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Organic syntheses via transition metal complexes, XCl’. 
Dihydropyridinyl carbene complexes by [4 + 21 annulation of alkenyl- or 
aryl imines to ( 1 -alkynyl) carbene complexes of chromium and tungsten 

Abstract 

Reaction of (I-alkynyl)carbene complexes (CO),M=C(OEt)CECPh la,b (M = W. Cr) with alkenyl imine PhCH=CH-CH=N(i-Pr) 
2 affords dihydropyridinyl carbene complexes 3 (by an overall -t + Z cycloaddition) and lwitterionic I-azonia-SH-cycloheptatrien-3-yl 
carbonylmrtalat~s 4 (by an overall -I + 3 cycloaddition). The product ratio 3:1 is strongly influenced by steric demand of the metal unit as 
well us of the substrate. Thus. compou~nds 3 (generated by &addition of the imino function to the C=C bond of la) are major products in 
case of M = W. whilst compounds 4 (generated by Z-addition of the imino function to lb) are major products in case of M = Cr. 
Reaction of stcrically congested imines. e.2. phenanthrene-9-carhoximine 5. affords [3 + 21 cycloadducts. e.g. 6a.b ;1s the only detectable 
products. Compounds 6 undergo hydrolysis on chromatography on silica gel and give a carbaldehyde 7. Crystal structure*; we reported of 
compounds 3a and 6a. 8 I907 Elsevier Science S.A. 

K~~~wrw~ls: Dihydropyridiw: Cirrhcnc complcw~: Chromium ;lnd tungsten complcxcs; Iminium ~i~rh~~~~yI~~~~t~~l~~t~~\; ( I -Alkynyl )c;uhcnc co~nplexc~ 

1. Introduction 

(I -A Ikynylkarbene corn plcxes. e.g. 
(CO),M-C‘!OEt)C~CIJll la& (M = Cr. W) find more 
and more application to the synthesis of organic com- 
pounds. ’ It was shown only recently that secondary 
enaminones [.X4]. 8s well as tertiary cyclic enamines 
m CH=C(NRJ * [S,6] undergo addition to the C=C 
bond of la,b under exceedingly mild conditions to 
afford conjugated &amino- 1 -metalla- 1,35hexatrienes, 
which are readily transformed into cyclopentadienes ’ 
[S-9] 23homopyrrols [4] or pyran-2-ylidene complexes 
[3, IO. I I]. Studies on reactions of I -metalla- I,35 
hexatrienes have been extended to nitrogen arralogous 
S-aza- 1 -metalla- 1,X?-hexatrienes and also to S-aza- I - 
metalla- I .3,5.7-octatetraenes (CO),M=C(OEt)- 
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CR=CR-N=C(OEt)-CR’ =CHR’ (M = Cr. W: R = 
alkyl. rrryl), which are genrratcd ~ogethcr with 25di- 
erhoxy 2 H-pyrrole camp Iexes (by 3 + 2 cyclonddition) 
as well as 2.4~diethoxy 2 N-di hydroazete complexes (by 
2 + 2 cycloaddition). by addition of alkenyl imidatcs 
R!CH=CR’-C(OEt)=NH (RI. R’ = Ph. Me, H) to 
compounds 1 (Scheme I ) [ 121. The product ratio in 
which these compounds are obtained is strongly influ- 
enced by the nature of the metal. Thus. formation of 

(CO)5 wJ)5 

Scheme I. 5Aza- I -metallu- I .3.5.7-o~‘~tetrL1~n~s. 2 H-pyrrole- and 
dihydroa/.ete complexes from ( I -alkynyIkrrrbene complexes (M = Cr. 
W) and :llkenyl NH-imidutes. 
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Scheme 2. Dihydropyridinyl carhene complexes 3 and I-azonia-SH- 
cycloheptatriene-3-yl carbonylmetalates 4 from ( I-alkynylkarbene 
compleues (M = Cr. WI and alkenyl imines. 

2 H-dihydroazete complexes is favored for M = Cr. 
whilst 5-aza- I -metalla- 1,3,5,7-octatetraenes are major 
products for M = W. In context with studies on addition 
of alkenyl imidates R’CH=CR’-C(OEt)=NH it is in- 
teresting to note that addition of alkenyl imines. e.g. 
PhCH=CH-CH=NiPr 2 to compounds 1 leads to for- 
mation of completely different type products. Whilst 
open-chain adducts as well as four- and five-membered 
N-heterocyclic rings are obtained with alkenyl NH-im- 
idates (Scheme I ) [ 121. six- [ 13,14] and scven-mem- 
bered [ 151 rings were found to be generated as the only 
products of alkcnyl N(alkyl)-imines (Scheme 2). 

2. Results and discussion 

Addition of alkenyl imine 2 in pentane to ( I- 
alkynyl)carbene complexes 1 leads to formation of di- 
hydropyridinyl carbene complexes 3 and I -azonia-5 H- 
cycloheptatrien-3-yl carbonylmetalates 4 (Scheme 2). 

The product ratio 3:4 strongly depends on the metal 
M employed. In case of M = W formation of [4 + 2] 
cycloadduct 3a predominates, whilst [4 + 31 adduct 4b 
is formed as major product in case of M = Cr. 

Compounds 3 and 4 are generated by competing 
reaction paths involving 4- and 2-addition, respectively, 
of the imino function of compound 2 to the M=C-C=C 
unit of complex 1 with initial formation of iminium 
carbonylmetalates A and B, respectively (Scheme 3). 
Structural precedence of iminium carbonylmetalates of 
type A and B is given by a X-ray structure analysis of 
the phosphor-analogous adduct -(OC),Cr- 
C(OEt)=C=C(Ph)P+ Ph 3 [ 161. Cyclization of the zwit- 
terionic intermediate A to give a dihydropyridine 
derivative 3 is possible only if the I-azonia-butadiene 
unit is arranged S_YIZ to the allene moiety. Cyclization of 

Scheme 3. Iminium carbonylmetalates A and B as key-intermediates 
in the formation of dihydropyridinyl curbene complexes 3 and I- 
clzonia-SH-cyclohepttltriene-3-yl carbonyhnetalates 4. 

intermediate B in a 4 + 3 manner to give compound 4 
requires a concomitant l.2-migration of the metal unit. 

3. Spectroscopy of compounds 3 and 4 and X-ray 
analysis of 3a 

The “C signals of the M,C bond of the zwitterionic 
iminium carbonylmetalates 4 appear at much higher 
field, e.g. 4a: S 200.0, than of the carbene complexes 3, 
e.g. 3a: is 310.8, in line with different modes of bond- 
ing in these complexes. An appreciable paramagnetic 
shift of the carbon atom of the C= N+ group in com- 
plexes 4 ( R I SO- 182). compared to e.g. compound 2 ( S 
159.8). is attributed to the iminium character of this 
moiety. 

The I-tunpsta-l.3-diene unit of complex 3a is 
strongly twisted. W-CL-CL-C4 _ 125.5 (5)” (Fig. I. 
Table I). The pattern of alternating bond distances, 

Fig. I. Molecular structure of dihydropyridinyl carhene complex 3a. 



Table I 
Atomic coor$fnnles ( X 10’) and equivalent isotropic displacement 
parameters (A- X IO’ 1 for complex 3a 

.v ? . . 

W 
C(Il) 
Oil 1) 
C(12) 
O(12) 
(313) 
O(l3) 
C(1-I) 
O(l4) 
C( IS) 
O(15) 
C(2) 
O(2l) 
C(22) 
C(3) 
C(3) 
C(4) 
(341) 
C(42) 
C(M) 
C(34) 
C(45) 
C(36) 
NW 
C(S) 
C(Sl) 
c-(.52) 
(36,) 
C(7) 
C(X) 
C(XI) 
C(X2) 
C(X3) 
C( x.1 1 
(‘(X5) 
C(W) 

23X7( I) 
764(7) 
- 129(6) 
2801(7) 
3036(7) 
4033(7) 
49x I(h) 
3758(7) 
4541(6) 
lO70(7) 
325(6) 
1761(h) 
2567(-l) 
4lO4(6) 
47 I I(X) 
340(S) 
1X1(6) 
143 l(7) 
I79S(9) 
2926( I 6) 
3640( I 5) 
3297( 13) 
z I ,57(c)) 
- 1146(S) 
- l370(7) 
- 1X21( I-I) 
- 2442( I 0) 
- 2302(6) 
--2251(h) 
- 979(S) 
- I.%-!(6) 
- ‘W(X) .w__ 
- 36639 1 
- 22o.V IO) 
-- l>Sl(9) 
-- Oi?(X) 

1324(l) 45.33 I ) 
526(-F) 4090( 3) 
36(4) 38SS(3) 
6%) S038(3) 
- 668(S) S3(J7(3) 
I 996(S) 50350) 
2326(5) 5346(Z) 
837(S) 3903 3 ) 
S69(4) 3560(3) 
1815(S) 5 18X3) 
2079(4) SSS2(2) 
257 l(4) 3876(Z) 
3292L3) 3661(2) 
3382(6) 3X48(3 1 
4223(6) 3X)1(4) 
261 X(4) 35432) 
2696(-l) 29150) 
27737) 251X(3) 
36XM9) 23734) 
37.3318) I X73(6) 
2875(3 I ) I737(8) 
1991(22) 1990( 7) 
19lS(l I) 2386(-l) 
2577(j) 2593(2) 
‘625(6 1 lOI 33) 
1631(9) I622(4) 
3473x1 1737(S) 
2243(S) 2916f.3) 
2175(S) 3516(3) 
2547(4) 3920( 2) 
3SS9(4) -i214(3) 
M6l(S) 3710(3) 
4159(h) 4963 3 1 
S262(6) 47.w-l) 
5376(S) 42s l(1) 
-1471(S) .39X6( 3 1 

29t I 1 
39( I ) 
620) 
432) 
8lW 
41(l) 
632) 
41(l) 
hS(2) 
33(l) 
5% I) 
2S( I ) 
30( I ) 
35(Z) 
56(Z) 
26( I 1 
29(l) 
Sl(2) 
X2(3) 
179(12) 
227( 18) 
179(12) 
97(j) 
3S( I ) 
48(2) 
94(4) 
860) 
37( I 1 
34 I 1 
2S( I 1 
31(l) 
-I’(‘) .._ 
5X(2) 
67(Z) 
hl(2) 

-w $1 

“U (ccl) is defined ;~b one third 01’ lhe Iruce 01’ the orlllo~oiiali/.L’d U,, 
tensor. 

Table 2 
Selected bond len@h~ [A] and angles [‘] for complex 3a 

W-CC?) ’ “S(S) U.-e. 

ct2L-o(2 I ) I .3 I X(61 
cm-C(3) l.461(7) 
C(3)--C(3) I .357(7) 
C(3)-C(X) I .S26(7) 
C(4)-N(S) 1.3X1(7) 
C(4)-C(4l) I .499(X) 
N(S )-C(h) 1.3937) 
N(S)--C(S) I .477(X) 
C(S)--C(S I ) I .SO2( I 2) 
c(sL-c(s2) I X9( I I ) 
C(hK(7) I .299(X) 
C(7)--C(X) I .SOl(X) 
C(X)--C(X I ) I .S33(7) 

C(3)-c-(2)-W 
C(4)-C(3b-C(Z) 
c(3L-c(3bc(8) 
C(2b-C(3LC(X) 
C(3)-C(4)-NU) 
C(3)-C(4)-C(4I 1 
N(S1-C(3LCY-l I ) 
C(4)-N(SK(6) 
U-l)-N(S)--C(S) 
C(h)-N(S)--C(S) 
N(Sb-CUbCU I) 
N(S)-C(S)-C’(Z) 
C(7)-C(h)- N(S) 
C(h)-C(7LC(X) 
C(7b-C(K)--C(3) 
C(7)-C(X)-C(XI 1 
C(3b-c(x)-c(8l) 

122.34) 
121.X(S) 
I2o.w 1 
I 17.7f-I) 
121.6(S) 
123.1(S) 
I I-1.X(S) 
I 18.3(S) 
123.7(S) 
I I7.2U) 
Il3.2(7) 
IOX.7(7) 
l23.3(5) 
I22.1)(5) 
IO9.7(4) 
109.2(4) 
I 12.9(4) 

ot2 I b-C(2LCU) 
O(3l ,-C(2)-w 

IOX.l(4) 
I29 T(4) .a 

l- 
-N 

- c%- /\ /\ 
- - 

5 
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Scheme 4. [4 + 21 Adducts 6 from ( I -alkynylkarbene complex 
(M = W. Cr) and aryl imine 5. 

la,b 

W=C2 2.255 (5) ii, C2-C3 1.461 (7), C3-C4 1.357 
(7) (Table 2) indicates that there is little or no conjuga- 
tion within the r-system. Since the ‘enamine unit’ is 
essentially planar, C3-C4-N5-C6 - 8.4 (9)“, delocal- 
ization of the lone pair on the nitrogen atom into the 
adjacent C=C bond is possible. Two different rotamers 
with respect to the C2-C3 bond could be present, but 
the isomer shown in Fig. 1, in which the W(CO), unit is 
arranged q/l to 8-H is preferred for steric reasons. 

4. Dihydro-2-aza-triphenylene complexes 6 

The competin g reaction paths outlined in Scheme 4 
seem to be strongly influenced by steric congestion. 
Accordingly, reaction of the sterically crowded imine 5 
with the chromium complex Ib does not lead to produc- 
tion of a [4 + 31 cycloadduct, as has been observed with 
imine 2, but to preferential formation a [4 + 23 adduct 
6i.1 (75% yield). The corresponding tungsten complex 
6a if: obtained in 93% yield. 

Chro!ilato~raphy of compounds 6 on silica gel leads 
to hydrolysis of the M=C bond. by which carbaldehy- 
dais 7 are formed (Scheme 5). 

5. Crystal structure analysis of compound 6a 

The 1 -tungsta-I ,3-diene unit crf complex 6a is 
strongly twisted, W-C2-C3-C4 - 1 17.3 (8)” (Fig. 2, 
Table 3) and exhibits an altervating pattern of bond 
distances, W =Cl 2.233 ( 10) A, Cl -CS 1.470 ( 12), 
CS-C6 1.369 (1 1) (Table 4) with apparently little con- 
jugation within th L’ n-system. Conjugation within the 
enamine unit should be possible based on the planar 
arrangement of the unit CS-C6-N7-C8 - 0.4 ( 13)“. In 

silica gel/ 
H20 

-EtOH 
-M(CO)6 

Scheme 5. Carhaldehyde 7 by hydrolysis of dihydropyridinyl carbcne 
complexes 6a.b on silica gel (M = Cr. W). 
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principle, two rotamers with respect to the C 1 -CS bond 
may be formed, but the isomer shown in Fig. 2. in 
which the W(CO), unit is arranged sytl to 22-H is 
strongly preferred ’ for stcric reasons. The dihydro-2- 
aza-triphenylene ligund is somewhat puckcrcd and the 
‘biphenyl urlit’ is slightly twisted. CL&-C I S-C I&-C I7 
- 19.7 ( 14)“. 

6. Experimental 

All operations were performed under argon. Dried 
solvents were used in all experiments. Melting points 
are not corrected. Instrumentation: ‘H NMR and “C 
NMR spectra were obtained with Bruker WM 300. WP 
360 and Varian U600 spectrometers (Multiplicities were 
determined by DEPT. Chemical shifts refer to fiTMS = 
0.00 ppm.). Low-temperature NMR measurements were 
carried out on Bruker AM 360 instrument. Other analy- 
ses: IR Diglab FTS 45: MS Finnigan MAT 3 12: ele- 
mental analysis. Perkin-Elmer 240 elemental analyzer: 
TLC, Merck DC-Alut’olien Kiesegel 60 F,,,. R, values 
refer to TLC tests. Column chromatographic purifica- 
tions were made on Merck Kiesegel 100. 

Cinnamaldehyde ( 10.2 g, 77 niaol), isopropylamine 
( 12.3 g. 208 mmol) and molecular sieves ACROS 4 A 

(20 g) in 60 ml of benzene arc reacted at 20°C for 12 h 
to give the imine 2 (13.2 g, 99%). ’ H NMR (C,D,): S 
7.80 and 6.98 (2H, CH each. AB-system, ‘J = 8 Hz. 
PhCH=CH). 6.63 UH, d. ‘J = 6 Hz. CH=N), 3.27 
( 1 H, m, CHMe, ). 1.23 [6H, d, CH(C H,), 1. 13C NMR 
(CDCl,): S 159.8 (CH=N), 140.9 and 127.0 (CH. 
AB-system, CH-CHPh), 135.7 (C,. i-C Ph); 128.8, 
128.6. 128.4 and 128.2 (1:1:2:1. CH each, Ph), 61.1 
(NCHMe, ), 24.0 [CH(C H, ),3. 

Table 3 
Atomic coordinates ( x IO“ ) and equiwlen~ 
parameters (A’ X IO 1 for ccrinplcx 6a 

:sotropic displacement 

.\’ \ . ueq ) 

W 
C(31) 
O(31) 
cT.32) 
Of321 
C(3.3) 
O(S) 
C(N) 
Of311 
C(3S) 
O(35) 
C( I ) 
O(3) 
C(3) 
C(1) 
C(S) 
C(h) 
(‘(hl) 

C(K!) 

C’(M) 

C(W) 

C(h.5) 

ah(>) 

N(7) 

C(7l) 
Ci72) 

C(7.3) 

C(X) 

C(9) 

C( IO) 

CT I I ) 
C(I2) 

C(l3) 

C(I4) 

C(lS) 

C( Ih) 

C(l7) 

C(IX) 

a 19) 

Cal) 

ccl) 

C(22) 

Cl(I) 

Cl(2) 

C(40) 

2-!9l(l) 

2713 IO) 

2778(9) 

I2hot 1-l) 

SSl( 12) 

107X( IO) 

298(O) 

2069( IO) 

I83K9) 

3HSl(l2) 

557l( IO) 

.397h(9) 

Sl3l(h) 

SSXJ(II) 

6933( I 3 1 

3 K-w t( 1 

-1752(K) 

S993( K 1 

7 I-M(9) 

wst i I 1 

X331 I) 

719If IO) 

hO39(9) 

1’07(7 1 

4.35 I( IO) 

-MOl( ISi 

Sh9ot I 2 1 

3294(9) 

383(X) 

Il21(9) 

JW IO) 

- 764( IO) 

- 12h7(12) 

- h0.v IO) 

t23(9) 

IJOot9) 

I IXh(l3) 

I 9S9( 13) 

2964( I 3 1 

3 l97( IO) 

2424(9 1 

2stws3 

MU5 1 

5532(S) 

390-M s ) 



Table 4 
Selected bond length [,kj and rrngle~ [“I for compltx 6a 

w-c3 1) X33( IO) 0~2b-cY II-W Irs.x((l) 
a I b-c(s 1 I .470( 12) ccl I-C( I j-w 120.X6) 
C(S)-C(6) I .360( I I ! C(6LC(S)-C( I ) 121.7(8) 
CYSHXZ) 
&)-N(7) 

1 .SOS(r)~ c(6b-c(sLc(~‘) __ I22.2(7) 
I ..389( 11) ct I Mxsh-C(22) llS.S(7) 

C(6)-a6 I 1 I .a4 I I 1 C(Sb-C(6b-N(7) I22.1(7) 
N(7b-C(8) I .-!oo( I I ) C(S )-C(6)-C(6 1) 122.1(X) 
N(7)--C(7 I) I .469( 12) N(7)-C(6)-C(hl) IlS.47) 
C(8)-C(9) I .330( 12) C(6)-N(7)-C(8) I I X.8(7) 
cwM3 IO) l.476(1 I) C(h)--N(7)--C(7 I) 1X.5(7) 
C(9w322) l.S37(10) C(HkN(7M371) Il6.703) 
c(Io)-c(ls) I .387( I 3) C(72)-a71 )-x(73) I 1X( IO) 
a IO)-C( I I 1 I .393( 13) C(C))-CW-N(7) 12338) 
al IW(l2) I .307( 14) C(8)-C(9k-C( IO) 124.38) 
C(l2)-C(l3) I .35(2) C(X)-C(c)LC(22) 121X(7) 
c(l3)-c(l4) I .37(Z) C( I w-C~9h-C(22) Il4.0(7 
C(IJ)-C(IS) l.Wl(13~ a 1 z-a IO)-C(9) l16.9(8) 
C(ISL-C(l6) 1.387(14) C( I I 1-a I w-C(r)) 12 I .9(9) 
C(l6HXl7) i .4Ol( I-4) a IOM3 IS)-a 16) I X7(8) 
C(l6)--C(2l) i.lIc)(l2) C( I-l)-C( IS)-43 16) l2l.410) 
c~l7)-c(Ix) I .37(Z) C( 17)4X I6)-C(2 I ) 11X.7( IO) 
C( 18wx I’)) 1.35(Z) a l7)-C( 16)-U IS) 123.49) 
C( I9)-c(20) I .100( I 4 ) C(2lLC(l6)-C(lS) I 17.0(X) 
cm)-c(z I 1 I .37?( 1.1) C(X)-cc I )-C(Z) 123,1(X) 
C(2 I kC(22) 1 X2( I I ) a I6)-C(2 I )-C(“) __ I I X.38) 
CI( I )-C(40) I .63 cu)-cw)-c~9) I I I .0(6) 
cI(zh-C(4o) I .79 C(9--C(22)-C(21) _ I 15.X(6) 

c~9)-c(22)-c~2 I ) lOS.7(6) 
O(2)-C( I L-C(S) IOt(.7(X) CI( I L-c(4o)-cl(2) 107.2 

Phenanthrene-9-carboxaldehyde ( I .7 g. 8.0 mmol). 
isopropylamine ( I .O g, 32 mirio1”9 dnd molecular sieves 
( IO g) are reacted in IS ml of penlane at 20°C to give 
imine (5) ( I .94 g, 98%, 111p 47°C). ’ H NMR (C,D,): S 
9.60 and 9.58 (IH. d each, ‘.I = 8.3 Hz, ‘.I = 1.2 Hz. 
8-H). 8.61 ( I H , s, HC=N), 8.49 and 8.46 ( I H, t each, 
‘.I = 8.3 Hz, “J = 0.7, 5-H), 8.39 and 8.36 (IH, t each, 
‘J= 8.3 Hz, “J = 0.7 Hz, 4-H), 7.94 (IH, s, IO-H), 7.66 
(IH, m), 7.63 (IH, d), 7.55 (IH, d), 7.53 (IH, t), 7.50 
(IH. d), 7.46 (I H, d), 7.44 ( I H, t), 7.41 (1 H, d). 7.40 
(IH. d), 7.37 (IH, m), 7.34 (IH, q), 7.31 (IH, m), 7.29 
(2H, d) (2H. m), 3.41 ( I H, sept, NCH), I .34 [6H, d, 
CH(CH,)I]. l3C NMR (C,D,,): S 159.0 (CH=N), 
132.7 (CH, CIO); 132.0. 131.9, 131.6, 131.3 and 130.8 
(Cq each); 129.8, 128.6, 128.2. 127.6. 127.2, 127.1. 
123.5 and 123.3 (CH each). 

Pentacarbonyl( I -ethoxy-3-phenyl-2-propyn- I- 
ylidene)tungsten (la) (482 mg I .OO mmol) and iso- 

propyl-(3-phenyl-allylidene)-amine (2) ( 173 rng, 1 .OO 
mmol) is reacted as described under 6.4 to give an 
orange solid of a mixture of 3a:4a = 6: 1 (540 mg, 
82%). Chromatography with pentane/diethyl ether 

( IO: I ) on silica gel affords compound 3a (5 12 mg, 78%, 
I?,. = 0.6 pentane/dichloromethane (5: 1), orange CIJIS- 

tals from diethyl etherjpentane 1:4 at - 5OC, mp 120°C) 
and compound 4a (85 mg, 13%). 

3a. ‘H NMR (C,D,): S 7.39, 7.36, 7.20 and 7.05 
(2:2:3:3H, m each, 2 Ph), 5.87 (lH, d, “J = 7.6 HZ. 
4-H), 5.59 ( 1 H, d, “J = 6.0 Hz. 6-H). 5.23 (1 H, 

1’ 2’ OEt 

(CO)@=- s 2 Ph 

45 

Ph 4 N’ 
i 

5 6 

ddd, ‘J = 7.6 and 6.0 Hz, ‘J = 0.5 Hz, 5-H), 4.10 and 
3.80 (I : I H, m each, diastereotopic OCH?), 3.21 ( I H. 
sept, NCHMe: ), 0.64 [6H, d broad, NCH(C H,),], 0.53 
(3H, t, OCH,CH,). ‘.‘C NMR (CDCI,): 6 310.8 (C,, 
W=C), 202.3 and 197.9 [ 1:4, C, each. trms- and 
c*is-CO W(CO),], 147.0 CC,, C2), 136.8 and 136.3 (C,. 
i-C each, 2 Ph), 130.0 CC,, C3): 13 I .O, 128.6, 128.4, 
128.1, 128.0, 127.9, 127.1 anJ 126.2 (1:1:2:1:1:l:2:1. 
CH each , 2 Ph), 122.8 (CH, C6), 108.1 (CH, CS), 78.2 
(:OCH ,), 48.9 (CH, C4), 45.3 (CHMe, ), 21.7 and 2 I .O 
[N(Cl-l$], 14.0 (OCHX H,). IR (dieihyl ether), cm-’ 
(s): 20~9.3 (55). 1923.4 (100) [ v<C=O)]. MS (70 ev), 
Ix-l w, 111 /L’ ((;/cl): 65s (20) [M +], 627 ( IO) [M-CO], 599 
( 15) [M-2 CO], 573 (70), 513 (75), 486 (70), 442 (6% 
4 13 (55). 331 (SO) [ligand], 302 (70). 285 (70). 258 
(70), 241 (80). 2 IS (SO), I67 (35). 149 (80), 83 (60), 7 1 
(SO), 55 f 100). Anal. Calod. for C,,H,,NO,W (655.4): 
C, 51.32: H, 3.84; N, 2.14. Found: C, 51.16; I-L 3.77: N, 
2.14. 

&. I I-l NMR (C,D,. 600 MHz): S 7.39, 7.24 and 
7.00 (2:2:6H, m each, 2 Ph), 6. I3 (1 H, t, ‘J = 7.9 and 
7.6 Hz, 6-H). 5.78 (IH, dd, .‘J = 7.6 Hz, 

Ph 5 

Ph 

0 

W,M 34 

+o 

/ 

6 

I 
0 7 

=r\l 
2 \I 

Et@ P 

1 J = l-7. 7-H), 4.55 arId 4.50 (2H, m each. di- 
astereotopic OCH z ). 4.29 ( 1 H, m, NCHMe, 1. 3.42 ( 1 I-L 



d, 3 J = 7.9 Hz, 5-H), 1.07 and 0.78 [3H each, d each. 
NCH(CH,)& 1.02 (3H, t, OCH,C H,). “C NMR 
(C,D,, 600 MHZ): 6 202.6 and 200.3 [1:4, C, each, 
trans- and &-CO W(CO),], 200.0 (C , W-C), 181.9 
(c , c=N+), 160.5 (C , C4), 142.5 <C , C7). 139.2 
an: 138.2 (C , i-C each, 2 Ph); 131.5, ‘130.0, 129.7, 
129.6, 129.4,\28.8, 128.3 and 126.6 (CH each, 2 Ph), 
110.6 (CH, C6), 67.2 (OCH,), 53.5 (NCHMe, ), 50.7 
(CH, C5), 21.6 and 19.3 [N(CH,)J, 14.4 (OCHJH,). 
Anal. Calcd. for C,, H,,NO,W (655.4): C, 5 1.32 H, 
3.84; N, 2.14. Found: C, 5 1.67; H, 3.90; N, 2.23. 

X-ray crystal structure analysis of 3a: formula 
C1, &,NO,W, M = 655.34, 0.75 X 0.40 X 0.20 mm, 
~1 = 9.299( 1), b = 13.208(J), c = 2 1.640(2) A, p = 
94.15( 1 )o, V = 2650.9(4) A3, pctilc = 1.642 g cm? p 
= 43.99 cm-‘, empirical absorption correction via q 
sc’:c data (0.7 18 I C I 0.999), Z = 4, moOnoclinic, space 
group P2,/c (NO. 14), A ~0.71073 A, T= 223 K, 
w/2 8 scans, 5722 r@lections collected ( + h, -k, + l), 
[(sinO)/A] = 0.62 A-‘, 5383 independent and 44.43 
observed reflections [ I 2 2 U( I)], 325 refined parame- 
ters, R = 0.040, &I’ = $110, max. residual electron 
density 1.46 ( - 2.2 1) e A- ‘, hydrogens calculated and 
refined as riding atoms. All data sets were collected 
with an Enraf Nonius MACH3 diffractometer. Programs 
used: data reduction MolEN, structure solution 
SHELXS-86, structure refinement SHELXL-93, graph- 
ics SCHAKAL-92. Further information about the X-ray 
crystal structure analyses can be obtained from the 
Fachinformationszentrum Karlsruhe, Gesellschaft t’irr 
wissenschaftlich-technische Information, D-76344 
Eggenstein-Leopoldshafen. Germany, on quoting the 
depository numbers CSD 407268, the names of the 
authors, and the journal citation. 

To pentacarbonyl( 1 -ethoxy-3-phenyl-2-propyn- l- 
ylidenekhromium (lb) (350 mg, 1 .OO mmol) and 2 ml 
of pentane in a 5-ml screwtop vessel is added with 
stirring isopropyl-(3-phenyl-al lylidene)-amine (2) ( 173 
mg. 1.00 mmN in 2 ml of pentane. After 20 min at 
20°C the mixture is shaken until it is homogeneous and 
then kept at 20°C in a dark place without stirring. After 
ca. 6 d compound lb is consumed completeI!? (sf:c-oTd- 
ing to TLC analysis) and a brown solid precipitate is 
formed, which is isolated by centrifugation and washed 
with penme (3 X 1 ml), (418 mg, 80%, mixture of 
3b:4b = 1: 12 according to ’ H NMR integration). Frac- 
tional crystallization from diethyl ether/pentane affords 
Yellow compound 4b (387 mg, 74%, mp 80°C) and 

compound 3b (3 1 mg, 6%) which is accumulated in the 
mother liquor. 

4b. ’ H NMR (CDCl z 1: 8 7.46,6.72 and 7.00 (2:2:6H, 
m each, 2 Ph), 6.06 (lH, dd, ‘J = 7.5 and 7.6 Hz, 6-H), 
5.82 (IH, d, ‘J= 7.5 Hz, 7-H), 4.52 (2ii, m, OCH,), 
4.27 (1 H, m, NCHMe, ). 3.46 ( 1 H. d, ‘5 = 7.6 Hz, 5-l-0, 
1.13 and 0.82 [3H each, d each, diastereotopic 
CH( CH,),], 1.02 (3H, t, OCH,C U,). “C NMR 
(CDCI,): S 224.2 and 218.8 [ 1:4, C, each, tmns- and 
&-CO Cr(CO),], 2 17.5 (Cc,, Cr-C), 180.8 (C,, 
C=N+), 158.5 (C,. C4), 145.1 (C7). 141.9 arrd 138.2 
(Cq. i-C each, 2 Ph); 128.3, 128.2, 127.7, 127.3, 126.6 
and 123.9 (CH each, 2 Ph), 120.5 (CH, C6), 66.6 
(OCH, ), 54.8 (NCHMe? ), 50.6 (CH, C5), 21.7 and 
19.4 [NCH(CH,),], 14.4 (OCH,CH,). IR (diethyl 
ether), cm-’ (%): 2045.5 (loo), 1964.9 (75), 1927.5 
(90), 1882.0 (95), 1867.9 (80) [v(C=O)]. MS (70 eV), 
ttz/u (%): 523 (5) [M+], 467 (5) [M-2 CO], 411 (10) 
[M-4 CO], 383 (40) [M-5 CO]. 331 (40). 303 (75), 274 
(65), 261 (55), 232 (56), 202 (30), 149 (45), 111 (30), 
97 (39), 83 (64), 69 (76), 57 ( 100). Anal. Calcd. for 
Czx H2&rNOh (523.1): C, 64.23; H, 4.82;; 2.68. Found: 
C, 64.24; H, 5.04; N, 2.80. 

3b. ’ H NMR (C,D,): S 7.52-7.34, 7.23-6.97 (4:6H, 
m each, 2 Ph), 5.93 (lH, d, ‘J = 7.6 Hz, 6-H), 5.53 (IH, 
d, “J= 5.5 Hz, 4-H), 5.16 (lH, m, 5-H), 4.12 and 3.90 
( 1 H each, diastereotopic OCH z ), 3.16 ( I H, m, 
NCHMe, ), 0.69 (3H, t, OCHJH,), 0.58 [6H, broad, 
diastereotopic NCH( CH 3 J2 1. 

To pentacarbonyl( 1 -ethoxy-3-phenyl-2-propyn- l- 
ylidene)tungsten (la) (482 mg 1 .OO mmol) and iso- 
propyl-(phenanthren-9-yl-methylene)-amine (5) (247 
mg, 1.00 mmol) in a 5-ml screwtop vessel is added 3.5 
ml of pentane and the mixture is stirred at 20°C for ca. 
40 h. An orange solid precipitate is formed, which is 
removed by centrifugation, washed with pentane (3 x 1 
ml) and dried in vacua to give an analytically clean 
sample of compound 6a (675 mg, 93%. R,. = 0.4 pen- 
tane/dichloromethane 5: 1, red crystals from 
dichloromethane/pentane 1:4 at - 5OC. mp 120°C). 
Chromatography of 6a on silica leads to partial decom- 
position. Thus, after elution of red compound 6a, elu- 
tion with pentane/diethyl ether 1: 1 affords aldehyde 7 
(86 mg, 23%, Rf = 0.7 in diethyl ether, colorless crys- 
tals from dichloromethane at - 5”C, mp 97°C). 

6a.’ H NMR (CDCI,): S 7.87 and 7.74 ( 1 H each, dd 
each. 7-H and 14-H); 7.42, 7.34, 7.32 and 7.19 ( 1 H 
each, td each; 8-H, 9-H, 12-H and 13-H); 7.34 (3H, m 
broad, m- and p-H Ph), 7.25 and 7.12 ( 1 H each, ‘d’ 



broad, cl-H Ph), 7.23 and 6.85 (IH each, ddd each, 
10-H and 1 I-H), 6.27 (1H. d, ‘I= 1.7 Hz, I-H), 5.91 
(1 W. s broad, 5-H). 4.70 and 3.80 (I: I H, m each, 
diastereotopic OCH z 1, 3.31 (1 H, m, NCHMe,), I .09 
(3H, t, OCHX H,). 1.08 and 1.06 [3:3H, d each, ‘J = 
6.7 Hz, “J =-I .7, NCH(CH,)2]. “C NMR (CDCl,): S 
3 10.2 (C‘r, W=C), 202.2 and 197.5 [ 1:4, C, each, 
tram- and cis-CO W(CO),I, 142.0 (C,, C3), 137.6 (Cq, 
C4), 136.7 (C , C6a), 135.5 (C , i-C Ph); 133.9 (C,, 
ClOa), 133.1 i!C , ClOaa), 131Y7 (C , Ciid; 130.6, 
128.8, 128.1, 128y.0, 127.9, 127.7, 127q.3, 126.8, 126.5, 
124.4, 124.3, 123.8, 123.2 and 117.8 (CH each), 116.7 
(Cc,, C6), 77.9 (OCH,), 49.1 (NCHMe,), 45.2 (CH, 
c5), 21.5 and 21.0 [NCHKH,),], 14.2 (~CH,CH;). 
IR (diethyl ether), cm-’ (%): 2058.9 (SO), 1973.6 (201, 
1921.8 (loo), 1911.1 (99) [z&=0)]. MS (70 eV), 
“‘W, r?l/v (c/o): 729 (1) [M’], 645 (l), 589 (1) [M-5 
CO], 5 15 (I), 405 (50) [ligand], 376 (251 [ligand-Et], 
360 (30), 332 (30), 317(60), 149 (25), 111 (30). 83 (45). 
57 (100). Anal. Calcd. for C,, H,,NO,W (729.4): C, 
55.98; H, 3.73; N, 1.92. Found: C, 55.81; H, 3.65; N, 
1.82. 

7. ‘H NMR (CDCI,): S 9.08 (IH. d, “J= 0.7 Hz, 
O=CH), 7.87 and 7.84 (1H each, ‘d’ each, 7-H and 
14-H). 7.52 and 7.24 (2H each, m each; 8-H, 9-H. 12-H 
and 13-H), 7.40 (5H, m broad, Ph), 7.30 and 7.05 ( 1 H 
each, ‘d’ each; 10-H and 1 I-H), 6.23 (1 H, d, ‘J = I .5 
Hz, I-H), 4.87 (lH, d, ‘J= 1.5 Hz, 5-H), 3.63 (IH, 
sept, NCHMe,), 1.25 and 1 .Ol [3:3H, d each. 
NCH(CH,),]. T3C NMR (CDCl,): S 19100 (O=CH), 
158.8 (C,, C3), 138.7 (C,. C4), 135.5 (C,. ClS), 134.3 
(C , c17\, 133.1 (C i-C Ph), 132.6 (C , Cl(,), 121.2 
(C“. 05). I Il.8 (8, C6h 130.2 (Cl-!, Cl); 129.6. 
121j.9, 128.8, 128.7, h8.3. 127.5, 127.0, 126.3, 124.6. 
124.0, I21 8, 123.0, 117. I (CH each), 49.9 (NCHMe, ). 
35.7 (CH, C5!, 21.7 and 21.3 [NCH(CH,),]. MS (70 
ev), /II/U (%): 377 (100) [M +I, 348 ( 15) [M-CHO], 
334 (75) [M-CHMe,]. 306 (201, 260 ( 101, 11 I (20), 85 
(50), 97 (30), 71 (45), 57 (60). Anal. C&d. for 
CT H z,NO (377.5): C, 82.9 1; H, 6.14: N, 3.7 1. Fmmd: 
C, 86.15; H, 6.07; N, 3.87. 

X-ray crystal structure analysis of ha, formula 
C,,Hz7NOhW + CH,CII, M = 814.34, 0.30 X 0.20 X 
0.10 mm, u = 10.317(2), 6 = 21.981(4), c = 15.0650) 
A, /3=90.64(l)“, V= 3416.2(11) ii’, P~;,~~ = 1.583 g 
cmM3, p = 35.82 cm-‘, empirical absorption correction 
via cp scan data (0.878 I C I 0.999). 2 = 4, monv- 
clinic, space group P2,/n (No. 14). A = 0.71073 A, 
T = 293 K, w/2 (j scans, 7194 reflections collected 
(+_/I, -k, - I), [(sin 8)/h] = 0.62 A- ’ , 693 1 indepen- 
dent and 4156 observed reflections [ I2 2 a( I)], 400 
refined parameters, R = 0.057, rr@ = 0; 148, max. 
residual electron density 1.66 ( - 1.73) e A? hydra- 
gem calculated and refined as riding atoms. All data 
sets were collected with dn Enraf Nonius MACH3 
diffractometer. Programs used: data reduction MolEN 

structure solution SHELXS-86. structure refinement 
SHELXL-93, graphics SCHAKAL-92. 

Pentacarbonyl( 1 -ethoxy-3-phenyl-2-propyn- l- 
ylidenekhromium (lb) (350 mg 1 .O mmol) and iso- 
propyl-(phenanthren-9-yl-methylene)-amine (9) (247 
mg, 1.00 mmol) is reacted as described above and 
affords compound 6b analytically almct;t pure (445 mg, 
75%, orange solid). Chromatography on silica gel with 
pentane/dichloromethane (5: 1) yields red complex 6b 
(3 16 mg, 53%, R, = 0.6 in pentane/dichloromethane 
3: 1, red crystals from dichloromethane/pentane 1:4 at 
-5OC, mp > 83”C, dec.) and aldehyde 7. 

6b. 1H NMR (CDC13/CS2 4: 1): 6 7.84 and 7.68 
(1H each, ‘d’ each, 7-H 

12 lf 10 9 

and 14-H), 7.40, 7.36. 7.30 and 7.24 (I H each, ‘1’ each; 
8-H. 9-H. 12-H and 13-H); 7.30 (SH, m broad, M- and 
II-H Ph), 7.27 and 7.10 ( 1 H each, ??d’ broad, o-H Ph), 
7.15 and 6.78 ( 1 H each, ‘d’ each, 10-H and 11 -HI. 6.25 
( I H, d, ‘I = 1.7 Hz, 1 -HI, 5.92 (IH, s, S-H), 4.87 and 
3.88 ( 1: 1 H. m each, diastereotopic OCH, ), 3.38 ( 1 f-4 
sept, NCHMe,), 1.15 (3H, OCH,CH,k 1.07 [6H, d 
broad, NCH(CH,),]. 13C NMR (CDCl,): S 336.5 (C,, 
Cr=C), 223.2 and 216.9 [ 1:4, C, each, trwns- and 
cis-CO CtfCO),], 142.2 IC,, C3), 136.6 (C,, C4k 
135.7 (C,, C6a), 135.6 (C,, ClOa), 134.2 (C,, ClOaa), 
134.0 (C,, i-C Ph), 133.1 (C,,. C14ak 130.6. 128.9, 
128.8. 128.1, 127.9, 127.7, 127.6, 126.8, 126.5. 124.4, 
124.2, 123.8, 123.3 and 117.8 (CH each), 116.2 (C’ . 
C6), 75.5 (OCH,). 49.0 (NCHMe,!, 43.8 (CH, CA3 
21.6 and 21.1 [NCH(CH,J21, 14.4 (OCHZCH,). 1R 
(diethyl ether), cm- ’ (s/c): 205 1.0 (90), 1976.0 (551, 
1940.2 (97), 1910.8 (100) [ v(C=o)l. MS (70 eV)T 
111 /e (%): 541 ( lo) [M-2 CO], 457 (25) IM-5 CO], 
411 (65) [M-5 CO-EtOH], 360 (95), 317 (loo), 289 
(25), 153 ( 1 O), 125 ( 15), 109 (20), 97 (30), 83 (5Ok 71 
(45), 58 (80). Anal. Calcd. for C 3q H ‘, CrNO,, (597.6): 
C, 68.34; H, 4.55; N, 2.34. Found: C, 68.38; H, 4.77: N. 
2.56. 
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