
FJ  . ~ V I E R  /oum~d of O r g m e m e ~  ~ 533 (1997) 109-115 

A synthetic, structural and N M R  spectroscopic study on 
1,3-distanna-2-chalcogena-[3]fcn'ocenophanes 

Max Herberhold *, Udo Steffl, Wolfgang Milius, Bemd W ~ "  
Laboratorlwn f ~  Anorgan~be Chemie der Uni~,sP~ Bayre~, posffach !0 12 51, D-95440 8 w T ~ K  Gemm~y 

It.emved 20 Au~st1996 

Almntet 

'l"m~ symhe~c muce~ to the fir~ ! , 3 - d L s u m m - 2 - d m k e g e a a ~ 3 ~  m~ d e ~  aad l e k  s H, uC, "riSe, I ~ ~ I ~ e  
~MR selmion speca'a ~ n~oned. The n:miee of c ~ r  ] , ] ' - b i s ( ~ t s ~  (O u~h the chaku~amk Li~E 
(E = O, S, Se, Te) or l,l'bis(dlm,.s~lst~nyl)feneceae (2) with lhe ~ E (E = O, S, Se, To) as wdi as the ~ d ~  
into e~e ~--~n bead of l , l ,2 ,2-~ , , , , e thy]-k2 .~ma-[2~emx~=e~me (3) all ~ ~ ~ L 3 - d ~ m a - 2 - d ~ u p m -  
[3]fumceaophafle. Fe(CsH4SI~Ie2)2E ( E = O  (4). S (5). Se (6) ami Te (7)). in nsammWe yidds (>50~) .  " r~  X-my 
de~nniumiem of 6 and 7 i a d ~  ~at  ~e  ~ze of ~e  chakogm has a d~isive ie~umce ~pm the g e ~ y  ~ ~ ~ ~ .  
Thus, the ~y~lopemadie~l nngs me both beat away f~ma the SuE&m b~lge m 6 ( a  ~ 3.4°) ~ d  7 ( a  ~ 4-3~X ~ ~ ~ a ~ 
uagg~ed ceuformmion in ~e  ~kaium cemplex 6 (~vi~ aagle s =  27_~) bm ame atma~ edi~eed m ~ e  ~ ~ 

molecules of the teUmium ~oml~und, 7.4, (~'= 4.80) and "71 (5"= 4.4°). 

Key~ordJ: ~ ;  T'm-eln bead~ NMR~ ~ x-my 

Among the D ] f ~  co~i'i"S heteroele- 
merits in the triatomic bridge [l], a series of 1,3-dichal- 
mgeaa-2-~-,,~[3]feneccn~a~ (wi~h the chatco- 
gens dixectly anached to the ring) has been obtained [2]. 
Rece~y, t,r-bis(~hUmuyDfmecene (I) 
and l,l'-bis(dimethylstanayl)fe~u~ene (2) have been 
used f~ the s ~  of 1,2.-dK.eann~-[2]- (3) and L2,3- 
l l is~nna-[3]fem3cenopha~ [3]. All ~ faneceae  
derivatives 1-3 aplx:med to be promising candidates for 
the fmmation of  1,3-dislaaea-2-chalcogena-[3]fi~m- 
c e a o p h a ~ .  3"he ix~sent w o A  describes the s y n t h e ~  o f  
the new [3]fenecenophane~ Fe(CsH4SaMez)zE (E = 0 
(4), S (S), Se (6) and Te  (7)), which were chafacterised 
by m u l ~ u c t e a r  n m g n e ~  n ~ n a u c e  m e a n n e s s .  The 
molecular s u u c n u ~  of  beth ~ e  seleeium and ~ e  ~1- 

• c ~ g  authors. 
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Scheme ]. Synthetic mutes to e~ ] ~ 2 . - c ~ . ~ ] [ m m -  
caot~mcs 4-7. 
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Da~a eek, v~at to the single crystal X-ray sU'ucu~ analyses of 6 and 7 

6 7 

F~me~ M, 
Crystal habit 
Dimeamm (ram 3 ) 
Crys~ sysam~; space gnr, tp 
U ~  ~ dimcnsk~s 
a.b, cC~ 

A ~ e e  c o e ~ e e t  (m~ ~) 

~ r  

Temlperam~ (g); scan mode; range (deg) 
No. of maeesun:d reflections 

No. of observed reflections (limit) 
com:~o~ 

~Y~./max. Wiffi~n~ssion 

eef~e~ 
No. of l~'fined pmanteu~ 

R; wR 
We~tg sche~ w-'  

~ elest~ deasity (c ~, - ~ ) 

CI4H2oFeSeSn2; 560.5 Ct4H2oFeTeSn2; 609.1 
Platelet Irregular 
0.45 × 0.30 × 0.08 0.30 x 0.25 × 0.20 
Tdclinic; P] Triclinic; P/ 

6.602(2), 8.990(2), 15,427(3) 9.707(2). 13,609(2), 15.160(2) 
92.61(3), 91.21(3), 107,79(3) 64.49(2), 88.93(2), 77.47(2) 
870.3(4); 2.; 528 1758.0(5); 4; 1128 
2.139 2.301 
5.744 5.243 

Siemens P4, Mo K a; A = 71.073 pro, graphite monoclmm~ator 

296; w; 2.0 < 20 < 55.0 173; aJ; 2.0 -< 20 ~ 55.0 
4757 9093 
3781 (0.0436) 7728 (0.0237) 
3357 ( F > 3.00-(F)) 7270 ( F > 2"0o,(F)) 
Semi-empirical (~scans) Semi-empirical (~-scans) 
0.2614/0.6492 0.2350/0.2971 

methods (program Sm~L.X'rL-PL~) 

164 326 
0.0477; 0.0463 0.0282; 0.0230 
oZ(F) o2(F) 

1.46/- 1.39 1.10/- 0 . ~  

Table 2 
Selec~ band ~ s ~ e s  (pro) and angles (deg) for compoands 6 and 7 

Fe(CsH4SeMe,)zSe 6 F.~CsH4SnMe2)zTe a 7 

7A 7B 

Su(I)-Se 252.6(I) Sn( I)-Te(I ) 273.6(1) 
Sa(2)-Se 253 .5( I )  Sn(2)-Tdl) 273.6(1) 
Sn(I)~(l) 210.9(7) Sn(I)-C(I) 210.9(4) 
Sn(I)-C(11) 213.9(9) Sn(I)-C(I 1) 214.1(5) 
Sn(I)-C(12) 213.3(11) Sn(I )-C(12) 213.2(8) 
Sn(2)--C(6) 211.9(6) Sn(2)-C(6) 212"4(4) 
Sn(2)-C(13) 213.9(11) Sn(2)-C(13) 213.2(7) 
Sn(2)-C(14) 211.2(12) Sn(2)- C(14) 213.9(6) 
U - e ~ 1 - 5 )  165.4 Fe( 1 )--ceateJ(1-5) 165.5 
Fe--camt~6-10) 165.3 Fe( I )--centex(6-1 O) 165.5 
Se-Sa(1)-.C(I) 107.0(2) Te(l )-Sn(I)-C(I) 109.9(I) 
Se-Sa{I )-.~1 I) 104.5(2) Te(I )-Sn(I )-C(11) 1o6.6(2) 
Se-Sa(l)--C(12) 111.8(3) To( l)-Sn(I )-C(12) 110.0(I) 
CO).-S~(l)-..c(i i) t lO.4(o)  C(i)-Sdl)--.C(l 1) 11o.0(2) 
C(I)-Su(I )-C(12) 109.1(3) C(I)-Sdl)-C(12) 108.8(2) 
C'(11)-Sa(l)-C(12) 114.1(4) C(I I)-Sa(1)--C(12) 111.4(3) 
Se-Sag2)-4D(6) 115.2(2) Td I )-Sn(2)-C(6) 109.9(I) 
Se-Su(2)-C(13) 102"3(3) Te(I )-Yag2)-C(I 3) 111.0(I) 
Se-Sa(2)-C(14) 107.5(3) Te( I )-Sn(2)--C(14) IO7.5(2) 
C(6)-S~2)--C(13) 109.1(4) C(6)-Sn(2)-C(13) 110.3(2) 
C(6)-Sn(2)-C(14) 1/38.7(3) C(6)-Sn(2)--C(14) 106.2(2) 
C( 13)-Sn(2)-C'(14) 114.1(5) C( 13)-Sn(2)-C(14) 111.8(2) 
S~I)-Se-Sd2) 101.0(I)  Sn(1)-Te(1)-Sn(2) 92.5(I) 

Sn(3)-Te(2) 
Sn(4)-Te(2) 
Sn(3)-C(15) 
Sn(3)-C(25) 
Sa(3)-C(26) 
Sn(4)-C(20) 
Sn(4)-C(27) 
Sn(4)-C(28) 
Fe~)-centeK 15-19) 
F.e(2)-center(20-24) 
Td2)-Sn(3)-C(15) 
Te(2)-Sn(3)-C(25) 
Te(2)-Sn(3)--C(26) 
C(15)-S~3)-C(25) 
C(15)-Sn(3)-C(26) 
C(25)-Sn(3)-C(26) 
Te(2)-Sn(4)--C(20) 
Te(2)--Sn(4)-C(27) 
Te(2)-Sn(4)-C(28) 
C(20)-Sn(4)-C(27) 
C(20)-Sn(4)-C(28) 
C(27)-Sn(4)-C(28) 
Sn(3)-Te(2)-Sn(4) 

272.6(1) 
273.2(1) 
211.4(4) 
212.9(6) 
213.9(5) 
212.2(4) 
213.0(7) 
213.6(6) 
165.5 
165.4 
1{19.8(1) 
111.7(2) 
106.6(2) 
109.8(2) 
io7.3(2) 
111.4(2) 
111.4(i) 
1o9.8(i) 
1o7.3(2) 
1o'7.3(2) 
lO9.9(2) 
111.1(2) 
91.8(I) 

a The c r y ~  of 7 c.omlai~ts two s ~ l y  i l ~ k m E  ~ s ,  7A and 715. 
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C:141 
CIgi CIlO) ~ i  

CI41 ~ CN 

a = o p ~ e  (6). 

C[I~ 

CII,~I 

C[SI c l lo t  ~ l l t  

c. I t  C Clli 

Cti) Se 

C ~  C;3~ C~21 

111 

lmhml c o a q x x u ~  6 and 7 ~ ,  w ~ l :  delcro 
minat ~ s i g t  aysmi x.-ray saucsmc amayscs. 

l i a m l l i  

2.z. s ~ / s i ~  

i ~ , , . , ~ . e  mules m t e  [ 3 ~  

s y i l i c s i s  o l  &-7. CIclm i c l c l i l l s  lac ~ f f  1,2- 

l / t t , , "  ~ i ~ $ / l l  

t i vdy .  1 " ~  [ 3 ~  4--7 me o n m ~  
m i l i  so&is, w l c b  I R  s o t l l t  in b c a i l l ~  tohlmc Imd 
d h ~ ~  

2.2. Mo/z, ca/ar  ~ n c m r e s  o f  ds~ 1 ~ 2 ~  
c o ~ e ~ a - 1 3 b t ~  ~ a~d 7 

l ; l im metvaa i  to i l  X-my ~ d m a m i n i o m  a f  
6 u d  7 I n  g i v m  in TIditc 1, I and s c k ¢ l a i  braid 
lcngltis Imid m g k s  iac lislcd in Tabtc Z Thc m o t c u /  
l x l l i m l s  o f  6 and 7 iac showu in Hlls. l m i d Z  

The  ~ o f  k ~ m c ~ y ,  FI~CsH4- )  2, 
is o ~  s l i g ~  tsmmxl i s / c  [ 3 ~  i m t  
7. T / m , o  c y c i o i = m l n y l  flags me almoa lml i e i ,  
the aagle it at ime ( ~ g  _-','...','-Fe--.mg ,',',,~,') 
177,3 ° ia  6 and 176.6 ° in 7A or  176."i ~ bm 7 1  The 
I]datomic t x i d ~  is s o m c w l ~  too lal3c for  ,k,- mcta/- 
Ioa:ae ,,~t; t h = ~  t,e ~ i  ~ ~ 
a l e  i ~  ~ a w a y  ~ / ~  i 

n / / ~ i  I ~ i l i l  8 1 1 /  

t " " " i i t l l  

C3~D-406432 and CSD-406433, i ~ ~ i  / .,.4 
joml  c l i ~ .  

Ct4) CISl 

7A 

T~I,.I,. 3 
II-l, ° C  V'rse. "gSa ami tlSTe ~ / ~ ~ 
4-7 ( i  C, l~)  

i "  4 $ 6 7 

811~,Z5) 4,.06 4Jo~ 4.1O 
3,/[sa111(2,5)) 10.4 !1,.0 ILl 
8111[3/4) 4.26 4.22 421 
4.RSal B[2.4)) 7.2 7Jf 7.4 
61B[SIM¢) 0.37 0.45 0.51 
2 j ( l l ~ l H i )  ~ .5L4 ~'7.6 

5i3~1) T2.1 71..7. 71.7 

~lJi(-e-'d~13C( I )) 5.1 9.0 9-3 
2.,'(n¢,'~-°C(I)) - -  - -  5 J  
6 °C(2/5) 74.1 74.1 74.5 
2 ~ k 1 ~ / $ ) )  ~ 61.8 60..5 
8i3~3/4) 71.4 70.9 71.1 
3./(~tnC~3/4)) 470 47.4 45J 
5 ° ~ )  --4.4 --3.7 --3.4 
I 119 l l  ./( Sa C ~ )  4_~.2 3a3.0 364.1 
3./ (Sal~CM,)  3.4 4.6 4.2 
= ~ ' S z ~ a t ~ )  - -  - -  6.5 
2 ~ , ~ , 3 C I )  - -  _ _ 

8roT© - -  _ _ 

4.10 
I1.0 
4.11 
7.0 
0.61 

56,6 

70.7 

9.0 

71.0 

--1t.4 

3.1 

ILO 

-70.7 

~ 1 . 4  

- 1 2 5 ~  

• j (ilik if melvid, Ii cmpli8 m "~Sn is li~L 
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T ~ l e 4  
tH, 13C, 775e, ~ S n  and ~Z~Te NMR data for 1-3 and I,l'-bis0rimethylstannyl)fen~cene (8) 

Parameter a Fe(CsH4SnMeaCI)2 1 Fe(CsH4SnMe2H) 2 2 Fe(CsH4SnMe2) 2 3 Fe(CsH4SnMe3) 2 8 [8] 

I [-[(2//5) 4.08 3.99 4.34 4.07 
3J(Sn~ H(2,5)) 9.6 9.4 9.8 10.5 

n H(3/4) 4.25 4.23 4.22 4.28 
~?{sa~ut3A)) - -  - -  - -  5.6 

t H(SnMe) 0.55 0.26 0.40 0.29 
3J(SnIH~) - -  - -  15.4 - -  
~./(t HI Hu~:) - -  2.2 - -  - -  
2J(l lgSnl  H~,u ) 60.9 57.9 50.2 56.0 
~13C(1) 70.7 65.8 77.8 69.2 
IJ(HgSn13C(D) 590.0 515.4 338.9 492.5 
zJ(Sat 5C ¢,e ) - -  - -  49.9 - -  

t3C(2/5) 74.5 75.0 74.8 74.4 
2J(SnI~C(2/5)) 66.9 53.8 44.6 51.8 
8 t3C(3/4) 7ZO 71.4 69.5 71.2 
3J(SnJ3C(3//4)) 51.2 42.4 32.7 40.3 
613C(SnMe) - 1.1 - 7.5 - 8.2 - 8.6 
2J(Snt3C~) - -  - -  74.2 - -  
Ij(119SIII3CMe) 415.6 371.8 227.0 357.8 
6119Sn 125=5 - 102.4 -- 43.4 - 4.2 
IJ(ngSnttTSn) - -  - -  5274.0 - -  

J (Hz); if  resolved, the coupling to ttgsn is given. 

eny[ r ings be ing  3.4 ° in  6 and  4.3 ° in  both  7 A  and 7B. 
The  r i n g - f i n  bond  l ies nearly in the plane o f  the corre- 
spore:ling cyclopentadienyl  r ing  in 6 ( f l j  = i °, f12 s 
2.3°), whereas  i t  i s  somewhat  more  bent  ou t  o f  this  
p lane (away f rom Fe) in 7 A  ( / ] ]  = 5.5 °, fi2 ffi 7.5°) and 
715 ( f i l  = %9°, /32 = 4.50) . The  most  s igni f icant  differ-  
ence between 6 and 7 l ies in  the conformat ions  o f  the 
two r ings  in the fen'ocene moieties.  Whereas  the r ings  
are close to s taggered in the  se len ium complex  6 ( twist  
angle  ~-= 27.5°), they  are close to ec l ipsed  in  7 A  (~" 
4 .8  °) and  715 (~" = 4.4°); the ideal s taggered and ecl ipsed 
conformat ions  require 36 ° and 0 ° respectively.  (For  the 
def in i t ion o f  angles  ~ ,  f l ,  8 and ~" see also Ref.  [3].) 

The  bond  distances in  the SnESn  br idge  sys tem 
correspond to normal  s ingle  bonds, ef. [SeSnMe2] 3 
2 5 3 p m  av. [4] and [TeSnMe2] 3 2 7 5 p m  av. [5]. The  
angles  at  se len ium (101.0(I )  ° in  6) and te l lur ium 

(92.5( I )  ° in 7A,  91 .8 ( I )  ° in  7B) are also observed  in  the 
expected range;  analogous  angles  are found in the 
1,2,3-a'ichalcogena-[3 ]ferrecanophanes, Fe (CsH4Se)2Se  
( S e - S e - S e  100.7° [6]) and Fe(CsH4Te)2Te ( T e - T e - T e  
91 .6( I )  ° and 93 .9( I )  ° in molecules  A and B respect ively 
[7]); the angles  at Se (100.8 ° av. [4]) and Te  (96 ° av. [5]) 
in the s ix-membered r ings [ESnMe 2 ]3 are qui te  similar.  

2.3. NMR spectroscopy 

N M R  data  o f  the new [3]ferrecenophanes 4 - 7  are 
g iven  in Table  3, whereas Table  4 contains selected 
N M R  data  o f  1 - 3  and o f  l , l ' -b is( t r imethyls tannyl)ferro-  
cene (8), and Table  5 re levant  N M R  data o f  the bis(tri- 
methyls tannyl)chalcogeuides  9 - 1 2  for  comparison.  As- 
s ignments  o f  IH and r3C N M R  signals  were ach ieved  as 
described previous ly  t l l ] .  A typical  1H N M R  spectrum 

Td~e 5 
Selec,,ed NMR data of the bis(aimethylstannyl)chalcogenides 9-12, in C6D 6 solution 

Parameter (Me~Snl20 9 [9] (Me3Sn)2S 10 [10] (Me3Sn)2Se 11 [10] (MejSn)2Te 12 [10] 

813C(Sn.Me) - 1.9 - 2.5 - 2.3 - 3.4 
IJ(t tgsat3Cu~) 394.3 353.7 337.8 316.4 
3J(SnESn'~C~) n.m. a 5.5 - -  - -  
2 J(77SeSn13Cue ) - -  - -  6.4 - -  

8119Sn 124. I 87. I 42.7 - 68.2 
2j(i 19Snl i?sn ) 347.3 215.8 232.7 226.8 
IJ(t tgSn775e) - -  - -  1087.0 
IJ(125Tg~t 19Sn) - -  - -  - -  28~.0 

6775e - -  - -  -549.9 - -  
6 1 2 ~ T e  . . . .  1232.1 

n.m. ~ no~ [ne, asure, d. 



M. Herberhold et ol. /Journal  of Orgcxwn~'fallic Chemistry 533 (1997) 109-115 1[3 

_ 1 i  . . . .  

i 

6'H 4 3 2 I 0 
I~g. 3. 250MHz I H NMR s ~  of 6 showing t°/llgsn satellites 
as maAed. 

is shown in Fig. 3. Reaction mixtures are readily ana- 
lyzed by t3C NMR spectroscopy as shown in Fig. 4 for 
a mixture of 3 and 4. Mutual ass i~n~ . ,  t of  tH and ~3C 
NMR signals follows from 2D C / t H  hetemnuclear 
shift con-elalions as shown in Figs. 5 and 6, togethor 
with the information on relative sign~ of coupling con- 
st~nts J(I]'~/|]gSn,]3C)and j(tlT/II9SII, IH). 

The NMR data set for the new [3]~erroconophanes 
4 - 7  is in full accordance with the proposed swncmre. 
The r e ~  changes in beth 8 nOSn values and coupling 
constants J(ngSn)~Cu~) (parallel to those in the series 
9 - 1 2  in Table 5) as well as IJ(IIgso,13C(1)) indicale 
that the f ~ n o p h a n e  structure does not enfow.e any 
par~calar swain on the Mc2Sn-E-SnMe 2 moiety, as is 
confmm~ by the sWactural parameters for 6 and 7. 

A linear relationship between the bond angle Me-  
Sn-Me (~ )  and the coupling constant I|J(n*Sn)3C~e)l 
has been proposed [13]: IIjI = 11.4~b- 875. This cone- 
lation does not hold for compounds 6 with I~Jl= 
364.1Hz and ~b= 114.1 ° ( ¢ , , ~  = 108.7 ~) and 7 with 
[ tJ[f336.SI- lz  and ~bffi 111.4 ° ( ~ , ~ d ~  106.3°). An 

C(2,5) 

C(1) 

I 

C0,4) 

:(2.s) C(3,4) 

~4 

Fig. 4. 125.8 Mliz '3C{' H} NMR spectrum of a t~cliou mi~twe of 3 
and 4, n~mded by usiag the nffccmed INEPT pulse sequence [121 
bascd Of/2"3j(13C, IH).  T[~ 11"f/119S~ 5 i~P~ i~  ~ ~ by ~k~f- 

isks. Fmucene (~,) is i~esent as an impurity. 

~u c 74 73 72 71 

I CO.4) 

.405  

-410 

70 

Fig. 5. ~ plot of the 62.gMHz 2D UCltH h,a~.lesr s~ 
cenet,~tlon of 7 showing t~e ~ 2 , 5 )  a ~  ~C(5,4) ~ w ~  
~peaks a~xm~C to J("~/"*Se)~C) ~ ./(~rv/~e.f~)l~ The 
lib of the o ' m s - l ~  imlicae~ alike sigm of ~e coel~i~ c a ~ t ~  

additiooal re [af io~Jp  betwee~ ~ a,Qd 12J~|IgSLt.HI,~)~ 
has also been ~ml~sed [13]: ~=O.0161 t'SI'- 
1.32[2j[ + 133.4. The calculated v a h ~  ~ = I]1.0" 
(6) and '~oJ~.d ~ 110.3° (7) also differ sc~ewha/f~ma 
the experimental values of 114.1 ° (6) ~ 111.4° (7). 

mainly oil the bond angle S I~E-Sa  a~d ou the 
of E. In onler te discuss these de,a, tbe kaowkdge o f  
the sign of  2J is required. In die cases o r e  = S [14,10], 

4i 

4 2 0 -Z -4 

Fig. 6. ~ p ~  of the 62.9Mliz 2D '3C/Ill ~ rAift 
con~miou of 7 slu~mbg the '~C~l) ~ ~ cms~peal~ 

sad ~ a small pmidve tilt ~ ~H(3,4) ( , ~  ~ 
signs of 3J('7/"gSa,'3C(11) told "J~ "~/u*Sn, q-E3,4)). 
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S¢ [I0] and 're [I0], a negative sign of 2J(Sn,Sn) has 
been e x ~ t a H y  ~ In the case of E = O, a 
positive ~ was proposed for R~Sn-O-SnR~, includ- 
iag de~v~ives with a linear Sn-O-Sn an'angem~t 
[15]. This is in 2 . , a ~ t  with the obse~ed solvent 

of J(Sn,Sn) in staonoxa~s [9], where 
sma]k~ valu~ 2J(Sn.,Sn) indicate a more acule bond 
angle Sn-O-Sn. However, a change of the sign of 
2.~Sn,Sn) in the fragment Sn-E-Sn was not considered 
in the disct~ion of the relationship betw¢on 2j(Sn,Sn) 
==d the ~ angle Sn-E-Sn [16]. 

The magnlmdes of the coupling constants 
2j(llgs]gt~llTsgl) for 4 -7  are similar to those for 9-12 
(Table 5). In the case of 4, tbe solvent dependence of 
~J(S~,Sn) is analogous to 9. Tbe~fore, a positive sign 
of 2j(Sn,Sn) is proposed for 4, although the coupling 

2j(SII~n) arc i l c ~ v e  in S--7. 

x ~ seaim 

3.1. General comments 

An compounds were rcettinely handled under an 
~ of At, and solvents we~  carefully dxied and 
fleshly distilled before use. Chromatography was car- 
ried om using columns (dlamm~ 2-3  cm, length 30cm) 
filled with degassed and Ar-sannmed silica (Merck, 
Kiesdgnl 60, 60-200 mesh). The starting compoonds 
l,l'-b~chloredime~ylsuumyl)ferrocene (1) [3], l , l '-  
b i s ( ~ i s U m n y l ) f e r t o o m e  (2) [3] and 1,2-t~tra- 
methy|-l,2-distaona-[2]feaoconopbeae (3) [3], were pre- 

following l i~un-e  procedures. Melting points: 
510. El (70eV) mass spectra: F'mnignn MAT 

The most intense peak of I ~  .*=imnl~tt~l. 
m a s s 8 5 0 0 "  is listed. ~ S ~ ' C ' ~  t~C, "gsn  

N-MR: Brn~_.~ ARX 250, recorded for dihm~d solutions 
(ca. 5-10%) in 5ram robes at 2 5 ±  I°C if not men- 
tioned otherwise. Chemical shifts =re given with respect 
m Me4Si [B]H(C6DsH) 7.15; ~3C(C6D 6) 128.0]' 
M~4Sn [~=~(ll9sn) = 37.290665 MHz], Mo2Se [..~('nSe) 
= 19.071523MHz] and Me.,Te [~(=2STe)= 
31.5497 MHz]. 

3.2. 1,3-Bis(dimethylstanna)-2-chalcogena-[3]ferro- 
cmophanes 4--7 

3.2.1. From 1 and Li2E (E = O, S Se, Te); general pro- 
cedure 

A solution of 0.25 g (0.45 mural) of I in 10ml of thf  
is added to 0.45nm~l LizE in 10ml of thf, ~ l  the 
mixtere is stimut for 2 h. The solvant thf is removed in 
va¢~o and the residue is dissolved in bexane. Insoluble 
malcainl is tilt=rod off aed the hexane solnlkm is brought 
to th~ess.  
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3.2.1.1. 1,3-Bis(dimethylstanna)-2-oxa-[3]fcrro- 
cenophane (4). Complex 4 was purified by sublimation 
to a cooling finger (15 °C) to give 0.21 g (94.2%) of an 
onmge crystalline solid (m.p. 74°C). [] MS: m / e  (% 
tel. intensity) =498 (80) [M+]; 483 (20) [M+--Me]' 
468 (100) I'M+-- 2Mc]; 334 (30) [ M + -  SDM~20]' 304- 
(23) [Fe(CsH4)2Sn+]. 

3.2.1.2. 1,3-Bis(dimetb, ylstanna)-2-thia-[3]ferro- 
cenophane (5). Co~, iex  S was Imrified by chromato- 
graphy on silica (using dichlommmhaoe for dmion) to 
give 0.19g (82%) of 5 as an orange ~s~al l ine solid 
(m.p. 75°C). [ ]  MS: role (% tel. inteasity)=514 
(100) [M+]; 499 (47) [M + - Me]; 484 (66) [M + - 2Me]; 
334 (44) [M + - SnMe2S]; 304 (60) [F~C~H4)2So+]. 

3.2.1.3. 1,3-Bis(dimethylstanna)-2-selena-[3]ferro- 
cenol#ume (~). Complex 6 was laaffaal by dmmmto- 
graphy ou gilie~n (truing [ [ ~ h ] 4 ~ l a J l ~ P ~  ( 1 / I )  
for elation) to give 0.22 g (85%) of 6 as an ¢¢ange 
crys~lline solid (m.p. 85°C). [ ]  MS: role (% ~L 
~ m ~ , y )  = 560 (1co) [M+]; 545 (24) [M*-  Me]; 530 
(22) [M + -  2Mc]; 515 (20) [M + -  3Me]; 334 (12) [M + 
- SnMe2Se]; 304 (22) [Fe(CsH,)2Sn+]. 

3.2.1.4. 1,3-Bis(dimethylstamma)-2-tellura-[3]ferro- 
cenol~ane (7). Complex 7 was p m i f ~  by d e e m m ~  
graphy on silica O,~in s diehlommethane-hexane (1/4) 
for elufion) to give 0.(~g (28%) of 7 as an orange 
crys~ni,~ solid (m.p. 90°C). [ ]  MS: m / e  (% rd. 
inte~ity) = 610 (80) [M+]; 595 (70) [M + -  Me]; 580 
(40) [M + - 2Me]; 334 (84) [M + -- SnMe2Te]; 304 (100) 
[F~C~H4)2 Sn+]. 

3.2.2. From 2 and elemental chalcogen,- general proce- 
dare 

A tolueae solution (20ml) of 0.1g (0.21 retool) of 2 
is [mmpared and excess chalcogen is added in one por- 
tion. The mixture is I~u~-J to ==flux for 12h. Toluon¢ is 
removed and the residue is dissolved ~n bexane. Afcr  
filtration the bexane is evaporated to give the [3]feno- 
cemphanes 4 -7  in yields up ~.~ 90%. 

3.2.3. From 3 and elemental chatcogen 
In ~ to the ~ des~bed ~. S e c ~ n  

3.2.2, the re.a~on of 0.1 g (0.21 retool) of 3 in 10ml of 
tolueae in the wesenee of excess udfm, selanium or 
tclhn4um elfoeds 0.1 g of 5 (91%), 0.11 g 6 (93.5%) and 
0.10g 7 (79%) nuipecfively. 

3.2.3.1. 1,3-Bis(dimethyistanna)-2-oxa-[3]ferro- 
cenophane (4). Method 1: a solu~on of 0.1 g 
(0.21 retool) of 3 in 10ml of tolnene was slim:d in the 
presence of air for 12h. Yield: 0.03g (29%) 4. 

Method 2: a solution of 0.1g (0.21retool) of 3 in 
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IOml of  thf  was stiffed in the wesence of  5mo1% 
NaOEt under air. Yield: 0 .04g  (38%) 4. 
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