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Pentacarbonyl{4-[2.2}metacyclophanyl(methoxy)carbene}-
chromium(0) (6) was prepared according to the Fischer route
from 4-bromo[2.2]metacyclophane. Aminolysis with non-chi-
ral and chiral amines affords aminocarbene complexes 7—12.

X-Ray structure analyses for 6 and its aminocarbene analogs
7 and 8 indicate that the incorporation of the chromium—car-
bene fragment has no significant influence on the deformation
of the [2.2]metacyclophane skeleton.

In the recent past various types of metal coordinated
cyclophanes have become accessible, and further studies
have focussed on their chemical properties and confor-
mational effects!!. Among them tricarbonyl chromium
complexes have received most attention: The Cr(CQO),
group is a potent acceptor which is as easily introduced as
removed; it increases the acidity of aromatic and benzylic
hydrogen atoms and it activates the benzene ligand towards
nucleophilic attack!. Following the synthesis of the [2.2]pa-
racyclophane Cr(CO); complex in the early 1960’1l the
Cr(CO); route has been exploited in substitution reactions
of [2.2]metacyclophanes™); for instance, it has been used for
the synthesis of syn-[2.2]Jmetacyclophanes which are not ac-
cessible via other routes!®. Due to their rigid conformation
[2.2]metacyclophanes are well-suited for stereochemical in-
vestigations!®. Unsymmetric substitution of either the ben-
zene rings or the ethylene bridge reduces the symmetry and
— as a consequence of the high inversion barrier of the
cyclophane skeleton — allows the formation of enanti-
omers!’),

Results and Discussion

We now report on a novel approach to transition metal
modified cyclophanes!!®! bearing an electrophilic metal car-
bene moiety”l. Chromium carbenes are known to undergo
a variety ol either metal-centered or ligand-centered cyclo-
addition reactions'!®! which might be exploited in further
functionalization and asymmetrization of the cyclophane
skeleton.

€1 Part LXXIV: K. H. Détz, S. Siemoneit, F. Hohmann, M. Nie-
ger, J Organomet. Chem., in press.
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Pentacarbonyl{4-[2.2]metacyclophanyl(methoxy)carbene}-
chromium(0)

We aimed at the incorporation of the pentacarbonylchro-
mium carbene moiety into the 4-position of the [2.2]metacy-
clophane skeleton, and thus first concentrated on the syn-
thesis of the 4-bromo derivative which is accessible via ring
contraction of the dithiacyclophane!'!l, and which — after
halogen/lithium exchange — is expected to allow a metal
carbene functionalization following the Fischer route!'?.
Cyclization of 2,4-bis(bromomethyl}bromobenzene (1) and
1,3-bis(mercaptomethyl)benzene (2) under dilution prin-
ciple conditions!!?! yields 5-bromo-2,11-dithia[3.3jmetacy-
clophane (3) in modest yield. Oxidation of the disulfide 3
with hydrogen peroxide generates the disulfone 4 which un-
dergoes flash vacuum pyrolysis!!!l to give 4-bromo[2.2]me-
tacyclophane (5) in good yields. Bromine/lithium exchange
in 5 using n-butyllithium at —30°C followed by addition
to hexacarbonyl chromium affords the pentacarbonyl acyl
chromate which undergoes alkylation by trimethyloxonium
tetrafluoroborate to give a 84% yield of the cyclophanyl-
(methoxy)carbene complex 6 (Scheme 1).

Heteroatom-stabilized metal carbenes exhibit consider-
able n-bonding of the carbene carbon to heteroatom bond
which allows to detect (£) and (Z) isomers in their NMR
spectral!¥. At 40°C the rotation around the carbene carbon
to oxygen bond in 6 is fast with respect to the NMR time
scale, and thus a sharp singlet is observed for the methoxy
group in the 'H-NMR spectrum. If the sample is cooled
down to room temperature this signal broadens and finally,
at —50°C, splits into a double set of signals indicating a
lifetime of (F) and (Z) isomers of 6 sufficiently long for
observation by NMR. The (E/Z) ratio is solvent-dependent:
At —50°C it increases from 1:1 to 3:1 if CDCl; is replaced
by deuterated toluene. This is in contrast to the parent
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Scheme 1. Synthesis of methoxycarbene complex 6
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methoxy(phenyl)carbene complex of chromium for which
the (Z) configuration has been reported to be favoured
both in solution and in the solid state!!), The configuration
of both isomers has been assigned on the basis of solvent-
induced shifts of the methoxy hydrogen atoms observed in
isotropic and anisotropic solvents'®!7, The temperature of
coalescence observed for the methoxy function of the cyclo-
phanyl(methoxy)carbene complex 6 (—10 £ 1°C) corre-
sponds to a barrier of rotation of 52.6 + (0.2 kJ/mol. Similar
barriers of rotation have been reported for methoxycarbene
complexes bearing less heavily substituted C-carbene side
chains which indicates that the [2.2Jmetacyclophane skcl-
eton does not hamper significantly the rotation around the
carbene carbon to oxygen bond!!7],

Aminolysis Reactions

Although aminolysis is generally a straightforward reac-
tion of metal alkoxycarbenes; however, it may fail if steri-
cally congested secondary amines are used!'®. Our first at-
tempts indicated that the reaction rate of the aminolysis of
6 depends both on the temperature and on the steric de-
mand of the amine. Following the increasing bulk of the
amine the reaction rate decreases in the order of ammonia,
allylamine, sec-butylamine, and phenylethylamine. Accord-
ing to the kinetics reported for the aminolysis — increasing
reaction rate with decreasing temperature!!”) — the amino-
lysis works best at —78°C (Scheme 2). If, however, the amine
is generated in situ from the hydrochloride precursor an in-
crease of the temperature to 30°C is required for solubility
reasons; even under these conditions the aminolysis takes
about two weeks to go to completion.

In comparison with alkoxycarbene complexes the ro-
tational barrier around the C_,pene—N bond is distinctly
higher, and both rotamers can be detected and separated as
conligurationally stable isomers('7-!8],

The configuration across the Cg,hene— N bond has been
determincd by methods reported in the litcraturel!®!8],
Starting with aminocarbene complex 8 we found that the
solvent elect on the chemical shift of the N—H protons is
more significant than that of the N-—-CH, hydrogen atoms.
Due to the geometry of the complex the N—H proton
should be influenced by the aromatic ring current of the
cyclophane deck, and thus the N—H hydrogen of the (Z)
isomer may be expected to resonate at higher field than that
of the (£) isomer. An assignment of configuration based on
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Scheme 2. Synthesis of aminocarbene complexes 7-12
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this argument is supported by solvent-dependent chemical
shifts. If CDCl; is replaced by the typical anisotropic sol-
vent C4Dg a more pronounced upfield shift is observed for
the N—H hydrogen atoms in the (Z) isomers than in the
(E) analogs®”, Based on the chemical shift of the N—H
protons we assume the same configuration for complexes
9—12. X-Ray studies indicate that in the solid staic bulky
substituents at the carbene carbon tend to favour the (£)
isomer whereas the (Z) isomer predominates in less hin-
dered complexes?Y in which the steric interaction between
the N substituent and the cis CO ligands becomes less im-
portant.

Comparative X-Ray Studies on Methoxy- and Aminocarbene
Complexes

The chromium carbene bond can be described as a car-
bon-to-metal single bond with an only weak additional n-
back donation®!). An increasing donor ability of the het-
eroatom shortens the carbene—heteroatom bond and in-
creases the bond order as indicated by restricted rotation
documented by temperature-dependent NMR spectroscopy
(see above). Since thc n-donor capacity ol nitrogen cxcceds
that of oxygen the back donation in aminocarbene com-
plexes is less effective than in their alkoxycarbene analogs;
this results in longer metal—carbene bond lengths for chro-
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mium aminocarbenes 7 [208.1(3) pm] and 8 [208.3(3) pm]
compared with their alkoxycarbene precursor 6 [201.6(3)
pm] (Figures 1—3). Complexes 6 and 8 adopt the (E) con-
figuration across the heteroatom—carbene bond. In all
complexes the carbene plane and the C.upene—X—C(H)
plane are nearly coplanar; this conformation allows an ef-
ficient conjugation across the chromium carbene carbon-
heteroatom fragment. X-Ray structures on a series of chro-
mium carbenes indicate that the angle between adjacent
equatorial carbonyl ligands is bisected by the carbene plane.
In our case, however, the bulky cyclophane substituent for-
ces the carbene plane and two of the c¢is-CO ligands to
adopt an eclipsed conformation. Compared with the unsub-
stituted [2.2]metacyclophane 1312223 the carbena-metal
fragment does not influence significantly the deformation
of the cyclophane skeleton (Figure 4).

Very recently, investigations on hydrogen bonding in
transition metal carbonyl complexes revealed an interaction
between the CO ligands and C—H groups®*. Although
N—H groups are expected to be more potent hyvdrogen do-
nors an only weak intermolecular N—H---O interaction can
be deduced for the chromium aminocarbenes 7 and 8 from
H:--O distances (7: 267 pm, 8: 252 pm) and N—H"-O bond
angles (7: 147°, 8: 136°).

Figure 1. Molecular structure of 6

Figurc 2. Molecular structure of 7
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Optically Active Cyclophane—Metal Carbene Complexes

An access to enantiopure cyclophanylcarbene complexes
can be envisaged by aminolysis using optically active ami-
nes. Generally, this approach is complicated by the forma-
tion of a mixture of {£)- and (Z)-isomers which may result
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Figure 3. Molecular structure of' 8

6 7 8 13293 K)Y#! 13(113 K)[ﬁ
a 32 34 53 42 5
b -10.5 -11.0 113 -14.3 -11
¢ 12.0 -11.0 108 143 11
d 4.5 5.8 4.7 4.2 5
C8.C16 262 264 262 269 263
Cr-(CO)rans 188.6 (4) 1865(3) 187.4(3)
Cr-(CO)ss  189.5(5) 1889(6)  190(1)
Cr-Cogpens 201.6 (3)  208.1(2) 208.3(3)
Ceabene-X 1317 (@) 130.1(3) 1308(3)

CombenC-4 148.7(4) 1494 (3) 150.0(3)

in four isomers. For inslance, the reaction of methoxycar-
bene complex 6 with (S)-alanine methyl ester or (R)-sec-
butylamine gave diastereomeric mixtures of (£)-11 or (E)-
12 which could not be separated by chromatography or
crystallization. Aminolysis with (R)- and (S)-phenylethyl-
amine also afforded a diastercomeric mixture of (£)-9 and
(E)-10, respectively, from which, however, single diastereo-
mers could be obtained after recrystallization. Since both
enantiomers of phenylethylamine are readily available, this
route provides a straightforward access to optically active
[2.2]metacyclophanes bearing a metal carbene moiety.

We speculated whether the means of circular dichroism
can be applied to establish the absolute configuration of the
cyclophane skeleton in the aminocarbene complexes 9 and
10. As depicted in Figare 5 their CD spectra are symmetric
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indicating that both compounds are enantiomers. A com-
parison with CD spectra of cyclophane derivatives bearing
no metal containing functional groups reveals that the
bands at 300 and 380 nm are caused by the carbena penta-
carbonylchromium fragment which is in agreement with
UV data previously reported for metal carbenes!!”25. The
absorptions up to 250 nm recorded for carbene complex
10 resemble those observed for (—)-4-[2.2]metacyclophane
carboxamidel®® suggesting that both compounds may have
the same Rp configuration with respect to the cyclophane
skeleton.

Figure 5. CD spectra ol 9 and 10

40

20—

-40 X\// I |

210 300 400

500
Wavelength [nm]

Support by the Deutsche Forschungsgemeinschaft (SFB 334), the
Graduiertenkolleg “Spektroskopie isolierter und konensierter Mole-
kiile” and the Fonds der Chemischen Industrie is gratefully acknowl-
edged.

Experimental Section

General: All operations including organometalilics were carricd
out under argon. Solvents were dried by using standard methods,
distilled, saturated and stored under argon. Merck silica gel 60
(0.063—0.200 mm) was used for column chromatography. — 'H
and 1’C NMR: Bruker AM-400, AM-250 and DRX-500. -- FT-
IR: Nicolet Magna 550. — Elcmental analysis: Heraeus CHN-O-
Rapid. — MS (EI, 70 eV). Kratos MS 50. — CD: JASCO 720. —
2,4-Bis(brommethyl)brombenzenel?”),  trimethyloxonium  tetra-
fluoroboratel?®), and 1,3-bis(mercaptomethyl)benzene!?®! were pre-
pared according to methods reported in the literature.

5-Bromo-2,11-dithia 3.3 Jmetacyclophane (3): A solution of 100
mg of caesium carbonate in 300 ml of ethanol and 300 ml of tolu-
ene was filled into a two-component dilution apparatus which was
fitted with a dropping funnel for each component. Solution A, con-
sisting of 6.86 g (20 mmol) of 2,4-bis(bromomethyl)bromobenzene
(1) in 80 ml of toluene and solution B, consisting of 3.4 g (20 mmol)
of 1,3-bis(mercaptomethyl)benzene (2) in 20 ml of toluene and of
a solution of 2.24 g (40 mmol) of potassium hydroxide in 2 ml of
water and 38 ml of ethanol, were added synchronously within 5 h
and the mixture was refluxed for 1 h. After evaporation of the
solvent the residue was extracted with trichloromethane, the solu-
tion was concentrated and purified by column chromatography (pe-
troleum ether, b.p. 40—60°C/trichloromethune, 1:1) affording a yel-
low oil which gave 1.4 g (20%) of 3 as a white solid from trichloro-
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methane. Ry = 0.6 (petroleum ether, b.p. 40—60°C/trichlorometh-
ane, 1:1). — 'H NMR (400 MHz, CDCL,): § = 3.65 [s, 2H, 3.3'-
H], 3.75 [s, 2H, 10,10’-H], 3.80 [s, 4H, 12,12'-H), 1,1’-H], 6.75 [s,
2H, aryl H], 6.95 [s, 3H; aryl H], 7.10-7.20 [m, 2H, aryl H]. — '3C
NMR (400 MHz, CDCly): 8 = 36.7, 37.9, 38.1, 38.2 (C-1,3,10,12),
121.7 (C-5), 126.9 (C-7), 127.4 (C-15), 128.4, 128.6 (C-14, C-16),
131.8 (C-18), 132.3 (C-9), 133.1 (C-6), 135.4 (C-8), 136.5 (C-4),
136.9, 137.0 (C-13, C-17). — MS (ET): m/z (%o): 352 (75) [M™], 271
(50) [M™ — Br], 183 (15) [M™* — C4HoS5], 167 (8) [M* — CgHgBr,
137 (58) [M* — CgHBrS], 105 (100) [M* - CgH;BrS;]. —
Ci¢H15BrS, (351.3): caled. C 54.70, H 4.30; found C 54.88, H 4.42.
— HR-MS [*!Br]: caled. 351.9778; found 351.9784,

5-Bromo-2,11-dithia[3.3 Jmetacyclophane  2,2,11,11-Tetraoxide
(4): 5.38 g (15 mmol) of 5-bromo-2,11-dithia[3.3]metacyclophane
(3) was dissolved in 50 ml of toluene and 100 ml of glacial acetic
acid at 70°C. Then 50 ml of hydrogen peroxide (35%) were added
and the reaction mixturc was heated to reflux for 5 h. The solution
was cooled to room temperature, the resulting precipitate was fil-
tered off and washed with water, ethanol, and trichloromethane.
The product was dried in vacuo 1o give 54 g (86%) of 4. — IR
(KBr): ¥ = 1310 cm™!, 1110 (SO,). — 'H NMR (400 MHz,
[DDMSO): & = 4.60 [br, 4H, CH,], 4.70 [br, 4H, CH,]. 6.95 [d,
J = 8.2 Hz, 1H, 1-H], 7.05 [m, 2H, aryl H], 7.20 [d, J = 6.8 Hz,
1H, aryl H], 7.30 [d, J = 8.2 Hz, 1H, 6-H], 7.70 [s, 2H, 9-H, 18-
H]. — MS (El): m/z (%): 414 (1) [M*], 286 (1) [M* — 2 SO4], 258
(1)  M* = 280, — CH3], 207 (100} [M* — 2 SO, — Br], 179 (19)
[M* -~ 280, — Br - 2 CH,]. 104 (14) [M* - 2 SO, — CyH;Br].
— CyeH;5Br0O,S; (415.3): caled. C 46.27, H 3.64; found C 46.22, H
3.67. — HR-MS [Br]: calcd. 413.9595; found 413.9598.

4-Bromof2.2 Jmetacyclophane (5): 5.30 g (12.7 mmol) of 5-
bromo-2,11-dithia[3.3Jmetacyclophane 2,2,11,11-tetraoxide (4) was
transferred in 200-mg portions to a quarlz-pyrolysis apparatus,
sublimed at 240°C, and pyrolyzed at 500°C and 1075 mbar. The
product condensed behind the pyrolysis zone and was dissolved
in trichloromethane. The solvent was evaporated and the residue
subjected to column chromatography (petroleum ether, b.p.
40—60°C) to give 2.3 g (63%) of 5. Ry = 0.5 (petroleum ether, b.p.
40—60°C). — '"H NMR (CDCls, 400 MHz): 3 = 1.95 [td, J = 12.3
Hz, 3.4 Hz, 1H, 2-H_,], 2.00—2.05 [m, 2H, benzyl H,,,], 2.20 [td, J
= 12.3 Hz, 3.3 Hz, lH, benzyl H,,], 3.00—3.10 [m, 3H, benzyl
Heyl. 3.60 [dt. J = 12.4 Hz, 3.4 Hz, 1H, 2-H.], 425[d, / = 1.8
Hr, 8-H], 4.35 [s, 1H, 16-H]}, 6.90 [dd, J = 8 Hz, 1.8 Hz, 1H, 6-H],
7.00[d, J = 7.4 Hz, 1H, aryl H}, 7.05 [d, / = 7.4 Hz, 1H, aryl H],
7.30[t, J = 7.4 Hz, 1H, 13-H], 7.47 [d, J = 8 Hz, 1H, 5-H]. — *C
NMR (62.9 MHz, CDCl;): 8 = 38.6, 40.6, 40.9, 41.1 (C-1,2,9,10),
120.8 (C-4), 125.6 (C-12), 125.9 (C-14), 127.4 (C-6), 129.4 (C-13),
132.5 (C-5), 1364 (C-16), 137.7 (C-8), 138.1, 138.4, 138.7, 1389
(aryl C). — MS (ED): m/z (%): 286 (25) [M*], 258 (10) (M* —
CH,CH,], 207 (100) [M* — Br], 179 (28) [M* — Br — CH,CH,],
165 (20) M* — Br — CH,CH, — CH,]. 103 (20) [M* — Br —
CgHg]. — CisHsBr (287.2): caled. C 66.91, H 5.26; found C 66.75,
H 5.33. — HR-MS {™Br]: caled.; 286.0357; found 286.0359.

Pentacarbonyl {4-[2.2 [metacyclophanyl{ methoxy Jcarbene }chro-
mium(0) (6): 4.5 ml (7.2 mmol) of r-butyllithium (1.6 mol/l in hex-
ane) were added drop by drop to a solution of 2.01 g (7 mmol) of
5 in 20 ml of dicthyl ether at —30°C. The solution was stirred for
30 min at —30°C and 30 min at room temperature, and then was
added at —30°C to a suspension of 1.54 g (7 mmol) of hcxacar-
bonylchromium in 20 ml of diethyl ether. The reaction mixture was
allowed to reach room temperature and stirred for 3 h. The deep
yellow solution was evaporated and the residue was dissolved in 30
m] of dichloromethane. At —20°C 1.24 g (8.4 mmol) of trimethyl-
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oxonium letrafluoroborate were added, and the mixture was
warmed to room temperature. After removal of the solvent and
chromatography of the residue on silica gel (eluent: petroleum
ether, b.p. 40—60°C/diethyl ether 5:1) 2.6 g (84%) of 6 were isolated
as a red solid which was recrystallized from hexane. Ry = 0.5 (pe-
troleum ether, b.p. 40— 60°C/diethyl ether, 5:1). — IR (hexane): V¢q
= 2064 cm™' (m. A), 1990 (w, By), 1963 (s, A,), 1954 (vs, E), 1946
(sh, E). — "H NMR (400 MHz, CDCL): § = 1.95—2.30 [m, 4H,
benzyl H,J, 2.80 [dt, / = 12.4 Hz, 3.2 Hz, 1H, benzyl H,],
3.00—3.20 [m, 3H., benzyl H,], 4.00 [s, 1H, 16-H], 4.30—4.60 [br.
3H, OCH,). 4.70 [s, 1H, 8-H], 7.00 [d, J = 7.7 Hz, 1H, 12-H], 7.10
[m, 2H, aryl H), 7.15 [d, J = 7.7 Hz, 1H, 14-H}, 7.30 [t, / = 7.7
Hz, 1H, 13-H]. — C NMR (100 MHz, CDCl:): § = 38.1, 40.5,
40.7, 40.9 (C-1,2,9,10), 123.1 (C-3), 125.5 (C-5, C-6). 125.6 (C-14,
C-12), 127.2 (C-7), 129.4 (C-13), 136.9 (C-16), 137.1 (C-8), 138.6,
138.7, 138.9 (aryl C), 216.1 (cis CO), 224.2 (truns CO}, 359.2 (car-
bene C). — MS (ED): m/z (%): 442 (1) [M™*], 414 (5) [M' — CO],
386 (6) [M™ — 2 COJ, 358 (6) [M" —~ 3 COJ, 302 (100) [M* — 5
COJ. — C53H5CrOq (442.4): caled. C 62.45, H 4.10; found C 62.38,
H 4.13. — HR-MS: calcd.: 442.0508; found 442.0534.

Pentacarbonyl{amino-4-{2.2 Jmetacyclophanylearbene }chromium((0)
(7): A weak flow of gaseous ammonia was bubbled through a solu-
tion of 221 mg (0.5 mmol) of 6 in 20 ml of THF at —78°C until
the colour changed from dark red to yellow. After 30 min the reac-
tion mixture was allowed to warm to room temperature. The sol-
vent was removed at reduced pressure, and the residue was purilied
by column chromatography (petroleum ether, b.p. 40—60°C/dichlo-
romethane, 1:1) to give 200 mg of 7 as a yellow solid. R, = 0.6
(petroleum ether, b.p. 40—60°C/dichloromethane, 1:1). — IR (hex-
ane): Voo = 2056 cm ! (m, Aj), 1978 (w, B)), 1949 (vs, E), 1944
(sh, E), 1923 (s, A;). — 'H NMR (400 MHz, CDCl;): § =
2.00-2.20 [m, 4H., benzyl H, ], 3.00—3.20 [m, 4H, benzyl H,],
4.15 [s, 1H, 16-H], 4.55 [s, 1H, 8-H], 7.00~7.15 [m, 4H, aryl H],
7.30[t, J = 7.4 Hz, 1H, 13-H], 8.30 [s, 1H, NH], 9.10 [s, 1H, NH].
— 13C NMR (100 MHz, CDCl,): & = 38.1, 40.0, 40.5, 40.6 (C-
1,2,9,10), 122.8 (C-3), 125.5 (C-12), 125.5 (C-14). 126.6 (C-7), 127.6
(C-8), 129.4 (C-13), 136.7 (C-16), 137.5 (C-6), 138.2 (C-11), 138.4
(C-5), 138.8 (C-15), 150.8 (C-4), 217.0 (cis CO), 222.9 (trans CO),
294.9 (carbene C). — MS (El): m/z (%): 427 (2) [M*], 399 (6) [M*
= COL 371 (7)[M"' — 2COJ, 343 (1) [M* — 3 COJ, 315(17) [M*
— 4 COJ, 287 (100) [M* — 5 COJ. ~ CyH;CrNOs (427.4): caled.
C 61.83, H 4.01, N 3.28; found C 61.92, H 4.01, N 3.06. — HR-
MBS: caled. 427.0512; found 427.0525.

(E)- and (Z)-Pentacarbonyl {4-[2.2 [metacyclophanylf { 2-propenyi-
amino Jcarbene | Jchromium(0) (8). At —78°C 0.2 ml (2.67 mmol)
of allylamine were added to a solution of 100 mg (0.23 mmol) of
6 in 10 ml of THF, and the resulting yellow solution was stirred
for 15 min at this temperature. Evaporation of the solvent gave a
7:5 mixture of (££) and (7) isomers. Column chromatography (pe-
troleum ether, b.p. 40— 60°C/diethyl ether, 3:1) yielded 40 mg (37%)
of pure (E) isomer which was isolated as yellow crystals after
recrystallization from hexane. The (Z) isomer could not be ob-
tained as a pure substancc. — Ry = 0.6 (Z), 0.7 (E) (petroleum
ether, b.p. 40~60°C/dichloromethane, 2:1). — (E)- isomer: IR (hex-
ane): Yoo = 2056 em™! (m, Ay), 1973 (w, B)), 1940 (vs, E), 1917
(s, A;). — "H NMR (400 MHz, CDCl5): 6 = 1.97 [td, J = 12.3 Hz,
3.8 Hz, 1H, benzyl H,,}, 2.08 [td, J = 12.1 Hz, 3.5 Hz, 1H, benzyl
H,J, 2.17 [td, J = 12.9 Hz, 3.7 Hz, 1H, benzyl H,], 2.52 [td, J =
12.4 Hz, 3.5 Hz, 1H, benzyl H,,], 2.88 [dt, 12.5 Hz, 3.5 Hz, 1H,
benzyl Hegl, 3.05—3.12 |m, 2H, benzyl H,], 3.17 [dt, J = 11.8 Hz,
3.3 Hz, 1H, benzyl Hy], 3.70 [m, 1H, NCH,], 3.86 [m, 1H, NCH,],
3.98 [s, 1H, 16-H], 4.94 [s, 1H, 8-H], 5.24 [d, J = 17.1 Hz, 1H,
=CHH,, 5.28 [d, J = 10.3 Hz, 1H. =CHH,,,,,], 5.75 [m, |H,
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=CH], 7.01 [d, J = 7.7 Hz, 1H, 5-H], 7.10 [m, 2H. 12-H, 14-H],
720[d, J=77Hz, IH, 6-H], 7.33 [t, J = 7.5 Hz, 1H, 13-H}, 2.10
[br. 1H, NH]. — C NMR (100 MHz, CDClLy): § = 37.6, 38.4,
40.3, 40.6 (C-1,2,9,10), 52.7 (NCH,), 119.8 (CH,=CH), 122.3 (C-
5), 125.3, 125.6 (C-12, C-14), 126.4 (C-6), 126.7 (C-7), 129.3 (C-
13), 130.7 (CH=CH,), 136.5 (C-16), 137.0 (C-3), 137.7 (C-8),
138.8, 138.9 (C-11, C-15), 145.3 (C-4), 217.4 (cis CO), 222.4 (trans
CO), 284.7 (carbene C). — MS (EI): m/z (%): 467 (4) [M" 1. 439 (7)
[M™ — CQJ, 411 (10) [M* — 2 COJ, 383 (7) [M* — 3 CO], 355
(1) [M* — 4 COJ, 327 (100) [M* — 5 CO]J, 286 (18) [M* — 5 CO
= GsHs], 275 (22) [M* — Cr(CO)s). — CasH, CrNO; (467.4):
caled. C 62.24, H 4.53, N 3.00; found C 61.99, H 4.63, N 2.76. —
HR-MS: caled. 467.0825; found 467.0820.

General Procedure for the Aminolysis with Enantiopure Phenyl-
ethylamine: At —78°C 0.6 ml (4.78 mmol) of (R)- and (S)-phenyl-
ethylamine, respectively, were added to a solution of 20 mg (0.5
mmol) of 6 in 10 ml of THF, and the solution was stirred for 6 h
at this temperature. Evaporation of the solvent gave 1:1 mixture of
two diastereomers from which 40 mg (15%) of one (E) isomer were
obtained as a yellow solid after recryslallization from hexane.

Pentacarbonyl {4-{2.2 metacyclophanyl( E-(R)-2'-phenylethyl-
amino )carbene }chromium(0) (9): Ry = 0.4 (petroleum cther, b.p.
40—-60°C/dichloromethane, 2:1). — IR (hexane): Voo = 2056 cm ™!
(m, Ay), 1980 (w, By), 1944 (vs, E), 1922 (s, A;). — '"H NMR (400
MHz, CDCly): 8 = 1.55[d, J = 6.9 Hz, 3H, CH,), 2.00—2.15 [m,
3H, benzyl H,,J, 2.55 [m, 1H, 2-H,,], 2.95-3.15 [m, 4H, benzyl
H.g], 4.00 [s, IH, 16-H]. 4.70 [m, 1H, CH], 4.95 [s, 1H, 8-H], 6.75
[d, J = 7.6 Hz, |H, aryl H], 6.95 [m, 2H, aryl H], 7.10 [m, 3H, aryl
H], 7.20—7.35 [m, 4H, aryl HJ, 9.25 [br, 1H, NH]. — '3C NMR
(100 MHz, CDCL): 6 = 20.7 (CHs), 37.8, 38.6, 40.4, 40.7 (C-
1,2.9,10), 59.2 (CH), 121.9, 125.5, 125.7, 126.3 (aryl CH), 126.5
(aryl C), 128.2, 129.0, 129.4, 129.4 (aryl CH), 136.6 (C-16), 136.7
(aryl C), 137.9 (aryl CH), 138.9, 139.1, 139.9 (aryl C), 145.8 (C-4),
217.5 (eis CO), 222.5 (trans CO), 283.0 (carbene C). — MS (EI):
miz (%): 531 (2) [M*], 503 (3) [M™ — CO], 475 (4) M+ — 2 CO],
447 (20) [M* — 3 COJ, 419 (18) [M* — 4 COJ, 391 (100) [M~* —
5 COl, 339 (20) [M" — Cr(CO)s). — C34H,5CrNOs (531.5): caled.
C 67.79, H 4.74, N 2.64; found C 67.53, H 4.74, N 2.47. — HR-
MS: caled. 531.1138; found 531.1151.

Pentacarbonyl {4-]2.2 Imetacyclophanyl( E-( S )-2'-phenylethyl-
amino ) carbene }chromium(0) (10): Ry = 0.4 (petroleum ether, b.p.
40—60°C/dichloromethane, 2:1). — IR (hexane): ¥¢o = 2056 cm™!
(m, A;), 1980 (w, B)), 1944 (vs, E), 1922 (s, A;). — '"H NMR (500
MHz, CDCl;): 6 = 1.55 [d, J = 6.9 Hz, 3H, CH3], 2.00—2.15 [m,
3H, benzyl H,,], 2.55 [td, J = 12.4 Hz, 3.5 Hz, 1H, 2-H,,], 3.00
[dt, J = 12.4 Hz, 3.4 Hz, 1H, benzyl H.g, 3.05 [dt, / = 11.8 Hz,
3.0 Hz, TH, benzyl Hcg], 3.10 [dt, J = 12.5 Hz, 3.6 Hz, I H, benzyl
Hegl, 3.15 [dt, J = 11.9 Hz, 3.5 Hz, 1H, benzyl H,], 4.00 [s, 1H,
16-H], 4.70 [m, 1H, CH}, 5.00 [s, 1H, 8-H], 6.70 [d, J = 7.75 Hz,
1H, aryl H], 6.95 [m, 2H, aryl H], 7.05 [d, / = 7.75 Hz, 1H, aryl
H], 7.10 [m, 2H, aryl H], 7.25 [m, 3H, aryl H], 7.30 (t, / = 7.45 Hz,
LH, aryl H], 9.25 [br, I1H, NH]. — 3C NMR (125 MHz, CDCls): é
= 20.7 (CH;), 37.8, 38.6, 40.4, 40.7 (C-1,2.9,10), 59.2 (CH), 121.9,
121.9, 125.5, 125.7, 125.7, 126.3 (aryl CH), 126.5 (aryl C), 128.2,
129.0, 129.4, 136.6 (aryl CH), 136.7 (aryl C), 137.9 (aryl CH),
138.9, 139.1, 139.9 (aryl C), 145.8 (C-4), 217.5 (cis CO), 222.5
(trans CO), 283.0 (carbene C). — MS (EI): miz (%): 531 (3) [M*],
503 (3)[M* = COJ, 475 4) M+ — 2 COJ, 447 (20) [M* — 3 COJ,
419 (20) [M* — 4 CQ]J, 391 (100) [M* ~ 5 COJ, 339 (8) [M* —
Cr(CO)s]. — C3H25CrNO5 (531.5): caled. C 67.79, H 4.74, N 2.64;
found C 67.49, H 4.79, N 2.53. — HR-MS; caled. 531.1138;
found 531.1151.
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Pentacarbonyl{4-{2.2 Jmetacyclophany!-( E-( S )-1-carbomethoxy-
ethylamino ) carbene }chromium(()) (11): 150 mg (1.4 mmol) of ala-
nine methyl ester hydrochloride and 1 ml of triethylamine were ad-
ded to a solution of 150 mg (0.34 mmol) of 6 in 10 ml of dichloro-
methane. The reaction mixture was cooled 1o —30°C and stirred
for 2 weeks at this tempcrature. The solvent was removed, and the
residue was purified by column chromatography (petroleum cther,
b.p. 40—60°C/diethyl ether, 2:1) to give 110 mg (63%) of a yellow
solid which contains an inseparable mixture of two (Z) diastereo-
mers (ratio 2:1). — Ry = 0.6 (petroleum cther, b.p. 40—60°C/diethyl
ether, 2:1). — IR (KBr): ¥co = 2055 cm ™! (m, A)), 1980 (w, By),
1933 (s, A}), 1921 (vs, E), 1906 (sh, E), 1752 (w). — 'H NMR (500
MHz, CDCls): & = 1.20[d, J = 7.2 Hz, 3H, CH;], 1.45[d, J = 7.2
Hz, 3H*, CH,], 1.90 [td, J = 12.5 Hz, 4.1 He, 1H, benzyl H,,],
2.00-2.20 [m, 2H, + 3H*, benzyl H], 2.50 [1d, J = 12.5 Hz, 3.5
Hz, 1H, benzyl H,], 2.55 [td, / = 12.3 Hz, 3.3 Hz, 1H*, benzyl
H.], 2.80 [dt, / = 12.5 Hz, 3.3 Hz, 1H, benzyl H,], 2.90 [dt, J =
12.5 Hz, 3.3 Hz, 1H*, benzy! H,,], 3.00—3.20 [m, 3H, 3H*, benzyl
Hgl%, 3.65 [s, 3H*, OCH3], 3.80 [s, 3H, OCH3], 3.90 [s, 1H*, 16-
HJ, 3.95[s, 1H, 16-H], 4.1 [dq, / = 8.5 Hz, 8.3 Hz, 1H*, CH], 4.30
[dq. J = 8.3 Hz, 7.3 Hz, |H, CH], 4.90 [s, 1H, 8-H], 4.95 [s, 1H*,
8-H-], 6.85[d, J = 7.7 Hv, 1H*, 5-H], 7.03 [d, J = 7.75 Hz, 1H,
5-HJ, 7.05 [m, 1H, 1H*, 12-HJ*, 7.10 [m, |H, 1H*, 6-HJ¥, 7.15 [d,
J = 17.75 Hz, 1H*, 12-H], 7.20 [d, J = 7.5 Hz, 1H, 14-H], 7.30 [t,
J =175 Hz, 1H, 13-H], 7.32 [t, J = 7.75 Hz, 1H*, 13-H], 9.50 [br,
1H*, NH], 9.70 [br, 1H, NH]. — *C NMR (125 MHz, CDCl;): &
= 19.9 (CH;), 19.9 (CHa)*, 38.0 (CH,), 38.7 (CH»)*, 39.1 (CH,),
39.2 (CHy)*, 41.0 (CH»)*, 41.1 (CHy), 41.2 (CH,)*, 53.7 (NCH)*,
53.8 (NCH), 57.2 (OCHs), 57.8 (OCH;3)*, 121.9 (C-5)*, 123.3 (C-
5), 126.2 (C-12)*, 126.4 (C-14)¥, 126.9 (C-7), 127.2 (C-T)*, 127.3
(C-6)%, 130.2 (C-13)% 137.5 (C-16)*, 137.6 (C-16), 137.7 (C-3)*,
138.0 (C-3), 138.5 (C-8), 138.6 (C-8)*, 1394 (C-11)*, 139.5 (C-11),
139.6 {C-15), 139.7 (C-15)*, 145.3 (C-4), 145.9 (C-4)*, 171.3 (CO-
OCH3)*, 171.8 (COOCHS3), 217.9 (cis CO)*, 218.0 (cis CO), 222.3
(trans CO)", 287.5 (carbene C), 298.8 (carbene C)*. — MS (El): m/
z (%) 513 (4) [M™], 485 (2) [M* — CO], 457 (2) [M* — 2 CO],
429 (5) [M™* — 3 COJ, 401 (20) [M™ — 4 CQJ, 373 (100) [M* — 5
CO]. — CyHyCrNO; (513.5): caled. C 60.82, H 4.51, N 2.73;
found C 60.74, H 4.60, N 2,59. — HR-MS: caled. 513.0879; found
513.0872. (*refers to the minor diastereomer, * refers to both dia-
stercomers.)

Pentacarbonyl{4-[2.2 |metacyclophany/(E-(R)-2"-butyl-
amino Jcarbene fchromium(0) (12): At —78°C 0.1 ml (1 mmol) of
(R)-2-butylamine were added to a solution of 100 mg (0.23 mmol)
of 6 in 10 ml of THF. After 30 min. the solvent was evaporated.
Column chromatography (petroleum cther, b.p. 40—60°C/dichloro-
methane, 2:1) allorded 100 mg (90%) of & 1:1 mixture of two dia-
stereomers. Re = (.68 (petroleum ether, b.p. 40—60°C/dichlorome-
thane, 2:1). — IR (hexane): V¢, = 2054 cm™! (m, A}), 1980 (w,
By). 1921 (s, A}), 1894 (vs, E). — '"H NMR (500 MHz, CDCl5): §
= 0.80 [t, J = 7.35 Hz, 3H, CH,CH,), 0.95 [t, J = 7.45 Hz, 3H,
CH,CH;], 1.02 [d, J = 6.6 Hz, 3H, CH;], 1.20 [t, J = 6.6 Hz, 3H,
CHs), 1.45 [quin, J = 7.35 Hz, 2H, CH;], 1.50—1.70 [m, 2H, CH,),
2.00[2td, J = 12.4 Hz, 3.5 Hz, J = 12.3, 3.4 Hz, 2H, benzyl H,,],
2.10 [m, 2H, benzyl H,y], 2.20 [td, J = 12 Hz, 3.4 Hz, 2H, benzyl
H,l, 2.60 [td, / = 12.4 Hz, 3.2 Hz, 2H, benzyl H,,], 2.97 [m, 2H,
benzyl H.,]. 3.10 [m, 4H, 2 benzyl H,,, 2 benzyl H.], 3.18 [m, 2H,
benzyl H.], 3.50 [m, LH, CH], 3.52 [m, 1H, CH], 3.98 [s, 2H, 16-
H], 5.00 [s, 1H, 8-H], 5.05[s, 1H, 8-H], 6.97 [d, / = 7.7 Hz, 1H, 5-
H], 7.00 [d, 7 = 7.7 Hz, 1H, 5-H], 7.10 [m, 4H, aryl H], 7.20 [d, J
= 7.7 Hz, 2H, 14-H], 7.35 [t, J = 7.7 Hz, 2H, 13-H], 8.80 [br, 1H,
NH], 8.95 [br, IH, NH]. - 3C NMR (125 MHz, CDCly): § =
10.7, 10.9 (CH,CHj,), 20.4, 21.1 (CH,3); 29.3, 30.4 (CH,), 38.1, 38.3,
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38.8, 39.0, 40.8, 40.8, 41.1, 41.1 (C-1,2,9,10), 58.4, 58.9 (NCH),
121.9, 122.5 (C-5), 125.8, 125.9 (C-12), 126.1, 126.1 (C-14), 126.6,
126.7 (C-6), 126.8, 127.2 (C-7), 129.8, 129.9 (C-13), 136.9 (C-4)*,
137.0 (C-3)* (C-16), 137.1 (C-16), 138.3, 138.4 (C-8), 139.3, 139.4
(C-15), 139.5, 139.5 (C-11), 218.1, 218.1 (cis CO), 223 (trans CO)*,
280.9, 282.1 (carbene C). - MS (El): m/z (Yo): 483 (3) [M™], 455
(4) [M* = COJ, 427 (5) [MT — 2 COJ, 399 (4) [M*+ — 3 CO], 371
(10) [M™ — 4 COJ, 343 (100) [M* — 5 CO]. — CyH,sCrNO;
(483.5): caled. C 64.59, H 5.21, N 2.90; found C 64.35, H 5.16, N
2.88. - HR-MS: caled. ¢ 483.1144; found 483.1141 (* refers to
both diastercomers).

X-ray Crystallographic Studies of 6 and 8°°%: The structures were
solved by direct methods. Non-hydrogen atoms were refined aniso-
tropically. Hydrogen atoms were localized by difference electron
density determination and refined using a riding model. In 6 and
8 an absorption correction was applied on the basis of W-scans (6:
Tninsmax, = 0.301/0.881, 7: Trinsmax. = 0.526/0.956, 8: Trin imax. =
0.495/1.000), and an extinction correction was applied in 8. Details
of data collection and refinement are given in Table 1. Programs
used: SHELXTL-Plus, G. M. Sheldrick, University of Gollingen,
Germany (1993).

Table 1. Crystallographic data and summary of data collection and

refinement
compound 6 7 8
crystal data
formula Cx3H3CrOg CzHi7CINOs  CysHy1CrNOs
M 442.4 4274 467.4
colour orange yellow yellow
dimensions [mm] 0.22x0.25%0.33  0.45x0.23%0.10  0.08x0.25x0.43
crystal system triclinic arthorhombic monoclinic
space group P-1(No.2) Pbca (No.61) P2y/c (No.14)
a[A] 9.774(2) 11.949(1) 12.176(1)
b[A] 10.462(1) 14.363(1) 14.163(1)
¢ [A] 10.653(1) 23.929(1) 13.155(1)
o[} 107.71(1) 90 90
B 98.16(1) 90 99.43(1)
¥I°] 91.24(1) 90 90
1 [A3] 1024.83(3) 4106.8(5) 2237.9(3)
z 2 8 4
Pete. [g em™] 143 138 1.39
p [mm™' | 4.92 4.87 4.51
F(000) 456 1760 968
structure solution and refinement
full-matrix least-squares

refinement on Fz Fz F2
parameter/restraints 272/0 26872 2931
measured reflections 3230 5992 3489
unique reflections used 3025 3881 3314

in refinement
wR2 0.137 0.115 0.120
Ry [for I>26(D) 0.047 0.041 0.043
largest diff. peak

and hole [e },‘3] 0.37/-0.51 0.34/-0.49 0.46/-0.63
data collection parameter
diffractometer: Enraf-

Nonius -CAD4 -MACH3 -CAD4
radiation Cu-Ka Cu-Ka Cu-Koo
ATA} 1.54178 1.54178 1.54178
T[K] 208(2) 293(2) 200(2)

2 Bax. [°] 120 140 120
-10<h<0 -2<h<14 0<hs<13
-1 <ks11 ~175k<2 -152k=<0
-Itsl<s11 -2<1<29 ~ld<i<14
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