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5.1 NITROGEHN

5.1..1 Hitrogen and Nitrides

Syntheses with 15N are reviewed in Ott's book.1 Dehnicke and
Stréihle2 have reported on transition metal-nitrogen multiple
bonding systems. A detalled acecocunt has appeared3 of the
*diimido" type complex, containing the Ta=N-N=Ta grouping,

mentioned in last year's Report. Martinengo and coworkers4 hawve
recently reported the first examples of low-valent metal nitrido
{trigonal prismatic) clusters, MGN(gO)lg, M = Co,Rh; a_butterfly
configuration has how been reported” for the Feqﬂ(co)lz anion with
the nitrogen bonded to all four iron atoms, Figure 1. This ion
undergoes protonation to the new imido cluster compound

Fes(NH){CO}lo. The reaction of TiNM92C12.THF

=

N NV ) §

251241}

Figure 1. View of the FeqN framework; bond distances in b4
{reproduced by permissiocn from J. Am. Chem. S50c,,
103¢198131572}.

{prepared from TiCls,Mg and N, in THF} with carbon monoxide has
been investigated:G an intermediate 1s formed which shows no i.r.
absorption characteristic of CO or NCO groups, however

Me ,NCOMe ig formed from it in 73% yleld on treatment with MeI.
Partial coxidation of the intermediate with 512 generated
TiNMgCl.THF, which is capable of reacting with CO to form the
isocyanate complex Ti{NCO}MgCL.THF (50% yield). The crystal
structures of bridged imido (t-BuN} complexes of W(VI} and TL({IV)

7

have been reported:’ the preference for unsymmetrical bridges in
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the former and symmestrical ones for the second metal has been
related to "antl-aromatic® and aromatic electronle structures of
the Hiickel models for the twe types of compounds,

5.1.2 Bonds to Hydrogen

Shevlin et al.8 have reported a reactlon with possible
lmplication in the extra-terrestrial synthesis of amino acids.,
They investigated the products of the co-condensation of carbon
vapour f{arc generated) and ammonla and found glye¢ine, alanine,
B-alanine, N-methylglycine and aspartic acid in the hydrolysis
products; serine was produced when water was present in the
original reaction mixture.

The thermodynamics of reaction {1} in liguid ammonia have been
determined electrochemically.9 The data were then combined with

H20 + e = %Hz + OH ees t1)

those for reaction (2} to yield information ©n the acid/base

+ ——
RE, + e ...,...15112 + NH3 e (2}

23

0 == NH + OH ; K, =6 x 10°°° at -40°% eea (3

3
dissociation of H20 in liquid ammonia. The difgociatign constant
is much smaller than that in water (KB = 3 x 10 at 257°C) and
this can be attributed mainly tco entropy differences. A
preliminary study of electrochemical processes in supercritical
ammonia has been carried out by Silvestri et al.:lo compared with
subcritical conditions the electrical conductivity of an
electrolyte {e.g. NaCl} is lower by cone or two orders of
magnitude. It was also cbserved that the conductivity is
approximately proportional to the specific weight of the
supercritical phase.

The quantitative oxidation of ammonia coordinated to Ru has been
described by Thompson and Meyer.ll Their starting material was
[{NH3)(trpy)(bpy}Ru]2+, typy = 2,2',2"-terpyridine, bpy =
2,2'~bipyridine; fixed potential electrolysis at 0,8v (vs, SSCE)
and pH6.8 yielded the nitro compound [(trPY)(bpy}Ru(N02)1+ in a
six electron change.
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5.1.3 Bonds to Carbon or Tin

The controversy continues over the behaviour of gquaternary
) 12

ammcnium salts In a mass spectrometer, Cotter and Yergey
and Ohashi et al.13 have confirmed that gaseous quaternary
ammonium cations may be generated by heat inside the ion source of
& mass spectrameter, Lee et al.l4 howaver proposed that electron
lmpact 1s necessary to cause dissoclation of the gasecus salts.

The latest reportl3

confirms that electron impact induced
fragmentation of guaternary ammonium salts is also signiFicant.

The kbaslicity of nitrogen in primary and secondary alkyl- and
silylalkylamines has been 1nvestigatedl5 by means of the v({C-D)
bangd shift of CDC13, by mass spectrometrically measured
lonisation potentiale and from pK data for the conjugate acid.
The results show a dependence on electronic and steric effects
and throw new light on the a-effect of NCH,51. An electron
diffraction study of gaseous N{SnMe3)3 has been carriled out:16
the data are sald to be conslstent with a planar NSn3 skeleton
with N-Sn bond length of 2,038 (3)&,

Rate constants for the guenching of the cadmium resonance line
at 326.1lnm by three tertiary amines (Et N, N-ethylpiperidine and
i-azabicycio(2.,2.2]octane} have been obtained. Relative rate
constants for the formation of an exciplex between an excited Cd
atom and these amines as well as quantum yvields for the emission
from the exciplex were also derived, The heats of formation of
gaseous CH NHz , 1~1.=_~cmm2 , HeNHCH2+, He2CNH2+, MeZNCH2+,

MeCHNHMe ’ EtNHCH2 and EtCHNH have been measured from their
appearance energles in ionic dissociations.l8 All these ions can
have a guaternary ammonium structure as one of the canonical forms
and are consequently more stable than other isomers, Introducticon
of the -NHz group 1into a CH3+ ion br;ngs about a decrease of more
than 4eV in the heterolytic bond dissociation enexgy, D{E.H ).

The recent report of the production of the phenyl nitrene aniom,
PhN-, has prompted the study of a series of ion-molecule reactions,
principally with simple carbonyls (aldehydes, ketones and esters},
in order to establish the nucleophilic addition mechanism for
adduct f.ormat.ion.19 The nature of N-centred radicals is of
considerable interest since the nitrogen must accommodate bhoth an
unpaired electron and a lone pair, with the result that the
ground electronic state is either a m or a ¢ state. It has been
shown by e.p.r. spectroscopy that N-alkylcarboxamidyl, RNCOR'
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radicals have a 7 ground state with the unpaired electron in a

2p orbital perpendlcular to the CNC plane, and yet the acyl group,
R'CO, can be twisted out of this plane depending on the extent of
steric repulsion between R and the oxygen.

Cyanogen fluoride, FCN, reacts with COFZ, SE‘4 and SOF4 in the
presence of nucleophilic catalysts (CsF or dimethylaminopyridine}
to form CF,NCO (8.8%), CF3N=SF2 {54%) and CF ,N=SOF,,
Two previously unreported compounds CF3N(CN}2 {13.8%} and
CF2=NCF N=SOF2 were cbtained from the CDFz/FCN and SOFq/FCN

2
reactions. Cyanogen fluoride reacts with liquid HF at -TEOC to

respectively.21

produce some CF3NH2, whereas, at room temperature, reaction is
explosive and mainly polymers are formed. An attractive,
alternative route for the conversion of C_F. into perflucroacetone

22 36
The method also works

oxime has been discovered {Scheme 1).
for the conversion of perflucrocyclcbutene to the cyclobutancne
oxime.,
= (i) (ii) =
CF3CF—CP2 —_— (CF3)2CFN0 —_— (CF3)2C—NOH
BS& 62%

(i) KF/CFCO,Ag/MeCN/NOCL ; (ii) KHSO, aq. 2¢%¢,

3

Scheme 1

The addition of fluorine to a number of perhalogenated compounds
containing the C=N grouping has been investigated by Sekiya and
DesMarteau.23 A high yield of the fluoroamine containing the
3CF=NF
CF.,CF=NF and

37z
C=NF, reacted explosively. Four novel oxime ethers

CF=NF unit was formed in most instances. Two imines, CF
and (CF=NF)2, were unreactive and twe others, CF
(CF3)2
RON=CF2 have been prepared in excellent yield by the dehydrofl;gr-
ination with KF of RON(H)CPB, R = CF3, (CF3)2CF, CHB’ (CHB)BC'
The two new perflucro compounds dimerise at room temperature in
the presence of CsF to give CF3N(OR)CF=NOR.

Phenyl substituted dimethyleneammonium{2-azaallenium) salts {1)
have the topology and electronic structure of cumulenes.25 A

1 3
R .+ ~ R -
R2=_—-C=NWC\ R4 SbClG

(1)
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simple method of synthesis has been reported which starts with the
easily accessible N,N'-bisalkylidene dlamincmethanes (2). The
latter are attacked by acylium salts accerding to reaction (4},
Presumably via the non-isolable H-acyliminium salt (3).

3

R R rl
+ - o, -t -
cHCo"SClgT 4y ZesN-ean=c [,
R
{2}
— = (L + cHc©)NcR'R? e {8
"N
1 -
R \C=§/C_ rl
- - P
34 SR
r> Vs
R
(3)
14

The N n.d.r. spectra of some thiocyanate complexes show a
well-defined trend in the coupling econstant which is of value in
26 the field gradients at

nitrogen are largest in the S5~bound, smallest in N-bound ligands,

ascertaining the mode of coordination:

while ionic groups have intermediate values. The asymmetry
parameter was not found to be dlagnostic in this context.

5.1.4 Bonds to Nitrogen

A 13c d.n.m.r. study of meso~1,1'-bi(cis=-4~t-butyl-2-methyl-

pilperidine), (4}, has revealed that the barrier t¢ the single

{40 R = t~Bu; 79 kJ/mol
R i >
Me Me {S8) R = Me; 74 kJ/mol
-1 27
passing rotatiopn about the H-N bhond 1s 79 kJ mel ., Proton
magnetic resonance spectra of dithizone, its lsﬂ-labelled

analogue and 1ts alkyl-substituted homologques, as well as the 13C

n.m,r, spectrum, suggest that the structure in solutlon {€) is

the same as that in the solid state:28 there was no evidence for
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the PhN=N-C{SH)=N+NHPh (thiol)===PhN=N.C(S).NH+NHPh {thione}
tautemerism,

It has been shown that the 3,3-dlazirine dicarboxylates (7) are
readlly acceseilble by either of the routes shown in Scheme 2.29

RCH202C\_ NH3 M602C NH
/N cH,C1 "
RCH202C OTs 272 MeO2C NH
RCH20NH2 t-Bu0Cl
MeCN CH,Cl
2772
RCH202C N
" R =H or Me
RCH202C N
Scheme 2 {7)

The esters (7} are colourless materlals stable at 0%. The

avallability of persistent 1,l1-diazenes has prompted Roberts et
al.30 to synthesise N-(2,2,6,6-tetramethylpiperidylinitrene
labelled with lSN: the 15N chemical shifts were recorded, and
that for the nitrene nitrogen is remarkable for a large downfield

shift, reflecting the large paramagnetic term. Schultz and
Dervan31 have investigated the photochemistry of nN-{2,2,5,5-tetra~

methylpyrrolidinyl)nitrene.

Vanadium(Il} reduces nitroamine, NH2N02, to dinitrogen according

to reaction (5).32 On the other hand Cr{II) reduction produces

NH215N02 + 287+ 26" —un 4 2H,0 eea (5}

dinitrogen (25%) and NH3 (ca. 75%),.

The lonic specles present in agueous solutions of N2H5F and

N2H6F2, as calculated from data avallable in the literature, were
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compared with new information from conductometric meaaurements.33

It was shown that a simultaneocus determination of hoth salts is
possible by conductometric titration with NaOH, The eguilibria
and kinetics of proton- and electron-transfer processes on 17
tetraalkylhydrazines have been compared.34 The most basic
hydrazines were found to be the most easily oxldised and the
fastest to be protonated and to lose an electron. Under the con-
ditions used {(DMSC solvent) the rate of protonation of R4N2 was
found to be about twice as sensltive to change in the R groups as
was the equilibrium constant. It was suggested that a gauche to
anti conformational change precedes proton-transfer and thus is a
major factor coentributing to the anomalous proton-transfer effects.
The oxidation of 1,1-dimethylhydrazine by molecular oxygen, in
solution in Etzo or c-CGH12' has been carrlied ocut between 20o and
30°C.35 The principal product was shown to be formaldehyde
dimethylhydrazone. Among the other products 1ldentified were
1,1,4,4~tetramethyl-2-tetrazene and N-nitroscdimethylamine. The
substitution of chlorine into the phenyl ring of phenylhydrazine
lowers the tendency of the mole¢nle to function as a reducing
agent and allows the preparation of complexes with metals in
higher oxidaticn states.35
Conformational interconversions in pentaalkyl hydrazine catlons
have been investigated by 13C d.n.m.r;37 Thus the &G* for carbon
equilibration in (8), {3) and (10) are 9.0(at -70°C), 1ll.l(at

Nt Me /,/’“\\~ﬁtne
| ™ Me | | e
N
+
!H Me N~ pe
Me \
Me
(8) (9) (10}
-20%C) and 10.4 kcal/mol {at -40°C). The kinetics of formation

of unsymmetrical dimethylhydrazine from NH2C1 and Me,NH has been
investigated over the temperature range 25 to 60°C.3 The
reaction 1s first order in both reagents but shows a dependence on
[ou”) at pH > 12.5, above which pH there is also less competition
from side reactions.
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Tetrakis {trifluoromethylthio}hydrazine, (CF3S)4N2, prepared by
the irradiation of (CF3S)3N, dissoctates homolytically in soluticon
even at 273K into (CF35)2N' radigals.39 In the course of tracer
experiments on the reaction of H-enriched hydrazine with excess
nitrous acid Phelan and Stedrnan40 have obtained evidence for the
complete scrambling of 15N between the nitrogen environments in the
products, N2 and NZO' They propose that a gyclic azide species
is formed as a reaction intermediate during the course of the

reactions {6) and (7).

+ +
HNO, + N H ' —» H30' + HNy + H,0 e (6]

H' + HNO_+ HN

+
2 3 —> H30 + H + N,O cae k7

2 2

Ion cycletron rescnance spectrometry has been used to measure
the gas phase proton affinity of the azide ion.41 The result,
33422 kcal/mol, is in significant disagreement with the wvalue
calculated from the literature and based on indirect methods.

The present study also provides the following thermochemical data:
AH?(N;(g)} = 482, AHZ(N,(g)) = 11215, D°(H-N3) = 92+5 kcal/mel,
A photodetachment threshold for N3 has been obtained which can Le
equated with the adlabetic electron affinity (62.1+#2.8 kcal/mol}

of the azide radical.42

413

In DM30 solution p-toluenesulphonylazide
(TsNa) reacts”~ with N3" to form p-toluenesulphinate and N,,
equation (8}. However in CH2C12 this reaction does not occur;

TNy + N~ —>» Ts + 3N cen(8)

2
the sole reaction of KN3 {solubilised with l8-crown-6) with N3- 1s
15N—labelled
azide icn, Surprisingly there is also a slow production of

15
Ta-N=""N

azide ion exchange as has been established using 1, 3-

=N as well as a consumption of free azide ion by reaction

with CH2C12. Roberts et al, have rationalised the lsN scrambling

in N3 in terms of a hexazene Ts—N-~N=N—15N=§=ﬁ invelved in a
] . _ /N=N
reversible formation of the N-pentazole Ts-N _N\\N=15£ . The i.r.
spectrum of gaseous CF3N3 and the Raman
spectrum of the liguid have been reccrded and ajgigned to a

nolecule of C, symmetry with hindered rotaticn.
The synthesis of additional trialkyltriazenes has been Qescriked

and the kinetics of their acid-catalysed decompeosition
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investigated.46 The distribution of products in the decomposi-

tion reactions provides evidence that they proceed via either an
alkyldiazonium ion or directly to produce a carbonium ion, in
situations where the alkyl group is capable of stabilising a
positive charge. Trogler et al.47 have drawn attention to the
nature of the bonding in tetraazadiene metallocycless: the
molecular structure of (n5-05H5)C0(C F.N,C_.F.), Pigure 2, and the

6°574767 5
results of structural studies on related complexes indicate

Figure 2. Molecular structure of (n5-C5H5)Co(C6P5H4CGF5).
Selected distances {R) and angles {~) are showm:
thermal ellipsoilds are drawn at the 50% probabllity
level (reproduced by permission from J. Am. Chem. Soc.,
103(1981)192),

the diene resconance form (ll) to be inappropriate on account of

“N(2) N(3)

Aﬂ! %%Ar
e

(11)

the short N{2)-H{3) bond and, in the cobalt complex, the short
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Co=-N beonds., The oxidation of 1,l-disubstituted hydrazines, (12),
with benzeneseleninic acid, PhSe {0}0OH, in methanol affords the
corresponding tetrazene, RzN—N=N-NR2, in high yield.48

R, N«NH, RN = o] N ¢ l N . (PhCH, ) ,N= ,

N 0o —<
(12) 0
Me OK
N— , N — .
Me g/

5.1.5 Bonds t¢ OUxygen
The kinetlcs of reactions {9) and {10} at room temperature as

clL + ClltﬁIO---—--'bC.'I.2 + NO .o {9)

cl + C1N02———-5-Cl2 + NO, «e. (10}

well as the photochemlstry of ClN02 have been studied by Nelson
and Johnston.49 The dominant photcdisscciation proceas for ClNO2
at 35Cnm was shown to be cleavage of the N-Cl bond. The
crycgenic reaction between NO and 03
6-20K.50 Excitation with a CO laser enhances the rate linearly

with increasing laser power; this behaviour was attributed to NO

has been re-examined at

vibrational exc¢ltation in a cne-photon process with low guantum
yield. Ray and Watson51 have studied the same reaction mixture
over the temperature range 212-422K using a discharge flow/mass
spectrometric technigque and have compared thelr results with those
from other studies.

The photolysis of Rez(CO)lo in THF saturated with NO, elther in
presence or absence of cyclococtatrisne, ylelds ca. 11% of
diamagnetic RB3(CO}“NO2 the trinuclear structure of which,
Figure 3, 13 remarkable for the absence of metal-metal bonding.
Significant 1s the role of the bridging KO, group which can be
described as a 5 electron dener, if the Re atoms are to hawve 18
elactron environments. The conformer eguilibrium of methyl
nitrite, MeONO, trapped in an inert matrix has been investigated
by i.r. spectroscopy.53 The enthalpy of conformer interconwver—
gion was calculated to be 623 cal/mol.

52
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Figure 3. The molecular structure of Re3(00]14N02 projected on
to the N02Re(1} plane, Bond lengths in pm.
{Reproduced by permissicn from Angew. Chem. Int. Ed.
Engl,, 20{1981)470).

Bis{triphenylphosphine)iminium nitrite, {PhSP)2N+N02~, has been
shown to behave as a mild and versatile nitrosylating agent which

finds use in the synthesis of novel transition metal nitrosyl
>4 The oxygen exchange between NO,” and water has been

re-investigated by means of n.m.r. spectroscopy:55 this approach

depends on the large {0.13eppm/180) 1sotope effect on the lSN

resonance,

carbonyls.

Sodium nitrite and thiocsulphate interact in agueous acid to form
a yellow species which has been identified as {03SSNO)—.56
Garley and Stedman have studied the reaction and have shown the
equilibrium constant [0,55807)/[H"] [HK0,] [0,58%7] to be 1.66 x 10
M2 at 25°C, On the basis of stcpped-flow measurements of the

kinetlics they proposed the existence of parallel reaction pathways

7

involving not ana N203 as electrophiles. The reaction between
nitrite and bisulphite to form hydroxylamine disulphonate ,
eguation {(i1), has been re-investigated over the pH range 4.5 to

= 4+ 2050, —» Hou(so3)22' + o~ ees (11)

N02 3
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7'57

a derivation of the rate expression in terms of competing parallel

The rate law proposed has three terms and the authors offer

pathways.
The kinetics of reaction {12} have been studied at low partial

2NO,(g)  + H20(2}—-—b23+ + Moy~ + Mo, ves {12)

58

pressures of NO_ at 22%. Under these conditions they are

consistent withza second order agueous phase reaction coupled to
a mass transport process. Matrix reactions of Mg, Zn or Cd atoms
with N02 have been examineflby Mchonald and Andrews.59 Infrared
absorptions in the 1220 cm range show isotopic shifts
appropriate for M+N02n. Bands near 950c:n--l for reactieons of Zn
were attributed to a different ion pair structural isomer.

From a study of the U.V. absorbances cof solutions of nitrous
acid in acidified water Schwartz et al.®® have estimated the
equilibrium constant for (13) to be {3.03%0.23) x 10" °M"Y. The

0 + H

3 ] +ae {13)

2HN02# N2 2

coefficient of physical solubility of N203 was c¢alculated to be
0.70x0,05 M .atl'rl-l at 22+2%. Jaln et al.61 have reported that
N203 reacts with M(PPhB}q, M = Pd or Pt, in the absence of 02 to
form M(NOz)z(PPh
M(NOQ}(NO3)(PPh

repcrted,

3}2; in the presence of 0, the product is

3)2. Hewever no reactlon stolchiometries were

The melecular structures of O-methyl, H-methyl, N,0~dimethyl and
N,N,0-trimethyi-hydroxylamines in the gas phase have been
determined by electron diffraction.62 In each instance the antil
conformer {abount the N-C bond} is dominant. The NO bond length
increases with stepwise methyl substitution, from 1.463{(3) in
KH,0Me to 1.513(9)% in Me ,NOMe. Hydroxylamine and 50, react in
agqueous solution to form sulphamic acid and traces of ammonium
bisulphate, The kinetics of these processes have been
re—invest.igated63 and the enthalpy and entropy of activation
evaluated for the two processes. The results are of interest to
Elue gas desulphurisation or denitrification processes. The
kinetics and stoichiometry of the decomposition of NH20H in nitric
acid have been investigated under conditions where hydroxylamine
is functioning as a nitrite scavenger, reaction {14}, or as a
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nitrous acld source, reaction (15).64 The latter process 1s

+ +
NH30H + HNO, — N20 + H30 + H,0 oo (14}
NH30H+ + 2HNOj ——» 3HNO, + H3o+ : ee. (15}

favoured by an increase in [Hﬂoj] and in temperature, or a
decrease in [NH30H+].

The vibrational spectrum of HazNzoe,'(lg), trioxocdinitrate, has
been fully assigned by Bonner et al. 5 Thelr study alsc included

~ ~°

N! N+

0O

O
(13)

a Raman study of the effect of monoprotonation of the anion. They
also reported on the 15N n.m,r. spectrum of the dianion at pR 13
and of the moncprotonated species:66 this showed that only the N’
environment undergoes a shift (24 ppm) on protcnation {at pH 8).
Furthermore the nuclear Overhauser effect for N' at pH 8 is -2.1.
The authors pointed out that the literature chemical shift
assignments must be in error and also that the monoprotonated
anion, which eventually decomposes to HNO and NOZ-' 1s probably
protonated on the 2-coordinate N' atom.

R.T.Barber67 has reviewed "Nitrates: an environmental
assessment®, a comprehensive report hy the panel on nitrates of the
N.R.C. {1978). He remarks that the treatment is not only thorough
but alsc multidisciplinary in its approach: thus it has a section
dealing with nitrites, nitrates, and nitrcosamines in meat prepara-
tions. The reacticn of HNO3 with OH has been studied using the
discharge flow-e.p.r, technique.68 By carrying out a titratiom
of NO, radicals with N0 it was possible to show that the reaction

3
proceeds according to equation (16}.

OH + HNOB_-+H20 + N03 ess [16)
Bidentate nitrate and p~bromato ligands are found in the

B-coordinate Hg{II} compound KZHg(BrO3)2[N03)2.59 Pernitric acid,

HOONOZ, has been prepared in solution by the reaction of HHO3 or
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NOZBF4 with 90% H202 at 273K.7O Gazeous H02N02 could be carried

out of these reaction mixtures in a stream of argon and was
identified by its infrared spectrum, Tts decomposition in
buffered aquecus scluticn generates 02 and NOZF.

Unlike the corresponding reactione with Grignard reagents silyl
nitronates react with organclithium reagents in dilute THF

solutions to form oximes, equation (1‘?).71 In more concentrated

R R
(&)

>C=NO2SiM33 + Ripi (YTHF,-T78 Co >C=NOH e (17}
H (ii)aq.NH4Cl H
R\ R

c=n0_.SiMe.¥Bu + R'Li ~—— C-NHOSiMe,'Bu ve. (18)

02 2 P 2

H

solutions the major product is the silyl ester of a hydroxamic
acid, equation (18).

5.1.6 Bonds to Sulphur

Gleiter has shown how the classification of SN ring systems is
72

possible within the framework of a MO model: the simple Hilckel

rule is still applicable, Chivers et al.?3

is

have developed simple

syntheses of N-enriched S,N, and other sulphur-nitrogen

compounds. These samples ie;e then investigated by 15N n.M.F.
spectroscopy to provide information concerning the structure of
and electron distribution in S~M rings and cages in sclution.
A low temperature (-100°¢c) X-ray crystallographic analysis of

54N2 shows that it consists of a six-membered ring in a half-chair
74

conformation with the ¥ atem in the 1,3-positions. A previously
unreported substitution product of 54N4 has been prepared by the
reaction of 84N4C12 with two moles of MeasiNMez.75 The new

compound, S4N4(NMe2) is stable for menths at DOC; it contains

2!‘
two Stereochemically non-esquivalent NMe
i,

The unstable dimethyl{thionitroso}amine MezN—N=S, displaces THF

5 groups as shown In Figqure

from Cr(CO)s.THF to form a crystalline product stable at room
temperature in which, surprisingly, the novel ligand is bound to
Cr wvia the S atc:m:-”6 the N-N and N-5 bond lengths in the complex
are 1.279(2} and 1.635(2)%, respectively, and the HNNS angle is
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Figure 4. Molecular structure of 1,5=-bis{dimethylamino)tetra-
gulphur tetranitride, with bond lengths (%) and angles
{o): the molecule has Cs symmetry {reproduced by
permission from Angew. Chem. Int, Ed. Engl., 20(1981)
592).

118.5°, The crystal structure study of NS+Sb2Fll— at 293K and
121.5K has enabled Sheldrick et a1.77 to analyse the effect of
thermal motion on the apparent N-8 bond length. The corrected
bond length, 1.404(6)2 is shorter than the value, 1.44{1)2,
derived from the vibrational fine structure of the photcelectron
spectra of NS in the gas phase. This difference 1s attributed
partly to the discrepancy (0.007(3)2) between internuclear
separation and the distance between the centres of electron
density, and partly to stabilisatiaon of form (l4a) in preference
to {14b) by catlon-fluorine (on antimony) interactions in the
crystalline state.

S-NO
o+
{}_‘!a} {l_‘lb) RNH NEH
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l5N n.m.r. studies at -10°C have provided evidence for the form-
ation of thionitrosyl intermediates (13) in the reaction of WO -

2
with thioureas in 1M HCl or HCO,H. O Hydrolysis of {15} leads to

the formation of urea derivativis which may then undergo N-nitrosy-
lation. The gas-phase i.r. spectra of methylthionitrite, MeSNO,
and of some isoteplcally substituted analogues hawve been cbserved
and assigned.79 The v (SN} abscrption occurs strongly at 646 cmhl
whereas the weaker v(CS) band is at higher energy.

The N-5 bond stretching force constant in MeNSF.,” has been
calculated to be 40% higher than in NSF3 itself.8
of this and of the formal bond order value (3.6) were discussed

critically. Trifluoromethyl sulphinyl azide, CF S(O)N3,

The meaning

synthesised from the acid chiloride and NaNa, startglto

decompose at about -10° C, presumably wvia CFBS(O)N. the reactivity
of the latter was such that it could not be isclated. Dligomeri-
saticon and other reactions were studied.

The first member of a new class of stable sulphimides,
bis[bis(trifluoromethyl)sulphimidé] (CF3)25=N°N=S(CF g, has been
prepared as a product of the photolysis of (CF J »,S=NC1.
latter compound was formed from (CF3)2S—NH and ClF in the presence
of CsF. The sulphimide, 6§;EF;EF;E?EE=NH, has been prepared by
the reaction of LiNH2 with octafluorotetramgghylene sulphur{1IV)
fluoride in the presence of liguid ammonia: the N-hale
derivatives were also synthesised by the reaction of the imide with
Cl2 or Br, in the presence c¢f KF or CsF. N=-alkyl sulphimides
were obtained by using primary amines or by reactiocns of the type

shown in equation (19). Abe and Shreeve have also been able to

(CF3)2SF2 + LiN=C(CF3)2-———b(CF3)2S=NCF(CF3}2

{71%)

+ (CF3}2S=NC(CF3)2-N=C(CF3}2

(trace) {19)

convert the perflucrotetramethylene sulphimide to the analogous
sulphoximine 6?;EF;E§;E§53{O)=NH.

Dimeric N~chloroimlnosulphur tetrafluoride has been isolated
in 3.6% yield in the course of the preparation of SP sNC1, from

NSF, and 2C1F (Scheme 3):%4

3 the geometry of the novel cyclodiaza—
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N=SF, + 2ClF-—~——b{C1N=SF4} + CIF ——> CI1,N-SF
cl
i
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~
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Scheme 3

—ls-thiane 1s probably centrosymmetric. The new xenon{II}
compound Xe[N(SOZF)z]2 has been reported as one of the products
BS
The

proportion of the new compound to FKe[N(SOzF)z] in the product

of reaction of XeF, with HN(SOzF)2 at low temperatures.

mixture was controlled by the proportion of the reagents:; thus a
1:2 molar ratio yielded 20% of the bis compound (based on xer)-
The free radical -N{SOZF)2 is formed {non-photolytically} from the
bis compound in CFCl3 near 0°c. DesMarteau et al.85 hawve
described the e.s,r, spectrum of this radical and have concluded
that the unpalred electron is strongly delocalised.

5.1.7 Bonds to Halogens
The e,s.r. spectrum of the 33 electron radical anion F3N0- has
86 It was concluded that this species is

been reinvestigated.
probably of C,, symmetry on the basis of the equivalence of the
three flucrines over the temperature range 10 to 110K.
Calculations place the bulk of the electron density from the odd
electron on the fluorines: moreover, it was observed that the
dissoclation process forms FZHO and F .

salte has been used to prepare NF4+UOF5-:87

A new route to NF4
it depends on reacticn (20) in which a seclution of NF4+HF2- in HF
1s used in excess and surplus reagent is subseguently decomposed

to NF, and F, at 40°c, The same technique was applied to the

HF
NF4NF2 + UOP4-———D NF4UOP5 + HF ... {20)

88 This new compound

preparation of the analogous W{¥I) compound.
is a white solid, stable up to 60°C but decomposing at higher

temperatures to NF3, OFz, HFG and NF4W202F9. The scope of the
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+
4
salts, as dQescribed 1in earlier reviews in this series, has been

metathetical process 1in liguid HF for the preparation of NF

successiully applied teo the synthesis of salts (e.q. (NF4)2SiF6)
of F_ ion acceptors {e.qg. SiF4) weaker than the solvent itself.89
X-ray studies of (NF4}2N1F6 have shown that the compound
crystallises in a tetragonal form, derived from the
K2PtC16-—structure.90
decomposition of (NF4)2NiF6, equaticn (21}, and NFqst6 has

A differential calorimetric study of the

§— " 2NF3 + 3F2 + N1F2 .esf2l)

{(NF ) ,NiF
yielded enthalpies of decomposition, 134.7+13.0 and 245.6%28.9 kJ

91

mol 1 respectively. The corresponding enthalples of

formation of these compounds were estimated from these data.
4BF4 in
anhydrous HF tc give, almost exclusively, fluorine substituted

Benzene, toluene and nitrcobenzene react rapidly with NF

aromatic cc:mpounds.92 In the first place 4 protons in the
nucleus are substituted rapidly at -78°C: this is followed by
much slower additien reactions to form cyclohexadienes and
cyclohexenes, The NF4+ lon is reduced to NP

The He(I) photcelectron spectra of (F3C)nNF3_n and
(F3C33_nN(CF2H)n with n = 1, 2 or 3, and F,HCNT,, have been
recorded, The assignments are based on comparison of

3

egquivalent radical cation states in the individual series assisted
by MNDC calculations, The first band results from the N lcne
pair lonisation and substituent effects can be parametrised
successfully. The fluorination of azidotrifluoromethane
furnishes CF3NF2 in an efficient process which, according to
Schack,94 has clear advantages over previously reported routes.
The optimum rate of conversion by F2 was found to cccur at 70°C.
N,N-Dihalcalkylamines are useful synthetic reagents but only a
few are known: Sekiya and DesMarteau95 have described a high yield
synthesis based on reaction {22}, On the 3 millimolar scale the

RCN + ClF + F, — RCF,NCIF ... (22)
reactions are slow requiring one or more days for coptimum
conversion, except for R = Me where the reaction is explosive.

A series of N-chloroalkylammonium salts have been prepared by

reaction {23).96 The products (R = Me, Et, n-Pr, i=Pr, i=Bu}
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o
__—=78*C + -
R2NC1 + HC1 =+ Sb015 cﬁ;EI;—i-R2NHCI SbCl6 o0 {23)
may be kept undecomposed at 0% for weeks but decompose in CH2012
especially in the presence of HCL, reaction (24). The analogous

+ +
R2NHC1 + HCl-—-«-bRZNHZ + C1, ves (24}

N,N-dichloro ammcnium salts could not be prepared from RNCIZ, the
menochlere ammonium salt being formed instead, reaction (25).

Q
RNC1l., + 2HCl + SbCl, —18 S, mNp.c1t8bC1.” + cCl. ...(25)
2 5 2 6 2
CH,C1,

Equillibria (26), {27} and (28} have peen measured by U.V.

NH,X + H,0 _ NH," + ox” ves (26)
+ - +

28 X+ HT S==WHX, + NH, e 27

INHX, + ot == MK, + NH;' ve.(28)

spectrophotometric analysis for X = Cl or Br in aguecus ammcnia
soluticon at 25°C.97 The previously unknown compound I(NI4)NH3
has been prepared from NIB.NH3 in the presence of a trace of
water, The structure is based on nearly tetrahedral NI4 units
{N~I distances 2.19 and 2.236R) three corners of which are linked
to the additional iodines {I...I, 3.0882) to form a puckered layer
stnlcture.98 The ammonia molecules are coordinated to the
fourth iodines (of the NI4 units? and also serve to fill the
interlayer spaces. The complex formed between Et,N and I, in
chloroform has been studied by a number of sporting technigues:
the results are consistent with the formulation

+ —
(Et3N I ——NEt3)13 .

99

5.1.8 Bonds to Phosphorus or Arsenic

An interesting ring closure process, reaction (28%) generates
an aminophosphoranide transition metal adduct having the nbvel
N-P-H ring.100 1,2,3l3-Diazaphosphiridines, R = CHHe2 or SiMe3,
have now been synthesised. At -lOOOC they isomerise rapidly in
toluene, reaction (30), from the trans ground state (16) to give
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+
8] 0
C N C N
/ \\ ) =20°0¢ / \\
OC P=—0 OC PT—0O
Ph ™0 Ph™
Bphd M =Mo oxr W

«ea (29)

the ylidic diiminophosphorane (;Z}.lol Reaction scheme 4,

t—QP t-Bu
N N’ N-Bu
N 100°¢c /

o —_— R N=P . e e (30}
A toluene N £
N N-"Bu
Ry
(16) (17)

R = t-Bu, has been used to synthesise the first alkylated

iminophosphorane {18) .102 The product, probably the trans isomer,
Cl H ZnF, F H n=BuLi FLi A
RP=~-NR —=3% RP-NR ———= RP=-NR —— RP=NR
(18)
Scheme 4

is an intense yellow liquid which is stable for a few days at
-40%, at 0°C rapid dimerisation, a [2+1] ~cycloaddition, occurs
tc form an azadipheosphiridine (13).

49NR
R-——P

p
R—— P
(19)

The hitherto unknown and unstable ligands P(NH-NH2)3 and

P(NH-NMe2)3 have been stabilised as thelr Cr{0) complexes by the

solvolysis of (OC)SCrPCI3 with N2H4 or HzNNMe2.103 The trichloro
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phosphazo compounds RfN—PC1a = CF or C2F5, have been
obtained by reaction {31}, The azido complex ions MBr5N3-,

R NC1 + 2PCl ——» R_N=FPCl + FC1 vest31)

£ 2 3 £ 3 5

105 reaction {32) occurs

M = Nb or Ta, react with PPh3 in CHZBrzz
spontaneocusly for the niobium complex whereas the tantalum complex

requires photochemical activation. The analogous reaction of

Br.MN.,

gMN 5 + PPh3—-—%b(Br5H=N=PPh3) + N, .o £32)

AsPh3 took place <nly for the chloronicbium anion NbClSN3_ with
photochemical and thermal activation: the product contained the

expected (C15Nb=N=ABPh3}ﬁ ion,

5.2 PHOSPHORUS

5.2.1 Phosphorus, Polyphosphines and Phosphides
New complexes containing the P3 unit as an n3 ligand that have

been synthesised during the last year include:
[(triphos)Ml-u(na—P3)M2(triphos)]Yn,106 where triphes ise
1,1,1-tris{diphenylphosphino)methylethane, Ml = Co,Ni or Rh,
M2 = Rh or ir, ¥ = BF4 or BPh
[(triphos)M- (n -P3):|BF 107
[ (triphos) Pd-u {n -p 4)Pd(triphos)]BPh , 107
[{triphos)Co-u{n -p }M(etriphos)]Y2,£08 where etriphos is
1,1,1-tris{diethylphosphinc}methylethane, M = Fe,Co or N1 and
Y = PF6 or BPh4. Full X-ray structures have been determined for
a number of these species.

White phosphorus and tetramethyldistannane react in the dark to
produce the novel cage c¢ompound {Me snj P with the structure
109 The compound, which has D, symmetry and

4 and n=1or 2,
where M = Pd or Pt,
ana@

ghown in Figure 5,
consists of three Sn4P2 rings sharing three bonds with each other,
is unstable in the light when it loses dimethylstannanediyl to give
the norbornane compound (H¢25n)5P2.

Compounds contalning P=P double bonds have been c¢lalmed in the
past but until now such products always proved to be oligamers.
Bn authentic P=P species has now been prepared in which steric
hindrance plays an important role in promoting stability. The
preparation involves treatment of (2,4,6~tri-t-butyl-phenyl}-
phosphonous dichloride with magnesium in THF solution from which
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Figure 5. Molecular structure of (Mezsn)st {reproduced by
permission from Angew. Chem. Int. Ed. Engl.,
20(1981Y10C29}.

can be isolated compound (20} as a thermal and air stable

solid.llo The P-P bond length, 2.0342, is substantially shorter
t-Bu £~Bu
t-B PP t~Bu
t-Bu t-Bu
(20}

than in other polyphosphines, implying substantial double bond
character,

Hew chiral diphosphines R(CF3)P0P(CF3}2, where R = Me,CHzF or
CHF2, have been i1soclated from reactions between the appropriate
phosphines and chlorophosphines in the presence of an HCl

acceptor.lll The 19

F n.m.r, gpectrum for the particularly stabkle
Me(CFB)P-P(CF3)2 compound suggests a gauche conformation. The
final product of the reaction of t—BuP(SiMe3)2 with hexachloro-
ethane is the unsymmetrically substituted diphosphine t-Bu(HeBSi)-
P+P{t=-Bu)Cl, although the previcusly unknown P-chloro-P-silyl
phosphine, t—BuP(SiMe3}C1, can be isolated as an unstable
intermediate.112 Instabllity is associated with loss of Me351cl.
Campounds <f the type R2M1-M1R2, where R = CH 1

4 OF CF3 and M~ = P
or As, have heen treated with Group 4 hydrides Me

3M2H, where M2 =
51,Ge or Sn, to study general reactivity and substituted mixed
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Ml-Mz species have been isolated.ll3
A eyclo-triphosphine, {t—BuP)3, can be synthesised from
1,3-d1i0do-1,2,3-tri{t-butyl)triphosphine by treatment with LiH as

in the classic cyclopropane synthesj_s.ll4 Ring cleavage by Iz,
Br2 or Pcl5 leads initially to x—{t-Btug—x, where X = I,Br or
1,15 with the corresponding di- and monc-phosphines, X-{ BuP},-X

and t—Bquz, as byproducts. The reaction with PBrs in toluene at
-60°C on the other hand gives the cyclo-tetraphosphine,
(t-BuP)4.115

Compounds contalning a coordinated triphosphanate group (21) can
be isolated when a metallocene dichloride is treated with K, (PR},

Cp . R t-Bu
Cp———"'"'M\}, \P P— t-Bu
\R X
P
R"
t21) (22)
where R = Me, Et, t-Bu ¢or Fh and n = 3-5.116 Structures with

ideal Cs symmetry and a folded chelate ring and equatorial
substituents are proposed on the basls of n.m.r. spectroscopY.
A range of substituted cyclo-triphesphines (22} has now been
synthesised, These in which X = BRIR? result from [2+1]
cyclocondensations between Kz(t—BuP-Pt-Bu) and R1R2NBC12,
the structure of cone of these, (22, X = BNEt%), showing a trans

arrangement of substituents at phosphorus.ll Dimerisation to

117

tetraphospha-diboracyclohexanes depends on both steric and

electronic influences at the ring atoms.ll?

A P,As heterocycle {22, X = t-BuAs) can be obtained similarly
from t-BuAsCl, as a mixture of two diasterecisomeric forms;119 the

roaction also ylelds, the mixed specles (23) and (24). Species

t-?u t-Bu
|
P — 'f" P —-——-El'
\ t-BL\tI-—Bu \ t-m\ I-Bu
}3 —_— As ‘?s AS
t-Bu t-Bu

{23) {24)
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in which X = $§ or Se result when the diphosphine dichloride,
Cl{t-Bu}P-P{t-Bu}iCl, reacts with either (Me Sn)zs or

({Me Sn) Se.l20 Hel p.e.s. have been reported and analysed for

a range of P3 and PZX species.lzl
The P4 ring in cyclc-tetra{t-butyl phosphine} 1s non-planar
{torsion angle 24.503, with mean P-P and P-C bond lengths of
2.212 and 1.884%;1%2 the mean P-p-P angle is 87.3°. P-functional
phosphines, e.g. (Me,S1),P-PCl, and [He $1),P] JBCL, are obtained
when PCl3 is treated with the lithium compound {Me 81) PLi 2THF
at ~78% C, but when the reaction is carried out in the presence of

t=BuLi the product is a cyclo-tetraphosphine (22).123 In an

t—lBu Ph— P =~——- P —Ph
" f’\ | |
\ t-Bu iMe Ph —P P =Fh
— ~y7
t-Bu CGHll
(25)
€26)

extension ¢of these reactions, PCl3 was replaced with t-BuPClz,
the initial product being (Me Si) P+PCl{t-Bu), which cn heating
to 20°%C gave a mixture of the cis and trans cyclo-tetraphosphine
(Me,S1),P, {t-Bu),, The related reaction between (Me,5i),P and
Pcl3 gives (He3Si)2P-PCl2 and, 1n the presence of t-Buli at low
temperatures, both [jMeSSi}zPJZPCl and (Me3Si)2P.PC1(t-Bu) can be
isclated.

B silylated tetraphosphine MeBSi(PPh)4SiHe3
K (PPh}4 reacts with He3SiCl but the compound is unstable and
with time disproportionates to (PPh} and the diphosphine,
Me Si(PPh) SlMe3 124 N.m.r, data p01nt to the presence of four
isomeric forms being present in solutions of Me3Si(PPh)4SiHa3:
on reaction with alcohol, the disllyl-tetraphosphine yields the
hydride H(PPh)4H as the main preduct. A cyclo-azatetraphosphine
(26} has been isolated for the first time as one of the products

can be isolated when

from a reaction between N,N~dichloro-cyclohexylamine and an excess
of K,(pPn),.'2>

New hexa-, hepta- and higher phosphines have also been
announced during the year. A hexaphosphine (t~Bu) 4F¢ With the
structure shown in (27} 1s one of the range of products obtained



305

by dehalogenation of PC13I—-t-—BuPC12 mixtures with magnesium

126

metal. The bicyclo[3.1.0_| hexarhosphine structure was

confirmed by a full X-ray determination. A similar preparative

t-Bu-—'f’\ MK

P v
P~ TN

AN

P—+t~RBu . P
§ - \
/P""""‘"P—t-Bu Me —F P —Me

t=Bu | P ]
27) He-—P/ \p_Me

(28)

P
MeP — / T~ PMe

PMe
P \ P
P
N\ ~_/
P P
/7 N\
Me Me
(29)

method but using Pcl3--MePCl2 or PC13-Me595 mixtures with magnesium
has ylelded PTHGS and PQMe5 and there is evidence for three
further compounds, i.e. P7He3, P‘ahe6 and i’}:}nes, among the
complicated mixture of reacticn products. The P7 compound has
the norkbornane type structure {(28) while a noradamantane structure
€29) is found for the P, species. MINDO/3 calculations on the
P73- anion point to an activation enthalpy toward rearrangement of

31

59,13kJ mol-l, in agreement with wvarlable temperature P n.m.r.

data, and suggest that cleavage of a basal P-P bond is the initial
128
step.

cyclo-octa-phosphineé and -arsines have been synthesised by the

reactions shown in equations {33) and (34};129 in each case lower
ZH{t=-Bu}P"P{t-Bu)H + P214 —— (t-Bu)GPB + 4HI oo (33}
6t-BuAsCl, + znsc13 + 9Mg —2 {t-Bu) §hBg * 9MgCl, ... {34}

cyclic species were also produced as by-products. As shown in
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Figure 6 the octaphosphine ceonsists of two P-P bonded non-planar
P4 rings while the corresponding octa~arslne structure is based

Figure 6. aj Structure of (t—Bu)GPB, b} Structure of (thu)GAsa
{reproduced by permission Erom Angew. Chem. Int. Ed.
Engl,, 20(19B1)40Ca).

on two fused Ass rings in the twist envelope conformaticn.

Red crystals of Na3P7 on treatment with PthCl in THF solgfiggo
glve the tetraphenylphosphonium salt ¢f the novel anion PlG :
with a structure consisting of two P7 units joined by a common
P2 unit, In Ba2P7cl,131 the structure 1s related toc that of
sodium chloride in which half of the anion positions are occupied
by P?3- units with P-P bconds of 2,264, 2.145 and 2.1728
respectively in the three membered ring, the ring to bridge bonds
and the bridge atoms to bridgehead arom, The compcound was
obtained initially as a by-product from a Ba-red phosphorus-AlCl3
reaction but it can also be obtained directly from barium,
phosphorus and barium chloride.

A review on cluster chemistry in the Main Group element area
deals with the general problem of homoatomic bonding and the
incidence of polycation and polyanion formation;132
treatment covers, inter alia, the Group 5 elements.

von Schnering's

The metal rich part of the scandium-phosphorus system shows the
133

formation of Sc7P3 and ScBP. 2 single crystal study for

Zr“P9 shows the presence of nine non—-equivalent PZr6 trigonal

prisms wlith 1 to 3 further zirconium atoms above the rectangular
faces.134 Two new polymorphic modifications of MnP‘1 have been



307

identified, one of which 1s a stacking wvariant of a previously
reported mcdification.l35 AgP3 previcusly ldentified in the Ag-P
system has been shown recently to be, in fact, Ag3P11 in which
tetrahedral AgP4 units (Ag=-P 2.47 to 2.61K) are 1inked Egssharing
phosphorus atoms intc infinite chalns along the a axis.

Further interacticns link the chains into a two dimensional
infinite polyanion.

Three dimensional networks are present in the structures of the
new ternary conmpounds BaGesz and BaGezns2 in which the germanium
and phosphorus {arsenic} atoms are in four and two fold
coordination resgectively.n7 The ternary CeSiP3 has been
isolated from a reaction between CeP and lodine in a quartz
ampoule,138 and two series of manganese compounds LiMn¥ and HaMnX,
where X = P,As,Sb or Bi, have been cobtained from the elements at

139 Detalled structures are available for a

high temperature,
number of the compounds. A single crystal X-ray study for
Till+xcul-xPB' where x = 0,34, shows the presence of trigonal
prismatic PTi6 and distorted body centred cublc CuTiy structural
units.140 New k-phases in the HfMoP, HfMchs and HfWP ternary
systems have been shown to crystallise in the hexagconal space
group P63/mmc.141

142 and Cd3Asx3,142 where

Compounds with the steichliometry C4.PX
X =¢Cl,Br or I, C4,PI 143 Cd,AsI 4 Cg P,C) 144 d Cdas,I k44
d r MOt Rk 746 A0 273

have been prepared elther hy vapour transport of Cdapz(Asz)-Cdx2
mixtures or fusiocn of Cd3A52 with the appropriate cadmium halide.
A number ¢f structures have been determined showing, for example,
that Cd,P,Cl, and Cd,As,I., should be represented respectiwely as

2+ ! 5— 6 1- 47273 2+ 3- 2- 1- 144 .
(ca )7(P )4(C1 )6 and (Cd )4(35 }(Asz N Sl PN A mixed
phosphorus—-arsenic compound CddPAsBr3 has been isclated from
vapour transport with a stolchiometric mixture of CdszBr3 and

Cd As.Br ;143

4RsoBry; its structure has been determined.

5.2,2 Bonds to Carbon

The +3 Oxidation State. The number of compounds contalning
maltiple bonds between carbon and phosphorus contlnues to increase
and both this section and the related secticn dealing with
phosphorus in the +5 oxidation state {see page 314) begin with a
discussion of these specles. Phospha-alkene and -alkyne
chemistry has been reviewed,146 stressing that many of these

compounds have stabillty comparable to that of the olefins,
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Microwave spectroscepy for phosphaethene, CH, :PH which has a
half-life of ca. 11 minutes and five of its isctopically

substituted species gives the following ‘z_nara'rnetlars.M-’7
r{c-p) 1.671% H-C-P, 124.5°
r{p-H) 1.425% B-C-P 119.1°
r{c-H) 1.082% c-P-H 95,5°

Dehydroflucrination of {CFB}ZPH with trimethylamine probably
proceeds via CFBP:CP2 but subsegquent reacticns give diphosphines

such as R{CF3}P-P(CF 27 where R = CHF, etec,, and a new

3)

triphosphine {CF3)2PCH2P{CF3)P(CF3)2.138 New methylenephosphines
result from the reactions ocutlined in equations (35),7%% (36),15°
and (37).151 The compounds are thermally stable liquids which
LiN(SiMe3)2
{(Me ,51) ,NPC1-CH,SiMe, > (Me551),N-P:CHSiMey ...(35)
-HC1

RPC1, + LiC(SiHe3)3 —_— (MeBSi)3CP01R
R = t~Bu or Ph A l -Me3Sicl

(Me381}2C:PR . ee {36)
(Me,S11,CPCL, — & 3 (Me,51),CiPCL e {37

-He,SiCl

may be clis-trans isomer mixtures. Spectroscopic investigation

of the product from eguation (35} points to the presence of one
form, probably the trans isomef, and as for similar compounds it
reacts either by addition across the P=C double bond or by
oxidation of phosphorus to the +5 state. With sulphur in
refluxing benzene, for example, the product is the methylenethi-
oxophosphorane (30}, with the thiaphosphirane {31) as a

by-product.152
Me S P (Me 481} 5N ( PR
N—P yp\
MeBSi/ = CHSiMe, s CHSiMe

(30) (30)
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Reactlon between R.P(Sme3)2, where R = Me, t-Bu, Ph or mesityl,
and dimethylformamide is very slow but, in the presence of sodium
hydroxide, elimination of (Me351)20 to give RP:CHNEME2 is complete
in a few days.153 The products with R = Me or Ph are unstable
and readily dimerise to the corresponding suhstituted
diphosphetan (32}. Similar reactions with benzophenone in place
of dimethylformamide are also catalysed by sodium hydroxide giving
RP:CPh2 compounds; the mesityl compound 1s stable but again the

P-phenyl compound readily dimerises. A P-hydride substituted

] H\C/Nﬂez
\P/ Sp
\C\/ ~ g
H” NMe,,
(32)

methylidene phosphine results from the reaction in equation
154

{383, the intermediate (33} rearranging to the E and 2 isomers
COCMe
-25%¢ 3
{Me 51) ,PH + Me,CCOCl —=2 -3 HP
SiMe3
€33)
l 4,20%
HessJ.O\ /Cl-le3
H C QSiMe
\P/ \P &——— HP=C }
~
~Ne Ny \m‘,_3 c.. (38)
He3si0/ \CMe3 {34)
{35) :

of (34) on gentle heating. Compound {34) dimerises on standing
in daylight to the diphosphetane {35), which has a centro-
symmetric structure with long (1.903RJ P-C bond lengths.155 This
indicates substantial ring strain and in agreement the dimer is
reconverted to the isomeric mixture of the monomer {34) in

solution. Compound {33} after lithiation at low temperature
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reacts with Me, SiCl to give Me3si-P:C(OSIMe3}(CME3).154

The first coordination complexes with (mesityl)P:CPh2 {ZL) as a
ligand have been reported; among these are cis—M(CO)dL2 where M =
Cr,Mo or W, trans-RhCl(PPh3}2Lir iéz-Ptszz where X = Cl,1I or Me,
and cis- and trans—PtClz(PEtB)L.

The structure of a further
compound Cr{CO}SL has been determinedlST

showing that bonding is
via the phosphorus atom.

Further information 1s also now available for compounds
containing a phosphorus to carbon triple bond, One compound
which is unusually stable results when the substituted
‘propylidene phosphine, (He3810)(Me3C)C:PSiMe3 menti?gzd above,ls4

is treated with a small amount of scdium hydroxide. As 1in

similar reactions, hexamethyl disiloxsne 15 eliminated leaving
2,2~dimethylpropylidene phosphine MeBC-CEP, a monomer in freezing
benzene with a boiling point of 61°C. The phenyl analogue,
Ph:Ci{P, 1s much less stable (t% ca. 7 mins. at 0°C) and has been
obtained by high temperature vacuum pyrolysis of
(Me3Si)PhC:Pcl.]‘59

Electron dlffraction and microwave spectroscopy give the

fellowing parameters for Me3C'CEP.160

This compound also gives
r{p-c} 1.5368 c-c-¢  109.0°

r(c-c) 1.4738

r{C-CH;)  1.5438

coordination complexes but, in contrast to those from phospha-
alkenes, an X-ray structure for Pt(PPh3}2(Me3C-CEP) as a henzene
solvate shows that the ligand bonded in a side-on fashion

(p-c 1.678).781  witn co,(cO}y, the ligand gives an oil
formulated as Coz(CO}G(Me3C-C§P).

The eynthetic uses of C-lithiated phosphines have been
reviewed.l62
A number of new twe coordinate phosphorus cationic compounds

have been isolated from chloride ion abstraction reactions by
aluminium trichleoride, aAmong these species are the nitrogen
substituted cations (MeZN)t—BuP+, MeZN[{t—BuMezsi)EN]P+,
MezN[(Measi}zN]P+, [(Me35i)2N]2P+ and C1P(Nt-Bu),P 163 ana one
compound containing two P~C honds derived from diferrocenyl
chlorophosphine.l64 After replacement of one chlorine atam in

{CSMeS)PCl2 using MeBSiNMez, the resulting (CSMes)Pcl(NMe2) can be
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converted to the (CSMes)PNMe2+ catlon by treatment with AlCl, in
dichloromethane.165 A simllar series of reactions take place with
the corresponding arsenlc derivative and a further arsenium salt
results when AlCl3 reacts with (CSMes}(CSHS)Ascl.

Microwave data have been interpreted to show that the conformer
present in vinyldifluorophosphine is that with a plane of symmetry
containing the phospheorus atom and the vinyl group.166 U.v.
P.2.5. have been measured for a series of phenyl substituted
phosphines to assess the extent of conjugation between the
phosphorus lone pair and the w-system of the phenyl group;l
gsimilar data are also available for the t-butyl acetylene
dertvattves t-BuCECPx2 where X = H,Cl1 or NEtz.l68
Nitrogen elimination from the 1,2,4-diazaphospholine {36) leads

tc the phosphorinane (37) rather than the ylid isomer

&7

(Me3si)2NP(=CHt-Bu){:CHSiMe3).169

H t-Bu H\ t-Bu

N/ c

(MeBSi)ZN-P’/’ il Me S1) ,N-P ’//‘|

Ne—nx : N

H/ N\siMe s C\

3 HSive,
(36) @

Preparation of di(o-teolyl)phosphorus chloride and its
subsequent conversion to (o-tolyl)2?—(CH2}H-P(o—tolyl)2, where n
= 1-4, € and 8, has been described.i’C At -35°C, tetramesityl

diphosphine shows ¢, molecular symmetry with an anti-conformation

2
and there are strong structural similarities with

11 there is thus little evidence

1,1,2,2-tetramesityl disilane;
that the ground state structure 1s influenced by conjugation
between the aryl m-system and the phosphorus lone pair.

a=Trimethylsilyl substituted methylphosphines PhRPCstiMe3 anle
PhRPCH(SiMe3}2 where R = Me,Et,i-Pr or Ph, have been synthesised
and undergo oxidative ylidation with carbon tetrachloride to give
PhRPCl:CR'(SiMe3}.

Electron diffraction and vibrational spectroscopic data for

2

He3P.BBr3 give rg(P~B) as 1.946% and assess the rotation barrier
about the P-B bond as ca., 10 kecal mol-l.173 Vikbrational data and
force constant calculations are available for Me PH.BXB, where

X = Cl,Br or I, and for the deuterated compound.l 4
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The novel B-P ligand {38) has been synthesised from BHB.THF via

Hy G /CH;CHZ
'/B__\\ NN s \
Mezp+ Fbre, /I|\ /x Sn\(—-——P-R

| ] Ph,P c s
Hyge Qs s \CH2—CH2
{38) (39, X = O.S,cr«x2 or NMe) (40)

Me,P.BH,Cl in a multistep proceas:175 conmplex formation with BeCl2
is described, The stability of the PhaP.SO3 complex is
associated with the fact that, according to a recent structure
176,177 the S=0 bonds are shielded by the propeller
like arrangement of P-Ph bonds, The molecule has three fold
symmetry and contains a long {2.176%) P-S bond.

Triphenylphoesphine reacts with the nicbium azide complex,

determination,

Pth(NbBr5N3}, liberating niggogen to give the phosphiniminato
complex Ph4P(Br5Nb:N:PPh3). The analogous tantalum complex
reacts similarly and it is possible in these reactions to
substitute AsPh3 for PPh3 when the products are (BrSM:N:AsPh3}-
species.

The formation of radical anions from bis{diphenylphosphino)-
maleic anhydride (3%} and its derivatives has been

investigated:l79 the observed low reduction potentials are
1 2
P PH R
{CH,} PH,_ RZ _-FRT{CH,) 3PHy _Ri
1 273 "2=-nn (H,C)
RP 2Nm 1 2
(CH..} .PH Rz PR (CH2)3PH2_an
2’3 "2-n'n 1 2
1 .2 {42, R",R"=Me or t-Bu m = 2

(41, R",R"=Me or Ph ; n=1 or 2)
or 3, n =1 or 2)

asscclated with the presence of r-orbitals which are extended to
include the phosphorus atcoms.

Monomeric stannylenes formulated as in (40) are obtained from
reacticns between tin{II) alkoxides and RP(CH2CH25H]2 according

. 180

to n.m.r, and mass spectrometric data.

Among the new polydentate P{(III} ligands synthesised this year
181

are the triphosphaalkanes (41), the chiral tetraphospha
analogues (33)182 and a series of 14 membered ring compounds
(gé).lBB In the latter the donor groups are arranded to promote

sgquare planar coordination about a central metal atom. Finally
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a multidentate ligand (44), containing both hard and scft doner
centres has been synthesised and used to prepare Ni(II) and Pd(IX}

complexes.l84
(CH.) ke,  He,
g : Si 51
P X NN
H,C N cH,
f i
Q\ X Ph,P Li PPh,
(CH, ) (48)

(43, X=PPh,NMe,0 or S)

1:1 Stoichiometry is cbserved for the complexes formed between
H(SbFG)z, where M = Sn(II) or Pb{II}, and phosphines such as
thP‘CHz’fggh PhP[(CHz)zPPhé]z and MeC (CH,PPh
solution,

Triacetyl phosphine, P(COMe)s, can be 1s¢lated when tris{tri-

in nitromethane

27 2)3

methylsilyl)phosphine reacts with acetyl chloride at OOC,186 the
campound on treatment with alcohols being converted to the 4di-
187 For the

and mono-acetyl phosphines, HP(COH2)2 and HzP{COMe).
former there is an equilibrium with the encl tautomer (45) but the
latter appears to solely in the ketc form. Diphenylchlorophos-—

(45) _ (46) (amn

phine reacts wifh sodium acetate,188 sodium benzoatel89

pentafluorobenzoate189 to give the appropriately substituted

or silver

acyloxy-phoaphine {(46), R = Me, CGHS or CGFS}. Analogous
dimethylphosphorus compounds can be prepared using perfluocro—
carboxylic anhydrides,188 but the produckts are generally thermally
unstable and reorganise to the isomeric phosphine oxides (47).
Phosphine carbonic esters have been prepared, see equations {39)

and (40);190 n.m.x, parameters are discussed and reactions with
K, CO
Rle, + clcoor? 2% wrlencoor’ + mcl ool {39)



314

K,CO

1 2 2 1 2

rlen, + 2c1co0R’ —2 3 mlp(coor®y, + 2mcl .e. (40}
1.

R™ = Ph or cyclohexyl

R2 = Me, Et,Bu or Ph

MeI, etc. are described.

Vibrational spectra for the cyanomethylphosphine, P(C‘H2CN]3,
have been assigned on the basis of Csy syngfry and compared with
data for PX(CH2CN)3 where X = 0, S or Be. The coordination
characteristics of the ligands Ph,PCH,CN and Ph,PCH,COOEt have
been investigated.192

Details are now available for the preparation of novel
crganocyancophosphide and mixed phosphorus(III} cyanide bromide
anions. The former, given the formula RP{CN} , where R = Me, Et
or Ph, are obtained from RP(CN)2 and Et ,NCN 1n dichloromethane

4
solution, via an adduct, RP(CN)3—, which readily loses
cyanogen.193 The bromide~cyanlde species again regquire a large
cation, e.qg. R4N+ or a crown ether-sodium cation, for
stabilisation and result from reactions in egquations {41} to
(44).194 The missing P(CN}Bra_ could not be cbtained and
P(CN), + Br —3 P(CN},Br «e. {41)
P(CN),” + BrCN —» P(CN) 3Br" eee (42)
P(CN), + Br, —3» P(CN),Br, s (43)
PBr, + Br —» PBr4_ eaa (d4)

although P(CN)4_ can be observed at low temperatures it decomposes
via reductive elimination of cyancgen teo give P(CN}zﬁ. Full
X~ray structures are reported for P(CN)BBr‘ and P(CN)ZBrzﬂ.

The +5 Oxidaticn State. Species containing phosphorue-carbon

multiple bonds are considered first. Mathanidobis {(phosphonium}
salts, [(R'R’N)Ph,P=fCH*=¢PPh, (NR'R°)]C1 where R! = Me, Et, n-Pr
or Ph and R2 = H, Me, Et, n=Pr can he readily obtained from
reactions between Ph_P-CH.,-PPh

2 2 2
presence of the appropriate amine.

and carbon tetrachloride in the

195,196 bDehydrchalogenation

with sodium hydride gives diaminocarbeodiphosphoranes
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(RzN)thP:C:Pth(NRZ) with secondary amine derivatives,l96 but

imido compounds {48) from precursors with primary amine

functions.195 A cyclic carbodiphosphorane (4%} has been prepared
H cC
c 4
Pl Ph,P PPh,
Ph,P” PPh, J |
I i o€ CH,
RN NR N c”
H- H2
{48) (49)

from bis {diphenylphosphino)methane and l,3-dibromopropane wvia a’
diphosphonium salt and transylidisation with Me3P:CH2.197 From
X-ray diffraction this c¢cmpound containe the smallest P-C-P angle
(116.7°): the P=-C distances are l.645 and 1.6532.198 For
compariscn, the P-C-P angle and the P-C bond length in
MePhZP:C:PPhEMe are 121.8° and 1.648% respectively.l98
Substituent effects on iscmerisation in the carbodiphosphorane
(EQ)-[ﬁphosphoranylidene)methyl]methylene phosphorane (51) system

have been investigated Loth by n.m.r. spectroscopy and

39 compounds containing benzyl or fluorenyl

preparative methods;l
substituents, for example, exist in the conjugated ylid form (51}
while for those with methyl or phenyl substituents only isomer {50}
is observed.

The relationship between triboluminescence and the two phases of
hexaphenylicarbodiphosphorane has been investigated, showing that
triboluminescence is assoclated with crystallisation in a polar
space group.20O The structure has been determined for compcound
(52) , which contains a stabilised diphosphacyclcbutadiene unit.zol
The catlon,which 1s centrosymmetric, shows complete delocalisation

of both the charge and double bond character.
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2+

Ph,P==C *=PPh, -
(NO.7),.H,0

ho
thP =C =PPh3

(52}

Compounds which rearrange to ylids are the products when

perchlorinated carbosllanes react with elther Me3SiPMez or
LiPMe2.202 Some of the reactions investigated are summarised in
equations (45} and {46}; full X-ray structures for compounds (53},

?Mez

{C1,81),0C1, + Me SiPMe, —» Cl351-$-—51cl3

c1
Meli
(Cl S8i) C PMe3 &—-— {Cl 51)2C PMe2Cl ses £45)
(54) {53)

(C1,8iCCL,}, + 3Me,PLi —3 [C1,SiC(PMe,)C1],

l

(ClZSiC:PMe2C113 vestdB)

(55}

(54) and (55} show shoxrt P-C and 5i-C bonds equivalent to bond
orders of ca. 1.33.

Treatment of the ylid HethP:CH-Pth with Na{R)NH2 generates
the new ligand {(H CPh2CHPPh } which on displacement of trimethyl-
phosphine from {(Me P) N1C12 gives the new complexes (56) and
(57). 203 5 platlnum ylid complex cis- [bt(PPh3)2(CH PPh }Ci]cl

Ph, th H2
H(‘Z/ \ e \ / E{Ph
i Ni
pth_“%c / ™~ 1 / \
H, H2 th
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has also been 1_solated.204 Crystal structures are available for

two phosphonium dicyanamethylides (58, X = OHezos and NMEZ),ZOG

which show P~C bond lengths of 1.722 and 1.729% respectlively.

E(CN}Z /’g%\\
X P—n-Pr R, P+ +PR
2, 2
n=-Fr
HZC CH2 _
{58) 2Br
{59)

Three mixed cyclopropylmethyl phosphonium salts,
qun(c-c385)4_nP]+x' where n = 1 to 3, and the corresponding ylids,
Men(c—C3B5)3_nP:CH2 where n = O to 2 have been synthesised.zo7
The analogous benzyl phosphonium salts, [RZP(CHZPh]2J+Br- where
R =Me,Ph or PhCHz, can also be converted to the corresponding
ylids.zo8 Reactions of the bis{phosphino}methanes,
MEZP-CH2-PMe2 and PhZP‘CHZ-Pth, with 1,2-bis(bromomethyl)benzene
give the corresponding diquaternary salts (53) which on treatment

with a strong bage yield monce- {60) and di-ylids {gl).zog

H H
C [
PN s
R.P PR2 E.P PR
2| | . 2); | 2
HZC CH2 Br HC CHZ
{60) (61

Finally a series of highly fluorinated phosphonium salts and their

ylids, including {(n-C_.F PMe3)I and R P:CHCGFs, has been

10 6713 3

prepared.2
Oxiranes and thiiranes react with tricrgancphosphorus
dichlorides to yield isclable chloro-{thilo}alkoxyphosphonium
chlorides [R1P-x.chR%cH,C1])*c1” where X = 0 or S and B* = H, Ne
or CHZCI.ZLl 21
X-ray structures for tris{2-cyancethyl)phosphine oxide,

sulphide213 and selenide213 show a dtfferent packing pattern for

2
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the oxide; the sulphide and selenide are isostructural.

5.2.3 Bonds to Halogens

The +3 Oxidatlion State. Matrix isolation technigques have yielded
the first information for the PF4- ion, prepared from a gas phase

reaction between PF3 and CSF:214 i
the symmetry is no higher than C2v
of SF, is thought most probable. Replacement of CsF by CsCl leads
to PF3c1 but it was not possible to obtain either PCl3F or Pcl‘1 .

Phosphorus triflucride will react with the normally inert SF6 at
215

Y. spectroscopy suggests that
and a structure similar to that

high temperatures and pressures toc gilve PFS and SPFS.
Electron diffraction measurements on a number of substituted
phosphorus {III} fluorides including PFz(NCSe),216 PFz-N{Siﬁa}z,
(PF2)2°N51H3,217 and (PF2}2NGeH321B have bheen reported.
Coordination about nitregen in the last three compounds is planar
with longer Si{Ge)-N bonds than in other s5ilyl or germyl amines.

This shows that PF2 groups have a greater tendency than the

217

51(Ge)H3 group to accept electron density from the lone pair
p-orbltal on nitrogen.

Exchange reaction between the mixed flucride bromide, PFzﬁr, and
MezPSiMe3 or P{SnBu3)3 lead to respectively the unstable
diphogsphine, PFiPMez, and a triphosghine, thought to be
P{PF2)2(SnBu3). 12 Platinum complexes, singly bridged by PF2
groups have been isclated from reactions between PF,X, where X =
Cl, Br or 1, and PtHX(PEt3)2,220 and complexes containing
coordinated diflucrothio- and difluoroselenc-phosphonate groups of
the type [Pt(PEta)z(PFZY)],where ¥ = 8§ or B¢, are the products
when PF2H(Y} reacts with trans-PtH(PEt3)2C1.221

The first example of a strongly T-accepting, tridentate ligand
has keen isclated from an unusual reacticn between PhN{PF2)2 and
(MeCN)3H0(00)3-222 The initial product 1s (OC)3M0(PF2'NPh°PF2}3
which loses two mols of PF3 to glve tris[?henyl(difluorophosphino}—
amino]phosphine P{NPh-PF,) ,.

Recent experiments show that PCl3 can be campletely fluorinated
in ca. 80% yleld by sodium fluoride in refluxing acetonitrile.223

A series of reactions between non-metal halides and 1lithium
aminofluorosilanes, RlﬂzsiF(NR3Li) where R1=R2=Me, t=-Bu or Fh and
R = t~Bu or mesityl, leads initially to unstable substituted
products but halosilanes are subsequently lost with formation of

cyclic compounds.”4 For example, with P013 the product is
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compound (62} while with AsF, it is possible to obtain either (83)
or {€4) depending on the ratio of the reactants. Monomeric

R3 R3 R3
Y 8 &t N F N
51 P~C1 51 As~F AR As
Rzl’ Ny 27 N~ TN LN
N R H N F
rR3 R3 r3
{62) (63) 84

entities can also be obtained, particularly when bulky groups are
attached.

Dichloro {methyl)phosphine is now readlily avallable and a recent
review considers its use in preparing a range of phosphonic,
phosphinic and phosphonous acid derivatives.225
P,Br, 1s unknown as a free molecule but it has recently beeg26
atabiligsed in the carbonyl complex, {OC)5Cr(PBr2PBr2)Cr(c0)5.
The compound results elther from photolysis of a Cr{CO)G—?Br3
mixture in THF sclution or by HBr replacement of the amine groups
in (OC)5Cr[P(NEt2)zP(NEt2}2] Cr{C0)g. An improved synthetic
route to a phosphorus-mesoporphyrin uses a PBr3—pyridine 227
intermediate with the free base mesoporphyrin dimethyl ester:;

a similar technique can be used to prepare the analcgous
phosphorus (III} phthalocyanine.

Replacement of the iodine atoms in P214 by AgCH, E"Cl3 and PBr3
has been followed by 31? n.mM, r, spetctroscopy:228 with the first
reagent, evidence was obtalned for P214_n(CN)n where n = 1 to 4
and all mixed P(I/CN), species. With the trihalides (PX,),
evidence is avallable for P213X and P212x2 but, whereas only the
symmetrically substituted isomer is present for P212012, the

corresponding bromlide gives both iscomeric forms,

The +5 Oxidation State. A salt contalning the PH2F2+ cation has
been isolated from a PH2F3-A5F5 reaction and although the product
cannot be stored in glass apparatus there is no noticeable
decomposition in polyethylene after several days.229

According to powder X-ray data, the "hexahydrates" of HMF .,

where M = P, As or Sb, are probably isostructunral and recent
19

F n.m.r., spectroscopy polnte to the presence of one molecule of
HF per MFG“ anion.?®™  The formulae should then be HMF - HF - 5H,0,
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with disordered MFG‘ ions occupying clathrate cages formed by
hydrogen bonding between H20, H30+ and HY. The dimethyliacetamide
{L}) complexes, HMF..2L for M = P, As or 5b, contain the hydrogen-
bonded cation (DMA)2H+ on the basls of X-ray data for the
isomorphous phosphorus and antimony cornpounds.231 The O,..0
distances in the catlon are 2.419 and 2.443% respectively while the
MFG- anlons are disordered with high thermal motion,

Substituted Eluorophosphoniu.r: salts, such as R3PF+Br" for R = Et,

_LFF Br for R= Me and n = O or 1 or

R = Et and n = O, are products from respectively R3PBr2-R3PF2

reactions in dichloromethane and fluorination reactions between

232

Men(RZN)B-nPErZ and sodium flucride. Compounds of the type

R3PF PhPF;, where R = i-Pr or n-Bu, can be isclated from fluoride
ion transfer reactions in dichloromethane; full n.m.r. data are
available for all these compounds.

Direct fluorination to phosphorus (V) species has been cbserved
for the first time with the phenoxy-phosphorus (TII) derivatives
(FhO) PR, where R = Me, Ph or F, (PhO},P and PhoPF, . 233
results were obtained with a number of alkoxy derivatives,

Bis {(phosphonic difluorides), P2P(0)-X—P(0)F2, where X = CH,,

CHZCH2, trans-CH:CH, are obtained on reaction of the corresponding
2324

Similar

chlorides with arsenic trifluoride; conversion to the

bis{tetraflucrophosphoranes), F P-X-PF, can be achieved by

4 4

treatment with 5F4.

Reactions between P O.F, and V,0. at the boiling peoint of the

2 3235 275
former lead to VO,FO.F

277272t
Although treatment of Pcl5

leads to N P3C16, the pyridine adduct of PC15 gives the series of

3
mixed species Pcls_n(Na)n.py, where n = 1 te 4, according to a 31?

with either lithium or scdium azide

n.m.r, study.2 Similar reactions with a2 number of phosphorus-

catechol species are alsc described,

1

Hydrcogen dichloride salts of the phosphorus{V) cations R Rchlz+

and RlPC13+, where Rl = Me or Ph and R2 = MeOC6H4, together with
the dinuclear species [(MeOCGHQ}PClz-x‘P(HeOCGH4)C12]2+, where X =

(CHZ)4 or 1,4—C6H4Ir have Leen prepared as meoisture sensitive
solids.237 Crystal structures are available for

[(MeOC6H4}MeP012]HC12 and [1MeOC6H4)PC13]H012 showing the presence

of symmetrical HCl2 anions. 8 Although the monophosphorus

specles on treatment with hydrogen bromide give RlePBr3 and

RlPBr4, the diphosphonium compound yields [RPBrz-X-PRBr2][HB:2]2?37
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31? n.m.r. shifts for OPC13 and a range of organcphosphorus (V)

compounds in liquid hydrogen chlioride seoluticon are, in general,
downfield in comparison with those in non~acidic media, in
agreement with (partial} protonation of the phosphoryl oxygen
atcm.239

Phosphoryl chloride when treated with alkylaluminium dichlorides
can be converted directly toc alkyl phosphonic acid derivatives.240

C13N02P2, pPreviously obtalned from the POC13-NH401 reaction, on
refiuxing with Pcl5 in phosphoryl chloride gives the cyclochloro-
phosphazenes, (NPClzln, where n = 3 to 7, and the monomeric
C1,P(0) (NPC1,)Cl as products soluble in n-heptane.?%! The
inscluble residue consists of ClzP(O)(NPClz)nCl where n = ca. 5.

The molybdenum atom in P0C13.M002

chain structure, is in distorted octahedral coordination to one

Clz, which has a polymeric

oxygen and two chlorine atoms as terminal ligands, the OPCI3
molecule which is trans to the terminal oxygen, and two bridging

oXygen atoms.242 A Raman investigation of the laser solution

POClB-Sncld—Nd(Hzo)n3+ shows a complicated mixture with lines that
can be assoclated with coordinated POC13, P203Cl4 molecules and
902c12' 10115.243 E.p.r. data have been obtained for the polymeric
[cuto,pc,) 2'_[n.244

Phosphorus pentabromide, sublimed from 273K to 13X, gives a
Raman spectrum interpreted as showing the PBr4+ and Br3- ions
together with PBr3.245 On warming, the Br3_ and PBr, bands
disappear suggesting a solid phase reaction leading to PBr¢+ Br .
There 1s no evidence for covalent PBr5 with a trigonal
bipyramidal structure, The thermal decomposition of PBr5 has been
investigated by noting the temperature dependence of the pressure

of decomposition products.246

5.2.4 Bonds to Nitrogen

The +3 Cxidation State. Compounds contailning P-N double bonds are
considered first. New moncmeric phosphazenes with coordination

number two for phosphorus have been isolated following the reaction

in equation (47).2%7  The intermediate, (i-Pr){t-Bu)N-PC1-NRSiMe,,
i—Pr\\ i—Pr\\

N-PCl, + LiNR(51Me 5) —> N-P=NR + LiCl + Me,SiCl
t~Bu~" t-Bu ~”

R = 1"Pr’ t~Bu or siME3 ees (47)
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can be lsolated only when R = 1-Fr. The P-t-butyliminophosphine,
t=BuP:Nt-Bu, isclated by pyrolysis of t-BuPF-NLit-Bu as a yellow
liqulid, susceptible to both oxidation and hydrolysis, is stable
for some days at -40° but at 0°C it dimerises to the
azadiphosphiridine (§§).248 Loss of trimethylchlorosilane from

t—BuPCl-N(SiMeB)t—Bu iz alse a route to -F:N- compounds., Tri-

41’4'-1:—51.1 R
t=Bu-P N SiMe
~N SN 3
H=t=Bu Meznl //,P
t=Bu-P < ~w e
(65) R
(68)
?e
Me_S1i P BMe
N N 2
N N
MeBSi/ \51Me3
{67}

methyl-boron and -aluminium react with such iminophosphines by
different routes.?%?  The latter with (Me,S1)RN-P:NR, where R =
t~Bu or Me351, gives the heterocycle (66) but, while the analogous
boron compound i1s produced with BMe, and the t-Bu substituted
starting material, an acyclic derivative (637} results with the
MeBSi substituted reactant.

Condensation at room temperature between P{NHe.z)3 and
dlamino~malecdinitrile {HZN){CN)C:C(CN}(NHZ} gives the anion (68)
containing a two-~coordinate phosphorus atom, and this ylelds the

neutral N-methyl derivative (63} on reaction with methyl
250

iodide. An X-ray structure of the 1:2 complex from Cr(CO)
NC CHN NC CN
Py )—::zzﬁ(
—
N\ SN N\ N~ Me
\P/ N,/
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and the triazaphosphole (70) indicates the formation of a
"totramer" wlth the structure shown 1in (2;),251 while a related

e, N g e
/N_--TC ‘ nH
HN N R N~ /
\ / __.,N P\
B i [ Cr{col,
(E) {QC} Cr,______‘ .
/ \N / \N
| \ !
N
Me N
2 (11

phosphole (72) on reacticn with azodicarboxylic esters probably

gives initlally the splrophosphazene {73), which dimeriges to the
pentacyclic product (74) that is actually Lsolat-.ed."’s2

Ph Ph
_— - N—=C
/ \ /
Me-N N Me-N N
N7 %
(22) RO, C-N \o
\H _ c/
Ph C/OR (73) "on
¢ o N\
“ \ 1
\ N P-—.-—-N—-COZR
S S
Me/ P N\ yN
R02C--‘N/ ~o g
| i rh
N c_
OR

74)
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Cycloaddition between dlisopropylamino{t-butyliminc}phosphine
and l-diazo-2,2~dimethylpropane gives compound (75), which loses
nitrogen at 40°¢ yielding the iminomethylene phosphorane (25).253

t-?u
_N—N 5+ pN-tBU
(3-Pr) ,N — P ]] {i-Pr) zn—-—p\\:\ 5~
P CH-t-Bu
H t-Bu (76)
{75}

{i~-Pr) ,N—P |

2
C\
H /t—-Bu
717

Isclation by rapid distillation is possible but its isomerisation
to {77) can be followed by 31
Ammonolysis of [CF3)2PH leads to CHzF(CFS)PNHZ, CHFZECF3)PNH

P n.m.r. spectroscopy.

and (CF3)2PNH2, which can be converted to the corresponding 2

chlorides on treatment wlth hydrogen chloride.254
The coecrdinating ability of the amincphosphine ligands (78},

in which the nitrogen atom is forced to remain pyramidal, has been

assessed in the formation of a2 series of molybdenum and tungsten
complexes M(CO}G_DLn where n = 1 to 3.255 From n.m.r. data it
appears that coordination is via the phosphorus atom only.
Fe(CO)4 complexes containing cocrdinated {RZN}ZPCI groups {R = Et
or i~Pr} have recently been isclated from direct reactions with

Fez{CO)9 in hexane solution.zs6

In addition, the following
JNPCL, . Fe{C0) .,
(1'\'1e3s.1.}2NPCIL.1='e{COI‘1 and t-Bu(Me2N}9C1.Fe(CO}4: treatment with
AlCl3 leads to salts containing the coordinated phosphenium ion
and AlCl4 {see also references 163-165).

A new four membered P-N-S ring system (79} has been obtained
from a reaction between phosphorus trichloride and the

sulphamide derivative (t—BuNH)2$02.257 The chlorine atom can be

compounds were also isclated: Me
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P N t=-Bu
/ \0 _/g R IIQ
™~
o Me C1-P -~ 50,
\\\!‘//’
Me R ]
t~Bu
(78)
(7%}

substituted by fluorine or NMe, and with sodium the corresponding
diphosphine is produced.

Analysis of the variable temperature n.m.r. spectra for the
diphosphincamines, (sz}2NR where X = Ph and R = H, Me, Et or
i-Pr, X = C1 and R = Me, t-Bu or CH2t—Bu and X = F and R = Me or
t-Bu gives values of 2JPNP in the range -23.9% to 731.9 Hz, the
sign and magnitude being related to the local symmetry of the
P—-N-P skeleton.258

Previously unknown methylamino-fluorcalkylphosphites have been

prepared from the reactions in equations (48} and (49).259

ROPFCL + (Me331)2NMe —_ MEN(SiMea)PFOR * Ha3SiC1 -0 (48)

2ROPFC1 + {Me3Si)2NMe-—) MeN(PFOR}z + 2MeasiCl ov e (49}

R = Me or Et,

The diazaphosphiridine {(80) can be obtained from
1,2=bis(t-butyl)hydrazine and R2HPF2, where R = i-Pr or SiMez,

as an alr stable solid;zso

a crystal structure of the i-propyl
compound shows the t-butyl groups in trans-positions with
endocyclic P-N lengths of 1.70%9 and 1.7278. These species,

stabllised kinetically by the exocyeclic groups, rearrangde slowly

in toluene at 50°C to the valence isomers (81}. Related
azadiphosphiridines (82) where R=SiMe3 or CHMez, can be prepared
t~Bu t-Bu t-Bu t=-Bu N{SiMe )2 NR2
Y |o§- ! \ 3 /
N ——N N 'N P\ /P
N N 4
H P 5+ N
NR, i 1
NRZ SlHe3

(80 (81) (e
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by either the base induced loss of HX from a phosphanylamincphos=-
phine, (He3Si}ZNPH-NSiMe3-PX(NR2) or by treatment of an
imincphosphoranylphosphorane, 1.e. (Me3Si}2N-PH(:NSiHe3}-PXN32
with methyl lithi1.1m.261"262

Transamination reactions lead to compounds (83, a X=C and
b X=NMe}, which on treatment with o-benzoguinone yleld the
263 1f (83a) is
treated with aluminium trichloride, 1t disproportionates to (85}

corresponding spirocyelic derivatives (84).

while treatment of (83b) with bromine and N,N'-dimethyl-o-phenyl-

enadiamine gives (86}, with a trigonal bipyramidal structure.264

%e Te Me
N N o)
~ |

@ P-ME \P/

x/ ™~ / \
X 0

{83a X=0, b X=NMe) {84a X=0, b X=HNMe)
Me Me Me

é Me o ﬁ Me ¢
[
N N
N \}3 I;,/P\I?
Me Me Me
(85) (86)

MNDO-SCF calculations for (MezN)3P point to greatest stability
symmetry and dihedral angles of 61°
265 and in this
context the structures of the iron cazrbonyl complexes
{Me,N) ;P*Fe (CO} , and BMEZN)BP]2'FE(CO)3 are of interast.

Both compounds show trigonal bipyramidal gecmetry about iron with

for the conformar with C3

between the phosphorus and nitrogen lone pairs,

266

the phosphine groups in axial positions. Iin the first compound
3 symmetry with two NMe2
planarity and twisted in the same direction, the third group is

more tetrahedral. The ligands in the disubstituted complex are

the donor has close to C groups close to

quite different, one heing very similar to that above while in
the second the ligand conformation appreoaches that of the Cq form.,



27
13C n.m,r., spectra have been reported for P(NR2)3 and Px{u32)3,
where X = 0, S or Se and R, = Me, Et or morpholine, piperidine

26

or pyrrolidine residues, while photoelectron spectra for

related phosphorus{III} species have been interpreted in terms of
possible conformations.268

Neutral compounds c¢ontaining six-coordinate phosphorus atoms
chelated by carbemato and thiocarbamato groups can be obtained
by insertion of co, . COS and CS2 into the P-N bond in
ME(CF3)PNM92.269 Detailed n.m.r. data are given together with
an X-ray structure for Me(CF3}P02CNH32.

On thermal decomposition complexes of the type (OC}SMP(NH2)3:
where M = Cr or Mo, dive derlvatives of the unknown P4(NH}6 with
the formula [(oc}smjd(uﬂ)s.”o
displaced in the molybdenum compound on treatment with sulphur
glving the previocusly unknown specles P454(NH’6 but
desulphurisation of the latter was not possible. Hydrazino=-

The metal carbonyl groups can be

phosphorus (I1I) compounds such as P(NHNHZ}3 and P(NHNMe2}3 are
unstable but, following the reactions abowve, they have been
stabilised in the chromium carbonyl derivatives which result when
Cr(CO}sPC13 is solvoly§%$ with either hydrazine or
N,N-dimethylhydrazine,

New compounds containing a P-P bond between phosphorus atoms in
the +3 and +5 oxidatlion states have been reported. One such
compound (87) results fram the reaction between phosphorus
trichloride and N,N'-dimethylthiourea,272
obtained on reaction with the silylurea,

while compound {88) is

3-CF,CeH, (Me3513N-C{o>-N(SiMe3)Me.273 The P-P bond lengths are
e Me F3CHCe CgH,CF 5
Ne———FP —N N P —N
~ ~ yd ~
5=C C=5 Q=C l /C=0
\\‘N -F ———!i// \\‘N —P —N
[} 1] 1 | 1] 1
Mg 5 e Me o) Me
(87} (88)

2,191 and 2.1728 respectively. In contrast, the PCla-
[ (e 51)Me] ,CO reaction leads to the analogue (89), with two three
coordinate phosphorus atoms.273 Thls can be oxidised by

potassium permanganate or sulphur giving {90} and {91}
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Me Me: Me O Me
! R
N—P—N /N—P—-N
!
0= C= 0=Q\ 0] =0
\
N—P—l:l Ne—P—N
! "
Me Me Me O ﬁe
(89 {90)

respectively: an X-ray structure is available for the former.274

The diazaphospholidinone-oxide {92} has been isolated from
pyrolysis of the P(III}-F(V} spiro compound (93).

M 0
Me S Me |e V4 Ph y; 0
N—B—N ¥ ¢ Np P /Ph
o=C c=0 Phel b fme / \
N—p—n~" VARN Me-N N-Me
] 1] 1
Me S Me Ph-P N-Me \\\C //
l l n
(91} Me-N — C o
e (33)
(92} -

—

The first example of a compound containing a bond between

phosphorus atoms in four- and five-fold coordinaticn has been

isclated from a series of reactions in which the 15-13 compound

(24) is an intermediate.ZTS

Addition of sulphur then gives the
novel compound (95) and from an X-ray structure the geometry at
the five-coordinate centre is midway between the trigonal

hipyramidal and square pyramid alternatives.

o] Q
] g
C
/s N
Me—-N N-Me Me-N ?-Me
[ | i
M;P — P-Me Me/“p\ P-Me
\ \
o} o o] 0 5
Cl Cl
{94} {95)
cl c1 c1
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The +5 Oxidation State. A new ethylene polymerisation catalyst
(96) is produced in the reaction between the amino-bis(imino}-
phosphorane (Me3SLN:)2PN(SiMe3)2 and bis(allyl)nicke1:276 a

gimllar palladium complex has alsc been 1solated for which an

X~ray structure was carried ocut. The reactivity of

?1Me3 o I,/'O
NI N Lo \
{allyl}g‘/ CH Cp “--4!1-—91——-'
~07 N usivey) G
[ 2 co
SiMe3
(36) (37, M = Mo or W)

trichlorophosphazophosphorus dichloride, C13P NPClz, towards

277

SbF3, 502, 88' n- BuB‘E‘,r etc has been assessed and a

reinvestigation of the 31P n.m.r. spectrum of its phosphoryl
derivative, Cl3P NP(O)CI {shows a single AB type spectrum ;28
conkrast to the more complex spectrum reported previcusly.

The structure ©of the unusual transition metal-aminophosphor-
anide complex {97) contains, in addition to a three membered MPN

ring, a trigonal bipyramidal phosphorus atom with oxygen atoms in

egquatorial positions.z?g
Dimethylformamide catalyses the reactlon between thionyl

chloride anag (MezN} PO to glve the chlorophosphenium chloro-

sulphite [(Me N} Pci] S0 Cl , which is a mild condensation

reagent for peptide synthesis.zao
Structures for two phosphinic amides, thp(o}NHCHZCHZPh and

thE(O)NMeCHZCHzPh.Hzo, show P-N bond lengths of 1.648 indicating

a degree of n-bonding but this is not sufficient to reduce the
basicity of the nitrogen atoms which are markedly non-planar.281
A slightly shorter P-N bond length 1.6308 has been observed in
thP(O)NH2.282

Complex formation with di- and mono-hydrazido-thlophosphoric
acid derivatives, (H,NNH),P(S)OPh (L) and (H,NNH}P(S)(OPh), (L'},

leads to compounds of the type ML2C12, NiL' Cl2 and C4L? 2Cl

283 2

4
etc.

Full detalls are now available on the preparation and

structure of the P(V)-P(V) compound, bis{cyclenphosphorane}
284

{CaH16 4}2 5 illustrated in last year's report (see p.319).
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This type of ring system is also involved In the series of
pelycyclic tetrakis(substituted amino}phosphonium compounds (98),
which can be obtained with peripheral ring sizes varying between

/_‘.N_\ Me

(CH,) (cHy) ;

| l PN

N P N 0=C PCl3

(CH,) (CHy) Ae

N
(38, n =2 or 3; X = H, F, {99)
Cl or I},

12 and 16.285 In the seriles of fluorides {98, X = F), 19F N.M.X.

data show that there is no spin coupling in compounds with

peripheral ring sizes of 15 and lé and, uwnusually, the fluorine

. . . . 286

must be considered as ionic,
Reaction of the phosphorus(V) compound (99) with an

H,N'-disubstituted urea leads to the spirocyclic derivative

{100):287 the related arsenic(V) compound (10l} 1s the product
Me R CF3°C6H4 Me
vosh o & cl i

/ ! P -
Q= ~ B / \C=0 0=C As / Cc=0
g ﬁ ! l
© Me CgHy.CFy
{100, R = Me or Ph)
{101}

from Ascl3 and the substituted urea, OC[N(SiMe3)(C6H4CP3)]2.
Condensation between PCl5 and amidrazone hydrohalides,

[(R NH)R N: CR (NH )]x leads to 1,2,4 SAS—triazaphospholes such as
288 1

{102) , and w1th {lo2, R = H, R2 = Me) there is further HCl1 loss
followed by dimerisation giving {(103). From a full crystal
structure for (29, R3 = Ph} the geometry about phosphorus is half

way along the Berry coordinate between the itrigonal bipyramidal

and sguare pyramidal extremes.289 The structure of the
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corresponding difluoride has also been determined.

P-N Ring Compounds. The Pcla-aniline reactions gives the

substituted diazadiphosphetidine (104), which is also a

thermolysis product of [{PhNH}szzNPh.290 X-ray Alffraction of
2 3 R3 Me
A S / \C—-—-— /
= i N PhNH Ph
1 7 hY H ] Ph 1
RN NH €l TN N N NHRR
~p” A Rk Phive - P P
Cl3 ? % N'/,
]
(102) N c Ph
Mé/ \h3 104)
{103) (

the ethancl solvate shows an almost planar P2N2 ring with the
substituents at phosphorus in c¢is positions, On heating to >BO°C,
the trimer {(104) is slowly converted intc the dimer (105).

Complete substitution of bromine atoms in the cyclotriphosph {(III)-
azane (lC6) occurs on reaction with alcohels, phencols and the

N(i—Pr)2
]
Br P P S
Ph p Me-n N-Me
PhNH N NHPh  pe-§ 7N N-Me P b
~ N ) ' . \\
Pl LT Br-P P-Br / b
N Ny X Me X
! [
Ph Me ™~ CH,,— CH /
2 2
(105) {106)
—_— (107, X = NMe or 0)
291

secondary amines, Me,NH, EtZNH and PhMeNH; with di-iscpropyl-
amine only one halogen is substituted but the remainder can be
removed by elther H,N'-dimethylethylenediamine or tetramethyl-
ethylene glycol to give the bicyclic compounds (107). Reactions
of the related tetrameric compound (MePNHe)4 with methyl iodide in
a 1:1 ratio at ~70°C and with an excess at 20°C lead to products
(108) and (105} with respectively cne and two phosphorus (V)
atoms.292 From an X-ray structure P{V}-N distances are l.647 and
1.6578 compared with values of 1.751 and 1.7468 for the P{IITI)~N

bonds in the centrosymmetric cation (109}.
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Me ?e Me Me
| i ]
Me N P Me N P
N ~ N ™
Me~P+ N-Me _ Me-P+ N-Me -
| i i | [ 21
Me~N P-Me Me«N +R—He
p— n" \P-——-l;l Me
1 1 i
Me Me Me Me
{108) {109}

One or two flucrine atoms in (110), the latter giving the
non-geminal isomer, can be replaced on treatment with
N-trimethylsilylmethylamine; in addition two by-products (111} and

(112} have heen isolated.293 A new synthetlc route to the
R Me Me
t _ 1
F_.P~N N
/ \ NN
F3 / 3 P \ PF2 {NPMe}
/7
\ N MeHN N
1 |
R Me
{110, R = Me,Et,n-Pr, (111}
n-Bu or i-Pr}.
Me Me Fa
! ' - AN
/ N I/ ™~ Me-N . N-Me
(HeHN)F P // PFz(NHMe) N
l l F,P-
Me Me +.,,//]
M
{112) b
Ma-N Me N-Me
\\ :
P,
{113}

zwitterionic compound (MeN]6P4F8(113) involves raaction of {110,
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R = Me) with heptamethyldisilazane and N,N'-dinethylurea.294
The methods shown in egquations {50) and (51} have been used to
synthesise a range of substituted dithiodiphosphazanes.

2PhE(S) (NHAD) , —23 [PhP(S)NAZ], + 2AXNH, .. (50)
2PhP(S)Cl, + 2ArNH, N [php<smAr]2 + 4pyHC1 cee (51)

Reactions of N3?3F6 with p-dimethylaminoc-phenyl Grignard and
lithium reagents proceed in moderate yields only to give the
non—gggénal substitution compounds N3P3F6—n(CGH4NMe2]n where n = 1
to 3. Although approximately egual amounts of the cls- and
trans-disubstituted compounds are formed, only the trans
trisubstituted preoduct was isolated. The sodium salt,
Na[}h(CO)2Cp], can replace two fluorine atoms in NBP3F6 to glwve
initially (114), which is photochemically unstable and decomposes
with loss of CC giving (llé};zg? both compounds have been

investigated by X-ray crystallography.

Q
Cp (0C) ,Fe Fe {C0O)}..Cp oc C co
NS 2 N/ N\ /
P Fe Fe
V2R / N/ N
N Itlﬂ cp P cp
\
F,P PF, n/ \N
N / i f
N FzP\ /'P]E‘2
{114} N
{115)

Mass ppectra for the gem—, cls- and trans-iscmeric forms of the
mixed fluorobromotriphosphazenes, N3paarnF6-n where n = 2 to 5,
show significant differences for the gem and non-gem sSeries of
isomers, but the mass spectra do mot provide a basis for
distinguishing between the cis- and trans- forms.298
Substitution of fluorine atoms in N393F6 by dimethylamino groups
leads to a marked decrease in ionisation energy, o.g9. from
11.59eV for N,P,F, to 8.17eV for N3P3F2(Nﬂe2}4.299 Similar, but
less pronounced, changes occur on substitution by either chlorine
or bromine.

X-ray crystallographic data are available for the geminal isomer
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N3P3Me2F4, which has a crygzgllographicaTirror E%ane
perpendicular to the ring, and both P and N n.m.r,.
measurements have been carried cut for gem N393Cl4x2, where X = F,
NH, or stt.?0l
The copper-phosphazene intermediates (116} , cbtained by treating
3 3Cl with a Grignard reagent in the presence of {n-Bu3P CuI)
can be converted into either 1,i~dlalkyl derivatives on reactlon
with an alkyl halide302

chains on treatment with prop-2-ynyl bromide.

or to compounds with acetylenic side
303 The latter
reaction gives in addition the isomeric form where the side chain

R R H
N N
P P
YN 7N
H N ——Cu N H
it ! ] |
cl, P PC1l Cl.P PC1
2 2 2 2
AN 4 N\ 7
N N
- J2
{116, R = Me,Et,n-Pr,n-Bu, {117}

i-Pr,i1-Bu,t-Bu, etc)

is the -CH:C:CH2 group. The first phosphazene compound
containing a P-I bond has been isolated from a2 reaction between
the hydrido-phosphazene {117) and lodine in carbon tetrachloride

solution:304

similar reactions take place with chlorine and
bromine, The products are volatile scolids, stable towards
molsture, which react with nucleophiles to replace the halogen
atom gem tco the alkyl group.

Recent experiments point to the ready formation of bilcyclic
phosphazenes (118) from reactions between N393C16 and crganc-
magnesium chlorides. This is in contrast to the ring cleavage
react;ggs which are usuwally observed with PhMgBr, thng or
PhLi,

Slz N R N glz
N'// \\\P-—-X’4¢; - :Qhu
N 2
\\\‘p ~——N"// Xa \\“u —.p -~
Cl2 Clz
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New kilnetic measurements have elucidated many of the aspects of
the course of amine substitution reactlions with N3P3016. For
example, in THF scluticn, the reacticn between dimethylamine and a

range of monosubstituted derivatives N3P3C15(NR1R2), where Rl =

n~Bu, R> = H; R* = R = n-Bu; R® = i-Pr, R® = H; and R'R® = Colyge
shows small steric effects as both the second order rate constants
and activation parameters vary 1:I.ttle.3o6 With Rl = g% = Me, the
product ig a mixture of ¢ie- and trans- N3P3C14(NM92)2 with the
latter predominating. The rate data show that AST{(trans)>A5" {cis)
and this is explained in terms of a substituent solvating effect?07
The formation of geminal dl-substituttlon products in
N3P3015NHME - RleNH systems can ke enhanced if the reactions are
carried out with an increased base concentration in agreement with
a proton abstraction mechanism.aoa Equllibration between the
three palrs of cis-trans isomers, N3P3016-n(NM32>n where n = 2 to
4, has been investigated in acetonitrile and chloroform solutions
over a range of temperature3.309
Selective fluorination 1s known to ccour when SbF3 or KSOzF
react with the non-geminal iscomer N3P3C14(NMe2)2, and this work
has bheen extended to other substrates in which the amine residues
are NEtz, piperidine, NHMe, NHEt and NHi—Pr.310 With SbF3,
substitution cccurs only at the PCl(amine) groups while KSOzF, 1f
the substituent is a secondary amine, reacts only at only at the
PCl2
completely flucrinated by KSOzF, and with the geminal compound
N3P3C14(NHt—Bu)2 both SbF3 and KSOzF lead to the corresponding

tetrafluoride. Spiro compounds are the products when 1,3~ and

centre. Primary amine derivatives on the other hand are

l;4{-dlaminopropane and N-methylethanolamine react with N3P3C16.311

The blg- and tris- derivatives of the latter were both found in two
isomeric forms, Similar reactions were carried out with
N3P3Cl4Ph2 and NqP4cla. A tris spiro compound, isolated as an
adduct with HCl and water, has been obtalned from the reaction of
N,N'-dimethylurea with N,P,clc. 312

Imidazole reactions with WP Cl6 follow both geminal and non-

geminal paths with the latteg ;redominating, and the hydrolytic
stabllity of the hexa-substituted compound is of interest as a
model for the linear polymeric phosphazene, which has potentlal as
a blodegradable carrier macromolecule.313
anticancer drug NBP (aziridiny1}6 and DHA has been fcllowed by

Raman spectroscopy. 14 Reactions of azlridine with N3P3C15R,

Interaction between tie
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where R = pyrrolidino, piperidinc or morphelino, show that the

phosphorus centre 1s deactivated as a result of electron release

from the nitrogen atom.315
Full crystal structures have been determined for two

triphenylphosphazo derivatives, i.e. gem-N_P_Cl (NPPh3)2316 and

¥
4JPC1L, (NEt,) (8PPh },317

gem-HN the conformations of the exocyclic
groups are of partlcular interest,

Methyl phosphazenes, such as N3P3Me N3P3Ph2Me4 and N P Hes,

are deprotonated to carbanions on treatment with alkyl llthium

318 They can then react with monofuncticnal

derivatives.
electrophiles giving phosphazenes with side chains such as CH,Me,
CHZBr, CH2Ilr CH2COPh, CHZCOOH, AsMe2 or SiMe3. With difunctional
electrophiles, e.qg. MezsiClz' two phosphazenyl groups can be

linked giving compounds of the type (119).

Me e aa—
Nld; Q% // :32 \\\Padf EQKN
RN / \ N
P H, CH, N=—p
Me2 Me2
{119}

A new tetrameric diamido derivative, N494016<NH2)2 with a

geminal arrangement of substituents, has been isclated from the

31s

reaction of N Cl8 with agqueous ammonia in ether: further

4 4
reaction gives a trisubstitution product with a 2,2,6-

arrangement of NH_ groups. The chlorine atoms in the geminal

2
isomer, N4P4Cl4(SEt)4, have been substituted by WH,, OMe and OEt
groups and the isomeric composition of the products determined.320

The methoxy derivatives, [NP(DMe)zjn where n = 3 t¢ §, rearrange

to N-methyl-cyclophosphazanes on heating to 150-160o at 1-Zmm Hg
pressure.321 Two isomeric forms can be isclated for n = 4 and a
full structure for the less abundant isomer shows a cis-cis-trans-
trans arrangement of substituents (;39}.322 The pentameric
compound gives three isomers and there is a complex mixture for
n= 6. Both partially (121} and fully {(122) rearranged products

are cobserved with the trimeric compound, N3P3Ph (OME)4 321
Methylated higher phosphazenes, e.g. NGPGMe 23 and NaPaMel6

serve as ligands, the former yielding the palladium complex shown

324
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OMe Me Ph
o\\' i p 2
/P-——-N\ / ~
OMe N N
Me-x pL, MeO | i
J yP P (OMe},
0= HN-Me :
; Ny
. N—P, i
OMe ) i \OHe Me
Me 0
{120) {121)
A
N / \ H-M
-ple
MeQ
Lo e
)} .
o N N / \OMe
|
Me
(122)

in FPigure 7. With the latter, cobalt nitrate gives the complex
[NBPBMels.Co{NO3}]+ ¥0,”, where the coordination sphere of the

metal atom contains four nitrogen atoms from the phosphazene and
two oxygen atoms from an unsymmetrically bidentate nitrate group.

Figure 7. Molecular structure of PdClz.NGPGMel2 {reproduced by
permission from Can., J. Chem,., 59(1981)2429).
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Aziridine derivatives of the mixed P-N-S ring system {123} have
been prepared for R = F or Ph by reacticns which follow basically
a geminal substitution path;325 the compounds show pronounced

activity against animal tumours. The compound (123, R = NC2H4}

o} R (s}
\\S/ \P/
™
“1/ \T N/ X
i O\II | .0
{H,C.N).P P{NC.H,} =g s®
4CaN) 2 / 2Hy 2 o1~ o~
\\\\N 4 ~ N =
(123) (124)

can ke isclated in two forms which melt at 357 and 376K and
crystallise in the space groups P212121 and P2l/C respectively.326
Detalled crystalleographic investigation shows that in each form
the ring is nearly planar and differences arise from different
conformations of the aziridine residues.

Salts of the new anion (124} result when cis- (NSOCl)azpcl2 is
hydrolysed with either hydrated Ph Ascl or Me4NC1 H 0, a
structure determination shows a slight chalr conformation for the
ring with the oxygen ligands in equatorial positions, Structures

have been reported for two further P-N-S ring compounds i.e.

compounds (125)328 and (126).329 In the former the three

MeHN Cl cl Cl

\P/ \P/

v /N

N Qb'\N N N
O I} | _c1 Ph_ i | ®h
/,S g g ’58 SQ}
c1” N\ # o 0¥ N\ ¥ To
N N
(125) {126)

=

chlorine atoms occupy axial positions, while in the latter, which
1s the major phenylation product of cis-{NSOCl)zNPClz, the phenyl
groups are trans to each other and the ring has a slight boat
cenformatien.

Quantum mechanical calculations for ring compounds in the two
series (NCHe)3_x(NPMe2}x and (NCNMez)B_x(NPMez)x have been used
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to assess the relationship between ring stability and anticancer

activity.330

5.2.5 Bonds_to Oxyden
Lower Oxidation States. Single crystals of P, 05 have been grown

in situ on a diffractometer and the structure solved for data
collected at -5°C.331 The molecule contains a mirror plane but
within the limits of the determination it belongs to the Td point

GEOUD . Reaction of P406 with alkali metal oxides leads to the
next higher oxide P407 and twc structure determination5332'333

show the expected adamantane-type structure with one terminal P-0
bond.

Cxidation of hypophosphorous acid by Ag2+ in perchleric acig

solution follows the rate 1aw=334

:Qlégéiill = 2k, [Ag(IT)] [H;20,] /1 + Rg[Ag(D)]

k, has a value of 7.6 x 10°u tsec™! at 30%C ana g, the formation

constant of AgH3P02+, 1s 38 M~ at 30°.

The molecular adduct, 2KH2P03.H3P03, containg a three

dimensional network formed by strong hydrogen bonding (O,..0
2.573) between the acid and the anion.335 The double phosphites,

LiMHPOa.xﬂzo for M=K and x = Cor 1, and M = Tl or NH4 angd x =
0, have bheen prepared and a full structure cobtained for the

136

1

anhydrous thallium campound.
Dialkylphosphites, HP(O)(OR)2 where R = Me or Et, react with

dlcyclopentadienyl nickel to give six-membered ring compounds

(127}, which most probably contain a symmetrical Q-B-0 bond.337

(OR} ,
//,P —_— 0.
CpNi H

N e

P20
(OR)
{127}
Sodium diethylphosphite and the etherate of boron triflucride in
acetonltrile solution liberate sodium fluoride to give
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tris{diethylphosphitc)borane [{EtO} PO] ,B as a high boiling
liquid, 338 Its reactions with ethanol water and sulphur have
been investigated, Cn heating vocl3 with dialkylarylphosphites,
HC1l or alkyl/aryl chlorides are lost to yield pclymeric products
with formulae such as VO[OP{O)R(OR)Cl,] and [vc.){c>21=(0}R}<:1].339

Triflucroethanol derivatives, RP(OCH CF } where R = Me or Ph,
are the products when the appropriate phosphorus chloride reacts
with trifluorcethancl in the presence of a tertiary base;340
these compounds can then be converted into phosphazeno derivatives
Me3P:N°PR(OCH2CF3} by reaction with Me3P:NSiMeB. Two trifluworo—
ethoxy groups can be added to a range of P{(IIT} species including
P{OCH CF3)3, PhP {QCH CF3)2 and thPOCHECF3 on treatment with two
mols of trifluorcethyl benzene sulphenate,aal and the resulting
P{V) compounds will all accept a further CF3CH20’ group to give
hexacoordinate anions. As initially produced the phenyl groups
in the PhZP(OCH20F3)4- anion occupy cis-positions but rapid
isomerisation gives a mixture containing predominantly the trans
form.

In contrast ko the mechanism of the Arbuzov reaction, the first
step in the reaction between a trialkylphosphite and trimethyl-
31P n.m.r. measurements is the formation
,siome. 4% the finay

products are, however, O~-trimethylsilyl esters of the alkyl-

silyl iodide according to
of an iodophosphite, e.q. (Man),ZPI,r and Me

phesphonic acid.

The +5 Oxidation State. Di (t-butyl}phosphine oxide and
mercury (IT} acetate give the complex [(t-Bu)zP(O)]ZHg, a
crystalline sclid containing Hg-P bonds of high thermal
5tability.343
icdide, cyanide, acetate, etc., the compound 1s converted into
(t—Bu)zP(O)ng.

Crystallisation of triphenylphosphine oxide from a solution of

On treatment with mercury{(II} chloride, bromide,

oxalic acid in methanol gives the centrosymmetric complex

2Ph3P0 {COOH) ,, in which the phosphine oxide molecules are

attached by short hydrogen honds (0,..H-0 2. 5502).344 Short,

symmetrical hydrogen bonds are also present in the dimeric

structure of di(p-methylphenyl}phospheric acid.345
Protonation, followed by sulphonation, condensation or

3lP n.m.xr, measurements when

PhPO(OH}2 and the corresponding chloride are dissolwved in 100%

solvolysis is cobserved according to
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sulphuric acid, oleum or chlorosulphuric acid.346

Distorted octahedral coordination by oxygen atoms has been
observed 1n the structure of the tris complex of ytterbium{III}
with the tetraphenyl ester of imidodiphosphoric acid.34?

Dicxaphospholanes (128}, which can be cbtained by treatment of a
halogenocaminophosphine with the dilithium salt of perfluoropinacol
can be oxidised by chlorine348 or hydrogen fluoric’le349 to
respectively {1239, X =¥ = Cl or X = H, ¥ = F), The former

(R = H) on [urther treatment with the pinacol salt yields the

P—0 Y
/ N\ Tcery, e |
R,N 0,‘“h ! TSP —
C{CF.} T—
3’2 /\ C(CF,),
o
{128, R = H, Me or Et} C(CF3)2

(129)

dichelated compound (13Q), for which an X-ray structure shows

almost ideal trigonal bipyramidal geometry about phosphorus.348

CI{CF.)
3l2 (F4C) ,€ — G(CF,),
o_/ AN % \
| C(CFy), o O
P
—0
HZN_T 0 N/ \\\N
f I
o CCF4}, _0~—p _PT O~
~ {F,C) ,C / N C(CF,)
cler,), EREAY 0 u o/ 3 2
{P3C}2c/ C{CF3) 5
(130)
(131)

On reaction with ammonia, one of the fluorine atcoms in {129, R = H,
X =Y =F)} can be replaced by an amino group but use of LiNH2 is
necessary to substitute the second fluor1ne.350 The resulting
tri-aminc derivative is however unstable and undergoes slow loss
of ammonia te give the cyclotriphosphazene (131}. Reactions of
a number of phosphorus(III} species with both ClS[OCH{(CF
S[OCH(CF3)2]2 have been described. >l

A novel oxyphosphorane {132} containing a 2

30215 and

sP-O - A5P system is

the product when the perfluoropinacolyl-trimethylsilyl phosphorane
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{133} reacts with thionyl chloride.352 The six-membered ring

Me Me
. -~
P P
0/1 ““o/lﬁ“o
(F.C) c” 0 ) \C(CF )
3772 . //f ~ //’ 372
(F,C)5C cfery),
{132)
Me 3510 ~ - 08 ibl!n=.'31
P P
woy.c! oMe Meg C(CF.)
3925\ p 3t
(P40) ¢ clery),

(133
system has a boat conformation and the methyl groups are cis with
respect to the ring.
Ligand exchange occurs when P-halogeno-catechyl derivatives and
a range of phosphorus(III} halides interact at rcom temperature;

two examples are given in egquations {52} and (53).353

\px + O\Px — \1!/
o/ 3 0/ 0/\0

«ss (52}

o e}
\ \

Pcl5 + FCl —> Pcl3 + P(:l3 e (53}
o/ o/
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Formation of perfluoroalkyl phosphonates can now be carried out
much more readily than in the past by uging the reaction between
a perfluorocalkyl icdide and tetraethyldiphosphite, outlined in

eguation (54).354

(t-Buo), £-BuOOH
ReI + [(EtO)zPJZO —_ 2 R.P(OEL), —-———) R P(0) (OEt),

... {54)

The g~form of (phenylphosphonatc)trimethyl tin, which is
obtained from MeSSnCl and PhP(O){OH)2 in aqueous solution,
contains a nowvel, infinite chain structure.355 Further reactlons

leading to pelymeric complexes have been reported between metal

halides and organophosphorus compounds such as (RO} PO,356
(RO)zPHO,356 PhPO{OH}2,35 triethylphosphonocformate , 57
diethylacetyl- or diethy1benzoy1-phosphonate,358 methyl methyl-
phenylphoaphinate359'3eo and triethylthiophosphate.361'362 The

reactions were generally carried out at elevated temperatures to
promote loss of an alkyl halide, the organcphosphorus resldues
then behave as brldging groups between metal centres.

Matrix isolation studies in Nz at 1ZK confirm the presence of
monomeric NaPO3 in the vapour phase above heated Na3P04.363 With
NaSP3OlO it is pro%g?le that both NaPOz and NaPO are produced in
addltion to NaP03. Ab initio calculations for the 1sclated
LiPO, molecule point to an energy difference of only ca. 4 kcal
mol-i between the lowest unidentate and lowest bidentate structure
and the molecule should perhaps be considered as non-rigid with
respect to migration of the cation about the anion.364

Solid state 3lP n.m.r. spectra have been obtained for
NHQHZPO4, A1P04, the minerals hydroxyapatite and crandallite
and a soil sample.365 A structural study has been reported for
,P0,. 111,0. 1/5nac1, %8 ana &
new form of aluminium dihydrogen phosphate, crystallising in

pseudo-pentagonal dodecahedra has been isolated.aﬁ? Its

the pseudo-triscdium phosphate, Na

structure consists of a three dimensional network of AlO6

octahedra linked by © P(OH)2 tetrahedra, Compounds isolated
from the H3P04-A12(SO
close to Al{HPO JE. 2H2

thermolysis reactlons are reported.

4)3 NH ,F-H,O0 system at 80°C have composltions

Q, and 1.r. spectra and the results of
367

Recent measurements indicate that Tizo{HPoq) is the major species
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in an agqueous ECl=-NaCl sclution of Ti{IV) to which an excess of
phosphate has been added.368 In the Mn3+—P043_ system there is

P04)2+, Mn(H2904)2+ and a hydrclysed species

evidence for Mn(H2
+ 369

such as Mn(OH)H2P04 .

& serles of salts formulated as M[PO4(VOOH)], where M = K, Rb,
Cs or Nﬂq, has been isolated and characterisad.aTo The recently
prepared cobalt-acetylphosphate complex [CO(NH3)50PO3COHE-._]+
undergoes base hydrolysis exclusively via C-C bond fision ané new
data suggest that hydrolysis of the acetyl-phenylphosphonate
anion, Ph0P02OC0Me-, 1s significantly catalysed by the hydroxc-
complex [(NH3}5C00H]2+.371

Amcng the structures determined in 1981 are the following which
contain monophosphate groups: Pb(H%PO‘;)z,-y?2 Hgl{lriPO‘l);T?3 CePQ
a synthetic analogue of monazite:3 4 VOPoq.2H20;3?5 the double
salts NaMPO,, where M = Cu, Pb or Ba;376 K4U02(P04)2, obta;gﬁd by
a high temperature reacticn between K4P207 and (0022%2207; and
C02(P04)C1, which is isostructural with Fe2(P04)Cl. The
phosphate-diphosphate, K2H5(PO4,P207) obtained by evaporation of

4!

an aqueous soluticn of KZHPO4 and diphosphoric acid, has also
379

3+

been examined by single crystal X-ray diffraction,

Metal ions, including alkali, alkaline eaxth, Al and some
transition metal ions, retard the hydrolysis of di- and tri-
phesphates in acid scluticon, while in alkaline solution alkali
metal cations accelerate the hydrolysis.380 Catalytic
effectiveness decreases with increase in ionic radius.

The triphosphate complex [CO{NH3)4(H2P3010)].H20, see Figure 8,
shows a hoat conformation for the elght-membered ring formed by

381 Two intra-

the ligand behaving as an ay-chelating group.
molecular NH,..0O hydrogen bonds from axial ammine groups
stabilise the structure.

Five crystalline phases have been isolated from the

K4P207—M9(N03)2-H20 system at 200(.‘,382 and the triphosphate,
Sc5{P3010)3.23H20 has been prepared and characterised.383 The
384 38s
double salts (Na'NHq)gggolo'XHzo' (NH4)3CaP3010.2H20 and
(NH4}Ca2P3010.2.5H20, have also been investigated.

The macromolecular anion in the new uranium ultraphosphate,

{0, ,P_0O.,, contains corrugated 24-membered rings condensed
27276717 386

287

further intoe a three dimensiocnal structure.
4-TE(OH)61

and K P,0,.Te (OH) (. 2H,0

Crystals of the compounds ZAgZHPO

2Na,P,04.Te (OH) ¢ . 6H 0,388,389

5 388,389 do
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Figure B. Structure of [CO(NH3)4(H2P3010)] (reproduced by
permission from Acta Crystallogr., B37{1981}657}.

not contain condensed phospho-tellurate anions but consist of
isclated Teo6 octahedra and the appropriate phosphate anion.
Solid scolution formation glving CaS(OH]l_xC1x£POd)3 has been
investigated showing that the a axis expands linearly with
chlorine content from 9.418% in hydroxy-apatite to 9.6358 in
chloroapatite.390
bromoapatite CaS{PO4)3Br points to it being almost stoichiometric
with Br...Br separations of 3.372, thus giving a new value of
S Mixed
sulphate-phosphate fluorcapatites with the composition
Calo_xNax(P04}6_x(504}4F2 have structures related tgg;hat of pure
fluoroapatite by doubling the length of the b axis.

A detalled crystallographic study of

1.688 as the apparent radius of the bromide ion.

The lamellar structure of y-zirconium phosphate can be modified
by replacing a fraction of the interlayer HPO4 groups by eilther
OPO, where n = 1 to

C_H

n"agyl 3 .
or 2-glycerophosphate groups, or phosphonic acid
395,398

phosphoric acid esters residues,
18 393
r

residues. Organlc derivatives can alsc be prepared using

substituted epoxides yielding products with the formula
Zr(OBPOCHchOHR)n.xHZO where R = CH2CC‘13, CH2C1 or CHO, 337

A Zr-phosphate complex containing apparent monclayers of
tris{bipyridyl)ruthenium{II} has alsoc been isolated.398 X=-ray
p.e.s5. data for both the a~ and y-zlrconium phosphates indicate
binding energies higher than those for other zircomium and

trivalent metal phosphates.399
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Among the exchange processes investigated using o-zirconium

phosphate and related specles are the fellowing: HCl—Na+,4OO

gr-nt, 99 ca?tipp?t, 492 Natocst-nt, 19 ang co?*, Mm%t and cu

Alkali metal icn exchange has also been followed on mixed

2+ 404

zirconium=titanium phosphates with Zr:Ti ratilos of C.37 to Q. 61?05

and the 1intercalation of ale¢ohols into both y-zirconium and

y=titanium phosphates has been investigated.406

5.2.6 Bonds to Sulphur, Selenium or Tellurium

Reaction between P483 and (MezN)zs in benzene yields the

thiophosphoric anhydride {134}, whose structure shows a trans

107

arrangement of ligands at phosphorus; terminal and endocyclic

Me N P
2\P/\ﬂ S//\S
Z ./ '\ s
S S NMez |
{134) As;:A;i::::As
{133)

P~-5 kond iengths are 1,926 and 2.1222 respectively with P-5-P and
S-P-5 angles 86.86 and 93.14o A new series of cage coampounds

P As S3, where x = 1 to 3, result from mixtures of P 3 and

4-x
As ,5_ after heat treatrnent.408

43 31
PAS3S3 which, from

I.r. and Raman data for g- P s

The most stable compound is

P n.m.r. spectroscopy,has structure {135).

5 and P4S7 have been assigned;409

the former decomposes on melting to a mixture of P 3, o= P 7 and
k- P456 while the latter dissociates to some extent tc B-P S6 and
sulphur,

Hydrolysis of the products from reactions of P451O with 2- or

4-methylpyridine gives respectively (136) and (137}, but the

CHZP(S)(OH)2

e g -
1 N
e -~
N - / l \ - "
2 SH 2 -

(136) (137)
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3=methyl derivatives yields a zwitterionic adduct {138},

similar to that already chserved iIn the Péslo—pyridine
reaction.qlo
s s s s |*
7N Il (R AN /
+N—P —5 ~=P — N+ 5P P — §
—_ | —
s, s ||
S——-—P——-P'\—-S
(138) \ 7 g |
{139}

Cn reaction with polysulphides in non-aguecus medja, white

phosphorus yields a mixture of thiophosphates from which salts of

the cyclic anion {139) can be isolated.4ll

The ring is planar
from crystallographic conStralnis; the P~FP and P-5 distances are
2.28BC, 2.287 and 1.976, 1.9808 respectively. Sulphur atoms in
the hexathicdiphosphate anion stsq- are replaced in a stepwise
manner on treatment with hydrogen peroxide in sodium hydroxide?l2
Cf the members of the series PQOnS
Na492055.?H20 and Naquozsd.BHzo, can be isclated as pure
compounds but n.m.r. data are available for all compounds with

s-nd- only two compounds,

n=1¢%0 5, By reaction with ammonla and hydrcgen peroxide,
it is possible to prepare the related amido-derivatives
K, [P, (NH,)S.].3H,0 and (NH4}2|:P2(NH2)2S4].H20.

Organcophosphorus dichlorildes are converted to the corresponding
fluorides by hydrogen fluoride 1n the presence of a tertiary base
and on treatment with hydrogen sulphide they give fluorophosphino-
thioic acids, RPF(SH) where R = Me, Et or Ph.'113 Pluorothio-
phosphites are also obtained when PF3 reacts with two mols of
both H25 and HF in the presence of an amine to yield compounds
with the formulae Et,NH,(PFHS,) and Et,NH(PFHS,). "  wieh 3
mols of st and 5 mels of diethylamine, phosphorus trifluoride is
converted to the trithiophosphite, {Et2NH2)3{PHS3).

The structures of the three sulphides, PFZHS, PC1F25 and PBers

have been determined by electron diffraction,415 and Hel p.,e.s,
for He2PSMe, Me2PSeMe and the two arsenic analogues have been
assigned.416

Addition compounds of molecular iodine and a number of

phosphine sulphides, including 2Ph3PS.3I2, Ph3PS.2Iz,



348

P5.21

{MeC6H4)3PS.I2 and (HeC6H4)3 3

method in a range of scolvents,
31

L have been studied using Job's
P n.m.r. measurements on (Ph2P}3CH and the sulphur oxidation
products, (thp}B_n(thPS}nCH where n = 1 to 3, point to
unhindered but restricted rotatlion about the P-methine bond for

n=20or 1.418 Por n = 2 and 3, rotation has activation

energies of respectively 29 and 49 kdJ mcl-l. An X-ray
structure was determined for the trisubstituted compound
(thPS)3CH.

Among the compounds 1lsolated in a study of complex formation
with ligands of the type (MezN)nCl3_nPS are (MezN)3PS.SnC14;
Z(MezN)zclpS.Mcl fg; M = Sn, Zr or HEf; (MeZN)2C1PS.SbC15 and
(MezN) C12PS .SbClS.

Reaction of a platinum bis{dithiocarbamate) with diphenyl-

4

phosphine sulphide gives the complex anion [Pt(82CNR2)(Ph2PS£]'
in which the platinum is in square planar coordination to two
sulphur atoms of the thiocarbamate and twe phosphorus atom5.420
Molecules of PhZP(S)SH in the solid state are linked into
infinite helical chains by almost linear S-H...S bonds (S,..8
3.7908, S-H...S 169.5%),%%1 and related dialkylthiophosphinic
acids react with titanium tetrachleride te give the hydrolytic-
ally sensitive chelates (R2P82)2T1C12 where R = Me Or Et.422
Crystal structures, also showing bidentate character for
dithiophesphinate grcups, have been reported for Mezsn(szPMez)zf23
Izsn(szPEt232:4i3
[Mo 5, (5,PR,} o] "R PS,
reaction between MO(CO}6 and a bis{diorgancthiophosphoryl}di=-
sulphane RzP(S}SZP(S)Rz. W{CO)6 on the other hand is thought to

give a dinuclear compound (140}, A series of arsolane and

and for the melybdenum-sulphur cluster compound,

~ where R = Et or n-—Pr,“4 obtained from a

arsenane complexes with dialkyldithicphosphates of the type {141}

has been isolated.425
5 ] 1
S 5 ) RH=-C — O
VAN 2N 2N N 3
RZP\ W W ~ PR, AsSzF‘(OR }2
7
S/ \S S/ R2H—C-——D/
(140) (141)

A centrosymmetric structure with a trans arrangement of
substituents is found for thP(S)P(S)th, the P-P bond length
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(2.2638) is longer than that in related alkyl derivatives.426
Nickel and cobalt complexes may be isolated using the
difunctional dithiophosphinic acids, “szp(n}.(cnz)n-(napsz‘
where R = 4-methoxyphenyl and n = 4 to 10.42

Structural data are now avallable for TlBPsq, which contalns
43— aniocns {P-§ 2.02 to 2.068). 128
New intercalation compcunds based on MnPS
Mn0.8P53K0.4.H20 or Mno.sPS3Na.4H20 are treated with Cren,Cl,,
Ru(bipy),Cl,, and (cpFe ¢{cO} diphos] de.“g

I.r, and "H n.m,r, spectra have been measured for the potassium
salt (PhO)ZP{Se)SeK and data reportigofor its acid catalysed
solvelysis in methancl and ethanol.
phosphoryl dichloride, CF3SeP[0}C12 has been synthesised in high
yield from CFBSeC1 and MeOPOCl2 in the presence of BCl3 or
SbCls.431 Important parameters in the electron diffraction
structure of F2HPSe are : ribP=Se) 2.026, r(P-F} 1.557 and
r(P-f) 1.4228, 432

I.r. and Raman data for He3PTe and its deuterated analogue can

be analysed on the basis of C3v 5ymmetry:433 the P-Te force

almost regular tetrahedral FS
3 result when

Trifluoromethylselenoc-

constant 1s assessed at 2,20 mdynes 2_1, suggesting a weaker bond
than that in related RBAsSe specles. 125Te n.m.r, shifts for a
range of phosphorus tellurides confirm the rapid migration of
tellurium in RBP:Te-R3P mixtures,434 but the tellurcphosphines,
RlTePR22 and RzPTesz, on the other hand give doublets and

triplets respectively from Te-P coupling.

5.3 ARSENIC

5.3.1 Arsenic and Arsenides

U.v. p.e.s. data have been reported for As, and A52.435
A cyclocondensation reaction between 1,2-dlpotassium-1,2-di-t-
butyldiarsenide and t-butylarsenic dichloride gives the cyclo-
triarsine (142), which is stable 1n the dark and absence of air
at -30°. %3

takes place. Depending on the mol ratio of reactants,

At room temperature, oligomerisation to (t--BuAs)4

t-Bu—As — As —t-Bu Et
™~
As / Cp / As
\t-Bu /Ti As-Et
~
(142) e As
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potassium in THF converts the cyclo-pentaarsine (AsEt)5 to either
thssEt5 or KzﬁszEt2.437 With dicyclopentadienyl titanium
dichloride each of these compounds reacts to glve the triarsine
chelate (143}.

This year saw the report of a new seriles of Zintl phases, e.qg.
Ba451A54 and Egﬂcehs4, Whéfh Exrom X;ggyagéffractometry contain
isolated Sihs,” or Geas, !
result when the elements are heated to 1000°C, follew the

principle that the metalloid of lower electronegativity is

anions. The compounds, which

saturated by covalent bonds and the electrons provided by
ionisation of the alkaline earth metal are assigned to the more
electronegative partner.

Structural data have also been gathered for the binary
?As3440 and Nb_As 441

arsenides, Sc '
442 53
ternaries, CaaAlAs

and the calcium aluyminium
3 and Ca3A1232£443 together with CasalZSbe.
The first ternary contains (A1A93)n chains, structurally similar
to those in (8103)n2-, peolysllicate systems. Preparative and

structural details are also available for KFeznsz, KCo,AS

. 2 2 ’
KRh2A52 and KRh2P2,444 which are isotypes of ThCrzsiz, and for

K, Pdas. and KdeP

2 2 27

5.3.2 Boends to Carbon
Considerably less 1s known about As(III}~C double bonds than for

the phosphorus analogues but one such compound has been
isolated.446 The reaction of phenyl bis(trimethylsilyl)arsine and
an excess of dimethyl formamide, see eguation {55), like the
related phosphorus reaction,153 is catalysed by sodium hydroxide,
PhAS(SiMe3)2 + HCONMez-——) PhAs:CHNMe2 + (Me3Si}20 «a (55}

A series of ligands described as "crown arsines"” has been
synthesised from intermediates outlined in Scheme 5.447 Two
of the compounds isolated have structures (144) and {145); the
related compound with six PhAe groups, i.e. [PhAs(CH

known.

2]3]6' is also

Primary amine reactlons with the tertiary arsine MeC{CthsIz)3

lead to adamantane-type compounds (146, X = Ni-Pr, Nn-Bu, NFh

etc.},448 which can be converted to triarsathic-adamantanes (146,

X = 8) by reaction with carbon disulphide.449 Noradamantane

structures {147, X = C{COOEt)z, C(COOHe)2 or C{COPh}z) are



as:

PhAsDl, + 2Bx(CH,),Cl > phAs[(CH2)3c1]2
2BuLl
2PhAsHLL
Phas [ (CH,) jASPhLL],
23:(032)3C1
2PhAsHLA :
Phhs [(CHz} 3ASPh (CH, ) JASPhLY] , 4——25-;? ®has [ (CH,) 4ASPh (CH,) 3c1'_] 2
Scheme 5.
Ph Ph Fh Ph
\ |/\ v ~ (\ v
Az RB AS AS

Me
(\\,A As  RAg %;:rﬁi:::ls

Ph x-As-——-A
(146)
(144) (145)
%e
c Ye
r,’ “‘~\1 &
ef e ¢ )
o X
\th / As_( As {148)
(247) Nag—"

proposed for new cage compounds cbtained when MeC{Cthslz}aso
reacts with either Hzc{COOEt)z, HEC(COOMe)2 or H2C{COPh}2.
Chromium, molybdenum and tungeten carbonyl complexes have been
prepared using a further adamantane-type ligand {146, X = 0),451
and a cationic complex [CpFe(CS)(Me,CO}L]™ has been isolated in
which the ligand L is the cyclo-trilarsine {;gg}.452

Up to three (Me2A5}20 groups can be incorporated into the
cobalt cluster compound RCCo3{C0)9, giving RCC03(CO}3[<He2As)2d]3
for which an X-ray diffraction structure is available.
Derivatives of the tridentate ligand MezhaOAHMeOAsMez have also
been studied. Metal carbonyl complexes wilth methylarsine are
generally unstable and it is pessible to lsclate pure only
Meksﬂz.W(C0]5.454
monoxide are lost and, for example, with Fe(CO]5 the cubane like
cligomer [MeAsFe (CO} 1s obtained. Di~-t-butyl-chlorcarsine

In other cases both hydrogen and carbon

3]4
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reacts in THF solution with [ﬁ(CO)3CpJ— to give Cp(C0) WAs{t-Buj,
and this compound with sulphur yilelds Cp(CO)BWAs(S){t-Bu)2.455
Boron trihalide coamplexes with trimethyl- and triphenyl-

arsines have been prepared and characterised by vibrational and

456

n.m.r. spactroscopy. HNormal cocrdinate analyses for the HEBAS

series and potential energy distribution are also reported.

+ -
Ylidic species formulated as (t—Bu)3As—MCl result when

tri-t-butyl arsine reacts with either SnCl2 ir GeClz, but when the

mixed arsine (t-Bu}z(MEBSi)As is used, the prodzggs are the

chlereostannylene or chlorogermylene t-Bu2AsMC1.
Structures have been determined for triphenylarsines

458

substituted in the para position by €1, OMe, or Me and for

trirnesitylarsine.459 The para substituent has little effect on
bond distances and angles but incorporation of methyl groups into
the 2 and 6 positions increases the mean As-C distance from ca.
1.96 to 1.9768 and the C-As-C angle from ca. 93% w0 107.6°.
Complexes with 2:1 and 2:2 stoichiometries are observed when
triphenylarsine, and the antimony or bismuth analogues react with
460 Slow diffusion of chlerine into an

AsCl gives the trichloride, Ph4AsC13.461

mercury {II} halides,

aquecus solution of Ph4

5.3.3 Bonds to Halogens

A new type of fluoroarsonium Salt, Ph2A5F2+AsF6_ can be

obtained either by treating arsenic pentafluoride with benzene in
502C1F golution or by a reaction of Ast with Ph2A5F3.462 The
compound, which is an "isomer™ of PhAsF4, is converted to a
mixture of Ph2AsF3 and CEASF6 by CsPF. Divalent metal fluocrides
on reaction with AsFS in anhydrous hydrogen fluoride give adduggg
MF2.2ASF5, where M = Mg, Ca, Sr, Ba, Mn, Co, Ni, Cd, Hg or Fb.
From i.r. and X-ray powder data they belong to one of three
different structural types depending on the flucride icn donor
ability of MPz.

Practical details have bheen glven for the conversion of arsenic
trichloride to RzAsI, where R = Me, Et, n-Pr or n-Bu, via Rans
and R3A5I2.464

Further experiments of the oxidation of ferrccene by Group 5
halides in the presence of oxygen has led to the isolation of
small amounts of (szFe)2A54C11002.465 The compound contains an
unusual anion, shown in Figure 9, which 1s derived from two

neutral CleSOAsCl2 molecules and two chloride ioms.



as3

Figure 9, Structure of A540110022' reproduced by permission
from Inorg. Chem., 20{1981)849),

A number of reactions have been reported for the chlorcarsini-
dene complex {149, X = Cl}. With a range of nucleophiles, the

X B
i AN
As g =%
(OC}5Cr// \\Cr(co)s Me-%' ﬁ-ue
o} fe)
(149) N S
AS

(0C) (Cx 7 Nerteoy 5
(150}

chlorine atom is replaced to give derivatives in which X = Br, I,
OMe, OEt, SEt or SePh.466 Structures for {149, X = Cl or Ph)
pelnt to trigonal planar cocrdinaticn about arsenic. Anlonic
complexes, R4N+[(OC}50rAscGCr{CO)5], can be isolated from
reactions of (149, X = Cl}) with substituted ammonium halides or
pseudo—halides,d 7 and finally, with chelating ligands, e.q.
2,4-pentanedione or 1,3-diphenyl-1l,3-propanedione, compounds such
as (150) are obtained.468

5.3.4 Bonds to Nitrogen
Evolution of dimethylamine occurs when As (NMe

2)3 is treated with
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norephedrines and, among other ocligomers, dlazadlarsacyclobutanes
gsuch as {151} are obtained.469

5.3.5 Bondas to Oxygen
Reaction between As{NMe2)3 or MezAsNHez and elther substituted
polyethylene glycols such as HO(CHZCHzo}nCHZCHzoAaMeZ, where n =

O to 4,470 or u,w-diolsd71

lead to new molecules with formulae
such as M-AB[0(CH2CH20)nCH20820AsM92]2. Similar compounds
incorporating silicon or phosphorus atoms have also been i1solated.

The structure of Ph3AsO.H20 has been redetermined showing a
centrosymmetric dimer in which each molecule is hydrogen bonded
to two water molecules {(As-0 1.644, 0...0 2.8003).4?2 The
anhydrous oxide, (MeOOCCSH4)Et2ASO, on the other hand, contains
discrete molecules with an As-0 distance of 1.651K. When Ph3ABO
reacts with agueous hydrogen fluoride in glass apparatus the
product is a tetrafluoroborate salt [(Ph3PO)iH]+BF T, with a short
hydrogen bridge (0...0 2.448) in the cation.i’>
of glass the product is PhBAst.

The first step in the hydrolysis of trimethyl arsenate is first
order in ester and water with k1(25°C} = 73 lsec™, the second
step 1s fast and the third step is unobservable.474 Data are
alsc available for the ethyl, n-pentyl and i-propyl derivatives.

Examples ¢of a new structure type are provided by AgCOBHZ{Asod}3
and the corresponding zinc compound which are obtained on
heating agueous mixtures of Aszos, AgNO3 and either Ccso4.7H20 or
Zn504.7H20.475 Arsenic pentoxide and ammonium dichrcmate yield
the new arsenato-chromate (NH4)3AsCr4016 while the c2§§espond1ng
potassium salt can be obtained from K2C0 and As,O The

3 275"
4 tetrahedron, each oxygen of

4
In the absence

Btructures contain a central AsQ
which is shared with a Cro4 group, and are thus isotypes of
K3PCr4016. 4?¥he structure of Fe{ﬂzA504)3.5H20 has also bean
determined.
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Two new microcrystalline forms of chorium arsenate,
Th(HAsO4}2.4H227gnd Th{HAsOd)z.Zkﬂzo have been synthesised and
characterised. They are less stable chemigally and thermally
than the previously reported monchydrate, as shown by the
extensive hydrolysis which occurs during Na-K exchange on the

2%-hydrate. *7°

5.3.6 Bonds to Sulphur, Selenium or Tellurium

Salts of two novel cations, i.e. 35354+ and Asase4+, have been
prepared in liguid sulphur dioxide so0lution by the oxidation of
a= or B—A5454 and an As-Se melt with either ABFS or SbF5.480
Structures for both species show mirror symmetry in the cation,
see (152), and there are significant interactions with the MF
anlons.

6

As -
s// ™~

s 8

A - | == A5

(152)

Tertiary arsines are not oxldised by sulghur in benzene solution,
but under more forcing conditions, i.e. at 150°C for Bh in
o—dichlorgginzene, Ph3AsS, PhZMeABS and thhs(S)CHZAsth can be
obtained.
presence of two almost identical independent molecules in the
asymmetric unit, but because of different orientations of the
phenyl groups, C3v symuetry is not achieved.482

High ylelds of tri~(t-butylthic)arsine can be cobtained when ABF3
reacts with t-butylthiotrimethylsilane, and similar reacticns take
place with SbF3 and BiF3.483 Hel p.e.sasind dipole momentes hawve
been measured for As{SPh)3 and MezAsSPh.

Arsenic, antimony and bismuth derivatives of 0,0-diethylphos-
phoryldithlocarbamate, M[SchHP{O}(OEt}2]3, have been lsolated and

shown to be non-electrolytes.485 High resoluticn 1H and 13C

The triphenylarsine sulphide structure shows the

n.m.r. data for the arsocanes and stibocanes {153} have been
analysed and assigned; they show that in sclution there is an
equilibrium between a chair-chair conformer and two enantiomers
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with a boat-chair conformation.486

Triangular pyramidal coordination about arsenic (As-5 2,246,
2.303, 2.3478) 1s found in the structure of La403(A553)2.487 The

T13ASS3—T135b53 system shows a complete series of sclid solutions
488

while that between TlAsS2 and TleS2 shews only a eutectic.
489

GAdAsSe and NdAsSe c¢rystallise with a CeAsS—-type structure,
and X-ray data are reported for crystals of AsS5I, o- and 8- AsSel,
and a- and B—AsTeI.490

5.4 ANTIMONY

5.4.1 Antimony and Antimonides

The change in antimony structure with pressure from a
rhombohedral type (space group RIM) to primitive simple cubic could
not be confirmed, although the structure approaches the 1atl:er.‘;91
It is noted however that at 86 x lOsza, there is a transition to

a structure as yet unidentified, The compounds Ba55b4492 and

BaZMDZMZO' where M = 5b or Bi,493 have been synthesised. The
former has a GdSSi4 structure and in the latter Mh and Sb(Bi) Form
corrugated hexagonal nets with oxygen bridging between manganese

atoms.

5.4.2 Bonds to Carhbon

New preparations for MEZSbC1 and MeSbCl2 from {Hezsb}z give pure
compounds, but the dichloride decomposes on standing even in the
dark.494 Remeasured M8ssbauer isomer shifts for the series
MenSbClB—n' where n = 0 to 3, indicate a decrease in s-electron
density at the antimony atom with increase in the value of n, a

trend ascribed to an increase in p character of the lone pair
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crbital.

The anhydride and thiocanhydride, {t—Buzsb}zx where X = 0 or S8,
are produced on treatment of the monochloride with sodium
hydroxide or scdium sulphide, but analogous reactions with
t~BuSbCl, leads to the cyclic species (t-BuSbO) and

2 195 3 and 4
(t-BquS)2_4.
The distibine {154) is obtained following equaticn (56}, and in

(154) «rs (56}
contrast to other distibines it is stable in air.496 An X-ray
structure shows a trans conformation about the Sb-S5b bond, with
the rings in almost parallel planes perpendicular to this bond.

On reaction with metal carbonyls, distibines can yield either
singly bridged dlstibine products, as in (OC)SMD(SbRZSbR2)Mo(CO}5
where R = Me or Et, or specles bridged by two R,5b groups, as in
(OC) ;MO (SbR,) ,MO(CO} , where R = Me, Et or ph. 8?7 with Fe, (o,
among the products are (OC)4Fe(SbR25bR2}, where R = Et or t-Bu,
and (OC}BFe(Ssz)zFb(C0}3, where R = Et or Ph.498 Nickel
carbonyl with tetramethyldistibine gives the distibine bridged
product (OC}3Ni(SbMezste2)Ni(C0)3,498 and C0 is displaced from
M(CO]G, where M = Cr, Mo or W, by tris(trimethylsilylistibine to
give the complexes M{CO} Sb(SiMea}3 which are initiators for the
pelymerisation of THF.49

A number of new tetradentate ligands with Sb2N2, Sb252 and
Sb202 donor sets has been synthesised, with formulae such as
stb(CH2)3.X.(CH2}2.X.[CH2)3SbR2, wheresgo= NMe or § and R = Me or
Ph, and HEZSb{CHz}ZO(CH2)20(CH2)ZSbH92.

In contrast to the unusual square pyramidal structure of
pentaphenylantimony, the compound in which twoe phenyl groups are
replaced by a biphenyl group, i.e. Ph35b(C6H4.C6H4), has a trigonal

bipyramidal 5tructure.50l

The biphenyl group spans eguatcrial and
axial positions; the mean Sb-C distances are 2.145 and 2.2068

respectively to the equatorial and axial sites. Pentapropynyl
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antimony, cbtained from (MeCEC}3SbC12 and MeCiCNa, alsc has a
trigonal bipyramidal structure, but the pentamethoxide in the solid
state is a centrosymmetric dimer with two bridging methoxy
groups.502 Bridging 8b~0 distances are 2,095 and 2.1058 while
those to terminal methoxide groups have a mean value of 1.9392:
the angle at the bridging oxygen atom is 107.0°.
Hel p.e.s. have been measured and assigned for Me
= Cl, Br or I, SbCl5 and SbMe5.503
1:i addition compounds can ke lsolated from mixtures of Me35bC12
and SbCl3 and MeBSbBr2 and SbBr3 in dichloromethane solution.s04
X-ray data show that five-fold coordination about antimony in
MeBSbCl2 is maintained while with Sbcl3
contacts at distances between 3.154 and 3.308R with chlorine atoms
of different Me SbCl2 mo%egulezas
3 Sb{ON:CR R )2, and dicarboxylate complexes,
such as MeBSb{OZCR}2 for R = CH2Ph and CH:CHPh506 have been

prepared from the appropriate trisubstituted antimony dihalide,

3be2, where X

there are three further

Dioximate, R

and titanium{IV) chloride has been shown to yield Ph4SbTiCl5,
Ph_sShCl,.TiCcl., and Ph._SbC1,,TiCl, on reaction with Ph,SbCl, Ph_Sb
3 2 3 3 30? 4 4 3
and Ph3SbCl2 respectively.
1

H n.m.r. spectra for the 8-gquinclinate complex,
MeZSbClz(oxime}, in a wvariety of solvents suggest the presence of
isomeric forms in which the methyl and chlorine groups are
repsectively cis and trans in an octahedral arrangement about
antimcny.so8 Dianicns (L} derived from, for example,
2,2'-{methylidynenitrilo}diphenol behave as tridentate ligands and
complex compounds such as SbClBL and PthClzL hawve heen
isolated.so9 Sulphur dioxide can he inserted intc one cf the

SbLz, where HL = salicyl-
510

Ph-Sb bonds in the complex compounds Ph3

aldehyde, 8-hydroxyquinoline, acetylacetone etec.

5.4.3 Bonds to Halogens

a?2%2%

and SbP3, has the formula (NH4)4H (C,0,) {SbOF}Z.Hzo and contains

27473
the complex anion shown in ElSS).gll The antimony atoms are in

A new antimony {III) flucride oxalate, obtained from {(NH

pseudo-pentagonal bipyramidal coordination by five oxygen atoms
from two oxalate groups and a terminal atom; the axial peositions
are occupied by the fluorine atom and the antimony lone pair of
electrons.
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The solubility of antimony metal in molten mixtures of antimony
trichloride and aluminium trichloride reaches a maximum at ca.
G.6 mol fraction AlCl3 then decreases to zero in pure AlC13.512
This soclublility is considered due tc a reactlon in which species
with oxidation states <3 are formed and which are stabllised in
the high pCl conditlons of the Alcl3 systems. Similar
sclubility is found in SbCl3-CSC1 mixtures; here the low oxidation
state specles formed are stabllised in low pCl conditions,
Additicon compounds between Sbcl3 and amides such as dimethyl
formamide, dimethylacetamide and tetramethylurea have heen

characterise6513 and a crystal structure reported for the 1:1

adduct with tetramethylthiourea.514 Here the central atom is in
distorted pseudo-trigonal bipyramidal cocrdination with

equatorial positions cccupled by a chlorine atom (2.4283}, the
sulphur of the donor and the antimony lone pair; the remaining
chlorine atoms occupy axial positions (2.527 and 2.6872).

Similar coordination is found in the 1:1 adduct with 1,3-dimethyl-

2-{3H)-imldazolethione (156), but here intermclecular interactions

H
Me
C
¢? “ﬁ.N./’ N
HC | A
\N_....C "\“:‘S Cll Me
1
Me B Y s
|
Cl c1
{157)
{156)

increase the antimony coordination number to six giving polymeric,

zlg-zag chaina.Sls

Complexes of 2-methyl-benzothiazele{l) (157} with antimomy and



360

bismuth halides have the formilae SbCl3L or 3M13.2L where M = Sb
and X = Br or I, M = Bi and X = Cl, Br or I, and although
SbClB.L issignsidered to be a monomer the 3:2 complexes are
pelymeric.

The ternary adduct, SbCl {l,4-dithian}, has been prepared

3133
and a structure determined.

121M655bauer data are available for adducts of SbCl3 with a
number of substituted ureas.518

Single crystal X-ray studies of the 1:1 adduct of ShC13 and
GaCl3 show there is strong chlorine bridging between the SbCl2
and GaCl4 ions giving infinite chains parallel to the b axils,
The antimony environment consists of two short bonds to chlorine
(2,295 and 2.2998), two longer contacts (2.713 and 2.772R) and,
completing trigonal bipyramidal coordination, the antimeony lone
pair.

-+
519

Antimony halide anions continue to attract attention and a
series of mixed species including SbCl.F , SbBr.F , ShCl.F 2',
3- 520 2- 3 -3 23 821
SbC1l.,Br SkC1l

SbC1,F3 . Sbc1213§§2“, ST 3 33  SeRrsl,”,
SbClBBr3 . SbBr313 . SbF3013 and SbF015 have been
prepared from the appropriate antimony trihalide and an amine
hydrohalide. 4-Benzylpiperidinium and N-benzylpiperazinium salts
for Sb{Bi)Clsz_ and the corresponding bromides have been prepared
and characterised, the cations belng chosen to show the effect of
hydrogen bonding.523 A partial structure for (N-benzylpiperazin-
ium)zsbcl5 was determined.

Investigation of the i,r. spectrum of the mixed oxidation state
species Cszsbcl6 shows no bands assignable to the Sb(III)C163- ion
when conventional spectrometers are used at room temperature but
bands at 256, 214, 170 and 118 t::m-l do appear in the Fourier
transform spectra at 77K.524 The intensities decrease
dramatically on raising the temperature, an effect ascribed to
thermal charge transfer dynamics within the lattice.

Absorption spectra of 2 range of 3d metal chlorides in molten
SbCl3 or SbCla—KCl mixtures are interpreted in terms of the
formation of octahedral and tetrahedral species with structures
similar to those in (158) and {;223.525

81 121

Br and Sk n.q.r. spectra for the addition compound

SbBr3(POBr3)2 are interpreted in terms of a dinuclear species
with an asymmetric bromine bridge,526 while 8lBr data point to a

dramatic change in structure for pyHSbBr4 from a pseudo-trigonal
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2+ +
1 cl
/ﬁ‘\ e - €1
:5b—cl— M :-\c1— 8b: =Sb:cl—u-c1
c1” c1/ c1””
(158) {159)

bipyramidal arrangement at room temperature to one more reasonably
described as SbBr..Br at ??K.52?

3
Treatment of SbF_. with B(OTeF5)3 leads to fluorine substitution

S
and the mono- and di-substitution products SbFS_n(OTer)n can bhe
isolated.s28 With HOFd, where M = Mo, W or Re, antimony

529

pentafluoride gives 1l:1 addition compounds. Structural studies

show that the molybdenum compound ceonslists of a polymeric zlg-zag
chain of alternate Mo and Sb atoms bridged by single fluorine
atoms, while in the rhenium analogue there are essentially
covalent eight-membered szRe.zF4 rings.

Arsenic and antimony pentafluorides have been used in the
oxidation of S4N4 to give the dipositive cation and although the

normal ASFB‘ and SbF,  counter ions ocgur, there is evidence for

_SbF¢
the novel Sb,F), anion.>°

oxidation state specles consists of an angular SbF2+ cation linked

As shown in Figure 10, this mixed

Figure 10. Structure of the Sb3F14- anlon {reproduced by
permission from Inorg. Chem., 20(1981)3799).

to two Sban anions by asymmetric fluorine bridges.
Interesting bridged carboxylato-antimony chlorides {160} can be
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isclated from reactions bekween Sbcls.H20 and carboxylic aclds or

between H502SbC1 and RCOOSbCl4, where R = CFB' CCl3, CHClz, Et, Me,
R
C
/ -\\
Q
cl i/ \Slb/u
~—
cl 1\‘0/ l &
Cl H Ccl
{160)
i-Pr or H:531 the structure of the trichlorcacetate has been

determined. The SbClS.HZO addition compound on reaction with

oxalic acid gives (Sbcldi2 2 a’ and this compound is alsgsgbtained
via a redox reaction between SbClS.Hzo and squaric¢c acid.
ARlthough l-methoxyethanol gives initially a 1l:1 adduct with SbCls,
it readily decomposes to the cyclic stibolanate (161); with

dimethoxyethane, on the other hand, the product is a 1:2 adduct

/T \ SN\ |

o N /OMe MeO. /OMe SbCl, -
Sh Sb
cL, c1,
(161) (162)

533

formulated as (162). Dimethylpheosphinic acld reactions with

SbCl5 lead to (Cl4Sb02PMe2}2, in which bridging OEPMe2 groups g;:e

an eight-membered ring system with approximately C2h symmetry.
When SbCl5 reacts with Ru3(co)12, the product is the molecular

camplex [Ru(C0)3C12]2.SbC13 in which the antimony trichloride

molecule is coordinated to a chlorine atom attached to

ruthenium.535

1215b n.m,r. data for the seven hexahalcantimonates in the
series (SbclnBrG_n)_ have been analysed t0 show that for n = 2 to

4 only the cis isomeric forms are present in acetonitrile

536

soluticns. Substitution ©of chlorine by bromine leads to

upfield shifts with SbBrG_ cccurring some 2430 ppm from Sbcls_.
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5.4.4 Bonds to Uxygen

The chlorocatechol complex, pyH[Sb(CGC1402)012], has a structure
containing chlorine bridged anion chains where antimony is
attached to the oxygen atams (2.05]1 and 2.0658) amd three
chlorine atoms (2.469, 2.873 and 3.0018).°37

Specles identified in the SbC13-5b203 and SbBr3-Sb203 systems
are SbOCL (m.p. 280°C), $b,0.CL, (m.p. 595°C), Sbg0,,Cl, (m.p.
585°C) ana Sb,0.Br, (m.p. 610°C) and Sby0, BT, (m.p. 635%¢) . 338
Only one compound, Vsboq, in which vanadium and antimony are in

the +3 and +5 oxidation states respectively, 1s cbserved in the

Sb203-V§05 system.539 The BaSb305(0H) structure contains
n-

(Sb306)n
oxygen atoms at distances between 1.93 and 2,27

chains in which each antimony has four associated
2.540 In the
phosphite, sz{HP03)3, obtained from a reactlon between Sb203 and
agueous HBPOJ, the central atom is in pseudc-trigonal

bipyramidal ccordination and eight of the nine phosphite oxygen
atoms are relatlvely strongly coordinated to two antimony

541
atoms.
Exchange of the alkaline earth lons together with Pb2+ on
crystalline antimonic acid has been investigated542 and the

feollowing selectivity order for the +3 cations Al <<GadY¥b <Fe<
La <In has been established.543
alsc heen measured for the Group 2 cations on ferric

antimonate.544 Mixed tin-antimony oxldes are formed when the

Selectivity coefficients have

gel produced in the alkaline hydrolysis of a mixture of Sncl4 and
ShCl, is calcined at s00°c, 243
diffraction points to a rutile type lattice in which some of the
interstitial positions in the tin(IV} oxide structure are

occupled by Sb(III).546

Investigation by powder neutron

5.4,5 Bonds to Sulphur

Two new thicantimoniltes, Cs45b1452354? and Ba85b6517'548 have
been prepared, the former by hydrothermal synthesis and the latter
by fusion from the appropriate binary sulphides. The Sb148234_
anion has a complex polymeric structure containing both SbS3 and
SbS, S 16=  in addition to the well known
pseudg:tetrahedral SbS3 group, there is the previcusly unknown
5b.,5

38
central pseudo-trigenal hipyramidal SbS‘,l unilt in which the

units while in Sbssl7
unit. As shown in {163}, this species consists of a

axial atoms are shared with terminal SbS3 groups.
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s 5 s
s § — sb——8 \ ~ 5~
o & T % Sb< sb_
~
s S/' s 5
(163) {164)
Heating Ca metal with sb253 and elemental sulphur leads to the
new sulphide CaZszsg' whose structure contains Sb533_ and
2- . 419 =
Sb254 {164) units, and a new compound LinSbs-xSQ where x =

0.33, has been isclated when a 3:17 mixture of Lizs and szs3 is
heated.550 The structure has been determined for this compound

551
and for Eu3sbqsg,

Eus—sb253 sSystem.

Complex formation has been observed between a number of

isolated in an investigation into the

transition metal ions and antimony hydrogen bis(thioglycollate)?52

Iodine bridging 1s a major feature in the structure of the

gsubstituted dithiccarbamate [Sb(52CNEt2)2I].CHC13.553

5.5 BISMUTH
Extended Hlickel calculations with relativistic parameterisaticn

have been reported for a number of Main Group element clusters,
i 7+ 554
g -

is observed in the LiH-Bi reaction leading to the successive

formation of LiBi and Li3Bi.555 The ternary bismuthides,

including Big5+ and B Stepwise liberation of hydrogen

CaBquaig, srgcddai9 and Ca92n4319, recently synthesised from the

elements have the same structure as CaQMn4Bi9.556
All three Ph-Bi bonds in PhBBi can be cleaved by mercaptocarbox-

vlic acids in chloroform solution as shown in equaticon (57} but

Ph3Bi + 2HSCH2COOH —>3PhH + Bi(SCH2C00)£HSCH2COO) -« [57)

only twe groups are removed in acetone with mercaptopropionic

and -benzoic acids.sS?

The first chiral corganco-bismuth compound,
(4—Me-C684){2—Me2NCH2C6H4)BiBr, has been synthesised.ssa

Two bismuth chloride complexes with l-alkyl=-3-{2-pyridyl}-
thiourea é?é, i.e. {BiC13L2)2 and (BiLG){N03)3, have been
isolated. The former has a kinuclear centrosymmetric
structure with bismuth in distorted octahedral coordination from
three terminal chlorines {2.503-2.894%), a bridging chlorine
{3.073%) and sulphurs from two ligands (2.786 and 2.7358). 1In

the cationic complex, bismuth lies cn a centre of symmetry and is
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again in octahedral coordination with bonds to three independent
sulphur atoms cof 2,792, 2.798 and 2.8082.

209

Bi n.g.r. measurements suggest an a~-UF_ structure for BiF5

and data for ClF2+ BIF .~ point to the preseice of ;gg

crystallographically non-equivalent bismuth atoms.
Complex formation has been studied in aqueous scluticon between

Bi{II1I} and oxy- and thio-diacetic acids, x(CH2C00H)2 where X = O

561 -K.50, system provides evidence for

or 8, The 812{504)3 532 4
KBi(SO4)2 and K3Bi(504}3.

An extensive series of papers deals with the crystallography cf
a range of dithiocarbamato-hbismith Qerivatives. Polymeric
structures with bridging halogen atoms are found for the mixed
complexes, Bi(S CNEt2}21,563 Bi(82CNEt2)ZBr,563 and
Bi(82CNEt2)Iz.5 4 The latter compound reacts with one molecule
of elther bipyridyl or terpyridyl toc give for the former a
binuclear specles with seven-fold coordination about bismuth but
a monomerlc structure for the latter.565 Treatment of the
diiodc compound with Et4NI in DMF, yields an 1odine bridged
anionic species, (Et4N)2[12(Etzﬂcsz)BilzBiSZCNEtzlIz].566 The
dihalides, Bi(52CNEt2)x2 where X = Cl, Br or I, on recrystallisa-
tion from a DMF-n-butancl mixture are converted to species with
the stoichicmetry 315(82CNEt2}Bx7 which contain four
[bi(szcustz}g]+ cations, a Bix63— anion and, for neutrality a
halide j.on.5 7 Recrystallisation of the bromide from pyridine-
n-butanol gives solvated (PYH)2[B14(520NEt2)4Br10], but with
pyridine alone the dihalides yield tetrapyridine adducts
containing Bi(schEtz)xz{pya} units with a molecule of lattice
pyridine.568 A small amount of a second compound, shown by X-ray
crystallography to be (CSHSNCSNEtz)Z(BiC1SPgé§ was also obtained
from the dichloride reaction with pyridine.

In addition to confirming the presence of RbBiSz, Rb51355 and
035152 in the Rb{C5)25—Bi253 systems, the new compounds Rb35153

and C581355 were also identified.S?o
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