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Primary and  secondary amines react with pentacarbonyl( 1-ethoxy-1-alkyny1carbene)chromium 
complexes la-g t o  give pentacarbonyl(3-aminoalleny1idene)chromium complexes 11-18 a n d  
pentacarbonyl[ethoxy(2-aminoethenyl)carbenelchromium complexes 3-10. Crystal structures 
of two relevant examples a re  reported. T h e  product ratio is influenced by the  size of the  
substi tuent on t h e  acetylene terminus and in the  amine, t h e  basicity of the amine, and the  
reaction temperature. Reaction of la-c,f with lithium amides gave even higher yields of the  
corresponding allenylidene complexes. Addition of dimethylamine to  allenylidene complexes 
1Sf and 13a gave quantitative yields of bis(dialky1amino)ethenylcarbene complexes (E/Z)-23 
a n d  (E)-24. 

a,p-Unsaturated (carbenelchromium complexes have 
become important reagents in synthetic organic chemistry. 
The so-called Dotz reaction has made phenyl- and ethenyl- 
substituted representatives valuable precursors to highly 
substituted and ring-anellated hydroquinones and cyclo- 
hexadienones. 1*2 [ [ @- (Dialkylamino) e thenyl] carbenel - 
chromium complexes, which are readily prepared by a 
Michael type addition of secondary amines to alkynyl- 
carbene complexes 1,3-5 react in different ways to give 
highly substituted cyclopentadienes,6 cyclopenta[blpyr- 
ans,7 or fulvenes.* In a systematic study of the reactions 
of various primary and secondary amines with complexes 
of type 1, we observed that the substitution at  C1, 
reportedly competing with the addition a t  C3 and favored 
a t  low t e m p e r a t ~ r e , ~  is the exception rather than the rule.5 
Only complexes l a  with a phenyl group and Id with a 
trimethylsilyl group9 gave substitution products along with 
the addition products 3a and 3d. In all other cases, the 
formation of (3-aminoa1lenylidene)chromium complexes 
as byproducts was ~ b s e r v e d . ~  Since this constitutes a new 
and simple route to cumulene complexes of types 1 1-18,10p11 
which may have interesting applications in organic syn- 

* To whom correspondence should be addressed. 
t Institut fCu Organische Chemie der UniversitAt Gbttingen. 
t Institut ftir Anorganische Chemie der Universitiit Gbttingen. 
1 This paper is dedicated to Professor Anton Meller on the occasion 

of his 60th birthday. 
(1) Cf.: DBtz, K. H. Angew. Chem. 1984,96,573-594; Angew. Chem., 

Int. Ed. Engl. 1984,23,587. Ddtz, K. H. In Organometallics in Organic 
Synthesis; de Meijere, A., tom Dieck, H., Eds., Springer: Heidelberg, 
1988. Dbtz, K. H. In Advances in Metal Carbene Chemistry; Schubert, 
U., Ed.; NATO AS1 Series Vol. 269; Kluwer: Dordrecht, The Netherlands, 
p 199 ff (see also references cited therein). 

(2) Cf.: Wulff, W. D. In Comprehensive Organic Synthesis; Trost, B. 
M., Ed.; Pergamon: Oxford, U.K., 1991; Vol. 5, pp 1065-1113 (see also 
references cited therein). 
(3) Fischer, E. 0.; Kreissl, F. R. J.  Organomet. Chem. 1972,35, C47- 

C51. 
(4) Fischer, E. 0.; Kalder, H. J. J.  Organomet. Chem. 1977,131,5744. 
(5) Duetach, M.; Stein, F.; Lackmann, R.; Pohl, E.; Herbst-Irmer, R.; 

(6) Duetach, M.; Stein, F.; Lackmann, R.; de Meijere, A. Synlett 1991, 
324-326. 

(7) Stein,F.; Duetach, M.; Lackmann, R.; Noltemeyer, M.; de Meijere, 
A. Angew. Chem. 1991, 103, 1669-1671; Angew. Chem., Int. Ed. Engl. 
1991,30, 1658. 

(8) Stein, F.; Duetach, M.; Lackmann, R.; de Meijere, A. Unpublished 
results. 

de Meijere, A. Chem. Ber. 1992,125,2051-2065. 

Scheme I 

\ 
l a  Ph 

\\\ 
\ 

2a Ph 

\ 
NMe2 

3a 

thesis, we have looked more closely a t  these reactions and 
optimized yields of the cumulene complexes (Scheme 11). 

We have identified four factors which determine product 
ratios in the reactions of complexes la-g with primary 
and secondary amines (Tables I and 11). The formation 
of 3-aminoallenylidene complexes is enhanced by bulky 
substituents both on the acetylene terminus and in the 
amine, by increased basicity of the amine, and by higher 
reaction temperature. When the reactions of If with 
dimethylamine and dibenzylamine were carried out a t  65 
"C ,  the reaction mixture had to be cooled to  room 

(9) (a) This structure assignment rests on the result of a control 
experiment, in which ethanol was added to the product to give penta- 
carbonyl~l-(dimethylamino)-3-ethoxypropenylidenelchromium, as was 
shown by comparison of ita spectroscopic data with those reported for 
penta~~nyl[3-(dimethylamino)-l-ethorypropenylidene]chromium: Au- 
mann, R.; Hinterding, P. Chem. Ber. 1990, 123, 611-620. Addition of 
ethanol to lld would have given pentacarbonyl[3-(dimethylamino)-l- 
ethoxypropenylidenelchromium. (b) Rnhm, A.; Wulff, W. D.; Rheingold, 
A. L. Organometallics 1993,12,597-599. 

(IO) Some allenylidenechromium and -tungsten complexes have been 
prepared, albeit in moderate yields, by acid-catalyzed elimination of 
ethanol from [(2-aminoethenyl)ethoxylcarbene complexes: Fischer, E. 
0.; Kalder, H. J.; Frank, A,; Kdhler, F. H.; Huttner, G. Angew. Chem. 
1976,88,683484; Angew. Chem., Int. Ed. Engl. 1976,15,623. 
(11) (a) Berke, H. Angew. Chem. 1976,88,684-685; Angew. Chem., 

Int. Ed.  Engl. 1976,15,624. (b) Berke, H. Chem. Ber. 1980,113,1370- 
1376. (c) Berke, H.; Hirter, P.; Huttner, G.; von Seyerl, J. J.  Organomet. 
Chem. 1981,219,317-327. (d) Berke, H.; Hirter, P.; Huttner, G.; Zsolnai, 
L. 2. Naturforsch. B 1981,929-938. (e) Berke, H.; HHrter, P.; Huttner, 
G.; Zsolnai, L. Chem. Ber. 1982,115,695-705. (0 Berke, H.; Grhmann ,  
U.; Huttner, G.; Zsolnai, L. Chem. Ber. 1984,117,3423-3431,3432-3442. 

(12) The analogous I-methoxy derivative has been reported: Wang, 
S. L. B.; Wulff, W. D. J. Am. Chem. SOC. 1990,112,456&4552. 

(13) Wulff, W.D.;Yang,D.C. J.Am. Chem.Soc. 1984,106,7565-7567. 
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Table I. Reactions of (Alkynylcarbene)chromium Complexes la-g with Primary and Secondary Amines in Diethyl Ether at 20 O C  

entry starting material R NR'2 product yield (%) product yield (%) 
1 la3 Ph NMe2 94 0 
2 

3 
4 
5 
6 
I 
8 
9 
10 
1 1  

la3 Ph 

Ph 
Ph 
cPr 
cPr 
tBu 
tBu 
SiMes 
SiMe3 EGC. 

NBn2 
N( iPr)2 
NMe2 
NHcHex 
NMe2 
NBn2 
NMe2 
NHcHex 
NMe2 

99 
44 
96 
86 
84 
15 
21 
0 
85 

15s 
1311' 
llb 
18b 

15c 
lld 
18d 
1 le5 

iic5 

0 

0 
53 
0 
0 
8 
I1 

W*b 
oc 
13 

12 le' E105 ca NBn2 (2)-7e 53 1% 45 

13 le5 E G C q  NHcHex (Z)-loe 80 18e 1 1  

14 lF C( CH3)zOEt NMe2 (Z)-3fs 80 llF 13 
15 lF C(CH3)zOEt NEt2 (Z)-4f5 22 12F 15 
16 IF C(CH&OEt N(iPr)2 (Z)-5f 0 13F 68 
17 lF C(CH3)zOEt (Z)-6fs 30 14F 64 

23 l5F 74 
58 171 41 

20 lF C(CH3)zOEt NHcHex (Z)-lof 30 18f 61 
21 lF C(CH&OEt NHiPr (Z)-8f 1 1  161 86 

4 - l2 
18 1F C(CH3)zOEt NBn2 (Z)-7F 
19 IF C(CH3)zOEt NHnPr (3-H 

22 h! C(CH3)2OSiMe3 NMe2 (Z)-3g 87 I&! 12 
a This reaction gives pentacarbonyl[ 1-(dimethylamino)-3-(trimethylsilyl)prop~ylidene]chromium (30%)? Only a small fraction (7%) of thedcsilylated 

addition product pentacarbonyl[3-(dimethylamino)-l-ethoxypropcnylidene]chromium was isolated from a large amount of unsoluable material. The 
sole product (79%) was presumably pentacarbonyl[ 1-(cyclohexylamino)-3-(trimethylsilyl)propynylidene]chromium, based on the comparison of its 
spectroscopic data with those of the aminolysis product pentacarbonyl[ l-(dimethylamino)-3-(trimethylsilyl)propynylidene]chromium obtained in the 
reaction of Id with HNMez (entry 9). 

PEt 

Scheme I1 Table 11. Temperature Dependence of the Formation of l l f  
and 1Sf 

la-g k 

0 h 
11-18 

n 
3-1 0 

0-99% 0-86% 

a: R = Ph 

C: R t-BU 5, 13: NR;= N(i-Pr)2 

e : R = a  8,16: NR;= NHCPr 
f: R C(CH3)20Et 9,17: NR2= NHn-Pr 

3, 11: NR2= NMe2 
b: R = c-Pr 4, 12: NRh= NEt2 

d: R = SiMe3 6,14: N R ; - N ( k ) 2  
0,Et 7,15: NRi-NBn2 

g: R =  C(CH3)20SiMe3 10, 18: NR2= NHc-Hex 

temperature a few minutes after addition of the amine to  
prevent chelationsJ4J6 of the ethenylcarbene complexes 
3f and 7f, respectively. With the right combination of 
substituents in the substrate and the amine, yields of the 
cumulene complexes can be as high as 86% (entry 21 in 
Table I). 

1-Aminocarbene complexes of type 2a and allenylidene 
complexes (11-18) can easily be distinguished by the 13C 
chemical shifts of their carbene carbons and their IR 
spectra. The 13C NMR signal of C1 in 1-aminocarbene 

(14) DBtz, K. H.; Sturm, W.; Popall, M.; Riede, J. J.  Organomet. Chem. 

(16) DBtz, K. H.; Popall, M.;Mtiller, G.; Ackermann, K. Angew. Chem. 
1984,277, 267-276. 

1986,98,909-910; Angew. Chem., Znt. Ed. Engl. 1986,25,911. 

temD ("C) solvent llf/3f ratio 15f/7f ratio 
-115 Et20 -11 0.411 

-7 8 Et20 0.111 1.511 
+20 Et20 0.21 1 3.011 
+65 THF 0.411 5.111 

complexes generally is observed a t  STM 1 260, whereas 
that of allenylidene complexes is significantly shifted 
upfield (by about 20-30 ppm) to 230-240 ppm. In the IR 
spectra, 1-aminocarbene complexes of type 2a show a 
characteristic band a t  v 2160 cm-1 corresponding to the 
C=C stretching vibration, whereas allenylidene complexes 
11-18 show only a weak band or none a t  all in this region. 

The allenylidene complexes 1Sf and 16f have been 
confirmed by single crystal X-ray structure analysis 
(Figures 1 and 2). In the crystal of 16f the molecule lies 
on a mirror plane. Only C5 deviates from this symmetry 

0 
NHi-Pr - 0 NHi-Pr 

3 O E t  
- (CO),Cr-= 

16f 
>OEt 

(CO)&r =*=e 

16f 

and is refined in two positions with occupancies of 0.5 
each. The bond lengths Cl-C2 and C3-N1 of both 
structures are very short for a C==C double and a C-N 
single bond, respectively. This indicates an overwhelming 
contribution of the zwitterionic form of 16f to  the resonance 
hybrid. 
As far as the mechanism is concerned, i t  has been 

confirmed that neither ethenylcarbene complexes 3-10 
react with amines to  give 11-18 nor allenylidene complexes 
11-18 react with ethanol to give 3-10 under the employed 
conditions. No such conversion was observed even under 
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Scheme 111. Proposed Mechanism for the  
Formation of 3-18 

0 OEt 0 OEt 
(CO),Cr-( - -H@ (Co)SCr-( - HNR; 

1 -  

*)-;R', R '* 'YNR., R 

19 20 

c54 

Figure 1. Structure of 15f, shown with 50% thermal 
ellipsoids. Selected bond distances (pm) and angles (deg) 
areasfollows: Crl-C1199.3(2), Cl-C2 122.2(2), C 2 4 3  138.8- 
(2), C3-C4 154.6(2), C3-N1 132.3(2), Crl-Cl-C2 177.2(1), 
Cl-C2-C3 173.5(2), C2-C3-N1 119.9(1), C2-C3-C4 116.5- 
( l ) ,  C4-C3-N1 123.5(1). 

12 

C140 

Figure 2. Structure of 16f, shown with 50% thermal 
ellipsoids: Selected bond distances (pm) and angles (deg) 
are as follows: Crl-C1200.8(4), (21x2 120.4(5), C 2 4 3  139.9- 
(5), C3-C4 151.7(5), C3-N1 128.1(4), Crl-Cl-C2 179.0(3), 
Cl-C2-C3 175.0(4), C2-C3-N1 122.9(3), C2-C3-C4 119.5- 
(3), C4-C3-N1 117.6(3). 

more drastic conditions. Treatment of 4f with various 
bases such as LiNEt2, LiTMP, and tBuLi and subsequent 
quenching with DzO yielded quantitative nondeuterated 
4f. Only starting material was isolated after treatment of 
12f with lithium ethoxide. The first step in the formation 
of both types of products 3-10 and 11-18, respectively, 
must be the Michael addition of the amine to  the triple 
bond in la-g to give an intermediate of type 19. By 
deprotonation and protonation, 19 can equilibrate with 
20. More basic amineel6 (entry 14 - 16 and 19 - 21 in 
Table I) deprotonate intermediate 19 more easily to give 
20 followed by elimination of ethoxide. In fact, treatment 
of la-c,f with the lithium amide LiNR'2, which excludes 
the intermediate formation of 19, increased the ratio of 
allenylidene versus ethenylcarbene complexes in every case 
(Table 111). 

A small change in the nature of the amine may cause 
a striking difference in the ratio of addition versus addition/ 
elimination, as demonstrated by the behavior of 2a and 
21 toward dimethylamine and diethylamine, respectively. 
When reacted with diethylamine, 284 gives 40% phenyl- 
3-(diethy1amino)allenylidene complex 21 and 28% 1-(di- 
methylamino)-3-(diethylamino)propenylidene complex 22, 
whereas dimethylamine yields only the bis(dimethy1ami- 

(16) Gordon,A. J.;Ford,R. A. The Chemist's Companion: AHandbook 
of Practical Data, Techniques, and References; Wiley: New York, 1972, 
p 58. 

I .  

3-1 0 11-18 

no) analogue of 224 in 44% yield (Scheme IV). Reaction 
of 21 with dimethylamine yielded quantitively (E)-22 
(Scheme V), but with diethylamine no formation of the 
1,3-bis(diethylamino)propenylidene complex was ob- 
served. Such differences in reactivity are also known for 
substitution reactions with dimethylamine and diethyl- 
amine with 1-alkoxycarbene complexes.'7 Thus allen- 
ylidene complexes 11-18 open a new route to [(dimeth- 
ylamino) [ 2- (dialkylamino)  e thenyl l  carbenel  penta-  
carbonylchromium complexes, as demonstrated by the 
reactions of 15f and 13a with dimethylamine (Scheme V). 
Both gave quantitative yields of (dialkylamino) [ (dialkyl- 
amin0)ethenyllcarbene complexes (E/Z)-23 and (E)-24. 
These in turn can be used in cycloaddition reactions with 
alkynes, as reported by Dotz for (1-aminoetheny1)carbene 
complexes,18 and by us for l-alkoxy[2-(dialkylamino)- 
ethenyllcarbene c ~ m p l e x e s . ~ ~ ~  

Exper imenta l  Sect ion 
All operations were performed under nitrogen. Solvents were 

dried by distillation from sodium or potassium/benzophenone. 
'HNMR: BrukerAM250 (250MHz), WM270(270MHz),Varian 
XL 200 (200 MHz), VXR 200 (200 MHz), VXR 500 (500 MHz). 
13C N M R  Bruker AM 250 (62.89 MHz), WM 270 (67.93 MHz), 
Varian XL 200 (50.31 MHz), VXR 500 (125.70 MHz). Multi- 
plicities were determined by DEPT (Distortionless Enhancement 
by Polarization Transfer). Chemical shifts refer to = 0.00 
according to the chemical shifts of residual solvent signals. IR 
Perkin-Elmer 125,297,298,399. MS: Varian MAT CH 7, MAT 
731. HRMS: Varian MAT 311 A. Melting points: Biichi 510, 
uncorrected. Elemental analysis: Mikroanalytisches Labora- 
torium der Georg-August-Universitit G6ttingen. 

Molecular composition and bulk purity were determined by 
microanalyses for representative examples of new compounds, 
for all others molecular masses were confirmed by high resolution 
mass spectrometry with preselected ion peak matching at R FJ 
10 OOO to be within *2 ppm of the exact masses. 

X-ray crystal structure determination of 15f and 16f: Crystal 
data of the two structures are presented in Table IV. The data 
were collected on Stoe-Siemens AED (150 and Stoe-Siemens- 
Huber AED2 (160, respectively with graphite monochromated 
Mo Ka (A = 71.073 pm) radiation. The structures were solved 
by Patterson and Fourier  method^.'^ They were refined with all 
data on F with a weighting scheme of w-l = a2(F02) + & P ) 2  + 
gZp, P = (Fo2 + 2FC2)/3 using SHELXL-92.20 All non hydrogen 
atoms were refined anisotropically. The hydrogen atoms of 15f 
were refined using a riding model. For 16f a riding model starting 
from calculated positions for the hydrogen atoms was employed. 
The hydrogen atom at the nitrogen was refined with a distance 

(17) Connor, J. A.; Fischer, E. 0. J. Chem. SOC. A 1969, 578-584. 
(18) Grotjahn, D. B.; D6tq K .  H .  Synlett 1991, 381-390. 
(19) Sheldrick, G. M. Acta Crystallogr. 1990, A46, 467-473. 
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Table III. Reactions of (Alkyny1carbene)chromium Complexes la-c,f with Primary and Secondary Lithium Amides in Diethyl 
Ether at 20 OC 

entry starting material R LiNR'2 product yield (%) product yield (%) 
1 la3 Ph LiNMe2 (E)-3a4 29 1 h 1 0  43 
2 la3 Ph LiNBnz (E)-7a5 0 1 Sa 15 
3 lb5 cPr LiNMez (E)-3bS 20 l l b  40 
4 1b5 cPr LiNHcHex (2)-lob 36 18b 47 
5 1ClZ tBu LiNMe2 (z)-3c5 0 llc5 31' 
6 lF C(CH3)zOEt LiNMez (z)-3F 0 1 IF 96 
I lF C(CHp)20Et LiNEtz (z)-4F 0 12f 95 
8 lF C(CH3)zOEt LiNHcHex (z)-lOf 13 18f 84 

* Pentacarbonyl[ l-(dimethylamino)-4,4-dimethylpentenylidene~c~romium (2c) was obtained as the main product in 44% yield. 

Scheme IV 

40% 28 % 
E / Z = 3 . 5 :  1 

Scheme V 
+ HNMe, 
EtzO, 200C (C0)5Cr=.=. 

21 R = Ph, R'- Et (4-22 98% 
15f R - C(CH3)20Et, R'= Bn 23 97 % 

UZ= 2.5 : 1 
13a R - Ph, R'= i-Pr (4-24 98% 

restraint. The atomic coordinates of 15f and 16f can be found 
in Tables V and VI, respectively. Further details of the structure 
determination (complete bond lengths and angles, structure 
factors, and displacement parameters) have been deposited at  
the Fachinformationszentrum Karlsruhe, Gesellschaft filr wis- 
senschaftlich-technische Information mbH, D-76344 Eggenstein- 
Leopoldshafen 2, Germany. Any request for this material should 
quote the full literature citation and the reference number (CSD 
56353). 

Pentacarbonyl[ l-ethoxy-dmethyl-4-[ (trimethylsilyl)oxy]- 
pentynylidene]chromium (lg). l g  was prepared according to 
the previously published method6 from 2.40 g (15.4 mmol) of 
3-methyl-3-[ (trimethylsilyl)oxy]butyne and 3.40 g (15.4 mmol) 
of hexacarbonylchromium. Yield 4.70 g (75%) of lg, R, = 0.27 
(pentane), reddish black oil. IR (film, cm-1) 2980, 2954, 2926, 
2910,2890,2160 (C-C), 2048 (C=O), 1996 (C-O), 1945 (C=O), 
1463,1440, 1374, 1361, 1246, 1203, 1162, 1108,1071, 1038,999, 
911,840,753,681,650. lH NMR (250 MHz, CDC13; 6, ppm): 0.11 
(9H, s, Si(CH3)3), 0.93 (3H, t, 3 J  = 7.0 Hz, OCHZCH~), 1.52 (6H, 

(62.89 MHz, CDC13, add. DEPT; 6, ppm): 1.84 (+, Si(CH&), 
S, C(CH&), 4.05 (2H, q, 'J = 7.0 Hz, OCHzCH3). 13C(H) NMR 

14.58 (+, OCHzCHs), 32.18 (+, C(CH&), 68.16 (Cqwt, C(CH&), 
76.36 (-, OCHzCHs), 86.52 (Cqut, C2), 143.43 (Cqwt, C3), 216.63, 
225.51 (equt, C-O), 317.16 (Cqut, Cl). MS (EI, 70 eV; mle 
(relative intensity)): 404 (16) [M+l, 348 (8) [M+ - 2CO1,320 (2) 

206 (14), 126 (loo), 73 (4), 52 (10) [Cr+]. 
General Procedure for the Preparation of (3-Aminoal- 

1enylidene)- and [ (Aminoethenyl)carbene]chromium Com- 
plexes. The amine was added to a solution of 5 mmol of 1 in 
50 mL of diethyl ether. The reaction mixture was stirred at 20 
OC until no more starting material could be detected by TLC. 

[M+ - 3COl,292 (23) [M+ - 4CO],264 (24) [M+ - 5CO],249 (7), 

(20) Sheldrick, G. M. SHELXL-92, Program for crystaI structure 
refinement. UniversiUt GBttingen, Germany, 1992. 

Table IV. Crystal Data for 15f and 16f 
1Sf 16f 

chem formula 
fw 
data collcn T(OC) 
cryst syst 
space group 
a (pm) 
b (pm) 
c (pm) 
B (deg) 
cell vol (nm3) 
formula units per cell 
density calcd (Mg/m3) 

cryst size (mm) 
cryst color 
20-range for data 

index ranges 

M ("-9 

collection (deg) 

no. of reflns collcd 
no. of ind reflns 

abs corr 

max and min transm 
datalrestraintslparams 
final R indices [I > 2u(Z)] 

R indices (all data) 

largest diff peak 

largest diff hole 

Rim 

[e (nm-3 x io')] 

[e (nm-3 x I@)] 

Cz7Hz~CrN06 
511.48 
-120 
monoclinic 

1404.2(1) 
1360.5(1) 
1402.3(1) 
108.35( 1) 
2.5428(3) 
4 
1.336 
0.491 
0.4 X 0.5 X 0.7 
red 
4-55 

-18 I h 5 1 1 ,  

P21Ic 

-17 I k I 17, 
-18 5 I I 1 8  

10 912 
5882 
0.0214 
335 azimuthal 

$-scans 
0.933 and 0.900 
5880/51/342 
R I  0.0333, 

R I  = 0.0423, 
w R ~  0.0836 

WRZ = 0.0899 
0.281 

-0.517 

c 1sH19CrNos 
373.32 
20 
monoclinic 
P21/m 
1008.7(5) 
1036.9(5) 
101 l . l(5) 
109.39(2) 
0.9975(8) 
2 
1.243 
0.600 
0.4 X 0.3 X 0.3 
red 
8-50 

-12 I h I 12, 

4073 
1859 
0.0375 
468 azimuthal 

$-scans 
0.986 and 0.889 
1858141136 

-12 I k I 12, 
-12 I I I 1 2  

Rl = 0.0417, 

RI  = 0.0517, 

0.202 

W R z  = 0.1161 

w R ~  0.1267 

-0.210 

The solvent was removed under reduced pressure, and the residue 
was purified by chromatography over 100 g of silica gel to afford 
the pure compound. 

Pentacarbonyl[ (22)-3-(dimethylamino)-l-ethoxy-4-meth- 
yl-4-[ (trimethylsilyl)oxy]pentenylidene]chromium (( 2)-3g) 
and Pentacarbonyl[ 34  dimet hylamino)-4-[ (trimethylsily1)- 
oxy 1-4-methyl- 1,2-pentadienylidene]chromium (1 lg). To 
500 mg (1.24 mmol) of pentacarbonyl[l-ethoxy-4-methyl-4- 
[ (trimethylsilyl)oxy]pentynylidenel chromium (lg) was added 
dimethylamine until a change of color was observed. Purification 
yielded fraction I: 486 mg (87 %) of (Z)-3g, Rf = 0.26 (pentanel 
diethyl ether, 5:1), yellow crystals, mp 129 "C; IR (KBr, cm-l) 
2994,2941,2046 (C=O), 2006 (C=O),1926 (C=o), 1604,1542, 
1426, 1353, 1238, 1109, 1024, 996, 867, 838, 759, 709, 654; 1H 
NMR (250 MHz, CDC1,; 6, ppm) -0.92 (9H, s, Si(CH&), 1.08 
(3H, t, 3J = 7.0 Hz, OCHZCH3), 1.21 (6H, 8, C(CH&), 2.52 (6H, 
9, N(CH&), 4.57 (2H, q, 3J = 7.0 Hz, OCHzCHs), 6.39 (lH, 8, 
=CH); 13C(H) NMR (62.89 MHz, CDCls, add. DEPT; 6, ppm) 
1.65 (+, Si(CH&, 15.78 (+, OCHzCHv), 30.12 (+, C(CH&),45.65 
(+, N(CH&), 72.70 (-, OCHzCH,), 76.85 (Cqut, C(CH&), 113.76 
(+, C2), 167.58 (Cq-t, C3), 220.53, 224.77 (Cqwt, C=O), 273.85 

421 (2) [M+ - CO], 393 (2) [M+ - 2CO], 365 (4) [M+ - 3COl,337 
(1) [M+-4C0],309 (22) [M+-5C0],263 (28),243 (71),214(38), 

(Cqwt, Cl); MS (EI, 70 eV; mle (relative intensity)) 449 (3) [M+l, 
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Table V. Atomic Coordinates (X104) and Equivalent 
Isotropic Displacement Parameters (pm2 X 10-1) of 15f 

X Y z U ( 4 4  
Cr 1 
c 1  
c 2  
c 3  
c 4  
0 1  
C4 1 
C42 
c 4 3  
c 5  
N1 
C50 
C5 1 
C52 
c 5 3  
c54  
c 5 5  
C56 
C60 
C61 
C62 
C63 
C64 
C65 
C66 
c 2 1  
0 2  1 
c 2 2  
022  
C23 
0 2 3  
C24 
0 2 4  
C25 
025 

261 2.1(2) 5887.7(2) 4957.3(2) 26.25(14) 
2708.5(11) 5344.9(11) 3670.5(10) 27.3(7) 
2741.9(11) 4979.2(11) 2885.9(11) 27.4(7) 
2863.6(10) 4642.4(10) 1997.0(10) 23.4(6) 
3600.111 1) 5224.511 1) 1591.7(11) 28.9(8) 
4160.2(i j' 
4872.8(12) 
5266.6( 13) 
2990.3 (1 4) 
4299.7( 15) 
2330.4(9) 
23 58.5 ( 10) 
1325.6(11) 
940.8(12) 

2.0( 13) 
-556.2( 12) 
-177.4( 13) 

759.7(13) 
1658.1(11) 
2056.5( 11) 
1470.0( 12) 
1807.5( 14) 
2740.3( 14) 
3331.3(13) 
2995.4( 12) 
25 19.1 (1 2) 
2477.3(10) 
3954.0( 14) 
4771.0(12) 
3092.7( 11) 
3 387.3( 9) 
2121(2) 
1808.9(15) 
1291.6( 13) 
506.7(10) 

4609.3(8) ' 
3965.5( 13) 
33 1 1.1 (14) 
5895.1 (12) 
5848.7( 14) 
3885.5 (9) 
3459.4( 11) 
3398.8(11) 
2494.1 (1 2) 
2430.0( 14) 
3264.1 (1 5) 
4163.4(14) 
4230.7( 13) 
3353.9(11) 
2354.8( 11) 
1529.3(11) 
608.4(13) 
506.7(14) 

1325.8(14) 
2249.4(13) 
6391.3(12) 
67 14.9( 10) 
6324.3( 13) 
6560.6( 14) 
4653.5( 12) 
3905.9(9) 
7089.6( 13) 
7807.0(10) 
5379.8(12) 
5057.2(11) 

1143.6(7) ' 
1801.2( 12) 
1151.2( 14) 
747.7(14) 

2427(2) 
1522.9(8) 
559.0( 10) 

-208.3( 10) 
-600.7(12) 

-1 3 17.4( 13) 
-1647.7( 12) 
-1270.4( 14) 

-550.2(13) 
1975.6(11) 
2361.8( 10) 
2033.5(11) 
2410.4( 13) 
31 16.3(13) 
3447.7(12) 
3080.3(11) 
6168.0(11) 
6906.7(8) 
5279.5( 12) 
5496.1(12) 
5543.6( 1 1) 
5867.3(10) 
4298.2(11) 
3903.0( 10) 
453 1 .O( 12) 
4221.8( 12) 

27.2(5j 
35.6(7) 
42.8(9) 
39.4( 10) 
47.6( 10) 
23.3(6) 
25.4(7) 
26.5(7) 
35.4(8) 
43.6(9) 
41.4(8) 
43.2( 9) 
38.2(8) 
26.8(7) 
25.7 (7) 
3 1.1(7) 
38.8( 10) 
40.8(10) 
39.7(8) 
33.2(7) 
32.5 (8) 
45.4(8) 
40.7( 10) 
71.5(9) 
29.0(7) 
42.6(7) 
44.1 (1 2) 
72.4( 15) 
36.0(9) 
58.0(7) 

4 U(eq) is defined as one-third of the trace of the orthogonalized Uv 
tensor. 

Table VI. Atomic Coordinates (X104) and Equivalent 
Isotropic Displacement Parameters (pmz X 10-1) of 16f 

Cr 1 11 13.4(5) 2500 1845.2(5) 62.6(4) 
c 1  2629(4) 2500 3729( 4) 65(2) 
c 2  3553(4) 2500 4849(4) 7 1 0 )  
c 3  45 3 5(4) 2500 6204(3) 60(2) 
c 4  4026(4) 2500 7 4 5 7 (4) 7 5 w  
0 1  5250(2) 2500 8638 (2) 70.0( 14) 
c 5  2915(5) 3540(6) 7364(5) 143(5) 
C5' 3495 (7) 3904(6) 7460(7) 123(5) 
c 1 1  5 130(5) 2500(7) 9987(4) 131(3) 
C12 6431(6) 2500 1063(5) 136(4) 
C13 6553(4) 2500 5365(4) 81(2) 
C14 7410(7) 3678(5) 5532(6) 167(6) 
N1 5866(3) 2500 6447(3) 65(2) 
H1 6461(33) 2500 7326(18) 78 
c 2  1 163(3) 3756(4) 2526(3) 90.5( 15) 
021  -413(3) 4492(4) 2958(4) 151(2) 
C22 2118(4) 3803(3) 1289(3) 84(2) 
0 2 2  2737(4) 4600(3) 987(4) 140(3) 
C23 -279(5) 2500 94(5) 90(3) 
0 2 3  -1148(4) 2500 -976(4) 137(3) 

U(eq) is defined as one-third of the trace of the orthogonalized Uij 
tensor. 

186 (18), 170 (39), 131 (loo), 124 (36), 84 (59), 73 (96), 52 (19) 
[Cr+]. Anal. Calcd for Cl&€&rNO,Si: C, 48.10; H, 6.05; N, 
3.12. Found C, 48.30; H, 6.18; N, 3.14. 

I1 58 mg (12%) of l lg,  Rf = 0.04, orange crystals, mp 98 "C; 
IR (KBr, cm-l) 2992, 2956, 2051 (C=O), 2000 (C=O), 1931 
(C=O), 1554,1404,1360,1249,1164,1112,1025,998,938,872, 
840,751,723,669; 1H NMR (250 MHz, CDC13; 6, ppm) -0.12 (9H, 
s, Si(CH&), 1.29 (6H, s, C(CH&), 2.40 (3H, s, NCHS), 2.52 (3H, 
s,NCH3);13C(H)NMR (62.89 MHz,CDCls,add.DEPT;6,ppm) 

1.57 (+, Si(CH3)3), 30.36 (+, C(CH&), 41.36 (+, NCH,), 46.31 (+, 
NCHS), 76.69 (Cqut, C(CH&), 121.59 (Cqmt, C2), 160.38 (Cqut, 
C3), 218.52, 224.09 (Cqut, C=O), 230.58 (Cqut, Cl); MS (EI, 70 
eV; m/e (relative intensity)) 403 (18) [M+l, 375 (2) [M+ - COI, 
347 (4) [M+ - 2C0],319 (2) [M+- 3CO1,291(36) [M+-4COI, 
263 (57) [M+ - 5CO],248 (82), 243 (24), 200 (43), 170 (33), 155 
(391, 98 (38), 84 (1001, 69 (581, 52 (9) [Cr+l. Anal. Calcd for 
CleH&rNOsSi: C, 47.64; H, 5.25. Found C, 47.56; H, 5.20. 

Pentacarbonyl[ (22)-3-(diethylamino)- 1,l-diethoxy-l- 
methylpentenylidenelchromium ((Z)-4f) and Pentacarbo- 
nyl[ 3- (diet hy1amino)-4-et hoxy-4-met hyl- 1,2-pentadien- 
ylidene]chromium (12f). To 500 mg (1.39 mmol) of penta- 
carbonyl( l-ethoxy-4,4-dimethylpentynylidene)chromi~m~~ (10 
was added 420 mg (1.50 mmol) of diethylamine. After having 
been stirred for 1 min, the reaction mixture was washed and 
purified to yield fraction I 131 mg (22%) of (Z)-4f, Rf = 0.25 
(pentane/diethyl ether, 5:1), orange crystals, mp 96 OC; IR (KBr, 
cm-l) 2981, 2938, 2907, 2879, 2045 (c=o), 1960 (C=o), 1916 
(C=O), 1513,1479,1383,1269,1230,1110,1071,916,792,740, 
680; lH NMR (250 MHz, CDCls; 6, ppm) 1.12-1.21 (9H, m, 
OCHzCHs, N(CH2CH3)2), 1.42 (3H, t, '5 7.0 Hz, OCH~CHS), 
1.55 (6H, 8, C(CH3)20Et), 3.32 (2H, 9, 3J = 7.0 Hz, OCH~CHS), 
3.72 (4H, q, 3 5  = 7.0 Hz, N(CH2CH3)z), 4.65 (2H, 9, 'J = 7.0 Hz, 
OCHzCH3), 6.29 (lH, 8,  =CH); 13C(H) NMR (62.89 MHz, CDCl3, 

15.89 (+, OCHzCH,), 27.61 (+, C(CH3)20Et), 47.26 (-, N(CH2- 
CH&, 59.48 (-, OCHzCHs), 72.89 (-, OCH~CHS), 79.20 (Cqwt, 
C(CH3)20Et), 116.16 (+, C2), 164.39 (Cqut, C3), 219.55, 224.31 

add. DEPT; 6, ppm) 13.89 (+, N(CHzCH3)2), 15.69 (+, OCHzCHs), 

(Cqmt, C=O), 274.84 (Cqmt, C1); MS (EI, 70 eV; m/e (relative 
intensity)) 433 (11) [M+l,405 (1) [M+-COI,377(4) [M+-2COl, 
349 (21) [M+ - 3C0],321(4) [M+ -4C01,293 (63) [M+ - 5C01, 
247 (55), 205 (loo), 151 (78), 123 (66), 87 (25), 59 (57), 52 (44) 
[Cr+]. 

11: 386 mg (72%) of 12f, Rf = 0.07, red crystals, mp 75 "C; IR 
(KBr, cm-l) 2980,2942,2900,2875,2079 (c=C=C), 2009 (c=O), 
1930 (C=O), 1902 (C=O), 1551,1450,1364,1301,1170, 1077, 
1000,849,683,666; 1H NMR (250 MHz, CDCls; 6, ppm) 1.18 (3H, 
t, 3 5  = 7.0 Hz, OCH2CH3), 1.33 (3H, t, '5 = 7.5 Hz, NCH~CHS), 
1.42 (3H, t, 35 = 7.5 Hz, NCHaCHs), 3.40 (2H, q, 3 5  = 7.0 Hz, 
OCH~CHS), 3.94 (2H, q,35 = 7.5 Hz, NCHzCHs), 4.17 (2H, 9, '5 
= 7.5 Hz, NCHZCH~); W(H) NMR (62.89 MHz, CDCla, add. 
DEPT; 6, ppm) 11.98 (+, NCHzCHs), 13.67 (+, NCH&Ha), 15.47 
(+, OCHzCHs), 27.15 (+, C(CH&OEt),45.95 (-, NCHzCHs), 50.75 
(-, NCHzCHs), 59.48 (-,OCHzCHs), 78.81 (Cq-t, C(CH&OEt), 
122.40 (Cqut, C2), 158.77 (Cqut, C3),217.57,224.07 (Cqut, -1, 

(20) EM+], 359 (1) [M+ - CO], 331 (2) [M+ - 2CO1,303 (3) [M+ 
- 3CO], 275 (31) [M+ - 4CO],247 (100) [M+ - 5C0],201(9), 150 

229.34 (Cqut, Cl); MS (EI, 70 eV; m/e (relative intensity)) 387 

(6), 123 (20), 77 (81, 52 (19) [Cr+l. 
Pentacarbonyl[ (22)-3-( dibenzylamino)-l-ethoxy-4,4-di- 

methylpentenylidene]chromium ( ( q - 7 ~ )  and Pentacarbo- 
ny 1[ 3- (dibenzylamin0)-4,4dimethyl- 12-pentadieny lidenel- 
chromium (15c). To 468 mg (1.42 mmol) of pentacarbonyl(1- 
etho~y-4,4-dimethylpentynylidene)chromium~~ (IC) was added 
420 mg (0.41 mmol) of dibenzylamine. After having been stirred 
for 1.5 h, the reaction mixture was washed and purified to yield 
fraction I: 112 mg (15%) of (Z)-~C, Rf = 0.38 (pentane/diethyl 
ether, 3:1), yellow crystals, mp 129 OC; IR (KBr, cm-1): 2960, 

755,665; 1H NMR (250 MHz, CDCls; 6, ppm) 0.83 (3H, t, = 

4.71 (2H, q, 3 5  = 7.0 Hz, OCHzCH3), 6.80-6.92 (4H, m, Ph H), 
7.00-7.13 (6H, m, Ph H); 13C(H) NMR (62.89 MHz, CDCl3, add. 
DEPT; 6, ppm) 15.89 (+, CHZCHs), 30.60 (+, C(CH&), 39.01 

2040 (C-0), 1960 ( C d ) ,  1903 (C=O), 1420,1235,1080,800, 

7.0 Hz, OCH2CH3), 1.04 (9H, 8, C(CHa)s), 4.04 (4H, 8, N(CH2)2), 

(Cqmt, C4), 58.04 (-, N(CH2)2), 74.78 (-, OCHzCHs), 118.25 (+, 
C2), 128.53,128.92,129.57 (+, PhC), 136.28 (Cqut,PhC), 167.10 
(Cqmt, C3), 219.86, 224.61 (Cqut, C=O), 288.19 (Cqut, C1); MS 

- CO], 471 (3) [M+ - 2CO],443 (11) [M+ - 3CO1,415 (7) [M+ 
(EI, 70 eV; m/e (relative intensity)) 527 (4) [M+], 499 (2) [M+ 

- 4CO1, 387 (100) [M+ - 5COl,52 (43) [Cr+l. 
11: 484 mg (71%) of 15c, Rf = 0.10, orange oil; IR (film, cm-l) 

2980,2055 (C=O), 1990 (C=O), 1910 (C=O), 1510,1270,1200, 
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Pentacarbonyl(3-aminoalleny1idene)chromium Complexes 

1085, 1035; 1H NMR (250 MHz, CDCl3; 6, ppm) 1.00 (9H, 8, 

m, Ph H); 13C{H) NMR (62.89 MHz, CDCq, add. DEPT; 6, ppm) 
C(CH&), 4.18 (2H, 8, NCH2),4.87 (2H, s,NCHz), 6.97-7.21 (lOH, 

29.93 (+, C(CH3)3), 39.40 (Cqut, C4), 53.50,58.31(-, NCHz), 125.67 
(Cqut, C2), 126.82,129.26,133.57 (+, Ph C), 134.45 (Cqut, Ph C), 
169.15 (Cqut, C3), 218.18,224.13 (Cqut, C=O), 237.49 (Cqut, C1); 

- CO], 425 (6) [M+ - 2CO], 397 (2) [M+ - 3COl,369 (10) [M+ 
MS (EI, 70 eV; m/e (relative intensity)) 481 (3) [M+l, 453 (4) [M+ 

- 4CO1,341 (100) [M+ - 5COl,52 (43) [Cr+l. 
Pentacarbonyl[ (2Z)-3-(dibenzylamino)-l-ethoxy-3-( 1- 

ethoxycyclopropyl) propenylidenelchromium ((a-78) and 
Pentacarbonyl[3-(dibnzylamino)-3-( 1-ethoxycyclopropy1)- 
If-propadienylidene]chromium (15e). To 648 mg (1.80 mmol) 
of pentacarbonyl[ l-ethoxy-3-(l-ethoxycyclopropyl)propynylidenel- 
chromium5 (le) was added 530 mg (2.70 mmol) dibenzylamine. 
After having been stirred for 1.5 h, the reaction mixture was 
washed and purified to yield fraction I: 529 mg (53 %) of (Z)-7e, 
R, = 0.49 (pentane/diethyl ether, l O : l ) ,  yellow crystals, mp 124 
OC; IR (KBr, cm-1) 3010, 2970, 2921, 2881, 2041 (C=O), 1930 
(C=O), 1908 (C=O), 1887,1509,1468,1362,1245, 1138,1065, 
919,807,750,669; 1H NMR (250 MHz, CDCl3; 6, ppm) 1.02-1.18 
(7H, m, cyclopropyl H, OCHZCH~), 1.45 (3H, t, 3J = 6.9 Hz, 
OCHZCH~), 3.60 (2H, q, 35 = 6.9 Hz, OCHzCHs), 4.31 (4H, brs, 

7.03-7.10 (4H, m, Ph H), 7.28-7.41 (6H, m, Ph H); 13C(H) NMR 
(62.89 MHz, CDCla, add. DEPT; 6, ppm) 12.13 (-, cyclopropyl 

NCHz), 61.04 (Cqut, cyclopropyl C), 64.30 (-, OCHZCH~), 74.40 
(-, OCHzCHa), 118.15 (+, C2), 127.99, 128.21, 128.81 (+, Ph C), 

295.33 (Cqut, (21); MS (EI, 70 eV; m/e (relative intensity)) 555 

NCHz), 4.72 (2H, q,3J = 6.9 Hz, OCHzCHs), 6.43 (lH, 8 ,  =CHI, 

CHz),15.11(+,OCH2CH3),15.92 (+,OCH~CH3),53.34,57.83 (-, 

135.75 (Cqut,PhC), 157.08 (Cq,t,C3),218.73,224.21 (Cquat,C=O), 

(1) [M+], 527 (0.5) [M+ - CO], 499 (0.2) [M+ - 2CO], 471 (2) [M+ 
- 3CO],433 (2) [M+ - 4CO1,415 (5 )  [M+ - 5COl,348 (181,292 
(41), 264 (64), 174 (36), 149 (18),96 (25), 91 (100) [CHzPh+l, 73 
(691, 52 (59) [Cr+l. 

I1 412 mg (45%) of 15e, Rf = 0.03, orange crystals, mp 99 OC; 
IR (KBr, cm-1) 3064, 3040, 2998, 2938, 2200 (c=C=C), 2004 
(C-O), 1998 (C=O), 1945 (C-O), 1900 (C=O), 1539,1455,1434, 
1352,1249, 1177, 1080, 1053, 1030,975,933,905,760,699,688, 
659; 1H NMR (250 MHz, CDC13; 6, ppm) 1.03 (3H, t, 3J = 6.9 Hz, 
OCH~CHS), 1.23 (2H, mc, cyclopropyl CHz), 1.45 (2H, mc, 
cyclopropyl CHz), 3.62 (2H, q, 3J= 6.9 Hz, OCHZCH~), 5.09 (4H, 
d, 2J = 15.2 Hz, NCHz), 7.10-7.20 (2H, m, Ph H), 7.31-7.48 (8H, 
m, Ph H); 13C(H) NMR (62.89 MHz, CDCl3, add. DEPT; 6, ppm) 
15.09 (+, OCH2CHs), 16.02 (-, cyclopropyl CHd, 53.50,56.95 (-, 
NCHz), 62.95 (Cqut, cyclopropyl C), 65.53 (-, OCHZCH~), 125.02 
(Cqut, C2), 127.63, 128.60,128.72, 128.89, 129.12, 129.29 (+, Ph 
C), 133.80,134.05 (Cqut, Ph C), 154.77 (Cqut, C3), 217.22,223.98 
(Cqut, C-O), 237.86 (Cqut, Cl); MS (EI, 70 eV; m/e (relative 
intensity)) 509 (4) [M+], 481 (1) [M+ - CO], 453 (1) [M+ - 2CO1, 

378 (6), 248 (71, 207 (41, 149 (9), 97 (71, 91 (100) [CHzPh+l, 69 
(19), 52 (17) [Cr+]. Anal. Calcd for CZ.IHZ~C~NO~: C, 63.65; H, 
4.55; N, 2.75. Found C, 63.53; H, 4.61; N, 2.75. 

Pentacarbonyl[ (2Z)-1,4-diethoxy-)3-(isopropylamino)-4- 
methylpentenylidene]chromium ((Z)-8f) and Pentacar- 
bonyl[4-ethoxy-4-methyl-3-(i~opropylamino)-l,%-penta- 
dienyldienelchromium (16f). To 79 mg (0.22 mmol) of penta- 
carbonyl(l,4-diethoxy-4-methylpentynylidene)chromium6 (10 
was added 20 mg (0.33 mmol) of isopropylamine. After having 
been stirred for 15 min, the reaction mixture was washed and 
purified to yield fraction I: 10 mg (11%) of (Z)-Sf, Rf = 0.40 
(pentane/diethyl ether, 5:1), yellow crystals, mp 122 "C; IR (KBr, 
cm-1) 3280 (NH), 2992, 2983, 2936, 2878, 2044 (C=O), 1970 
(C-0), 1921 (C-O), 1569,1507,1456,1403,1340,1257,1231, 
1132, 1070, 1028, 971, 922, 804, 788, 672; 'H NMR (250 MHz, 
CDCls; 6, ppm) 1.20 (3H, t, 3J = 6.9 Hz, OCHzCHs), 1.26 (6H, d, 

425 (2) [M+ - 3CO],397 (11) [M+ - 4COl,369 (34) [M+- 5CO1, 

35 = 7.1 Hz, CH(CH&), 1.53 (6H, S, C(CHs)ZOEt), 1.56 (3H, t, 
3J= 6.9 Hz,OCHzCHg),3.40 (2H, q,'J= 6.9H2, OCHzCHs), 4.63 
(2H, q, 3J = 6.9 Hz, OCHzCH3), 4.83 (lH, sep, 3J = 7.1 Hz, 
CH(CH&), 6.21 (lH, s,=CH), 9.42 (brs, lH, NH); 13C(H) NMR 
(62.89 MHz, CDC13, add. DEPT; 8,ppm) 15.54 (+,OCHzCH3, 
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15.62 (+, OCHzCHs), 24.38 (+, CH(CH3)z), 27.10 (+, C(CH3)z- 
OEt), 30.47 (+, CH(CH&), 59.12 (-, OCHzCHa), 73.42 (-, OCH2- 
CH3), 76.32 (Cqut, C(CHs)zOEt), 117.98 (+, C2), 156.86 (Cqut, 
C3), 218.97,223.99 (Cqut, C=O), 272.60 (Cqut, C1); MS (EI, 70 

363 (7) [M+ - 2CO],335 (25) [M+ - 3CO1,307 (17) [M+- 4CO1, 
279 (100) [M+ - 5CO], 235 (63), 189 (92), 162 (16), 149 (241,109 

eV; m/e (relative intensity)) 419 (18) [M+l, 391 (4) [M+ - CO], 

(44), 98 (32), 93 (20), 72 (171, 59 (391, 52 (37) [Cr+l. 
11: 70 mg (86%) of lSf, Rf = 0.09, orange crystals, mp 99 'c; 

IR (KBr, cm-l) 3369 (NH), 2975,2927,2067 (C=O), 2000 (C-O), 
1934 (C=O), 1509,1469,1390,1253,1201,1120,1116,1092,1061, 
980,825,760,664; 1H NMR (250 MHz, CDCls; 6, ppm) 1.21 (3H, 
t, 35 = 6.9 Hz, OCHzCHs), 1.39 (6H, d, 3J = 7.1 Hz, CH(CH&), 
1.57 (6H, 8 ,  C(CH&OEt), 3.52 (2H, 9, 'J = 6.9 Hz, OCHzCHs), 
4.50 (lH, sep, 3J = 7.1 Hz, CH(CH&, 8.40 (lH, brs, NH); '3C{H) 
NMR (62.89 MHz, CDC13, add. DEPT; 6, ppm) 15.77 (+, 
OCHZCHs), 21.54 (+, CH(CH&), 25.28 (+, C(CH&OEt), 49.53 
(+, CH(CH&), 59.09 (-, OCHZCH~), 79.75 (Cqut, C(CHs)zOEt), 
115.20 (Cqut, C2), 160.75 (Cqut, C3), 217.539223.43 (Cqut, C-O), 

(16) [M+], 345 (1) [M+ - CO], 317 (4) [M+ - 2COl,289 (5) [M+ 
- 3C0],261 (24) [M+ - 4CO],233 (100) [M+ - 5COl,l89 (261, 

Cl6H1&rNO6: C, 51.48; H, 5.13; N, 3.75. Found C, 51.56; H, 

231.16 (Cqut, Cl); MS (EI, 70 eV; m/e (relative intensity)) 373 

153 (17), 99 (38), 77 (44), 52 (14) [Cr+l, 41 (44). Anal. Calcd for 

5.19; N, 3.76. 
Pentacarbonyl[ (22)-1,4-diethoxy-4-methy1-3-(propylami- 

no)pentenylidene]chromium ((Z)-9f) and Pentacarbonyl- 
[ 4-ethoxy-4-methyl-3-( propy1amino)- 1,2-pentadienylidene]- 
chromium (17f). To 180 mg (0.50 mmol) of pentacarbonyl(l,4- 
diethoxy-4-methylpentynylidene)~hromium~ (10 was added 44 
mg (0.75 mmol) of propylamine. After having been stirred for 
15 min, the reaction mixture was washed and purified to yield 
fraction I: 120 mg (58%) of (Z)-9f, Rf = 0.44 (pentane/diethyl 
ether, 5:1),yellowcrystals, mp 115 "C; IR (KBr,cm-') 3279 (NH), 
2981,2960,2879,2040 (C=O), 1962 (C=O), 1921 (C=O), 1522, 
1500,1403,1380,1331,1264,1244,1218,1174,1153,1139,1053, 
965,916,800,762,669; 1H NMR (250 MHz, CDCls; 6, ppm) 1.03 
(3H, t, 35 = 7.1 Hz, NCHZCHzCH3), 1.18 (3H, t, 'J = 6.9 Hz, 
OCHZCH~), 1.49 (6H, S, C(CH&OEt), 1.52 (3H, t, 3J = 6.9 Hz, 
OCHZCH~), 1.64 (2H, mc, NCHZCH~CH~), 3.32 (2H, q, sJ = 6.9 
Hz, OCHZCH~), 3.70 (2H, brs, NCHZCHZCH~), 4.74 (2H, q, 3J = 
6.9Hz,0CH2CH3),6.28 (lH,s,=CH),9.32 (H,brs,NH);18C(H) 
NMR (62.89 MHz, CDC13, add. DEPT; 6, ppm) 11.34 (+, NCH2- 
CHzCH,), 15.58 (+, OCHzCHs), 15.70 (+, OCHzCHs), 23.67 (-, 
NCH~CH~CH~),~~.~~(+,C(CH~)~~E~),~~.~~(-,NCH~CHZCH~), 
59.06 (-, OCHzCHs), 66.42 (-, OCHzCHs), 73.80 (Cqut, C(CH3)z- 
OEt), 115.45 (+, C2), 158.21 (Cqut, C3), 218.93, 224.06 (Cqut, 

419 (9) [M+], 391 (6) [M+ - CO], 363 (13) [M+ - 2COl,335 (14) 
[M+ - 3CO], 307 (7) [M+ - 4CO],279 (100) [M+-5COI, 278 (4), 
235 (39), 222 (34), 189 (48), 176 (28), 140 (78), 121 (32), 98 (61), 
68 (25), 52 (19) [Cr+]. Anal. Calcd for ClsH&rNO,: C, 51.55; 
H, 6.01. Found C, 51.70; H, 6.10. 

11: 76 mg (41%) of 17f, Rf = 0.06, orange crystals, mp 95 OC; 
IR (KBr, cm-1) 3295 (NH), 2988, 2930, 2899, 2872, 2190 
(C=C=C), 2068 (C=O), 2006 (C=O), 1931 (C=O), 1582,1467, 
1420,1359,1302,1277,1249,1200,1161,1120,1098,1064,971, 
818,799,763,740,661; 1H NMR (250 MHz, CDCl3; 6, ppm) 1.02 

OCHzCHs), 1.56 (6H, s, C(CH3)20Et), 1.78 (2H, mc, NCHZCHZ- 

6.9 Hz, OCH2CH3), 8.70 (lH, brs, NH); '3C(H) NMR (62.89 MHz, 
CDCls, add. DEPT; 8, ppm) 11.08 (+, NCHZCHZCH~), 15.73 (+, 

CEO), 288.27 (Cqmt, Cl); MS (EI, 70 eV; m/e (relative intensity)) 

(3H, t, 35 = 7.0 Hz, NCHZCHZCH~), 1.20 (3H, t, 3J 6.9 Hz, 

CH3), 3.48 (2H, t, 35 = 7.0 Hz, NCHzCHzCHs), 3.72 (2H, q, 'J = 

OCHZCH~), 22.02 (-, NCHzCHzCHs), 25.24 (+, C(CHs)zOEt), 
59.01 (-, OCHZCH,), 65.80 (-, NCHZCHZCH~), 79.83 (Cqut, 
C(CHs)zOEt), 114.97 (Cqut, C2), 162.35 (Cqut, C3), 21754,223.45 
(Cqut, C-O), 230.09 (Cqut, Cl); MS (EI, 70 eV; m/e (relative 
intensity)) 373 (19) [M+], 345 (1) [M+- CO], 317 (3) [M+ -2CO1, 

199 (81, 189 (91, 153 (121, 112 (23),87 (43, 74 (381, 59 (100),52 
(44) [Cr+]. Anal. Calcd for C16H&rN06: C, 51.48; H, 5.13; N, 
3.75. Found C, 51.26; H, 5.18; N, 3.75. 

289 (5) [M+-3CO], 261 (12) [M+-4COI, 233 (64) [M+-5COI, 
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Pentacarbonyl[ (22)-3-(cyclohexylamino)-3-~yclopropyl- 
1-ethoxypropenylidene]chromium ((2)-lob). To 208 mg (0.66 
mmol) of pentacarbonyl(3-cyclopropyl- 1-ethoxypropyny1idene)- 
chromium6 (lb) was added 100 mg (1.00 mmol) of cyclohexyl- 
amine. After having been stirred for 10 min, the reaction mixture 
was washed and purified to yield 207 mg (86%) of (Z)-lOb, Rf = 
0.29 (pentane/diethyl ether, lOl), yellow crystals, mp 132 OC; IR 
(KBr, cm-l) 3321 (NH), 2953, 2931, 2920, 2850, 2041 (C=O), 
1969 (C=O), 1925 (C-O), 1560, 1515, 1454,1400, 1367, 1264, 
1100,1053,1031,740,670; 1H NMR (250 MHz, CDCls; 6, ppm) 
0.93-1.10 (4H, m, cyclopropyl CH2), 1.13-1.42 (5H, m, cyclohexyl 
H), 1.53 (3H, t, 3J = 6.9 Hz, OCH2CH3), 1.55-1.74 (2H, m, 
cyclohexyl H), 1.75-1.90 (2H, m, cyclohexyl H), 1.98-2.09 (2H, 
m, cyclohexyl H), 3.71 (lH, brs, CHCtH'), 4.62 (2H, q, 3J = 6.9 
Hz, OCH2CH3), 5.63 (lH, 8, =CH), 9.41 (lH, d, NH); "C(H) 
NMR(62.89MHz,CDCla,add.DEPT;6,ppm)9.57 (-,CHC2H4), 
11.79 (+, CHC~HI), 15.85 (+, OCH&H,), 24.51, 25.03, 33.72 (-, 
cyclohexyl C), 52.41 (+, NCH), 72.99 (-, OCHZCH~), 111.67 (+, 
C2), 158.70 (Cq,t, C3), 219.19,224.07 (Cqut, C=O), 280.02 (Cqut, 
Cl); MS (EI, 70 eV; m/e (relative intensity)) 413 (5) [M+], 385 
(3) [M+ - CO], 357 (6) [M+ - 2COl,329 (7) [M+ - 3CO1,301 (3) 
[M+ - 4CO],273 (100) [M+ - 5CO],52 (42) [Cr+l. Anal. Calcd 
for Cl8HUCrNO6: C, 55.20; H, 5.61; N, 3.39. Found C, 55.29; 
H, 5.69; N, 3.33. 

Pentacarbonyl[ (2Z)-l-ethoxy-3-(cyclohexylamino)-3-( 1- 
et hoxycyclopropyl)propenylidene]chromium (( 2)-lOe) and 
Pentacarbonyl[3-(cyclohexylamino)-3-( l-ethoxycyclopro- 
pyl)-1,2-propadienylidene]chromium (18e). To 300mg (0.84 
mmol) of pentacarbonyl[l-ethoxy-3-(l-ethoxycyclopropyl)pro- 
pynylidene]chromium6 (le) was added 125 mg (1.25 mmol) of 
cyclohexylamine. After having been stirred for 15 min, the 
reaction mixture was washed and purified to yield fraction I 
306 mg (80%) of (Z)-lOe, Rf = 0.20 (pentane/diethyl ether, 5:1), 
yellow crystals, mp 128 OC; IR (KBr, cm-1) 3314 (NH), 2970, 
2960,2938,2849,2044 (C-O), 1985 (C-0), 1908 (C=O), 1560, 
1511,1450,1394,1231,1182,1131,1023,1072,911,802,755,670, 
638; lH NMR (250 MHz, CDC4; 6, ppm) 0.99 (2H, mc, cyclopropyl 
CH2), 1.06 (2H, mc, cyclopropyl CH2), 1.11 (3H, t, 3J = 6.9 Hz, 
OCH~CHS), 1.13-1.53 (6H, m, cyclohexyl CH3,1.56 (3H, t, = 
6.9 Hz, OCH~CHS), 1.68-1.82 (2H, m, cyclohexyl CH2), 1.86-2.01 
(2H, m, cyclohexyl CHI), 3.54 (2H, q, 3J = 6.9 Hz, OCHZCH~), 
4.10 (lH, mc, NCH), 4.76 (2H, q, 3J = 6.9 Hz, OCH~CHS), 6.20 
(lH,s,==CH),8.95(1H,d,%J= 13.7Hz,NH);l3C{H)NMR(62.89 
MHz, CDCls, add. DEPT; 6, ppm) 12.98 (-, cyclopropyl CH2), 

cyclohexyl CH2), 53.00 (+, NCH), 61.42 (Cqut, cyclopropyl C), 
15.32 (+,OCHzCH3),15.74(+,OCH2CH3),24.49,25.08,34.25(-, 

63.83 (-, OCH~CHS), 73.60 (-, OCH~CHS), 116.92 (+, C2), 150.14 
(Cqut, C3), 218.78, 224.00 (Cqut, C=O), 290.65 (Cqut, C1); MS 

- CO], 401 (4) [M+ - 2COl,373 (6) [M+ - 3COl,345 (31) [M+ 
- 4CO], 317 (98) [M+ - 5CO], 292 (44), 274 (17), 232 (20), 219 
(99), 202 (ll), 175 (21), 149 (19), 105 (lo), 96 (19), 80 (23),52 (100) 
[Cr+]. Anal. Calcd for C21H-&rN0,: C, 55.14; H, 5.95; N, 3.06. 
Found C, 55.29; H, 5.99; N, 2.99. 

11: 25 mg (11%) of I&, Rf = 0.04, orange crystals, mp 97 "C; 
IR (KBr, cm-l) 3320 (NH), 2980,2922,2849,2075 (C=O), 2000 
(C=O), 1928 (C=O), 1550, 1441, 1422, 1259, 1114, 1049, 800, 
747,669,660; 1H NMR (250 MHz, CDCls; 6, ppm) 1.02-1.93 (14H, 
m, cyclohexyl H, cyclopropyl CH2), 1.19 (3H, t, 3J = 6.9 Hz, 
OCH~CHS), 3.49 (2H, q, 3J = 6.9 Hz, OCH2CHs), 4.20 (lH, brs, 
NCH), 8.11 (lH, bra, NH); 13C{H) NMR (62.89 MHz, CDCls, 
add. DEPT; 8, ppm) 15.26 (-, cyclopropyl CH2), 15.47 (+, 
OCH2CH3), 20.01, 24.20, 31.91 (-, cyclohexyl CH2), 56.52 (+, 
NCH), 65.65 (-, OCH2CH3, 66.60 (Cqut, cyclopropyl C), 111.58 

(Cqut, Cl); MS (EI, 70 eV; m/e (relative intensity)) 355 (1) [M+ 

124 (9), 108 (loo), 98 (l8), 83 (451, 67 (201, 52 (18) [Cr+l. 
Pentacarbonyl[ (22)-3-(cyclohexylamino)-1,4-diethoxy-4- 

methylpentenylidene]chromium ((2)-lOf) and Pentacar- 
bonyl[3-(cyclohexylamino)-4-ethoxy-4-methyl-l,2-pentadi- 
enylidenelchromium (18f). To 191 mg (0.53 mmol) of penta- 

(EI, 70 eV; m/e (relative intensity)) 457 (11) [M+l, 429 (2) [M+ 

(Cq-t, C2), 158.84 (Cqm,, C3), 217.54,223.07 (Cqut, C=O), 225.74 

- 2C0],271 (2) [M+ - 5CO1,205 (13), 190 (73), 180 (l l) ,  148 (4), 

Stein et al. 

carbonyl(l,4-diethoxy-4-methylpentynylidene)chromi~~ (10 
was added 80 mg (0.80 mmol) of cyclohexylamine. After having 
been stirred for 15 min, the reaction mixture was washed and 
purified to yield fraction I: 73 mg (30%) of (B-lOf, Rf = 0.46 
(pentane/diethyl ether, 51), yellow crystals, mp 129 OC; IR (KBr, 
cm-l) 3280 (NH), 2982,2919,2840,2039 (C-O), 1952 (C-O), 
1904 (C-0), 1555,1440,1396,1346,1250,1212,1162,1131,916, 
889, 790, 666; 1H NMR (250 MHz, CDC4; 6, ppm) 1.18 (3H, t, 
3 J  = 6.9 Hz, OCH2CH3), 1.20-1.41 (5H, m, cyclohexyl CHd, 1.50 

1.85 (3H, m, cyclohexyl CHp), 1.91-2.21 (2H, m, cyclohexyl CHz), 
3.39 (2H, q, 3 5  = 6.9 Hz, OCH2CHs), 4.44 (lH, m, NCH), 4.74 

3 J  = 7.4 Hz, NH); W(H) NMR (62.89 MHz, CDCls, add. DEPT; 
6, ppm) 15.44 (+, OCHzCHs), 15.85 (+, OCH~CHS), 24.77 (-, 
cyclohexyl CH2), 25.15 (-, cyclohexyl CHa), 27.42 (+, C(CH&- 
OEt), 35.29 (-, cyclohexyl CH,), 53.98 (+, NCH), 59.14 (-, OCHz- 

(6H, 5, C(CH&OEt), 1.53 (3H, t, 'J = 6.9 Hz, OCHzCH3), 1.59- 

(2H, q,3J 6.9 Hz, OCH~CHS), 6.20 (lH, 8, =CH), 9.46 (lH, d, 

CH3), 73.56 (-, OCH&&), 78.64 (Cqut, C(CH&OEt), 115.00 (+, 
C2), 156.97 (Cqut, C3), 218.98,224.03 (Cqwt, C-O), 286.60 (Cqut, 

(1) [M+ - CO], 403 (3) [M+ - 2COl,375 (11) [M+ - 3COl,347 
(9) [M+ - 4CO], 319 (100) [M+ - 5COl,275 (411,246 (13), 229 

Cl); MS (EI, 70 eV; m/e (relative intensity)) 459 (6) [M+], 431 

(53), 180 (171, 149 (40), 98 (411, 83 (8), 59 (161, 52 (24) [Cr+l. 
11: 147 mg (67%) of lSf, Rf = 0.05, orange crystals, mp 104 

OC; IR (KBr, cm-l) 3264 (NH), 2972,2920,2852,2063 ( C d ) ,  
1999 (C=O), 1921 (C=O), 1568,1439,1388,1358, 1198, 1117, 
1069,990,941,896,855,656; 1H NMR (250 MHz, CDCls; 8, ppm) 
1.21 (3H, t, 3 J =  6.9 Hz, OCHaCHd, 1.29-1.49 (5H, m, cyclohexyl 
CH2), 1.53 (6H, a, C(CH&OEt), 1.60-1.84 (3H, m, cyclohexyl 
CH2), 2.04-2.13 (2H, m, cyclohexyl CHz), 3.48 (2H, q, 3J = 6.9 
Hz, OCH2CH3), 4.19 (lH, m, NCH), 8.49 (lH, brs, NH); W{H) 
NMR (62.89 MHz, CDCb, add. DEPT; 6, ppm) 15.68 (+, 
OCH~CHS), 24.17,25.20 (-, cyclohexyl CH2), 25.95 (+, C(CH&- 
OEt), 31.50 (-, cyclohexyl CH2), 56.22 (-, OCH~CHS), 59.04 (+, 
NCH), 79.51 (Cqut, C(CH&OEt), 114.63 (Cqut, C2), 160.74 (Cqut, 
C3), 217.58, 223.51 (Cqut, C-O), 228.07 (Cqut, C1); MS (EI, 70 

357 (1) [M+ - 2COl,329 (2) [M+-3COI, 301 (21) [M+-4CO], 
273 (100) [M+ - 5CO],229 (6), 205 (3), 177 (41,149 (13), 118 (4), 

eV; m/e (relative intensity)) 413 (11) [M+l, 385 (1) [M+ - CO], 

95 (51, 87 (141, 59 (9), 52 (5) [Cr+l. Anal. Calcd for CleHa- 
CrN06: C, 55.20; H, 5.61; N, 3.39. Found C, 54.M H, 5.62; N, 
3.35. 

Pentacarbonyl[ (2E/22)-3-(diethylo)-  1-(dimethylami- 
no)-3-phenylpropenylne]chro" ((23/22)-22) and Pen- 
tacarbonyl[ 3-( aiethylo)-3-phenyl-l~-propadienylid]- 
chromium (21). To 716 mg (2.05 mmol) of pentacarbonyl[l- 
(dimethylamino)-3-phenylpropynylidenel chromium' (2a) in 20 
mL of diethyl ether was added 225 mg (3.08 mmol) of diethylamine 
at 20 OC. After 5 h the solvent was removed under reduced 
pressure. Chromatography (70 g of silica gel, pentane/diethyl 
ether, 2:l) yielded fraction I 206 mg (29%) of 2a, Rf = 0.73 
(pentane/diethyl ether, 2:l). 

11 241 mg (28%) of 22, E/Z 3.51, Rf = 0.37, orange crystals, 
mp 110 "C; IR (KBr, cm-1): 3009,2061,2031 (C=O), 2001 (C-O), 
1875 (C=O), 1512,1445,1373,1249,1210,1182,1070,1017,922, 
869,770,648; 1H NMR (250 MHz, CDC4; 6, ppm) 1.08 (6H, t, 
(E)-22,35 = 7.0 Hz, NCH~CHS), 1.08 (6H, t, (2)-22, 'J = 7.0 Hz, 
NCH&Hs), 2.55 (3H, 8, (E)-22, NCHs), 2.58 (3H, 8, (2)-22, NCH'), 

3 5  = 7.0 Hz, NCHz), 3.32 (3H, 8, 0 - 2 2 ,  NCHs), 3.35 (3H, 8, 

(2)-22, NCHs), 5.92 (lH, 8, (2)-22, e H ) ,  5.96 (lH, 8, (~9-22, 

3.07 (4H, mc, (E)-22,3J = 7.0 Hz, NCHa), 3.07 (4H. mc, (2)-22, 

=CH), 7.21 (5H, m, (2722, Ph H), 7.30 (5H, m, (E)-22, Ph H); 
W{H} NMR (62.89 MHz, CDCL, add. DEPT; 6, ppm, (E)-22) 
11.97 (+, NCH~CHS), 44.02 (-, NCH~CHS), 45.83 (+, NCHs), 50.06 
(+ NCHa), 119.84 (+, C2), 128.39,128.48,129.15 (+, PhC), 137.93 
(Cqut, Ph C), 140.67 (Cqut, C3), 218.56,223.42 (Cqd, C-O), 260.03 

394 (31) [M+-COI,366(47) [M+-2COI,338(11) [M+-3COI, 
310 (16) [M+ - 4CO],282 (63) [M+ - 5COl,254 (521, 229 (231, 

(Cqut, Cl); MS (EI, 70 eV; mle (relative intensity)) 422 (11) [M+l, 

211 (24), 202 (78), 186 (21), 174 (591,158 (41), 149 (37), 105 (59), 
52 (61) [Cr+l. 
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Pentacarbonyl(3-aminoalleny1idene)chromium Complexes 

I11 309 mg (40%) of 21, Rf = 0.07, orange crystals, mp 86 "C; 
IR (KBr, cm-l) 3014,2990,2199 (C=C=C), 2076 (C=0),2003 
(C-O), 1915 (C-O), 1552,1492,1459,1386,1349, 1297,1098, 
1077,1027,857,788,768,704,653; 'H NMR (250 MHz, CDC13; 
6, ppm) 1.27 (3H, t, 3J = 7.1 Hz, NCH~CHS), 1.53 (3H, t, = 7.1 
Hz, NCH&&), 3.59 (2H, q, 'J = 7.1 Hz, NCHzCHs), 4.11 (2H, 
q, 3J = 7.1 Hz, NCH&H3), 7.48 (5H, m, Ph H); W{H) NMR 
(62.89 MHz, CDCls, add. DEPT; 6,ppm) 12.34 (+, NCH~CHS), 
13.98(+,NCH&H3),46.92 (-,NCH&H3),48.93 (-,NCH&H3), 
125.09 (Cqut, C2), 127.74,128.84,130.92 (+, Ph C), 134.88 (Cqut, 
Ph C), 152.44 (Cqut, C3), 217.47, 224.11 (Cqut, C=O), 232.59 

349 (1) [M+ - CO], 321 (1) [M+ - 2CO],293 (2) [M+ - 3CO], 265 
(7) [M+ - 4COl,237 (40) [M+ - 5CO1, 205 (5), 184 (21, 105 (61, 

(Cqut, Cl); MS (EI, 70 eV; m/e (relative intensity)) 377 (3) [M+l, 

84 (100),57 (9),52 (4) [Cr+l. Anal. Calcd for ClsH15CrN05: C, 
57.29; H, 4.27. Found: C, 57.30; H, 4.01. 

Pentacarbonyl[ (2E/22)-3-( dibenzy1amino)- 1 -( dimet h- 
ylamino)-4-ethoxy-4-methylpentenylidene]chromium ((E/ 
2)-23). To 300 mg (0.587 mmol) of pentacarbonyl[3-(dibenzyl- 
amino)-4-ethoxy-4-methyl-1,2-pentadienylidenel chromium (150 
in 15 mL of diethyl ether was added dimethylamine at 20 "C 
until a change of color was observed, and the solvent was removed 
under reduced pressure. Chromatography (30 g of silica gel, 
pentane/diethyl ether, 51) yielded 317 mg (97%) of 23: E / Z  
2.51, Rf = 0.31 (pentane/diethyl ether, 51), yellow crystals, mp 
134 OC; IR (KBr, cm-l): 3099,3075,3040,2995,2948,2891,2158 
(C-O), 1974 (C=O), 1917 (C==O), 1614,1553,1500,1449,1408, 
1360,1213,1169, 1140,1078, 1037,909,819, 741,709,684,672; 
1H NMR (250 MHz, CDCls; 6, ppm): 0.81 (3H, s, (E)-23, CCHs), 
0.97 (3H, t, 3J = 6.9 Hz, (E)-23, OCH~CHS), 1.12 (3H, t, 3J 6.9 
Hz, (2)-23, OCH~CHS), 1.39 (3H, 8, (E)-23, CCHs), 1.60 (3H, 8, 

(2)-23, CCHs), 1.66 (3H, 8, (23-23, CCHS), 2.73 (3H, 8, (22-23, 
NCH3),2.87 (3H,s, (E)-23,NCH3),3.20 (2H,mc, (E)-23, OCHZ- 
CH3), 3.52 (2H, d, 2 5  = 13.2 Hz, (22-23, NCHd, 3.54 (2H, mc, 
(2)-23, OCH2CHs), 3.58 (3H, 8, (2)-23, NCHs), 3.61 (3H, 8, (E)-  
23, NCHs), 3.63 (2H, d, 2J = 13.2 Hz, (E)-23, NCHz), 4.10 (2H, 
d, 25 = 13.2 Hz, (E)-23, NCHg), 4.61 (2H, d, '5' 13.2 Hz, (a-23, 
NCHZ), 5.79 (lH, 8, (2)-23, =CH), 6.18 (lH, 8, W-23, =CH), 
7.01-7.30 (lOH, m, (E/Z)-23, Ph H); W(H) NMR (62.89 MHz, 
CDC13, add. DEPT; 6, ppm) 15.95 (+, (E)-23, OCH2CH3), 16.04 
(+, (2)-23, OCH~CHS), 21.71,23.20 (+, (E)-23,CCHs), 25.64,27.96 
(+, (2)-23, CCHs), 45.74 (+, (2)-23, NCHd, 45.85 (+, (E)-23, 
NCHa), 50.21 (+, (2)-23, NCH3), 50.53 (+, (E)-23, NCHs), 52.91 
(-, (2)-23, N(CH2)2), 56.10 (-, (E)-23, N(CH2)2), 57.80 (-, (ZJ-23, 
OCH~CHS), 60.15 (-, (E)-23, OCH&Hs), 78.99 (Cqut, W-23, 
C(CH&), 79.59 (Cq,t, (2)-23, C(CHs)z), 117.81 (+, (E)-23, C2), 
117.84(+,(2)-23,C2), 127.12,127.38,128.13,128.29,128.72,129.24 
(+, (E/Z)-23, Ph C), 131.59 (Cqut, (E)-23, Ph C), 138.60 (Cqut, 
(2)-23, Ph C), 139.62 (Cqut, (E)-23, C3), 140.85 (Cqut, (2)-23, 
C3), 217.90 (Cq,t, (22-23, C=O), 218.18 (Cqut, (E)-23, C=O), 
223.24 (Cqut, (2)-23, C=O), 223.55 (Cqut, (E)-23, C=O), 264.51 
(Cqut, (E)-23, Cl), 268.77 (Cqut, (2)-23, Cl); MS (EI, 70 eV; m/e 
(relative intensity)) 556 (0.5 [M+], 472 (1) [M+ - 3CO1, 444 (1) 

(61,129 (61,108 (45),91 (100) [CH2Ph+l, 80 (65),52 (66) [Cr+l. 
Pentacarbonyl[ (E)-l-(dimethylamino)-3-phenyl-3-(diiso- 

propylamino)propenylidene]chromium ((E)-24). To 240mg 
(0.592 mmol) of pentacarbonyl[3-phenyl-3-(diisopropylmino)- 
1,2-propadienylidene]chromium (13a) in 15 mL of diethyl ether 
was added dimethylamine at 20 O C  until a change of color was 
observed, and the solvent was removed under reduced pressure. 
Chromatography (30 g of silica gel, pentane/diethyl ether, 31) 
yielded 261 mg (98% ) of (E)-24: Rf = 0.40 (pentane/diethyl ether, 
3:1), yellow crystals, mp 109 "C; IR (KBr, cm-l) 3026,2975,2940, 
2881,2050 (C=O), 1971 (C=O), 1958 (C=O), 1581,1520,1498, 
1450, 1375, 1280, 1220, 1198, 1158, 1127, 1100, 1030, 933, 869, 
798,780,738,707,680; lH NMR (250 MHz, CDC13; 6, ppm) 1.14 

(CH3)2), 2.50 (3H, s, NCHs), 3.21 (3H, s, NCH& 3.45 (lH, sep, 
3J= 7.1Hz,NCH(CHs)2),3.49 (lH,sep,V= 7.1Hz,NCH(CH3)2), 
6.22 (lH, s, =CH), 7.08-7.24 (5H, m, Ph H); 13C(H) NMR (62.89 
MHz, CDCls, add. DEPT; 6, ppm) 20.54 (+, NCH(CH&), 23.22 

[M+ - 4C0],416 (4) [M+ - 5CO], 319 (37), 304 (46), 274 (44), 184 

(6H, d, 3J = 7.1 Hz, NCH(CH&), 1.18 (6H, d, 3J = 7.1 Hz, NCH- 
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(+,NCH(CH&),45.89 (+, NCH(CH&),49.03 (+,NCH3),49.75 
(+,NCHS),120.09(+,C2),128.25,128.39,129.56(+,PhC),139.66, 
139.90 (Cqut, Ph C, C3), 218.61,224.07 (Cqw, C=O), 258.75 (Cqut, 
Cl); MS (EI, 70 eV; m/e (relative intensity)) 450 (29) [M+l, 422 
(8) [M+ - COI, 394 (1) [M+ - 2COl,366 (18) [M+ - 3CO],338 
(10) [M+ - 4CO1,310 (100) [M+ - 5CO1, 267 (16), 257 (8), 225 
(7), 214 (7), 155 (201, 130 (61, 95 (4), 93 (3), 52 (17) [Cr+l. 

Reaction of If with LiTMP. To a solution of 200 mg (0.46 
mmol) pentacarbonyl[3-(diethylamino)-l,4-diethoxy-4-methyl- 
pentenylidenelchromium in 10 mL of diethyl ether was added 
0.2 mL (0.23 mmol) of 1.1 M LiTMP in diethyl ether at -78 OC. 
The reaction mixture was warmed to 20 OC for 15 min and then 
quenched with 1 mL of D2O. The solvent of the organic layer 
was removed under reduced pressure and gave crude product. 
Nondeuterated 4f (180 mg) was obtained after chromatography 
(pentane/diethyl ether 51; 20 g of silica gel). 

Addition of LiOEt to 12f. LiOEt (40 mg, 0.77 mmol) was 
added to a solution of 300 mg (0.77 mmol) pentacarbonyl[3- 
(diethylamino)-4-ethoxy-1,2-pentadienylidene] chromium (120 
in 10 mL of diethyl ether or tetrahydrofuran, respectively. The 
reaction mixture was stirred at 20 "C for 3 hand heated to reflux 
for 5 h, followed by quenching with 10 mL of water. The aqueous 
layer was extracted with 3 X 10 mL of diethyl ether, and the 
combined organic layers were washed with 3 X 10 mL of water 
and dried over MgSO,. Evaporation of the solvent yielded 
quantitatively 12f. 

General Procedure for the Addition of Lithium Amides 
to Alkynylcarbene Complexes la-c,f. To a solution of 0.5 
mmol of pentacarbonyl[alkynylidenelchromium la-c,f in 70 mL 
diethyl ether was added a mixture of 0.5 mmol of LiNR'2 and 10 
mL of diethyl ether at 20 OC. The reaction mixture was stirred 
for 15-30 min and then quenched with 1 mL of water. The 
solvents were removed under reduced pressure, and the crude 
product was purified by chromatography (pentane/diethyl ether 
51; 20 g of silica gel). 

Pentacarbonylr (2E)-3-(dimethylamino)- 1-ethoxy-3- 
phenylpropenylidene]chromium ((E)-3a) and Pentacarbo- 
n yl[ 3- (dimet hylamino)-3-phenyl- 1,2-propadienylidene]chro- 
mium (lla). To 350 mg (0.57 mmol) of pentacarbonyU1-ethoxy- 
3-phenylpropynylidene] chromium (lay was added 29 mg (0.57 
mmol) of lithium dimethylamide in 11 mL of diethyl ether. After 
having been stirred for 30 min, the reaction mixture was purified 
to yield fraction I: 177 mg (29% ) of (E)-3a,' Rf = 0.39 (pentane/ 
diethyl ether, 51). 

11: 85 mg (43%) of 1la,lo Rf = 0.04. 
Pentacarbonyl[3-(dibnzylamino)-3-phenyl- lJ-propadi- 

enylidenelchromium (15a). To 350 mg (0.74 mmol) of pen- 
tacarbonyl[ 1-ethoxy-3-phenylpropynylidene] chromium (lay was 
added 150 mg (0.74 mmol) of lithium dibenzylamide in 15 mL 
ofdiethylether. After having been stirred for 15min, the reaction 
mixture was purified to afford 55 mg (15%) of 15a: Rf = 0.03 
(pentane/diethylether, 5:1),orangecrystals,mp 124 OC; IR (KBr, 
cm-l) 3033,2955,2931,2889,2854,2076 (C=C=C), 1987 (C=O), 
1916 (C=O), 1588,1537,1497,1439,1356,1253,1123,1003,953, 
886,811,780,701,659; lH NMR (250 MHz, CDCls; 6, ppm) 4.71 
(2H, s, NCHz), 5.23 (2H, s, NCH2), 7.02-7.58 (15H, m, Ph H of 
N(CH2Ph)2, Ph H); W(H) NMR (62.89 MHz, CDCb, add. DEPT; 
6, ppm) 52.52,57.43 (-, NCHz), 123.60 (Cqut, C2), 126.99,128.71, 
128.86,128.97,129.10,129.45 (+, Ph C), 133.45,133.63 (Cqut, Ph 
C), 157.65 (Cqut, C3), 217.27,223.87 (Cqut, C=O), 235.59 (Cqut, 

(6) [M+-4COI,361(11) [M+-5COI,279 (ll), 167(21), 108(72), 
Cl); MS (EI, 70 eV; m/e (relative intensity)) 501 (2) [M+], 389 

80 (loo), 52 (91) [Cr+l. 
Pentacarbonyl[2(E)-3-(dimethylamino)-3-cyclopropyl-l- 

ethoxypropenylidene]chromium ((E)-3b) and Pentacarbo- 
ny1[3-(dimethylamino)-3-cyclopropyl-l~-propadienylidene]- 
chromium (llb). To 318 mg (1.16 mmol) of pentacarbonyl[3- 
cyclopropyl-1-ethoxyropylidene] chromium (lb)6 was added 59 
mg (1.16 mmol) of lithium dimethylamide in 23 mL of diethyl 
ether. After having been stirred for 20 min, the reaction mixture 
was purified to yield fraction I: 82 mg (20% ) of (E)-3b:6Rf = 0.31 
(pentane/diethyl ether/dichloromethane, 3:3:1). 
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I1  147 mg (40%) of l lb,  Rf = 0.07, orange crystals, mp 107 
OC; IR (KBr, cm-1): 2998,2941,2078 (C=C=C), 2017 (C=O), 
1973 (C=O), 1921 (C-0), 1575, 1424, 1373,1262,1162, 1050, 
944,866,713,658; 1H NMR (250 MHz, CDCl,; 6, ppm) 1.20-1.30 
(2H, m, cyclopropyl CHz), 1.42-1.53 (2H, m, cyclopropyl CHd, 
1.82-1.92 (lH, m, cyclopropyl CH), 3.46 (3H, s, NCHs), 3.62 (3H, 
s, NCH,); W{H) NMR (62.89 MHz, CDC&., add. DEPT; 6, ppm) 
13.97 (-, CHCzH,), 16.79 (+, CHCzH,), 40.25,45.55 (+, NCH3), 
112.40 (Cqwt, C2), 162.23 (Cq,t, C3), 213.41 (Cqwt, Cl), 217.83, 

(24) [M+], 285 (5) [M+ - CO], 257 (7) [M+ - 2COl,229 (7) [M+ 
-3C0],201(38) [M+-4CO], 173 (100) [M+-5COI, 130 (7), 120 

223.19 (CqUt, C=O); MS (EI, 70 eV; m/e (relative intensity)) 313 

(91, 86 (lo), 52 (49) [Cr+l. 
Pentacarbonyl[ (22)-3-(cyclohexylamino)-3-cyclopropyl- 

1-ethoxypropenylidene]chromium ((2)-lob) and Penta- 
carbonyl[ 3 4  cyclohexylamino)-3-cyclopropyl- l&propadi- 
enylidene]chromium (18b). To 285 mg (0.90 mmol) of pen- 
tacarbonyl[3-cyclopropyl-l-ethoxypropynylidenelchromium (lbY 
was added 95 mg (0.90 mmol) of lithium cyclohexylamide in 18 
mL of diethyl ether. After having been stirred for 15 min, the 
reaction mixture was purified to afford fraction I 134 mg (36 % ) 
of (2)-lob, Rf = 0.37 (pentane/diethyl ether, 5:l). 

11: 156 mg (47%) of 18b, Rf = 0.02, orange crystals, mp 96 OC; 
IR (KBr, cm-1) 3339 (NH), 2937, 2860, 2082 (C=C=C), 2011 
(C=O), 1929 (C=O), 1870 (C=O), 1567,1487,1439,1377,1260, 
1084, 907, 799, 775, 667; 1H NMR (250 MHz, CDCl,; 6, ppm) 
1.09-2.22 (15H, m, cyclopropyl CH, cyclopropyl CHa, cyclohexyl 
CHz), 4.25 (lH, brs, NCH), 7.29 (lH, brs, NH); W{H) NMR 
(62.89 MHz, CDCh, add. DEPT; 6, ppm) 13.19 (-, CHCJ&), 
20.74 (+, CHC2H4), 24.38,24.99,32.08 (-, cyclohexyl CHZ), 57.34 

C=O), 220.67 (Cqwt, Cl), 223.36 (Cqwt, C 4 ) ;  MS (EI, 70 eV; 
m/e (relative intensity)) 367 (17) [M+l, 311 (2) [M+ - 2CO], 283 

(181, 108 (791, 80 (921, 52 (64) [Cr+l. 
Pentacarbonyl[ l-(dimethylamino)-4,4-dimethylpen- 

tynylidene]chromium (2c) and Pentacarbonyl[3-(dimeth- 
ylamino)-4,4-dimethyl- 1,2-pentadienylidene]chro" ( 1 IC). 
To 330 mg (1.21 mmol) of pentacarbonyl[l-ethoxy-4,4-dimeth- 

(+, NCH), 110.97 (Cqwt, C2), 161.12 (Cqwt, C3), 217.66 (CqUt, 

(5) [M+-3C0],255 (22) [M+-4COI,227 (100) [M+-5COI, 174 

Stein et  al. 

ylpentynylidene]chromium (10)'~ was added 62 mg (1.21 "01) 
of lithium dimethylamide in 24 mL of diethyl ether. After having 
been stirred for 20 min, the reaction mixture was purified to 
yield fraction I 177 mg (44%) of 20, Rf = 0.80 (pentane/diethyl 
ether, 51), yellow crystals, mp 86 OC; IR (KBr, cm-I) 2973,2932, 
2901,2868,2188 ( C d ) ,  2055 (C=O), 1915 (C=O), 1527,1455, 
1401, 1364,1267, 1160, 1070,935,851,722,660; 'H NMR (250 
MHz,CDC&;6,ppm) 1.36 (9H,s,C(CH&3.55 (3H,s,NCH3), 
3.84 (3H, 8, NCH,); W(H) NMR (62.89MHz, CDCh, add. DEPT; 
6, ppm) 30.05 (+, C(CH&, 47.03,49.27 (+, NCH,), 64.23 (Cqwt, 

C-O), 250.07 (Cqwt, Cl); MS (EI, 70 eV; m/e (relative intensity)) 
C(CH3)3), 83.70 (Cqm, C2), 140.44 (Cqmt, C3), 217.44,224.09 (Cqwt, 

329 (9) [M+], 273 (5) [M+- 2COl,245 (10) [M+ - 3CO1,217 (12) 
[M+ - 4CO1, 189 (100) [M+ - 5COl,l87 (6), 118 (4), 95 (4), 52 
(17) [Cr+]. 

I1 125 mg (31%) of l lc? Rf = 0.06. 
Addition of HNMea to 21. Dimethylamiie was added to a 

solution of 80 mg (0.21 mmol) 21 in 20 mL of diethyl ether at  20 
OC until no more starting material was detected by TLC. The 
solvents were removed under reduced pressure, and the residue 
was purified by chromatography (pentane/diethyl ether, 21; 5 
g of silica gel) to yield 87 mg (98% ) of (E)-22, Rf = 0.07. 
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