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Cationic (2-methoxyetheny1)methoxycarbene iron complexes (C(OMe)CH=CR(NHR'))+][PF;] in an isolated yield of 
2, [Cp(CO),Fe(C(OMe)CH=CR(OMe))+][PF;], are obtained 7 1 ~ 9 0 % .  The complexes 3a-c were characterized by X-ray 
by the addition of methanol to the corresponding (alkynylj- structural analyses. Thus, previously isolated products, from 
methoxycarbene complexes 1,  [Cp(COj,Fe(C(OMejCz the reaction, of the (alkyny1)methoxycarbene complexes l a  
CR)+][PF,]. Primary amines, H,NR', react with these 1,341- and l c ,  with aniline at room temperature, are assigned to the 
methoxy-substituted (alkeny1)carbene complexes, 2, through structures 3c and 3e. The spectroscopic and structural data 
an addition/elimination process to yield cationic (2-amino- obtained are discussed. 
etheny1)methoxycarbene iron complexes, 3, [Cp(CO)2Fe- 

In the last decade iron carbene complexes,['1 and in par- 
ticular cationic cyclopentadienyl(dicarbony1)iron-substi- 
tuted compounds,[2] have not attracted as much interest as 
group VI metal carbene c0mplexes[~1 in their role as build- 
ing blocks for organic synthesis. This holds especially truc 
for the cationic alkynyl- and alkenyl-substituted cyclopen- 
tadienyl(dicarbony1)inethoxy- and aminocarbene iron com- 
plexes. [2c1[41 Among the various chromium compounds 
studied so far, alkynyl-substituted compounds and l-met- 
alla- I ,3-dienes, e.g. (2-aminoetheiiy1)methoxycarbene chro- 
mium complexes, have proved to be promisiiig and versatile 
C3 synthons.['b1[5][61 As we are interested in the rcactivity of 
Cp(CO),Fe-substituted cationic carbene complexes in com- 
parison with the neutral chromium analogues, we recently 
examined, and reported on, the synthesis of the cationic 
(a1kynyl)methoxy carbene iron complexes [Cp(CO)2Fe- 
(C(OMe)C=CR) '][PF;] and their reactivity towards pri- 
mary amines as nucle~philes.[~"][~~] Aminolysis reactions 
with a variety of primary amincs were carried out, fur- 
nishing, through preferential substitution reactions at 
C-carbene,r71 a series of (alkyny1)amino carbene complexes 
at room temp. From the cationic (alkyny1)methoxy carbene 
iron complexes [Cp(CO),Fe-(C(0Me)C-CR) ' ][PF;], R = 

Me (la), Ph (lc) and aniline alkenyl-substituted complexes 
have been isolated. [4a1[4bl However, due to the spectroscopic 
properties[*] of the products obtained, the structural assign- 
ment as cationic (2-methoxyetheny1)aniinocarbene iron 
complexes, rather than (2-aminoetheny1)methoxycarbene 
iron complexes, seemed appropriate. L'O] 

To the best of our knowledge neither the (2-mcthoxy- 
etheny1)aminocarbene iron complexes [Cp(CO),Fe(C- 

(NHR')CH=CR(OMc))+][PE';] nor the structurally iso- 
meric (2-aminoetheny1)methoxycarbene iron complexes 
[Cp(CO)2Fe(C(OMe)CH=CR(NHR'))i ][PF;] have been 
previously reported in the literature.[' '1 Thus, to elucidate 
thc structure and the configuration of the alkenyl-substi- 
tuted complexes unambigously, the synthesis of additional 
complexes seemed to be necessary. Surprisingly, for the 
coinplex obtained from [Cp(CO)2Fe(C(OMe)C= 
CtBu)+][PF, ] (lb) and aniline, the 'H-NMR spectra dis- 
plays the methoxy signal [OMe] at 6 = 3.5,["1 shifted up- 
field about 1 ppm compared to the equivalcnt signal for the 
compounds previously synthesized. [4bl Due to the concern 
over the structural assignmcnt, and due to the fact that suit- 
able single crystals for X-ray analysis could not be obtained, 
the synthesis of (2-methoxyctheny1)methoxycarbene iron 
complexes 2, [Cp(CO)2Fe-(C(OMe)CH=CR(OMe))T]- 
[PF;], and their aminolysis reactions were addressed for the 
synthesis of reference compounds. Therefore, the reactivity 
of the alkynyl moiety in (alkyny1)methoxycarbene iron com- 
plexes, 1, towards the nucleophilic addition of methanol 
was examined via the synthesis of 2 (Scheme 1). 

Scheme 1 

l b  I tBu 2b I tBu 
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We describe here the aminolysis of these I,3-dimethoxy- 
substituted cationic iron carbene complexes with primary 
amines to furnish (2-aminoetheny1)methoxycarbenc iron 
complexes [Cp(CO),Fe(C(OMe)CH=CR(NHR'))+][PFg], 
3, exclusively (Scheme 2). In addition a one-pot procedure 
for the synthesis of 3 starting from the (alkyny1)methoxy 
carbene complexes 1 will be described. The structures of 
three complexes were assigned by X-ray crystallography. 
NOE measurements, in CDIN02 or in CDCl3, are in agree- 
ment with the X-ray data obtained. The spectroscopic data 
of the (2-aminoetheny1)methoxy carbene complexes 3b and 
312, furnished by aminolysis of 2a and 2b with aniline 
(Scheme 2,  Table l), proved to be identical in all respects 
to that of the compounds previously reported. obtained 
from the reaction of (alkyny1)methoxycarbene complexes 
la-c and aniline at room temp.(Scheme 3). [4a1[4h1 

Scheme 2 

Ph H Ph 

Me Me Ph 

Scheme 3 

j-% tBu 

PF6- PF, Ilf 3cl4' Me H 

Results and Discussion 

To synthesize the (2-methoxyethenyl)methoxycarbene iron 
complexes 2a and 2b, methanol (1  -2 cquiv.) was allowed 
to react with the corresponding (alkyny1)methoxycarbene 
complexes l a  and l b  at room temp. with CHzClz as the 
solvent (Scheme I). The addition products, which were 
formed smoothly within 1-2 hours (IR monitoring), were 
isolated in a yield of = 90% as amorphous solids by the 

Table 1. Synthesis of cationic (2-aminoctheny1)methoxycarbene 
iron complexes 3 according to Scheme 2 

3 R R '  Reaction- Yield 
conditions [y 

3a Me (L)-CH(CH3)C0,tB~i A 90 

3b tBu Ph A 71 
3c Me Ph A 83 
3c Me Ph B 89 

3d Me (S)-CH(CH1)Ph R 85 

3a Me (L)-CH(CH,)CO,tBu B 88 

3d Me (5')-CH(CH,)Ph A 85 

addition of petroleum ether (40-60 "C) to the reaction mix- 
tures. Thus, due to the higher reactivity of the alkynyl side 
chain in these cationic methoxycarbene iron com- 
p l e ~ e s , [ ~ ~ ] L ~ ~ l  and even in the case of the sterically de- 
manding t-butyl group, base-catalysis can be avoided to en- 
hance the reaction rate. [l21 

'€1-NMR spectra measured in CD3CN and CD3NO2 at 
ambient temp. indicated a mixture of isomers to be present 
in solution for 2a (R = Me, 77:23) and 2b (R = tBu, 86:14, 
scc Experimental Section). The presence of these isomers 
can be traced back to the considerable double bond charac- 
ter of the Cl-C2 bond, attributed to the resonance contri- 
bution of the enol ether/oxonium ion structure B (Scheme 
4).[l3I These .s-czs/s-fmns isomcrs slowly interconvert in solu- 
tion. The chemical exchange process was evident from the 
spin saturation transfer observed during NOE difference 
spectroscopy. On the basis of the NOE experiments per- 
formed in CD3N02, the s-twns conformation and the 2-(Q 
configuration were assigned to the major isomer of 2a, due 
to the positive interactions observed between 3-CH3 and 
1-OMe, 2-H and 3-OMe as well as 2-H and the C5H5 li- 
gand. 
Scheme 4 

s-trans 

* B  
R 

A s-cis 

'H-NMR spectroscopy and mass spectrometry of the 
crude product, isolated from the complex l b  upon treat- 
ment with ethanol (1.1 equiv.) for 3 h, revealed that at least 
three products were formed { [Cp(CO),Fe(C(OMe)CH=C- 
(OMe)tBu)+][PF;] (MW = 333.2), [Cp(CO)2Fe(C(OMe)- 
CH-C(OEt)lBu)'][PF;] or [Cp(CO),Fe(C(OEt)CH=C- 
(OMe)tBu)+][PF;] (MW = 347.1). and [Cp(CO),Fe- 
(C(OEt)CH=C(OEt)tBu) '][PF;] (MW = 361.1)}. Since 
the 1,3-diethoxy-substituted complex [Cp(CO)?_Fe( C- 
(OEt)CH=C(OEt)tBu)+][PF,] (MW = 361 . I )  was ob- 
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served, it can be concluded that attack of ethanol at the 
triple bond, and substitution of methanol by ethanol owing 
to attack at the carbene center. takes place. 

Three primary amines (1 -2 equiv.) were allowed to react 
with 2a and 2b in CH2C12 at room temp. The aminolysis 
reactions proceed rapidly according to 1R monitoring of 
the reaction mixtures. The products formed were precipi- 
tated by the addition of petroleum ether (40-60 "C). The 
attack of the amines. either at C-carbene or at the P-carbon 
atom of the conjugated double bond (Structure A, Scheme 
4) could not be assigned on the basis o€ the spectroscopic 
properties of the reaction products. [sl[lO1 Interestingly, the 
compound obtained from 2b and aniline proved to be iden- 
tical, in all spectroscopic respects, to the (a1kenyl)carbene 
complex obtained from the reaction of the (alkyny1)meth- 
oxycarbene complex l b  and aniline at room temp. '4b1 

Fortunately, suitable crystals for X-ray analysis were ob- 
tained for the complexes 3a-c (Figures 1-3; experimental 
details of the X-ray structure analysis are given in Table 2) .  
As shown by the structures in Figures 1,2 and 3, aminolysis 
reactions of 2 with primary amines lead to (2-aminoethen- 
y1)methoxy carbene complexes, 3 (Scheme 2, Table 1). Ap- 
parently, attack of the primary amines at the conjugated 
double bond in 2 occurs and by an additionlelimination 
process the compounds 3 are formed. Additionally, a 
Michael-type addition has to be concluded for la-c and 
aniline at room temp., contrary to previous assumptions 
(Scheme 3). [44[4bl 

Figurc 1. Crystal structure of 3ala1 

C15 

c2 1 

2 

Selected bond lengths [A] and angles ["I: Fe-C3 1.961(7), 
C3-014 1.361(10), C3-C4 1 357(12), C4-C5 1.423(10), CS-N6 
1.324( 111, N6-H6 1.057(10), N6-C7 1.476(10), 014-H6 
1.837(9), 09-H6 2.332(9), C7-CR 1.493(14). CX-018 1.195(11), 

C4-C3-014 113.2(6), C4-C5-C16 119.1(7). C4-CS-N6 
121.4(6), C16-C5-N6 119.5(7), CS-N6-C7 125.3(6), 

C8-09 1.316(13); Fe-C3-014 124.8(5), Fe- C3-C4 121.9(5), 

Fe-C3-C4-C5 176.6(8). C3-C4-C5-N6 -2.2(9). 

The high-field 13C resonance observed for C-carbene (see 
Experimental Section), together with the bond lengths 
determined by X-ray crystallography for 3a-c, indicate a 
thorough delocalisation of the lone pair at the nitrogen 
atom into the neighbouring C=C bond. Thus, it is con- 
cluded that there is a considerable contribution of the enol 
etherliminium structure B, with reduced electron deficiency 
at "C-carbene", to the resonance hybrid this case (Scheme 
5). For the complexes 3a and 3c the angle between the 

Figure 2. Crystal structurc of 3b["] 
CE 

La] Selected bond lengths [A] and angles ["I: Fe-C3 1.968(6), 

1.314171. N12-Hl2 0.860171. H12-F1 2.217(7); Fe-C3-010 
C3-010 1.336(7), C3-C4 1.384(7), C4-C5 1.421(8), C5-Nl2 

/ /  

1 ~ . 5 ( 3 j ,  ~ e - ~ 3 - - ~ 4  120.2(4), C4-C3L010 113.2(4), 
C4-C5 -C6 119.2(4), C4-C5-N12 124.7(4), C6-C5-N12 
116.1(4), C5-Nl2-Cl3 128.4(4), Fe-C3-C4-CS 179.7(5), 
C3-C4-CS-N12 34.3(7). 

Figure 3. Crystal structure of 3&"] 
c12 

L22 

c1 16 

19 

c20 

la] Selected bond lengths 1A1 and angles r"1: Fe-C3 1.960(4), 
C3-013 1.323(5), CY-CL (.396(6), e4-k5  1392(6), C - N 6  
1.306(6). 013-H6 2.053(5), 013-N6 2.667(5), N6-H6 0.872(6), 
Fe-C3-013 126 5(3), Fe-C3-C4 119 9(3), C4-C3-013 
113.613). C4-C5-N6 124.1(4). C4-C5-C15 117.6(4), 
C I5 -'C5 -N6 1 18.3(4), C5 -N6 - C7 126.6(4), Fe- C3 -C4-C5 
177.5(5), C3-C4-CS-N6 -6.0(6). 

O-C3-C4 and N-C4-C5 planes approaches 0" [3a: 5.9" 

C4-C5-N6)]. For complex 3b, an angle of 36.9" 
(010-C3-C4/C4-C5-N12) is found (see also Figures 
1-3 for further information).[''] 

All the complexes 3a-c are 2-(Z)-configured and adopt 
a s-truns conformation in the solid state. For the complexes 
3a and 3c a weak hydrogen bridge between the N-H pro- 
ton and the 1-OMe group is observed. NOE measurements 
of 3c in CD3N02 indicate positive interactions between 
2-H and CSHS, 3-CH3 and 2-H as well as for 1-OMe with 
N-H and C5H5, thus confirming that the same preferred 
conformation is present in solution. However, upon meas- 
uring 'H-NMR spectra of 3a and 3c in [D,]DMSO or 

(01 3-C3-C4/C4-C5-N6), 3 ~ :  2.1" (01 4-C3-C4/ 
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Scheme 5 

pF6 
A 

PF,- 
B 

major-3d rnin0r-M ~ , 6  'ph 

CD3CN, mixtures of conformational isomers, presumably 
s-cisls-trans isomers, were observed. For complex 3b (Figure 
2), with the A!-phenyl substituent trans to the bulky tert- 
butyl group at the b-cai-bou, the solid state structure is in 
agreement with the results of the NOE experiments in solu- 
tion (CD7N02), displaying positive interactions between 
the ortho protons of the N-phenyl group and the C5H5 li- 
gand, I-OMe and CjHj, 1-OMe and the N-phenyl group, 
2-H and CSHs and for 3-tBu with 2-H. Accordingly the 
unusual shift of the [OMe] group can be traced back to 
the anisotropic influence of the N-phenyl group, which is in 
close proximity. 

To gain further insight in the structure and bonding of 
(2-aminoetheny1)methoxycarbene iron complexes, 3, ad- 
ditional complexes were synthesized according to Scheme 
2, pathway A. Fortunately, the complexes 3 can also be syn- 
thesized at room temp. by addition of methanol (1 -2  
equiv.) to the (alkynyljcarbene complexes 1 dissolved in 
CH2C12 (IR monitoring), and subsequent treatment with 
1-2 equivalents of the primary amine. Thereby the (2-am- 
ino-etheny1)methoxycarbene complexes 3 are obtained in a 
one-pot procedure (Scheme 2, pathway B) in a yield of = 
85%. So far, further attack of the amines at the carbene 
center has not been observed. The results are summarized 
in Table 1. 

In addition, the complex 3d was prepared from 2a and 
(5')-phenylethylamine (Scheme 2, Table l), whereas the 
complex 3f was isolated from the reaction of la  with N -  
methylaniline according to Scheme 3. Both complexes were 
structurally analyzed using NOE measurements. For the 
major isomer of 3d (ratio of isomers 86: 14) a positive inter- 
action between the CsHs ligand and 2-H as well as 1-OMe, 
3-CH3 and 2-H, and an interaction of 3-CH3 with the cx- 

CH of the (S)-phenylethylamine moiety, is observed in 
CDC13, and therefore this isomer is assigned to the s-trans 
conformation and (22)  configuration (Scheme 5). In these 
experiments spin saturation transfer upon irradiation of the 
resonance signals of the major component was not ob- 
served. For the minor component positive NOE effects were 
found for 2-H with the or-CH of the (S)-phenylethylamine 
residue, and for I-OMe with the CSHs ligand as well as with 
3-CH3. Consequently, the (2E)-configuration and s-tram 
conformation are attributed to the minor isomer of 3d. 

However, for 3f (ratio of isomers 70:30) spin saturation 
transfer was noticed during the NOE experiments, indicat- 
ing configurationally unstable isomers to be present in solu- 
tion, as has already been observed for 2a. NOE interactions 
were found for the complex 3f in CDCI3 between I-OMe 
and 3-Me, the ortho protons of the N-phenyl group and 3- 
Me, as well as for the N-methyl group with 2-H, indicating 
the s-trans conformation and (2E) configuration given for 
3f in Scheme 5. In addition positive NOE effects were ob- 
served between the 3-Me and the N-methyl group. Thus, as 
a consequence of the hindered rotation around the C=N+ 
bond in compound 3f, the conformational isomers 3f-C and 
3f-C' in Scheme 5 have to be considered. The spectroscopic 
data indicate additional evidence for a mesomeric interac- 
tion between the carbene fragment and the enamine side 
chain (structure A, Scheme 5) in the complexes 3, and ac- 
cordingly for considerable contributions of the cnol ether/ 
iminium salt resonance structure B to the resonance hybrid. 

(2-Aininoetheny1)methoxycarbene chromium complexes 
are most conveniently synthesized by a Michael-type ad- 
dition of primary aniines to the (a1kynyl)methoxycarbene 
chromium complexes at room temp. [51[h1[7J Using this ap- 
proach, the cationic (2-anilinoetheny1)methoxycarbene iron 
complexes (Schemc 3) were also obtained. The methods 
described above have been developed for the synthesis of 
cationic (2-aminoetheny1)methoxycarbene iron complexes, 
e.g. 3a, which can not be prepared by this r o ~ t e . [ ~ " ] [ ~ ~ ]  Thus, 
by treatment of the corresponding I ,3-dimethoxy-substi- 
tuted (alkeny1)carbene complexes 2 (Scheme 2) with pri- 
mary amines, the cationic (2-aminoetlienyl)-substituted car- 
bene complexes are easily accessible and generated stereose- 
lectively, even in a one-pot procedure, starting from the 
(alkyny1)methoxycarbene precursors. 

Support of this work by the Dezrtsche Forschun~s~emeinschaft 
and by the Fonds der Chanischeri Indiistrie is gratefully acknow- 
ledged. We thank Prof. H. Kun: for his intcrest and generous sup- 
port. We also thank I). Sdzu/ l imyr  for the X-ray structural analy- 
ses and especially H .  Ko/.shorn for support of the NOE experiments. 

Experimental Section 
General: All operations were carried out under argon. Solvents 

were dried by refluxing over potassiumlbenzophenone ketyl, Li- 
AIH4 (LAH) or CaH2 and were freshly distilled prior to use. Petro- 
leum ether (40-60 "C) was dried by distillation from P205. - Col- 
umn chromatography: Baker silica gel (Type 0.063-0.200 mm). - 
The 4.4-Dimethyl-I-pentyne acidr141 was prepared according to lit- 
eruture procedures. - IR: FT-IR Perkin-Elmer 1760 X. - 'H and 
I3C NMR: Rruker AM 400, Bruker AM 200. If not specifically 
mentioned, chemical shifts refer to tiTMS = 0.00 according to the 
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chemical shifts of residual solvent signals (+: labeling of minor 
component in the case of mixtures of conformational isomers). - 
MS: Varian MAT CH 7a, Fiiinigan MAT 95. - Melting points 
are uncorrected. 

DicarhonyI(c~~c1o~)entn~~ienyl~ [ (rnethoxy) -3,3-dimeth.vl- I -buiyn- 
yl-cnrbenejiron He.wcfl~iori~phophate (1 h): For the preparation of 
lb ,  dicarbonyl(cyclopentadienyl)(3.3-dimethy~-l-b~1tynoyl)iron was 
synthesized as described previously. [4b1 Thus, a solution of 4,4-di- 
methyl-1-pentyne (899 mg: 7.13 mmol) in SO ml of degassed 
THF was cooled to 0 "C. N-Methylmorpholine (0.82 ml, 7.41 
mmol; 1.04 equiv.) and isobutyl chloroformate (0.96 ml, 7.41 mmol, 
1.04 equiv.) were added. The reaction mixture was stirred at 0 "C 
for 15 min. After having been cooled to -78 "C for 20 min the 
solution was filtered in vacuo at -78 "C to separate the precipitated 
N-methylmorpholine hydrochloride. The filtrate was added by me- 
ans of a cannula to a suspension of [Cp(C0)2FeK], prepared from 
[Cp(,CO)ZFe]z (1.33 g, 3.75 mmol) and 9.4 ml of K-Selectride (2.5 
equiv.. 1 M solution in THF), in 17 ml of T H F  at room temp.. The 
reaction mixture was stirred at -78°C for 30 min and then allowed 
to warm to room temp. (60 min). To the reaction mixture a satd. 
aqueous NHICl solution (0.15 ml) was added, and the solvent was 
removed in vacuo. The residue was purified by column chromatog- 
raphy on silica gel with petroleum ethedether (8:l) to yield 1.5 g 
(74%) of the iron acyl complex as a ycllow-brown crystalline solid, 
m.p. 4 1 T ,  Rf = 0.28 (petroleum ethcrkthcr, 8:l). - 'H NMR (200 
MHz, CDC13): 6 = 4.89 (s, 5 H. CSH;). 1.26 [s, 9 H, C(CH,),]. - 
"C NMR (50.3 MHz, CD,N02): F = 238.9 (C=O), 213.2 (C=O, 
ligand), 106.0 (C-C), 86.9 (C,H,), 85.0 (C-C), 32.7, 30.1. - IR 
(CHzC1,): P = 2188 cm-' (C-C), 2028, 2075 (C=O, ligand), 1594 
(CO). - CI4Hl&eO, (286.1): calcd. C 58.77, H 4.93; found C 58.54, 
H 4.91. A solution of the iron acyl complex (1.19 g. 4.16 mrnol) in 
CH2Cl2 (8 mi) was added to [(MeO)ZCH][PF6] prepared from 1.53 
g of [Ph,C][PF,] (3.95 mmol, 0.95 equiv.) and 0.57 nil of (Me- 
O)3CH (5.20 mmol, 1.25 cquiv.) in CH2ClP (32 ml) as already de- 
~cribcd.[""l[~~] The reaction mixture was stirred for I li and then 
diluted with pctroleum ether (200 ml) to precipitate a red oil. The 
general work-~ipr~~l  procedure yicldcd 1.6 g (91%) of l b  as a ycllow- 
brown solid, m.p. 94°C. - 'H NMR (200 MIL, CD3N02): F = 

5.49 (s. 5 H, C5H5), 4.62 (s, 3 H, OCH;), 1.44 [s, 9 H, C(CH,),]. - 
'H NMR (200 M H ~ ,  CD,CN): 6 = 5.37 (s, 5 r+, C ~ H ~ ) ,  4.49 (s, 3 
H, OCH3), 1.39 [s, 9 H, C(CH,);]. - 13C NMR (50.3 MHz, 
CD,N02): 6 = 290.1 (Fe=C), 209.6 (CO), 151.X (C-C). 91.3 

2176 cm-' (C-C). 2074,2034 (CO), 847 (PF;). - CI5Hl7F&eO3P 
(446.1): calcd. C 40.39. H 3.84; found C 40.28, H 3.62. 

Dicarbonyl [cyclopentadienyl) (methoxy (2-methoxy- I -propenyl)- 
carbeneliron Hexajluorophosphrrte (2a): To ii solution of (1.45 
g, 3.59 mmol) in CH2C12 (30 ml) methanol (2 equiv., 0.29 ml, 7.18 
mmol) was added. The reaction mixture was stirred for 100 min 
(IR monitoring) and then diluted with petrolcum ether (150 ml) to 
precipitate 2a as a red-brown solid. The product was isolated by 
filtration on air, washed with petroleum elher and dried under oil 
pump vacuum to yield 1.39 g (89'%,) of 2a as a red-brown powder, 
m.p. 160 "C. - 'H NMR (200 MHz, CD,NOlr 77:23 mixture of  
isomers; +: minor component): F = 6.93, 6.46+ (s, 1 H, =CH), 
5.38, 5.21+ (s, 5 H, C5H,), 4.67, 4.30+ (s, 3 H, OCH,), 4.28+, 3.99 

CD3CN, 76:24 mixture of isomers; +: minor component): 6 = 6.76, 

H, OCH?), 4.18+, 3.89 (s: 3 H, OCH,), 2.35+, 2.26 (s, 3 H, 3-CH,). 
- 13C NMR (50.3 MHz; CD3N02, 77:23 mixture of isomers; +: 
minor component): 6 = 2S9.2* 280.9+ (Fe=C). 212.7', 211.8 (CO), 
18S.7+; 175.2 (=C), 121.4, 118.Y (=CH), 88.6, 88.4+ (C5H,), 68.4, 

(CSHS). 87.5 (C-C), 70.9 (OCH,), 31.3. 29.2. - 1R (CHZC12): P 

(s, 3 H. OCH3), 2.47+. 2.35 (s, 3 H, CH?). - 'H NMR (200 MHz, 

6.33+ (s, 1 H, 2-CH), 5.27, 5.10' (s, 5 H, C,H,), 4.53, 4.14+ (s, 3 

64.6+ (OCH3), 59.2+, 58.8 (OCH;), 23.9, 21.9+ (CH,). - IR 
(CH2CIz): 0 = 2051 cm-', 2005 (CO), 1529 (C=COCH3), 847 (PF 
6 ) .  - IR (KBr): P = 2049 cm-', 1998 (CO), 1532 (C=COCH3). 
845 (PF;). - CI3Hl5F6FeP (436.07): calcd. C 35.81, H 3.47; found 
C 35.71. H 3.59. 

Dicarbon?d( cyclopentudimyl) [niethoxy (2-methoxy-3,3-diniethyl- 
I -butenyl) carbeiiejiron He,~~~~uorophoJ.phute (2b): To a solution of 
l b  (1.29 g, 2.88 nimol) in 24 ml of CH2Cl2 methanol (2 cquiv.. 0.23 
ml, 5.76 mmol) was added. The reactioii mixture was stirred for 80 
min (TR monitoring) and then diluted with petroleum ether (200 
ml) to precipitate 2b as an oil. After having been stirred for 50 
tnin a yellow-brown solid was obtained. The petroleum ether was 
removed by means of a cannula. The precipitate was dried under 
oil pump vacuum to yield 1.25 g (91%) of 2b as a yellow-brown 
powder, m.p. 83-84 "C. - 'H NMR (200 MHz, CD3N02, 86:14 
mixture of isomers; +: minor component): 6 = 6.96' , 6.74 (s, 1 H, 
2-CH), 5.46+, 5.41 (s, 5 H, C5H5), 4.71+, 4.63 (s, 3 H, OCH3), 3.95 
(s, 3 H; OCH3). 1.26+; 1.23 [s; 9 H, 3-C(CH3),]. - 'H NMR (100 
MHz; CDqCN): S = 6.59 (s. 1 H, 2-CH). 5.30 (s, 5 H, C5HS), 4.50 
(s. 3 H, OCH3), 3.83 (s: 3 H, OCH,), 1.18 [s, 9 H, C(CH,),]. - I3C 
NMR (50.3 MHz, CD3N02, 88:12 mixture of isomers; +: minor 
componcnt): 6 = 287.4 (Fe=C), 211.4 (CO). 183.3+, 182.9 (=C), 
119.9', 119.7 (=CH), 89.1, 88.7+ (C5Hs), 68.8 (OCH;), 64.8 (br. 

2053 cm~-',  2008 (CO). 1520 (C=COCH3); 845 (PF,). - 

C16HZ1F6Fe04P (478.15): FD, i d z  (YI): 333.0 (100) [M+ - PF;]. 

OCHI). 40.6 [C(CH,);], 28.0, 27.7+ [C(CH,),]. - JR (CH2C12): P = 

/1-[2-(Alanin-hT-yI {err-hutyl ester )  - l - ~ r o p e n ~ ~ I ] ( m e t l ~ o x y ) -  
carbenefdicnrbonyl( cyclopen t ndienyl) iron Hesrifluorophosphiite 
(3a). - Method A: Alaninc tedxi tyl  ester (364 mg, 2.51 mmol) 
dissolvcd in CH2C12 (10 ml) was added to a sohition of 2a (1.09 g, 
2.51 mmol) in 40 ml of CH2C12. The reaction mixture was stirred 
at room temp. in the dark for 25 min (1R monitoring). The solution 
was treated with petroleum ether (200 ml) to precipitate 3a. The 
mother liquor was removed by means of a cannula and the residue 
was dried under oil pump vacuum to yield 1.23 g (90%) of 3a as a 
yellow powder. 

M&md B: Methanol (1.6 equiv., 0.15 ml) was added to a solu- 
tion of l a  (926 mg, 2.29 mmol) in 40 ml of CH2C12. The progress 
of the reaction was monitored by IK spectroscopy. Aftcr having 
been stirred for 130 niin a solution of alanine tert-butyl ester (333 
mg, 2.29 mniol) in 10 ml of CH2Clz was added. The reaction mix- 
ture was stirred for 90 miii (IR monitoring) and then diluted with 
pctroleuin ether (200 i d )  to precipitate 3a. The mother liquor was 
reniovcd by means of a cannula. The residue was washed with 
petrolcum ether ( S O  ml), dried in a stream of argon and under oil 
pump vacuum to yield 1.1 1 g (88%) of 3a as a yellow powder, m.p. 
150 "C (dec.). - ' H  NMR (200 MHz, CDCI,, 91:9 mixture of 
isomers; +: minor component): 6 = 10.06-10.03 (d, J = 6.3 Hz, 1 

(m. J = 7.3 Hz, 4 H, OCH3 and CHCH3), 2.14+, 2.09 (s. 3 H, 

C(CH;),]. - 'H NMR (200 MHz, CD1N03, 928  mixture of iso- 
mers; +: minor component): F = 10.06- 10.02 (d, J = 6.5 Hz, 1 H, 

(m, J = 7.3 Hz, 1 H. CHCH3), 4.36 (s. 3 H, OCH?), 2.17 (s, 3 H, 

C(CH&]. - 'H NMR (200 MH7, CDICN, 88:12 mixture of iso- 
mers. +: minor component): 6 = 9.86 (s, 1 H. NH). 6.03 (s, I H, 
2-CH), 5.19. 5.17+ (s, 5 H, C5H5), 4.41-4.33 (m, J =  7.5 Hz, 1 H, 
CHCH,). 4.23, 4.17+ (s, 3 H; OCH3), 2.33+ and 2.07 (s, 3 H, CH3), 
1.47 and 1.43 [s, 12 H, CHCH, and C(CH3),]. - 13C NMR (50.3 
MHz, CDCI,): 6 = 243.9 (Fe=C). 212.0, 211.9 (CO), 169.8 (C= 

H. NH), 5.98 (s, I H, 2-CH), 5.28+, 5.16 (s, 5 H, CSH,), 4.27-4.20 

CH,). 1.54-1.50 (d, J = 7.3 Hz, 3 H: CHCH,), 1.48 [s, 9 H, 

NH), 6.21+> 6.16 (s, 1 H, 2-CH), 5.29 (s: 5 H, C,H,), 4.51-4.43 

CH,). 1.56-1.53 (d, J = 7.3 Hz, 3 H. CHCHT), 1.51 [s, 9 H, 
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01, 161.1 (=c), 119.8 (=CH), 87.1 (C,H,), 84.0 [C(CH,),J, 64.4 

- IR (CH2C12): P = 3275 cm-' (NH), 2043, 1995 (CO), 1733,1597, 
1516. 847 (PFT). - IR (KBr): 3 = 3369 cm-I. 3324 (NH), 2039, 
1989 (CO), 1734. 1521. 845 (PF,). - CI9HZ6FhFeNOiP (549.23): 

:[2-Anilino-3,3-dinletltl.l-I-butenylJi~lethox?Jcarhene )&cur- 
hon.~l(c~[:ioprntadien~l) iron Hexafluomphosphate (3b). - Method 
A: Aniline (144 nig, 1.55 mmol) dissolved in 3 ml of CH2C12 was 
added to a solution of 2b (370 mg, 0.77 mmol) in 9 ml of CH2C12. 
The reaction mixture was stirred for 1 h 35 miri at room temp. in 
the dark and then diluted with petroleum ether (50 ml) to precipi- 
tate 3b as a yellow-red oil. After having been stirred for 60 min a 
red-brown solid was obtained. After work-up 296 mg (71%) of 3b 
as a red-brown solid. m.p. I48 "C (dec.) was obtained. - 'H NMR 
(200 MHz, CD3N02): 6 = 8.93 (s, 1 H, NH), 7.52- 2 9  (m, 5 H,  

(OCH,), 53.5 (CHCH,), 27.9 [C(CH5)3], 19.7, 18.9 (CHCH,, CH3). 

FD, (YO): 404.7 (100) [M+ - PF,]. 

C6H-j): 6.45 (5, 1 H, 2-CH), 5.20 (s, 5 H, CSH,). 3.56 (s, 3 H, OCH,), 
1.43 [s, 9 H, C(CH,),]. - I3C NMR (50.3 MHz, CD3N02): 6 = 
248.1 (Fe=C), 213.4 (CO), 172.4, 141.8, 130.4, 128.8, 123.4, 115.8, 

(CH,Cl,): 0 = 3379 cm-' (NH), 2041.1994 (CO), 1621.1597.1556, 
1486, 847 (Pt;). - IR (KBr): 0 = 3338 c n - l  (NH), 2029, 1983 

calcd. C 46.78, H 4.49. N 2.60; found C 46.68. H 4.49, N 2.63. 

Method C: Aniline (0.18 ml, 1.94 mmol) was added neat to a 
solution of lb (867 nig, 1.94 mmol) in 25 ml of CH2C12. The reac- 
tion mixture was stirred for 30 min (IK monitoring) and diluted 
with 200 ml of petroleum ether to precipitate a brown oil which 
was washed with 10 ml of petroleum ether. The oil was dried under 
oil pump vacuum to yield 785 mg (75%) of 3b as a yellow-brown 
solid. 

{[2-Anilino-I -propenyl]met~io.~ycarbene}dicarbon~~l(c~c.~ope~ita- 
dieny1)iron Hexqfluorophosphate (3c). - Method A: Aniline (357 
mg, 3.83 mmul) dissolved in 10 ml of CW2ClZ was added to a solu- 
tion of2a (1.12 g, 2.74 mmol) in CHzCll (20 ml) and the reaction 
mixture was stirred for 7 h. Then petroleum ether (200 ml) was 
added to precipitate 3c, which was isolated by filtration (air), 
washed with petroleum ether and dried under oil pump vacuum to 
yield 1.13 g (83%) of 3c as a red-brown powdcr. 

Method B: Methanol (1.6 equiv., 0.05 ml) was added at room 
temp. to a solution of l a  (300 mg, 0.74 mmol) in CH2ClZ (16 ml). 
After having been stirred for 1 li 50 niin in the dark (IR monitor- 
ing) a solution of aniline (69 mg, 0.74 mmol) in 5 in1 of CH2C12 
was added and stirring was continued for 2 h. The reaction mixture 
was diluted with petroleum ether (70 nil) to precipitate an orange, 
fluffy solid (363 mg). which provcd to be a mixture of 2a and 3c 
( ' H  NMR spectroscopy). Aniline (0.05 ml, 0.55 mmol) was added 
to a solution of the crudc product (318 mg) in CH2C12 (10 ml). The 
reaclion mixture was stirred for 2 h and then diluted with petro- 
leum ether (70 ml) to precipitate 3c as a yellow-brown tlutTy solid. 
The mother liquor was removed by means of a cannula. The resi- 
due was dried in a stream of argon and under oil pump vacuum to 
afford 330 mg (89%) of 3c as a rcd-brown powder, m.p. 170 "C 
(dec.). - 'H NMR (200 MHz, CD3N02): 6 = 10.99 (s, 1 H, NH), 
7.57-7.42 (m, 3 H, C,H,), 7.32-7.29 (m, 2 H, C6H5). 6.36 (s, 1 

3-CH3). - 'H N M R  (200 MHz. [D,]DMSO, 52:48 mixlure ofiso- 
mers; +: minor component): 6 = 11.30, 11.09+ (s, 1 H, NH), 
7.53-7.29 (m, 5 H, C6H5), 6.32'. 6.21 (s, 1 H, 2-CH). 5.75 
(CH2CI,); 5.47+, 5.34 (s, 5 H, CsHj), 4.23+, 4.15 is, 3 H, OCH3), 

6 = 250.3 (Fe=C), 213.5 (CO), 162.2 (=C), 137.4 (C-ipso), 130.6, 
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87.9 (C=,H,), 64.4 (OCH,); 40.3 [C(CH,),], 28.5 [C(CH,)3]. - 1R 

(CO), 1597, 1559, 1486. 845 (PF,). - C ~ ~ H ~ ~ F ~ F Z N O ~ P  (539.24): 

H, 2-CH), 5.34 (s, 5 H, CSH,), 4.41 (s, 3 H , OCH3), 2.12 (s, 3 H, 

2.47', 2.05 (s. 3 H, 3-CH3). - I3C NMR (50.3 MHz, CD3N02): 

129.6, 126.6 (C&,), 120.6 (=CH), 88.3 (CSHj), 65.8 (OCHJ), 20.9 
(CH,). - IR (CH2Cl2): C = 3305 cm-' (NH): 2043, 1995 (CO), 
1594, 1568, 1520, 1497, 847 (PF;). ~ 1R (KBr): i j  = 3350 cm-I. 
3306 (NH), 2038, 1988 (CO), 1594, 1567, 1520. 1497, 844 (PF,). 
- ClsHl8F6FeNO3P (497.16): FD: m/z (9'"): 352.0 (100) [M+ - 
PF;]. - C,gH18FhFeNO?P.CH?CI? (582.09): calcd. C 39.21, H 
3.46, N 2.41; found C 39.39, H 3.46, N 2.46. 

Dicarbon~~lic?~cloper~tndien.~l) {2-((S) - l-pJieizyletliylamiiio) - I - 
propenJilJnzethoxycurbene}iri~n Hr~ujfluorophosphate (3d). - 
Method A: (5')-I -phenylethylamine (0.19 ml: 1.49 mmol. 2 equiv.) 
was added to a solution of 2a (324 mg, 0.74 mmol) in 12 ml of 
CH2C12. The reaction mixture was stirred for 1 h and then diluted 
with 50 ml of petroleum ether to precipitate an orange oil, which 
was dricd under oil pump vacuum to afford 3d as a yellow solid: 
332 nig (85%). 

Method B: To a solution of l a  (458 mg, 1.13 mmol) in 18 ml of 
CH2C12 methanol (0.1 ml. 2.2 equiv.) was added and the reaction 
mixture was stirred for 45 min. After complete consumption of the 
starting material (1R monitoring) 0.1 5 ml of neat (5')-I-phenylcthyl- 
amine (1 equiv., 1.13 mmol) was added. The reaction mixture was 
stirred for 2 h 45 min (1R monitoring) and then diluted with petro- 
leum ether (50 ml) to precipitate 3d as a yellow-red oil. The mother 
liquor was removed by means of a cannula. The oil was dricd under 
oil pump vacuum to furnish 506 mg (85%) of 3d as a yellow solid, 
m.p. 60 "C (dec.). - 'H N M R  (200 MHz? CDC13, 86:14 mixture 
ofisomers: +: minor component): 6 = 9.67 (s, 1 H, NH), 7.38-7.24 
(m. 5 H, C,Hj), 5.91, 5.86+ (x, 1 H, 2-CH); 5.16, 4.78' (s, 5 H, 
C5H5), 4.81-4.74 (m, 1 H. J = 6.3 Hz, CHCH?), 4.25. 4.10t (s, 3 

Hz, CHCH3). - "C NMR (50.3 MHz, CDCI,, 84:16 mixture of 
isomers; +: minor component): 6 = 244.8+, 243.4 (Fe=C), 212.2'. 

ipso), 129.3, 129.2': 128.2, 127.8+, 125.7 (C,H,), 119.4, 117.6+ (= 

23.1+ (CHC'H3). 20.0 (CH,). - IR (CH2C12): P = 3358 cm-', 3323 
(NH), 2042, 1994 (CO), 1592. 1525, 1581,847 (PF;). - IR (KBr): 
5 = 3366 cm-', 3322 (NH); 2037. 1987 (CO), 1525, 844 (PF;). - 
C20H22F6FeN03P (525.21): calcd. C 45.73, H 4.22, N 2.67; found 
C 45.58, H 4.25, N 2.54. 

nirarhon)?ljc~clopentndienylj {[2- ( N j  - (rnetli~l)plienylolnino)-l- 
pro~~en,vl/methox~vcarbe~~e)iro~~ Hexqfluorophosphate (39: N-meth- 
ylaniline (79 mg? 0.74 mmol) dissolved in 2 ml of CH2C12 was ad- 
ded to a solution of l a  (300 mg, 0.74 mmol) in CH2C12 (8 ml). 
After the reaclion mixture had been stirred for 15 min, IR monitor- 
ing indicated complete consumption of the starting material. Then 
petroleum ether (80 ml) was added to precipitate 3f. The mother 
liquor was removed by means of a cannula and the oil was washed 
with petroleum ether (20 ml) and dried under oil pump vacuum to 
yield 370 mg (97%) or 3f as a yellow solid, m.p. 135 "C (dec.). - 
'H NMR (200 MHz, CDCI,, 70:30 mixture of isomers; +: minor 
component): 6 = 7.50-7.14 (m. 5 H, C,H,), 6.40; 5.59+ (s; 1 H, = 

CH), 5.19, 4.88+ (s, 5 H, C,H,), 4.16. 4.07+ (s. 3 H. OCH,), 3.52 

CDCl,, 70:30 mixture of isomers; ' : minor component): 6 = 249.0 
(Fe-C), 212.4, 212.0 (CO), 163.1 (=C), 144.0 (C-ipso), 130.6+, 
130.4: 129.2, 125.7 (C6H5). 120.9+, 118.6 (=CH), 87.3, 86.9+ 
(C,H,), 64.3, 64.0+ (OCH3), 43.8. 42.4+ (NCH3), 22.5, 19.8 (CH,). 
- IR (CH2Cl2): 5 = 2040 cm-', 1991 (CO), 1524, 1499. - IR 
(KBr): 5 = 2038 cm-', 1985 (CO), 1526. 1499, 1479, 845 (PF,). 
- Cl9H2,)F,FeNO,P (511.18): FD. mlz ("XI): 366.0 (100) [M+ - 
PF, 1. 

X-ray Structure Drtrrminufion: For the examination and data 
co1lections an Enraf-Nonius Turbo-CAD4 diffractometer was em- 

H, OCH3), 2.39+, 1.99 ( s ,  3 H, 3-CH1), 1.64, 1.60 (d, 3 H, J = 6.7 

212.0, 211.9, 211.6+ (CO), 162.2. 161.6+ (=C), 142.1, 140.9' (C- 

CH), 87.0. 86.8+ (CSH5). 64.5, 64.2+ (OCH3), 55.4 (CHCH3). 23.2, 

(s. 3 H, NCH3), 2.58+: 2.10 ( s ,  3 H, CH3). - 13C NMR (50.3 MHz. 
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Table 2. Crystallographic data for 3a-c 

3a 
Empirical formula C19H26F6FeN05P.CH2Cl, 
Formula mass 634.2 g mo1-I 
Cryst. size [mrn3] 
Linear absorption 
coefficient absorption using @Scans 
Range of transmission 
Space group P2,2,2 I (orthorhombic) 
Cell c~nstants"~] a = 10.681(2) 

b = 10.658(1) 
c = 24.612(2) A; calculated from 25 
reflections (45"< 0 < 54") 

0.10 x 0.32 x 0.45 
p = 7.26 mm?; correction of 

Tmin = 0.42, T,, = 1 .O 

Cell volume [A3] 

Density 
Range for data collection 

Collcd. Reflexions 
Unique reflexions 
Obsd. reflexions 
Parameters refined 
Weights 

R values 
(Refinement on $) 
Goodness of fit 

Max, min peak in Fourier 
mau 

V=2801.7(5) Z=4 
F(OO0) = 1296 

1.5" I 0  275.0" ; 0 I h 6 13 
O I k I  13;011130 
6266 (with Friedel pairs) 
5502 (Ri,t = 0.0584) 
3679 (14/o(F, > 4.0) 
3 44 
w = 1 /[02(F2)+(0. 1564.P)' 
+ 2.14.P], P = [max(F~,O)+2*F~]/3 
wR2 = 0.2636 
(R14.0866 for obsd. rflns.) 
S =  1.026 
F l a k   parameter:^ =-O.Ol(l) 
Extinction: g = 0.0006(2) 
0.68, -0.62 eA-3 

dcalcd = 1.503 g 

3b 3c 
C21H2,F,FeN0,P C ,HI 8F,FeN0,PCH2CI, 
539.2 g mol-I 
0.12 x 0.12 x 0.5 
p = 6.25 mm-'; correction of 
absorption using @Scans 
Tmin = 0.88, T,,= 0.99 
P2 I 2,2 (orthorhombic) 
a = 8.363(1) A a = 69.782(8) 
b = 11.4527(5) A p = 83.540(8) 
c = 25.306(3) A; calculated from 48 c = 11.5782(7) A; y =  83.188(12) 
reflections (60"< 0 < 71 ") 

582.1 g mo1-l 
0.13 x 0.32 x 0.45 
p = 8.09 mn?; correction of 
absorption using @Scans; 
T,,, = 0.30, T,, = 1.0 
P I(tric1inic) 
a = 10.674(2) A; 
b = 10.804(2) A; 

calculated from 25 reflections 

V=2423.9(4) Z=4 
F(OO0) = 1104 

1.5" I 0  575.0" , 0 I h 5 10 
0 I k I 14; 0 I I 5 3 1 
5656 (with Friedel pairs) 
4979 (Rint = 0.03 14) 
3665 (Iq/o(fl> 4.0) 
313 
w = I/[o~(F~)+(O.O~X~~P)~ 
+ ~.~o.PI, P = [max(~,Z,0)+2.~,Z]/3 
wR2 = 0.1716 
(R1=0.0685 for obsd. rflns.) 
S= 1.385 

dcalcd. = 1.478 g af3 

0.39,4.36 eA-3 

(35- 0 < 44") 
V= 1240.3(3) Z= 2 
F(OO0) = 588 
dcdcd, = 1.558 g 
1.5" I 0 I 75.0'; -13 I h I 0  
-13<k213;-1411114 
5384 (with Friedel pairs) 
5097 (Ri,t= 0.0193) 
3969 (14/0(fl > 4.0) 
345 
w = 1/[0~(F~)+(O.l610~P)~ 
+ 0.48.P], P = [ma~(F,,0)+2.F,2]/3 
wR2 = 0.2371 
(R1=0.0781 for obsd. rflns.) 
S = 1.050 
Extinction: g = 0.0036(9) 

0.88,--0.72 eA-3 

ployed at T = 298 K bx using a graphite-,monochromated Cu-K, 
radiation (h = 1.5418 A; scan typc: 0120). The structurcs wcrc 
solved by direct methods (STR 92) and were refined by means of 
the full-matrix least-squares procedures using SHELX 03: Lorent7 
and polarization corrections were applied to the data. All non-hy- 
drogen atoms were refined anistropically. For 3a, 3b and 3c a riding 
model starting from the calculated positions for the hydrogen 
atoms was employed, except for H6 (3a), HI2 (3b) and H6 (3c), 
respectively. The PF; counterions were 

For synthesis and application of tetracarbonyliron(0) carbene 
complexes, see: [la] D. Dvorak, Orgunonwfullics 1995, 14, 
570-573. - [Ib]J. Park, S. Kang. C. Won, D. Whang, K. Kim, 
Organometallics 1993,12,4704-4707. - [Ic] M. F. Semmelhack, 
J. Park. Orgunonietallics 1986, 5, 2550-2552. and references 
cited. 

L2j For reviews and leading citations. see: ['4 &'. Pctz in Iron-Car- 
hene Complexes (Ed.: Gmelin-Tnstilut). Springer-Verlag, Berlin, 
1993. - LzbI V. Guerchais, Bull. Soc. Chim. Fr. 1994, 131, 
803- 81 1.- [2c] P. Helquist in Advances in Mefol-Organic Chern- 
istry (Ed.: L. S. Licbcskind) JAI Press LTD, 1991> vol. 2, p. 
143-194. -[2d] M. Brookhart, W B. Studabaker, Chem. Rev. 
1987, 87, 411-432. R. E. Landrum, J. 0. Lay Jr., N. T. 
Allison, Organonietullics 1988. 7, 787-788, and references 
cited. 

L3] For rcccnt reviews, see: [361 L. S. Hegedus, Tktrahedron, 1997, 
53, 4105-4128. - [3b1 A. de Meijere, Pure Appl. Chem. 1996, 
68, 61 -72. - c3'1 W. D. Wulff in Comprehensive Organometallic 
Chemistry II  (Eds.: E. W. Abel, F. G. A. Stone, G. Wilkinson), 
Pergamon Press, Oxford, 1995, vol. 12., pp. 470 -547. - [?dl W. 
D. Wulff in Cowiprehensive Orgunic Synthesis (Eds.: B. M. Trost, 
I. Flemming), Pergamon Press. Oxford, 1991, vol. 5., p. 
1065-1113. - [3e]  K. H. Dotz, Angew Chem. 1984, 96, 
573-594; Angew. Chem. Int. Ed. Engl. 1984, 23, 587. 

141 [4a] K. Ruck-Braun, J. Kiihn, Synlett 1995. 1194-1196. - 

K. Ruck-Braun, J. Kiihn: D. Schollmeyer, C'hem. Bes 1996, 
129, 937-944. - ["IK. Ruck-Braun. J. Kuhn, Chem. Ber: 1996, 
129, 1057-1059. 

R. Aumann, B. Jasper, R. Frohlich, Orgunometallics 1996> 
15, 1942-1950. - rsb1 R. .4umann, B. Jasper, R. Frohlich> Or- 
gunomefollics 1995, 14. 3173-3175, and references therein. 

L6] ba] M. Duetsch, F. Stein, R. Lackmann, E. Pohl, R. Herbst- 
Irmer, A. de Meijere, Chem. Ber: 1992. 125, 2051-2065. - LBbl 
F. Stein, M. Duetsch. E. Pohl, R. Herbst-Irmer. A. de Meijere, 
Organometallics 1993, 12, 2556-2564. 

'7 For reactions of chromium carbene complexes [(CO),Cr(C(O- 
Et)C=CR)], e.g. R = cPr, C(CH3)20Et, OSiMe3 with primary 
amines (H2NR', R' = iPr, nPr, cHex) furnishing either the cor- 
responding (2-aminoethenyl)methoxy carbene complexes or al- 
lenylidene-type complexes as major products, see ref. L6"]. 

L81 The structural assignment was based on the spectroscopic 
properties, which were in agreement with data of other amino- 
carbene complexes derived from aniline, e.g. [Cp(C0)2; 
Fe(C(NHPh)C(CH,)=CH,) '][PF,d, 6(Fe-CCarbene) = 255; v 
(CO) = 2040, 1990 cin-l], see ref.[ b]. 

19] For thc synthcsis and structural assignment of (2-(NH)anilino- 
etheny1)carbene chromium complexes derived from the corre- 
sponding (alkyny1)chromium carbene complexes and aniline, 
see R. Aumann, Chem. Bec 1993, 126, 2325-2330, and refer- 
ences therein. 

["'I In the group VI series the (2-methoxyetheny1)ainocarbene 
complexes and the structurally isomeric (2-aminoetheny1)meth- 
oxycarbene complexes have been distinguished by NMR spec- 
troscopy according to Aumann et al.. For example, complex 
(6- {(CO),W= C(0Et)CH = C(CH3)NMe2} exhibits the reson- 
ance signal for the 1-OCH2-group at 6 = 4.53, whereas for (E)-  
I(CO),W=C(NMe,)CH=C(CH,)OEt) the 3-OCH2-group is 
found at about 6 = 3.47. For further details, see: R. Aumann, 
P. Hinterding, Chewi. Ber 1990, 123. 61 1-620, and references 
cited. 

'1 For iron(0) alkynyl(cthoxy)carbene complexes the aminolysis of 
(CO),Fc[C(OEt)C=CtBu] with dimethylamine at 25 "C was re- 
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ported by Park et al. (ref.[’b]), leading to an (q?-(&acylvinyl)- 
carbene)Fe(CO); complex as unexpected product, through the 
initial Michael-type addition of HNMe2 and subsequent re- 
arrangements. 

[121 For the synthesis of (2-methoxyetheny1)methoxy carhene chro- 
mium complexes from the corresponding (alkyny1)methoxy car- 
bene complexes in the presence of DBU. see: 

[12a]E Camps, A. Llebaria, J. M. Moreto, S. Ricart, J. M. Vinas, J.  
Organornet. Chem. 1991, 301. C17-CI9. - [’*’] A. Llebaria, J. 
M. Moreto, S. Ricart, J. Ros, J. M. Vinas, R. Yanez? J.  Or- 
guizomef. Chern. 1992, 440,79-90. The application of alkoxides 
as catalysts has been reported by de Meijere et al.. see 
For the observation of s-cisls-trans conformers of (2-amino- 
etheny1)methoxycarbene chromium complexes in the solid state 

and in solution, see: [13a1 L. Lattuada, E. Licandro. A. Papagni, 
S. Maiorana. A. C. Villa, C. Guastini. J.  Chern. Soc., Chem. 
Commun. 1988, 1092-1093; - R. Aumann, P. Hinterding, 
Chem. Ber: 1990, 123. 611-620, references cited therein and 
ref. 161. 

[I4] L. A. Carpino, J. Am. Chem. Soc. 1958, 80, 599-601. 
[I5] C. Svcnson. Cdsius, Program j%r Refinententt of’ I!uttic:e Para- 

menten, Lund. Sweden, 1974. 
[16] Further details of the crystal structure determination may be 

obtained from the Fachinformationszentrum Karlsruhe, 76344 
Eggenstein-Leopoldshafen. Any request for this material should 
quote the full litcrature citation and the reference numbers 
CSD-406892 for 3a, -406x91 for 3b and -406893 for 3c. 
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