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Ahstruct 

The reaction of Fe2(CO) 9 with heterocyclic imines derived from thiophene-2-carbaldehyde or N - m e t h y l - p y t ~ l e - 2 - c a ~  
produces the dinuclear compounds [p,2-'q3-(R)N-CH2-(~=C-C(H)-X(I-D-X~e2(CO)6 (R z ~ C6HII, p-t~B-C6H,t; X ~ S. N ~ ) .  
The analogous renction with imines of thiophone-3*carbaldehyde or indole-3-cathaldehyde yields the ~ isomeric e..Mstets 
[[L2-'q3-(R)N-CH2-C=C-X-C{Rt)={~Ra)]Fe2(CO)6 (It. = Ph, C6HII o R* ~ R n ~ H. X = S; R = Ph, p-t~tl-C6H4, ~* = ~# ~ -C6H4-, 
X = NH). The reaction proceeds via activation of the C,H bond in ~-position relative to the exocyclic C,N double bond of the 
figands. A 1,3 hydrogen shift reaction then leads to the formation of a methylene group instead of the fcumer imine carbon ate*n. So. the 
imine ligands are Wansformed into tt2-~S-enyl-amido ligands being coordinated to an Fe2(CO) ~ moiety, which is ¢ot~fimted by X-ray 
structure analyses of six compounds. 

Keywords: C.H bond activation: Imino substituted heterocycles; Iron c ~ y l  complexes 

1. Introduction 

A promising pathway in the development of 
organometallic catalysts capable of C,C bond formation 
is to look for metal figand systems in which a C,H bond 
activation of the ligand is observed. In this context the 
activation of aromatic C,H bonds is one of the most 
attractive goals, and only a few reactions have been 
described in the literature, which include the activation 
of benzene in the presence of CO to give benzaldehyde 
[I], or in the presence of CO and ethylene leading to 
propiophenone [2], as well as the reaction of pyridine 
with CO and olefins respectively [3]. Very recently, 
Mural and coworkers [4] reported tim coupling of an 
imidazole C,H bond with CO and a wide variety of 
olefins. We ate interested in the reactivity of I-azadiene 
ligands towards Group 8 organometallic compounds, in 
particular against the metal carbonyis Fe2(CO) 9, 

• Conesl~nding author. 

Ru3(CO);2 and 0s3(C0)12. The ~ v i t y  of  1 - a z ~  
against Ro3(CO)12 iS well documented, with the activa- 
tion of the C.H bond in 13-position with respect to the 
C,N imiue double bond being the slatting point of a 
reaction sequence leading to a large munlx~ of di=, tri- 
and tetranuclear r u t h e n l u m - ~ a n  cluster compounds 
[5]. 

The reactioll of  Fe2(CO) 9 with l-azadienes is re- 
ported to yield complexes (azadiene)Fe(CO) 3 [6]. Their 
reactivity against organic submates is ~ investigated 
in detail, in contrast to that of their analogues (l,3- 
butadieue)Fe(CO)3 [7] and (l,4-diazadieae)Fe(CO) 3 [8]. 

We report herein the reaction of l-azadione ligand,. 
in which the C,C double bond is part of a h e t ~  
system, with Fe2(CO) 9 giving the dianclear duster 
compounds [p,2.-'q3.-(R)N-CH 2- C= C-C(H)=C(H)-X] - 
Fe2(CO) 6 (R = ~ C6Hlt ,  p.-tBu-C~H4; X = S, NM¢) 
when starting from ligands with the imino group in 
2-position of the heteocyclic ring. The isomers being 
substituted in 3-position of the heterneyclic systems 
therefore hive the isomeric clusters [ge-'q3-(R)N-CH2 - 
C=C-X-C(R')=C(RY)]Fc2(CO) 6 (R=Ph,  C6Htt, I¢. 
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= R  , = H ,  X = S ;  R = P h ,  p- tBu-C6Ha,  R ' = W = -  
C6H4-,  X = NH). The reaction proceeds via activation 
of the C,H bond in 13-position to the exocyclic imine 
bond, followed by a 1,3-hydrogen transfer to the carbon 
atom of the imine group. 

~ N R  + F¢~(CO~ 

2. Resnhs and  discussion 

I : X = S . R = P h  
2: x ~ S, R ~C~H H 
& X - S. R - i~Bu~eP-~ 
4: X = NMe~ R = Ph 
5:X NMe. R C.*Htl 
6: X - NMe, R F,~B u~,~q~ Imines with the C,C double bond being part of a 

heterocyclic ring are easily prepared by condensation of 
thiophene-2-carbaldehyde (1-3),  N-methyl-pyrrole-2- / = N R  
carbatdehyde (4-6),  thiophene-3-carbaldehyde (13, 14) ~ + Fc2~CO~ - 
or iodole-3-carbaldehyde (17, 18) with the correspond- 
ing amines. Reaction of these imine ligands with 
Fe2(CO) 9 in n-heptane at 50°C results in the formation 
of  the dinuclear compounds [ I £ 2 - ' q 3 - ( R ) N - C H 2  - u : a = , h  

(~=C-C(H)=C(H)-X.]Fe2(CO) ~ (7-12) or [~,_~q3_ t4:R:C~, 
(R)N-CH2-C=C-X-C(R' )=C(R ' ) ]Fe2(CO)  6 (15, 16, 
19 and 2@, Scheme 1) in moderate to good yield. The 
complexes are formed by an intramolecular 1,3-hydro- r-: ~a 
gen shift from the carbon atom in [3-position to the C,N ~ ÷ F~co~ - 
double bond to the carbon atom of the imine moiety 
producing a CH 2 group instead. The dinuclear product 
clusters thus show a it2-'q3-enyl-amido ligand bridging 
an Fe2(CO) 6 moiety. Complexes with the same struc- 
tural principles have been observed as by-products from 17: R = Ph 
the reaction of Ru3(CO)iz with ~x,[B-uusatuiated imine~ 
[5,9] by reacting [CpCo(C 2 H 4 )2 ] with N-phenyl-benzyl- Scheme I. 
ideneamine [10] or from the reaction of Fe3(CO)lz with 
benzalazine [11]. Related iron compounds of formula 
[(R)N-C(H)-C(H)-Fe-C(O)]Fe(CO) 3 have been pre- 
pared from the reaction of the carbene cluster (P-2- 
CH,)Fe,(CO) 8 with phosphine imides in the presence 
of CO [12]. Thermally induced rearrangement of those 
binoclear cluster compounds yields the isomeric clusters 
[C(H)-C(H)-N(R)-Fe-C(O)]Fe(CO) 3 [12]. 

H2C 

P 

(CO)~ 

?:X = S~ R - P h  
8:X S. R - C~J4. 

9: X = S, R = p4Bu-Ce, H~ 
I@: X = NMe. R Ph 
II: X ~ NMen R = C6Hll 
12: X = NMe, R "p'~BU'Ca~I 

• (COb 
R 

(co)~ 

15:R~ Ph 
16: R = C~H u 

H ~ C ~  ~JH 

R / N ~  Fe (COb 

(CO)3 

19: R= Ph 
20: R = paBu'C#14 

1,3-Hydrogen shift reactions are quite common in 
isomerisation reactions of olefins, not only using Group 
8 organometailic catalysts like Fe(CO) s, Fe3(CO)12 or 
Ru(H20),(tos) 2 (tos =p-toluene sulphonate) [13], but 
also using Group 9 organometallic compounds like 
HCo(CO)~, Co2(CO) s or CpRh(diene) [14]. There are 

~o~ 

Fig .  I .  M o l e c u l a r  s t ruc ture  o f  [ b t 2 - r l 3 - i P h ) N - C H , - C = C - C ( H ) = C ( H ) - ~ ; ~ e . , ( C O ) 6  7.  
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Fig. 2. Molecular sm~cmr¢ of [l~--q~4Ct, H i~ )N-CH_,-t~=C-C(H)=C(H)-S]Fe.,(CO)6 8. 

also isc.~aerisation reactions of olefins reported using 
M(CO) 6 (M = Cr, Mo, W) or (MeCN)~Cr(CO) 3 as the 
catalyst [15]. Fe(CO) 5 is also known to catalyse the 
isomerisation of allylalcohol to propionaldehyde [16]. 

In the imines 1-6, 17 and 18 producing the clusters 
7-12, 19 and 20 respectively, only one H atom is 
available, so the p,z-'qa-enyl-amido ligands are the only 
products to be obtained from a 1,3 hydrogen shift 
reaction of the H atom m the imine carbon atom. In 
contrast, the imines 13 and 14 should have two possibil- 
ities of realizing a 1,3 hydrogen shift reaction due to the 
presence of two ~3-H atoms, namely at C 2 and C 3 of the 

thiophene ring. The formation of 15 and 16 as the only 
isolable products of the reucdon proves the formation of 
[p.,-'q3-enyl-amido]Fez(CO)6 systems to be the most 
favoured reaction pathway. 

2.1. Struclure determinations 

By means of recrystalliz~tion of the clusters 7, 8, 10, 
11, 16 and 19 from mixtures of light pea-olem (b.p. 
40-60°C) and CH2CI 2 it was possible m grow crys~ds 
suitable for X-ray analysis. The molecular structures of 
the compounds are shown in Figs. I -6 ,  selected bond 

04 ~ ' ~  25 

Fig. 3. Molecular structure of [M,.,-'qL(Ph)N-CH,-(~=C-C(H)=C(H)-I~Mc]F¢2(CO}6 |0. 
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~g. 4. Moleculat stn~:ureof[p.2-~l~-(C~H,~)N-CH2-C=C-C(H)=C(H)-IqMe]Fe2(CO)6 It. 

lengths and angles are collected in Tables 1-6 (7: Fig. 
I, Table 1; 8: Fig, 2, Table 2; 10: Fig. 3, Table 3; 11: 
Hg. 4, Table 4; 16: Fig. 5, Table 5; 19: Fig, 6, Table 6). 

All structures have some details in common. They all 
consist of-an Fe2(CO) 6 moiety, which adopts a nearly 
ecliptic conformation, and a formal 6e-donating enyl- 
amido figand. So another way to describe these mole- 
cules would be as aza-ferra-cyclopentediene ligands 
which are coordinated to an apical Fe(CO) 3 fragment. 
This view is consistent with the fact that the atoms 
which are connected to the apical Fe(CO) 3 unit and the 
atoms building up the thiophene, pyrrole or indole 
beterocyclic system show a planar arrangement (Tables 
1-6). The methylene group at C5 is shifted 34.8pm 

(10) to 55.7 pm (19) out of this plane. This corresponds 
very well with the values being observed for other 
structurally characterized ~q4-metalla-azacyclo- 
pentadiene complexes [10,11] and for "q4-cyclo- 
pentadiene complexes in general [17]. In the X-ray 
structure determinations of 7, 8 and 10, all hydrogen 
atoms were determined by Fourier difference calcula- 
tions. In the case of 11 the hydrogen atoms of the 
methylene group (C5) and the olefinic hydrogen atoms 
at C1 and C2 have also been determined by Fourier 
difference calculations, whereas the hydrogen atoms of 
the methyl group and of the eyelohexyl ligand were 
calculated into idealized positions. For 16 only the 
olefinic hydrogen atoms at CI and C2 have been deter- 

~ 04 

Fig. 5. Molecular structure of [ix2--q~-(C6Hii )N-CH 2 - ~ ( H ) ] F e 2 ( C O ) 6  16. 
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Fig. 6. Molecular structure of [p~2--q~-(Ph)N-CH2-CfC-N(H)-~CH)4]Fe2(CO)o 19. 

mined by Fourier difference calculations. The other 
hydrogen atoms in 16 were calculated into idealized 
positions. In the structural analysis of  19, the hydrogen 
atoms at C5 have been determined by Fourier difference 
calculations again, while the aromatic hydrogen atoms 
have been calculated into idealized positions. In all 
structure determinations the enyl-amido figands show a 
slightly elongated double bond between C3 and C4 in 
the range 138.2pm (10) to 140.5 pm (11, 19) due to the 
interaction of  this double bond with the apical Fe(CO) 3 
group (FED. The C,C and C,N single bends of  the 
methylene group (7, 8: C4-C5,  CS-N1;  10, 11: C4-C5,  
C5-N2;  16: C3-C5,  C S - N I ,  19: C3-C5,  C5-N2)  are 
of  expected values for all structurally characterized 
compounds (Tables ! -6 ) .  The Fe,C bond lengths are 
very different. For all structures the Fe,C bond inside 
the aza-ferracyclopentadiene ring systems (7, 8, 10, 11. 

16: Fe2-C4:  19: Fe2-C3),  which can be considered as 
representing a ,~ bond, is the shortest Fe--C ~ of  the 
Fe2(CO) 6 moiety to the ligand. They vary from 1 9 3 . 8 I ~  
(19) to 197.7pm (10) with the Fe,C bond in 16 and 19, 
wbexe the corresponding carbon atom is also bound to 
the sulphur atom of  the thiopbene ring or  the indole 
nitrogen atom respectively, being slightly shooter than 
the Fe,C bonds of  the other compounds in which this 
carbon atom is bound to another sp 2 hybridized carlxm 
atom ( 1 6 : F e 2 - C 4  194.8pm; 19. Fe2--C3 193.810m). 
The Fe,C bond lengths o f  the double beret betweon C3 
and C4 to the apical Fei depend a lot cMa the constitu- 
tion of  the enyl-amido ligand as well as on the het- 
eroatom involved. 7, 8, 10 and 11 were derived f iem 
beterocyclic llgands bearing the imino subst i tuet  in 
2-position. So C3 is connected to C2, C4 and both iron 
atoms, while C4 is bound to C3, C5, Fel and the 

Table 1 
Selected bond lengths [pro] and angles [°] for 7 
FeI-Fe2 243.43(6) FeI-NI 197.1(2) 
FeI-C3 216.6(3) FeI-C4 227.9(3) 
SI-CI 173.7(3) SI-C4 173.4(3) 
CI-C2 133.3(5) C2-C3 145.~4) 
C3-C4 140.2(4) C4-C5 149.3(4) 
CS-NI 149.2(4) Fe2-C3 196.2(3) 
Fe2-NI 199.3(2) HI-C6 144.3(3) 

NI-Fe2--C3 78.6(I) Fe2-C3~C4 113.6(2) 
C3-C4-C5 117.2(2) C4-C5-N I 98.6(2) 
CS-NI-Fe2 113.2(2)  SI-CI-C2 113,4(3) 
CI-C2-C3 113 .9 (3 )  C2-C3-C4 109.3(3) 
C3-C4-S1 113.2(2) C4-SI-CI 90.2(2) 
SI-C4-C5 127.3(2) Fe2-C3-C2 136.9(2) 
NI-FeI-Fe2 52 .53(6)  NI-Fel-C3 74.3(I) 
NI-FeI-C4 63 .84(9)  Fe2-Fel -C3 50.06(7) 
Fe2-FeI-C4 73.77(7)  C3--FeI-C4 36.7(1) 

Table 2 
Selected bond lengths [pmi and angles [°] for 8 
FeI-Fe2 244.99(7) FeI-N1 ]96.3(2) 
FeI-C3 218.3(2) FeI-C4 228.0(2) 
SI-CI 173.1(3) SI--C4 173.0(2) 
CI-C2 135.0(4) C2-C3 145.5(3) 
C3-C4 140.1(3) C4--C5 149.8(3) 
C5-N! 148.4(2) Fe2-C3 195.9(2) 
Fe2-NI 198.9(2) NI-C6 148.3(2) 

NI-Fe2-C3 79 .30(8 )  Fe2-C3--C4 1123(2) 
C3-C4-C5 116-9(2)  C4--C5-N 1 98.9(2) 
CS-HI-Fe2 111.5(I) SI-CI-C'2 113.6(2) 
CI-C2-C3 113.3(2) C2-C3-C4 109.2(2) 
C3-C4-St 113.7(2) C4-SI-CI IgO.2(l) 
S1-C4-C5 126.8(2) Fe2-C3-C2 137.9(2) 
NI-FcI-Fe2 52.18~5) NI-FeI-C3 74.63(7) 
NI-FeI-C4 64 .04(7)  Fe2-Fel - -C3 49.61(6) 
Fe2-Fel -C4 72 .89(6)  C3-Fe I - .C'4 36.51(8) 

Deviatim~s [pm] from plane [SI-CI-C2-C3-C4-Fe2-NI]: SI Deviations [pm] from plane [SI-CI-C2-C3-C4-Fe.2-NI]: S[ 
-8.7. CI 4.9, C2 9.0, C3 0.6, C4 -6.9, Fe2 -14.9, NI 16.3, C5 -9.8, C1 4.3, C2 I0.1, C3 1.5, C4 -6.4, Fe2 -16.6, NI 16.9, C5 
48.8. 49.9. 
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Table 3 Table 5 
Selected bond lengths [pin] and angles l °] for I0 Selected I~nd lengths [pm] and angles l°] for 16 

Fel -Fe2 242.1(I) FeI-N2 197.5(5) FeI-Fe2 245.9(I) FeI-NI 196.5(3) 
Fel-C3 212.7(6) FeI-C4 247.5(6) FeI-C3 234.2(4) FeI-C4 217.1(4) 
N1-C1 138.8(8) N1~24 134.3(7) SI-C1 173.1(5) SI-C4 174.6(4) 
CI-C2 135.0(9) C2-C3 144.1(9) C1-C2 134.9(7) C2-C3 142.1(6) 
C3-C4 138.2(8) C4-C5 147.7(9) C3-C4 140.4(7) C3-C5 149.9(6) 
C.5-N2 148.8(8) Fe2-C3 197.7(6) CS-NI 148.6(5) Fe2-C4 194.8(4) 
Fe2-N2 199.0(5) N2-C7 144.1(7) Fe2-NI 199.8(4) NI-C6 148.2(6) 

N2-Fe2-C3 76.6(2) Fe2-C3-C4 113.6(5) NI-Fe2-C4 78.3(2) Fe2-C4-C3 115.9(3) 
C3-C4-C5 117.7(6) C4-C5-N2 100.6(5) C4-C3-C5 113.7(4) C3-C5-N1 101.4(3) 
CS-N2-Fe2 112 .9 (4)  N I ~ I - C 2  109.7(7) CS-NI-Fe2 111 .1 (3)  SI-CI-C2 112.6(4) 
C1-C2~C3 107.5(7) C2-C3-C4 104.4(6) C1~C2-C3 111.9(5) C2-C3-C4 114.6(4) 
C3-C4--N1 111.6(5) C4-NI-CI 106.7(5) C3~:4-SI 108.3(3) C4-SI-CI 92.4(2) 
NI-C4-C5 130.1(6) Fe2-C3-C2 139.4(6) C2~C3-C5 130.1(4) Ye2-C4-$1 135.3(3) 
N2-FeI-Fe2 52.7(1) N2-Fel ~:3  73.6(2) NI-Fel-Fe2 52.2(I) NI-FeI-C3 64.2(2) 
N2-FeI -C4 60.4(2) Fe2-Fel-C3 51.0(2) NI-FeI-C4 73,9(2) Fe2-FeI-C3 73,0(I) 
Fe2-Fel -C4 70.6(2) C3-FeI-C4 33.9(2) Fe2-FeI-C4 49.3(1) C3-FeI-C4 36.0(2) 

Dev/afioas [tam] from plane [NI-CI-C2-C3-C4-Fe2-N2]: NI 15.0, 
CI -05 ,  C2 - 16.1, C3 - 10.2. (24 8.3. Fe2 25.8, N2 -22.3, C5 
34,8. 

Deviations [pm] from plane [SI-CI-C2-C3-C4-Fe2-NI]: SI 
-11.6, CI -1.8, C"2 8.7, C3 8.3, C4 -2.4, Fe2 16.9, NI -18.2, 
C5 47,5. 

heteroatom (Figs. 1-4).  In all cases F e I - C 3  is shorter 
than Fe1-C4 .  In 7 and 8 with sulphur as the heteroatom 
the F ' e l -C3  bonds (7 :216.6  pm; 8:218.3 pro) are slightly 
longer than the corresponding bonds in 10 (212.7pm) 
and 11 (213.7pm) with nilrogen being the heteroatom. 
In conwast the F e I - C 4  bonds in 7 (227.9pm) and $ 
(228.0pm) are nearly 2 0 p m  shorter compared with the 
corresponding bond lengths in 10 (245.5pm) and 11 
(241.4pm), The same structural features are observed 
for the isomeric cluster 16, although it is derived from a 
ligand with the imino substituent in 3-position of  the 
heterocycle. The bond lengths of  C3 and C4 to Fel  are 
again different from the bond of  C3, which is also 
bound to Fe2 via a ~ bond, and is 17pm longer than 
the bond of  C4 to Fei .  The bond length of  C 3 - F e l  

(217.1pm) corresponds very well with those of  the 
other sulphur containing compounds 7 and 8. The value 
of  C 4 - F e l  (234.2pm) is between the values observed 
for 7, 8 and 10, 11 respectively. 19 is also derived from 
a ligand with the imino substituent in 3-position of  the 
heterocycle. But in this case, in conuast to all o f  the 
other structures, the bond lengths F e l - C 3  (19: 222.6pm) 
and F e I - C 4  (19: 219.9pm) are of  sinfilar value, pre- 
sumably due to a more effective deiocalization of  
electrons in the ligand. 

The compounds  [ ( R ) N - C ( H ) - C ( H ) - F e ( C O )  3 -  
C(O) ]Fe (CO)  3 and [ C ( H ) - C ( H ) - N ( R ) - F e ( C O ) 3 -  
C(O)]Fe(CO) 3 described by Geoffroy and coworkers 
[12[ show a ferrapyrrolinone ligand, which is lqLcoordi- 
nated to a second iron atom. Their  crystal structure 

Table 4 
Selected bond lengths [pm] and angles [~] for l l  

FeI-Fe2 242.13(6) FeI-N2 196.6(2) 
FeI-C3 213.7(2) FeI-C4 241.4(4) 
N1-CI 138.5(4) NI-C4 136.1(3) 
CI-C2 134.9(4) C2-C3 144.9(3) 
C3-C4 140.5(4) C4-C5 148.1(3) 
C5-N2 149.1(3) Fe2-C3 197.0(2) 
Fe2-N2 200.3(2) N2-C7 148.5(3) 

N2-Fe2-C3 77 .69 (9 )  Fe2-C3-C4 112.2(2) 
C3-C4-C5 118.9(2) C4~[25 -N2 99.2(2) 
C5-N2-Fe2 112.2(2) N I-CI-C2 110.0(2) 
C1-C2-C3 1 0 8 . 0 ( 3 )  C2-C3--C4 104.3(2) 
C3--C4-N1 1 1 0 . 4 ( 2 )  C4-NI~CI IO7.4(2) 
NI-C4-C5 1 3 0 . 0 ( 2 )  Fe2-C3-C2 142.3(2) 
N2-FeI-Fe2 53 .09(6)  N2-F¢I~C3 74.68(9) 
N2-FeI-C4 61 .20 (8 )  Fe2-FeI-C3 50.76(7) 
Fe2-F'¢ I-C4 71 .33(6 )  C3-FeI-C4 35.29(9) 

Table 6 
Selected bond lengths [pml and angles [°l for 19 

FeI-Fe2 245.9(I) Fel-N2 196.9(5) 
FcI-C3 222,6(5) FeI-C4 219.9(6) 
NI-C1 140.8(8) NI-C4 138.6(8) 
CI-C2 140.8(9) C2-C3 140.5(8) 
C3-C4 140.5(8) C3-C5 149.1(8) 
C5-N2 148.7(7) Fo2-C4 193.8(6) 
Fe2-N2 200.3(5) N2-CIO 143.5(8) 

N2-Fe2-C4 78.7(2) Fe2-C4-C3 115.2(4) 
C4-C3-C5 114.8(5) C3-C5-N2 99.1(5) 
C5-N2-Fe2 112 .5 (3)  NI-CI-C2 107.9(5) 
C1-C2-C3 106.6(5) C2-C3-C4 108.0(5) 
C3-C4-N I 107.8(5) C4-NI-CI 109.6(5) 
C2-C3-C5 133.2(5) Fe2-C4-NI 136.9(4) 
N2-FeI-Fe2 52.4(I) N2-FeI-C3 65,1(2) 
N2-F¢I-C4 73.4(2) Fc2-F¢I-C3 74,4(2) 
Fe2-F¢I-C4 48.8(2) C3-FeI-C4 37.0(2) 

Deviglions[pm]fromplene[Nl-CI-C2--C3-C4-Fe2-N2]:NI 14.1 ,  Deviations [pm] from plane [NI-CI-C2-C3-C4-Fe2-N2]: NI 
CI -3.7. C2 -14.8, C3 -5.7, C4 10.7, F¢2 22.5. N2 -23.0, C5 -6.1, CI -4A,  C26.2, C36.2, C40,3, Fe29.0, N2 - I I . I ,  C5 
40.8. 55.7. 
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analyses  revea l  the  two  ca rbon  a toms,  the  n i t rogen  and 
the i ron a t o m  showing a planar a r rangement ,  and  the 
carbonyl  g roup  b e i n g  bent  out  o f  this  plane.  But  due  to 
the di f ferent  const i tu t ion o f  the r ing sys tem compared  
wi th  the  compounds  repor ted  herein,  and because  o f  the 

presence  o f  a carbonyl  g roup  ins tead  o f  a CH~ group,  
the bond  d is tances  a re  qui te  d i f f e r em for  those  c o m -  
pounds  reported in Ref. [12] compared with  7 .  & 10, II, 
16 and 19. The clusters reported by Geoffroy and 
coworkers always show a longer iron bond as well as a 

Table 7 
Spectroscopic data for compounds 7-12, 15, 16. 19and 20 

Compound IR a IH NMR b I~ClIH} NMR b 

7 2068S, 2033VS. 1988VS 4.26 (S. 2H) 72.8, 113.0,123A 
7.~0-7-28 (m, 5H) 125.8, 129.2. 131.3 
7.40 (d. IH. Jim = 5.1 Hz) 139.6, 158.2, 158.2 
7`49 (d, IIL Jtm =5 .1Hz)  209.9 

8 2063m, 2026vs, 1983vs 0.95-1.76 (m, 10H) 26.0. 26.3.35.7. 61.6 
2.16(m. IH) 74.2. 116.3.130.5 
3.84 (s, 214) 139.8.154.8, 210.4 
7.36 (s, 2H) 

9 2068m, 2030vs, 1991vs 1.27 (s, 9H) 31.3, 34.4. 72.8 
4.23 (s, 2H) 112.8. 122.8. 125.7 
6.92 ~ (m, 2H) 131-2, 139.6, 148.8 
7.20 c (In, 2H) 155.7` 158.3, 210.0 
7.39 (d, I H, Jim = 5. I Hz) 
7.48 (d. IH. Jutl = 5.1Hz) 

10 2060m. 2014vs, 1981 vs 3.64 (s, 3H) 35.4, 69.6. 118.8 
1967s 4.13 (s, 21"I) 125.7, 125.8, 126-2 

6.59 (S. IH) 128.8. 131.5,137.0 
6.94 (s, IH) 159.2. 211.2 
7.13-7`23 (m. 5H) 

I t  2054m, 2013vs, 1973s 0.86-1.76 (m, 10H) 26.2, _'29.3, 35.1, 35.9 
196Zs 2.18 (nL IH) 56.2, 74.8, 114.7 

3.61 (s, 3H) 126.5, 130.9, 141.0 
3.78 (s, 2H) 211.7 
6.51 (s, 1H) 
6.84 (s. I H) 

12 2~grn, 2018vs, 1981s 1.29 (s, 9H) 31.3, 34.4, 35.3 
1967s 3.62 (s, 3H) 69.7, 119.1. 125.0 

4.12(s, 2H) 12.5.5, 1--)6.1, 131.4 
6.59 (d. IH. Jtm ffi ~8  Hz) 136.7` 148.7. 156.7 
6.93 (d, IH. Jm~ = ~--SI-Iz) 211.3 
7.03c (m. 21-1) 
7.22c (m, 211) 

15 20fi7m, 2027vs, 19915 4.12 (s, 21-I) 72.5, 123.3, 123.8 
7.00-7.27 (m, 6H) 124.5. 125.8. 129.0 
7.87 (d. IH, Jim ~ 5.2Hz) 142.6. 157.4.158.3 

2O9.7 
16 2~4m, 2027vs, 1983s 0.86-1.75 (m, 1011) 26.2. 29.7. 35.8, 60.6 

2.23 (m. IH) 74.2,110.7.124.0 
3.74(s, 2H) IZ'/.7, 143.4. 210.2 
7.13 (d. IH. Jwa = 5.1Hz) 
7.84 (d. IH, J~m = 5.1Hz) 

19 2066m. 2029vs, 1990s 4.16 (s, 214) 70-2. 89-2. 110.1 
1958sh 7.09-7_'~9 (In, 8H) 120.6.12L3. 123,8 

7.66 (m. IH) 125.7, 125.8. 128.0 
8.19 (s, IH) 12&9. 146.7, 158.4 

170.7, 210.2 
20 _--N~lm, 2028vs, 1988s 1.34 (s, 9H) 31.3, 34.4, 7 0 ~  89.1 

1969sh 4.20(s, 211) 110.1, 120.5. 121-2 
7.05-7.33 (m, 71 I )  123.2, 125.6.125.7 
7.69 (m, IH) 128.0.146.6. 148.7 
~.24 (s~ IH) 155.9, 170.7` 210.2 

In CH,CI 2 , 293 K, vs = very slma 8, s = strong, m = middle, sh = shcmlt~r. 
h In CDCI~, 293K, s = singlet, d = doublet, m = mulliplet. 
c The signals are part of the A~BB' system of the p-substituted phenyl t~g. 
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longer bond of the nitrogen atom to the apical iron 
atom. The bond lengths of the apical iron atom to the 
ring carbon atoms are much shorter than for 7, 8, 10, 
l l ,  16 and 19, and those bond lengths are of nearly 
equal value in contrast to all structural determinations 
reported herein, except that for 19. 

2.2. Spectroscopy 

The IR and NMR data for compounds 7-12,  15, 16, 
19 and 20 am given in Table 7. The IR spectra of all 
compounds show a very similar pattern of bands. It is 
remarkable that, for the compounds derived from thio- 
phene derivatives (7-9 ,  15 and 16, X = S), only three 
IR bands am observed, with the one at the lowest 
freqnency being rather broad, whereas 19, and 20 (X 
Nll) show a shoulder for the corresponding band and 
for 10-12  (X = NMe) this band is split into two distinct 
bands. 

The most characteristic fact of all i H NMR spectra is 
the resonance of the methylene group formed from the 
former imine group of the ligand by 1,? hydrogen shift. 
This resonance is observed in the range 4.12-4.26ppm 
for all compounds bearing aromatic substituents at the 
former imine nitrogen atom (7, 9, 10, 12, 15, 19 and 20) 
and in the range 3.74-3.84ppra for cyclohexyl substi- 
tuted enyl-amido ligands (8, 11, 16). The resonances of 
the olefinic hydrogen atoms of the heterocyclic ring 
systems in 7-12,  15 and 16 are shifted about 0 .1-  
0Appm downfield compared with the free ligands (see 
Table 9, experimental part). All other substituents as 
well as the methyl group of the N-methyl-pyrrole sys- 
tem in 10-12 and the proton resonance of the NH 
function of 19 and 20 show the expected chemical 
shifts. 

In the 13C NMR spectra of 7 -12  the resonance of the 
methylene group is again most characteristic of this 
class of compounds. In general the resonances show a 
nearly identical chemical shift, if aromatic substituents 
are present at the former imine nitrogen atom (7: R = Ph, 
X = S, 7 2 . 8 p p m ;  9: R = p - t B u - C 6 H 4 ,  X ffi S, 
72.8ppm; 10: R = Ph, X = NMe, 69.6ppm; 12: R = p- 
tBu-C6H4, X = N M e ,  69.7ppm) with an approxi- 
mately 3 ppm highfield shift by exchanging sulphur for 
nitrogen as the beteroatom of the ligand. The reso- 
nances of the methylene group in 8 and 11 with a 
cyelobexyl substituent are shifted l I ppm (8: X = S, 
61.6ppm) or 13ppm (11: X = N M e ,  56.2ppm) high- 
field compared with their analogues with aromatic sub- 
stituents. 

The 13C NMR spectrum of lS shows a resonance for 
the methylene group at 72.5 ppm, which is about the 
same chemical shift as for its isomer 7. Again the 
corresponding resonance in the cyelobexyl substituted 
derivative 16 is shifted 12ppm to higher field, which is 
about the same value as for I0-12.  

The ~3C NMR spectra of 19 and 20 both show a 
signal at 70.2ppm for the methylene group of the 
ligand, which is about the same value as for the other 
derivatives with aromatic substituents at the nitrogen 
atom (7, 9, 10, 12, lS). 

The resonances of all other carbon atoms in 7-12,  
15, 16, 19 and 20 are of expected values (Table 7). 

The t3C NMR spectra of all compounds show only 
one resonance for the CO ligands at room temperature, 
indicating a dynamic behaviour in solution as has been 
reported for compounds of general formula [p~2-'q 3- 
(R)N-CH 2-C(H)-C(R')]Ru 2(CO) 6 [5]. 

3. Experimental  

3.1. Reagents and solvents 

All procedures were carried out under an argon 
atmosphere in anhydrous, freshly distilled solvents. 
Chromatography was done using silica gel 60 and 
silanized silica gel 60, 70-230 mesh ASTM (Merck), 
which were dried at 10 -2 bar (103 Pa) for two days 
before use. Fe2(CO) 9 was prepared from Fe(CO) 5 
(Lancaster) by irradiation in acetic acid [18]. 

3.2. Physical measurements 

Infrared spectra were recorded on a Perkin-Elmer 
FT-IR System 2000 using 0.2 mm KBr cuvettes; NMR 
spectra on a Braker AC 200 spectrometer (~ H: 200 MHz 
with SiMe 4 as internal standard; ~3C: 50.32MHz with 
CDCI 3 as internal standard)~ HMQC, HMBC, NOESY 
and TOCSY spectra of 19 on a Bruker DRX 400 
spectrometer; mass spectra on a Finnigan MAT SSQ 
710 instrument. Elemental analyses were carried out at 
the laboratory of the Institute of Organic and Macro- 
molecular Chemistry of the Friedrich-Schiller-Univer- 
sity Jena. Crystal structure determinations of 7, 8, 10, 
11 and 19 were carried out on an Enraf-Nonius CAD4 
diffractometer, the crystal structure determination of 16 
was carried out on a Siemens P4 diffractometer using 
graphite monochromated Mo KcL radiation. The crystals 
were mounted in a stream of cold nitrogen. Data were 
corrected for Lorentz and polarization effects, 7, 8, 10 
and 11 also for absorption. The structures were solved 
by direct methods and refined by full-matrix least- 
squares techniques against F 2 using the programs 
SHEL.XS-86 and SlmLXL-93 [19]. Computations of the 
structures were done with the program XlPMA and 
the rnolecular illustrations were drawn using the pro- 
gram ZORTEP [20]. Ttle crystal and intensity data are 
given in Table 8. Additional material on the structure 
analyses is available from the Fachinformationszentram 
Chemie,  Physik,  Matbemat ik  G m b H ,  76344 
Eggenstein-Leopoldshafen 2, Germany by mentioning 
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Table 8 
Crystal and intensity data for compounds 7, 8, 10, I1, 16 and 19 

compound 7 8 10 11 
formula C 17 H9NO6SFe z CDHtsNOsSFe z CIsHI2NzO6Fc 2 CIsH)sN206Fe2 
tool. weight 467.01 473.06 464.00 470.04 
[gmol -I ] 
radiation Mo Ka Mo Ka Mo Ka MO Ka 
monochmmator graphite graphite graphite graphite 
temperature [K] 173 173 173 173 
crystal colour red ~ red orange 
crystal size [ram 3 ] 0.3 X 0.3 X 0.2 0.4 X 0.2 X 0.05 0.5 X 0.1X 0.02 0.6 X 0.4 X 0.I 
a [,~] 8.621(2) 18.0598(7) 9+816(2) 12.347(3) 
b [A] 8.774(2) 8.564(5) 13.120(4) 16.103(2) 
c [A] 12.135( I ) 12.285(2) 15.44.9(3) 20.072(4) 

[°] 78.85(I) 90 9o 9o 
/3 [o] 85.360) 98.949(5) 106.02(2) 90 
7[  °] 81.18(2) 90 90 90 
V [.~] 888.7(3) 1877(I) 1912.3(8) 3991(I) 
Z 2 4 4 8 
F(000) 468 960 936 1920 
P~lc [g cm-~ ] 1.745 1.674 1.612 1.564 
crystal system triclinic monoclinic m o n o c l i n i c  onhorhombic 
space group P'[ P 21/c P 21/c Pbca 
abs. coeff. [nun- i ] 1.789 1.695 1.558 1.494 
abs. correction psi-scan psi-scan psi-scan psi-scan 
min.-max. 94.15%-99.91% 90.31%-99.89% 89.16%-99.86% 87.74%-99.95% 
transmisson 
0 limit [o] 1-22 1-27 1-27 1-28 
scan mode 0,,-20 ¢a-20 oJ-20 o~-20 
scan spcad [°min -I ] 1-10 1-10 1-10 1-10 
refl. measured 2288 4380 3815 4714 
independent refl. 2162 4248 3604 4714 
obs. refl. 2016 3616 2310 3584 
F~ > 2,,(F~) 
no. of parameters 280 305 301 273 
GOOF 1.062 1.077 I. I 17 1.128 
R I 0.0246 0.0274 0.0370 0.0331 
wR 2 0.0639 0.0709 0.0778 0.0763 
filial diff. map 0.503 0.435 0.463 0.479 
electron density 

leA-~l 

16 19 
C DHIsNO6SFe 2 Czt HIzN206Fe, 
473.06 500.03 

MoKa MoKa 
~ph~te g r a ~ e  
183 173 
orange onmge 
0.5×0.4×0.02 0.6 × 0.2 × 0.| 
17.760(2) 15.7]4(7) 
8.721(3) 8.137{2) 
12.258{3) 16.749(2) 
9O 90 
98.38(2) 108.99(2) 
9O 9O 
1878(I) 2025(1) 
4 4 
96O 1 ~  
1.673 1.640 
m o r a ~ l ~  rao~cl imc 
P21/c P21/c 
1.693 1.478 

1-23 1-25 
~.-2e 0~-28 
7-60 1-10 
33O9 3685 
2462 3547 
1926 2610 

255 287 
1.025 0.938 
0.0401 0.0538 
0.0980 O.1336 
0.676 0.948 

the deposition numbers CSD-405223 (7), CSD-405224 
(8), CSD-405225 (10), CSD-405226 (11), CSD-405438 
(16), CSD-405227 (19), the name of  the author and the 
journal citation. 

3.3. Preparation of  the compounds 

3.3.1. Preparation of  the imines 1-6  
5 ml of  the aldehyde (thiophene-2-carbaldehyde 

0.055raol, N-methylpyrmle-2-carbaldehyde 0.047moi)  
were stirred at 60°C overnight together with an equimo- 
lar amount of  the corresponding amine ( 1 : 5  ml anifine, 
2:6 .3  ml eyelohexylamine, 3 :8 .8  ml 4-tert-butyl-aniline, 
4: 4.3inl anifine, 5: 5 .4ml  cyclohexylamine, 6: 7 .5ml 
4-tert-butyl-amline). During the reaction a small layer 
of  water was formed. The reaction mixture was distilled 
under vacuum to give the imines as yellow (1, 3, 4 - 6 )  
or eoloudess (2) oils in yields of  85-90%.  The imines 
1 - 3  crystallized upon standing in the refrigerator 

overnight (ngp. 1: 16°C, 2: 37°C, 3: 56°C; b.p. 4: 68~C 
( I .8  × 10 -3 tuber), $: 98°C (! .5  × 10 -3 mbar), 6: 
124°C (I  × 10 -3 rabar)). 

3.3.2. Preparation o f13  and l 4  
3 ml thiophene-3-caibaldehyde (0.034 tool) was  

s f r n ~  at 60°(2 overnight together with an 
amount of  the corresponding amine (13:3 .1  mi aniline, 
1 4 : 3 . 9  ml cyclohexylamine). Again the fofmafioa o f  a 
small water layer was observed. Vacuum disfillatioa o f  
the reaction ~ gave  5.47 g (86%) of  13 as a light 
green oil and 4.92 g (75%) o f  14 as a pale yellow oil. 
Both oils crystallized upon standing in the refrigerator 
overnight ( rap.  13: 13°(2, 14: 42°C).  

3.3.3. Preparation o f  17 and 18 
3 g  of  indole-3-carbaldehyde (0.021tool) was d~-  

solved in 60ml  cyclohexane and an equimolm" amotmt 
of  the corresponding amine (17: 1.9ml aniline, 18: 
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Table 9 
Spectroscopic data for compounds 1-6,  13, 14,17 and 18 

Cotapoend IR a IH NMR b '3C{LH} NMR b 

1 1676vs 7.08 (dd, IH, JnH = 3.6Hz, Jail ~ 4.9Hz) 120.9, 125.9, 127.6 
7.15-7.22 (m, 3H) 129.0, 130.2, 132.1 

142.8, 151.3, 152.9 
7.30-7.47 (m, 414) 
8.52 (s. IH) 

2 1632vs I . I -1.86 (m. IOH) 24.7, 25.5, 34.2. 69.4 
3.14(m. IH) 127.1, 128.2, 129.7 
7.03 (dd, 1H, Jnn = 3.6Hz. Jm{ = 4.8Hz) 142.9, 151.6 
7.26 (dd. 1 H, JHn = 0.8 Hz, JHH = 3.6 HZ) 
7.34 (dd, IH, Jan = 0.SHz. J H H -  4.SHz) 
8.38 (s, !H) 

3 1616vs 1.34 (s, 9H) 31.4, 34.5, 120.6 
7.11 (dd, IH, Jan = 3.7 Hz. JHH ~ 5.0Hz) 126.0, 127.6, 129.9 
7.15-7.20(m, 2H) 131.7, 143.1. 148.7 

149.1, 152.2 
7,36-7.49 (m, 4H) 
8.58 (s, IH) 

4 1685vs 4.08 (s, 3H) 36.8, 108.7, 115.0 
6.26 (dd. IH. JHH = 2,5 ['lZ, /ttrl = 3.8Hz) 118.6, 120.7, 124.9 
6.74 (dd. I H. Jan = 1.7 Hz, JHH ~ 3.8 HZ) 129.1. 130.3. 150.9 

152.9 
6.82 (rid, IH, Jim = 1.7 Hz. Jml = 2.5 Hz) 
7.17-7.26 (m, 3H) 
7.37-7.46 (m. 2H) 
8.34 (s, 1 H) 

$ 1712vs 1,22-1.89 (m, 10H) 24.5, 25.8. 34.7, 36.3 
3.06 (m, IH) 69.9, 107.7, 115.2 
3.95 (s. 3H) 127A. 130.2, 149.5 
6.16 (dd, 1H, Jan = 2.6Hz, JAN ~ 3.7Hz) 
6.49 (dd, IH. JHtt = I.SHz, JHH = 3.7Hz) 
6.69 (dd, IH, JHH = 1.8Hz, JHH = 2.6Hz) 
8.21 (s, IH) 

6 1712vs 1.39 (s, 9H) 31.4,34.4.36.8 
4.09(s, 3H) 108.6. 118,2, 120.3 
6.25 (dd. IH. Jnn = 2.6 Hz, JHn = 3.8 Hz 125.9, 128.8. 130,5 
6,71 (dd, IH, Jim = 1.7Hz. Jml = 3.8 Hz) 148.0, 150.2, 150.3 
6.81 (rid, 1H, JnH = 1.7 Hz, Jan = 2.6Hz) 
7,12-7.25 (m, 2H) 
7.41-7,48 (m, 2H) 
8.36 (s. IH) 

13 1692vs 7.19-7.29 (m. 311) 120.7, 125.8, 125.9 
7.36-7.46 (m, 3H) 126.6. 128.6. 129.2 
7 72 (dd, 1 H, Jnn = 1.2 Hz. Jtm = 5.1 Hz) 130.1,140.8. 152.0 
7.80 (dd, IH, Jtm ~ 1.2 Hz, Jna  = 2.9 Hz) 154.3 
8.46 (s, I H) 

14 1639vs 1.17-I.85 (m. IOH) 24.8, 25.6, 34.3, 69.9 
3.02-3.16 (m, IH) 125.9. 126.1. 127,6 
7.26 (dd, IH. Jtm = 2.9Hz. Jan = 5.0Hz) 140,9, 152,8 
7.49 (d. IH. JHtl = 5.0Hz) 
7.53 (dd, IH. Jnn = 0.9Hz. Jml = 2.9Hz) 

17 1631vs 7.15-7.42 (m, 8H) 111.5, 116.5, 120.9 
7.52 (s, IH) 121.8. 121.9, 123.7 
8A8 (m, IH) 125.0, 125.3. 129.2 
8.63 (s, IH) 130.2. 136.8. 153.3 
8.88 (br, IH) 154.8 

18 1624vs 1.33 (s, 9H) 31.5. 34.5, I 11.4 
7.16-7,41 (m. 9H) 116.5, 120.5, 121.8 
7.61 (s, 1H) 122.0, 123.6, 125.4 
8.43-8.50 (m, 1 H) 126.0. 129.8. 136.9 
8.55 (br, IH) 148.1,150.7. 154.1 
8.67 (s. IH) 

In CH,CI , .  293K. C=N bond vibration, vs = very strong. 
h In CDCI ~- 293 K. s = singlet, dd = doublet of doublets, m = mulliplet, br = broad. 
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3.3 ml 4-tert-botybandine) was added. The mixture was 
refluxed in a water separator until no more formation of 
water was observed. Upon cooling the product precipi- 
tated as a fight brown microcrystalline powder. After 
filtration the imines were purified by recrystallization 
from a cyclohexane/ethanol mixture to yield 3.51 g 17 
(76%, m.p. 132°(2) and 4.93g 18 (85%, m.p. 178°C) 
respectively. 

The IR and NMR data of the compounds 1-6, 13, 
14, 17 and 18 are Oven in Table 9. 

3.3.4. Preparation of 7-12, 14, 15, 19 and 20 
In a typical experiment 0.5g of Fe2(CO) 9 (I.37 

retool) was suspended in 30ml n-heptane together with 
2.05 mmol of the corresponding imine (7:383 mg 1, $: 
498mg 2, 9: 396mg 3, 10: 3T'/mg 4, 11: 492mg $, 12: 
390mg 6, 15: 383mg 13, 16: 396mg 14, 19: 451mg 
17, 20: 566mg 18). The mixture was stirred at 50°C 
until all of the material had dissolved. The colour of the 
solution changed from yellow to deep red. Af-terwa~ds 
the solvent was removed under vacuum. The red oily 
residue was dissolved in 10ml CHeCi z and I g silanized 
silica gel was added. After removal of the solvent the 
mixture of products was chromatograpbed. Using light 
petroleum (b.p. 40-60°C) as eluent, an orange band of 
7-12, 15, 16, 19 or 20 respectively was obtained (yields 
7: 409mg, 64%, 8: 337mg, 52%, 9" 150rag, 21%, !0: 
369mg, 58%, 11: 290mg, 45%, 12: 93mg, 13%, 15: 
441 rag, 68%, 16: 650mg, 67%, 19:411 mg, 60%, 20: 
137mg, 18%). With fight peu'oleum/CH2Cl 2 (3:1) a 
green band of Fe3(CO)12 was eluted in the chromatogra- 
phy of 9, 12 and 20. This band increased if the tempera- 
ture during the reaction was raised above 50*(2. In all 
cases with CH2CI2/EtOH (20:1) a small deep red band 
was eluted, which could not be identified due to the 
very low yields (< 10me) and the instability of the 
product. Anal. Found: C, 44.11; H, 2.21; N, 3.02. 7 
CITH�NO6SFe 2 Calc.: C, 43.72; H, 1.94; N, 3.00%. 
Anal. Found: C, 43.46; H, 3.91; N, 2.73. 8 
C,THIsNO6SFe ~ Calc.: C, 43.16; H, 3.20; N, 2.96%. 
Anal. Found: C, 46.90; H, 3.41; N, 2.68. 9 
C21HtTNO6SFe2 Calc.: C, 48.22; H, 3.28; N, 2.68%. 
Anal. Found: C, 46.63; H, 2.86; N, 5.93. 10 
CtsHt2N20~Fe 2 Calc.: C, 46.59; H, 2.61; N, 6.04%. 
Anal. Found: C, 45.97; H, 3.90; N, 5.90. !1 
CIsH3,N206Fe 2 Calc.: C, 46.00; H, 3.86; N, 5.96%. 
Anal. Found: C, 50.72; H, 4.38; N, 5.07. 12 
C22H20N206Fe2 Calc.: C, 50.81; H, 3.88; N, 5.39%. 
Anal. Found: C, 43.75; H, 2.08; N, 3.01. 15 
CITH�NOaSFe2 Calc.: C, 43.72; H, 1.94; N, 3.00%. 
Anal. Fungi: C, 43.01; H, 3.48; N, 2.84. 16 
CI~HtsNO6SFe 2 Calc.: C, 43.16; H, 3.20; N, 2.96%. 
Anal. Found: C, 50.44; H, 2.58; N, 5.48. 19 
C21HI2N206Fe 2 Calc.: C, 50.44; H, 2.42; N, 5.60%. 
Anal. Found: C, 54.05; H, 4.30; N, 4.88. 20 
C25H2oN.,O6Fe2 Calc.: C, 53.99; H, 3.62; N, 5.04%. 

3. 4. Mass spectrometry 

1. Electron impact (ED: m/z (%) 187 (94, M+), 186 
(100. M + -  R), 154 (4, CItHt~N+), 153 (4, CttHTN+), 
115 (7, CsHsN+), 104 (6, CTH6N+), 93 (5, C6HTN+). 
77 (46, CoH~), 51 (19, C,H~), 45 (5, ellS+), 39 (8, 
C3H;). 

2. EI: m/z  (%) 193 (100, M+), 1.50 (6, CTH~4NS+), 
137 (5, C7HHNS+), 123 (3, C6H~NS÷), 110 08, 
CsH4NS+), 97 (8, CsHsS+), 83 (10, C4H3S+), 70 (3, 
C2H2NS+), 55 (7, C,H~'), 41 (8, C2H3N+), 39 (7, 
C3H~'). 

3. El: m/z  (%) 243 (62, M+), 228 (ICO, 
Ct4HI4NS+)o 212 (7, Ct3HtoNS+), 200 (11, 
C,2HIoNS+), 186 (6, Ct~HsNS+), 144 (22, 
CIoHloN+), 115 (24, C5H�NS+), 100 (33, CsHsS+), 
91 (18, C~H~), 77 (22, C6H~), 65 (5, CsH~), 51 (6, 
C,H~), 41 (9, C2H3N+), 39 (10, C3H~). 

4. EI: m/z  (%) 184 (100, M+), 168 (11, CHH,N~'), 
156 (27, CioHsN~'), 107 (24. C6H7N~'). 91 (17, 
CTH~'), 80 (20, CsH6N+), 77 (34, C6H~). 65 (6. 
CsH~'), 51 (17, C4H~'), 39 (9, C3H~). 

5. El: m/z  (%) 190 (100. M+), 175 (3, CnHtsN2+), 
160 (18, CtoH~2N~'), 147 (45, C�HHN~'), 133 (18, 
CsH�N~), 120 (14, CTHsN~'), 107 (8L C6HTN~'). 94 
(80, CsH6N.,+), 82 (16. CsHsN+), 66 (IO, C,H4N+). 
55 (10. CaH~'), 41 (14, C2H3N+), 39 (ll, C3H~'). 

6. El: m/z  (%) 240 (79, M*), 225 (100, Cl~Hl7N~'), 
212 (10, ClaHmN~), 197 (5, Ci3H13N~), 183 (18, 
Cl2HilN+), 168 (3, CHHsN+), 144 (15, C�HsN~), 
115 (16, CsHsN+), 98 (26, CsHloN~), 91 (20, CTH~). 
82 (21, CsHsN*), 77 (8, C6H~), 43 (17, C2HsN+), 39 
(5, C3H~'). 

7. El: m/z  (%) 467 (21, M+). 439 (12, M + -  CO), 
411 (32. M+- 2CO), 383 (10, M+-3CO), 355 (20, 
M+-4CO), 327 (62, M ÷-  5CO), 299 (100, M ÷ -  
6CO), 273 (12, C�HTFeNS+), 246(19, C¢H,FezNS+), 
149 (41, CsHTNS+), 144 (97, CsH6FeNS+), !12 (13, 
Fe~), 77 (16, C6H~), 56 (37, C3H6N ÷, Fe+). 

8. El: m/z  (%) 473 (3, M+), 445 (2, M + -  CO), 417 
(11, M+- 2CO), 389 (3, M+-  3CO), 361 (24, M + -  
4CO), 333 (60, M + -  5CO), 305 (100, M + -  6CO), 248 
(4, CmHI4FeNS+), 236 (7, C�H|2FeNS+), 999 (7, 
CsHmFeNS+), 209 (9, C7H�FeNS+), 196 (9, 
C6HsFeNS+), 182 (12, CsH6FeNS+), 169 (20, 
C4HsFeNS+), 152 (27, C4H2FeNS+). 144 (42, 
C3H~FeNS+), 112 (16, Fe+), 97 (20, CsHsS+), 56 
(20, CsH,N +, Fe+), 41 (IO, C3H~'). 

9 El: m/z  (%) 523 (29, M+), 495 (15, M+-  CO), 
467 (21, M+--2CO), 439 (25, M+--3CO), 411 (16, 
M+-4CO), 383 (63, M +-  5CO), 355 (100, M ÷ -  
6130). 144 (67, C3H6FeNS+), 106 (89, C~HsN+), 91 
(8o, C,H~), 77 (19. C6H~), 56 (C~HD. 

10 El: m/z  (%) 464 (4, M÷), 436 (3, M+-CO), 
408 (9, M ÷-- 2CO), 380 (4, M + -  3CO), 352 (7. M + -  
4CO), 324 (44, M + -  5CO), 296 (100, M + -  6CO), 281 
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(2, CHH9Fe2N~), 240 (13, CgH,,Fe2N~), 225 (21, 
C:IHgFeN~),  204 (4, CsH4Fe2N~), 176 (7, 
C-,HeFeN~), 162 ( l l ,  C6H6FcN~), 148 (50, 
CsH,  Fe2q~), 112 (10, F-e~), 94 (8, C2F~N+), 56 (20, 
CsH6N +, Fe+). 

I|. El: m / z  (%) 470 0 4 ,  M+), 442 (6, M+-- CO), 
414 (14, M + -  2C'O), 386 (13, M ÷ -  3CO), 358 (35, 
M+--,~-'O), 330 (37, M+-SCO),  302 (100, M ÷ -  
6CO), 207 07 ,  CgH]sF'eN~), 193 (8, CsHtaFeN~), 
179 0 4 ,  C-~HnFeN~), 165 (21, C6HgFe.N~), 151 (92, 
CsHTFeN~), 137 (13, C4HsFeN~'), 124 (7, 
C3H4F, eN~), 112 (Fe+), 94 (33, C2FeN+), 56 
(CsH6N +, Fe+). 

12. El: m / z  (%) 520 (35, M+), 492 (17, M + -  CO), 
464 (10, M+--2CO), 436 (16, M+-3CO), 408 (9, 
M + -  4CO), 380 (33, M + -  5CO), 352 (63, M + - 6CO), 
296 (9, Ct6H2oFeN~), 281 (19, C]sH]7FeN+), 176 
(29, CTHsFe.N~), 112 (13, Fe~), 106 (80, CTHsN+), 
91 (100, CTH~), 78 (33, C6H~), 56 (30, C~H6N +, 
Fe+), 52 (22, C4H~), 44 (21, C2H6N+). 

113. El: m / Z  (%) 187 (91, M+), 186 (100, M + -  H), 
154 (4, CnHsN+),  115 (9, CsHsN+), 104 (8, 
CzH6N+), 93 (7, C6H.TN+), 77 (71, C6H~'), 51 (29, 
C,)H~'), 45 (7, CHS+), 39 (11, C~H~-). 

14. El: m / z  (%) 193 (48, M+), 176 (9, C1o H ioNS+), 
164 (44, CgI-ImNS +, 150 (74, CsHsNS+), 138 (53, 
CTI-][sNS+), 136 (48, CTH6NS+), 123 (16, C6HsNS÷), 
110 (100, CsH~NS+), 96 (69, CsH4S+), 83 (20, 
C4H3S+), 70 (18, C3H2S+), 55 (21, C,)H~), 45 (22, 
CHS+), 41 (51, C3H~), 32 (44, S+). 

L~. El: m / z  (%) 466 (33, M+), 438 (12, M + - CO), 
411 (80, M+--2CO), 383 (13, M + -  3CO), 355 (50, 
M+--4CO), 327 (91, M+--5CO), 299 (100, M + -  
6CO), 273 (10, CgH7Fe2NS+), 150 (36, CsHsNS+), 
144 (43, C3H6FeNS+), 112 (8, Fe~), 77 ( l l ,  C6H~'), 
56 (28, C3H~N ÷, Fe+). 

16. El: m/z  (%) 473 (11, M+), 445 (7, M + -  CO), 
417 (24, M + -  2CO), 389 (13, M + -  3CO), 361 (34, 
M + -  4CO), 333 (39, M + - 5CO), 305 (99, M + - 6CO), 
279 (13, CgHtsNSFe~'), 249 (6, C~]H~sNSFe+), 222 
(I0, CsH,NSFe~'), 209 (8, C4H3NSFe~), 197 (II, 
C3H3NSFe~), 181 (29, CaHSFe~), 169 (67, 
C2HSFe~), 153 (100, C,H3NSFe+), 112 (53, Fe~), 97 
(66, CsHsS+), 84 (18, C4H4S+), 56 (87, Fe+), 41 (29, 
C~H~). 

17. Chemical impa~ CI: m / z  (%) 249 (10, M++ 
C2H5), 221 (100, M++ H). 

18. El: m / z  (%) 276 (43, M+), 261 (100, 
CmH]vN~'), 245 (7, C,7HtsN~'), 233 (4, C~6H~3N~-), 
219 (13, C~sH~oN~'), 145 (25, CgH9N~'), 131 (15, 
CgHgN+), 116 (63, CgH6N+), 102 (12, CTH4N+), 91 
(22, CTH~), 77 (19, CoH~-), 65 (5, CsH~'), 57 (13, 
C~H~), 41 (12, C2H~N+), 39 (8, CsH~). 

19. El: m / z  (%) 500 (15, M+), 472 (12, M + - CO), 
444 (30, M + -  2CO), 4.16 (6, M + -  3CO). 388 (25, 
M+-4CO) ,  360 (62, M+-SCO),  332 (100. M + -  

6CO), 276 (20, CtsHI2FeN~), 259 (7, CsHgFe2N+), 
219 (9, C6HsFe2N~), 166 (C3H4Fe 2 N+), 112 (3, Fe~), 
77 (4, C6H~), 56 (15, C3H6N", Fe+). 

20. El: m / z  (%) 556 (20, M+), 528 (8, M+-CO) ,  
500 (10, M + -  2CO), 472 (15, M + -  3CO), 444 (24, 
M+-4CO) ,  416 (51, M+-5CO) ,  388 (100, M + -  
6CO), 332 (13, CI9H20Fe:N~), 317 (6, C18HoFeN~), 
275 (5, C]sHItFeN~), 194 (50, C4H6Fe2N~) , 187 (32, 
CsHTFe2q~), 112 (5, Fe~). 77 (6, C6H~), 57 (18, 
C4H~), 56 (28, C3H6N ~, Fe+), 43 (34, C3H~). 
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