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Study of the Origin of the Hindered Rotation of an Aryl Ring in
Chromium Aminocarbene Complexes Bearing an Aromatic Ring
Attached to the Carbene Carbon Atom
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The substituted chromium aminocarbene compleesetracarbonylfg?-N-allyl-N-allylamino)(4-X-
phenyl)carbene]chromium(0) (¥ MeO, Me, H, Cl, CQMe, CR) were prepared by the reaction of the
correspondingN,N-diallylamides with NaCr(CO) and MeSiCl. Using dynamic NMR, the rotational
barrier of the aryl ring in these complexes was established. The obtained values are higher for the complexes
bearing electron acceptors compared to those bearing donor substituents and correspond with the Hammett
equation. This indicates that the restricted rotation of aryl ring in the chromium aminocarbene complexes
is a balance between steric and conjugation effects; while the former increases the barrier, the latter
decreases it by stabilizing the transition state of the rotation. This finding is compatible with the fact that
in the relatectis-tetracarbonyl[{-alkyl-72-N-allylamino)(phenyl)carbene]chromium(0) complexes (alkyl
= Me, Et,i-Pr) the rotational barrier grows steadily with the growing steric demand of the substituent.
The introduction of the methyl group to the ortho position of the aryl ring resulted in an increase of the
rotational barrier above 76 kJ maleven for theN-Me derivative.

Introduction aryl(methoxy)- and aryl(amino)carbene complexes of this type
. ) has revealed that in solution the electronic properties of the
It has been known for a long time that the rotation of an carhene ligand are influenced by substituents on an aryl group.
aromatic ring directly attached to the carbene carbon atom of Thjs shows that in solution partial conjugation of an aryl ring
transition-metal carbene complexes is hindered. In the case ofyith carbene ligand exists.
the highly electrophilic carbene complex Cp(GEy=CHCeHs " Chelated alkenecarbene complexes appeared to be espe-
it has been shown that the barrier is a result of extensive gy suitable for measurement of a barrier to the rotation of
interaction between the aryl substituent and the carbene atomhe ary| substituent, since chelation generates helicity, aromatic
The complex is stabilized by positively charged delocalization protons in ortho and meta positions of an aromatic ring became
into the aromatic ring, and as a result, the aryl ring is coplanar giastereotopic, and their dynamic behavior in solution can be
with the Fe-Cean—Cipso plane. Using dynamic NMR, barriers sy died by'H NMR. By this way Casey found the energy barrier
of 9.1 and 10.4 kcal mol have been determined for Cp- {4 the tolyl group rotatio’\G*es = 17.0 kcal mot® (71.1 kJ
(CO)Z_Fe:CHCﬁH5+ and Cp(COFe=CH(4-CHCeHa)", re- mol~1) in tungsten carbene complé&and AG*ogg = 11.5 kcal
spectively: mol~! (48.1 kJ motl) for complex 25 We have recently
The situation with heteroatom-stabilized alkoxy- and ami-
nocarbene complexes is more complicated. These complexes HsC,_CHs
are stabilized mainly by strong-donation from the heteroatom. =7L\N ;AN_ cH
An aryl ring, thus, competes with-donation from the hetero-  cow=( °°  (copWw *
atom and its contribution to the stabilization of the system is
suppressed. Diminished interaction between the aryl ring and z} b
the carbene carbon atom is apparent from solid-state structures 1 CH, 2 Hy
of alkoxy- and aminocarbene complexes of group 6 metals.
These structures reveal considerable distortion of an aryl ring ;AN_/Z
from the metat-carbener plane? In the case of chromium and (CO)sFe (
tungsten aminocarbene complexes this distortion of the aryl ring
was proved also in solutiohThis kind of noncoplanar orienta-
tion should suppress theinteraction of the aryl ring with the 3 4 X
rest of the molecule. However, spectroscopic investigation of
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Figure 1. Possible reasons for the hindered rotation of the aryl
ring in transition-metal aminocarbene complexes (steric vetsus
interaction).

N-allylamino)(phenyl)carbene]iron(03).6 Casey explained the
existence of the rotational barrier by steric reasoAscording

to Moretq’ the rotational barrier is cased by theinteraction

of the aryl ring with the carbene carbon atom. This leads to the
partial double-bond character of the aryl rincarbene bond,
which results in hindered rotation. The aryl ring, thus, competes
with nitrogen in the stabilization of the carbene ligand (Figure
1).

Such ar interaction of the aryl ring with the carbene ligand
should be influenced by the electronic nature of the aromatic
ring—the presence of electron-donor substituents on the aryl
ring will stabilize this conjugation, and rotation of the aryl ring

then becomes more hindered, the influence of electron acceptor

being in the opposite direction. Herein we report our results in
the study od the origin of restricted rotation of an aryl ring in
transition-metal aminocarbene complexes. The influence of

electronic effects of the substituents on benzene ring was studied

on the chelated tetracarbonyjftN-allyl-N-alkylamino)(aryl)-
carbene]chromium(0) complexes The effect of the steric
factors was followed on the corresponding N-substituted
complexes13, while the influence of the aromatic ortho
substituent was studied on the 2-methylphenyl derivatives

Preparation of Model Complexes

The complexedta—f (X = CH30, CHs, H, Cl, CK;, CO-
CHs) were prepared by reaction of the correspondindy-
diallylbenzamides with N&Cr(CQO)s] in the presence of chlo-
rotrimethylsilané (Scheme 1). Because of identity of the N

substituents, the reaction was not complicated by the formation

of E/Z isomers on the partial doublec£ens=N bond. An
inseparable mixture of chelated compléxand nonchelated
complex5 was formed in all cases. Heating of this mixture led
to the chelation 06, and pure4 was obtained (Scheme 1). The
original ratio of4 to 5 strongly depends on the electronic nature
of the substituent on the aromatic ring (Table 1). Thus, the
chelated 4-ChLO derivativedawas accompanied by only traces
of nonchelated compleXa (Table 1, entry 1), whiléle, bearing
the strongly electron withdrawing Glgroup, was obtained in

(3) Amin, S. R.; Jayaprakash, K. N.; Nandi, M.; Sathe, K. M.; Sarkar,
A. Organometallics1996 15, 3528.

(4) (a) Fischer, E. O.; Kreiter, C. G.; Kollmeier, H. J.;"Nax, J.; Fischer,
R. D.J. Organomet. Chen1971, 28, 237. (b) Fischer, E. O.; Kolimeier,
H. J.Chem. Ber1971 104 1339.

(5) Casey, C. P.; Vollendorf, N. W.; Haller, K. J. Am. Chem. Soc.
1984 106, 3754.

(6) Vyklicky, L.; Dvorakova H.; Dvorak, D. Organometallic2001, 20,
5419.

(7) Schick, U.; Jordi, L.; Ricart, S.; Veciana, J.;2oK. H.; Moretq J.
M. J. Am. Chem. S0d.998 120, 2283.

(8) Imwinkelried, R.; Hegedus, L. $organometallics1988 7, 702.
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Scheme 1. Preparation of Chromium Aminocarbene

Complexes 4a-f
\

N
o 1. Nay[Cr(CO)s]

2. (CHs),SiCl
X
\
_' /\ N_/: \_\N_/=
(CO)4C;:%;> + (CO)5Cr:%;>
4 af X 5a-f X
T benzene 80°C |
X= CH30, CH3V H, Cl, CF3V COZCH3
Table 1. Reaction ofN,N-Diallylbenzamides with
Na,[Cr(CO) 5] and Me;SiCl (Scheme 1)
entry R compd (yield, 96) ratic® 4:5
1 4-(CH0)CsHa 4a+ 5a(70) 97:3
2 4-(CHs)CeHa 4b + 5b (91) 955
3 CeHs 4c+ 5¢(75) 93:7
4 4-(Cl)GsHs 4d + 5d (83) 74:26
5 4-(CR)CeHs 4e+5e(37) 54:46
6 4-(CH0,C)CsHs 4f + 5f (38) 71:29

a Qverall isolated yield of the carbene fraction before thermal chelation.

éndividual complexes were not separaté@®btained by'H NMR. ¢ Ref-

erence 6.

Scheme 2. Formation of Alkoxycarbene Complexes 6f and
7f during the Preparation of 4f

_T/\ N—/=
(CO)Cr
6F (6%)
\\_\ OCH,
— 45 (27%) (CO)sCT
o 1. NagICr(CO)s] N
2. (CH3)3SiCl \ *
5F (11%)
\_\N—/=
CO,CH3 (CO)sCr
1. Nap[Cr(CO)s]
2. (CHg)sSiCl
76 (6%)
OCH,
(CO)CY

a nearly 1:1 ratio with nonchelatége (Table 1, entry 5). The
overall yield of carbene complexes is decreased by the presence
of electron-withdrawing groups (Table 1, entries6). The ratio
of 4to 5 in Table 1 reflects the ratio in which the complexes
were formed. This ratio does not change during workup and
isolation (checked byH NMR).

Interestingly, in the reaction d¥,N-diallyl-4-(methoxycar-
bonyl)benzamide, besides the expected aminocarb&nasd
5f, also a mixture of chelated and nonchelated mixed methoxy
amino bis(carbene) complexékand7f were isolated (Scheme
2). This mixture afforded the chelated comp&hupon heating
to 50 °C in benzene solution. The structure &ffis apparent
from the characteristic NMR signals of the methoxy group (4.78
ppm in™H NMR and 67.2 ppm if3C NMR) and the signal of
the carbene carbon at 347.9 ppm!iC NMR (ref 9 reports
352.0 ppm for (COCr=C(Ph)OCH, and the value fodb is

(9) Hafner, A.; Hegedus, L. S.; deWeck, G.; Hawkins, B:tDd. H.
J. Am. Chem. S0d 988 110, 8413.
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Scheme 3. Preparation of the Aminocarbene Complexes 13 Table 3. Activation Parameters of the Aminocarbene
and 14 Complexes 4a-f Obtained Using CLSA in CDCl3
H
cocl (CO)Crag Ny ::/\N
R R ) (CO)4Cr —
1 i,
(EIZ)9R =H 4 X
(EIZ)10 R = CH3
X AHF, AS, AG¥p,
gl 7 complex X T, K kImorl  JmoliK-! kJmol?
(CO)4CraNH (CO)4CraeN-R’
4a CH:0 273 39.6£25 -50.7+4.8 54.3
R R 4b CHs 293  49.1+16 —34.2+3.0 59.3
s 4c H 303 59.8+45 9.0+ 8.2 62.5
4d Cl 310 55.8+1.2 —18.6+2.2 61.4
1MR=H 13a-c R=H 4e CR; 325 81.8+95 53.04 17 66.5
12 R =CHjs 14 a-c, R=CH, 4f COCHs 330 73.4+25 20.1+ 4.4 67.7
13,143) R"= CHy, b) R"= CH,CH, o) R” = CH(CH;), Table 4. Coalescence Temperaturd. and the
_2Legend: (i) (1) NJCr(CO)], (2) CH:COBr, (3) CH=CHCH:NH; Corresponding Activation Free Energy AG*r, of the
(i)100 °C, 1500 Pa; (i) (1) NaH, DMF, (2) R Complexes 13a-c and 14a-c in dg-Toluene
Table 2. Preparation of Carbene Complexes 13 and 14 X
(Scheme 3) (CO)5C/r N-R-
carbene complex yieltl% carbene complex  yieRi% R
9 75 E+ Z, 5:1) 13b 87
10 54 E+Z, 4:1) 13c 79
11 40 1l4a 88 13,14
12 14 14b 83
13a 85 14c w complex R R Te, K AG*r, kJ mol?!
alsolated yieldP Mixture of diastereoisomers. 13a H CHs 278 55
13b H CH,CHj 303 62
283.9 ppm). The above finding is surprising, since formation 13c H CH(CHy)2 353 73
; ; 14a CHs CHs —373 76
of alkoxycarbene complexes from the reaction of carboxylic »
id esters with [Cr(CQ)?>~ and MeSiCl has never been o ok okt 3 !
acia es & 14c CHs CH(CHa)> -373 >72

observed? To find out if the presence of the chromiumN- at detarined 1045 K. which 4G tob 1o with

. : : . . . ¢ Was detamned to , Which cause . L0 be accurate to within
dialkylaminocarbene moiety is respons[ble for th}e formation of 1.3 k] motL. bThese approximate values correspond to decomplexation
the alkoxycarbene complex, the reactionN\-dimethyl-4- complexation of they2-allyl group rather than to the rotation of the aryl
(methoxycarbonyl)benzamide with [Cr(C§?)~ and MeSiCl ring (see text).
was attempted. However, only the corresponding aminocarbene
complex8 was obtained in 34% yield and formation of the

chelated allyl group, the complexdgla—c were obtained as

conc N(CH3), mixtures of two pairs of enantiomers.
3%

Results and Discussion

8 CO,CHs The diastereotopic ortho hydrogens of the aromatic ring in

, the complexegla—f, 13a—c, and 14a—c were used to obtain
chromium alkoxycarbene complex was not observed. Also, the e y4jues of rotational barriers using dynamic NMR (Tables 3

reaction of the above mixture of aminocarbene estéend5f and 4) in CDC} (4a—f) and indg-toluene (3a—c and14a—c).
with [Cr(CO)]*" and MeSiCl did not produce angf and/or In the case of complexesa—f complete line shape analysis
7f. Thus, the reason for the formation of alkoxycarbene (| sa) was performed to obtain the activation parameters
complexes in the reaction dNI,N-d|methyl-4-(mefthoxycar_bo- AGHes AHY, and AS (see the Experimental Section). An
nyl)dimethylbenzamide with [Cr(C@)~ and MeSiClremains gy ampje of temperature dependence for the case @éthethyl-

unknown. . . substituted derivativeb is outlined in Figure 2. At ambient

For the study of the influence of t“dz or ortho aromatic  emnerature an average ortho aromatic proton due to fast
substituent on the rotation barrier, th\'é(n -allyl)-N-alkylami- chemical exchange was observed. Lowering the temperature led
no)(fenyl)carbene complexdSa-c (R’ = CHs, CH,CHs, CH- to gradual broadening of the signal with coalescence at 293 K.
(CHs)2) and 2-methyl derivative4a-c were prepared. Starting g psequent lowering of the temperature induced the appearance
compounds for the preparation of complexisand 14 were of new signals at 233 K, indicating the presence of two ortho
the N-allylaminocarbene complexé&sand10, prepared accord-  gromatic protons with different chemical environments and, thus,
ing to the Semmelhack protocHi. These complexes were  qing the existence of restricted rotation of the aromatic ring
thermally chelated td@1or 12, respectively, and finally alkylated i, the ™ chromium aminocarbene complexes. In other cases
with the appropriate alkyl iodide (Scheme 3 and Table 2). Due (135 ¢ and 14a—c), the corresponding ortho aromatic reso-
to the hindered rotation of the aryl ring and the helicity of the - y3nceq in the temperature-dependent spectra were not separated

(20) @) Imwinkelried, R.; Hegedus, L. _S).rganometallicsl988 7,702. \_ll_vﬁn enough so th.at the CLSA Cou'd bf performe(_j thorogghly.
(b) Dvotak, D.; Ludwig, M. Organometallics1998 17, 3627. erefore, the activation free energi®6* were obtained using

(11) Semmelhack, M. F.; Lee, G. Rrganometallics1987, 6, 1839. coalescence temperatures (see the Experimental Section).
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Figure 3. Hammett correlation oAG* of 4a—f with o™ constants
of the substituents.

In the case of complexeda—f a significant influence of the
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rotation of aromate

H¢ >==[Cr] He decgmplexation—complexation
Hy ” of n=-allyl group
H [ CRs..iH M
A
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Figure 4. Dynamic processes observed with N-substitutie@)?-
allyl)(2-methylphenyl)aminocarbene chromium(0) compleké&
view from the ipso aromatic carbon to the carbene carbon atom).

electron-rich aryl ring should donate electrons to a greater extent,
and a higher rotational barrier would be expected. The obtained
results show that direct conjugation of the aryl ring with the
carbene carbon atom plays only a diminished role in the
stabilization of aryl(amino)carbene complexes. This is consistent
with the reported nonplanar arrangement of the aromatic ring
in the solid state and in solution. The observed trelodvering

of the rotational barrier by donor substitueritean easily be
explained by lowering the energy of the transition state of the
rotation process. In the transition structure, the aryl ring becomes
coplanar with the carbene system and is therefore in direct
conjugation with the carbene moiety.

More evidence that the interaction of the aryl ring with
the carbener system does not substantially contribute to the
stabilization of aryl(amino)carbene complexes comes ffen
NMR shifts of the complexesta,c—e bearing differently
substituted aryl rings. Higher electron donation from the aryl
ring should suppress donation of electrons from the nitrogen,
resulting in lower s character of the nitrogen atom and vice
versa. This should be reflected by tHd NMR shifts of these
compounds. However, tH&N NMR shifts of these complexes
are almost identicaM@, 207.3 ppmic, 208.4 ppm#Ad, 208.2
ppm; 4e 208.1 ppm). This shows that there is no detectable
change in the hybridization of the aminocarbene nitrogen atom
and that the contribution of an aryl ring to the stabilization of
aminocarbene complexes is very low.

The rotational barriers of the N-substituted complekgs—c
in dg-toluene (Table 4) strongly depend on the bulkiness of the
N substituent. The value increases from kenethyl derivative
13a(AG*r, = 54.5 kJ mot?) to theN-isopropy! derivativel 3¢
(AG*, = 73.2 kJ mot?) (Table 4). Since the electronic effects
of the different alkyl groups are very similar, the observed
differences in the rotational barrier should be the result of steric
interactions of the N substituent with ortho hydrogens of the
benzene ring.

The situation in the series of 2-methylphenyl derivatives
1l4a—c is different. As a result of the high rotational barrier of

electronic nature of the aromatic substituent on the value of the aryl ring, the!lH NMR spectrum of these complexes in
activation parameters was observed (Table 3). The stronger theCDCl; at room temperature reveals the presence of two
electron-acceptor properties of the substituent, the higher thediastereoisomers in 4:3, 2:1, and 2:1 ratios. Surprisingly, the

values ofAG*, AH*, andAS". Consequently, the values of the

activation parameters correlate with the Hammett constants
The correlation of AG* is the best (Figure 3), while the
correlations of AH* and AS' suffer from a high degree of
inaccuracy; however, the trend remains the same.

coalescence temperatures of ortho hydrogens as welrathy!
groups of all the 2-methylphenyl complexe$a—c in dg-toluene
were very similar: around 10T (Table 4). Closer investigation

of the NMR spectra revealed that at a temperature above
approximately 80°C reversible decomplexation of thg-allyl

The observed dependence of rotational barrier on the elec-group starts. Complexation of the double bond from the opposite
tronic nature of the substituents is exactly opposite to that face has the same result as the rotation of the aryl ring (Figure
expected for the case where the rotation is evoked by the 4). Therefore, itH NMR coalescence of nonequivalent ortho

conjugation of an aryl ring with the carbeme system. The

H atoms and also-CHjs is observed. This is accompanied also
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by the coalescence of the pairs of diastereotopic protons of theacquired in order to determine the coalescence tempergiufée
n?-allyl group. Such a decomplexatieicomplexation process  coalescence temperature was used for calculation of the activation
was previously observed with the homoallyl carbénbut not free energyAG*, (eq 3, whereAw is the chemical shift difference
with allyl carbene complexe® and 3.5¢ This reversible  of the exchanging types in the absence of chemical exchange).
decomplexation excluded determination of rotational barrier of

the aryl ring in the complexek4a—c using dynamic NMR. In AGTjF = RT[22.96+ In(TJAv)] 3)
accordance with the literatuté exchange of the allyl groups ’

was not observed. o . . Preparation of the Starting N,N-Diallylcarboxamides. New
The obtained results indicate that the restricted rotation of N-diallylcarboxamides were prepared by the reaction of the

the aryl ring in the chromium aminocarbene complexes is @ corresponding acyl chloride witk,N-diallylamine and triethylamine
balance between steric and conjugation effects. Conjugationin giethyl ether.

stabilizes the planar transition state during the rotation, and the N N-Diallyl-4-methoxybenzamide. Yield: 51%. Mp: 38.5-
importance of this is demonstrated by the influence of the para 40 °C. 1H NMR (CDCl;, 300 MHz): 6 3.82 (s, 3H, OEis), 4.00
substituents on the phenyl ring. Steric repulsion is then forcing (br s, 4H, N@H,), 5.16-5.25 (m, 4H,=CH.), 5.81 (br s, 2H,
the phenyl ring out of the plane. This is apparent from the —CH=), 6.88 (dd,J = 1.6, 6.6 Hz, 2H, AH), 7.42 (dd,J = 2.2,
influence of the size of the N substituent on the rotation barrier 6.6 Hz, 2H, ArH). 3C NMR (CDCk, APT, 75 MHz): 6 170.6
and especially by the substantial increase of the barrier by the(CO), 160.0 (ArC), 132.5 (ArCH), 127.5 (ArC), 127.8 (ArCH),
introduction of ano-methyl group in the phenyl ring. This  116.6 &CHy), 112.8 (-CH=), 54.4 (OCH), 50.4 br (NCH), 47.2
suggests that the introduction of suitable substituents at the orthddr (NCHy). IR (CHCk): v 3009 (w), 1614 (s), 1457 (m), 1414
positions of the aryl ring may increase the rotation barrier to (W), 1302 (w), 1251 (s), 1176 (m) cth Anal. Calcd for GsHar
such an extent that the isolation of enantiomers resulting from NO2: C, 72.70; H, 7.41; N, 6.06. Found: C, 72.56; H, 7.57; N,

the axial chirality of such a complex would be possible. ) ) ]
N,N-Diallyl-4-chlorobenzamide.Yield: 89%; Mp: 58.5-59°C.

. ) 1H NMR (CDCl;, 300 MHz): 6 3.82 (br s, 2H, NE&l,), 4.11 (br s,
Experimental Section 2H, NCH,), 5.16-5.26 (m, 4H,=CH,), 5.70-5.79 (br m, 2H,
—CH=), 7.37(m, 4H, ArH). 13C NMR (CDCk, APT, 75 MHz):

0 170.5 (CO), 135.6 (AC), 134.5 (ArC), 132.7 br (CH), 128.5
(CH), 128.1 (CH), 117.75CHj), 50.6 br (NCH), 47.1 br (NCH).
IR (CHCL): v 3014 (w), 1627 (s), 1598 (w), 1459 (m), 1415 (m),
1261 (w), 1092 (w), 930 (w) crt. Anal. Calcd for GsH14/NOCI:
C, 66.24; H, 5.99; N, 5.94. Found: C, 65.86; H, 6.10; N, 5.91.
N,N-Diallyl-4-(trifluoromethyl)benzamide. Yield: 61%. H
NMR (CDCl;, 300 MHz): ¢ 3.80 (br s, 2H, NE&i,), 4.14 (br s,
2H, NCH,), 5.15-5.30 (m, 4H,=CH,), 5.71 (br m, 1H~CH=),
5.83 (br m, 1H,—CH=), 7.55 (d,J = 8.3 Hz, 2H, ArH), 7.66 (d,
J=7.7 Hz, 2H, ArH). 13C NMR (CDCk, APT, 75 MHz): 6 170.2
(CO), 139.8 (ArC), 132.6 br (CH), 132.3 br (CH), 131.4 (4=
32 Hz,C—CF), 126.9 (CH), 125.3 (CH), 121.9 (d,= 272 Hz,
CFR), 117.8 ECH-), 117.7 &CHy), 50.5 (NCH), 47.0 (NCH).
IR (CHCL): 1641 (s), 1416 (m), 1328 (s), 1168 (m), 1128 (m),
1066 (m) cml. Anal. Calcd for GsH14NORs: C, 62.45; H, 5.24;
N, 5.20. Found: C, 62.06; H, 4.95; N, 4.92.
N,N-Diallyl-4-(methoxycarbonyl)benzamide. Yield: 98%;

Melting points were determined on a Kofler block and are
uncorrected. All experiments were carried out under argon. Tet-
rahydrofuran was distilled from benzophenone ketyl under Ar prior
to use. Chromium hexacarbonyl and }8&C| were purchased from
Aldrich and were used without purification. Silica was obtained
from Merck.N,N-Diallylbenzamidé'? N,N-diallyl-4-methylbenza-
mide!* and N,N-dimethyl-4-(methoxycarbonyl)benzami@avere
prepared according to the reported procedures.

NMR Spectroscopy.'H and 13C NMR spectra were recorded
on Varian Gemini 300 and Bruker DRX 500 Avance spectrometers
(*H at 300 or 500 MHz,3C at 75.4 or 125.8 MHz) using
tetramethylsilane as an internal standard. Stantérd>N HMBC
spectra were recorded on a Bruker DRX 500 Avance spectrometer
operating at a frequency of 50.7 MHz for nitrog€N. chemical
shifts were referenced to the signal of nitromethane (381.7 ppm).
Unambiguous assignment of NMR signals was base@MPT,
2D COSY, H-1C HMQC, andH—1C HMBC experiments.
Spatial connectivities were determined using#DDPFGSE-NOE Mp: 4950 °C. 'H NMR (CDCl;, 300 MHz): & 3.69 (br s, 2H
experiments. . . . . _ NCHy), 3.82 (s, 3H, O@l), 4.04 (br s, 2H, NEl,), 5.04-5.16

The values of rotational barriers were obtained using dynamic (m, 4H,=CH,), 5.62 (br m, 1H—CH=), 5.77 (br m, 1H—CH=),

NMR spectroscopy. The temperature-dependenNMR experi- 7.40 (d,J = 8.2 Hz, 2H, ArH), 7.97 (d,J = 8.2 Hz, 2H, ArH)
ments were carried out on a Bruker DRX 500 Avance spectrometer. 13- nvR (CDbb APT. 75 Mle.): 5 170.6 (CO) '166.1 (Cd)

In case of complexega—f full line shape analysis was performed 140.5 (ArC), 132.7 (CH), 132.4 (CH), 131.0 (AE), 129.6 (Ar
to obtain activation parameters (Table 3). FiftéenNMR spectra CH). 126.5 (ArCHj 117.7Y(=CH.2) 521 ‘(CH;). 50.5 (I‘\ICH_>). 46.9

were acquired in the temperature range of 2337 K in CDCE. (NCH,). IR (CHCL): v 1726 (s), 1646 (s), 1414 (m), 1280 (s),
Five of the spectra in the intermediate chemical exchange regime1116 (m) cnL. Anal. Calcd for GsHy-NOs: C, 69.48: H, 6.61; N
were employed to determine the exchange rate constant. The spectrg 4o Found: .C 69..31' H. 6.40° N 5_29_ T

were subjected to line shape analysis using the gNMR 4.1 program
(Cherwell Scientific, Oxford, U.K.). The determined exchange rate be

constantk were used in the subsequent calculation of thermody- from sodium (0.6 g, 26 mmol) and naphthalene (3.4 g, 26.5 mmol)
namic parameters using the Eyring equation (eq 1, wigis in THF (60 mL), was slowly added under an argon atmosphere to

the activation free energyAH* is the activation enthalpyAS' is a stirred suspension of Cr 220 g. 10 mmol) in THF (40
activation entropykg, h, andR are the Boltzmann, Planck, and mL) at—78 °Cp. The mixture(szvgg Warrﬁéd toT anzj kept at t(his

gas constants, respectively, ahds the absolute temperature). temperature until all solid carbonyl dissolved (0.5 h). After this
mixture was cooled t6-78 °C, a solution of the corresponding

General Procedure for the Preparation of Diallylaminocar-
ne ComplexesA solution of sodium naphthalenide, prepared

k= (kgT/h) exp(—AG, IRT) (1)

. . (12) The barrier to rotation about the carbene carbutrogen bond in
AG' = AH* — TAS (2) (COX%Cr=C(CHz)N(CHs), was found to be greater than 25 kcal mio105
kJ molY): Moser, E.; Fischer, E. Ql. Organomet. Cheni968 13, 387.
13) Brace, N. OJ. Org. Chem1971, 36, 3187.
In case of the complexes3a—c and14a—c (Table 4)'H NMR §14g Agwada, V. CJ. ghem. Eng. éatagg4 29, 231.

temperature-dependent spectra in a large temperature range were (15) Kikugawa, Y.Chem. Pharm. Bull1976 24, 1059.
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amide (7 mmol) in THF (15 mL) was added through a double-

ended needle. The mixture was stirred-at8 °C for 30 min and
then for 30 min at OC. After this mixture was cooled te78 °C,

MesSiCl (1.8 mL, 14 mmol) was added via a syringe. The solution

was stirred at—78 °C for 30 min, then the cooling bath was
removed, the mixture was warmed t6©, and neutral alumina (8
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MHz): 6 283.9 (C+=C), 231.1 (CO), 227.4 (CO), 224.6 (CO), 224.4
(CO), 145.5 (ArC), 136.2 (ArC), 131.4 (CH), 129.1 (CH), 119.9
(=CH,), 75.3 (chelated-CH=), 65.8 (CH), 61.2 (CH), 56.3
(CHy), 21.1 (CHy). IR (CHCl): v 2013 (vs), 1913 (vs), 1521 (w),
1500 (w) cntl. Anal. Calcd for GgH1,CrNO,: C, 59.50; H, 4.72;
N, 3.86. Found: C, 59.20; H, 4.63; N, 3.87.

g) was added. The solvent was removed under reduced pressure Pentacarbonyl[(N,N-diallylamino)(4-methylphenyl)carbene]-

on a rotary evaporator<30 °C), and the residue was dried for

chromium(0) (5b). 'H NMR (CDCl;, 300 MHz, signals were

several hours under high vacuum to remove all of the THF. Light recorded from the mixture ofb and5b): & 2.34 (s, 3H, Eis),
petroleum (50 mL) was then added, and the mixture was stirred 3.96 (d,J = 5.0 Hz, 2H, NGH,), 4.93 (d,J = 5.5 Hz, 2H, NG,),

vigorously for several minutes under an argon atmosphere. The5.14 (d,J = 17.0 Hz, 1H,=CHH), 5.39 (d,J = 17.0 Hz, 1H,
formed suspension was then transferred on top of a column filled =CHH), 5.47 (d,J = 9.9, 1H,=CHH), 6.02 (m, 1H,=CH-).

with 70 g of silica. Naphthalene was eluted with pure light
petroleum, and further elution with a light petroleti@H,Cl,
mixture (5:1 to 1:1) gave the product.
Tetracarbonyl[(N-(;7?-allyl)- N-allylamino)(4-methoxyphenyl)-
carbene]chromium(0) (4a) and Pentacarbonyl{l,N-diallylamino)-
(4-methoxyphenyl)carbene]chromium(0) (5a)The general pro-
cedure withN,N-diallyl-4-methoxybenzamide (1.62 g, 7 mmol) as

Tetracarbonyl[(N-(52-allyl)- N-allylamino)(4-chlorophenyl)-
carbene]chromium(0) (4d) and Pentacarbonyl[{,N-diallylamino)-
(4-chlorophenyl)carbene]chromium(0) (5d).The general proce-
dure with N,N-diallyl-4-chlorobenzamide (0.589 g, 2.5 mmol) as
the starting material furnished after chromatography (3:1 light
petroleum-dichloromethane) an inseparable mixture of chelated
aminocarbene completdd and nonchelated aminocarbene complex

the starting material furnished after chromatography (3:1 light 5d (0.80 g, 83%) in a 74:26 ratio (NMR). An analytically pure
petroleum-dichloromethane) the chelated aminocarbene complex sample of chelated compledd was obtained by thermolysis of
4a (1.86 g, 70%) containing approximately 3% of nonchelated the above mixture as described for the preparatiofaof

complex5a. The analytically pure sample of chelated complex

Tetracarbonyl[(N-(52-allyl)- N-allylamino)(4-chlorophenyl)-

was obtained by reflux of the solution of the above mixture (0.10 carbene]chromium(0) (4d). Yellow solid. Mp: 50-52 °C. H

g) in degassed benzene (20 mL) for 2 h. The solution was then \vR (CDCl,, 300 MHz): 6 3.22 (d,J = 8.8 Hz, 1H, chelated
filtered through Celite, the solvent was evaporated under vacuum, —cHH), 3.33 (d,J = 13.2 Hz, 1H, chelatee-CHH), 3.82 (m, 2H,
and the residue was chromatographed on silica (20 g, 4:1 light NCH,), 4.11 (dd,J = 3.9, 14.3 Hz, 1H, chelated N&), 4.50 (dd,

petroleum-dichloromethane). Chelated compk(0.095 g, 95%)
was obtained as an orange oil.

Tetracarbonyl[( N-(;7?-allyl)- N-allylamino)(4-methoxyphenyl)-
carbene]chromium(0) (4a).Orange oil.'H NMR (CDCl;, 300
MHz): 6 3.21 (d,J = 8.8 Hz, 1H, chelatee=CHH), 3.32 (d,J =
13.2 Hz, 1H, chelateg=CHH), 3.78-3.95 (m, 2H, NGi,), 3.81
(s, 3H, OCH3), 4.09 (dd,J = 3.5, 14.0 Hz, 1H, chelated Ng),
4.42—-4.64 (m, 2H, chelated Nig, and chelateg=CH—), 5.17 (dd,
J=1.1, 17.0 Hz, 1H=CHH), 5.27 (d,J = 9.9 Hz, 1H,=CHH),
5.59 (m, 1H,=CH-), 6.67 (d,J = 8.2 Hz, 2H, ArH), 6.88 (d,J
= 9.3 Hz, 2H, ArH). 13C NMR (CDCk, APT, 75 MHz): 6 282.6
(Cr=C), 231.8 (C0O), 227.9 (C0O), 224.8%€D), 225.0 (CO), 158.2
(Ar C), 141.1 (ArC), 131.3 (CH), 121.5 (CH), 119.7 (GH 113.8
(CH), 76.0 (chelated-CH=), 66.2 (CH), 60.8 (CH), 56.0 (CH),
55.1 (OCH); IR (CHCI): v 2012 (s), 1914 (vs), 1519 (w), 1501
(w) cmL. Anal. Calcd for GgH:7CrNOs: C, 56.99; H, 4.52; N,
3.69. Found: C, 57.23; H, 4.54; N, 3.51.

Pentacarbonyl[(N,N-diallylamino)(4-methoxyphenyl)carbene]-
chromium(0) (5a). 'H NMR (CDCls, 300 MHz, signals were
recorded from the above mixture & and5a): ¢ 5.38 (d,J =
17.0 Hz, 1H,=CHH), 5.47 (d,J = 10.0 Hz, 1H,=CHH), 6.03
(m, 1H,=CH-).

Tetracarbonyl[( N-(52-allyl)- N-allylamino)(4-methylphenyl)-
carbene]chromium(0) (4b) and Pentacarbonyl[{,N-diallylamino)-
(4-methylphenyl)carbene]chromium(0) (5b).The general proce-
dure withN,N-diallyl-4-methylbenzamide (1.08 g, 5 mmol) as the
starting material afforded after chromatography (3:1 light petroteum
dichloromethane) a mixture @b and5b (1.65 g, 91%) in a 95:5
ratio (NMR). An analytically pure sample of chelated compfx

J = 5.2, 14.0 Hz, 1H, chelated Ng), 4.59 (m, 1H, chelatee=
CH-), 5.17 (d,J = 17.0 Hz, 1H,=CHH), 5.29 (d,J = 9.9, 1H,
=CHH), 5.57 (m, 1H=CH-), 6.69 (br s, 2H, AH), 7.33 (d,J =
7.7 Hz, 2H, ArH). 13C NMR (CDCk, APT, 75 MHz): 6 283.0
(Cr=C), 230.8 (C0O), 227.1 (CO), 224.4 (CO), 224.1 (CO), 146.54
(Ar C), 132.6 (ArC), 131.2 (CH), 129.0 (CH), 121.2 (CH), 120.3
(=CHy), 75.3 (coord—CH=), 66.0 (CH), 61.5 (CH), 57.0 (CH).
IR (CHCl): v 2014 (vs), 1915 (vs), 1519 (w), 1484 (w) cfn
Anal. Calcd for G/H14CrNO,: C, 53.21; H, 3.68; N, 3.65. Found:
C, 53.47; H, 3.70; N, 3.61.
Pentacarbonyl[(N,N-diallylamino)(4-chlorophenyl)carbene]-
chromium(0) (5d). *H NMR (CDCl;, 300 MHz, signals were
recorded from the above mixture éfl and5d): ¢ 3.96 (d,J =
5.0 Hz, 2H, N®,), 4.93 (d,J = 5.5 Hz, 2H, NC), 5.13 (dd,J
= 1.1, 17.0 Hz, 1H=CHH), 5.30-5.37 (m, 2H,=CH,), 5.45 (d,
J=14.8 Hz, 1H~=CHH), 6.05 (m, 1IH=CH-), 6.68 (d,J = 8.2
Hz, 2H, ArH), 7.34 (d,J = 8.2, 2H, ArH).
Tetracarbonyl[(N-(;7?-allyl)- N-allylamino)(4-(trifluoromethyl)-
phenyl)carbene]chromium(0) (4e) and Pentacarbonyl]{,N-
diallylamino)(4-(trifluoromethyl)phenyl)carbene]chromium(0)
(5e). The general procedure witk,N-diallyl-4-(trifluoromethyl)-
benzamide (0.674 g, 2.5 mmol) as the starting material furnished
after chromatography (4:1 light petroleardichloromethane) an
inseparable mixture of chelated aminocarbene comgiexand
nonchelated aminocarbene compkx(0.39 g, 37%) in a 54:46
ratio (NMR). An analytically pure sample of chelated compliex
was obtained by thermolysis of the above mixture, as described
for the preparation ofla

Tetracarbonyl[(N-(;7?-allyl)- N-allylamino)(4-(trifluoromethyl)-

was obtained by thermolysis of the above mixture as described for phenyl)carbene]chromium(0) (4e)Red oil.*H NMR (CDCls, 300

the preparation ofla

Tetracarbonyl[( N-(52-allyl)- N-allylamino)(4-methylphenyl)-
carbene]chromium(0) (4b). Red oil. '"H NMR (CDCl;, 300
MHz): 6 2.34 (s, 3H, @l3), 3.23 (d,J = 9.3 Hz, 1H, chelated
=CHH), 3.36 (d,J = 13.2 Hz, 1H, chelateg=CHH), 3.83 (m, 2H,
NCH,), 4.11 (dd,J = 3.9, 14.3 Hz, 1H, chelated Ng), 4.49 (dd,
J=05.2,14.0 Hz, 1H, chelated N{g), 4.62 (m, 1H, coord=CH-),
5.17 (ddJ= 1.1, 17.0 Hz, 1H=CHH), 5.28 (ddJ = 1.1, 9.9 Hz,
1H,=CHH), 5.59 (m, IH=CH-), 6.63 (br s, 2H, AH), 7.16 (d,
J = 8.3 Hz, 1H, Ar H). %C NMR (CDCk, APT, 75

MHz): 6 3.24 (d,J = 8.8 Hz, 1H, chelateg=CHH), 3.34 (d,J =
13.2 Hz, 1H, chelatee-CHH), 3.82 (m, 2H, N&i,), 4.14 (ddJ =
3.3, 14.3 Hz, 1H, chelated NG), 4.52 (ddJ = 5.2, 14.0 Hz, 1H,
chelated N@l,), 4.61 (m, 1H, chelateec=CH—), 5.18 (d,J = 17.0
Hz, 1H,=CHH), 5.31 (d,J = 9.9, 1H,=CHH), 5.58 (m, 1H,=
CH-), 6.74 (d,J = 7.7 Hz, 1H, ArH), 6.89 (d,J = 7.7 Hz, 1H,
Ar H), 7.61 (s, 2H, ArH). 13C NMR (CDCk, APT, 75 MHz): ¢
282.2 (Ck=C), 230.6 (CO), 226.9 (CO), 224.3 (CO), 223.9 (CO),
151.2 (ArC), 131.0 (CH), 128.8 (q) = 32 Hz,C—CFy), 125.9
(CH), 122.5 (g,J = 119 Hz,—CF), 120.6 (CH), 120.5€CH,),
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119.5 (CH), 75.3 (chelated CH=), 66.1 (CH), 61.5 (CH), 57.0
(NCH,). IR (CHCL): v 2014 (vs), 1917 (vs), 1526 (w) crh Anal.
Calcd for GgH14.CrisNO4: C, 51.81; H, 3.38; N, 3.36. Found: C,
51.88; H, 3.54; N, 3.36.

Pentacarbonyl[(N,N-diallylamino)(4-(trifluoromethyl)phenyl)-
carbene]chromium(0) (5e).'H NMR (CDCls, 300 MHz, signals
were recorded from the mixture deand5e): ¢ 3.95 (d,J=5.5
Hz, 2H, NHy), 4.96 (d,J = 5.5 Hz, 2H, N®), 6.05 (m, 1H,
=CH-), 6.85 (d,J = 7.7 Hz, 2H, ArH), 7.63 (d,J = 7.7 Hz, 1H,
Ar H).

Reaction of N,N-Diallyl-4-(methoxycarbonyl)benzamide with
Nay[Cr(CO)s). Formation of Tetracarbonyl[( N-(?-allyl)-N-
allylamino)(4-carboxymethylphenyl)carbene]chromium(0) (4f),
Pentacarbonyl[(N,N-diallylamino)(4-(carboxymethyl)phenyl)-
carbene]chromium(0) (5f), [¢7>-CH>CH=CH)(—CH,CH=CH_)N-
(C=Cr(CO)4)[1,4-CcH,)(C=Cr(CO)s)(OMe) (6f), and [(—CH,CH=
CH3)(—CH2CH=CH,)N(C=Cr(CO)s)][1,4-CsH4](C=
Cr(CO)s)(OMe) (7f). The general procedure with,N-diallyl-4-

Tobrman et al.

(C0O), 223.8 (CO), 216.2 (CO), 151.5 (A, 149.7 (ArC), 130.7
(CH), 124.3 (CH), 120.1=CH,), 119.6 br (ArCH), 118.9 br (Ar
CH), 75.0 (chelated-CH=), 67.2 (OCH), 65.7 (CH), 61.1 (CH),
56.5 (Ch).
[(=CH2CH=CH,).N(C=Cr(CO)5)[1,4-CeH4](C=Cr(CO)s)-
(OMe) (7f). 'H NMR (CDCls, 300 MHz): 6 3.97 (d,J = 5.5 Hz,
2H, NCH,), 4.78 (s, 3H, O€El3), 4.94 (d,J = 6.1 Hz, 2H, NGHy),
5.13 (d,J = 17.0 Hz, 1H,=CHH), 5.31 (d,J = 10.4 Hz, 1H,
=CHH), 5.41 (d,J = 17.0 Hz, 1H,=CHH), 5.50 (d,J = 9.9, 1H,
=CHH), 5.58 (m, 1H=CH-), 6.04 (m, 1H=CH-), 6.78 (d,J
= 8.8 Hz, 2H, ArH), 7.41 (d,J = 8.2 Hz, 2H, ArH).
Pentacarbonyl[(N,N-dimethylamino)(4-(methoxycarbonyl)-
phenyl)carbene]chromium(0) (8). The general procedure with
N,N-dimethyl-4-(methoxycarbonyl)benzamide (1.45 g, 7 mmol) as
the starting material furnished after chromatography (2:1 light
petroleum-dichloromethane) and crystallization (heptaiichlo-
romethane) pentacarbony(N-dimethylamino)(4-(methoxycarbo-
nyl)phenyl)carbene]chromium(0) (1.02 g, 38%) as the only carbene

(methoxycarbonyl)benzamide (0.648 g, 2.5 mmol) as the starting product. Yellow solid. Mp: 109112 °C. 'H NMR (CDCls, 300

material was used. Chromatography (3:1 light petrolewichlo-

MHz): & 3.07 (s, 3H, N&ls), 3.92 (s, 3H, OEl3), 4.02 (s, 3H,

romethane) first afforded a deep red fraction containing a mixture NCHs), 6.78 (d,J = 8.2 Hz, 2H, ArH), 8.07 (d,J = 8.0 Hz, 2H,
of chelated and nonchelated alkoxy- and aminocarbene complexesAr H). IR (CHCL): v 2056 (w), 1975 (w), 1932 (s), 1719 (w)

6f and 7f (0.18 g, 12%) in an approximately 1:1 ratio (NMR).

cmL. Anal. Calcd for GeH1sNO,Cr: C, 50.14; H, 3.42; N, 3.65.

Further elution gave a mixture of chelated and nonchelated Found: C, 50.17; H, 3.50; N, 3.61.

aminocarbene complexds$ and5f (0.40 g, 38%) in a 71:29 ratio
(NMR). An analytically pure sample of chelated complxwas
obtained by thermolysis of the above mixture of aminocarbdfhes
and5f as described for the preparation 44

The mixture of alkoxy- and aminocarbene complegéand 7f

(E)- and (2)-Pentacarbonyl[(N-allylamino)(phenyl)carbene]-
chromium(0) (9). To a solution of chromium hexacarbonyl (1.32
g, 6 mmol) in THF (30 mL) was added at78 °C via syringe a
solution of sodium naphthalenide prepared from sodium (0.36 g,
16 mmol) and naphthalene (2.04 g, 16 mmol) in THF (30 mL).

was dissolved in degassed benzene (20 mL), and the solution wasThe reaction mixture was then warmed to°Q, stirred at this

stirred under argon fa2 h at 50°C. The solution was then filtered

temperature for 30 min, and cooled-t@8 °C, and benzoyl chloride

through Celite, and the solvent was evaporated under vacuum.(0.78 g, 5.5 mmol) in THF (5 mL) was added via syringe. The

Chromatography on silica (20 g, 3:1 light petroleddichlo-
romethane) gave 0.02 g of puéé

Tetracarbonyl[(N-(n2-allyl)- N-allylamino)(4-(carboxymethyl)-
phenyl)carbene]chromium(0) (4f).Red oil.'H NMR (CDCls, 300
MHz): ¢ 3.23 (d,J = 8.2 Hz, 1H, chelatee=CHH), 3.34 (d,J =
13.2 Hz, 1H, chelateg=CHH), 3.81 (br s, 2H, NEl;) 3.91 (s, 3H,
OCHj3), 4.13 (m, 1H, chelated Nf), 4.51 (dd,J = 5.2, 14.0 Hz,
1H, chelated N€l,), 4.62 (m, 1H, chelatee=CH-), 5.17 (d,J =
17.0 Hz, 1H=CHH), 5.29 (d,J = 9.9 Hz, 1H,=CHH), 5.56 (m,
1H,=CH-), 6.68 (d,J= 7.1, 1H, ArH), 6.83 (d,J = 7.7 Hz, 1H,
Ar H), 8.03 (br s, 2H, AH). 3C NMR (CDCk, APT, 75 MHz):
0 282.5 (Cr=C), 230.6 (CO), 227.0 (CO), 224.3 (CO), 224.0 (CO),
166.8 CO—OMe), 152.1 (ArC), 131.0 (CH), 130.3 (CH), 128.5
(Ar C), 120.5 &CHy), 120.2 6-Ar CH), 119.4 p-Ar CH), 75.3
(chelated —CH=), 66.0 (CH), 61.4 (CH), 57.0 (CH), 52.6
(OCHg). IR (CHCL): v 2015 (vs), 1917 (vs), 1719 (w), 1525 (w)
cmL. Anal. Calcd for GoH17CrNQOg: C, 56.02; H, 4.21; N, 3.44.
Found: C, 55.96; H, 4.53; N, 3.12.

Pentacarbonyl[(N,N-diallylamino)(4-(carboxymethyl)phenyl)-
carbene]chromium(0) (5f).1H NMR (CDCl, 300 MHz): ¢ 3.92
(s, 3H, O®Hs), 3.94 (m, 2H, NG1,), 4.95 (d,J = 5.5 Hz, 2H,
NCH,), 5.13 (d,J = 17.0 Hz,1H,=CHH), 5.31 (d,J = 9.3 Hz,
1H, =CHH), 5.41 (d,J = 17.0 Hz, 1H,=CHH), 5.50 (d,J = 9.9,
1H, =CHH), 5.56 (m, 1H,=CH-), 6.05 (m, 1H,=CH-), 6.80
(m, 2H, Ar H), 8.05 (m, 2H, ArH).

[(%*CHCH=CH,)(—CH,CH=CH)N(C=Cr(CO) 4)[1,4-CsH]-
(C=Cr(C0)s)(OMe) (6f). Red oil.'H NMR (CDCls, 300 MHz):
0 3.24 (d,J = 8.8 Hz, 1H, chelateg=CHH), 3.35 (d,J = 13.2 Hz,
1H, chelated=CHH), 3.82 (m, 2H, N&i,), 4.12 (dd,J = 3.8, 13.7
Hz, 1H, chelated N@&,), 4.52 (dd,J = 5.2, 10.0 Hz, 1H, chelated
NCH,), 4.61 (m, 1H, chelateecCH—), 4.78 (s, 3H, O€l3), 5.16
(d,J = 17.0 Hz, 1H=CHH), 5.29 (d,J = 9.9, 1H,=CHH), 5.60
(m, 1H,=CH-), 6.68 (br s, 1H, AH), 6.79 (br s, 1H, AH), 7.39
(d, 3= 7.1 Hz, 2H, ArH). 13C NMR (CDCk, 100 MHz): 6 347.9
(Cr=C—-0), 282.3 (C+=C—N), 230.3 (CO), 226.9 (CO), 224.0

solution was warmed to 0C for 15 min and then evaporated in
vacuo at 0°C. The residue was redissolved in g, (50 mL) at

—40 °C and stirred for 30 min. Then acetyl bromide (0.45 mL, 6
mmol) was added dropwise at30 °C. In the next 30 min the
mixture was warmed te-10 °C. After the reaction mixture was
recooled to—40 °C, allylamine (1.35 mL, 18 mmol) was added.
The mixture was stirred fdl h without cooling, and neutral alumina

(5 g) was added. Solvents were removed under reduced pressure,
and the residue was dried under high vacuum. Light petroleum (8
mL) was then added and the suspension that formed was transferred
onto the top of a column filled with silica gel (50 g). Naphthalene
was eluted with light petroleum, and further elution with a light
petroleum-dichloromethane mixture (3:1) gave the desired mixture
of (E)- and ©)-9 as yellow crystals (1.39 g, 75%), which was
directly used in the next step for the preparatioriLf

IH NMR (CDCls, 300 MHz,E andZ isomers in 5:1 ratio):o
3.84 (tt,J =5.8, 1.6 Hz, 2H,—~CH,—, E), 4.74 (t,J = 5.8 Hz, 2H,
—CH,—, 2), 5.275.37 (m, 2H,=CH,, E), 5.40-5.48 (m,
2H,=CH,, 2), 5.71-5.85 (m, 1H,—CH=, E), 6.00-6.14 (m, 1H,
—CH=, 2), 6.80 (m, 2H, PH, E), 6.99 (m, 2H, PtH, 2), 7.18-
7.31 (m, 1H, PhH), 7.35-7.43 (m, 2H, PhH), 8.55 (bs, 1H,
—NH-—, 2), 9.05 (bs, 1H—NH—, E).

cis-Tetracarbonyl[(N-(r?-allyl)amino)(phenyl)carbene]chro-
mium(0) (11). The mixture of9 (1.01 g, 3 mmol) was stirred
without solvent at 100C under diminished pressure (1.5 kPa) for
6 h. After it was cooled to room temperature, the resulting mixture
was subjected to column chromatography on silica gel (30 g).
Elution with a hexanedichloromethane mixture (3:1) gave a
mixture of nonchelatedH)- and @)-96 (0.48 g); further elution
with a hexane-dichloromethane mixture (1:1) providetil as
orange crystals (0.37 g, 40%; 76% based on consumed miS}ure
Mp: 84—85°C. 'H NMR (CDCl;, 300 MHz): ¢ 3.17-3.30 (m,
2H, =CH,), 4.22 (d,J = 14.0 Hz, 1H,—CH,—), 4.34 (dd,J =
14.0, 5.0 Hz, 1H~CH,—), 4.74 (m, 1H,—CH=), 7.17-7.26 (m,
2H, PhH), 7.33-7.43 (m, 3H, PHH), 8.45 (bs, 1H~NH-).13C
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NMR (CDCl;, 75 MHz): ¢ 283.5 (G=Cr), 232.3 (CO), 226.5 (CO),
225.8 (CO), 224.2 (CO), 147.5 (R®), 130.0 (PhCH), 128.6 (Ph
CH), 123.6 (PhCH), 77.1 (-CH=), 65.2 (-CH,—), 53.8 &CHy).
IR (CHClg): v 2014, 1917, 1889, 1534, 1350, 1327 ¢mAnal.
Calcd for G4H1iNO4Cr: C, 54.38; H, 3.59; N, 4.53. Found: C,
54.08; H, 3.63; N, 4.47.

cis-Tetracarbonyl[( N-(5?-allyl)- N-methylamino)(phenyl)car-
bene]chromium(0) (13a).To a mixture of11 (93 mg, 0.3 mmol)
and a 60% suspension of NaH in mineral oil (20 mg, 0.5 mmol)
was slowly added DMF (0.5 mL) at T with stirring. The yellow
suspension was stirred fd h at room temperature. After the
suspension was cooled to°C, iodomethane (0.25 mL, 4 mmol)
was added dropwise. The resulting mixture was stirred3fb at
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148.3 (C-Ph), 128.5 i(+Ph CH), 128.4 (n-Ph CH), 126.0 p-Ph
CH), 119.2 6-Ph CH), 118.7 6-Ph CH), 74.9 (-CH=), 64.9 &
CH,), 54.7 —CH,—), 54.6 (-CH<), 21.1 (CH), 20.8 (CH). IR
(CHCL): v 2012, 1912, 1598, 1513, 1438, 1371, 1265, 1176%cm
Anal. Calcd for G;H17/NO,Cr: C, 58.12; H, 4.88; N, 3.99. Found:
C, 57.92; H, 4.91; N, 3.71.

(E)- and (Z)-Pentacarbonyl[(N-allylamino)(2-methylphenyl)-
carbene]chromium(0) (10).The same method as was used for the
preparation ofl, with 2-methylbenzoyl chloride (0.86 g, 5.5 mmol)
as the starting material, gave yellow crystals of the mixturdepf (
and ©)-10 (1.05 g, 54%), which was directly used in the next step
for the preparation ofl2. 'H NMR (CDCl;, 300 MHz,E andZ
isomers in 4:1 ratio)0 2.16 (s, 3H, Ar &13), 3.77 (m, 2H—~CH,—,

room temperature. Water was added (10 mL), and the product wasg), 4.76 (t, J = 5.9 Hz, 2H, —CH,—, Z), 5.26-5.38 (m, 2H,

extracted with ether (3« 10 mL). The combined extracts were
dried over NaSQO, and evaporated to give the crude product, which
was purified by column chromatography on silica gel (5 g). Elution
with a hexane-dichloromethane mixture (3:1) affordetBa as
yellow crystals (82 mg, 85%). Mp: 122123°C.*H NMR (CDCls,
300 MHz): ¢ 2.93 (s, 3H, N-CHjy), 3.23 (d,J = 8.5 Hz, 1H,=
CHy), 3.33 (d,J = 12.9 Hz, 1H,=CH,), 4.08-4.17 (m, 1H,
—CH3—), 4.46-4.56 (m, 1H;-CH,—), 4.58 (m, 1H,—CH=), 6.69
(d, J = 6.6 Hz, 2H,0-Ph H), 7.18 (t,J = 7.4 Hz, 1H,p-Ph H),
7.36 (t,J = 7.6 Hz, 2H,m-PhH). 33C NMR (CDCk, 75 MHz): ¢
281.4 (C=Cr), 231.0 (CO), 226.9 (CO), 224.7 (CO), 224.5 (CO),
148.2 (PhC), 128.4 m-Ph CH), 126.4 p-Ph CH), 119.6 b ¢-Ph
CH), 74.0 - CH=), 65.2 &CH,), 63.7 CH,—), 41.1 (CH—N).
IR (CHCly): v 2926, 2014, 1914, 1537, 1486, 1440, 1405 &m
MS: m/z (%) 323 (M, 14), 295 (10), 267 (9), 239 (29), 171 (77),
158 (50), 118 (39), 93 (100). HRMS/z calcd 323.0250, found
323.0239.

cis-Tetracarbonyl[(N-(?-allyl)- N-ethylamino)(phenyl)carbene]-
chromium(0) (13b). The same method as was used for the
preparation ofl3a with iodoethane (0.32 mL, 4 mmol) provided
yellow crystals of13b (88 mg, 87%). Mp: 7476 °C. *H NMR
(CDCls, 300 MHz): 6 1.08 (t,J = 7.3 Hz, 3H,—CHj3), 3.19-3.34
(m, 4H,=CH; + —CH,—), 4.09-4.17 (m, 1H, NCG1,—), 4.48-
4.56 (m, 1H, N®,—), 4.58 (m, 1H,—CH=), 6.69 (bs, 2Hp-Ph
H), 7.17 (t,J = 7.4 Hz, 1H,p-Ph H), 7.36 (t,J = 7.7 Hz, 2H,
m-Ph H). 13C NMR (CDCk, 75 MHz): ¢ 281.5 (G=Cr), 230.9
(CO), 227.2 (CO), 224.5 (CO), 224.3 (CO), 148.1 @€h 128.3
(mPh CH), 126.1 ¢-Ph CH), 119.6 b ¢-Ph CH), 119.1 b ¢-Ph
CH), 74.6 (-CH=), 65.2 &CH,), 60.6 (-CHx-N), 48.5 (-CH,—),
14.3 (CH). IR (CHCL): v 2985, 2012, 1913, 1520, 1484, 1383,
1289, 1185 cm?. Anal. Calcd for GeH1sNO4Cr: C, 56.98; H, 4.48;
N, 4.15. Found: C, 56.50; H, 4.41; N, 4.13.

cis-Tetracarbonyl[(N-(5?-allyl)- N-isopropylamino)(phenyl)-
carbene]chromium(0) (13c).The same method as was used for
the preparation of 3awith 2-iodopropane (0.40 mL, 4 mmol) gave
yellow crystals ofl3c¢ (83 mg, 79%). Mp:>120°C dec.!H NMR
(CDCl;, 500 MHz): 6 1.11 (d,J = 6.6 Hz, 3H,—CH3), 1.19 (d,J
= 6.6 Hz, 3H,—CHjy), 3.22 (d,J = 8.7 Hz, 1H,=CH,), 3.27 (d,
J = 13.1 Hz, 1H,=CH,), 3.93 (sepJ = 6.6 Hz, 1H,—CH-),
4.06 (dd,J = 13.9, 3.0 Hz, 1H~CH,—), 4.46 (dd,J = 13.9, 4.9
Hz, 1H,—CH,—), 4.58 (m, 1H,—CH=), 6.64 (d,J = 7.3 Hz, 1H,
0-PhH), 6.73 (d,J = 7.3 Hz, 1H,0-PhH), 7.18 (t,J = 7.3 Hz,
1H, p-PhH), 7.37 (m, 2Hm-PhH). 13C NMR (CDCk, 75 MHz):
0 281.3 (C=Cr), 230.7 (CO), 227.4 (CO), 224.1 (CO), 224.0 (CO),

=CHj, E), 5.41-5.50 (m, 2H=CH_, 2), 5.71-5.86 (m, 1H,—CH=,
E), 5.99-6.14 (m, 1H,—CH=, 2), 6.74 (d,J = 7.7 Hz, 1H, ArH,
E), 6.88 (d,J = 7.4 Hz, 1H, ArH, 2), 7.10-7.27 (m, 3H, ArH),
8.56 (bs, 1H,—NH—, 2), 9.08 (bs, 1H~NH—, E).

cis-Tetracarbonyl[(N-(p?-allyljamino)(2-methylphenyl)carbene]-
chromium(0) (12). The mixture of10(1.05 g, 3 mmol) was stirred
without solvent at 100C under diminished pressure (1.5 kPa) for
6 h. After it was cooled to room temperature, the resulting mixture
was subjected to column chromatography on silica gel (30 g).
Elution with a hexanedichloromethane mixture (3:1) gave a
mixture of nonchelateds)- and @)-10% (0.74 g); further elution
with a hexane-dichloromethane mixture (1:1) providet? as
orange crystals (0.14 g, 14%; 47% based on consumed mixture of
10). Mp: 75-76 °C.*H NMR (CDCl;, 300 MHz): 6 2.13 (s, 3H,
Ar CHs), 3.27 (d,J = 11.0 Hz, 2H=CHy), 4.15 (d,J = 14.0 Hz,
1H, —CH,—), 4.36 (dd,J = 14.0, 5.2 Hz, 1H;~CH,—), 4.79 (m,
1H, —CH=), 6.76 (d,J = 6.9 Hz, 1H,0-Ar H), 7.04-7.23 (m,
3H, Ar H), 8.41 (bs, 1H;~NH—). 3C NMR (CDCk, 75 MHz): ¢
290.8 (C=Cr), 231.4 (CO), 226.6 (CO), 224.9 (CO), 224.2 (CO),
148.8 (ArC), 130.4 (ArCH), 127.7 (ArC), 127.4 (ArCH), 125.4
(Ar CH), 121.7 (ArCH), 77.9 CH=), 65.1 (—CH,—), 53.9 &
CHy), 19.0 (ArCHjy). IR (CHCL): v 3308, 2016, 1918, 1891, 1536,
1348, 1330 cm?. Anal. Calcd for GsH1aNO4Cr: C, 55.73; H, 4.05;
N, 4.33. Found: C, 55.48; H, 4.24; N, 4.31.

cis-Tetracarbonyl[( N-(52-allyl)- N-methylamino)(2-methylphe-
nyl)carbene]chromium(0) (14a).The same method as was used
for the preparation of3awith 12 (97 mg, 0.3 mmol) gave yellow
crystals ofl4a(89 mg, 88%). Mp: 108109°C.H NMR (CDCls,
500 MHz, two diastereoisomers in 4:3 ratio): 1.98 (s, 3H, Ar
CHs, minor), 2.11 (s, 3H, Ar @3, major), 2.87 (s, 3H, NH;,
major), 2.90 (s, 3H, N83, minor), 3.18-3.33 (m, 2H,=CH,),
4.12-4.26 (m, 1H,—CH,—), 4.50-4.57 (m, 1H,—CH,—), 4.61
(m, 1H, —CH=), 6.53 (d,J = 7.5 Hz, 1H,0-Ar H, major), 6.73
(d,J=7.5Hz, 1H,0-Ar H, minor), 7.08-7.26 (m, 3H, ArH).:3C
NMR (CDCl;, 75 MHz): ¢ 283.2 (G=Cr), 283.1 (G=Cr), 231.2
(CO, major), 230.8 (CO, minor), 226.7 (CO, minor), 226.2 (CO,
major), 225.5 (CO, major), 225.4 (CO, major), 224.9 (CO, minor),
224.4 (CO, minor), 147.4 (AT, minor), 147.3 (ArC, major), 130.3
(Ar CH, major), 130.2 (AICH, minor), 126.8 (ArC, major), 126.5
(Ar CH, minor), 126.4 (ArCH, major), 126.1 (AIC, minor), 125.9
(Ar CH, major), 125.8 (ArCH, minor), 120.9 ¢-Ar CH, minor),
119.5 @-Ar CH, major), 74.5 CH=, minor), 73.1 (CH=,
major), 65.6 £CH,, minor), 63.6 £CH,, major+ —CH,—, minor),
63.0 (—CH,—, major), 40.6 (CHN, minor), 40.5 (CHN, major),

(16) The mixture was used as a starting material for the preparation of 18.8 (Ar CHy). IR (CHCl): v 2925, 2014, 1914, 1537, 1481, 1404

the next crop ofL1 or 12 with somewhat lower yield (30% df1 and 10%

of 12 in this and further runs). In the case of the preparation of the
2-methylphenyl complexl2, after several runs, practically pur&){10
remained in the reaction mixture whereas &J-10 vanished. This was
also accompanied by lowering of yield &R (from 10 to 2%) in these
repeated preparations. In contrast, the yield bfwas in all runs around
30% and no changes irE)-9:(2)-9 ratios were observed. This behavior
indicates that th&/Z isomerization step is much slower fb@in comparison
with 9. It probably reflects the much higher rotation barrier of aryl ring in
10 compared with that ir®.

cmL. Anal. Calcd for GeHi1sNO4Cr: C, 56.98; H, 4.48; N, 4.15.
Found: C, 56.78; H, 4.47; N, 3.92.
cis-Tetracarbonyl[(N-(52-allyl)- N-ethylamino)(2-methylphe-
nyl)carbene]chromium(0) (14b). The same method as was used
for the preparation ofl3a with 12 (97 mg, 0.3 mmol) and
iodoethane (0.32 mL, 4 mmol) gave a yellow oil btb (87 mg,
83%).H NMR (CDClz, 500 MHz, two diastereoisomers in 2:1
ratio): ¢ 1.04 (t,J = 7.3 Hz, 3H,—CHs, major), 1.11 (sJ = 7.3
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Hz, 3H, —CHg;, minor), 2.02 (s, 3H, Ar El3, minor), 2.13 (s, 3H,
Ar CHg, major), 3.09-3.43 (m, 4H=CH, + —CH,—), 4.02-4.68
(m, 2H, NCtH;—), 4.45-4.68 (m, 1H;-CH=), 6.55 (d,J = 6.6 Hz,
1H, o-Ar H, major), 6.74 (dJ = 6.7 Hz, 1H,0-Ar H, minor),
7.07-7.27 (m, 3H, ArH). 13C NMR (CDCk, 75 MHz): ¢ 282.8
(C=Cr, minor), 282.6 (&Cr, major), 231.3 (CO, major), 230.6
(CO, minor), 227.1 (CO, minor), 226.3 (CO, major), 225.4 (CO,
major), 225.2 (CO, major), 224.5 (CO, minor), 223.9 (CO, minor),
147.3 (ArC, minor), 147.0 (ArC, major), 130.3 (ArCH, major),
130.2 (ArCH, minor), 126.7 (ArC, major), 126.3 (AICH, minor),
126.2 (ArCH, major), 126.0 (AIC, minor), 125.6 (ArCH, major),
120.7 @-Ar CH, minor), 119.5 ¢-Ar CH, major), 75.5 ¢ CH=,
minor), 73.4 (CH=, major), 66.4 £CH,, minor), 63.4 £CHy,
major), 60.6 £ CH,N, minor), 59.7 - CH,N, major), 48.5 - CH,—,
minor), 48.2 (CH,—, major), 19.1 (Ar CH, minor), 19.0 (Ar CH,
major). IR (CHC}): v 2928, 2013, 1914, 1525, 1383, 1185¢m
MS: m/z (%) 351 (M, 10), 323 (18), 295 (9), 267 (41), 239 (100),

210 (31), 186 (79), 172 (81), 128 (29), 118 (53), 107 (77). HRMS:

m/z calcd 351.0563, found 351.0560.

cis-Tetracarbonyl[( N-(52-allyl)- N-isopropylamino)(2-meth-
ylphenyl)carbene]chromium(0) (14c).The same method as was
used for the preparation df3a with 12 (97 mg, 0.3 mmol) and
2-iodopropane (0.40 mL, 4 mmol) gave yellow crystald 4t (84
mg, 77%). Mp: 92-94°C (methanol)!H NMR (CDCl;, 500 MHz,
two diastereoisomers in 2:1 ratiop 1.03 (d,J = 6.4 Hz, 3H,
—CHjs, major), 1.17 (dJ = 6.6 Hz, 3H,—CHg, minor), 1.20 (dJ
= 6.3 Hz, 3H,—CHgs, major+ minor), 2.04 (s, 3H, Ar Els, minor),
2.10 (s, 3H, Ar ®i3, major), 3.07 (dJ = 12.9 Hz, 1H,=CHj,
major), 3.13 (dJ = 8.7 Hz, 1H,=CH,, major), 3.35 (dJ = 8.5
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Hz, 1H,=CH,, minor), 3.48 (dJ = 13.2 Hz, 1H,=CH,, minor),
3.75 (sep) = 6.6 Hz, 1H,—CH<), 3.84 (m, 1H,—CH,—, minor),
4.26 (d,J = 14.1 Hz, 1H,—CH,—, major), 4.39 (ddJ = 14.1, 4.7
Hz, 1H, —CH,—, major), 4.56-4.59 (m, 1H,—CH,—, minor),
4.50-4.67 (m, 1H,—CH=), 6.49 (d,J = 7.4 Hz, 1H,0-Ar H,
major), 6.73 (dJ = 7.4 Hz, 1H,0-Ar H, minor), 7.06-7.27 (m,
3H, Ar H). 13C NMR (CDCk, 75 MHz): 6 282.6 (G=Cr, minor),
282.1 (C=Cr, major), 231.3 (CO, major), 229.9 (CO, minor), 227.9
(CO, minor), 226.3 (CO, major), 225.6 (CO, major), 225.3 (CO,
major), 223.0 (CO, minor), 222.6 (CO, minor), 147.6 @rminor),
147.1 (ArC, major), 130.3 (AICH, major), 130.2 (AICH, minor),
126.5 (ArC, major), 126.4 (ArC, minor), 126.2 (ArCH, minor),
126.1 (ArCH, major), 125.8 (AICH, minor), 125.6 (AICH, major),
120.1 @-Ar CH, minor), 118.9 ¢-Ar CH, major), 78.1 { CH=,
minor), 72.9 (CH=, major), 67.8 £CH,, minor), 62.5 £CH,
major), 55.3 -CH,-, minor), 55.2 ¢CH<, minor), 54.7 (-CHs,
major), 53.9 ¢CH,—, major), 21.1 (CH, major), 20.9 (CH,
minor), 20.5 (CH, minor), 20.1 (CH, major), 19.3 (Ar CH, minor),
19.0 (Ar CH;, major). IR (CHC}): v 2013, 1912, 1889, 1513, 1478,
1177 cnrl. Anal. Caled for GgH1gNOLCr: C, 59.18; H, 5.24; N,
3.83. Found: C, 58.88; H, 5.36; N, 3.58.
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