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Summary 

The reaction of Fe,(CO),(h5-C,H5)2 with 4-N-methylpiperidine-disulphide af- 
fords [Fe(h’-C,H,)(CO)(p-SC,H,NCH,)],, the crystal structure of which has been 
determined. The crystals are monoclinic, space group C2/c with a 18.761(3), b 

14.543(2), c 9.556(l) A, p 103.67(2)“. With Z = 4 the calculated density is 1.46 g 
cmem3; the final weighted R factor was 0.047 for 1645 independent reflections. The 
two carbonyl groups and the two sulphur-attached piperidine groups in the dimeric 
structure are both cisoid. 

Reaction with CH,I leads to methylation that with aqueous HClO, to protona- 
tion of the nitrogen atoms of the piperidine rings, giving formation of the [Fe(h5- 

C,H,)(CO)(p-SC,H,N(CH,),],I, . 2H,O salt and [Fe(h5-C,H,)(CO)(p-SC,- 
H,NHCH,)],*+ cation, respectively. 

Introduction 

Considerable attention has been focussed recently on bridging sulphido deriva- 
tives of iron in view of their possible relationship to the oligonuclear iron-sulphur 
chromophores thought to comprise the active sites in the ferredoxines, an important 
class of non-heme iron electron-transfer proteins having low redox potentials [l]. 
We recently described the synthesis, properties, and structure of the compotmd 
formed in the reaction of N-methyl-4-mercaptopiperidine with Fe,(CO),, [2]. In 
continuation of our studies on this type of metal complex, we now report on the 
synthesis, molecular structure, and properties of the dimeric species formed in the 
reaction of 4-N-methylpiperidinedisulphide with Fe,(CO),Cp,. 
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Description of the structure 
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TABLE 2 

ATOMIC COORDINATES ( X lo4 Fe and S X 105) AND THERMAL PARAMETERS 

Atom x .L ; B (it’) 

Fe(l) 
c 
0 

S 

(21) 
C(2) 
C(3) 

N(4) 

C(5) 

C(6) 

C(7) 

C(l1) 

C(l2) 

C(l3) 

C(14) 

C(15) 

42614(3) 

4208(3) 

4151(3) 

550X7(6) 

5876(3) 

5660(3) 

59X9(4) 

67X4(2) 

7004(3) 

6704(4) 

7102(4) 

3506(4) 

40X2(4) 

4100(3) 

353X(4) 

3163(3) 

31714(5) 

1975(4) 

1200(3) 

32254(g) 

2206(4) 

2231(4) 

1395(5) 

1412(3) 

1350(5) 

2159(7) 

67X(5) 

3323(5) 

3928(5) 

4530(4) 

4299(4) 

3556(5) 

103X6(7) 

915(5) 

7X0( 5) 

15071(12) 

X03( 5) 

-X29(5) 

1439(6) 

-9X4(5) 

599(6) 

12X2(6) 

~ 1639(X) 

~ Y44(7) 

- 8X2(7) 

266(7) 

90X(7) 

1X9(7) 

2.33(3) 

3.13(24) 

5.5X(26) 

2.40(5) 

2.53(21) 

3.45(25) 

3.60(27) 

3.10(19) 

3.91(27) 

3.62(27) 

4.55(35) 

4.43(30) 

4.35(30) 

3.96(2X) 

3.94(27) 

4.16(29) 

The piperidine rings are slightly distorted chairs. as can be seen from Fig. 2 and 
is also shown by the distances of 0.700 and -0.683 A of the N(4) and C(1) atoms 
from the C(2)-C(3)-C(5)-C(6) plane. 

TABLE 3 

BOND LENGTHS AND BOND ANGLES 

(a) Bond lengths (A) 

C-Fe(l) 

S-Fe(l) 

C(ll)-Fe(l) 

C(12)-Fe(l) 

C(13)-Fe(l) 

C(14)-Fe(l) 

C(lS)-Fe(L) 

Fe(l)-Fe(l) * 

o-c 

C( 1)--S 

C(Z)-C(1) 

C(6)--C(l) 

C(3)--C(2) 

N(4)-C(3) 

C(5)-N(4) 
C(7)mN(4) 

C(6)-C(5) 

C(12)-C(ll) 

C(15)-C(l1) 

C(13)-C(12) 

C(14)-C(13) 

C(15)-C(14) 

s...s* 

Fe(l)-Cp(center) 

1.745(5) 

2.27X(l) 

2.091(5) 

2.09X(5) 

2.105(5) 

2.114(5) 

2.104(5) 

3.438(l) 

1.137(6) 

1.X28(5) 

1.577(6) 

1.514(X) 

1.53X(8) 

1.451(7) 

1.473(6) 

1.436(7) 

1.513(10) 

1.3X4(8) 

1.424(9) 

1.398(X) 

1.380(X) 

1.3X1(8) 

2.993(l) 

1.736(9) 

(11) Bond mgles (deg) 
S-Fe(l)-C 

Fe(l)-S-Fe(l)* 

O-C-Fe(l) 

C(l)-S-Fe(l) 

S-Fe(l)-S* 

C(2)-C(l)-s 

C(6)-C(l)-S 

C(6)-C(l)-C(2) 

C(3)-W-C(l) 

N(4)-C(3)-C(2) 

C(9)-N(4)K(3) 

C(7)-N(4)-C(3) 

C(7)-N(4)-C(5) 

C(h)-C(5)bN(4) 

C(5)-C(6)-C(1) 

c(15)-C(ll)kC(12) 

c(13)-C(12)~c(ll) 

C(14)-C(l?)W(12) 

c(15)~c(14)-~C(13) 

C(14)-C(15)-C(l1) 

95.1(2) 

97.9(l) 

177.1(4) 

111.0(l) 

82.0( 1) 

109.1(3) 

112.0(4) 

10X.5(4) 

lOY.7(4) 

110.4(4) 

109.0(4) 

111.0(5) 

110.9(4) 

110.5(4) 

111.3(5) 

107.7(6) 

107X(6) 

10X.6(5) 

10X.7(6) 

107.2(6) 



C(!l) 

I 
c(7*: 
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Fig. 2. Projection of the molecule on to the C(ll)-S--S*-C(ll)*. 

Fig. 3. ProJections on to the planes of the Cp rings 

with a M-L bond results in a slightly long M-C(Cp) bond length, whereas when a 
M-C(Cp) bond is staggered between the M-L bond, it is short. 

The C-C ring dimensions in the Cp ligand are normal, and the carbon atoms 
form a well-defined plane. 

Discussion 

The compound [Fe(Cp)(CO)(@SR)],, where Cp = h5-C,H, and RSH = N- 
methyld-mercaptopiperidine, was prepared from the redox reaction RSSR + 
Fe,(CO),Cp, in boiling toluene. The compound shows two infrared bands in the 
CO stretching region (1930~s 1900s) and strong bands at 2810 and 2780 cm-‘, 
characteristic of the CH stretching vibrations of the methyl groups bonded to a 
nitrogen atom which retains its lone pair of electrons [S], indicating that the 
nitrogen atoms of the piperidine rings are deprotonated. The reaction of the diiron 
complex with CH,I affords the [Fe(Cp)(CO)(SRCH,)],I,. H,O salt. In the IR 
spectrum of this compound, the absence of the bands at 2810 3nd 2780 cm-i and 

the sharp band observed at 3000 cm-’ are indicative of the N(CH,), group [9], 
indicating that the methylation of the nitrogen atoms has taken place. 

The reaction of the neutral complex with HClO, results in the formation of the 

PW3WO)WWI~+ cation. The IR spectrum of its BPh,- salt shows a very 

broad absorption centered at about 2600 cm-‘. assigned to the v(N-H) vibrations, 
indicating that protonation of the nitrogen atoms of the piperidine rings has taken 
place and that the resulting N-H bonds participate in hydrogen-bond formation. 

Comparison of the v(C-0) stretching region of the IR spectra of these com- 
pounds with that of the neutral complex reveals no significant difference suggesting 
that the dimeric structure with terminal CO groups is maintained. 
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Experimental 

IR spectra were recorded on a Beckman IR-20 A spectrophotonlrter-- uhing KBt 

pellets or C‘aF, cells (solutions). Fe,(CO),C’p, and the ;I-.~-rn~th~l~~~p~ridi~~~ di- 

wlphidc were prcparzd by known methods 1 10.1 11. 
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0.00361<;, j2)-', f, J' and f” were taken from International Tables of X-ray 
Crystallography [2]. 29 hydrogen atoms were located by a difference synthesis and 
refined with an overall isotropic temperature factor. The final R factor was 0.045 
(R, = 0.047) for all observed reflections *. 
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