488 Coordination Chemistry Reviews, 66 (1985) 488—503
Elsevier Science Publishers B.V., Amsterdam — Printed in The Netherlands

Chapter 7
THE HALOGENS AND HYDROGEN
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7.1 THE HALODGENS
7.1.1 The Elements

Progresse in electrochemical fluorination has been reviewed by
19

Watanabe:1 extensive tabulations of F n.m.r. data covering the
period 197%-1981 have appeared in a recent report by WIay.z

Jolly and Eyermann3 have presented interesting evidence for the
2" The
relevant data for the halogens and the diatonic interhalogens are

shown in Table 1.

unusually strong lone palr interatomlic repulsions in F

Table 1. LOIPs, Icnization Potentials, and A Values for Halogens
and Intexhalogens {eV)

melecule LOIP IP(m) IP(7™) A
F, 17.94 18. 80 15. 84 -0.62
c1, 13.12 14.42 11.61 -0.10
Br, 11.85 12.85 10.68 -0.08
I, 10.35 11.21 9.51 0.0l
ClF 15.09 17.06 12,79 -0.16
ICcl 11.56 12.88 10.24 0.0
1Br 10.59 12.09 9.99 0.45

0010-8546/85/505.60 © 1085 Elsevier Science Publishers B.V.
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The value of A in this Table ise equal tec (IP(mw) + IP(n*)) /2 -
LOIP, where IP(m} and IP[w*] are, respectively, the m and ™
ionisation potentials and LOIP is the localised orbital ionisation
potential for the valence p orbitals if they were non-bonding {(or
the average value for heterodlatocmics). Christe4 has criticised
the views, proposed by Cartwright and Woolf and others, that
positive flucorine is a reality.

The attack of F atoms on MeI mclecules occurs to a small extent
by reaction (1]35 i+ is possible that this process is accompanied

F + Mel - CH3F + I e {1)

by an inversion at C. The reactions of F2 with the phenyl
derivatives of Sn, Ph, Ge, 51, Hg and Tl have been studied in corder
to develop a general method for labelling aromatic compounds with
lBF.G Chemical yields were as high as 70% from certain tin
compounds, altheugh the radiochemical yleld was only 38%. Several

18

hundred millicuries of F—F2 can be produced with a small medical

cyclotron using deuteron irradiation of a mixture of 0.5% F, in Ne
at an initial pressure of 4 atm. ’

The low temperature fluorination of R2Hg (R = Me, Ph) in CFC13
with diluted F2 Erovides good yields, 26 and 40% respectively, of
MeHgF and PhHgF. 15=Difluorcaminopentadecancic and l2-difluoro-
dodecanoic acids have been prepared by direct fluorination of the
corresponding lactams with F2 in agqueous MeCN.g The NFz—group
stability in aqueocus solution was studied as a function of pH and
the advantages of using CH2NF2—groups rather than CHzF-groups as
labels in organic compounds were stressed.

Fluorine interacts with graphite in the presence of liquid HF and
intercalation occurs wilth the formation of the second=-stage salt
C12+HF2- within 2h at 2O°C.lO Further reacticn produces a first-
stage material CxF (5.4 >x>1.9) which is essentially free of HF.
Electrochemical reduction of first-stage materials having x> 2.4
was also demonstrated by Mallouk and Bartlett and, conversely,
electrochemical oxidation of graphite coculd be effected through to
a first-stage compound having a minimum value of x=2.6. Selig
and coworkersll have demonstrated that pure F2 does react with
highly oriented pyrolytic graphite (HOPG) albelt slowly: the rate
was shown to increase with increasing F2 pPressure. The presence

of traces of compcunds such as AsFg, IFg and OsFg was found to
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enhance the rate of reaction. The products of intercalation were
significantly better basal plane conductors than those cbtained

by Mallouk and Bartlett. Interestingly the room temperature
e.s.r. signals from HOPG and from the initial reaction product may
ke used to detect the onset of reaction.

Through the nuclear radiative time-dependent angular distribution
(DPAD) technigue an increasing amount of nuclear guadrupolar
interacticn data is being obtained for the 7 = 129ns isomeric
state of the excited, I = 5/2 state of the l9F nucleus.12 Both the
gquadrupole coupling constants and asymmetry parameters in fluorine
compounds are thus measurable: recently data have been reported
for a number of fluorcbenzenes.

The solubility of Cl2 in molten MaCl, in NaCl—-CsCl eutectic and
in chlorcaluminate melts has been determined by a manometric
method.13 Asymmetric chleorination or bromination of unsaturated
carboxylic acids has been achieved by the action of the halogen on
the ecrystalline cyclodextrin complex of the acid.l4 It was
established that the gas-solid reaction is topochemically
controlled by the lattice of the complex. MNDO calculations have
been used to throw light on the nature of the reaction of Cl, with
H,0, in basic media in which 0, ( A) is the prlnc1pal product of

1nterest.15

7.1.2 Halides

The linewidths of the F ls X-ray p.e.s. of the binary noble gas
fluorides and of other fluorinated compounds have been shown to be
due tc vibrational broadening and not, in the case of XeFG, to
inequivalent fluorines.l6 The 19F MAS-NMR spectra at 282.3MHz of
synthetic fluorocapatite, CaEF(PO4)3, and of fluoridated
hydroxyapatite probe all the fluoride present for crystalline and
amorphous samples whether the fluoride is adsorbed or not.l? The
appearance of the spectra is, however, very sensitive to the form
of F .

The reaction of CsF with 502 in an Ar matrix produces a species
with absorptions characteristic of the SO,F anion.'® mThe
2 Fau vielded SOF3 (cs geometry}
and 502F3 + With a structure related to that of ClozF3 Attina et
al.lg have demonstrated that activated nitro-groups can he
displaced efficiently by [ F] fluoride icm to prepare labelled

aryl fluorides. Solvent-free phase transfer catalytic fluorina-

analogous reactions with S0F, and S0
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tions of aliphatic chlorides or bhromides by KF have been
described:zo the water content of the KF and breakdown cf the

catalyst, e.g. a guaternary ammonium or phosphonium salt, have a
major effect on the yields. Brown and Clark21 have prepared an
ionic and a covalent form of Ph4PF from the HFz_ salt.

An unusual trinuclear complex Ph3c+[(Ph3CNWCl4(u—F)}2WNC12]_ is

the product of reaction of Ph,CBF, with Ph,As[WNC1,] and has been
22

shown by X-ray methods to contain unsymmetrical W-F---W bridges.
The MoFMo bridges in [Mo, (u-F) ;H,(PMePh,) | (BF,), were found to

have angles of about 980.23 Ion cyclotron resonance F -transfer

equilibrium measurements have been carried out with a wide range
of Bregnsted acids;z4 accurate binding energies of F~ to these

species were obtained, e.g. in HF, , 38.6 kcal. mol '. Within a

homologous series of acids the correlation of gas phase acidity

with fluoride ion affinity is quite clear, Figure 1. Ault?" has
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Figure'l. Correlation of flucride binding energies with gas phase
acidity of Brgnsted aclds (reproduced by permission
from J. Am. Chem. Soc., l05(1983)2944).

discussed the chloride and fluoride lon affinities of neutral
species, as determined by gas phase lon cyclotron resonance
studies, with those calculated for a number of M* cations, Table 2.
He points out that there must be strong ion pair interactions in
matrix-isolated specles formed by salt-molecule reactions to
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Table 2. Halide Ion Affinities of Alkali-Metal Cations and

Selected Neutral Lewis Acids.25

F&, CA, Leewis Fh,

Cation kcal/mol kcal/mol acid kcal/mol
it 180.5 150 HF 50
wa’t 151 130 SiF, 68
o 136 115 BF, 71
Rb” 131 110 COF, 34
cst 128 110 co, 32
m* 162 148 S0, F, 43
cu?t 186 179.7 PF 71

counterbalance the disparate wvalues for the tabulated affinities.
These interactions are presumably the origin of the distortions of
the anionic species reported in the literature.

Chloride anion complexes formed by some protonated cryptands,
macrobi~ and macro-tricyclic polyammonium'species, have been
studied by Cl, lH and 13C n.m.r. spectrogccpy.26 Kintzinger et
al. showed that cryptate formation induces very large chemical
shifts and pointed out that the quadrupolar coupling constants
are consistent with appreciable field gradients at 1™ due to
deformation of the coordination shell. The I--TI contacts
27 for p1,"AlI,” (3.39-3.458) and p,I AlL,”
(3.43-3.763) are significantly shorter than the sum of the van der
Waals' radii (4.30%). The partial oxidation of [Ptdiencl]Cl with
I, in aquegus HI yields [PtdienI]+[Ptdien(I)3]+[I_)2 as bronze
crystals, The structure of the product has well-defined Pt(II)
and Pt (IV) sltes linked by bent iodine bridges, angles 153° and
158°. certain PA(II}) iodide complexes react with Ié to form
adducts in which coordinated iodines on adjacent P4A(II) molecules
are linked by I

reported by Pohl

2 molecules;29 this 1s in contrast with the
behaviour of the analogous chlorides and bromides which tend to
form PAd(IV) complexes.

7.1.3 Interhalogens and Related Species

Stable cationic complexes of At+ with thiourea and related

ligands have been investigated in aqueous solution by

measurement of their ionic mobilities.3o The complex claimed by
Batsanov et al.>1? to be [ClFé][CuF4] is now thought to ke
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31b  1he molecular ions of the methyl esters of

[Cu(H,0) ,)S:F,.
chloro—-, bromo-, dichloro- and dibromc-acetic acids undergo

in the gas phase.32 Novel types

2
+
of hypervalent structures, e.g. MeXCH2+ and MeXCHX , X = Cl1,Br,

are proposed for the resulting radical ions and-thelr relative

unimolecular elimination of CO

stabilities have been estimated by calculations. MNDO calculations

have been reported for a wide range of triatomlc and diatomic
species containing F, Cl, 0 and H.33 Amongst the most stable
isomers predicted were C1C1F+, FClF+ and HFCl+.

Studies of the reactivity of C1F3, BrF3 and BrF5 with
perfluorinated aromatic hydrocarbons have shown that the

interhalogens are more reactive in the presence of F ion

acceptors.34 The 1:1 adduct of ClF3 with BiF5 has been recently

described:35 it was reported to ionise in MeCN to give C1F2+.36
Christe and Wilson3? have successfully prepared the BF4_ salt of

ClFs+ by reaction (2) in anhydrous HF. This new salt 1s stable

-78%
—2°—=> CsBsF + + CIFBF,  ee (2)

ClF_AsF 4 6 6

6 5 + CsEF

at room temperature but decomposes in vacuo at ca. 70°c. The
hexafluorcarsenate is produced in good purity by the oxidation of
ClF5 and AsF5 with KrF2 in either C1F5 or HF:38 it is stable up to
110°C in a dynamic vacuum and is isctypic with IFGABFS. On the
cther hand the analogous reaction of KrE‘z,ClF5 and SbF5 produces
not only ClE‘GSbF6 but also C1F4SbF6 and Ker.nSbFS.

Bis (guinuclidine)bromine (I}, a stable complex cation, has been
prepared as its BF4- salt and the structure de.-termined.__39 The
cation has a linear N-Br-N arrangement but with unequal Br-N
distances, 2.156(2) and 2.120(2)8, in this salt. The actlon of
BrSOaF on graphite yields a series of intercalation compounds.
Br(SO3F}3 but the
2" The
reaction cof NFqsts with excess BrF3 cannot be used to obtain

satisfactory thermochemical data owing to the cccurrence of
41

40

Oxidaticon of ClzBrSO3F with 5206F2 produces Cls

reacticn may be reversed by treatment with excess Br

unwanted side reactions.
The 142+ cation has been fully characterised for the first time
by the preparation of the compounds 14(A5F6}2 and I,({sb F14)(SbF6)
and the determination of their crystal structures. The I42+ ion
has a rectangular structure and may be considered to consist of

two 12+ caticons, average I-I = 2.5?83, held together by two long,
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3.264&, interactiona. The crystal lattice of Co(NH3)617 is

comprised of nearly octahedral CO(NH3}63+, linear symmetric I3 .
2

and slightly bent, but symmetrical I, ~ iomns; the I-I distances in
142_ are 3.351(1) {twice} and 2.791(2)2, as compared with 2.918% in
I3_.43 The Pd(II) and Pt(II) complexes of the macrocycle
tetrabenzotetraazacyclohexadecine, TAAB, both stabilise lattices
containing the 182— dianion. Attempts to prepare the Ni{II)
analogue failed when MeCN was the solvent: the product cbtained
was [Ni(TAAB](MeCN)zj[I3)2, the crystal structure of which has now
been reported to help identify the role that the caticn
coordination plays 1n modifying the anion stability.44 These
workers, however, did succeed in preparing [Ni(TAAB}1IS from
ethancl scluticons.

Winfield and coworkers??

have shown that 12 1s oxldised by MOFG
in MeCN at ambient temperatures to form [I(MeCN),]MoF.. Accurately
reproducible coulometric titrations inveolving the coxidation of I
to IBrz_ in 4M HBr have been carried out using an iridium anode. 6
The same worker proposed an lmproved procedure for the purifica-
tion of I2 which is based on the precipitation of I2 from
saturated 10OM HI-—I2 solutlone by the addition of water. The X-ray
crystal structures of4;IBrzj[Sb2Fll] and [IBr, ,.Cl, ,c][sbcl.]
have been determined. Both structures consist of infinite
chainsg of cations and anione such that the lodine in each cation
achieves a trapezoldal four-ceoordination via cis bridges to the
5+ I,C17 and
Icl2 , as well as of an unlidentified higher polyiodide ion, have
been observed in the Raman gpectra of molten LiCl-CsCl and LiI-CsI

eutectics at 300—40000.48

anions. The symmetric stretching wvibrations of I

The crystal structure of
(2,2'-dipyridyl) ,78,” shows a linear N-I-N arrangement in the
cationic speciles.

Tebbe and Frﬂhlich50 have attempted unsuccessfully to repeat
the published preparation of MI{CN)z, M = alkali metal; however,
after 6 weeks the reaction of KCN and ICN in agqueous EtOH at 255K
vielded crystals of KI{CN]2.06H12N202. The same compound was
prepared more directly from KCN, ICN, and diiminooxalic acid
dimethyl ester, C leﬂzoz. The new compound contains the nearly

6
linear I(CN)2 anion (I-C = 2.3023] and octahedrally coordinated
K" ions. The molegular structure of monameric (indolyl-3)phenyl-

iodonium trifluorocacetate consists of a unidentate carboxylato
ligand trans tco the carbon atom of the indolyl group {(I-C =
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2.04?2); the phenyl group is egquatorial (I-C = 2.1283].5l
Phenyliodine (ITI) bisimidates have been prepared by reactions like

(3), where NR, represents the anion derived fram a range of

2

PhI(DCOCF3)2 + 2NaNR2 + PhI(NR2)2 + 2CF3C02Na e (3

heterocyclic compounds with an acidic NH group,'such as ilsatin or
2-pyrideone, but not from non-cyclic imides, e.q. (CF3CO)2NH.52

Diphenyliodonlium hexafluorovarsenate reacks with Cu(II) benzeoate in
methanel to give mainly PhI and MeOPh.S3 When th
ASFG_ salt then PhBr is also formed. The heats of formation of
PhIC1

Woolf.

IBr replaces the

2 and p-FC6H4IC12 have been determined by Cartwright and
54 They cculd also show that the thermal—- or photo-
decomposition of aryliodine dichlorlides are kinetically controlled
and that these compounds are better halogenating agents than

Ph3MC12 (M = P, As or 5b). The reaction of PhICl2 with sillver

4-nitrophenclate is quantitative, eguation (4), however attempts

PhICl2 + 2Ag0OC_H N02 -+ PhI(OC6H4N02)2 + 2hgCl ... (4)

64

to isolate the-iodine(III) diphenolate produced only PhI and
55 The 127

iodine (ITI) cations and related species, having four ligands and
S&

4-nitrophenol. I Mdsshauer spectra of a number of
two non-bonding electron palrs around I, have been recorded.
The MGssbauer parameters are dominated by the primary bonding to
iodine.

Iodine (V) fluoride can be mono-substituted by oxo groups using
silylated alcohols, carboxylates or siloxane itself to give stable

product5.57 Further substitution gives rise to unstable products.

7.1.4 Oxides, Oxide Halides and Oxoanlons
Shreeve 8 has reviewed the chemistry of fluorinated

hypofluorites and hypochlorites. & new method for the synthesis
59

of hypofluorites has been described. The method involves the
use of FOSO,F and is typified by the high yield synthesis of the
new hypofluorite TeF;OF, reaction (5). Perfluoroalkylhypo-

fluorites react with diflucroamines in the presence of alkali metal

CsOTeF. + FOSO,F » CsSO,F + TeFSOF + 2 {5)

5 2 3
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-142 to -78°

RfOF + MF.HNF RfONF2 + MF.HF . e (6)

2
fluorides (MF), equation (6), to produce the corresponding -ONF2
substituted perfluoroall-:anes.60 Thls method has been used to
prepare the known CF,0NF,, (CF3)20FONF2, and unknown FOCF,ONF, and
CF, (ONF,) 5, both of which are stable at ambient temperatures.

New far-i.r. laser magnetic resonance spectra have been detected
61

3-

to the :0,F radical on the basis of chemical and kinetic results

in the reactions of F atoms with 02 and O These are assigned
and also qualitative spectroscopy. The thermal decomposition of

02SbF6,
The Ar matrix-isolated products of reaction of F atoms and methyl

a known source of ‘O, F, also yielded the same spectra.

nitrite show characteristic i.r. bands of FNQ and another species
FON.62 Ethyl lodide is fluorinated by a suspension of CsS50,F in
MeCN with the formation of EtIFz, detected by the products of its
reaction with PhC=CH2.63 The reaction of HOC1 and NHCl2 is
general base catalysed.64 Since NCla, formed in this way, reacts
with NHCl2 to generate more HQCl the rate of decomposition of
NHCl2 1s accelerated.

The i.r. spectrum of matrix—-isclated chlorine nitrate shows
absorptions which may be associlated with both ClONO2 and
ClODNO:65 assignment of the spectrum of the peroxy-isomer was
reported. Incrganic hypochlorite ions, in the presence of a
guaternary ammonium salt (as phase transfer catalyst), not only
epoxidise several arenes to arene oxides in high yield but alsco

convert toluene to u—chlorotoluene.66

The study, by Hamilton and
coworkers, concludes that the reactions occur by a free-radical
mechanism involving Clzo and the Cl0- radical. Schardt and H11167
have reported a new synthesis of [180]—iodosylbenzene as well as
corrections to the i.r. spectrum of this compound. They stressed
its polymeric nature, a fact not recognised by many workers, and
that its solubility in, for example, MeOH 18 due to methanolysis

and the formation of bis(methoxy)iodobenzene, equation (7).

1(eh1oy  + 2Meon SESLCCANt ppr(one), + H,0 e ()
H,0
2

Although a direct exchange of oxygen between PhIO and Hzo does not
appear to occur 1n agueous solution labelling is facile in the
presence of methanol.
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The properties of ClO2 have -been reviewed by Massahelein.68 The
non—-photochemical reaction of 02/03 with C12 from -78° to -40°C
gives Cl(ClOB).69 Traces of water lead to the formation of C10
as well as HC1lO

2
3t HCl and small amounts of other chlorine oxides.
The gas phase reaction of pure 03 and Cl2 at 15°C and 3atm. yields
ClO2 as well as Cl(ClO3) and some c1(c104}. I.r. spectroscopy has

been used to study alkali metal chlorates in N,- ©or Ar-matrices.

70 2

Beattie and Parkinson have shown that there is a C3 axkls in

molecular CsClOB, isclated in an Ar matrix, and have inferred that
ClO3 functions as a tridentate ligand towards Cs.
Perchleorate and perbromate lons are partially protonated i1in

71

anhydrous HF; the Raman spectra Of such sclutlons show bands

attributable both to the anions and to the conjugate acids. From
this study it was deduced that HBrO4 1s 6 times more acidi¢ than
HClO4. Perchlorate coordinated to the Mg(II) centre has been
reported for the Mg(5,10,15,20-tetraphenylporphinato) radical

cation complex, Mg(TPP}Tclo =72 The relevant Mg-0 distances

O
(2.012%) 1is comparable with that (2.0298) in FeIII(TPP]+C104_ and

the distances in a number of related species. The kinetics of
reaction (8) have been studied in agqueocuns MeOH and MeCN.?3

Although the oxidation of Cl~ and Br by ClO4F does not proceed

ClO4F + 2I + F + Clo,” + T, ca. (8)
in aqueous solution according to Cady the oxidation has been shown
to occur in certailn other solvents, e€.g9. MeCN or DMF, The

uncantrelled reaction betweecn 102F3 and XeF2 leads to xer.IFS,
102F and 02; however, at lower temperatures evidence for adduct
formation has been studied.?4 The formulation of these adducts

has not been satisfactorily settled.

7.1.5 Hydrogen Halides and Hydrogen Bonding

The co-condensation reaction between HF and HCN produces two 1:l
H-bonded complexes 1ln an Ar matrix at lZK.?5 The less stable of
these, HF--+«HCM, 15 non-linear and lsomerises when the matrix is
warmed to linear HCN=---HF. The corresponding reaction between HCL
and HCN ylelds only the linear analogue. Under similar conditions
MeCN forme a 1:1 linear H-bonded complex with HF.76 Above 20K HF
diffusion cccurs and MeCN.nHF, n = 2 or 3, are produced. When HCI

is used instead of HF both 1l:1 and 1:2 adducts were detected.
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STO-3G and extended basis set calculations have been performed on
77 the results indicate that this should be
classed as a H-bonded complex,

Hass and coworkers?a have ilnvestigated the kinetics of the
reaction between gaseous HF and sclid CaC05. Pyridinium fluoride
hydrofluoride, e.g. py:HF = 3:8, has been used t¢ fluorinate P0x3,
PSX, and PXg, X = Cl or Br, to form pyH+PF6_.?9 5o
carbon anodes in molten KF.Z2HF has been studied electrochemicallyf

the results were sald to be consistent with the formation of an

the SOz-HF complex:

The behaviour of

insulating layer of solid carbon-fluorine compounds. Eguilibrium
vapour pressures of HF over Bal—IF3 and MHFzélM = Na, X or Cs, have
been measured in the range 0.01 to 1000Pa. The data were used
to derive ﬂH? values for the HF solvates. The nature of solutions
of KF and KHF2 in the HF-H20 gpystem has been relnvestigated by
electrical conductivity.82 The same group have also measured the
enthalples of sclution of NH4F,82 NH4HF2,82 NaHF283 and KHF283 and
hence derived the enthalpies of formation of the solid phases.
Asymmetric hydrobromination of unsaturated carboxylic acids has
bean effected by tha action of HBr on the crystalline cyclodextrin

14

complex of the acid. The 1.r. spectra of the 1l:1 complexes of

HI with NH, or NMe, have been examined éz four different matrix
environments, Ar, 02, Nz, C2H4, at 1QK. The symmetric I-H---W
stretch was found to be markedly dependent on the nature of the
matrix. A comparison with the spectra ofthe known XH-NH, and
KH—NME3 adducts shows that the H-bond is stronger when X = I.

The H-bond energy of HF2 ggs been recalculated using a lafge

the value obtalned, 169kJ mol —,
agrees with a recent gas-~phase ion cyclotron resonance

determination of 163 kJ mol-l. Simlilarly an improved value for

flexible Gausslan basis set;

the H-bond energy in HOHF was obtained and the corresponding
quantity calculated for MeOHF for the first time. Crystal
structure determinations of MF[HFz}, M = Sr ¢or Ba, have conflrmed

the interpretation of earlier n.m.r. studies, namely that the HF,

ions are asymmetric in these compounds.86 lgF n.m.r. studies of
solutions of alkall metal flucrides in aliphatic diols and

87 Miller et al. ceoncluded
that the chemical shilift data can be used only with caution as a
very rough estimate of the strength of the interactions.

TruterBaa has drawn attention to some errors arlsing from over-

carboxylic acids have been reported.

interpretation in the paper reported last year on the KF.malonic
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88b

- 8
acid crystal structure. Emsgley and coworkexrs °

continue their
study of H-bonding to F with a repcrt on the crystal structure of
CsF.succinic acid: here they identify chains of zlternate succinic
acid molecules and F_ ions linked through short H-bonds, O~-H-—-F
= 2.4493. Crystals of KF.HBPOB, mng. l?OOC, as cbtained from
elther the reacticn of KF with H3P03 or KH2P03 with HF, are not
ldentical with those crystallised from MeOH, and described as
{KHP03H.HF)2, mp. 96°C.90 1The H-bond energy of HP03H2F— was
calculated to be 6lkJ mol —.

A new crystalline 1l:1 complex of imidazole and trimethyl-

lH and 15N n.m.r. gpectra

phosphate has been prepared:gl ite i.r.,
reveal the presence of strong asymmetrical N-E---0=P bonds.
Neutral and cationic transition metal amines interact with crown
ethers in solution with N-H--=0 bond formation to gilve discrete or
polymeric adducts, certain of which have been isclated in
crystalline form.92 Meot-Ner has investigated the interaction of
polyethers and crown ethers with protons and with substituted
ammoniium ilons in a pulaed high-pressure mass s;pectrometer.g3 The
formation of H-bonds was inferred and proton affinities for a
number of compounds were calculated.

From a study of the campetlitive decomposition processes of
mixed ion clusters of the type [(ROH)n(Hzolm]H+, for n+m < 20, 1t
has been possible to determine which component of a ¢luster
preferentlially solvates the proton'94 For m = 1 an alcohol unit
solvates the proton except for higher walues of n. According to a
survey ©f 90Q organic crystal structures containing the group
N-H---0=C the H-hond tends to occur aleong the directions of the
O-sp2 lone pairs, especially for shaorter H---0O distances.g5
However there are other influences, thus the geometries of intra-
and inter-molecular H-bonds differ appreciably.

4,5-Bis (dimethylamino) flucrene (l) is reported to have a pKa of

Me N NMe, Me,N NMe,
(1) (2)

ca. 13.5, which implies greater basiclty than that of 1,8-bils{di-
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methylamine)naphthalene (2), for which the term "procton sponge”

has been used.g6

7.2 HYDROGEN

Photosensitised Hy-evolution from basic agqueocus silica colloids
using N,N'=-dipropyl-2,2'-bipyridiniumdisulphonate as electron
acceptor and Pt as catalyst has been reported.97 The guantum
yYield of H, at pH 8.5 was found to be 2.2 x 10—3. The reduced
clusters [Mo,Fe S, (SPh) 9]"', n = 3 or 4, and [Fe,s, (SPh),] 3=
cause H2 to gg generated from benzenethiocl in pure DMF at amblent
temperature. Over a 24h period the yield of H2 approached l100%
for the n = 5 anion. The reaction kinetlcs were reported and
possible mechanismg propogsed. Cycliec voltammograms of buffered
(pH 6.88) solutions of [PtH(PEt3)3]+ at Hg electrodes show large
reduction waves on all forward and reverse scans except the
first.I99 Cole-Hamilten et al. interpret this in terms of
catalytic H2
[PtH(PEts}aj, as monocation, radical and monoanion, and
[Pt (PEt,) 4].

Facile H/D exchange has been achieved using (nS-CSMBSJzLuHe by
virtue of its ability to react with Hz(or D2) forming
(ns-C5Mes}2ngOwhich can cleave C-H bonds, e.q. CGHG' or C-0 bonds,
e.g. Et-CEt. Watson has also shown that the methyl and hydride

compounds are even more active in the presence of suitable

production involving the adsorbed speciles

donors, e.g. OEtz, when they react with py to form (3).

(n’=c
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