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Summary The [ammine(q5-cyclopentadieny1)dicarbonyl- 
iron(11)] cation and the neutral complex, amminepenta- 
carbonyltungsten(O), form 1 : 1 adducts in solution with 
18-crown-6 and dibenzo- 18-crown-6 by virtue of hydrogen 
bonding between the ammine ligand in the transition 
metal complex and oxygen atoms of the crown ether; 
a crystalline adduct, [W(CO),NH,.dibenzo- 18-crown-6], 
has been isolated as a benzene solvate. 

SINCE the concept of co-ordination of transition metal 
complexes in the second sphere was introduced by Werner1 
in 1913, i.r. spectroscopic evidence in the solid state and in 
solution has emerged for hydrogen bonding (N-He * ex) 

between ammine ligands (NH, and RNH,) in both neutral 
platinum, and cationic ruthenium3 complexes and electron 
donor atoms (X) present in other ligands, counterions, or 
solvents. The observed c.d. of [CO(NH,),]~+[C~O,],- in an 
aqueous solution of dietliyl L-tartrate has also been in- 
terpreted4 in terms of some mutual orientation as a con- 
sequence of hydrogen bonding between the two species. 
In view of the well known5 ability of 18-crown-6 and its 
derivatives to form strong adducts with NH,+ and IINH,+ 
ions by multiple hydrogen bond formation, i t  seemed 
possible that transition metal ammines would complex via 
ligating ammonia (M t NH,S+) with crown ethers in a 
similar manner. Here, we present spectroscopic and 
analytical evidence for the formation of discrete hydrogen- 
bonded 1 : 1 adducts between crown ethers and both cationic 
and neutral transition metal ammine complexes. 

The i.r . spectrum of [Fe ( y5-C5H5) (CO), (NH,) I+ [ BPh,]- 
(ref. 6) in CH,C1, solution exhibits two strong CO stretching 
bands, a symmetric vibration (2065 cm-l) and an anti- 
symmetric mode (2018 cm-l). Addition of 1 mol. equiv. of 
dibenzo-18-crown-6 (DB18C6) results in a shift of these 

bands to 2057 and 2010 cm-l, respectively. Addition of 
more than 1 mol. equiv. of DB18C6 produces no further 
change in the carbonyl region of the spectrum. This shift 
to lower frequency is consistent with donation of electrons 
from the oxygen atoms of DB18C6 to the complex ion, 
where the extent of electron transfer from metal d-orbitals 
to CO r-antibonding orbitals is correspondingly increased, 
resulting in weaker CO bonds and hence lower stretching 
frequencies, By contrast, for the analogous pyridine 
complex,’ [Fe(q-C,H,) (CO),(C,H,N)]+[PF,]- in CH,Cl, solu- 
tion, no shift in frequency of the CO stretching band occurs 
when DB18C6 is added. Our conclusion that hydrogen 
bonding between DB18C6 and the NH, ligand in [Fe- 
(q5-C5H5) (CO),(NH,)]+ is reponsible for the formation of 
a 1 : 1 adduct, and hence for the observed frequency shift, 
was confirmed by 1H n.m.r. spectroscopic studies in CD,Cl,. 
On addition of 1 mol. equiv. of [Fe(q5-C5H5) (CO),(NH,)] +- 
[BPh,]- t o  DB18C6, the AA’BB’ system for the -OCH,- 
CH,O- protons, originally centred on 6 3.95 and 4.13 in 
the spectrum of the free crown, appears a t  8 3.85 and 4.12 
along with additional resonances a t  6 2.15 br. (s, NH,) and 
4-52 (s, C5H5). These chemical shifts are to be compared 
with the 6 values of 1.52 br. (s, NH,) and 4.72 (s, C5H5) in the 
spectrum of the pure ammine. The 1 :  1 adduct [Fe- 
(q5-C,H5) (CO) (NH,). 18C6]+[BPh4]- affords the partial spec- 
tral data: 6 1.90 br. (s, NH,), 3.55 (s, OCH,), and 4.96 
(s, C5H5), c f .  6 3.58 (s, OCH, in free 18C6). Two comments 
can be made with reference to the spectral data for the 
pure ammine: (i) the shift of the NH, signal to lower field 
on addition of either crown indicates that the NH, ligand 
becomes involved in hydrogen bonding, and (ii) the shift 
to higher field of the C5H5 signal in the 1: 1 adduct with 
DB18C6 (which is to be contrasted with the shift to lower 
field of the same resonance in the 1: 1 adduct with 18C6) 
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can be explained by shielding of the C5H5 protons by the 
aromatic rings of DB18C6. On cooling the CD2C1, solution 
of the [Fe(q5-C,H5) (CO),(NH,) .DB18C6]+[BPh4]- adduct, 
the signal a t  8 3.95 for the -CH,OCH,- protons8 divides 
(T,  -50 "C) into two signals (Av 50 Hz) a.t -90  "C. The 
derived AGE value of 10-8 kcal mol-l (45.2 kJ mol-l) can be 
associated with a process involving equilibration of the 
cation between the homotopic faces of DB18C6 and is 
indicative of strong adduct formation. This finding en- 
couraged us t o  examine the extent to which the neutral 
ammine [W(CO),(NH3)Ig associates with DB18C6. Indeed, 
a crystalline adduct which analyses for [W(CO),(NH,)- 
DB18C6.0.5C6H,] may be isolated from benzene solution 
and the i.r. (C,H,) and 1H-decoupled 13C n.m.r. (C,D,) spectra 
of this 1: 1 adduct show significant differences relative to 
the spectra of the two components.? 

Thus, crown ethers enter into second-sphere co-ordination 
with transition metal ammines in solution and can form 

crystalline adducts. Further investigations of our own,l0 
together with the publishedll X-ray crystallographic data 
on polymeric structures in which 18-crown-6 is hydrogen 
bonded to aqua ligands co-ordinated to CoII, MnII, and Uvl, 
suggest the potential existence of a large family of discrete 
adducts in which transition metal complexes are bound to 
crown ether ligands by formation of hydrogen bonds. 
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t v(C0) 2067 (Al@)), 1923 (E), and 1900 (Al(l)) cm-1; cf. i.r. da ta  for [W(CO),NH,]: v(C0) 2057, 1912, and 1880 cm-l: 6 (Me,Si) 
198-73 (COci8), 200-89 (COtrans), 67.21, 69-79 (OCH,CH,O) p.p.m.; cf. 13C n.m.r. da ta  for [W(CO),NH,] 198.66, 200.59, and for DB18C6 
69.29, 70.17 p.p.m. 
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