine 13=13.'"" A review summarizing these
findings on the dimerization behavior of N-heterocyclic car-
benes has recently appeared.®!

Coordination chemistry of spirocyclic diaminocarbenes: To
get structural information about the carbene ligands 11a
and 11b, these spirocyclic carbene ligands were coordinated
to a W(CO)s unit to give the air-stable complexes 14a and
14b, respectively (Scheme 3). Complexes of type 14 were
obtained by heating carbenes 11 with an equimolar amount
of [W(CO),] in toluene under reflux for 2 h. The molecular
structures of 14a and 14b were determined by X-ray diffrac-
tion.”) Both 14a and 14b contain a tungsten atom sur-
rounded in an octahedral fashion by five CO and one car-
bene ligand (Figure 2). Selected bond lengths and angles for
14a and 14b are summarized in Table 1.

To accommodate the steric requirements of the N2-sub-
stituents the W-C1-N2 angles (127.9(2)° for 14a and

\ OCin.,\k,.nCO
)\ oc™™ | ~~co
11a [W(CO)g] CO
Co 14a
N>: |, )\/ N NS
N OCh...\f.mCO
/{ oo™ |\co
co
11b 14b

Scheme 3. Preparation of carbene complexes 14a and 14b.
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Figure 2. Molecular structures of complexes 14a (left) and 14b (right)
with the crystallographic numbering scheme. Hydrogen atoms have been
omitted for clarity.

128.1(2)° for 14b) are slightly larger than the W-CI1-N1
angles (124.8(2)° for 14a and 124.9(2)° for 14b). A similar
observation was made for complexes with the unsymmetri-
cally substituted N-heterocyclic carbenes of type rac-4.C)
The carbene ligand acts as a strong ¢ donor and leads to a
shortening of the W—CO,,,,,, bond compared to the W—CO,;
bonds in both complexes (Table 1).

The W—C1 bond lengths in 14a (2.295(2) A) and 14b
(2.285(2) A) compare well to equivalent parameters in tung-
sten complexes with benzannulated N-heterocyclic carbene
ligands."*'®! The steric demand of the cyclohexyl ring (14a)
and the cyclopentyl ring (14b) lead to a distortion of the
angles at the spirocyclic carbon atom C3.

Conclusion

We have prepared a novel type of N-heterocyclic carbene 11
with a spirocyclic molecular structure. These carbene ligands
are easily accessible in a two-step reaction sequence starting
from ketimines and secondary amines. We have demonstrat-
ed the slow dimerization of 11a to 11a=11a in [Dg]THF and
the coexistence of both carbene and corresponding enetetra-
mine over several weeks in solution. Under special circum-
stances the dimerization is reversible and the cleavage of
the enetetramine giving the monomeric carbene is observed.
This reversible reaction was once postulated by Wanzlick
for carbenes of type 2 in the absence of electrophilic cata-
lysts.) We found that even the dimerization of the mono-
meric carbene requires acid catalysis. Under rigorous exclu-
sion of protic catalysts we observed no dimerization of car-
bene 11a. In addition, carbene complexes [W(11)(CO);s]
have been prepared and structurally characterized. The mo-
lecular structures reveal the strong o-donating properties of
carbene ligands 11 and a distortion of the five-membered N-
heterocyclic ring owing to the spirocyclic carbon atom.

Experimental Section

General: All operations were carried out in an atmosphere of dry argon
by using Schlenk and vacuum techniques. Solvents were dried by stan-
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dard methods and freshly distilled prior to use. NMR spectra were re-
corded on Bruker AC 200 (200 MHz) or Bruker AMX 400 (400 MHz)
spectrometers and are reported relative to TMS as an internal standard.
IR spectra were recorded on a Bruker Vector 22 infrared spectrometer.
Mass spectra (EI) were measured on a Varian MAT 212 instrument. Cor-
rect elemental analyses (C, H, N) were obtained for all compounds using
a Vario EL III elemental analyzer at the Westfalische Wilhelms-Universi-
tidt Miinster .

N-(Cyclohexylidene)isopropylamine (9a): This compound was prepared
as reported.'” "H and *C NMR data for 9a match those reported there.
N-(Cyclopentylidene)isobutylamine  (9b):  Cyclopentanone (8.41 g,
0.1 mol) and isobutylamine (10.97 g, 0.15 mol) were combined while stir-
ring at 0°C. Concentrated HCI (0.05 g) was added dropwise under forma-
tion of some white smoke. After a short while the resulting solution
became clear again and was stirred for 16 h at ambient temperature
under an argon atmosphere. Subsequently solid NaOH (2.0 g) was added
and the reaction mixture was stirred for an additional 2 h. The aqueous
phase was removed, fresh NaOH (0.5 g) was added to the organic layer
and the mixture was distilled (45-47°C, 1.0 mbar) giving pure 9b
(11.14 g, 80%) as colorless liquid. 'H, >C NMR and IR data for 9b were
in agreement with those previously reported using a different synthe-
sis."]

1-Butyl-3-isopropyl-1,3-diazaspiro[4.5]decane-2-thione (10a): This com-
pound was prepared according to the method described by Ahlbrecht
et al.''! However, the crude reaction product was not distilled, but puri-
fied by column chromatography (SiO,, hexane/EtOAc, 10:1, v/v) to give
10a as a yellow solid. Yield: 45%. 'H and >*C NMR data match those re-
ported."! MS (70 eV, EI): m/z (%): 268 (63) [M]*, 253 (11) [M—CH,]*.
1-Butyl-3-isobutyl-1,3-diazaspiro[4.4]nonane-2-thione (10b): A solution
of N-butylmethylamine (0.872 g, 10.0 mmol) in THF (15 mL) was treated
at 0°C with nBuLi (2.5M in hexane, 4.2 mL, 10.5 mmol). The reaction
mixture was allowed to warm to room temperature, was stirred at this
temperature for 30 min, and was subsequently again cooled to 0°C. CS,
(0.761 g, 10.0 mmol) was added, and the mixture was stirred for 30 min at
0°C and then cooled to —78°C. At this temperature sBuLi (1.3Mm in pen-
tane, 8.1 mL, 10.5 mmol) was added dropwise. The resulting yellow sus-
pension of 6 was stirred at —25(+5)°C for 4 h. The reaction mixture was
again cooled to —78°C and ketimine 9b (1.393 g, 10.0 mmol) was added.
The resulting solution was stirred at —10(£5)°C for 2 h. Subsequently
the reaction mixture was allowed to warm up to 0°C and water (20 mL)
was added. The aqueous phase was separated and the organic phase was
washed with a saturated aqueous solution of NaCl (2x10 mL). The com-
bined aqueous phases were extracted with diethyl ether (3x10 mL). The
combined organic phases were dried over MgSO,. After filtration, the
solvent was removed in vacuo, and the residue was purified by column
chromatography (SiO,, hexane/EtOAc, 10:1, v/v) to give 10b as a yellow
solid (1.074 g, 40%). '"HNMR (200.1 MHz, CDCL): 6=0.84 (t, J=
7.2 Hz, 3H; CH,CH,), 1.15-1.68 (m, 18 H; CH(CH,),, NCH,CH,CH,CHs;,
(CH,), ring), 2.22 (m, 1H; CH(CHs;),), 3.09 (d, /=7.4 Hz, 2H; NCH,CH-
(CH;),), 3.17 (s, 2H; NCH,Cyyo), 3.52ppm (t, J=74Hz, 2H;
NCH,CH,CH,CH;); "“CNMR (50.3MHz, CDCL): 6=13.6, 19.6
(CH,CH;, CH(CHs),), 20.0, 22.1, 27.8, 29.2, 33.7 (CH,CH,CH,CH;,
(CH,), ring, CH,CH(CH;),), 46.8, 50.7, 59.5 (NCH,), 70.7 (Cyy)s
182.9 ppm (CS); MS (70 eV, EI): m/z (%): 268 (69) [M]*, 225 (47), 179
(100).

1-Butyl-3-isopropyl-1,3-diazaspiro[4.5]decane-2-ylidene (11a): Potassium
(0.489 g, 12.5 mmol) was added at 0°C to a solution of 10a (1.342 g,
5.0mmol) in THF (25mL). The reaction mixture was heated under
reflux for 4 h and then cooled to room temperature. After filtration over
Celite the solvent was removed to give 11la as colorless oil (1.040 g,
88%). 'HNMR (200.1 MHz, [Dg]THF): 6=091 (t, /J=7.0 Hz, 3H;
CH,CH;), 125 (d, J=6.8Hz, 6H; CH(CH;),), 1.36-1.67 (m, 14H;
CH,CH,CH,CH;, (CH,)s ring), 3.18 (s, 2H; NCH,C,), 3.32-3.39 ppm
(m, 3H; CH(CH;),, NCH,CH,CH,CH;); “CNMR (50.3 MHz,
[Dg]THF): 6=14.8, 20.8 (CH,CH;, CH(CHj;),), 25.0, 26.1, 26.8 ((CH,)s
ring), 31.8, 36.4 (NCH,CH,CH,CH,), 44.9, 51.2, 59.3 (NCH,, NCH-
(CHjy),), 70.3 (Cyyiro), 236.0 ppm (NCN).
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1-Butyl-3-isobutyl-1,3-diazaspiro[4.4]nonane-2-ylidene (11b): Compound
11b was synthesized from 10b (0.805 g, 3 mmol) and potassium (0.293 g,
7.5 mmol) in THF (15 mL) as described for 11a. Compound 11b (0.581 g,
82%) was obtained as pale yellow oil. "H NMR (200.1 MHz, [Ds]THF):
0=0.80-0.92 (m, 9H; CH,CH,;, CH(CH,),, 128-1.66 (m, 12H;
NCH,CH,CH,CH,, (CH,), ring), 1.99 (m, 1H; CH(CH,;),), 3.08 (d, /=
7.0 Hz, 2H; NCH,CH(CHj),), 3.30-3.46 ppm (m, 4H; NCH,); *C NMR
(50.3 MHz, [Dg4]THF): 0=13.8, 19.9 (CH,CH,;, CH(CHs;),), 23.7, 30.0,
31.4,32.1, 35.6 (CH,CH,CH,CH,;, (CH,), ring, CH,CH(CH,),), 52.7, 54.1,
60.4 (NCH,), 70.5 (Cyyro), 239.9 ppm (NCN).
Pentacarbonyl(1-butyl-3-isopropyl-1,3-diazaspiro[4.5]decane-2-ylidene)-
tungsten(0) (14a): In a glove box hexacarbonyltungsten (0.704 g,
2.0 mmol) was added to a solution of 11a (0.473 g, 2.0 mmol) in toluene
(20 mL). The resulting mixture was refluxed for 2 h and then cooled to
room temperature. After removal of the solvent, residual hexacarbonyl-
tungsten was removed by sublimation and the crude product was purified
by column chromatography (SiO,, hexane/diethyl ether, 10:1, v/v). Yield:
0.840 g (75%) of a pale yellow solid. "H NMR (400.1 MHz, CDCl;): 6 =
0.96 (t, J=72Hz, 3H; CH,CH;), 1.40 (d, /=72 Hz, 6H; CH(CH,),),
1.51-2.02 (m, 14H; CH,CH,CH,CH;, (CH,); ring), 3.33 (s, 2H;
NCH,Cq0), 3.71 (t, J=7.6 Hz, 2H; NCH,CH,CH,CHj;), 5.26 ppm (sept,
J=72Hz, 1H, CH(CHs),); "CNMR (100.6 MHz, CDCly): 6=14.0
(CH,CH;), 199 (CH(CH,),), 23.6, 24.1, 249 ((CH,)s ring), 30.7
(NCH,CH,CH,CH;), 355 (NCH,CH,CH,CHs), 534
(NCH,CH,CH,CH3), 55.5 (NCH(CHs;),), 59.0 (NCH,Cyy,), 68.5 (Cpiro)s
198.7 (CO.;), 201.7 (CO,4ns), 207.6 ppm (NCN); MS (70 eV, EI): m/z
(%): 560 (26) [M]*, 532 (18) [M—CO]*, 504 (64) [M—2 CO]*, 472 (100);
IR (KBr pellet): v=2058, 1958, 1891 cm ™! (vs, CO).
Pentacarbonyl(1-butyl-3-isobutyl-1,3-diazaspiro[4.4Inonane-2-ylidene)-
tungsten(0) (14b): Compound 14b was prepared from 11b (0.473 g,
2 mmol) and hexacarbonyltungsten (0.704 g, 2 mmol) in toluene (20 mL)
as described for 14a. Compound 14b (0.795 g, 71%) was obtained as
pale yellow solid. 'HNMR (400.1 MHz, CDCL): 6=0.96 (m, 9H;
CH,CH;, CH(CH;),), 135 (m, 2H; CH,CH,), 1.57-1.79 (m, 10H;
CH,CH,CH,CH;, (CH,), ring), 2.06 (m, 1H; CH(CH,;),), 3.23 (s, 2H;
NCH,C,,,), 347 (d, J/=7.8 Hz, 2H; NCH,CH), 3.74 ppm (t, /=8.4 Hz,
2H; NCH,CH,CH,CH;); “CNMR (100.6 MHz, CDCL): 6=13.9
(CH,CH;), 19.3, 19.8 (CH(CHs,),), 22.1, 28.6, 29.7 (CH,CH,;, (CH,), ring),
30.4, 34.3 (CH,CH,CH,CH;, CH,CH(CH,),), 53.4 (NCH,CH,CH,CHj;),
54.8 (NCH,CH), 61.1 (NCH,Cq,,), 73.6 (NCH,Cj,,), 198.7 (COy;), 200.5
(COrans)s 209.7 ppm (NCN); MS (70 eV, EI): m/z (%): 560 (7) [M]*, 532
(4) [M—COJ*, 504 (15) [M—2COJ*, 472 (23), 442 (25), 414 (16), 140
(100); IR (KBr pellet): v=2059, 1925, 1886 cm ™' (vs, CO).
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