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The cationic iron (alkyny1)dminocarbene complexes [Cp- 
(CO),Fe(C(NHR)C=CSiMe,l[PF,], (R = C6H,, p-CH,C6H4) 1 
derived from aromatic amines smoothly react with cyclopen- 
tadiene in dichloromethane to yield the cycloadducts 2. No 
reaction was observed for complexes derived from sterically 
demanding aliphatic amines, like L-alanine tert-butyl ester. 

For comparison, the alkynyl-substituted acyl iron compounds 
Cp(CO),Fe(C=O)C=CR (R = SiMe,, C6H5) 3 were investi- 
gated, requiring TiC14 catalysis to undergo the cycloaddition 
reaction. The structures of the cycloadducts 4 were determi- 
ned by X-ray crystallography. 

During the past two decades a,p-unsaturated Fischer- 
type carbene complexes of chromium and tungsten have 
proven to be useful reagents in organic synthesis, e.g. Diels- 
Alder reactions[',*]. During recent years cycloaddition reac- 
tions with alkynylalkoxycarbene complexes of group-6 met- 
a l ~ [ ~ ]  and analogous tetracarbonyliron(0) have 
attracted the interest of organic chemists. In contrast, syn- 
thetic applications of aminocarbene complexes have been 
less extensively ~tudied[~.~l] .  However, all attempts to use 
substituted (alkyny1)aminocarbene complexes in Diels- 
Alder reactions as dienophiles failed[7,81. Only the acetylene 
complexes ((CO),M[C(NMe,)C=CH], M = Cr, W) af- 
forded the cycloadducts upon treatment with cyclopenta- 
diene (neat) at room temperature. The corresponding TMS- 
substituted tungsten complex did not react even after pro- 
longed reaction time (48 h), probably for steric reasons[']. 

Being interested in the reactivity of Cp(CO),Fe-substi- 
tuted aminocarbene complexes in comparison to chromium 
analogues, the application of 1 (Scheme 1) in Diels-Alder 
reactions with cyclopentadiene was examined. 

The alkynyl-substituted aminocarbene complexes 1 were 
prepared as described in a previous Thus, l a  and 
l b  were allowed to react with cyclopentadiene (20 equiv.) 
at room temperature in dichloromethane (monitoring by IR 
spectroscopy) to yield the cycloadducts 2 (Scheme 1) in 
>90% yield. The reaction time varied from one to three 
hours. Compound 2a crystallized directly from the reaction 
mixture, whereas 2b was precipitated by addition of petro- 
leum ether. 

The structural and analytical characterization revealed 
the isolated cycloadducts to be formed exclusively. The 
NMR spectra show only one single isomer to be present in 
solution. In accordance with the starting materials la,b, the 
anti isomer should be The v(C0) absorptions 

Scheme I 

observed at about 2045 and 2000 cm-', the 6(Fe- 
CCarbene) shifts in the 'T-NMR spectra and the v(C=N) 
stretching frequencies are at positions noted previously for 
aminocarbene complexes derived from aromatic amined'"]. 
With the cationic [Cp(CO),Fe] fragment compared to the 
(CO)&r group a sterically less demanding moiety is intro- 
duced, which increases the electrophilicity of the carbene 
carbon and thereby the polarization of the alkyne substitu- 
ent. However, when the aminocarbene complex l c  was 
used, obtained from (4-( 1-phenylethyl)amine, only starting 
material was isolated (Scheme 1). In addition, neither 
complex [C~(CO),F~(C(L-NHCH(CH~)CO,~BU)C=CP~~]- 
[PF#O1 nor the trimethylsilyl-substituted compound 
[C~(CO>,F~(C(L-NHCH(CH~)CO~~B~)C=CS~M~~]- 
[PF,#ol did react with cyclopentadiene by applying anal- 
ogous experimental conditions. After addition of a catalytic 
amount of TIC4 (0.2 equiv., 1 M solution in CH,Cl,) to l c  
and cyclopentadiene, the cycloaddition did not occur either. 
Probably, the difference in reactivity observed for N-alky- 
and N-aryl-substituted aminocarbene complexes 1 is caused 
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solely by steric hindrance, due to the bulkiness of the chiral 
aliphatic amines employed. 

In comparison to the cationic aminocarbene complexes 
la,b the neutral alkynyl-substituted iron acyl complexes 3 
proved to be less reactive["]. Thus, when 3a was treated 
with an excess of cyclopentadiene (20-80 equiv.) at -10°C 
or at room temperature in dichloromethane or benzene no 
reaction was observed (TLC monitoring). Fortunately, 
Lewis acid catalysis with TIC& (1 equiv.) provided access to 
the cycloadduct 4a, which could be isolated in moderate 
yield (40%) after aqueous work-up and column chromatog- 
raphy on silica gel. 
Schemc 2 

3 41 R yield 

The use of 0.2 equiv. of TiC14 at room temperature in 
dichloromethane proved to be sufficient to effect clean con- 
version to the cycloadducts 4a and 4b (Scheme 2). A sample 
of 4a was recrystallized from petroleum ethedether (23%) 
for X-ray structure analysis. Similar structural features and 
data were observed for 4a (Figure 1) and 4b, except for 
the torsion angle 03-C3-C4-C5 [4a: -76.3(5); 4b: 

Figure 1. Crystal structure of 4aLa] 

- 96~(4)][ '~] .  

W 

Selected bond lenglhs [A] and angles ["I: Fe-Cl 1.749(5), 
Fe-C2 1.750(5), Fe-C3 1.979(4), Cl-01 1.155(6), C3-03 

Fe-C3-03 121.8(3), Fe-C3-C4 117.7(2). 03-C3-C4 120.4(3), 

In summary, the results obtained demonstrate an en- 
hanced reactivity of sterically demanding cationic iron 

1.208(5), C3-C4 1.490(5), C4-C5 1.339(5), C8-C7 1.309(?); 

03-C3-C4-C5 -76.3(5) 

(alkyny1)aminocarbene complexes derived from aromatic 
amines (aniline, toluidine) compared to group-6 metal ana- 
logues. 

We thank Dr. D. Schollmeyer for performing the X-ray structure 
analyses of compound 4a and 4b. The support of this work by the 
Deutsche Fomhungsgemeinschaft is gratefully acknowledged. 

Experimental 
Experimental procedures were performed as already de- 

The yields refer to analytically pure compounds and are 
not optimized. - IR: FT-IR, Perkin-Elmer 1760 X. - 'H and I3C 
NMR: Bruker AM 400, Bruker AM 200. If not specially men- 
tioned, chemical shifts refer to hTMs = 0.00 according to the chemi- 
cal shifts of residual solvent signals - MS: Varian MAT CH 7a, 
Finnigan MAT 95. - Melting points are uncorrected. - Column 
Chromatography: Fa. J. T. Baker (Type 0.063-0.200 mm). - TIC& 
was purchased from Aldrich as 1 M solution in CH2C12. 

Complex 2a: To a solution of l a  (360 mg, 0.69 mmol) in CH2C12 
(8 ml) neat cyclopentadiene (0.92 ml, 20 equiv.) was addcd. The 
solution was stirred at ambient temp. in the dark. APter 30 min, 
crystallization of the product froin the reaction mixture was ob- 
served. The suspension was stirred Tor 3 h. The solvent was re- 
moved by means of a cannula, and the precipitate was washed with 
ether, dried under argon and oil-pump vacuum to yield 368 mg 
(91%) of 2a as a yellow solid, m.p. 205-207°C (dec.). - 'H NMR 
(200 MHz, [D,]DMSO): 6 = 13.56 (s, l H ,  NH), 7.64-7.23 (m, 
6H, C6115, =CH), 6.64 (m, J =  4.4 Hz, 1 H, =CH), 5.63 (s, 5H, 

lH ,  CH), 1.38 (d, J = 6.3 Hz, lH,  CH), -0.23 [s. 9H, Si(CH3)3]. 
- '3C NMR (50.3 MHz, [D6]D&fso): 6 = 253.8 (Fe-Carbene), 

CSHS), 3.82 (s, I H, CH). 3.69 (s, 1 H, CH), 1.57 (d, J = 6.3 Hz, 

212.2, 210.6 (CO), 168.7 (C-2), 140.7, 142.3, 141.4 (C-3,5,6), 135.5 
(C,,, C6HS). 128.9, 124.8, 87.3 (C,H,), 64.8 (C-7), 56.9, 54.8 (C- 
1,4), -2.6 (Si(CH&). - IR (KBr): 0 = 3312 (NH), 2050, 2006 
(CO), 1518 (C=N), 845 (PF,). - C24H26F6FeN02PSi (589.4): 
calcd. C 48.91, H 4.45, N 2.38; found C 48.87, H 4.36, N 2.27. 

Complex 2b: To a solution of 607 mg (1.13 mmol) of l b  in 
CH2C12 (13 ml) neat cyclopentadiene (1.5 ml, 20 equiv.) was added, 
and the solution was stirred in the dark at ambient temp. for 1 h 
until complete consumption of the starting material (IR monitor- 
ing). The reaction mixture was diluted with petroleum ether (40 
ml) to precipitate 2b. The solvent was removed by means of a can- 
nula, and the residue was washed with petroleum ether and dried 
to yield 641 mg (94%) or 2b as a yellow solid, m.p. 193°C (dec.). 
- 'H NMR (200 MHz, [D,j]DMSO): 6 = 13.47 (s, 1 H, NH), 
7.31-7.10 (m, 5H, C6H4, =CH), 6.63 (9. J =  4.8, J =  3.2 Hz, 
1 H, =CH), 5.62 (s,  5H, CSHS), 3.80 (s, 1 H. CH), 3.69 (s, 1 H, CH), 
2.31 (s, 3H, CH3), 1.57 (d, J =  6.5 Hz. lH ,  CH), 1.39 (d, J =  6.5 
Hz, IH, CH), -0.23 [s, 9H, Si(CH,),]. - NMR (50.3 MHz, 
[&]DMSO): 6 = 252.0 (Fe-Carbene), 211.4, 209.9 (CO), 168.8. 
139.9, 139.8, 137.7, 137.2, 134.5, 128.4, 123.8, 86.5 (C,H,), 64.1, 
56.9, 54.8, 19.7 (CH,), -3.4 [Si(CH,),]. - IR (KBr): C = 3301 
(NH), 2046, 1998 (CO), 1511 (C=N), 845 (PF,). - C2sH28F6FeN- 
02PSi (603.4): calcd. C 49.76, H 4.68, N 2.32; found C 49.66, H 
4.75, N 2.35. 

Complex 4a: To a solution of 3a (560 mg, 1.86 mmol) and cyclo- 
pentadiene (2.5 ml, 20 equiv.) in 20 ml of degassed benzene 0.2 
equiv. of TIC4 (0.4 ml, 1 M solution in CH2C12) was added. The 
reaction mixture was stirred at ambient temp. for 4 h 20 min until 
complete consumption of the starting material (TLC monitoring). 
After dilution with CH& (50 ml). the organic layer was washed 
with a satd. aqueous NH4CI solution (130 id) and brine (100 ml, 
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twice) and dried (MgS04). The solvent was concentrated in vacuo, 
and the residue was purified by column chromatography on silica 
gel with petroleum ethedether (8 :  1) as eluent to yield 276 mg (40%)) 
of 4a as a yellow solid. Crystallization from petroleum ethedether 
(50 ml, 4:1) afforded 4a as yellow needles (157 mg, 23%,), m.p. 
125°C. - 'H  NMR (200 MHz, CDC13): 6 = 6.87 (dd, J = 3.0, 5.0 
Hz,lH,=CH),6.67(dd,J=3.0,5.0Hz,lH,=CH),4.86(~,5H, 
C5H5). 3.78 (s, IH, CH), 3.74 (s, 1H, CH), 1.93 (d, J =  6.2 Hz, 
I H ,  CHZ), 1.84-1.80 (m, J =  6.2 Hz, IH, CH2), 0.03 [s, 9H, 
Si(CH,),]. - I3C NMR (50.3 MIIz, CDCI3): 6 = 254.3 (Fe-C=O), 

86.3 (C,H,), 71.2 (C-7), 54.7, 54.3 (C-1,4), -1.2 (Si(CH&). - IR 
(CH2C13: C = 2020,1963 (CO), 1601 (Fe-C=O). - C18H20Fe03Si 
(368.3): calcd. C 58.70, H 5.47; found C 58.69, H 5.35. 

Complex 4b: To a solution of 3b (306 mg, 1 mmol) and cyclopen- 
tadiene (1.34 ml, 20 equiv.) in degassed CH2CI2 ( 1 1  ml) 0.2 equiv. 
of TiC14 (0.2 ml, 1 M solution in CH2CI2) was added. The solution 
was stirred for 3 h (TLC monitoring). Dilution with acetone af- 
forded a white precipitate, which was removed by filtration through 
Celite. The solvent was removed in vacuo, and the residue was puri- 
fied by column chromatography on silica gel with petroleum ether/ 
ether (2:l) as eluent. The solvent was removed by rotary evapo- 
ration. The residue was stored at - 18 "C to afford yellow crystalline 
4b, collected by removal of the mother liquor by means of a can- 
nula and dried under oil-pump vacuum: 268 mg (770/0), m.p. 

Table 1. Crystal and refinement data for iron acyl complexes 4a 
and 4b 

214.2, 213.8 (CO), 176.6 (C-2), 142.7 (C-3), 142.3, 141.4 (C-5,6), 

Emp. formula 
Mol. mass 
cryst. size [-3] 
Linear absorption 

coefficient 

Range of trans- 
mission 

Space group 

46 
Cl gH20FeO3Si 
368.29 pol-1 
0.10 x 0.13 x 1.02 
p = 7.45 mm-1 (DIFABS[121) 
(Cu-&;h=1,5418A) 
Tmi, = 0.244, Tmax = 1 .O 

P2lk (monoclinic) 

c = 12.8825(8) 
p = 112.517(4)" calculated from 
25 reflections 65' < (3 < 74' 

F(000) = 768 
Cell volume T=l799.4(2)A3;2=4 

Density dcdcd. = 1.359 gcW3 
Scan type 0120 
Range for data 1 5" s 0 5 75 0" 

-16 < h I I5 
O 5 k 5 1 4  0 < 1 < 1 6  

3407 ( R s i a a  - 0.0321) 

collection 

Rcflns. collcd. 3407 
Unique refis. 
Obsd. rilns. 
Structure solution SIR92 

2540 (IFp(F) ' 4.0) 

Structure refinement SHELXL--43 
Parameters varied 224 
Weights w = l/[a2(Fo2) + (O.O736*P)2 + 

P = (Max(Fo2,0)+2*Fc*)/3 

(R1 = 0.0494 for obsd. reflns.) 

1.23*P] 

R values wR2 = 0.1443 
(refinement on ~ 2 )  
Goodness-of-fit S= 1.032 
max, min peRk in diff. 
Fourier map; 0.48, 4 . 3 6  eA-3 
max shift of 
parameters 0.001 *e.s.d 

372.19 gmol-l 
0.10 x 0.16 x 0.64 

p = 7.15 mm-' (DIFABS[I21) 
(CU-K~; h= 1.5418A) 
Tmi,,=0.17,Tm~=1.0 

P21k (monoclinic) 
a -  12.277(1)A 
b -  7.094(2)A 
c = 19.822(1) A 
p = 92.44(1)" calculated from 
46 reflections 60' < (3 < 74' 
V =  1724.9(5)A3; Z = 4  
F(OO0) = 768 
da$d, 1.427 g ~ r n - ~  
O f 0  
1.5" 5 (3 S 75.0" 
O S h 2 1 5  
- 8 5 k S O  -2451524 
3845 
3513 = 0.0344) 
2554 (14/u(F) > 4.0) 
SIR92 
SHELXL-93 
241 
w = l/[u2(Fo2) + (0.0713'P)2 + 
0.36*P] 
P = (Max(F02,0)+2*Fc2)/3 
wR2 = 0.1337 
(Rl = 0.0439 for obsd. reflns.) 
S = 1.048 

0.35, 4 2 1  eA-3 

0.000'e.s.d 
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119-120°C. - 'H NMR (200 MHz, CDCI3): 6 = 7.34-7.18 (m, 
5H, C6H5), 7.03-6.95 (m, 2H, HC=CH), 4.63 (s, 5H, C5H5), 3.82 
(~,1H,CH),3.68(s,lH,CH),2.15(d,J=6.3Hz,1H,CH),1.93 

259.5 (Fe-C=O), 214.0, 213.2, 160.9, 141.6, 141.0, 138.9, 135.9, 

1965 (CO), 1602 (Fc-C=O). - C21H16Fe03 (327.2): calcd. C 
67.77, H 4.33; found C 67.77, H 4.35. 

X-Ray Structure Determination: Examinations aiid data collec- 
tions were carried out with Cu-K, radiation (graphite-monochrom- 
ated) with an Enfraf-Nonius CAD4 diffractometer. For structure 
refinement the full-matrix procedure was applied by using 
SHELXL 93. All non-hydrogen atoms were refined anisotropically. 
For both structures a riding model starting from calculated posi- 
tions for the hydrogen atoms was employed [with the exception of 
H6 (Ch) compound 4b][141. 

(d, J =  6.3 Hz, lH ,  CH). - "C NMR (50.3 MHz, CDC13): 6 = 

128.0, 127.3, 126.4, 86.4,69.3, 54.2, 54.0. - IR (CH2C12): C = 2021, 

['I For reviews, see: [la] K. H. Dotz, New L Chem. 1990, 14, 
433-445. - [Ib] W. D. Wulff in Comprehensive Organic Syn- 
thesis. vol. 5 (Eds.: B. M. Trost, I. Fleming), Pergamon, Oxford, 
1991, p. 1065. 
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