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5.1 NITROGEN

$.1.1 HNitrogen and Nitrides

The photochemical reductive elimination of the nitrogen-
containing ligands of Eig—(PhBP}th(NB)z at 77K in organic glasses
generates Pt(PhBP)z.l The absence of an e.s.r. signal from the
photoproducts, the yellow colour (lmax 380nm) and ready formation
of N, at higher temperatures lead the authors to postulate the

2

production of N possibly in the FEorm of hexaazabenzene.

63
The solid nitride chloride Lll.BNO.GCIO.G has been studied in
detail:2 it functions as a solid ionic conductor. Transference
and e.m.f. measurements confirm that the electrolytic flow is due
to Li+ and that there is negiigibie eliectronic conduction. The

salt (NH4)3[T32NBr10] has been synthesised from NH,Br and TaBrg

3

at 4OOOC; the structure contains the D symmetry anion,

4h
[BrSTaNTaErs]B_, in which the Ta-N distance, 1.853, is consistent
with double bonding between these elements. A dinuclear p—nitrido
complex, (Ph4hs)2[N(WC15)2], containing tungsten {(IV) and (V} has
been prePared.4 The W-MN-W bridge is also linear but aﬁparently

unsymmetrical, W-N distances 1.657 and 2.0?23; the conformation of

the WCJ.‘l groups on each is eclipsed.

5.1.2 Bonds to Hydrogen

Bb initio m.o. calculation have been carried out to obtain an
intermolecular potential function for (NH3}2.5 Dimerisation
energies for 250 orientations of these dimers were fitted to a
12-6—-3—-1 potential: Monte Carlo simulations of liguid NH3 at its
boiling point were then carried out. The calculated BN radical
distribution functions are in better agreement with the results
of X-ray studies than are earlier molecular dynamics simulations;

however the experimental data are still more structured. The
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u.v. accelerated decomposition of dilute agqueous NH3 by hypochlorite
occurs over the pH range 2-12, where corresponding dark reactions

are slow, and operates by enhancing the rate of decomposition of

chloramines.G The irradiation also affects the formation of
byproducts such as NOE and No;.

Arrnor7 has proposed the term ammoximation for the process

described by equation (1). Typically the temperature for the

NH; o+ %02 + ketone ——> ketoxime + H,0 .- (1)
28% conversion of cyclohexanone over silica gel was 194%%.
Thermodynamic data have been cbtained for the sclution and

3y’ 2 and n—PrNH2 in
#le,50 or propylene carbonate at 25°C.8 The authors compare their

protonation of NHxMe x = 3,2, or O, EEtNH
results with those for agueous sclutions and peint cut that the
order of basicity in this familv of amines cannot be rationalised
in terms of one dominant thermodynamic parameter. Franzg
discusses the preparation, handling and uses of tertiary amine
trishydrofiuorides. Not only are they non-corrosive towards
borosilicate glass but alsc they are convenient agents for
nucleophilic replacement of Cl or Br by F.

The nature of the products of the low temperature reactions

hetween amines and Cl0, depends on the availability of replaceable

2

protons on carbon or nitrogen.lo In the absence of such protans
a 1:1 adduct is formed. When protons are available on the a~C

atom they are abstracted and an azomethinium chiorite,

2 ¥
of protons on the ao-C those on N are attacked and amidochlorates,

(RCH=NR’H)+C10 results, among other products. In the absence

R,NC10 are formed.

2 a2’

Some examples of N-H bond activation have been studied in detail.ll

The ammine complex 0s;(CO},,{NH,) has been prepared by amine oxigde
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induced carbonyl substitution of 053{C0) Transfer of one H

iz’
atom on ko the metal cluster to give 053{00)10(pHH)(uﬂNH2} was
induced thermally. Reaction of the ammine with cyclchexanone
gave the ketimine complex 053(C0)11(NH06H10) which rearranged
thermally to 033(C0)10(u—H)(u—NCGHlo).

The new compounds C_,F_NH, and CF,CF=NH are readily prepared by

2°57°2 3
the reaction of C,F.NCl, with MeSiH at -45° ana -25%,
respecti\rely.l2 The imine is formed from the amine by
spontaneous dehydrofluorination (3min. at 25%cy. Sulphur{IV)}

fivoride converts the amine to CzF N=SF2 whereas ClF produces

5

CFBCF=NCl from the imine.

5.1.3 Bonds to Boron

The molecular structures of Me3N.Bx3, X = 1 or Br, have been

determined from gas phase electron diffraction and vibkrational

spectroscopic data:l3 N-B distances are 1.652=0.009 and

l.663i0.013R, respectively, and the potential barriers to
rotation about these bonds were estimated to be higher than 18
and 12 kecal. molml respectively. The adiabatic electron
affinities of several  boron trihalides, determined in a crossed

molecular beam study of reaction {2), have been used to obtain

cs + BXx, —> c¢st + BX, v (2)

B~N bond energies for the Me3N.BX3 adducts.lq Values range

from 33 to 48({(+5) kcal !:nc:l“l for BCl, and BClBr2 respectively.

3
M.o. studies at the minimum basis set level for the known

azaboranes, arachno-4-NB_H arachno—BgH NH  and

8713’ 12

nido-10-N-7,8-C,B, H.,, as well as for the hypothetical
2710711
15

closo-1,12-NCB have been described by Bicerano and Lipscomb.

1011
The most characteristic feature of the bonding in these compounds
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is the tendency of nitrogen to form polar and, whenever possible,
two-centre bonds.

The isoclation of crystals of a stable bis{borane) adduct of the

aminophosphorane {l) has enabled Grec et al.16 to obtain detailed
P N\
e e
o) [ I

structural information on a P-bound N atom coordinated to BH3.
The N-B bond length, 1.655(832, is comparable with that in
Me;N.BH, (1.6388) and the P-N bond, 1.757(1)R is indicative of
no T bonding. It was proposed that the bicyclic structure and
the pyramidal nature of phosphorus in (1) force the N atom te
remain pyramidal and, hence, to show strongly basic character.
Legzdins and coworkersl7 have obtained a number of products from
the reaction between Li(Et,BH} and [CpCr(N0}2]2: [CpZCrZ(N0}3(EtNBEt2)]
was isoleted iﬂ 6% yield and contains the novel EtNBEt2 ligand
which is bonded through N symmetrically to both Cr ateoms {Cr-i,
2.069(4}8. The MN~B distance, 1.459(S5)R, is compatible with some
7 bond character, however, the coordination of boron is

approximately tetrahedral.

5.1.4 Bonds to Carbon or Silicon

Natural abundance lSN n.m.r. spectra of nitrogen-containing
crown ethers, cryptands, and other compounds with pyridine-type
ligands and of their complexes with alkali, alkaline earth metal
18

ions, Ag’ and T1! have been reported. pownfield shifts on

complexation were observed and these increase as cationic charge
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and ionic character increase: however, increasing polarisability of
the cation produces an upfield shift, Nitrcgen~silver and
—thallium couplings were sizeable for some cryptate complexes.

A transition metal complex [WBrdppez(NZCClz}]+PF6_ of
dichlorodiazomethane hés been prepared by the reaction of the
analogous M, H, complex with CXCl3 {X = Br or H) in the presence
of a Ph21+ salt and agueous base.19 Novel l18-membered tetraza
macrocyclic ligands (2} and {3) have been prepared by the

condensation of acetone with bis{l,4-diaminobutane)copper{II}

perchlorate.20a The X-ray crystal structure ©of both complexes
i NH N N
HN N h NH
-~ | |
(2) {3)

was also reported-zob

Chlorine thicocyanate, whose preparation has been described by

Frost et al.,zla equation (3}, has been shown by a microwave study
to be Cl-5 bonded. 2P Stol) and R&llgen have provided mass
AgNCS + Cl ——=» ngCl + C1S5CN ... {3}

2

spectrometric evidence for the thermal evaporation of intact
- . . 22 . .
positive ions from guaternary ammonium salts. No negative ion

pvaporation was detected and the ratio of intact cations to those

5

from neutral products was 107 7:1 for_n—Bu4NI.

The first general method for vicinal diamination of alkenes has

been reported by Bergman et al.23 The method works satisfactorily



for subgtituted alkenes including at least some tetrasubstituted
ones. The reaction sequence (4} shows the intermediate cobalt
- 0 R_
o W 3
v R R N R
1 1
_ // N\ \\(/ No ///
£Cp-Co Co-Cp + /JL\ Cp—Co\\
\\N N R.,
o] " <
o R4
i
LiAlH4 / .- fid}
'4
R,
=
H2N Rl
H,N — R,
R
4
complex which does not need to be isolated. Homogeneous catalytic

activation of C¢~N bonds in tertiary amines has been reported by

~

Shvo and Laine.dq Thus process (5) occurs in the presence of
Et,N + Pr,N —_—— Et,PrN + EtPr,N « e (5}
_____ — A [ = P 1 T R N e B TR ¥ ) ¥ alatl
a VdLLGLY L LU O HEeal VCarfpUIlY 1o, Counoedlaltry “3‘“”’12'
o]

M = Ru or Os, at 1257C. This should be compared with the earliier
report by Murahashi et al. of heterogeneous catalysis on Pd black
under more vigorous conditions.

6—-Oxoverdazyls (4) have been synthesised, R = H or Ph:25
they are stable, crystalline free radicals which are sufficiently

soluble in water for e.s.r. studies. The electrochemical
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a
____,_N,//

coxidation of a number of aromatic amines, e.g. PhEN, has bheen
invastigated in the low-temperature molten salt system
A1C13—n—butylpyridinium chloride.26 In acidic melts Ph3N is
oxidised reversibly to its radical cation, which at meore positive
potentials undergces a further, chemically irreversible oxidation

to the dication. The one—electron oxidation of pentafluorcpyridine

27

has been achieved by means of 02AsF in Sozch solution at -45°C.

6
The [CSFSN]AsFG salt decomposes at 0°c to give a 1:1 mixture of
CSFSN.ASFS and C5F7N.A5F5, on the basis of their Raman and mass
spechra.

Gardini and Bargon28 have presented evidence from CIDNP
experiments for fast proton exchange between the a-carbons of
tertiary aliphatic aminylium radical cations, R3N-+, and protic
species (e.g. water).  With hindsight this is plausible on

account of the resonance structure, see equation {6}, of their

conjugate bases. The aminylium radicals were generated by
+ M ~F
~ te - .- _ ~ -
N _CHZ_ ~Q N —-CH- <=——> N-CH- +a. £B)
+H ~ P

photoinduced electron transfer from the tertiary amine to an
acceptor {(e.g. MeCN or naphthalene} having a suitable reduction

potential. The e.s.r. spectra of the previously unreported
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aminyl w-radicals, RR'N-, obtained by the photolysis of M{NRR'}z,
M = Ge or Sn, are reported:29 typically the groups R and R’ are
GeMea, SiEt3 and CMe3.

Cleavage of the N-5i bond in Me3SiN(t—Bu)PFzE, E = lcne pair or
(CF3)2COCO(CF3)2, can be effected by PF5:3O the intermediate,

F4PN(t—Bu)PF2E, was unstable but F P=NPF,E, the product of t-Buf

elimination, could bhe isolated. The vertical ionization
energies (7.9, 7.1% and 7.S5eV, respectively) of three permethyl-~
silylhydrazines, (5a—-c} have been measured in the gas phase.3l
R, R, R,
Ro5i S5iR 5i Si Si
3 3
2] N 3] MR
H2C CH2
’/,N\\\ \\\ ’//,N\\\\ /// RN\\\\\ NR
R3$i SiR3 ﬁi Si 53
2 Ry R2
{5a) (5L} (5c)

Oxidation of the parent compounds is effected by Alcl3 in CH2C12
solution to give the radical cations whose e.s.r. spectra have
been interpreted. The radical cation derived from (5a) has the
Sizu moieties twisted towards a planar structure; the chair
conformation of the monccyclic radical cation is converted to a
half-chair by the flattening of one SiNNSi group. These and
other observations in the literature can be rationalised by
consideration of the parent N2H;+ radical ion for which
calculations suggest that the one-electron oxidation should have
made the ZN=== NI skeleton planar and have shortened the N-N bond
by~25pm. In the course of a study of some reactions of Cp2V
with silyl azides Wiberg et a1.32 have characterised a silylnitrene
derivative, C92VNSiMe3 with the V-N-5i angle 1?80, and the V-N
and N-Si distances 1.665 and 1.7363, respectively.

5.1.5 Bonds to Nitrogen
Yamake and coworkers33a have reported the results of their m.o.
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calculaticons on coordinated dinitrogen, diazirine, and diazo-
mathane. Their results agree with the ab initio calculations of
Veillard33b about the preference for end-on coordination of Nz‘
They disagree about the importance of M-N o bonding in weakening
the N-N bond: the Japanese workers conclude that only M-N 7 back-
bonding is signiflcant here. Dinitrogen complexes of Os{IXII)
have been characterised by Buhr and Taube.34 The complexes were
prepared by the reductive diazotisation of 0s{IV} ammines by NO or,
for the conversion of [Os(NHB)S{NZ)}2+ -+ [OS(NH3}4(N2)2]2+, via an

Os(ITY) intermediate. The acidity of NH., coordinated to Os{(III)}

is enhanced by a factor of approximately zen in the presence of
coordinated Nz. A binucliear Ta complex with an unusual, linear
dinitrogen bridge, N-N = 1.298(12}3, also shows shorit Ta-N bonds,
1.837 and 1.842(8)8.  schrock, Churchill and coworkers>> have
described the complex as a "diimidoc type", i.e. Ta=N-N=Ta.
Furthermore, analogous complexes, (6} and (7)., react guantitatively

[(PEt,) ,Cl Ta=N-N=TaCl, (PEt,)},]

3

(6)
[Cl(PMeB)3{C2H4)Ta=N—N=Ta(C2H4)(PM93)3C1]
(7}

with acetone to give dimethylketazine, Me2C=N~N=CMe2. Reactions

of coordinated dinitrogen in [Mo(Nz)z{dppe}Z], dppe = Ph,P(CH,},PPh,,
with alkyl bromides generate the 2-alkyvldiazenido—-N derivative,
[HoBr(NZR)(dppe}z], with loss of N2.36 That the analaogous

reaction of 6-bromo-l-hexene produces the cyclopentylmethyldiaze-
nido complex provides evidence for a pathway involving an alkyl
radical. Treatment of [MoBr(N,C,Hg) (dppe),] with NaBH, or NaOMe
produces nearly egual guantities of NH, and C H_.NH

of 60%.

with yvields

3 449727

Little is known about the ligand behaviour of the unsubstituted
+

N-iminopyridine, CSHSN -NH. The X-ray structure of an adduct

of this compound with bis(dimethylglyoximato)methylcobalt(ITITI}

shows that the imine nitrogen is the coordinating atom and has

sp2 «::haratz:I:c.?.r:?’-‘-Ilr the N-N bond length is 1.350(9)3. The neutral

diazo molecules N2C5x4, X = Cl or Br, replace coordinated o, in
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[xxc1(n,) ¢PPh,),] o form the four-coordinate [IrCl(N,C.X,)(PPh,),].%%®

. 27579
The geometry of the nl diazo ligand in the compound with X = Cl1
has been shown to be bent.38b However, in the M{0)}) complexes,

M = Ni, Pt or Ru, the same ligand is m bonded, £.g. Figure 1.39

L3 4 ooy —.b LEH
u o
g Ll IL])
i3
an Xy AN

o

Figure 1. Molecular structure of [Ru(CO),{(N,C.C1,) (PPhs),]
showing some bond distances {R) and angles (D).
(Reproduced by permissiocn from Inorg. Chem.
19(1980)2441).

. . 5
- - F
The aryldiazenido complex [ (n M305H4)Mn(c0)2{o_N206H40F3)]B 4
and a rhenium analogue have been synthesised and investigated by

X-ray diffraction.do

The geometry of the diazenido ligand is
interesting because of the short Mn-N bond, 1.693(7}8, and the nearly
linear Mn—-N—-H arfangement {angle 1?1.80).

Sisler et al.dl have investigated the reaction between
methylamine and chloramine under a number of different reaction
conditions. Their results show that reacktion occurs only in the
presence of a base, such as KOH or NaCMe, and that under these
conditions a mixture of NzH4 and MeN2H3 are formed. Amination of
primary and secondary amines by hydroxylamine-O-sulphonic acid is
a known reaction. The same worker542 have shown that 1,l-dimethyl-
hydrazine can be made in this way from MezNH in digliyme; the
reported yield is 35% based on the sulphonic acid used. The known,
analogous c¢onversion of MeNH, to HeN2H3 is 55% efficient. Tungsten
complexes containing the arylhydrazideo(2-) ligand have been prepared

by the reaction of Cp.,WH, with ArN: below —2O°C.43 The complex
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cation, [szwu{NNHAr)]+, rearranges in solution (and also in the
solid state), especially at temperatures near OOC, to an’ isomeric
product, [szw{ﬂzNNAr)]+, containing the arylthydrazideo{l-} ligand

bound side-on through both N atoms to W. The crystal structure
of one of these isomerised products has been determined
: 14
{Figure 2}.
L b
el 'L{ -
) ~NEH e cim oitat
A
6xmi3:

FPigure 2. Perspective view of the [(nS—CSHS)zw(HZNNPh)]+ cation

showing some key parameters {Reproduced by permissicn
from Inorg. Chem., 19(1980)3142).

The thermochemistry of trans—, cis-diimide, l.,l-diazene and the

diazenyl radical, HN=N-, has heen calculated using ab initic GVB

and CX methods.45 The following aﬁg values were obrained 56.9,
6l1.6, B6.3, and 76.2 kcal mol_l, respectively. The authors
compared their results with other celculations and used them to
interpret conflicting experimental data. Imino ligands,
particularly the 1,2-diimines, are known to stabilise metal ions
in a variety of low and high oxidation states. Jeffery et al.46

have explored the coordination chemistry of two diiminodiphosphines,
N,N'—bis[o—{diphenylphosphino)benzylidene]ethylenediamine (en=P,}
and the cerresponding l,3-diaminopropane derivative (tn=P2), with
nickel, copper and silver. The ligands function as tetradentate
chelating agents, as inferred from spectroscopic data and as

provad by the X-ray structure of [Cu(en=P2}]CIO4.CH2012, in which
the metal has a highly distorted tetrahedral environment. Van

der Poel et 31.4? have reported the isclation of stable metal
a-diimine, R-dim, complexes, e.g. [trans—PdClz(R—dim)z}, in which
the liganpd is monodentate. Certain complexes, e.g.
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[PtClz(PBu3}{t—Bu—dim}] generate d.n.m.x. spectra in the presence
of excess (t-Bu-dim} which are consistent with a fluxional
behaviour of the ligand involving a symmetrical 5-cocordinate
metal intermediate.

The photolyses of nine secondary and tertiary azides have
¥ielded imine products without any evidence of nitrene processes.qs

Azidochloromethylenedimethylammonium chloride (8) has been

Me_\\\+ ’/,Cl _

= ci

- ™~

Me N3

(8}

reported as useful in the conversion of primary amines to amino-
tetrazoles. Kokel and Viehe49 have now shown that it reacts
with certain acidic CH groups to transfer a diazo or diazonium
group.

Alkylaryltriazenes, R-N=N-NHAr, decompose when Er concains
electron withdrawing substituents, according to eguation (7},
a heterolysis of the single N-N bond, in agueous solution at

RN,MHAr ——> RN,” + AINH e (T)

250C.50 A facile high-yield {(85-95%} preparation of trialkyl-
triazenes has been reported.51 Benzyi or n—butyl azide was
treated with a Grignard or alkyl lithium reagent, R' = Me or n-Bu,
and the resulting dialkyltriazene, after removal of the proton on
nitrogen by t-BuOK was alkylated with Mei, reaction sequence (B).

1. R'MgBr
or

o s
R-N R'LL = R-N=N-NH-R' =———= R-NH-N=N-R'
2. 10% NH4OH/NH4C1

1. K+EBuO_/tBuOH

2. CHJI ... 4{B)
CH

R-N-N=N-R' + R—N=N-N
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Since both terminal nitrogen atoms were methylated an isomeric
mixture was produced which required chromatographic separation.
The karrier to rotation about the nominally single N-N bond, a
measure of the contribution of the 1,3-dipolar resonance form,
was measured by 13
16.5 = 11 kecal molml were obtained.

The formazanyl palladium ring CN,Pa in bis{l,3,5-tri-p-tolyl-

C d.n.m.r. sSpectroscopy: values in the range

formazanyl)palladium, ( 9}, is non-planar being folded about the Nl—N

axis: 2 the non-metal ring atoms are evidently sp2 hybridised and
the average bonded interatom distances (N-W, 1.307(7}); C-N,
1.343(8)2) reflect significant double bond character. The first

T
/ " ~~
RC C )4/ \CN ____DN ¢

R 34

Ee=tg

R = p-tolyl (9)

example of a bis{tetraazadiene)metal complex, [Ni(ArNdhr}z],
has been reported by Overbosch et al.53 The ligand,
ArN=N-HN=NAr, does not exist in the free state and must be
generated at the metal centre. The diamagnetic Ni(0) complex
was obtaiﬁed in ca. 4 mols of ArN3 at room temperature: the N-N

distances are all similar and close to 1.32%,

5.1.6 Bonds to Oxygen or Sulphur
54

Radom et al. have investigated the potential energy surface
relating to the 1,2- and 1,3 intramolecular hydrogen shifte for
the interconversion of nitrosomethane (10}, syn-formaldoxime {11).
anti-formaldoxime (12}, and formaldonitrome (13) by a number of
ab initio m.o. methods. The optimised structural parameters

are shown, compared with the 4-31G values (in parentheses) and,

where available, experimantal data [in square brackets].

4
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0
1.231¢1.198) [1.V

N
)111.5(114.93[113.2]
1.531¢1.471)[1.480]

\111.4(111.2)[111.0]
122‘0('20‘6)[120'7]Cc 1.089(1.079)[1.094]

“‘.l \
H',/ H
-" &1 .089(1.080)[1.094]

-

£ HCH = 108.8{108.2)[109.2]

Q

1.398(1.399) <N 1 .000(0.960)
106.2

N {112.9}
116.0(117.4)
1.280(1i.256)

H

118.3(117.6} c\123.9{124.0)
1.084(1.067)

/ \{1.089(1.0?7]
H

(11)

H
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H

\€.994(0.951)[0.956]

101.5(106.3}[102.7]/’0
1.410(1.420) [1.408
N//110.7(111.4J[110.2]

1.282(1.254){1.276]

llB.O(ll?.S)[llﬂ.ﬁ}(’c\*23.7(l22.5)[121.8]

1.085(1.068)[1.0861/// \\\&.087(1.071)[1.085]
H H

(12)

O

H
1.051(1.001) ////if318(1.334)

113.9(119.3£‘N 128.6(126.2)

N>

1.313{1.263)

/J

119.6¢120.4) 118.8(118.2})
i ] ]

1.079(1.0681/// 1.079(1.066)
T H

(13)
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Some reactions of N,0 with a range of titanium complexes have
been investigated by Bottomley and coworkers.55 They found that
(szTicl}2 and {szTi3 are oxidised to (szTicl}zo and (szTi}zo,
the latter being further oxidised to a Ti{IV) polymer: szTi(COJ2
is oxidised more slowly to give [(szTi)4(C03J2] and eventually,
with excess Nzo, a Ti{IV}) polymer. In all instances the reduction
product is N2.

The catalytic conversion of NG, by the action of a Co-La,0,-Pt
catalyst supported on active carbon, to N2 and CO2 has bee; -
investigated:56 the process operates efficiently at about s00°c.
The kinetics of the oxidation of Fe** by agueous nitric acia,
with overall stoichiometry shown in eguation (9}, have been
studied by spectrophotometric and potentiometric technigues at

2+ + - 3+

JFe + 4H + NO ——>> 3Fe + 2H20 + NO ---£9)

(9]

higih nitric acid concentration (0.6 = 2.0M} at 23tloc.5? The

Y

ti¢ studies were

= - o N = e — JEE. —
results of earlier sgquilibrium and kKin

incorparated into a reaction scheme consisting of seven principal
reactions; three for the reduction of nitrate to NO by Fe2+, onea
for the formation of PeN02+, and three for the chemistry of
oxonitrogen species in nitric acid. The conclusion is that the

forward reaction {10} between NO and NO3, is the rate-determining

NO o+ NO; + H == NO + HNO .+ (10)

within a factor eof twoa. The X~ray photoelectron spectra of a
series of iron commlexes of the tvoe [Fei{NOIXidas) 1n+, dag =
—————— = Ratninieel o T e £ g PR S

c—phenylenebis (dimethylarsine) and X = C1, I or NC;, show a
a di

This correlation shows less scatter than that reported by Finn

and Jélly.sab who included data for a variekty of central metals

and associated ligands. The Lewis basicity of coordinated nitric

oxide towards tricyclopentadienylsamarium has been investigated

by i.r. spectroscopy;59 the terminal nitrosyl ligand was found

to be more basic than either Uy OF kg bridging groups. The

alkyl nitrito complexes [Ru(bipy)zpyN(O}OR]2+, R = Me, Et, n-Bu or

i~Pr, have been prepared by reactions involving attack of OR on

the nitrosyl complex [Ru{bipy)zpyNO]3+.60 I+ appears that the
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alkyl nitrite greoup is a better w—-acceptor than nitro, pyridyl orx
acetonitrile ligands attached to Ru{II}. However, once formed
the alkyl nitrite complexes undergo an irreversible one-electron
oxidation yielding [Ru(bipy}zpyN0]3+ and ROH, as the major
products. The structure of an ireon nitrosyl complex
[Fe(NO}(i—Prdtc)zj, dt.c = dithiocarbamate, has been solved:®!
it contains an unambiguously linear Fe~N-O arrangement, with Fe-N

and N-0 distances 1.676(3) and 1.161(3}& respectively.

An improved gas chromatographic method for the determination of
nitrite ion, at concentrations in water as low as 0.5ng ml_l, has
been developed.62 The method is based on the Sandmeyer reaction

and the resulting p-bromochlorobenzene is determined with an

electron capture detector. The characteristic electronic spectrum
of the Noz_ ion survives when the ion is bonded to metal ions
through the oxygen atoms.G3 Halker et al. have examined the

vibrational fine structure associated with the n+n* transition in
the near uv for K3[Hg(02N}4]N03 at 10K and for a series of nickel
complexes. Nitrate-free samples of Ca(NOz)z.Hzo and Ca{N02}2
have been characterised by Brooker and bDeYoung. The
monconydrated Mg salt could not be prepared free of nitrate. The
dark red salts H3N03, M = K or Rb, have been prepared by solid
state reactions of egquimolar mixtures of M20 and !'-‘l.l\ilo2 at ca.
300°c/2 days.®®  Structurally these compounds resemble the
previously characterised sodium analogue; namely they are of the
anti-percvskite type., (N02)0H3- The Rb salt has antiferro-
electrically ordered N02
The action of 0.1 wt% NaNO

groups.
2 soluticon on Al at room temperature
is initially slow but after an induction period the corrosion rate
is catas:_trophic.66 Ammonia, hydrogen, and bayerite (B—Al(OH)B)
were identified as the corrosion preducts. Eneish67 has studied
the kinetics of the reaction between N02_ and C103_ in water and
in water-dioxan mixtures and has proposed the following rate

equation {1i}. Decreasing the dielectric constant increases the
- +
rate = k[uNo,][c10]] [H7] .- (11)

reaction rate which is in accord with the accepted role of H2N0105
as the key intermediate. A spectrophotometric study of the
kinetics of the reaction between HNO, and ClOz_ has identified both

68
a chloride ion-catalysed pathway as well as an uncatalysed one.
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A mechanism involving peroxonitrite and HOCl as intermediates was
said to be consistent with the observations.

Nitro complexes of bis(dipyridyl)ruthenium(III),[Ru(bipy)zLN02]2+,
where L = py etc., have been shown to be unstable with respect
to coxidation of the nitro group:69 the products were found to
consist of the corresponding nitrosyl and nitrato compounds in a
1:1 ratio, Although much effort has been given to the study of
the spontaneocus intramolecular iscomerisation of coordinated nitrito
to nitro groups in transition metal complexes, Sargeson et a1.70
have noticed that there is also a base-catalysed pathway for this
conversion, for Co, Rh and Ir{III}) pentammines.

The standard enthalpies of formation of crystalline N0+x_,
X = Cl0, or HSO,, and (NO),5,0, have been determined: ' the
results are +59.0, -680.3 and -1041.0 kJ mol_l, respectively,
based on the enthalpies of reaction with aguecus base. The
aunthors discuss the likely sources of the discrepancies with
previous data. A new general synthesis of trifluoromethylamines
of the type CF3NXH has been reported by Sekiyva and DesMarteau.72
Excellaent yields of these amines were cbtained by the hydrolysis

of compounds of the type CF_NXC{Q)F, which are readily available

3 | —

from the reaction of the oxaziridine CP3NCF20 with 2 range of
nucleophiles, In this way six new amines have been prepared and
characterised, namely with X ;BCFBO' (CFB’ZCFO' MeO,rEEE; MeZCHO
and MeBCO. The same workers have synthesised SFSNCon, the
second member of the class of perfluorinated three—-membered
heterccycles bdsed on the —ﬁEEEB unig;__fhis SFS derivative has

a different chemistry tc that of CF3NCF20: thus, nuclecphilic
attack, by CsF at 220C, occurs not only at nitrogen but also at
carbon to give a 30% yield of CFBNO. A number of mixed methyl
and trifluoromethylarsines and stibines have been converted to the
di[bis(trifluoromethyl)nitroxy] compounds by the action of
(CF3)2N0.74 The new derivatives Me_(CF.),_ M(ON(CF;),),, M = As
or Sb, are extremely moisture-sensitive and yield (CF3)2N0H on
hydreolysis or treatment with HCl.

Irradiation of KNaNO, at low temperatur3575 produces Nozu, N3-,
Ny, O, NO and two other intermediates, which are tEermallX
unstable and have been tentatively identified as NO and N .
These assignments are based on X-ray p.e.s. studies in which
unmonochromatised AE—KG radiation was used both to induce the

radiation damage and to excite the spectrum.
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76 . .
Campbell et al. have reported that there is evidence for the
formation of a new intermediate, a peroxy N03 radical, Eormulated
as ONOQ, in the decomposition of gaseous N205. Chlorine (I}

nitrate, ClONO has been produced in a high degree of purity by

2l
the single stage reaction of the type (12).
<0%

b (NO + 2CI1F —_— MFz + 2ClONO2 ... (12}

3tz
The yield is highest when the metal nitrate (anhydrous} used is
Pb(NO3}2 {92%) and lower yields are obtained from the alkaline
earth nitrates (Ca, 63%; Sr, 44%; Ba, <10%).

The products of reaction of dry HND3 and the fluorides of HMNa
and Cs have been characterised by Gillard et a.l:78 CsF generates
ohe unstable product containing the hydrogen-honded FHONOz_ anion,
which loses HF readily. Low energy (<22eV) photoelectron spectra
have been recorded for the gaseous transition metal nitrates:
Ti{IV), Co{IlX}, Cul(fll) and OV(NO3)3.79
these spectra has been achieved with the help of ab initioc m.o.

The interpretation of

and scattered wave Xo calculations. The ionization energies of
electrons in nitrate orbitals are essentially the same for the
Ti, V and Co compounds but are lower for Cu{II}. This is wreadily
correlated with the greater number of d orbitals into which electron
donation can take place for the earlier transition metals as
compared with copper.

The facile synthesis of the bisi{chlorosulphurinitrogen cation,
N(SC1¥9+ by means of reaction (13}, has been reported, where

M = As or Sb.80 The-crystal structure of the As?s_ and A1C14_

sC1, + -NS'MF.T 2%, N(SC1) ,MF .e . {13)
salts have been determined hy X-ray methods: the cation was found
to have an essentially planar g¢is structure, Figure 3, as had
been concluded from the previously reported but less accurate
X-ray data for the BClqn salt. Herberhold and Haumaiersl have
reported that a nitromethane solution of N353C13 andg 2AgPF5
behaves as a source of NS+PF6_; thus it reacts with C H.Cr{CO),
in acetonitrile to give a thionitrosyl metal complex
[Cr(NS)(NCMe)S](PFﬁ)z. (NSC1) , reacts with Rh(I) complexes and
with RhC13.3H20 in the presence of Ph3E, E = P or As, to give

thionitrosyl complexes;82 these were characterised by analysis,
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Figure 3. The structure of the N(SC1),” ion in the lattice of
the Alcl4 salt; bond lengths and angles in parentheses
are for the BCl4 salk. (Reproduced by permission from
Z. Naturforsch., 35b{1980}1657}.

i.r. spectra and magnetic studies. The recently synthesised
[Ni(NSF)S](AsF6)283 is isostructural with the Co({II} analogue,
in which the S~N (1.40,8) and S-F (1.57,R) distances are shorter
than those in free NSF.84
An improved synthesis of 1,1,l-trimethyl-N-sulphinylsilanimine,
Me3Si—N=S=O, has been claimed:85 it inveolves the direct and
facile reaction between so, and hexamethyldisilazane. The authors
suggest that this reaction may be valuable in detecting

atmospheric 50 in the absence of moisture, by means of the

r
fluorescence ciaracteristics of the product.

The crystal structure of K3[N(503)2}.H20 has been determined
by X-ray methods.86 The N-5 bond length {1.609(2)2) in the
approximately C2v symmetry anion is significantly shorter than
the corresponding bonds in sulphamate (NH2503 ], hydroxylamine-
N,0-disulphonate (o3sonus?92‘),37 imidosulphonate (NH{SO3)22
nitrilosulpheonate (N(503)3 . The SNS angle (121.00) is

Ty or

marginally smaller than in the imidosulphonate ion.

The low-temperature study by X-ray diffraction of thiotrithiazyl
nitrate has been used to calculate the electron distributions.88
The experimental and theoretical electron densities in the 54N3+
ring are in good gualitative agreement except in the region of
the lone pairs on the chemically equivalent pair of N atoms.

On the other ligand the unigue N atom, opposite the disulphide

group, evidently bears a well-defined lone pair accerding to the
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electron density plots.

5.1.7 Bonds to Halogens
89

Munch and Selig have observed that the first stage Ast—graphite

compound, ClOA5F5+x {(0<x<0.5) converts N2F4 into a mixture of
90% trans—Nsz, 5% NF and 5% N,. The formation of the adduct
Nqu.AsFS inside the graphite followed by F abstraction by
graphite is proposed to explain the results. Higher stage
intercalates do not behave in the same way.

In a course of a study of the chlorination of sea water Haag90
has demconstrated that N-bromo-N-chloroamines exist and he has
prepared and characterised MeNBrCl in CCl, solution: in

concentrated solutions equilibrium {(1l4) is established under

MeNClz + MeNBr2 =——— 2MeNBrCi «..(14)

the influence of u.v. light. The magnitude of the equilibrium

constant for the process is 4.0120.045 thus indicating that the

distribution of halogens is essentially statistical. The chloro-
and bromo-trimethylammonium cations have been prepared by a
variety of methods, equations (15)—(17)-91 Both cations are
Me,NX + MeQClO, -——> Me3nx+c104_ : --.{15)
+ -
MejNX, + BCl; ——3 Me,NX BC1.X ...{186)
HZO + + - + -
Me_NX, — = Me_ NX ; Me NX + BF —== Me_NX BF ---{17)
3°%2 T - 3 3 4 3 4

guite stable in the solid phase and in the presence of a large
anion, such as BF " or SO3F_, and alsc at temperatures below -25°C.

4
The simplest fluorinated sulphur(iIV) imide, SF,=NF, has been
synthesised by the seguence of reactions (18)—(20).92 The
F2
SF_NC1 — SF_NC1F .. {18)
5 2 5
-ClF
Hg/CF3C02H
SPSNClF = SFSNHF ---(19})
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KF

SFSNHF ~———> SF _=NF -..(20)
4
—-HF
compound exhibits a complex lgF n.m.r. spectrum which is

consistent with a structure in which the N atom lies in the
equatorial plane and the F{(N) atom takes up a position in an axial
plane.

The vibrational spectrum of NF4A5F6 has been reported and the
observed 14N—15N isotopic shifts used to compute a generalised
valence force [field for NF4+.93 The WF stretching force constant
{6.15 mdyn R_lj is significantly greater than that in NF3 {4.31
mdyn R_l). Wilson and Christeg4 have reported a simplified
synthesis of NF4+SbF6*. The compound is formed in high purity by
the fluorinaticn of SbF3
Christe et al-gs have investigated the metathetical reactions shown

in equation (21}, X = Ci, Br or I. The perchlorate was isolated

and excess NF3 under pressure at 250%c.

HF
NF4SbF6 + CSXOIq —_— NE‘q}{O4 + CSSbFG «..{21)

-78%¢

and characterised but decomposes at 25% to NF3 and FOC103. The
perbromate and pericdate analogues could not be .isolated: the

former decomposes already in solution to NF3, 02 and FBrOz.
Attempts to prepare NFq+ salts of XFQO_ in BrF5 weri unfuccessful.
However, an unstable white solid cof composition NF4 HF2 .NHF was
obtained from CsF and NF,SbF_ in liquid HF at -78°Cc.  Solutions of

NF4+F_ are stable in HF at 25%. The analogous reaction between
&
F_.

2N925bF6 and CsZMnE‘6 was used to prepare (NF4)2Mn 6

compound is thermally stable up to 65°C and is not shock-sensitlve:
a violent hydrolysis reaction yields NF3 guantitatively. The

+ _ .
fluorosulphate analogue, NPd 503F , has also been prepared in HF
at —78°C.9? The white solid is stable below o°c but decomposes

at higher temperatures to NF3 and FOSOzF : sglutions in HF are

This new

stable at room temperature,

The crystal structure of C13VNI has been determined by X-ray
methods and has been shown to be isostructural with the
chleoronitrene analogue, C13VNC1.98 The icdo compound is dimeric
with chlorine bridges and the V-N and N-I distances in the nearly

linear VNI group {(angle 163°) are 1.65(2) and 1.93(2)A.
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5.1.8 Bonds to Phosphorus or Arsenic
The structure of the adduct between 1,4-pyrazine, C4H4N2, and
99
BClg
The P-N bond distance in the 6é-coordinate compound is 2,021¢(5)8.

Amincarsines are known to undergo ready transamination reactions :

appears to be the first cone of a molecular PCl5 adduct,

e —
Krannichloo has now shown that aminoarsolanes OCR,CR,0ASNR,
(R = H or Me; R' = Me, Et or n—-Pr} are also highly reactive in the

presence of ammonia, and primary or secondary amines at room
temperature. The high lability of the As-N bond in the presence
of a labile proton and the equilibrium nature of the transamination
reaction permit the ready synthesis of a variety of aminoarsclanes

in high yield.

5.2 PHOSPHORUS

%.2.1 Phosphorus, Polyphosphines and Phosphides

Core binding energies from X-ray p.e. spectroscopy have been
reported for a range of phosphorus{III} compounds including P4, Px3,
where X = F, Cl, NMe,, OMe, Me, etc., Pq(NMe)S, HePHz,
compared with data for the corresponding lone pair ionisaticn
101 There is no single

etc. and

potentials and proton affinities.
correlation between these two related processes and all the core
binding energies and in the latter orbital rehybridisation plays
a2 relatively uvnimportant role.

Polyatomic phosphorus cations are not produced when mixtures of
P4 in flucrosulphuric acid are electrolysed and the colouration

ocbserved results from-deccomposition of the acid and formation of

. 102
Known sulphur cations.

Full details of the X-ray structure of the q—PB compound,
(triphos)Co(P3), and its reactions withlgg(CO)G, that were mentioned
in last years report are now available. Further compounds
containing this interesting ligand have also been reported from
reactions between either [Rh(C,H, ),Cl], or Ir(PPh,},(CO)C1 and
white phosphorus in the presence of 1,1,l-tris{diphenylphosphinc—
methyl)methane.lo4 The products are monomeric with the formula
[(triphos)M(PBJJ, and they react further with cobalt{II} and
nickel{II} salts to give dinuclear complexes such as
[(triphos}Rh(PBJCo{triphos)] (8Ph,) ,.2Me,CO and
[{triphos)Rh(P3)Ni(triphos)](BP4)2.C‘HBO. X-ray data for these
compounds show the triple decked sandwich structure (14), in which

the metal sites each have 50% Rh/50% Co{Ni) occupancy.
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Ph, Ph
CH., —~ P 2
MeC'—CHZ—-—-P7Hl—-—- —p M, — P ——CH,~—— CMe
\\\“CH —F “H‘““““~Pfi“#/”, S~p_ _cn
2 2
Ph., Ph,
(1)

Evidence for the phosphinophosphite anion OP(O}(H}.PH2 ~ has
been obtained from 31? n.m.r, studies on the products of
hydrolysis of the polymeric suboxide P40 and P4 by sodium hydroxide

in agueous ethanol.105

31P n.m.x. daca, including the signs and magnitudes of J{P-P}
and J{P-H) have been obtained for a series of biphosphines

RlRZPPRle, where Rl, R2 = Me, Ph and t-Bu, and tne corresponding

sulphur and selenium oxidation products.106 The data are
discussed in terms of changes in hybridisation at phosphorus or
in the effective nuclear charge. ther multinuclear n.m.r. data
for biphosphines with bulky t-Bu or i-Pr groups are also discussed
in relation to the adopted molecular conformation and the effects
of inversion at the phosphorus atoms.107

N.m.r. spectroscopy has been used to follow the formation of a
phosphine—-phosphinidine complex, Me3PPCF3, £rom the reaction of
trimethylphosphine and (CE‘3P)4 or 5 but. the data are temperature
and Me P concentration dependent in the presence of excess
Me P.l 8 The rate determining step is an assoaciation process

3 _
shown in eguation {22}, but the kinetics are complicated by at

Me P* + Me PPCE‘3 = Me

* — *
3 3 P P(CFB}PHE = Me_P*PCF + Me3P

3 3 3 3

ca.£223

least one side reaction which leads to Me3PF2.

A complex with a coordinated tetraphosphine group is the product
from reaction {23), while a triphosphine complex results from the
related reaction, see equation (24), in which the starting

material is the diphenylphosphide derivative.log
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2
P
PR
3 gis-Mo(CO),(MeyPLi), + 2RPCl, = 2 cis-(0C) Mo |
PR
R=Ph or t-Bu P
Me,

+ 3LiCl + (OC)3MO(M329C1)2 «es (23)

FPh
P

P
N

Ph

2

cis-Mo{CO} , (Ph,PLi} + MePC1l —>> {0C} Mo PMe + 2LiCl
- 4 2 2 2 4

2

oo {24)

Reaction of the 1,2,3-triphenyltriphosphide, K2(PPh3)3 with
trimethylchlorosilane gives the substituted triphoasphine,
Me3Si.PPh.PPh.PPh.SiMe3, which is stable to disproportionation.llD
From n.m.r. data, the compound in solution is a mixture of the
three diasterecisomers {15-17, R = siMe3) in the ratio 8:3:1; due
to pyramidal inversion at the phosphorus atoms, the three forms

X x R
Ph-P: Ph-P: Ph-F:
H
Ph-P: Ph-P: :P-FPh
1
Ph—-P: :?—Ph Ph~-P:
3
24 R R
(15} (16} (17
are in dynamic eguilibrium, On alcoholysis, this trimethylsilyl
derivative loses Me3SiOMe with formation of H(PPh)3H, which is
stable in solution bhelow —3000.111 Again the product is

considered to be a mixture of the three isomers (15 - 17, R = H)
in the ratioc 1:4:3.
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The potassium salt and the trimethylsilyl derivative both

undergo a [3+1] condensation reaction with either phenyl- or

t-butyl-dichlorophosphine to give the cyclo-tetraphosphine (lg)llz

Ph P-\\\\
L p Me — P ’//1; P — Me
P—Me
yaRvd
i Ph
P P
i P =]
R \P/
(18, R = Ph or t-Bu) {(19)
bur, while the product with R = Ph rearranges readily in solution

at room temperature to the more stable cyclo-pentaphosphine,
{PPh)S, the t-butyl derivative is far more stable.

Reaction between Li. P, and methyl bromide at ~60°C in THF
solution gives the heptaphosphine (19) as a mixture of two
isomers which differ in the orientation of the methyl groups.l13
On thermclysis at 2000C, polycyclic phosphines in the series

P H .
n n—2m

Lithium heptaphosphide, L1397, can be prepared readily from
114

where n = 4 - 18 and m = 1 ~ 7, are the products.

white phosphorus and an excess of LiPH2 in monoglyme, and from

31? n.m.r. measurements on the 6Li derivativells the tricyclic

cage structure is compressed along the three-fold axis in
comparison with (Me3513397. Predominantly iconic character is
suggested.

Two  new compounds with the formula Sc:3P2 have been identified

in the Sc-P system and are considered to have Cr3c:2 and Hf3P2

structures respectively.ll6
The structure of u—TiS?3 reveals two independent phosp?g;us

atoms in eight- and seven—-fold coordination by titanium, while

a new niobium phosphide, szPS, contains infinite zig-zag
phosphorus chains in a structure similar tc that of OsGeE.llB
During attempts to grow single crystals of MnPB, a new triclinic

119

modification of MnP, was obhtained. Single crystals of ReGP

13
have been obtained from reactions between the elements in melten
tin while the elements in the presence of iodine gave only

. 8] =1
microcrystalline samples.l2 The crystals are rhombohedral R3

and each rhenium is coordinated to six phosphorus atoms {Re-FP,
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2.290 - 2.699K) in a distorted octahedron; further condensation
leads to Re,P, . units. The phosphorus atoms, which are all
tetrahedrally coordinated by either P or Re, are found as P6 rings,

Pd chains and Pz units.

The new surcpium polyphosphide EuP7, obtained from the elements

in a salt melt, has a polvanionic network containing PG' P8 and
P10 rings.121 P-P distances range between 2.18 and 2.232; on
thermal decomposition the compound gives successively EuP3, EuPz,
Eu3P4 and EuP. Berkelium monopnictides, which canlgg prepared
from the elements, have NaCl-type cubic structures.

Among the new ternary phosphides reported this year are

cacu P 23 M2N11297' where M is a lanthanoid,124 L12PrP2 {and the

4~ 2"
corresponding arsenide},125 Mgz SNill 5P7126 and Ca2 lNill 9P7.126
The latter two compounds and Eeri12P7 have the 2Zr,Fe, P, type
sStructure. Structures are also reported for Cd4P213127 and
ca,p,cl 28 both of which contain P,Cd, units.

5.2.2 Bonds to Carbon or Silicon

The +3 Oxidation State. Phosphaethene CH,:PH, originally obtained
by pyrolysis of either MePH2 or He2PH, can be more readily prepared
by pyrolysis at 710%c of Me3SiCH2?H2: ?zdetailed assignment of the
microwave spectrum has been presented. 2 The new compound,
cyancphosphaethyne N:C-C:P, which is formed in ca. 1% vield when
cyancgen azide and phosphaethyne HC:IiP react at 70000, is linear
with & dipole moment of 3.44D from microwave data.l3o

The necessity for the presence of bulky t-Ba or Me3Si group to
stabilise P=C double bonds is only partially true as shown by the

formation cf P-chloromethylenephosphoranes by the reaction in
131

equation {25). Alkyl or aryl dichlorcophosphines and the lithium
R' R'
!
base C=P_1 es o {25)
—C— —_—
R—C—PCL, “HeL
i R
B
R = R' = H or Ph
R = Ph, R = Me  Si
derivative (Me3Si)3CLi give compounds in the series RPClC(SiMe3}3

but it is not possible to substitute the second chlorine atom, 132
and a similar reaction ko give ClzPC(SiMe3}3 occurs when phosphorus
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trichloride is a reactant.l33 The former compounds on heating
lose one mole of Me351C1 to give the phosphaalkene RP:C(SiHe3)2
but, although trimethylchlorcesilane is released when 012PC(51M33)3
is heated, the product is an ©0il considered ko be (MeBSiCP)n.

A two-coordinate phosphorus atom which is incorporated into
a five-membered ring coccurs in the benzooxaphosphole {20},
obtained when o-phosphinophenol reacts with pivaloyl-p-tolyl-
imidoyl chloride, tHBuC(Cl):NTol.134

Pseudo-halicgen character has been ascribed to the P(CN)2 group
and following this, pseudo-chalcogen behaviour might be expected

O
{20} {21} {22)
with the PCN group. This has been established by the recent
synthesis of twe cyanopheosphinidine analogues {21) and (22) of
the oxo- cor thicoxo- derivatives of N-heterocycles. 35 An X-ray

analysis of (21) shows there is a considerable contribution to the
structure from the C+—P=C=N_ form and, in some respects, these
compounds occupy an intermediate position bektween the phosphamethine
cyvanine catiocns and the dicyanophosphide anion.

X-ray diffraction points to there being substantial disorder in

the structures of both phospha- and arsa-triptycene {23, R = H}
with interchange between the P({As) atom and the bridgehead carbon
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atom.l36 To obtain reliable information, the t-hutyl derivative
(23, R = t-Bu) has als¢o been examined showing three equal‘P-C bond
lengths (mean 1.8432), a mean CPC angle of 94.50 and mean internal
and external PCC angles of 116.3 and 123.70 respectively.lB?

Gas phase dipole moments determined by the Debye method have
been cbtained for the #MeEtPH 1.28D, MezEtP 1.31Dp, and MeEtzP
l.SBD.138 dlkylphenylphosphide anions can be prepared when
lithium and an alkyldiphenylphosphine react in THF solution, and
chiral phosphines PthRzP can be obtained on further reaction
with an alkyl halide.?3® 31

deviate markedly from cthose predicted on the basis of the first

P chemical shifts for these compounds

order additivity model but prediction is possible using a second
order pairwise additivity schene.

Tri{mesityl}-phosphine and -arsine have been used to
investigate complex formation with sterically hindered donors;lqo

each ligand gives a 1l:2 complex, formulated as (Ang}PF on

6#
reaction with AgPFG.
The coordination chemistry of the novel ligands {24) has been

investigated with nickel, copper and silver iomrs and tetradentate

PPh Ph_P

N —‘-(CH2) ;"“"N

{24, n=2 or 3}

behaviour shown from an X-ray structure on (CuL)Cloé.cuzclz.l41

Polydentate phosphine ligands, which contain either mixed dcnor
groups or specific types of donors at seleckted sites, have been

synthesised by methods which involve radical chain, base
142

catalysed or coupling reactions. Some examples are given in

egquations {(26)-{28). Palladium and platinum complexes have been
NaPHPh + ClCH2CH2CH2PPh2._____eh PhHPCH2CH2CH2PPh2 vas {26}
PhPH, + CH.:CHCH.NH M o PhHPCH.CH,CH_NH as(27)

2 2 22 27727272



291

su PhP|CH,CH,-§
PhP(CH:CH,}, + 2 vV
H 2
NH., 2

-..(28)

obtained using a number of chelating amino-phosphines including
thPCH2CH2CH2NH2 and thPCH2CH2CH2N:CHPh,143 and complexes with
di- and tri-~phosphines containing P-H groups have been obtained

using reactions of the types shown in equations (29) and (30}.144

Mo {CO) _{PhPHLi) + Ph_PCl —> LiCl + {OC) Mo - PHPWPPh - .- {29}
5 2 5 2

ZHO(CO}S(PhPHLi) + PhPCl_, —» 2LiCl + (OC)SMQPHPhPPhPHPhMO(CO)

2 5

... {30}

Polyphesphaalkanes with a,w—-PH groups can be prepared from an
alkene, such as R;(i—PrO)zrnP(O)CHZCH:CHz,
diphosphine, R2HP(CH2}3PHR‘, in the presence of u,ul~azabis(iso—
butyronitrile).l45 The general formula is Hz_nRiP(CH2)3PR2{CH2)3—
PRZ(CH2)3PRiH2_n, where n = 0 or 1 and Rl, R2 = Me or Ph, and
complex Eormation occurs with Ni, Pd, or Pt dihalides (sz) to

and a secondary

give compounds formulated as (MLK)+X_. For the nickel compound,
the cation NiLBr+ is sgquare pyramidal. Reactions of

bis (phenylphosphing) propane, PhPH{CH2}3PHPh{L}; with, inter alia,
Ni{CO)4 and Mo(CO)6 give compounds such as Ni(CO}ZL and Mo(co}qL
as mixtures of the meso- and racemic forms:146 the structure of
the meso— form of the former has been determined.

Complex formation between triorganotin chlorideslq? or Os(II}

and Os{I1X) compoundsl48 and bis{diphenylphosphincethyl)phenyl
phosphine, PhP(CH2CH2PPh2)2, and other tertiary phosphines has
been examined. Convenient syntheses are now available for the
analogous phosphinopropyli compound PhP(CH2CH2CHzPPh2)2 and its
precursor thP(CH2}3PHPh.149

The 1:1 silver bromide adduct with bis{diphenylphosphina)-
methane (L} contains the trinuclear cation (Ag3Br2L33+ shown in
Figure 4-150 This is best described as a trigonal bipyramid with
the silver and bromine atoms occupying respectively eguatorial
and axial positions. . The ligand molecules then bridge each edge of

the AgB triangle. With the related ligand, bis{diphenylphosphino}-
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Figure 4. Structure of {HgBBrz[CHZ(PPh2)2]3}Br {Reproduced by
permission from 2. Ancorg. Allg. Chem., 464{1380}217}.

methylamine, the rasulting complex is 4AgBr.2L°. Four coplanar
silver atoms and two bromine atoms form a distorted cctahedron
in which the Ag-Ag edges are bridged alternately by bromine atoms
and ligand molecules.

The geometry of the tripod ligand HC(PPh3}3 is such that it
can coordinate to three metal atoms on a cluster surface; for
example, three molecules of CO are displaced with formation of 1:1
complexes with Mq(co’lz where M = Co, Rh or Ir.lsl Further, this
geometry has proved useful in the preparation of a novel Ni{O}
trimer Ni3(c0)6L (25) from the tetracarbony1.152 The reaction is
considered to proceed via Ni(CO)zL and a dimer Niz(CO)SL- A

further tripod ligand, MeC{CH PEtz) is involved when hydrated

2 37 153

iron{Iil} tetrafluoroborate reacts with carbon disulphide.
The product (26) arises from loss ©of one CH2PEt2 group from the
second ligand molecule which coordinates as a heterocyclic

diphaosphontacyclohexanedithiolate.
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H
f
,/”’;?C
Ph,P PPh, PPh,
o0
o~ “\\\\R
7
NiT— | ————— Ni-co
c /
© \Ni il e
—_— o4
oC i 0
co
(25)
gtz 2+
Et,
s P
Etz\ / Me ~
Me P Fe 2EF
/ \s P Me
P £ty
Et,
(26)

Carbonyl iridium(¥} complexes with a number of ligands including

2-{diphenylphosphino}-N,N-dimethylethylamine,
and o~ (diphenylphosphinol}N,N-dimethyl-

N,N-dimethvlpropylamine,

3—-{diphenylphosphino}-

aniline have been isolated and a full structure reported for the

complex IrCl{CO}L. involving the last ligand.

Crystal structure determinations are also
form of {27) and for the complex (gg).155

154

reported for the mesc-—



PMePh PMePhH | +
BF

PMeFh PMePh

The new phosphorus containing macrocycle (29), which results when
2,2'~dichlorodiethylether is added to a mixture of 1,2-bis-
{diphenylphosphino}lethane and phenyl lithium in THF, occurs in two

Ph

(//,_:\P‘/____\‘O —~w\\]

Ph o~ P P — Ph
ko P j
AN

Ph

(29}

geometrical isomeric forms with distinctly different melting
158

points. Low spin cobalt complexes CoL(BPh4)2 can be obtained
with each form, the lower melting isomer giving distorted sguare
pyramidal coordination about the metal whereas 1in the second
complex the cobalt is in distorted octahedral coordination.
,PNHPPh, reacts with [Rh(C2H4)2C1]2
to give [Rh{thPNHPth}ZJCl which has §2$ property of incorporating

small) molecules such as CO, 02 and Sé. Molybdenum carbonyl

complexes HO(CO)SL have been prepared and characterised for a

Ethylene is displaced when Ph

range of phosphine and arsine ligands including Hesz(CF3)2 where
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M = P or As, MezPXMe, and (CFa)szMe, where X = §, Se or Te.ls8
1,1'-Diphosphaferrocenes have been prepared by the reactions

outlined in eguation (31},

R

R R R R R R R
MgBr FeCl
2/ \; Y {/ \; -3 (‘/ \; —* e oD
P P p p
| | [

Ph Na MgBr
R=H or Me

and their activity assessed through formylation and acetylation

reactions.ls9 A crystal structure fFor the dimethyl compound

shows the expected m-structure but the phosphorus atom of one
ring is superposed above the g-carbon of the second. Aromaticity

of the phospholyl ring in 3,4-dimethylphosphaferrccene remains

Me Me Me Me

®\9Ph /B

e PN' Fe ’

Fe(CO)d
(30) (31) (32)

=

unchanged according to a crystallographic investigation when the
phosphorus atom is coordinated to an iron atom as in {gg}.lﬁo
Distances from iron to both rings increase con complexation and
the rings take up a staggered conformation in contrast te being
eclipsed in the free phosphaferrocene.

Both phospha- and diphespha-zirconocene dichlaorides have been
obtained as air sensitive solids by reaction between a phospholyl
anion and CerCl3 and ZrCl4 respectively.lsl Struccures for the
{1,1’'-ferrocenediyl}phenylphosphine {31} and the thGe analogue
show that the rings are eclipsed and tilted at angles of 26.7°
for the phosphorus and 16.6° for the germanium cornpound.l62 A
series of PA{II) complexes with the general formula szdxz' where

has been isolated for L being a l-substituted-

X = {Cl, Br, or N3,
163

3,4-dimethyl-l-phosphocle (32}).
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Furcher information is now available on the preparation and
A . 4 . .
reactivity of substituted acetyll6 and trlfluoroacetyll65 phosphines
obtained via reactions such as those in equations {32} and ({33}.

CH,C0CL + Me SiPR'R? — 5 cH,c(o)pr'R? + megsicl ... (32)

2(CF,c0),0 + 2uprlRZ

- 2CF3C(0)PR1R2 + 2CF,COOH ...{33)
Derivatives with a wide range of substituents were cobtained but
only those carrying mesityl groups were stable toward oxyden;
in general the reactivity of these compounds depends on the
electronic and steric influences of the substituents at phosphorus.
Correspeonding reactions between the appropriate anhydride and
HP(O)R1R2 {see aquation 33) yield the oxide RC(O)P{O)Rle.

The palladium atom is at the centre of a distorted cis square
planar environment in its complex with diphenylphosphinocacetate

(23'166
Ph Me
Ph, Ph,, 1 |
B P —20 3 CH2
//// \\“Ei L:’/, \\“ﬂa = ™~ _Af/’
0=C rd !//,c=o P\\\\ Lle\
\\‘H()//,/ “a\\ o o — 0’/2 ? CH2
i
Ph Me
(33>
(35)

A full X-~ray structure has been ohtained for the acyl-diphosphine

{34) prepared by the method in eguation (34):167 this shows the
t-BuCoO COt-Buy
/7
2PhPH {COt-Bu)} + [(MeBSi)zN:lzﬂg — /P—P\ + Hg
Ph Ph
+ 2(Me35i)2NH een {34}

presence of both the 5,5 and R,R enantiomers in the asymmetric unit.
Mean distances are P—-C{0) 1.89, P-C{Ph) 1.84 and P-P 2.218, and
the PPC({0O) and PPC{Ph) angles are 97 and 96° respectively. In a
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search for the unknown dibenzovlphosphine (PhCO)ZPH, the reaction
between benzoyl chloride and the dimethoxyethane complex of
monelithium phosphide has been investigated.l68 The product
which is isolated is in fact the lithium derivative (35) which
X-ray studies show to be dimeric with P-C distances of 1.796 and
1.815% and a cpc angle of 101.8°. Finally in this general area,
a number of compounds related to the viclet coloured F,P’'-tetra-

phenyl oxalic acid diphosphide (36, R = Ph) have been
169

synthesised. Among these are the t-butyl derivative {156, R=t-Buj)
&} PR 0 PPh
2 2
‘§>C C'// q*bc C //
R,P o Ph_ N Q
2
(36) (37)
and the mixed nitrogen-phosphorus compound (37). X-ray structures

For the two diphosphides show a slightly greater distortion of the
framework from the coplanar trans-configuration for the t-butyi

compound.

The +5 Oxidation State. A number of phosphinalkyleneboranes,

considered to be zwitterionic analcgues of the tetraalkylsilanes
and tetraalkylphosphanium cation, have been synthesised following

170

equation (35}, and a crystal structure determination Eor the

+ -
P-CH, + H;B.OC,Hy — R,P-CH,~BH, + OC Hg ... {35}

R = Me, Et, i-Pr,

n—Bu or t-Bu

trimethyl derivative shows that the P-CH, bond length is increased

171 Evolution of ethylene

to a single bond distance (1.76X).
following B-elimination is observed when reaction occurs between

the ylid Me3P:CH2 and H351CH2CH201 in a 2:1 ratio;l72 the products
Me3P:CHSiH3 and Me4PCl arise from a transylidation step. Important
parameters from an electron diffraction study of silyl ylid are:

P-C 1.807, P=C 1.653, Si-C 1.858, and Si-C=P 123.4%; the data are
consistent with a planar configuration about the methylene carbon

atom. Lithiation of Me,P:CH, followed by reaction with (ME3P}4RuC12
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lzads to the spirometallic complex (38), together with the ionic

complex trans—[(Me3P)qRu(CHzPMeB}Cl]+C1— as a byproduct-173
PHe3
CH, [ - CHp~
Ru PMe2
Me, P — | hh“‘cnz,/”’
P
Me3
(38
H H
//’,Cqékkb 5;55 C'\\HM
Ph,P PPh, th? Eth
CHzPh PhCH2 CHPh
(32) (40)
Two new ylids (39) and (40) hawve been synthesised from Ph PCH,FPh,

via the corresponding mono-— and di-benzylphosphonium salts, 74

The double ylid (40) exists solely in the conjugated form shown
in contrast to the more usually observed cumulative R,P:iCiPR, form.,
Scdium amide in THF leads to coleoured complexes with both (39) and
(40) which are formulated as monosodivpm salts resulting from proton
ioss from the benzyl methylene group; confirmation follows from
an X-ray structure for the compound from (39) which crystallises
with one male each ©of ether and THF.
The bis{diphenylphosphino}methanide complexes [(thP)2CH32M,
where M = Ni, Pd or Pt, on treatment with an ylide such as
R MeP:CH,, where R = Me or Et, are converted to [(thP)2CH]M[(CH2)2PR2]

with evolution of (thP}ch2.175 Recent experiments have
confirmed that incorporation of the P:C:P structural unit into a
176

ring system is possible. The method involves guaternisation
of methylene bis(diphenylphosphiﬁe} with an o,w-dibromoalkane
fallowed by dehydrohalogenation as outlined in {36). An X~ray
structure for the product where n = 3 shows disorder but the PCP

angle at 117° is the smallest yet found in this type of compound.
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2
PPh p
S 2 Br(CH,) Br NG _
CH > CH (CH,)_ 2Br
\E n=2 -4 2 . 2'n
PPh,, P
th

MeBP:CHQ
Ph
p 2
V3
C (CH,} ... (38)
2'n
\P
Ph,

Aithough deprotconation of methylene bridged bisi{phosphonium}
salts generally occurs at the central carbon atom to give either
a carbodiphosphorane, R3P:C:PR3, or a double conjugated ylid,
R2HC.PR2:CH_PR2:CR2, \
product is an isomer based on a methylene phosphorane carrying
two terminal ylidic groups. ’’  The preparative method is

outlined in equation (37). Amino—-substitucted carbodiphosphoranes,

an example has now been observed where the

Ph,PCH(SiMe;), — Z——2"" 3 Ph,P -

Ph. P PPh .aa{37)
2y 12

(Me35i)20 C(51H33)2
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Phn P:C:PthﬂR can be synthesised from the P-chloro derivative

3 2’
and secondary amines by dehydrohalogenaticon of the intermediate
phosphonium salt [?h3Pt;;CH=;:PPh2NR£ *Cc1” with sodium hydride.
The formulation is supported by n.m.r. data and the compound

P:CH°P(0)Ph2 and

178

reacts with water and methyl iodide to give Ph
[Ph,PC (Me) PR, (NR,3] 'TI7 respectively.
An y1lid {4l) in which the phosphorus atom is part of a bicyclic

3

system has been prepared via the phosphonium salt {42), and

characterised spectroscopically.l?g The previously unknown

P 8
| N :
P Ri\ Br
(CH2}4Br
{41)
(42)

(t—Bu)4P+ cation has now been prepared by the series of

quaternisation and ylidation steps outlined in Scheme 1.180
MeBr + Dbase
(t—Bu)3P —y (thau)3PHe === {t—Bu}3P:CH2
MeBr
+ MeBr - . hase _ +
(t—Bu)3PCHHe2 - {t-Bu)3P.CHMe (t Bu)aPczﬂs

base

MeI +
(t—Bu)3P-CMe2 ______9(t—Bu)4P

Schaeme 1

As expected there is extremely high steric hindrance in the cation
which has T-symmetry leading to long P-C bonds (1.9242} and reduced
C-C-C angles (106.5%).

Full X-ray structures have been obtained for the pseudo-chalcogen
derivative PhyP:C(CN), oF

3
PhaP:NCN.l82

and the corresponding cyanamide
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As a preliminary to an investigation into the steric course of

the base hydrolysis of cyclic phosphonium salts, X-ray structures
183

have been determined for two compounds (43) and (44) with six-

membkered and one compound (52)184 containing a five-membered ring.

In (43) and {44} the rings are in the chair conformation while in

Ph CH CH Ph CH.——CH
N o2 2~ - N+ N -
P CH2 Br P CHMe Br
PhCH 7N c -~ 7N -
; H,—— CH; Ph CH, — CH,
(43) (44)
Ph CH,—— CHMe
\\ +// -
P\ T
/
PhCH CH—— CH,,

f45) the methyl and benzyl groups are trans and the ring has a

envelope conformation. Molecular mechanics calculations

simulating the base hydrolysis of the cis and trans isomers of
{43) support, in agreement wii: experimental data, less inversion
of configuration for the trans compound.

Further information on the distortion of the trigonal
bipyramidal gecmetry in constrained five ccoordinate phosphorus
compounds has become available from X-ray structures on four

biphenylyl derivatives {46). Although there is only 25% distortion
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along the Berry coordinate £or R = l-naphthyl, increased steric
crowding when R = B—Nezﬂ—naphthyl raises this to 64% toward the
sguare pyramidal alternative in which the substituted naphthyl
group occupies a basal position.las Approximately trigonal
bipyramidal structures are found when R = Me or Ph where the
biphenylyl groups each span axial and eguatorial positions, but
consideration of the dihedral angles shows that these structures
are distorted away from beth alternatives as a consequence of a
slight tilt of the axial ligands away from the unigue ligand.186
Novel geometry might have been expected from the rigidity of the

tridentate group in the five coordinate species (47}, but the

CcCl ci

cl 1

Me P

(47

structure is basically trigomal bipyramidal with an oxygen {1.81623
and a carbon atom (1.869K) in axial pesitions and two carbon
(1.81521 and the second oxygen (1.6?02) in the equatorial sites.la?
The preparation and n.m.r. spactra for all the oxidised products,
thP{x)CﬂzP{Y)th, where X = Y or X # ¥ and X, ¥ = 0, 5§, ggé CH3+
or a lone pair, based on thPCHzPth have been obtainead.
The data are interpreted in terms of an increase in the effective
positive charge on phosphorus in the order Ph2P<Ph2P(O)¢thP(SJ<
Ph2P(5e1<Ph2PMe+; several coordination compounds have been
isolated. Two t-butyl analaogues, i.e. thP(S)CH P(t—Bu}2 and
thpCHZP{S)(t—Bu)z, have also been prepared.l89 The lithium
derivative, PhZP(S}CﬂzLi: serves as a useful intermediate in the
formation of polydentate ligands such as [thP(x)][RZP(X)]ZCH:

2

where R = Me or Ph and X = O, S or a lone pair; related
processes have yvielded [thp(S)CHzlzPPh and [thP(S}CﬂzlaP.
Silylation of the secondary phosphine oxides, [Ph(H}P(O)]z(Cﬂz}n
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where n = 2-4, with trimethylchlorosilane leads to
Me3SiOP(Ph)(CHzinP(PhiosiﬂeB, which ccn be converted to the
corresponding bis {phosphonium)iodides [Me3SiOPMePh(CsznPMePhOSiMej]I
by methyl iodide.191

Diethylacetyl phosphonate and its benzovl analogue, {EtO)zRC{O)9:O,

2

form complexes with a range of metals including Al, Ti, V, Cr and
Fe in the +3 oxidation state and Th and U in the +4 state, behaving

as a bidentate ligand through the P:0 and C:0 groups.192

Bilicon Compounds. An X-ray structure for the phosphadilirane

{48) shows ring angles of 60° and a trans arrangement of the two

t—Bu Me,S5i S5iMe
AN NG
P P
/ \Sith CpFe / \Fe(COJ 3
b " \\\c:’//
t-Bu// g
{48) {49}

93 P-P and P-5i distances are 2.226 and 2.2258

respectively. LiP(SiMe3}2 has been shown to react with
CpFe(CD)zx, where X = Cl or Br, to give CpFe(CO)ZP(SiMe3)

t-butyl groups:l

o which
with Ni{CO), and Fe2(C0)9 gave respectively the-bridged complexes
CpFe(CO)2[u—P(SiMe312}Ni{CD}3 and CpE‘e(CO)2[u—P(SiMe3)2]Fe{CO}4.194
One male of CO was lost on u.v, irradiaticon of the latter to give
the cyclic species (43) while treatment with methancl cleaved the
§i-P bonds to give the PH2 bridged compound Cp({CO),Fe(u-FPH,}Fe(C0O),.
Similar reactions between Ni(CO)4 and the trisilyldiphosphine
Mezsi[P(SiHea)t—Bujz also vield cyclic products, for example {50)

’
which is obtained as a mixture of cis and trans isomeric forms.lgs

t—Bu\\ /,Siﬁe3 t*?u
P P
7N N,
Mezsi‘\\ //Nl(CO}z He251 ///SlMez
P \\\P
i
t—Buf// \\'SiMe3 t-Bu

(50) (51)
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When the cyclic silylphosphine (51) reacts with either Ni{CO)4 or

Cr {CO) cne carbon monoxide molecule is displaced and the metal

6!
carbonyl residue is coordinated to one of the phosphorus atoms.
Small molecules such as carbon disulphide,196 carbodiimidesl97

and carbonyl compoundsl98

can be inserted into the P-5i bonds of
bis{trimethylsilyl)phosphines. The initial product with carbon

+ -
disulphide is an unstable, red 1:1 adduct, Phi{Me Si)ZQ—C(:S)S .

3
which rearranges to the sulphanomethylidene phosphine
PhP:C(SSiMe,),. "%  With carbodiimides the products are

phosphaguanidines, and depending on the substituents either the
N, P~ or the N,N'-bis{silyl}isomer {see equation {(38}) can be
197

isolated. Formaldehyde insertion leads to PhP(CHzcsiHEB}z,

RlP(SiMe332 + R°N:C:NR® —— 3% R*N=C

«.-£38)

rather than the alternative isomeric PhP(OCstiMe3}2 form, which
was excluded on the basis of the i.r. and n.m.r. data. Reaction
with DMF led to elimination of (Me35i)20 with formation of the
methylidenephosphine PhP:CHNMe2 and its cyclic dimer as a
byproduct.198

The tricyclic silicon phosphorus compound (52) reacts with
Mo(CO)6 and Cr(CO)sTHF to give complexes in which the metal
carbonyl residue is attached to one of the phosphorus atoms
aof the 93 rinq.199 X-ray structures have been determined for
the Cr(CO)S derivative and for the dimeric complex {53) obtained

200

with Cr(CO}4.norbornadiene. Coordination appears to have

only a small effect on the parameters of the Messi3P4 unit but
the angles about the donor atom become more closely tetrahedral,

though the PPP angle necessarily remains at ca. 60°.



30%

//P\

Me281 %:Mez SlMe2
P \ P
~ \\\\ 7N //
Me,Si SiMe, p—— P
Me,Si 7/ N
(OC} ,Cx Cr{CO}4

AY /!
P ———P
e —|—s [N\
\\\P’// Mezsi SEMez SiMe
\\P /

2

{53)

A new cyclotectraphosphine (Me SiP}4 with an all trans

3
arrangement of substituents is produced by way of the diphosphine
[H(Messi)P]z from reactions between trimethylsilyl phosphine and

di-t-butyl mercury-zol The compound, which disproportionates at

ca. 80°C, reacts with ethanol to give P5H5.

5.2.3 Bonds to Halogens

The +3 Oxidation State. Two-conformers ¢f bis{difluorophosphino}-

amine HN(PF2)2 are present in the gas phase at rggg temperature;
that in 72% abundance has symmektry close to C, . Principal
parametexs from an electron diffraction study are P-F 1.584, P-N
1.6848%, P-N-P 122.1 and F-P-N 98.3%. Reactions have been
described between PBrF., and trigermyl phosphine to give the new
2P.P(Geﬂ3}2.203 an excess of PErF2 with

bis (trimethylsilyl)acetamide at -80°C gives initially MeC (OPF,) :NPF
which rearranges in part at -40°C to produce a mixture with
MeCON(PF2}2.204
is the MeC(OSiMe3):NPF2. 211 these compounds were characterised
spectroscopically but they are all unstable and decompose to MeCN
and eigher (PFz)zo oxr PonSiHEB. The germylbiphesphine mentioned

above is a colourless liguid, for which a trans conformation about
20

biphosphine F

If the reactants are in a 1l:1 ratio, the product

tne P-P bond is suggested from electron diffraction measurements.

The P-P distance (2.183) is among the shortest known.
The bis{difluorcphosphino}sulphide, S(PFz}z, is also a useful

2

3
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starting material Ffor novel PFzﬂcontaining derivatives; with
205

germyl chleoride it yields the thiophosphine PFz(SGeH3), while

the reaction witn organic and inorganic hydroxy componnds
rapresented by the general equation (39) is a metheod for the

production of multidentate fluorophosphine ligands.206 Two
S(PF2)2 + ROH -————3» SPF,H + ROPF, .. (39)
examples of this use are the production of 0P(OPP2)3 and

S{CH,CH,0PF,), from H,PO, and S(CH,CH,0H}, respectively.
Reactions between allyldiflucorophosphite, CH2:CHCH20PF2,

the palladium or platinum complexes (PhCN)2MC12 gives either mono-

and

or di-substitution products depending on reaction time which can
be isoclated by addition of a phosphorus(III} ligand such as
Ph3P.%O7 The products are trans—(Ph3P)2MCl(POF2} and@ trans-—
(Ph3P)2M(POP2}2
give mixtures of trans—(PhBP)thCl(POPz) and
trans—(Ph3P)29t01{n—BuO)PDF , the latter resulting from ligand

scrambling in BuOPFz.

respectively. Similar reactions with n-BuOPF,

Compounds in the series CFnC13_nSP(0)Cl where n = 0-3, are

2'
obtained when an alkoxydichlorophosphine reacts with the
appropriate chlorcfluoromethyl sulphenyl chloride CFnC13_nSC1,
while with white phosphorus the sulphenvl chlorides give the

corresponding chlorophosphines CPnC13_nPC12 as products.208

31P n.m.r. spectroscopy has been used to follow the reaction

between an alkali metal azide and various phosphorus compounds.209
Both substitution and decomposition occurs with PCl3 and PBr3 and
the products are cyclic or linear azidophosphazenes, [NP(NB)z]n;
the series of six coordinate anions [PCl,_ (N;) ]~ has been
identified and problems of geometrical isomerism discussed.
Unsuccessful attempts have been made via PCls—P(CN}3 scrambling
reactions, the P(CN)B—HCI displacement reaction, etc. to isolate

210 There is interest in this species

the mixed compound P(CN)zcl.
from the possible w-back cocordination from a CN group to an empty
phosphorus orbital and concomjitant stabilisation of a di-coordinate
phosphorus cation. The compound however is thought to be much
less stable than P(CN)F2 and disproportionates at temperatures as
low as -80°C.

3501 chemical shift data have been collected for, inter alia,

compounds in the series Me PCl,; . (MeO) PCl, = and Me AsClg
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where n = 0-2, together with C13PO and ClBPS.211

Reaction between phosphorus tribromide and the triazidocarbenium
salt, [p(NB)B]SbClG, leads to bromination of the anion while the
cation is converted into a halocgencphosphazene species,
£C(N=PBr2.34C_O.66)3]+:212 X-ray diffraction points to the caxbon,
nitrogen and phosphorus atoms being coplanar with a statistical
distribution of the bromine and chlorine atoms.

Phosphorus triiodide exerts a powerful deoxygenating effect with,
for example, conversion of sulphoxides, selenoxides, aldehyde
oximes and nitrcalkanes to respectively sulphides, selenides and

nitriles at temperatures as low as -78°¢.2%13

The +5 Oxidation State. The formation of complexes between

simple anions, such as acetate, thiccyanate, formate and azide,
P

and PFS, PF3'2iiF5 and A5F3 has been Eoilowed by n:m.r.
spectroscopy.- Species such as PFSA and PF4A2 are chserved
with PF; and with the azide ion both the mer- and fac- iscmeric
forms of PF3(N3}3 were detected. Complex formation does not take

place with PF, under the same conditions, but in the presence of

Bu4NCN in dicgloromethane solution, evidence was obtained for

PF5H . PPqH(CN} . The ASFE ion is the only product from reactions
between ASFS and Cl , Br or acetate but with N03 ., NC5 and Ny
there are weak Jlines from unidentified species in addition to

AsFG*. There is no complex formation between AsF, and Cl~ but 1:1
adducts can be identified with a range of other anions including
Br , ¥ , clo, , NO, , €N ., FS0., . Sulphur and selenium trioxides

q 3 3
reactions with PF5 follow the course shown in egquaticn (40).215

PFg + nX0, ———> POF; + X 0, ,F, . (40D

X = 5 or 3Se

an octahedral structure in which the chlorine and trimethylamine
groups occupy trans positions has been proved for the 1:1 complex
Me3N.PClF4 by X-ray diffraction,216 while in the anicon of ME4NPF6
two trans bonds are slightly longer (1.585, 1.5918) than the
remainder (1-5688) giving overall 4mm symmetry.zl? bynamic n.m.r.
specktroscopy to investigate the fluorine exchange processes in
PhPHF3 gives the following parameters for t?i uniiolecular axial-
eguatorial exchange ﬂG298 13.3*0.5 kecal mol ~, AH' 12.6:0.4 kcal
mol_l, and &S+ = -2.1x1.3 e.u.218 Rate studies aliso showed that

intermolecular fluorine exchange occurred when either triethylamine
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or pyridine was added to the phospherane by a mechanism invelving
the slow producticn of PhPFqﬂ_. There is then a rapid fluorine
transfer between the five- and six—-coordinate species.

A comprehensive investigation with the preparation and properties
of the seriesz of pyrrole substikbtuted f£luorophosphoranes has been

reported.219 The basic preparative method is given in eguation
{41), and although there is evidence, in solution, for the produact
/ \ + R PFg__ + Me,SiF ... (41)
y ¥
I
SiMa, n=0, 1 R PF,
=Me ,Et or Ph
with n = 0, rearrandgement occurs on isolation to give the
phosphonium salt (54). In reactions using the 2-methyl
+
|/_.-{\ F T~ -| / \
M——P—n =3 Me PF,__R
iﬁ::j/ F N J [ 6} N 4-n'n
H
(54} {55}

substituted silyl-l-pyrreole, substitution took place at the 2-
position giving C-fluorophosphoranyl products (55). Diphenyl
trifluorophosphorane reactions were alsg carried out with lithium
derivatives of pyrrole and 2-methylpyrrole and again the former
gave N— and the latter C-substitution products.

It has now been shown possible to produce the Phase IIT form of
phosphorus pentachloride, i.e. 2Pcl4+PC16_Cl_, previously isclated
from high pressure experiments, by recrystallisation of the
pentachloride from dichloromethane solutions containing either
bromine or sulphur dichloride.220 The product has a Raman
spectrum identical to that previously reported, but the phase is

metastable with respect to PC14+PC1 " (Phase IT} to which it reverts

6
on standing. Estimated lattice energies for Phases II and IIX
are 232 and 370.4 KJ mol_l respectively. Similar isomerism in
4 for Osn<3,
—Il

is considered likely from the observation of new Raman shifts.

other phosphorus(V} species, in particalar PClnBr

Raman spectral data are reported for solid and molten mixtures

of PCl. with ‘I‘eClq221 and, ZrC14:222 solid 1:1 mixtures with the

5
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5 )n while both
o -

Zrcls‘ and ZrCl. anions have been identified in the latter
systems. A six—-fold non-ionic formulation is found for the 1:1
223

+
former show evidence for the compound n(PCl4 } {TeCl

adduct between PC15 the P-N distance is
very long (2.021%) and P-Cl distances fall in the range 2.088 -
2.1278.

Weak electrolyte behaviour is shown by solutions of the

and pyrazine (C4H4N2);

methylfluorophosphoranes, MenPFS_n where n = 1-3, in acetonitrile,

the maximum conductance occurring with Me3PF2, the compound in this
series with the weakest P-F bond.224 New adducts of both PPh3Cl2
and hsPhaclz
from conductometric measurements in acetonitrile and assigned the
formulae MPh.Cl_ X,, for M = P or As and X, = Br,, I,, ICl or IBr,
3¥-2"2 225 2 2 2
and MPh3C151 for M = P or As, From the high molar
conductcances, formulation as MPh3x+ Clxz_ and MPh3C1+ ICld_ is
suggested. Highly conducting solutions are alsoc obtained when

MPh3 3
although crystalline compounds such as MPh3ClsI and ASPh3ClSI can

with halogens and interhalogens have been identified

is treated with ICl or ICl_, but these systems are complicated
be isolated.

Oxygen exchange takes place when POF3 Egzcts with VF¢ according
to an n.m.r, scudy to give PF5 and VOF3. Vibrational spectra
have been reported and discussed for fluorinated spacies P,0,F,
and K29205F2,2§; and the reaction of the formerx with HIO3 and H 1O,
investigated. Difluorophosphoric acid is liberated and the
hygroscopic products are respectively 102P02F2 and I03P02F2: a
dimeric structure (56) is proposed for the latter from vibrational

Q Q
~
O —I — O
e RN
F.P ) O PF
2 N 2
g — I\:—— O
O/. 0
56}

data.

According to a recent X-ray study, an unusual boat conformation
is forced on the two benzene rings in the highly substitnted
bis{(2,4.6-tri-t-butylphenyl)phosphinic dichloride;219 the compound

is the product when POCl3 reacts with 2,4,6-tri-t-butylphenyl
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lithium. On reaction with bis(trimethylsilyl}sulphide, {He3Si)28,
phosphoryl halides give the dihalogenothiophosphate, Me3SiOP(S}x2
where X = C1 or Br, while with the corresponding acetate,

Me3SiOAc, and POBr3 the products are Me3SiOP(0)Br2 or (Me3SiO)3PO
depending on the ratio of the reactants.230 Phosphoryl chloride
is the sclvent for reactions between cyanogen and Wcls or between

cyanogen, chlorine and MClS, where M = Mo, W or Re, to give
231

products such as Cl3P0+C14MEN—C2C14—NEHCl4+OPCl3, with ReNCl4
the product on treatment with an excess of POCl3 is
(ReMCl?'.P(Zl{'_':l:*})4.21?{3122_3é a compound which contains an eight
membered R.¢-_4N4 ring.

The products that result from reaction of SbCl5 or TiCl4 with
trimethyl=silyl dichlorophosphate are the adduct ClzPozsiMea.Sbcl5
and ClzTitozPClz)2 resPectively;233 the latter can alsoc be
prepared from the titanium chloride and P203C14. Similar products,
i.e. ClzTi(OzPMez)2 and ClzTiéggsz)z' can be obtained using
Me3SiOPOR2 where R = Me or F. Direct reactions between
difluorophosphoric acid and aluminium, gallium and zinc chlorides
lead to Al{ozPFz)a, Ga(029F2)3 and Zn(029F2)2.2HOPOF2 respectively,
which from i.r. data and their high melting points are formulated
as polymers with bridging difluorophosphate groups.235

Chlorosulphuric acid, PCl5 and {HO}2P(O)CH2COOH react in
phosphoryl chloride solution to give the phosphinyl-methanesulphonyl
chloride, ClzP(O)CH2502C1,236 which has been fluorinated with AsPi
and NaF and shown to give the C-chloro compounds, ClzP{O)CHnC12_nSOZCZ
where n = 0 or 1, on treatment with Pcls. Fluorophosphate anions
of the type (FSPCstozx) and (DFP{O}Cstozx) have alsoc been

investigated.

S.2.4 BPBonds to Nitrogen

The +3 Oxidation State. The previously unknown trioxaphosphorin
system has been found in (57), the product formed together with

t-butyliminosulphur oxide t-BuN:5:0 from a pseudo-Wittig reaction

between the iminophosphorane iﬂPr2NP:N—t—Bu and sulphur dioxide.237

N(i-Pr},
' {i—Pr} ., N

- P—0 i 2 \

0 P-N(i-Pr), P=0

\ P— o
] (OC)SCr
N -

D (Frla (58)
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In the solid, the P303 ring has a boat conformation with close to
CS symmetry; the P-N distances l1.64 and 1.668 are short suggesting
a measure of w-honding. The monomeric aminocoxophosphine,
i—Per-P:O, which is probably formed during the reaction cannot

be isolated, but it has been trapped as the chromium carbonyl
adduct (58) from a reaction in which the initial iminophosphorane
is treated with Cr(CO)6 before reaction occurs with sulphur
dioxide.23B Both P-N and P~0 distances at the planar phosphorus

atom are short (1.624 and 1.475K respectively) and are consistent

+ -
with a psendo-allvlic REN-~:P---D interaction.

Iminomethylenephosphoranes are obtained from the reactions of

the iminophosgsphine {Me3Si)2E-P:N51Me3 summarised in eguations
2 . . . X
{42y and (43}, 39 while with diazomethane itself thes product is

(Me3Si)2N-P:NSiM23 + MeCRNz-——) (MEBSi)zﬂP(:NSiMEB)(:CRME} + N2

R = Me, Et, i-Pr and t-Bu e..€42)

(MeBSl)ZN-P:N51Me3 + HCRNZ-——)(Me351)2NP(:N51M93)(:CRH} + Nz
R = Me or t-Bu ... {43)
the diphosphetan (59}). Further reactions with diazoalkanes are
{Me. S5i) N N&iMe {Me.5i) N HSiMe
3 2 3 3 2 3
~. # ~N 7
P P
H c// \‘cﬂ s\
278 o 2 H,C CMe
~ I £ 4
P
7N (60)
(13331}2N NSiMe 4
{59)
{Me381}2N - /ﬁCHe-CHz
w -
P
EY ] o = WY / \ ™ITT Y . R
Vs 3;.71:.1 b B il :\.,:.'lez
{61}

omethane the
}

while with

liaz

] L I k-3
)} gives the phosphirane (6
%
!
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S5takle phospharus, arsenic, and antimony {III) radicals with
half-lives in the range 1 day to 1 year have been produced and
studied by e.s.r.240 Their precursors are compounds cenktaining
bulky substituents such as M[CH(SiMej},]Cl, or M[CH(SiMe,),],Cl
for M = P, As or Sb and M{n{siue3)2]<312 or M[N(sie-ie3)2} ,Cl for
M = As or 5b, prepared from the appropriate trichloride and either
LiCH(SiMe3)2 or LiN(SiMeB)z.
compounds including P{N i-Pr,) [N(SiMe,},]Cl and P{uMe,) [CH(SiMe;)],C1

In addition, further phosphorus

were prepared and investigated.

Primary amincophosphines, (RNH}BP, have not previously been
unambiguously characterised because of their general instability
but recently the trans-amination reaction (44} has been followed

by 31? n.m.x. 5pectroscopy.24l At temperatures above 25°C, the

(E£,N) ,P + 3PhNH, —> (PhNH),P + 3Et,NH ... ({44}

2 (PhH) P ——> [(PhNH}zE']zNPh + PhNH ...(45}

2
data indicakte that the condensation process {45) occurs at a rate
comparable to that of (44}, and the product is a l:1 mixture of
these two compounds. Slow crystallisation from ether gave the purxe
amipophosphine for which an X-ray determination showed a 03
structure with P-N and N-P-N values of 1.6978 and 99.5°. The
related tris{diphenylamino)phosphine (thNJBP, can be obtained
among other methods in almost gquantitative yield from a reaction
between {Ph2N}2PCl and thusiMe3.242

The ligand properties of (thP)ZNH toward Ir{I} and Pt{II) have

been investigated,243 and detailed vibrational data obtained for the

deuterated derivative-{thP)zND.z44 N.m.r, data for some 50
aminophosphines have been analysed to show topolegical, electronic
and steric effect5}245 changes in screening, coupling constants,
barriers to P—-N rotation, etc, are discussed in terms of the
substituents at phosphorus and nitrogen, the hybridisation at these
atoms and {p-d)m bonding.

In phosphorus{III)-nitrogen compounds the lone pair on the
nitrogen atom is considered to be involved in (p-d}7 bonding to
phosphorus and donor properties are manifest only at the phosphorus
akom, It has now been shown that the bicyclic amino—phosphines
{62, R = H or Me) in which both the phosphorus and nitrogen atoms

are constrained to remain pyramidal will, in fact, form both mono-
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P N
///'é \\\ /ﬂMez Jye
(s CHZ N_—C y
\\\ \\HH“‘~I‘CJQ y, \\ ///h c
C CH,, HN N R-N
N \P i \P/
(63) {64)

and di-adducts with BH3.246

adduct with (62, R = Me} indicates a normal length {1.6558) for the
B-N bond while the absence of a r-component in the P-N bond
follows from its length (1.7578).

Condition for the formation of a 1,2,4,3-triazaphospheole {é;}zq

An X-ray structure for the di-borine

7

unsubstituted at the heterocatoms from cris{dimethylamino}phosphine
and N,N-dimechyl-N'-aminoguanidinium icdide, and the diazaphospholas
248
(64}
been established. The lacter can be methylated at the nitrogen

from phosphorus trichloride and acetone hydrazones have

atom, but with reagents such as organochlorophosphines or thio-
phosphoryl chloride substitution occurs at carbon atom adjacent to
phosphorus.

Insertion reactions between the aminophosphines {He2N}3P,

(Hezm)sz ar Me2NPx2 where X = F oxr Cl angd Coz,'COS or C52 have
been investigated and the products identified by i.r., n.m.r.,
and mass 5pectrometry.249 Not all are stable but an X-ray

structure confirms a tris(dithiccarbamate) structure for
(Me2N33P.3C52. The coordination polyhedron about phosphorus is
best described as a capped trigonal prism which includes the lone
pair; there are three short {2.162 - 2.2022) and three long
{2.873 - 3.016%) P-S bonds.

A neutral complex, which contains a coordinated phosphenium ion,
has been prepared from NanMo(CO}3 and the cyclic aminophosphine
Me—NCHzcﬁzgéMe}P and shown to have the structure illusitrated in
Figure 5. Interesting features of the structure are the short
(2.212} Mo-P bond suggesting a degree of multiple bonding, planarity
about the phosphorus and nitrogen atoms and the observation that
the plane containing the molybdenum and the non-hydrogen atoms
of the phosphenium group lies almost perpendicular to the
Ho(c0}2 plane.
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Figure 5. Molecular structure of MeﬁCHZCHznthéYECpMo(CO)z

{reproduced by permission from J. am. Chem. Soc.,

102 (1980) 4521},

Oxidation ©of silylaminophosphines using either oxygen or
t-butyl-trimethylsily) peroxide can give either a phosphine oxide,
equations (46) and (47) ox a silyloxyphosphinimine as a result of

silyi migration, equations (48) and (49).251

Me Me
512 s1? o
o] 8
\\N—PMez ____Eﬁ_ﬁa \\N—Phez
s e
~ 51 5i
Mez Me2
Me., Si Me, Si
3 - 3 ~
//N—Pﬂez _— /,N—PMez
bl Me
Me,Si
: ™ N—pPhM %2 iNep 081
e — 2T Me ,SiN=P-0SiMe
3 Me 3

Measi//

The course of the

aae (46}
«+- {47}
--.(48)
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”8351\ t-Bu0,SiMe, Me
N-PMe, > £-BuN=P OSiMe, -.-(49)
t-Bu Me

reaction depends on the substituent at nitrogen with bulky groups
favouring the silyl migration process.

Titaniuvm and zirconium tetrachlorides react with both phosphorus
tri-isocyanate and the tricyanide to give respectively MCl3P(NCO)2
and MC13P(CN)2:252 the i.r. spectra are discussed on the basis of

trigonal pyramidal structures with C3v sSymmecry.

The +5 Oxidation State. The structure of potassium phosphoramidate

K[0;PNH,] has been determinggjto obtain a more accurate vglue for
the single P-N bond length. The anion contains an sp
hybridised nitrogen atom which cannct participate in P-N w-bonding
and yields a value of 1.800(4) compared with the previously
accepted value 1.769(19)R cbtained from the corresponding scdium
salt.

The trimethyl derivatives of Al, Ga or In react with phosphoric
ar phosphinic amides, POClleHMe) or POMez{NHMe), in equimelar
ratios to give products with the stoichicmetry Me MOPN(Me}Cl, or
Me2M0PN{Me)Mez respectively.zs4 Dimeric structures are indicated
for a number of the products and fromlH n.m.r. data two

structural isomers (65Sa and b) are present for MezhloPN(He)z 2+

Me He2 Me Me2
H—P—0C N —P — 0O
yd N
Mezﬂ{\\ AlMe2 Meznl\\ AlMez
0 —P —N N—FP—0O
Me2 bMe Me Me2
{65a) {65b}

The corresponding thiophosphoryl derivatives are also known.
Reactions are reported between PC13 and either OP(NMeH)3 or

P(NMe_ )}, tc give OP(NMePCl,}_, and Me NP[OP(:O}(NMe I
273 25¢ 2°3 2 272
regspectively., The phosphorylamides X3HnP(0)(NH2)n, where
n=1o0or 2 and X = 0OEt, NMe, or NEt,, can be silylated to give

x3_nP(0)(NHSiMe3)n,255 and such compounds on reaction wikh
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phosphorus pentachloride give linear and branched phosphazenes,

257

equations (50) and {51}). With monoamides, e.qg. XZP(O}NHSiHe3,

XP{O}(NHSiMe3)2 + 2PClS —_— KP{OJ(N:PC13)2 + 2HC1 + 2ZMe.,5icl

3

-.- {50}

OP (NHSiMe;) 3 + 4PCl; —> [CIP(N:PCly),]C€l + POCL, + 3HCL

+ 3M3351C1 wew {51}
on the other hand the products are the isomeric W-dichlorophosphoryl
phosphazenes ClzP{O)-N:Pclx2 rather than the expected trichloro-
phosphazenes sz{OJ-N:PClB. Complex formation between hexamethyl-
phosphoramide (L} and titanium, vanadium or chromiunm(IiII) chlorides
gives non-ionic, octahedral, MC13.3L products and with MCl4 for
M = Ti, Zr, Hf and Sp the products are again octahedral with the
stoichiometry MClq.ZL.258 In addition it has been possible to
isolate 2TiC1,.L and SnCl,.L for which a confacial bioctahedral
structure and a dimeric halogen bridged structure respectively
are proposed.

A crystal structure determination for the hydrochloride of
phenyl {t—-butyl}phosphoric amide, see Figure &, shows that
protonation occurs at oxygen rather than nitrogen with formation
of a very asymmetric hydrogen bond between two phosphoryl oxygen
atoms.259 There are four N-...Cl distances between 2.26 and

2.758 indicatiag further hydrecgen bonding from the amino groups.

ClAS)
CiAg) i

ClAD)

ciat}

cles}
(810}

nia) ciB

Figure 6. Molecular structure of [Ph{t—Bu)P(D)Nszz.HCl {reproduced
by permission from J. C. 8. Chem. Commun., (1980)195).
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An X-ray structure for the diimidotriphosphoramide,

Me,NP (0} [NMe-P (0) (NMe,) ,] ,.H,0 (L), shows the presence of a

hydrogen bonded dimeric unit in the solid 5tate,260 and the

compound gives complexes of the type M(N03)3L3.acetone, M(N03}3L,

M{NO.,)_ L, .nitromethane, and M{NO,}._.L..acetone with a range of

37372 261 37372

lanthanide nitrates.

A new l2-membered ring system (66}, for which an X-ray structure

is available, is the product when mercuric oxide reacts with the

OPh  OP(OPh),
i

°> N 0
Q Hg (Pho)zp\\\
N-Hg—Ph
Hg O //
~ P{ (PhO) ,P
| i *%O
(PhO) ,PO (oPh),
(686} (67)

tetraphenyl ester of imidodiphosphoric acid:262 use of PhHgOH in

place of the oxide yields (67). Direct hydrolysis of {PhO)EP(O}NCl2
in petrol solution yields the monochloride (PhO) . ,P(O)}NHC1, the first
26

example of a new type of N-halogeno compounds.

Reaction between thiophosphoryl chloride and 1,2-bis{trimethyl-
silyllhydrazine gives a mixture of isomers and a crystal structure
determination of one of these, SP(NHNHSiMe.) [N(NHz)SiMe3]2, shows

that for two of the substituents a HeBSi group has migrated from
264

the 8 to the o nitrogen atom. N-Silylated diphosphazenes
RéP:N.P(OR2}2:NSiM33 are the products when trimethylsilyl azide reacts
265

273
When potassium amide in liquid ammonia reacts with N-methyl-

with R;P;N.P(Oﬂz)z where R1=Me or NMe2 and R2=CH CFP_.

triorganyliminophosphoranes, the product may result from either
nucleophilic displacement of an organic group or alkene elimination

as shown in equations (52) and (53} respectively.266 The unstable

(PhCH,) ;P:NMe + KNH, —> [N:P(NMe) (NH)]K, + 3PhCH, + NH, ...(52)
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{(Me,CH) ;P:NMe + KNH,—> [(Me,CH),P-NH]K + MeCH:CH, + MeNH,

... [(53)

isodiazomethane, CNNHZ can now be ¥stored” in the form of

N-isocyanoiminotriphenylphosphorane which is synthesised as shown

in equation {54}; thermal decomposition at ca. 160°C yvields the

HCO-NHNH2 + 2PPh, + 2CCl, + 2N5t3-—~9 CNNPPh., + ZHCCl, + 2Et_NHCl

3 4 3 3 3

+ OPPh -.. (54}

3
the isodiazomethane.

Full vibrational data and a crystal structure are now available
for [p(N:ggé3}3]SbC16, in which the cation has close to C3h
symmetry. The P-N distances are 1.539, 1.556 and 1.571%, and
the carbon, nitrogen and phosphorus atoms together with one
chlerine atom of each PCl3 group lie in a plane. Reactions
between Pcl3 and C1N3
(C13PNPC13)C1. while with the diazidoiodate phosphorus trichloride
gives the azidochlorocyclotriphosphazene, N3P3Cl3(N3}3, as a

. .. . 269
mixture of cis and trans isomers.

lead to the nitrogen bridged species

The nitrogen bridged compound {C13PNPCI3}(PC16), one of the

products £rom a reaction between phosphorus pentachloride and

S_NH, has a s0lid state structure containing two independent

mglecules, each with a cisoid configuration.ZTO There is
assentially tetrahedral coordination about phosphorus and the very
short P-N bonds {(mean 1.542} point to substantial ™ character.

The P-N-P angle is 137.5°. Complex formation between copper27l

272 and the imidodiphosphinate ligands {thP{x)-N-P(x)th)—

where X = O or S has been studied.

and bismuth

The first compound containing a bond between twa phosphorus (V)
atoms with the structure shown in Figure 7 has been isclated from
a reaction between two phosphorus({V} derivatives of the ligand
l,d,7,lo—tetraazacyclododecane.273 The P-P distance, 2.2642, is
slightly longer than twice the covalent radius and crowding in
the molecule is mitigated by a reotation of 70.6° about the P-P axis
from the eclipsed position. Trigonal bipyramidal gecmetry.
distorted by ca. 33% along the Berry coordinate toward the sgquare

pyramid, is found for the phosphorus atoms.
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¥, P

Figure 7. Structure of the dicyclen diphosphorane (CBHlsN4 4P5

{reproduced by permissicn from J. Am. Chem. Soc..,
102 {1980} 3955} .

Phosphoranes incorporating a direct link between three-— and
five-coordinate phosphorus atoms such as {68) are obtained when
phenyl dichloropheosphine reackts with trimethylsilylureas.z74

R o]
™~ V4 1l
N—C C
Ph !
. l i // \\
P — N R—N\ N —Me
1 AN Ph——P/
Ph— P HN—R Me
VAN
, I Me —HN N —R
N —C 7/
/ ! c
Me [o} it
o]
{68, R = Me or Fh} {9, R = Me or Ph)

These compounds on treatment with PC15 and chlorine eliminate

phenyldichlorophosphine giving the strained bicyclic phosphorane
{62). Similar reactions in which C2P5PC12 and PCl3 were used as
starting materials are also described.

A stable [2+2] cycloaddition compound (71} can be ohtained as
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shown in eguation (55) by treating the azaphosphole (70} with a

kett::me:z?5 Full structufe determinations for (70) and (1;) point
Me - Me
Me-—-P — N CI:""“'--CF3
Me,0C Fh Ne=0 —> Me— — N
Ph Ph
\ Me Me0_C
Ph
COzMe
COZMe .. (55)
(70}
{71}

to there being little change in the angles at phosphorus on
conversion to (71}.

X-ray structures have been determined for 4-nitrobenzyltri{morpho-

lino)phosphonium perchlorate and for the piperidine analogue,276

and for tri{morpholino}phosphine telluride.277

P-N Ring Compounds. Chlorine replacement by a variety of primary

and secondary amines occurs with the cyclodiphosphazene (72) to
278

give in some cases a pair of geometrical isomers. In
t-Bu t—-Bu t-Bu
l i 1
N N
/ AN v ™~ Mez ~p v \\ /
cl—rp P—C1 Me2N — P P — NMez \
! i I
t—-Bu t-Bu t—Bu
(72) {73) (74, X=0, S, Se, Te)

conjugation with X-ray crystallographic resulits it has been shown
that the isomer with the high field “'P chemical shift (90~110p.p.m.)
has a cis arrangement of substituents; the lower field shift
{170-200 p.p-m.) is associlated with the corresponding trans
structure. Isomerisation reactions show that the Eig_form is
thermodynamically stable although steric interactions are higher.

one of thesa amino-derivatives (73} has been oxidised with
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elemental S, Se or Te, t—-butyl hydroperoxide and methyl iodide to
give, with the exception of the tellurium reaction, cis and trans
isomeric forms of the mono- and di-oxidation (74) proch;u::t:s.z-"9

Cis and trans—-forms of (72) have different reactivities, but with

sulphur or selenium reaction takes place with retention of

configuration. Detailed n.m,r. spectroscopy has been used to
investigate the slow rotation about the phosphorus(V)-nitrogen
bonds in (74, X=0, S or Se),zgo and also the bonding between

halogeno-cyclecdiphosphazenes related to (72} and transition
281
metals.
The interesting, non-adamantane, structure (75) has been found

for P4{N—i—Pr)6 which is obtained by thermolysis of the

diazadiphosphetidine (1&).282 The molecule lies on a
crystallographic centre and the two P2(N i—Pr}2 systems are almost
planar. Quantitative conversion to the more stable adamantane-—
i-Pr
i
/7 N\
P P
N 7
N i-Pr
] }
i-Pr N i-Pr
//’ ™~ e
i-Pr- N-i-Pr Cl-P P-N
\N/ \SiMe
i-Pr ; 3
; i-Pr
VAN
P P
{76}
N\ / —
N
i
i-Pr
(79

like isomer occurs on heating to ca. 156°¢.

A crystalline dimer [He(CP3)2PNMe]2. containing a P,N, ring
with trigonal bipyramidal geometry about phosphorus, is the
product when methylamine reacts with He(CF3J3PCl-283 Axial
positions are occupied by a ring nitrogen (1.8063) and one of the
CF3 groups {1.963%) and, as expected, the equatorial distances to

the second nitrogen (1.6332) and the CF, groups {1.9162) are shorter.
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Optimum conditions have been determined for the preparation
of the novel cyclediphosphazane (77) from a reaction between POC1,
a
and ammcnium chloride:za' among other compounds formed are P203C14,

0=EI’C12
N R
ZP 2 yd \
o .  Tcl C1,P PCly
N ~N /
}
0=PC12 R
(77) (78, R = CgH,F, C_H,CF,,
C6H3F2, etc.)
N3P3C1 and C13P:N-P{0)C12. Aniline derivatives and PC].5 reack

to give the ring compounds (78) which dissociate in solution to

monomeric substituted pheny1imidotrichloroghosphoranes.285
Structures are now available for two diazadiphosphetidines (79)

and (8C) obtained previcusly from blacetyl reactions.286 In each

case the dimethylamine groups occupy cis positions and the ring

Me Mea
Me .
. SiMe
SiMe 3
ot/ o L SV AN NS Y
o \p/ \ 0___hp/ \P::_o
-~ e
‘\
Me., N/ N / NMe,, Ma,N \N NHie.,
i 1.
SiMe3 S:LMe3
{79} (BO}

nitrogen and one oxygen atom occupy the axial positions of the

trigonal bipyramidal arrangement about the phosphorus{V} atoms.
& tricyclic diphosphorane (81l) and the linear compound (82) are

obtained from a cycloaddition reaction between p-nitrobenzaldehyde

and dimethoxy {(diphenylmethyleneamino) —phesphane, (Heo)zP.N:CPh2.2a7
The brige—head phosphorus atoms in (8l}) have trigonal bipyramidal

gecmetry and the 921‘12 ring is planar with mean distances of 1.60 and 1. 778.
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R H
Ph o e
Ph / Meo;P,f.o N == ™R
N P—fOMe Meo” | Ph
] l‘“oue 0
MEONP N Fh
MeO—
/ Ph
o Ph H R
H R
(81, R = p-NO,CH,) (82, R = p-NO,CH,)

Difficulties in the isolation and identification of the trans-

tetrasubstituted chlorotriphosphazene N393C12(NH32)4 have been

discussed,283 and the effect of solvent on the course of the

NBP3C16—Et2NH reaction investigated.289 At the bis and tetrakis
stages of substitution, change of solvent affects the cis-trans
ratio of the non—geminal isomers, but at the tris stage, benzene
and similar solvents give the geminal tris isomer while in
acetonitrile the corresponding cis and trans non—-geminally isomers
are the exclusive products, The electrical conductivity of a
number of crystalline cyclotriphosphazenes has been determined.290
Spirocyclic preoducts are produced when N3P3C1& reacts with either
ethylenediamine or ethanolamine,zgl the latter giving in addition
to the monosubstitution product (83) the disubstituted species as

a mixture of the cis-{84) and trans-({(85) isomers.

CH, — CH, CH, — C‘Hz (!:H2 — (I.‘H2
l i !
o NH o NH o ,NH
N _/ N\, - NS
P P P
4\ 4\ 4N w
N N o-cn N N N-—cH
y | ! i 2 i ", 2
ClzP PC12 ClZP B I CIZP P |
N/ N 7/ “n-cu N/ “o-ca
N N g2 N 2
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Among trimeric phosphazene structures determined during 1980 are
292
Cl (NMe nd

the cis and trans non-—-geminal isomers of N
3,294° 2)32

3F
the fully substituted imidazoylZ>> ana a21r1d1ny

derivatives.
The imidazoyl compound is readily hydrolysed, an observation
associated with the fact that the lone pair on the nitrogen

attached to phosphorus is involved in wm-bonding to the imidazole
group rather than to the phosphorus atom. The aziridine compound
has been examined as a benzene solvate in which both phosphazene

294

and as a solvate with

three molecules of carbon tetrachloride.295 In the latterx the

and benzene lie on a three £old axis

structure can be described in terms of an ‘anticlathrate’® structure
in which a phosphazene guest molecule is inserted into a monocapped
icosahedron formed by 13 carbon tetrachloride molecules,

A number of new phosphazenyl-triphosphazenes, N3P3x5(N Pg % wikth
X = F or Cl and ¥ = Me, Ph, OEt, etc., have been isolated, and
aminolysis of the compound with X = C1 and Y = Ph investigated.zg?

As a model for the introduction of functicnality with a
preformed organopolyphosphazene, reactions have been carried out
in the trimeric system with hexakis(p—bromophenoxy)triphosphazene.298
A low temperature reaction with butyl lithium replaces the bromine

atoms and the products, unobtainable by other methods, produced in

subsequent reactions are summarised in Scheme 2. Carbaborane
Ph,PC1 L OCe 4PN,
“N=P:\
OC6H4PPh2
o, /u,0" L OCgH, 0
—N=P—
N
OCGH4CO H
Ph PAUCY _AOCgH jAUFPh
[NP(OCGHap—L1}2]3 > —N—P:\
OC6H4AuPPh3
Ph,co/H ot //OC6H4CPh20H
—————3}- —N=P:\
ocauqcthoH
Ph,SaCl _OCgH,SnPhy
™~
0C6H4Sn9h3

Schemng 2
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substituted derivatives have been isolated from reactions between
etther N_P Cl6 or (NPClz)n and the lithium derivative of either

373
nmethyl or phenyl oc-carbaborane to give prototypes of materials with
high temperature stabiliity or unusual electrical behaviour.299 A

crystal structure is available Ffor N3P3C15(gr;9Ph).

Brofio
N.m.r. spectra for N3P3Ph2(0Me)3(OH) indicate the presence of
the two tautomers (86) and {87}, with the former predominant; in

] OMe a Qe
N/ N/
P P
AN N\
N N-H H-N N
i i i i
MeO — P B~ Fh MeQ— P N P\-—Ph
meo’ \N/// Ph HeO/ N " /" ‘pn
(86) (87)

the solid state the structure is a centrosymmetric dimer with

hydrcogen bonds between NH group as in (86) and the oxygen of the

second molecule.BOO

Moderate yields of the monosubstituted derivative N3P3F5(C5H4x),
whera X is an electron donating group in the para position, have
been obtained from the hexafluoride and the appfopriate aryl

301

lithium reagent; these products react further via Friedel-Crafts

reactions to give geminally substituted compounds. He{l) p.e.s.
for N3P3
1, 2 and 4 confirm the strong electron withdrawing effect of

N3P3F5
are substituted by phenyl groups.

The reaction between MezPCl3 and bis{aminodiphenylphosphine) -
iminium chloride (HZNPthzuoPthnﬁz}Cl on reinvestigation has been
trimer (88), three tetrameric
(8_9).303

FS{C6H4NM32) and compounds in the series N3P3F6—nphn for
n=

the group which is dramatically reduced when fluorine atoms

302

shown to give in addition to the

compounds, i.e. N,P, Meg, N4P4Ph8 and the mixed compound

The structure of the trimer {88}

no variation in P-N bond lengths

contains a non-planar ring with
{mean 1.603} in accord with the

similar electronegativities of the methyl and phenyl groups.
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Me\ ,He Me)P-:-H-——P(“‘E
y P N Me " | jj ~Me
~
N N ? T
It 1 i
Ph~ —Ph
ph’P\ /P“Ph e —w-=e 0
N Ph Ph
(88) (89)

A full structure of the hydrido-triphosphazene {30} indicates
the presence of a planar ring system with a curious alternation of

M32CH H ClAaa Mo
\P/ N/
P
VAR N
N N H-N N
c1-F I e ph | I pn
/P P: ‘“ﬁp p”
cl \Ny cl Ph/\;q/aph
{30} {91}
Ph Ph Ph Ph
N/ N/
P——N Me Me 3 —
/ N/ \ ~N
N p
> Vi /4
\p —_—N \H/ \n p/
Ph Ph H c1 =1 4 Ph Ph

bond lengths.3°5 Those associated with the hydride substituted

phosphorus are longest {(1.606, 1.6143), the intermediate lengths
{1.575, 1.5813) are to the nitrogen trans to the PH group while
the shortest (1.548, 1.5532} are associated with the adjacent
nitrogen atoms. A related hydride has been converted into gold
(9L) 308 and platinum or palladium compounds (32) L3o7 In these
cases the hydrégen atom is transferred to an adjacent nitrogen

atom and from a crystal structure decermination on (%2, M = Pd)}
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there is a cis arrangement of ligands. The Pd-P distance is
2.242K. The N3P3 rings have a distinct boat conformation and
while the endocyclic NPN angle at the coordinated phosphorus atom
is small (106.7°) showing a degree of P{III) character, the angle
at the protonated nitrogen is increased to 126.2°.

A new direct route to poly{dimethylphnsphazene), a compound which
cannot be obtained from (NPClz)n, involves the thermal decomposition
of an N-silylphosphinime as shown in Scheme 3. The preoduct
consists of ca. 650 repeating units and is soluble in dichloro-

methane, chloroform and ethanol. Rather surprisingly cyclic

(Me351) ,NLi 2MeMyBr

PCly ———5—> (Me;Si),NPCl, ——2773 (Me,Si},NPMe,

Br2

A LlOCH2CF3

1 . . .
/n(NPMez)nt?———— Me ;53 N.$Mez <————— Me,;S5iN:PMe,Br + Me,SiBr

N QCH,,CPF
+ MeBSLOCH2CF3 2 3

Scheme 3

phosphazenes in good yields are the products when the closely

related P-bromoderivatives, i.e. HeasiN:Pstr where R = Me, Ph or
OCH,CE 5, 309
forming polymers with the composition ENPPhx(DCHZCFB)Z—x]n for
x = 0.38, 0.64 and 1.24 have been prepared by further treatment

with sodium trifluoroetheoxide of the product from reactions
310

are heated. A new series of non-elastomeric, film

between (NPFz)n and phenyl lithium.
A full crystal struccure for the SNz bridged tetraphosphazene {93)

shows the ring in a flattened crown—saddle conformation with P-N{5}

bonds longer (1.6668) than those in the N,P, ring (1.517 - 1.5658) A1

N‘ﬁhS:ﬁbN
/ N
F—P —— N P —F
! i
N N
i [
F—P — p—F
/ \
F F
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r<rin s Me
N oz S o ! 28
° eo? N —
Me—? N—Me Me — N N—Me
| ! |
rRZrin-P p-NrRIR?Z L BP— N — p=S
Sk \\ / \\S Me i \ME
N Me -
i
Me

{94, r'=rR’=Me or Et, Rl=Me, RZ=Ph}

Sulphur can be added under mild conditions to hoth cyclotri—312

and tetra—phosph(III)azanes3l3 to give compounds {384) and (95)
respectively. For the trimeric compcounds the amine groups are
thought o Gccoupy two eguatorial and one axial position; in the
unsymmetrical trisulphide (95) ring bonds to the phosphorus{IiI)
atom are 1.748 and 1.7318 while to phosphorus{V) the distances
range from 1.667 to 1.7028.

Bridged meno— and di-phospha-s-triazine derivatives can be

synthesised following the reactions in Scheme 4,314 while reactions
NH
1 K] 1
- - — —— =
NC Rf CN HzN g Rf % NH2
NH NH
R%CN thPCl:N'PClzth
2 1 Ph Ph Ph Ph
TS, S o, W
(Rg™-C=N~C-Rg™) 5 2E< JP
s S
NH, NH N N N N
[ il . N i
Ph,PCl, Ph"-P\ /C —R; —C P —Ph
Ph N [ Ph
Ph Ph Ph Fh
N/ AN
P P
4\ PN
N > ‘?’ N
1
R, 2-C c—Rrt— ¢ c-r_?
£ £ ~. 7 £
N N
1 _
Re™ = (CHylg
2 _ . _
Rf = C3F70CF{CF3}0CF(CF3}

Scheme 4
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leading to two new isomeric C2P2N4 heterocycles are summarised in

eguations {56} and (57}.315 The latter reaction alsc produces a

Ph._ .~ Fh
thpclz-N:PClth + RfC(:NH}'N:C(NHZ)Rf —_— ph__..El’:N——-ﬁxph
N N
1] !
T -
Rf——C-—~h __C._Rf
... {56}
Ph,\
thPCl3 + RfC(:NH)NHZ —_— Ph,li'fﬂ _(i:i *—-Rf
] N .. (57
h i Ph
R.— C-— N = P
£ ™~ pn
monophospha derivative. These compounds with eight membered

rings are markedly less stable thermally than the six membered
analogues, and at temperatures >300°C the 1,3~compound gives a mono-
phospha-s~triazine and {NPth)n while the 1,5-compound yields a
diphospha-—s—triazine.316
Aminolysis reactions of (96} with methyl- and ethyl-amines in
ether follow a basically non-geminal route while In acetonitrile

O Ph cL cl
w7 N/
P PN
ol
| ~n i N
1
Cl\‘i E”Cl Mezuhﬁé ;g?o
-
SN 0T N S«
N N

(96) (37

as solvent both geminal and non—geminal substitution products can
be isolated.317
from dimethylaminolysis of the corresponding tetrachloride in

A structure for (97}, the most abundant isomer

acetonitrile, shows the oxygen atoms trans to each other with the

ring system in a highly asymmetric conformation.318

A new six membered P5,N, ring system (98) is found by X-ray
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crystallography to be the product when tetraphenyldiphosphine
319

reacts with N4s4. The 52N3 section of the ring is planar with
Ph  Ph gt
Et Et
\J ¥—N~—;ﬂn-—¥ : '
N Sy [ i N Ph N
ARV N
I | 0,8 so, 0, P so,
s S i | N N U
~u & R N—P— N — R? T 7
]
R]_ Etc Et
(98) (99, R'=Me or Ph (100}

R2=Me or Et)

the phcsphorus atom 0.28% out of this plane, mean P-N and S-N
distances are 1.62 and 1.58% respectively. The compound, which
contains eight w—-electrons, occuplies a position intermediate
between the ten electron compound S3N3“ and the six electron
(N?Ph2)3 and provides support for the conclusion that in electron
rich systems the presence of {4n+2) 7-electrons is not asscciated
with any special stabilization. New eight membered P252N4
compounds (39) are preoduced when organodichloropheosphines react

320

with substituted sulphamides; the structure of cne of these

products (99, R1=Me, R2=Et} has heen determined. Furéhér reaction
to give a spirocyclic compound {100) takKes place when phosphorus

pentachloride reacts with (99, R'=ph, R%=Et}.

5.2.5 Bonds to Oxvgeéen

Gas phase p.e.s. for P406, ASQOG, Sb406‘ and P4O10 have been

assigned by reference to ab initio m.o. calculations for Pq, P40

and 94010.321 The results for P406 can be carried over to the

heavier oxides but down the series P, As, Sb all the levels are

progressively destabilised implying that for levels with
predominantly oxygen 2p character there is an increasing partial
negative charge on oxygen as the electronegativity difference
increases. Variations for the “"metal” based levels appear to
reflect variations in atomic ionisation.

Pure crystalline samples of copper{II) hypophosphite have been
obtained by treating a copper salt and a hypophosphite in the
presence of a complexing agent such as glycerin; new X-ray

powder data and a definitive i.r. spectrum are reported. Thermal
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decorposition to give metallic copper begins at ca. 50°C and the
major volatile products are Hzo, PH3 and H3P02: at higher temperatures
P406 and P4 can be observed. A crystalline vanadium hydrogen
phosphite, V(H2P03)3, is the prodggg from a redox reaction between
U205 and molten phosphorous acid. The compound, isostruckural
with the iron(III} species, ccntains the metal in octahedral
coordination by bridging hydrogen phosphite groups:; on heating to
400°%c it is converted to the diphesphite, v, [0, (H)POR(H)O,] 4.
Further details of the chemistry of monomeric methyl metaphosphate
have been announced.324 Previously it was identified by its
electrophilic attack on the aromatic rings of substituted anilines
and it has now been shown to react with acetophenone, ethyl
benzoate and aniline,
Trigonal bipyramidal structures with an unpaired electron in an
equatorial position are usually assigned to phosphoranyl radicals
in solution, but recent work on the radical produced by X-ray

irradiation of (lOl) points to the unpaired electron oc¢cupying an

0—(CH2)2
oO- (CH,} \
2’2
(o ~nt BF.C

H—P 4
0—{CH2)2

{101)

axial position trans to the nitrogen which remains in the other

: sy 325
axial position.

Both substitution and redox reactions take place when catechyl
phosphorus tribromide reacts with phosphorus (III} species, such
as (EtO),P, Ph,PO-i-Pr, and (Ph0)3P.326
triethyl phosphite are summarised in Scheme 5.

When the dioxaphospholane (102, R=05iMe,) is treated with eitherx

Reactions with the

CE
v 3
CFy OH
Q CF o]
Me | CF3 7 l/pF3
S 3 Me29 C“‘CF
Me — P o ~ v 3
| —— C~c¢r
R £ 3
CF3
{103}

{102}
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\N/

PBx

{ELQ) P

3 (EL0) 4P

4

o~
O/PBr + [(EtO) 4PBr, |

lﬁEtBr

(EtO)zPOBr

OELt

o 7~

D/’P::Br + (EtO)2PBr
Br

l -EtBr

0 0

2
P\k

0 Q

~
o~ Br

+(Et0) ,POBT

&

~p
_

L0
o ™So

+ EtOPBrZ
Ex

Scheme S

water or hydrogen chloride, the product is not the hydroxyphospholane
(102, R=0H) but the phosphinate (;921,327 which is a hydrogen bonded
dimer (0---0 2.5598) in the solid state. Reaction of (103} with
trimethylchlorosilane regenerates the starting material while with
thionyl chloride the product is (lgg, R=C1).

Structures have been determined for two new tricyclic
phosphoranes (104) and (igg).sza For the former coordination
about the central atom is distorted by 34.9% from trigonal
bipyramidal gecmetry along the Berry coordinate towards square
pyramidal geometry. In the second compound there are two
independent molecules, distorted by respectively 12.7 and 22.5%
along the Berry coordinate. The structure of {(106), a product
obtained during an unsuccessful attempt to prepare a five

coordinate spiro bicyclic compound has also been determined.329
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Ph
N/%\ N
o] i Ph o} | Me
>P——O ~Np_ 7
/
O ! o] ] Ph
L\u/p N
“Me
{1049) {105}

(106)

N.m.xr, data have been presented to show that when six coordinate
anions are formed from spircocyclic phosphoranes such as (107), the
attacking nucleocphile initially occupies a position trans to the

Me R
R
8]
R‘\j\
e ? | OC_H, F
. fo] -p
- 6
0 — p---"% \P/ 4
e -
| ™~ o ,//’ I OC H,F-p
0 0
<l /quﬁ//o
F3C
ci c1 CF,
c1
(1o {108, R=Me or H}

group X but on warming to room temperature isomerisation to the
. 330 .
more stable cis form takes place.” -2  WVariable temperature

data on the related species {(108) is most readily interpreted in
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terms of isomerisation via a trigonal prismatic intermediate.330b

p-Nitrophenol reacts with methyldichlorophosphine to give as
preduct MeP(OC6H4N02)3C1.HOC6H4N02, in which the nitropheggi
molecule persists even after repeated recrystallisations.
& recent structure determination shows that this is probably a
result of the formation of a strong hydrogen bond between the
chloride ion and the phenol group {(Q---Ccl 3.02, O-H 0.82, H---Cl
ZJQR); in additicn there are short non-bonded interactions involving
the methyl group {C—H---Cl_ 3.440, 3.490, C-H---0 3.3122)
suggesting its behaviour as a proteon denor.

acyl phosphates have now been isolated as the products from
reactions between stannyl phosphates and acyl chlorides in carbon
tetrachloride.332 The reaction, outlined in equation {58},

proceeds rapidlv at room temperature and as the products generally

RCOC1I + Bu3SnOP(O}(OEt}2—*+9 RC(O)OP{O)(OEt)2 + BuBSnCl ... {58}

R = Me, Et, t-Bu, Ph, etc.

decompose on distillation they can be purified by column
chromatography.
Coordination between polymeric tri(allyl)}phosphate and a number
of metal salts has been investigated, and among some 45 compounds
i 333
3}2, Cqu(BF

isolated are CuL2{NO CoL,C1 and CoL,Br.,.
Spectroscopic data are interpreted to show that coordination is

a) 27 COLCL, 2572

very simiiar to that with monomeric phosphoryl ligands. The
formation of metal complexes between di-isopropyl methylphosphonate,
MePO(O—i—Pr)z(L) and a wide range of salts and complexes has been
reported,334 and the strong complexing ability of the dicorgano-
phosphinate group R2(O)P:— in particular to gold §§55h0wn by the
3PAuMe ta t—-8u PRuP(O)Rz.

Hydrogen bonds {(O3---0 2.76, P-0 1.48A, P-Q---0 134.?°) link

ready conversion of t-Bu

together the units in the hydrogen peroxide addition compound

336
(Ph390)2-H202.
the solid state structure of the zwittericonic 3-aminopropylphosphonic

+° -
acid H3N—(CH2)3—PO3H ;33? there are three of the type N-H---0

{(2.81 — 2.838) and one O-H---0 bend with length 2.528. Aminomethane
phosphonic acid esters RlNHCHzP(O}(ORz}2 can be isclated from
reactions bhetween N-substituted hexahydro-s—-triazines and
HE (0) (OR%) . 338

A variety of solid state reactions leading to Na,PO, has been

Hydrogen bonds also play an impertant role in
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investigated by d.t.a. and X-ray powder methods to show the

existence of two modifications of the compound with a reversible

339

first order phase transition at 32500. The high temperature

form has a Li,Bi type structure with orientationally disordered

3

9043“ anions. The recently determined structure of

Ca2(NH4}H7{PO4)3.2H2 2
by Ca---0 bonds tc form corrugated sheets similar to those in
Ca(H,P0,),.H,0 and other calcium phosphates and NH,", H,0 and

- 4 2
[HB(PO4)2]3 groups between the sheets. %% A noteworthy Ffeature

O contains chains of CaH P04+ cations linked

in the structure of the last unit is the formation of hydrogen
bonds {(Q-+-0 2.50 - 2.563} from three of the oxygen atoms of cne
PO, group to form infinite [HB(Pod)zjna_ sheets.
A crystalline compound with the formula H30[Al3(H2P04)6{HP04)2].4H20
has been isolated during an investigation into the A1P04—H3904—H20

System.34l The structuare, shown in Figure 8, is based on lavers

Figure 8. Structure of H30[313<32904)6(H904)2} -4H,0 (reproduced
by permission from 2. Naturforsch., 35b(1%80}403}.

of AlOG octahedra which share vertices with 02P(0H)2 and 03P(OH)
tetrahedra; vacancies within these layers are occupied by the H3O+
ions. The crystal structure of SnHPOC, has been reinvestigated

and that for the corresponding phosphite, SnHPO3, reported for the

first time.342

Both contain infinite sheets of fused SnO,

and 904 groups for the phosphate and Sno3 and HPO3 units for the
phosphite., The sheeis differ in relative orientations in the
two compounds; the determining factor in the phosphite is the

closest approach between non-bonded oxygens while formation of the
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maximum number of hydrogen bonds is most important for the
3SP(IXI) (PO,} ,
the former is

phosphate. Two new lead antimony phosphates,Pb
and Pblle(V}{Poq}g, have been identified:343
cbtained by heating a stoichiamwetric mixture of Pb3(P04)2 and

SbPO4 to 750°C and the latter by the action of oxygen on a 3:1:1

. )
mixture of Pb3{904}2' Pb2P207 and SbPO4 at 00 C.
Three different crystallographic modifications of hydrated

344

chromium{IlI) phosphate have Leen identified. The most stable

form is monociinie, space group Ce, containing octahedral Cr{H20)63+
angd tetrahedral P043_ ions while a cubic form, isostructural with
hydrated chromium{III) arsenate, is the least stable.

The structures of ewo diphosphates, CsH,P_ O, .H 034S‘and

) 346 372777 27347
a*CaNa29207.4H20, and a pentaphosphate, ErP5014 have been
published.

Further details are becoming available on the structure and
reactivity of polyphosphate-metal complexes which are important as
madel compounds for biclogical systems. Unidentate and
bi—-dentate diphosphate groups respectively are present in
[Co(HP,0,) (NH;) ] .H,0 and [Co(HP,0,) (NH,) ] .2H,
the C00392 ring has a distorted boat conformation with two axial

0; in the latter

diphosphate oxygens forming hydrogen bonds with two of the ammonia
ligands. Co—-0-F and P-0O-P angles are respectively 139.3 and
131.3° in the unidentate compound and 126.1/127.0 and 127.1° in
the bidentate analogue. Compounds formed between diphosphate
groups and aguated ¥ ,Ca(IIl} complex ions, where N4 = {en)z,

q
(HzNCH2CH2CH2NH or N{CH,CH,NH,) have been investigated by

2'2 2CHNHY) 31
n-m.r. methods showing the formation of a 3:1 N

4
species.349 In this system there is a ca. 105 enhancement in

Co—diphosphate

the rate of diphosphate hydrolysis over that in the absence of
complexation to cobalt. In contrast, hydrolysis of the B,y—
cocordinated triphosphate group in the complex (109} occurs at only
two thirds the rate for that of the free ligand and the rate is

linearly dependent on [H'] over the range O.1 - 1.0m.329
OH
N
o OH P
™ 7 0./’ S
g —P
™~ -~ O\\P,‘?o
{H3N)4C0 ’/_O (H3N)4CO\\ AR
Q—P [ &] o]
0/"§¥0 ~
\ /AN
0 od

{109) FO,0H (210)
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Evidence suggests further that hydrolysis at the phosphate

linkage which is part of the chelate ring and at that between the
uncoordinated phosphate and the chelate takes place at comparable
rates. A linkage isomer of (109) in which the triphosphate group

351 in which the

is ay-coordinated (110} has now been identified,
eight membered chelate ring has a boat conformation.

A number of methods are available for the preparation of the
molybdenum (V) triphosphate complex [H0204(H93010)236_, which has
a structure based on tridentate behaviour of the triphosphate group.352
The terminal phosphate groups are eguivalent and the central group
is cocrdinated trans to the molybdenyl oxygen of the M0204 core.

Hydroxyapatites with Ca:P ratios between 1.66 and 1.70 on
heating to 800-12509C can be represented by the formula
CalO(Poq)6(0H)2_2x0x[]x:353 the samples are stable in air at room
temperature and the data tend to disprove the theory that the
reduction of dental caries by fluoride is due to inhibition of
diffusion in hydroxyapatite. Homogeneous solid solutions of
calcium and magnesium hydroxyapatite over the complete concentration
range have been cobtained by coprecipitation reactions in agueous
solution.354 High-resclution 31? n.m.r. spectra for a range of
sclid calcium phosphates, including CalO{OH)z{PO4}6, CalOF2(PO4}6'
Ca8H2{904!6.5H20, CaHPO4.2H20, Ca(HzPod}z.Hzo, CaHPO4 and
Ca(H2904)2 have been obtained by a combination of magic angle
spinning and proton enhancement to show that isotropic shifts move
upfield uron protonation of che phosphate.355 . Non-stoichiometric
hydroxyapatites with Ca:P ratios as low as 1.33 closely resemble
the stoichiometric compounds and it is considered that a scheme
based on Ca2+ vacancies in the lattice, which leads to concomitant
loss of OH and addition of protons, is a more appropriate
explanation than one postulating the presence of an additional
calcium phosphate species with a lower ratio. The recent chemistry
of phosphate minerals constituting bone, dentin and tocth enamel
has been reviewed.356

Among papers concerned with inorganic phosphate ion exchanges
are the H+—NH4+ exchange on Y—Ti(Hpoq)z-H20,357 the exchange of
hg+ in acetate and nitrate solutions on ¢-zirconium phosphate,358
and an investigation of the unusual, initial shape of titration
curves of g-zirconium phosphate with varicus hydroxides. The
direct precipit ation method has been modified to give large

crystals of a-Zr{HFO,}.,.H,0 but the major part is formed by
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geminates.360 Salt formation can be carried out without

appreciable breakage but if the interlayer spacing is greatly

increased, there is cleavage parallel to the layers giving thin

sheets. Cobaltocene can be intercalated f£rom toluene at 100-120%C
into u—Zr{HP04)2.H20 giving the cobaltocenium ion,
ZI(COCPZ)O.Sﬂl.S(POQ)2'361 Phase changes and dehydration have
been investigategsgor the fully exchanged Cu{IIl} species,

O.

eru(PO4}2.4H2

5.2.6 Bonds to Sulphur, Selenium or Tellurium

Vibrational spectra for the cage compounds, P453, P,Se and

4 r)
As4Se in both the so0lid and melt have been measured.36§ A new

3!

method for the preparation of g8-P involves reaction between

25372
9453 and P13 in carbon disulphide but attempts to prepare the
arsenic analogue by the corresponding method were not succesaful.364
The specific heats and enthalpies and entropies of melting for

P4Se312 and both a- and 8—P48312 hﬁve been determined.

At temperatures greater than 500 C, mixtures of P4SlO and 94010

react to give rearganisation products in the series Pgoéo—nsn'
where n = 1 - 9, which can be distilled out when n<é6. 6 This
reaction also gives rise to a new compound P40356 with the
adamantane structure (lil}, in which one guarter of the

phosphorus is in the +3 oxidation state. The compound is stable

in the absence of moisture but hydrolysis at <107¢C with sodium

P _

S S
s///:/ \\“\ s _ A ~
s o —&P
s N ™~
/P\ ©
S=p__ _bp=5 S'/ 0——9//
e 07/ X
_,,./ﬂ\\ S_ S
Q (8}
{111} (1125

36u

picarbonate leads to a P(III}~P(V) anion (930355}3‘ (112), and

reaction with an excess of alcohol follows eguation {(59).

P,0,8, + 6ROH —> (RO} ,P(Q}H + 2ROP (S} (SH) (OH) + (RO} ,P(5)SH

{593
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Evidence for two congruently melting compounds Na,P5, and

{(NaP5.)  has been obtained during an investigation of the Na,S-P S5
3'n 167 2 4710

2—P4510 system.

The structure of Tist6 confirms its formulation as a hexathio-

hypodiphosphate, each phosphorus is surrounded tetrahedrally by

three sulphur atoms {mean P-S 2.0392).368 The layer compocound

section of the Nazs—GeS

MnPSBintercalates compounds such as Cp2CoI, Cp2CrI, NHQCL, CsCl,

KCl etc. by & route which deoes not involve electron transfer.

Products such as Mnl_ P83M2 .{Hzo) are formed with release of x
2+ 369 X x Y . . .

mols of Mn~ . X-ray data point to an increase in the inter-

laver spacing from 6.508 in the pure compound to 9.37 (for KCL)

and 12.26% {for szcrl). Data have also been presented for a

pyridine intercalate MPS5e..py with the corresponding
3 0.33 370

manganese and iron selenophosphates. From X-ray powder
diffraction the compounds M(II)PS3 and M{II)PSe3, where M = Cr, Mn,
371

Fe, Ni, 2Zn or Cd, belong to the same structure type.
Two new anionic thiophosphorus fluorides, identified as
(thmszzsta and EthP52F2’32;ve been isolated from reactions

between PFS.MECN and thNSH, and the little known
trithiofluorophosphate is formed as the major product from the

reaction in egquation (60).373 A trithicphosphite, (MezNH2)2H933,

4Et4NF + QBt4NSH + 94510———) 4(Et4N)2PS3F + 2H20 ---(60)}

has also been prepared, in this case by reaction of P(NM92)3 with
hydrogen sulphide in hexane solution.374
Monomeric structures are suggested for the tin dithiophosphate
complexes Ph3Sn52P(0R}2, where R = Et or i—Pr,3?g the basis of
variable temperature Md&ssbauer and Raman data.
The preparation of {(dimethylaminoc)dithiomethylphosphonic acid,
which exists in the zwitterionic form (113), results via the salt

Me. NH. TMePs_ NMe.,”

PLL 5 2 from reactions between the thicanhydride,

Me29253 and dimethylamine-a?e The compound gives complexes wikth
o=
" fe e
Me — P —— NHMe Me ,N—P—5—S— P —NMe,
2 2 i "
S S S

{113) {114)
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transition metal salts and a structure has been obtained for the
nickel derivative NifszPMeNMez)zs oxidation of the anion with
icdine gives the disulphane {114} and with H,5, H, 5e and MeSH

the products are respectively salts cof the anions MeP53 ; MePS5,5e
and MePstme .

Square planar PA{II} and Pt{II) complexes have been isolated
from the unsymmetrically substituted dithiophosphinic acids,
RlePSZH-where Rl=ﬂeCEC, MeBSiCEC or Me and R2=Me or MeOC6H4,3??
"and a tetranuclear complex Mo408(MezPOS)4 is obtained when sodium
dimethg%;hiophosPhinate Na(MeEPOS) and molyvbdenum pentachloride
reackt.

An X-ray structure of Btzﬂ{C6H11)P(S}P(S)(CGHll){NEté) shows it
to be the mesc form with short P-N distances (1.6653) suggesting
that coordination to metal atoms would be via the sulphur atom5.379

The rapid bimolecular selenium exchange which occurs in solutions
containing RBPSe3ggd R3P for R3=MePh2 or th(Cﬂzph) can be put to
preparative use; for example, mixtures of thP{Se)CHz(Se}Pth
and thPCHzPth
A similar rapid exchange is known to occur with tellurium in R31PTe
—R32P systems, but tellurium transfer is followed bgainsertion into
a P-Si bond in the n—Bu3PTe—(t*Bu)2(Me3Si}P system; the product

is {t—Bu)zP-Te-SiMe

rapidly give exclusive formation of thP(Se}CuzPth.

3-
Complex Formation in ligquid sulphur dioxide solution between

Cd{SbF6}2 and a wide range of phosphorus ligands, including

Ph,PX, thP{x}(CHZ}nP(x}Ph2, t-Bu,PX and (CGH}l)BPx' where

X=5 or Se and n=1 or 2, has heen examined by P n.m.r.

spectroscopy.382'333 Among the new species identified were

ligand complexes in a number of series including

2+
{Cd[SeP(CGHIl)3]n[5P(C5H11)3]4—n} -

5.3 ARSENIC

5.3.1 Arsenic and Arsenides
A deep red salt containing the 35113_ anion has been prepared
from a reaction between KA52 and 2,2,2-crypt in ethylenediamine.

The structure, shown in Figure 9, has close to D, symmetry with

384

eight of the arsenic atoms occupying the cornmers of a bicapped
twisted trigonal antiprism. Three bridging atoms in two fold
coordination complete the structure. As-As distances vary
between 2.36 and 2.48% with those between two three coordinate
atoms being somewhat longer. The synthesis is also reported of



341

Sr3SizAs4 and the corresponding germanium compound both of which

- . .- . 6— - . 385
contain infinite (512A54 )n and (Ge2As4 )n anions. In the

{a) (b)

113_ ion, {a} viewed down the three
feld axis with As{l) eclipsed by As{5), (b} slightly
tilted, (reproduced by permission from J. Am. Chem.

Soc., 1l02{19B0O)6036} .

Figure 9. Structure of the As

former the 512 units are linked by edges to form one dimensional
infinite chains while in the germanium compound interconnection
involves three arsenic atoms of one GeAs3 group but only cne
arsenic of the other group is involved in the bridging.

Crystal structures have been determined for both CdBAsC13386
and Cdznscl2;387
As-Cd4d 2.53 -~ 2.563) which share a Cd-Cd edge to form layers along

the latter contains Aszcd6 groups (As—As 2.40%,

the b axis. Anti- Th3P4 structures are reported for Eu4A5 and
La4$b3 with mean Eu—-As and La-Sb distances of 3.20 and 3.34
respectively.388 Direct interaction of the elements at 500°C For

arsenic and ?OOOC for antimony leads to CfAas and Cf£Sb which have
NaCl-type structures.389

New ternary arsenides ABAs, where A=Ca, Sr or Ba and B=Cr, Fe,
Co, Ni or Cu, have been prepared and from powder diffraction data
have the ThCr2512 5tructure.390 Two new phases, CaNizhsz, again
with the ThCr2512 structure, and a hexagonal compound Caz.SNill.?AS?
for which a Zrzl?elz}?7 type structure is prgggsed have been
identified in the Ca-Ni-As ternary system. A strontium
compound SrNiznsz, isotypic with the calcium compound above has also

been isolated. Preparative and structural information have also
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been reported for KHglAs, KHgSh, KZnAs,392 Nazhuhs, Na,AuSb and

2
Kznqu.393 A feature of the structure of the gold compounds is
the presence of zig-zag Au—-As(Sb) chains containing linear As—-Au—As

bonds and angles of ca. 70° at the Au-As-Au bonds.

5.3.2 Bonds to Carbon or Silicon

Tris (arsinomethyl)ethane, MeC(CH2A512)3 reacts with three moles
of NaAsPh, to give the tricyclic kriarsaheptane (115}, which can

Me Me As
] ] T~
- < S~ P < T o~ \ CH,
H,C \ CH, H,C \ CH,, o}
CH2 CH2
As /AS

AS — —— | — A= AS ——— | — AsS \\‘O’
H‘““\~As’/, //, \\ AS

{115) {116) {117)

also be obtained by desulphuration of the arsenic(V) species,
MeC{CH2ASS)3, 394
MeC{CH2A5}3592 {116), results when sodium hydroselenide in THF is

previously obtained. A related cage compound,
used in place of NaAsPh,. A crystal structure determination on
the soluble form of the oxide [CH2{A50)2]n' obtained by hydrolysis
of methylene bis(dichlorocarsine), shows the presence of discrete
tetrameric As,0,{CH,}, molecules with the adamantane structure
(117).393
As-C 1.968%, 0-As-0 101.8 and C-as-0 99.3°.

Acyl and imidoyl chlorides react with o-—arsinophencls, the

Mean values for important paraweters are As—-0 1.80,

latter according to eguation (61).396
ASH cl As
2 . Rl s “c-r! + RPNH_HCL
Q,NR2 ~ 2
OH ~0
Rl=ue, t-Bu, Ph or mesityl. -..{6l]

(For similar reactions with o-phosphino-phencls, see reference
134} .
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On u.v. irradiation, enols such as RAs:C(OSiMeB}t"Bu, where
R=Me or Et, dimerise to 1l,3-~diarsetanes (llg), and an X-ray
structure of the methyl derivative shows ca., €, symmetry and a
cis arrangement of the substituents at carbon. 87 As—C distances

R F As

E \O

) As ,
Me,5i0 ~ . / . . - 051Me3 . 0.’ /
t—Bu - \\ As/ ™~ t—Bu F @

(118} (119

in the ring are 2.058 and to methyl 1.96%; the C-As-C and As-C-As

ring angles are 85.9 and 92.5% respectively. Partially oxidised

elemental arsenic on treatment with 1l,2-diiodotatrafluorcbenzene

gives {C.F,}_As.0O with the “butterfly" structure {119); this is
6 4°27°72 398

closely related to the structure of (C6F4)3A52.
The crystalline isomer of 9-arsa-anthracene, melting at 304K,

has structure {(120) in which the benzyl and phenyl groups are

trans to each other.399 Reference has already been made

H CH Ph
s 2

rd

o
o .
/hs
Ph
{120} {121)
{page 289) to the problems arising from disorder in the

structures of hoth arsa- and phospha-triptycene; for the arsenic

compound a sclution has been achieved by substitution of the

4
hydrogen atom trans to arsenic by a phenyl group. The As-C

distances are uneqgual {1.%38, 1.952 and 1.9558) and ring

flexibility is shown by three different values {(9C.2, 91.0 and

93.30) for the C-As—-C angles. A related guakernary arsenic



344

compound (121} has also been investigated crystallographically,401

showing that the aryl C-As-C angles are increased to ca. 97.7°.
Maleic anhydride derivatives containing either diphenvlarsino
or diphenylantimony groups can be produced as shown in eguation

{62};402 i.r. and u.v.-visible spectra are reported together with
< O
c thM
Me SiMPh, + o —> O + 2Me Sicl ... (62)
CX th
Meds or Sb o o
an X-ray structure for the antimony compound. a-Hydroxylalkyl-

arsines, Ph2ASCHR(OH) for R=Et, i—-Fr or Ph, have been obtained
from reactions between aldehydes and either diphenylarsine or its

lithium derivative, but because of thermal instabkility they <cannot
. . 4 . . .
be isolated in the pure form. 03 Oxidation to the corresponding
sulphide and selenide occurs when the di- and tri-tertiary
arsines M¢{ CH2CH2ASM32)3, MeC (CH Cl}{CH RSM32}2 and
{C1CH.,} ,C{CH,AsMe,) are treated W1th the appropriate element in
2 2404 2 2°2
ethancl .

Pentavalent compounds {CF Menh[ON{CFB}z]z, where M=As or Sh,

3)3-n
are obtained from reactions at room temperature between Men(CF3)3

for n=1-3 or Me35b and bis(trifluoromethyl}nitroxyl.do5

Triphenylarsine and substituted benzyl bromides give the
correcponding arsonium'bromide, {Ph3AsCH2Ar)Br, at reflux
temperatures, but in the presence of either sodium hydride or
sodium methoxide there is loss of hydrogen bromide and formation

406

of the arsonium ylid PhBAs:CHAr. Although such species

cannot he isclated, treatment with an acid chloride or an
anhydride peints to transylidation via a C-acylated arsonium salt

as shown in equation (63).407

BT Pnjas:cHAC i)

-+
PhyAS:CHAY + RCOC1 ——3 PhaAsSCH -% Ph,As= c\

cr COR CCOR

---{63)
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Dinuclear complexes {122) containing functional groups are the

products when the arsenic bridged species (123) reacts with either

Mezpcl or MezPPMe2.408 Further chain lengthening can be achieved

Me Me
Rsz PMezR Asz
/,/ N .
(OC}4Fe Mn(CO)4 {oc)qu Mn(CO)4
(123)

{122, R=Cl or PHez)

by hydrolysis of (122, R=Cl) giving an Fe-As-Mn-P-O0-P-Mn-As-~Fe
chain which can subsequently he reacted with metal carbonyls.

The cluster structure of Ru3(CO)12 is not maintained on reaction

with Me_AsH, Me_AsCl or MeznsNMez but compounds such as {124} and

2 2
{125} are produced.409 Further polynuclear complexes (126) and
Me Me
/Asz\ /Asz\
(OC) JRu” ——— RuU(CO) Cl¢{OC) ,Ru Ru (CO) ,C1
3 3 3 g /// 3
\\\As/// As
Mez Hez
{124) (125)
Cp
N Me2 Me Mez
—CO AS Cp As As
OC‘\ Fe (0C) 4Mn Mn {CQ) 4C1
SN
“Fe — as Co “\H““~As"//’
i
Cp Me2 Mez
{126) {127)

{127} have been isolated from respectively the CpCo{CO)z—Cp(CO)zE‘eAsMe2

and KMn(CO)S—Me2A5C1 reactions.qlo

One of the phenyl groups of triphenylarsine behaves as an
(HG_CGHS) group in the complex (128} recently isolated4fiom a
reaction with Cr{c0). irn refluxing decane for 8 hours; the
Cr---As distance {3.7302) is clearly non-bonding and the Cr-arehe

bond lengths vary from 2.193 to 2.220K.
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OC—Cr—}|7t Asth Me

{128}

In the methylated-1,l'-diarsaferrocene structure (129) recently
determined, the ¥-arsolyl rings are eclipsed but are neither strictly
planar nor parallel.ql2
An adamantane structure has been confirmed by X-ray crystallography
For As4(SiMe2}6 obtained previously by thermolysis of
[ (Me,5i),as] SiMe,. 13 The as-si distance is 2.351% and the
anglies Si-As-Si and As-Si-As 103.2 anad 123.0% raspectively.
Replacement of one of the trimethylsilyl! groups occurs when a
bis(trimethylsilyl}larsine reacts with 2,Z-dimethylpropionyl
chloride.414 Although the resulting acyl arsine RAS(SiMe3)(COCMe3),
where R=Me, Et, i-Pr, t-Bu, FPh etc., are more stable than the
corresponding phosphorus analogues rearrangement to the isomeric
alkylidene arsine RAs:C{OSiMe3}CM33 occurs at higher temperatures.
As—K

The mixture of Na As, which results when arsenic powder

3 3
reackts with the Na-K alloy, can be treated with trimethylchloro-
silane to give high yields cof (Me3si}3hs.415 This compound on

reackion with methyl lithiun loses one mole of tetramethylsilane
to give (Me3Si}2A5Li.2THF, which as shown in Scheme 6 is a highly

reactive intermediate.

RX

—_— (MeBSi}zAsR
CH2C12
> {Me Si) ,As-CH, As (5iMes),
t-Buci (Me,Si) ,ASH + Me,C:CH,
PhZCHCl
. . . . .
{Me351}2A5L1 > (Me351)2A501 + PhBCHLl
(Measi) AsCl
= (Me351)235A5(51M93}2
MezsiCl2 ] )
>, (M9351}2As-SlMez-As{51Me3)2

4

Asq(SiMez}6 + (Me351)3As

Scheme 6



347

5.3.3 Bonds tc Halogens

The trifluoroarscnium ion, HA5F3+; and A52F5+ have both been
identified in a recent investigation of the gas phase ion chemistry
of arsenic trifluoride.416

On reaction with peroxydisulphuryl fluoride arsenic triflucride
gives AsF (SOQ

17

crystallised. Attempts to form anionic species were also

as a clear viscous liguid which could not be

unsuccessful; the product from vibrational spectroscopy is considered
to be polymeric with bridging fluorosulphake groups. Heptafluoro-—
diarsenates, MA52F7 where M=K, Rb or Cs, are the products when

alkali metal flueorides are crystallised at room temperature Efrom

arsenic trifluoride.418

A [ull structure for the potassium salt
shows the presence of pseudo-trigonal bipyramidal Aqu_ ions
(as-F 1.73, 1.918) and AsF,

complex chain arrangement shown in Figure 10O.

molecules which interact to give the

As(2)

¢
— (Trn
(—\\ Q.&J

/
\
Y asu¥h /

—

kR

Figure 10. The structure oF the anionic chain in KA52P7

)

{reproduced by permission from J. Chem. Soc. Dalton

Trans., (1980)1630).

The structure of arsenic triiodide has been refined and can be
described in terms of a hexagonal close packed array of iodines
with the arsenic atoms and the lone pair of electrons occupying
two—thirds of the octahedral sites in every second 1ayer.419
This leads to an A{ASE)}BA(ASE}B repeating structure. aAn
alternative description is in terms of discrete molecules in which

As-I and I-As-1 are 2.59% and 99.7° respectively. Arsenic
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triiodide adds to nickel dithiocarbamates in CS, solution to
give dark purple crystals of Ni(szcﬂnz)zihslajz where R=Et or Bu.420
A crystal structure shows octahedral coordination ahout nickel
with four sulphur atoms in a plane (Ni-S 2.216, 2.2268) and AsI,
moelecules in trans positions {Ni-As 2.7368). The compound is
unusual as from magnetic susceptibility measurements, the Ni{II}
has a spin singlet ground state.

The equilibrium in equation (64} has been established as

occurring for Asf_ intercalation in graphite from the interconversion

3

3AsFy + 2e == 2AsF,  + AsF, ... (64)

of such intercalates and C12n+ ASFE salts.421

A structure determination on S4N4.A5F5 shows opening of the cage

to give a boat shaped ring with the arsenic atom coordinated to

one of the ring nitrogen atoms. 122

5.3.4 Bonds to Nitrogen

A new eight-membered diarsine {130) is the product when arsenic

trichloride reacts with the substituted urea OC[NMe(SiMe3)]2.423

8] g Te
]
I-ie-.._N__& _N/He c N
| i S ™~
Cl —As As —Cl Me—-N As—Cl
i 1 \\.C . e
Me’N—E“N“Me O
0O Q Me
{130} {131)

X-ray crystallography indicates a boat shaped ring with
transannular As---N interactions {(2.31, 2.473): on heating to 110°%¢

the compound decomposes with sublimation of (131}. High yields
of the trans—amination products from (132} or {133} and ammonia,

4
primary and secondary amines can be obtained at room temperature;42
H,C — O Me ,C— O Me,C —— O~

2| T~ AsSNR, 2[ \‘AsNRZ 2, /As NR
H,C — O Me,C — O Me,C — O 5

{132) {133) {134, R=H or Me)
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among the compounds isclated were the novel diarsclanylamines (134).
Products with the formula Mezns(OCHzcﬂz}nOH, where n=3 or 4, have
keen obtained from reactions between Me2A5NMe2 and either tri- or
tetra-ethyleneglycol in a 1l:1 ratio.425
The structure of tris({morpholinc)arsine is closely similar to
that of the phosphorus analogue with two short As-N distances
(1.8532} and two small N-As-N angles (94.10).426

is to a nitrogen atom in essentially sp3 hybridisation with its

The longer bond

lone pair anti with respect to the arsenic lone pair.

5.3.5% Bonds to Oxygen

A very hygroscopic compound with the empirical Ecormula Aso2
results when As,0. is heated at 533-633K for 14 days under an

476 427
oxygen pressure of 5-50MPa.

The formula has been confirmed by
a structure determination which shows the presence of infinite
arsenic-oxygen layers containing both As(III) and As (V). For
the former, coordinatlon is to three oxygen atoms with O-As-0
angles of 900, while the latter is in distorted tetrahedral
coordination with angles wvarying between 89.7 and 119.4°.
As (V) -0 distances are 1.728 to a bridging oxygen and 1.61R to a
terminal atom, the latter probably including a degree of
T-character.
l3C n.m.r. spectra have been obtained for agueous solutions of
the scodium salts of arsenic and antimony(III} with the (t)tartrate
anion, the threo-monomethyl and the (£} dimethyl deri.vatives.qz8
The data point to the presence of M, L, dimers with the dd- and
te¢~forms more stable than the dg—form; mixed arsenic—antimony
complexes were cbserved.

¥t has now been possible to stabilise the dimethylarsinous acid
molecule, Me2AsOH, in complexes such as CpMoCl(CO)ZAsMezoﬁ and
BrMn{CO}quMezoﬂ, by alkaline h§3§OIYSiS of the respective complexes
containing coordinated RsMezcl. -

Infinite (HA304)2_ chains are present in the solid state

430

structure of the diarsenite, K HAs_ O -%Hzo. Each arsenic atom

is in three fold ccordination to oiy;en with non—-bridging As-0O
distances of 1.684 and 1.719%; bridging distances are 1.815 and 1.7708.
The As—0O—-As angle is 125.0°. There is no evidence for the
presence of H-As bonds and it is thought probable that the
hydrogen atom is statistically associated with both non-bridging
oxXygens.

A crystal structure for the spiro-benzoxazarsoline (135} shows
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a bhasically trigonal bipyramidal arrangement about arsenic with

1e — As

.
distances to the axial oxygen atoms of 1.860 and .‘L.BSBR.‘”'l The
O-As-0 angle is 169.6° and the equatorial N-As-N and the two

C-As-~-N angles are respectively 125.9, 118.9 and 115.2°.

Low enthalpies and highly negative entropies of activation have

{135

(i)
-
NH

Qe B e O

been observed for exchange reactions between arsenic(V} triesters and

iy n.m.r. line broadening and deuterium labelling

techniques.432 These data are rationalised on the basis of an

alcohols by

associative mechanism involving at least one mole of each reactant
with a five coordinate arsenic atom in the transition state.

A mixed species, AsSboq, is the product when a 1:1 mixture of
As205.5/3H20 and Sb203 is heated.433 The compound contains ahn
infinite layer structure with tetrahedral coordination about
arsenic {As-0 ca. 1.688) and irregular coordination by four
axydens about antimony {Sb-0 1.98—2.172) consistent with stereo-—
cnemical activity of the antimony lone pair. A new compound
containing the previously unknown cyclctetraarsenate icon has been
isolated from a high temperature, high pressure reaction between
chromium hydroxide and Aszo 434

5- Single crystal X-ray data give
(Aszo

its formula as Cr } (As 2); some important parameters

2t 7 4%
are bridging As-0 distances of 1.74 and 1.738 respectively for the
di— and tetraarsenate and terminal distances of 1.637 and 1.6658
respectively. The diarsenate anion has an eclipsed conformation
with the bridge As-O-As angle of 137.4%; bridging As-O-As angles
in the tetraarsenate are ca. 1290.

A new cadmium orthoarsenate C4Ad {Aso4}q has a structure based

10
on chains of Cc’lO6 octahedra and AsD,
bonds.435 A thortveitite structure has been found for

Ca2A5207.436 Three corner sharing AsO4 tetrahedra are present in

tetrahedra linked by hydrogden
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the structure of K5A53010 with mean terminal and bridging As-0
distances of 1.65 and 1.78K respectively.437 The bridge As-0-As
angles are 131.4 apd 134.9° but a major feature of the structure
is the strong folding of the anion so that the As-As-As angle is
105°. This should be compared with a value of 173° for the
P-P-P angle in the corresponding triphosphate.

I.r. spectra have been reported for the halogeno-—-arsenic

apatites, MS(Asoq)ax where M=Ca, Sr, Ba or Pb and X=F, Cl or Br.438

Metal ion exchange on stannic arsenakte has been investigated.439

5.3.6 Bonds to Suiphur or Selenium

The As-S5 and As~Se phase systems have been investigated by
differential scanning calorimetry as have itihe transitions between
different modifications of R5434, A5453 and H54$e3;440
thermodynamic data are reported.

Arsenic{lil} complexes, i.e. hs{SZC-C6H4x)3 where X=Cl, Me or
COPh, have been isolated from reactions between arsenic triiodide
and the tetraalkylammonium salt of the appropriate thiocarboxylic

acid.qql

S.4 ANTIMONY

5.4.1 Antimonides and Bonds ko Carbon

The compound previously described as Cazsb has beeq shown by
X-ray and neutron diffraction to be, in fFact, gaqsbzo which has a
KzNin type structure.442

Reactions of stbBr, where R=i-Pr or Bu, with magnesium lead to
distibines sthsbnz, while black s©0lids analysing as {Rsb)n are443
the products from similar reactions with the dibromides RSbBrz.
Related reactions of dialkyliodostibines with the metal, but in
SiCl and THF, give products which result from

3
. . 444
cleavage of solvent molecules as shown in eguation (65).

the presence of Me
Polymeric products are obtained, eguaction (66}, when nickel
stbI + Me3SiCL + C,H O + Mg —> Me3SiO(C52)4SbR2 + MgClI ...(65)

Ni{CO), + (Ph,Sb) MMe, ~——>'/n[Ph,sbMMe,SbPh,Ni(CO),], + 2CO

M=C, Ga& or Sn .. {66}

carbonyl reacts with the potentially bidentate antimony ligands
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(thsb}2MMe2,445 but the corresponding reaction between Cr(CO}S.THF

and the tin ligand gives a dinuclear complex, Hezsn[SbPhéCr(COJS]z.

5.4.2 Bonds to Halogens

The structures of two mixed anionic antimony{II1l}) fluorides
have been determined. In the 1l:1 compound obtained by crystallisation
of sodium sulphate and antimony trifluoride from agueous solution,
the antimony shows mono—capped octahedral coordination with bonds

te two oxygens of a sulphate group (2.4842) and a longer Sb...F

interaction at 2.9?22.446 & compound formulated as Na3H(C204)25bOF.—
Hzo has been isoclated from a 2:3 mixture of the trifiuoride and
447

scdium oxalate in water. X-ray diffraction reveals the
presence of SbOF(C204324_ anions in which the antimony is surrounded
by a distorted pentagon of oxygen atoms from two chelating oxalate
groups (5b-0 2.33, 2.44 and 2.22, 2.403) and a fifth oxygen at
2.068%. The fluorine atom cccupies an axial position {Sb-F 1.93%)
with pentagonal bipyramidal coordination being completed by the
antimony lone pair in the trans axial site.

Treatment of antimony trichloride with Cp{CO)zﬁn.THF in THF
solution leads to partial dehalogenation and, depending on

reaction conditions, compounds {136} and {137} can be isolated.448

cl cl cp cCl
i \ l !
2]} Cp(OC}2Mn——5b——Mn——Sb——Mn(C0)2Cp

\ ! 1 \
c1 (o), Cl

Cp{0C} SR e " Mn {CO} 2(‘.‘p

(136) {137}

X-ray structures have been obtained for both compounds.

The 1:1 adducts between antimony trichloride and diphenylamine449

50 have been investigated by X-ray methods.

and 2,2'-bipyridyl?
Both contain discrete molecules and in the former the antimony
atom is directed toward one of the phenyl groups of the amine
{5b-..Ph 3.132). Although the SbCl3 unit is pyramidal there is
a weak intermolecular Sh--+Cl interaction (3.533). The chlorine
environment about antimony in the second compound is very similar
{three Sh-Cl distances between 2.505 and 2.588 and one at 3.342)
and distorted octahedral coordination is completed by the two
nitrogen atoms of the ligand at 2.245 and 2.3173.

Structures are also reported for (PhNH3)SbCl4 and (PhNH3)25bClS,
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two congruently melting compounds from the SbCl3—aniline hydrxochloride
phase system.451 In both cases there is actahedral coordination
about antimony through chlerine bridging. The tetrachlorcantimonate
contains three antimony atoms in the asymmetric unit, each feorming
four short and two longer 5b-Cl bonds. In the SbC152_ species,
there are in contrast five short (2.394 - 2.8452) and one 1long
(3.1928) sb-cl distances. There is again a chlorine bridged
structure in the 4,4'-bipyridinium salt of the SbC152— anion, but
here a doubly bridged dimer is formed. As in the anilinium
compound there are again five short (2.42 - 2.752} bonds and one
longer (3.192) one.452

Antimony and bismuth halide complexes have been reported with
the thiadiazole ligands {138, R=Me or NH2).453 From 1?1sp

MOssbauer data on a series of heterocyclic base salts of either the

R
I i — 0\ X
Me —C ¢ —R //Sb
N,/ o” Ny
{138} {139, R=H, Cl or Br
X=C1l or Br}.
SbBr4_ or the benzene-l,2-diolate anions (139}, the chemical

isomer shift is found to be a function of the number and length of
the short bonds to antimony rather than a function of the total
number of bonding interactions.454 In the diclate complexes, the
shift is dominated by the presence of twoe sheort 5b-0 bonds.

A new investigation into the i.r. spectra of HF—SbF5 solutions
gF2+ being the dominant cation in solutions up to 40
molg SbE‘S.4 B At low concentrations the anion is SbClG' while

points to H

between 20 and 4C mol% the spectra show strong similarities to
that of CsSbZFll: at higher concentrations there is evidence for
the formation of more highly polymerised San5n+l ions.

Two compounds, both containing bridging trifluoroacetate groups,
have been isolated during an investigation of the SbFS—trifluoro—
acetic anhydride reaction.qs6 The initial product (140} can be
converted into {141} by thermal decomposition but the change can
also be achieved in a step-wise fashion by treatment of (140} with
trifluorocacetic anhydride. Full crystal structures have been

determined for both compounds showing that the antimony atoms are
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(140} CF3
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in distorted octanedral coordination.

A reexamination of the reaction between SbFS and A5F3 in the
presence of a small amount of bromine shows the reaction products
are the adduct, SbF3.SbF5, and A5F5.457 Although water has bheen
previously suggested as a catalytic agent, these recent
experiments can be interpreted as proceeding via formation of small

amounts of BrF according teo equation {67}).
—>
2SbFS + Br2 — 2BrF + SbF3.SbF5 e (BT

An oxygen bridged dimeric structure (lig) in which both antimony
and iodine atoms are in distorted octahedral coordination has been
revealed by X-ray crystallography for the 1l:1 addition compound
between SbF5 and 102F3.458 The oxygen bridges are asymmetrical,
Sb-0 2.05, I-0 1.80%, I-0-Sb 134.4°, and these data are interpreted
in terms of a contribution from an ionic SbF4+IOZF4" structure.

1:2 addition compounds are formed by both o- and B—UF5 and antimony

F
14
PN
F o o F
F\‘i e ~1 F
Sb Sh
Fl ~ ~ F
0 o F
“\\I ~
Fy
{142)

pentafluoride from which the 1:1 adducts can be isclated by thermal
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459

decomposition. The former contain rings of alternating UF, and

8
SbE‘6 polyhedra interconnected further by cther SbF6 groups to give a

structure similar in some respects to that of UOFS.zstS.

Bdduct formation between SbClS and acetoacetanilide occurs at

460

the C:0 groups to give both 1:1 and 2:1 complexes. Loss of HCL

occurs on heating in 1,2-dichlorc-ethane to give the heterocycles
460

{143 and {l44). With p~benzoquinone in 1,2-dichloroethane,
H Ccl
C C
= +
Me-c ¥ C=NHPh Me-C 7 c=RupPh

1 L ! |

o 0] a a
T ™~ 57
Cl4 Cl4

{143} (144)

the final product on treatment with SbCl5 is the 2,3,5,6-tetra-

chloride but both the 2,5- and 2,6-dichlorides were identified
as intermediates.aﬁl The methyl esters of both methyl- and

to eliminate methyl

trifluoromethylsulphonic acids react with SbCl,
where R=Me or CF .462

chloride and form the dimers (RSOBSbcld)2 3
On the other hand, if dimethyl sulphate is a reactant the products
are either (Me0SO,SbCl,), or the polymer [(Cl,Sb),S0,] depending
on the relative amounts of the reactants.462 An orange-—yellow
addition compound 0504.25bC15 can be prepared and a structure
containing 03-0-S8b bridges is proposed on the kasis of vibrational
data.463

A major structural feature in HSbC1..3H,0 is the centrosymmetric
H14062+ cation formed by head tgsgail linking of two H502+ units

The SbCl6 anion is close

by twa further water molecules.
to octahedral {(Sb-C1 2.363 - 2-3753, €1-Sb-Ccl 89.3 - 90.7°).

5.4.3 Bonds to Oxygen

Structural studies have been reported on three antimony (III}
465,466

tricarboxylates. The tris(monothicacetate}, which can be
obtained as a water stable species from antimony{(III} oxide and
thicacetic acid, has a structure which is wvery similar to that of
the triacetate, an extremely water sensitive compound.465 In
both cases the antimony forms three strong primary bonds-to

oxygen (Sb-0O 2.062} in the acetate and sulphur {5b-5 2.473) in the
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thicacetate. There are further weak, intramolecular interactions
in each case (5b-0 2.596-2.775 for the acetate and 2.745-2.918%
for the thioacetate) and finally one ligand.in each compound also
serves as a bridging group, linking the wolecules into polymeric
chains. Coordination about antimony in both cases is best
described in terms of a distorted dodecahedron. In the
tris(triflucrcacetate) Sb(OZCCFB)a, which has crystallographic

C3 symmetry, there is again strong Sb-0 primary bonding {Sb-0
2.0432, a-5h-0 84.90) and weaker intramolecular Sb- - -0=C
interactions, 2.8693.466 Intermolecular Sb---0 interactions at
3.0393 complete the oxygen polyhedron about anktimony.

in the structure of diphenylantimony (III}) acetate, on the ocher
hand, the acetate group serves as an asymmetric bridge between
antimony atoms giving polymeric chains.46? The asymmetric unit
contains two independent antimony atoms with Sb-0 distances of
2.137 and 2.592 to Sb(l} and 2.137 and 2.5138 o Sb(2).
Coordination abcout the heavy atom is best described as pseudo-
trigonal bipyramidal with oxygen atoms in the axial positions
(0~Sb-0 ca. 168%) and two phervl groups (C-Sb-C ca. 95%) and the
antimony lone pair in eguatorial positions.

tlass spectrometric data have been obtained for compounds in the
series Sb(OEE)3_nCln, where n=0-3, and full X-ray structures have
been published for the two mixed ligand species Sb{OEt)2C1 and
Sb(OEt)Clz.468 In both cases the antimony is in distorted
occtahedral coordination with, for Sb(OEt}ZCl, the following
distances to antimony Sb-Cl 2.494, Sb-0 1.966 2.026, Sh-...Cl 3.538
and Sb---0 2.400 2.956%.

Mono thio-f-diketone complexes of antimony{III) can be isoclated
as hydrolvtically unstable compounds by treating Sb(i—propoxide}3
with the ligand or by reactions between SbCl3 and the scdium salt
of the ligand.469

The structure is reported for a further member in the Sh{III)-
470

sulphate series of compounds. Although formulated as
Sb203.2503.2H20, the structure points to quoz(OH}{504}4{H502).H20
as being the correct representation. Antimony is present in two
different coordination polyvyhedra - a distorted Sb04E pseudo

trigonal bipyramid (Sb—Oeq 1.97, 2.10; Sb-~0ax 2.18, 2.352} and in
a unic consisting of two octahedral SbOSE units sharing an axial-
eguatorial edge.

Single crystals of Na3SbO3 and Na38103 have been obtained for the
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first time and are isostructural.4?l The compounds,which

crystallise in the cubic space group EEJm, have a structure hased
on that of NaCl with systematic wvacancies in the anion sub-lattice.
There are three Sb-0 and Bi-0O distances of 1.890 and 2.0548
respectively, leading to isolated M033— unitT{YéEE)EBV symmetry.

A new tungstoantimonate [M{Sb307)2(sbw7024}3 has been

prepared by treating the 9-tungstoantimonate {Sbw9033H}8_ with

Sb3+.472

1218b MOssbauer data for compounds in the two series stb(OMe)3
and stb(osze}3 have been interpreted as showing octahedrally
coordinated antimony: in the first compounds this is achieved by
dimer formation by methoxy bridging while in the latter, one
acetate group is bidentate.473 Data were also obtained for
dialkylstibinic acids stbO{OH} which are considered to indicate
tetrahedral coordination. This is in contrast to the distorted
trigonal bipyramidal arrangement suggested from Mossbauer

measurements on the corresponding diarylstibinic acids.

Ph3bbBr2

B-diketones and the free diketones respectively give compounds of the
type Ph3SbBr(RlCOCHCOR2) and Ph35b(OMe}(R1COCHCOR2).474

weight, i.r. and n.m.r. data suggest that the ligands hehave as

and Ph35b(0Me)2 on reaction with the sodium salts of

Molecular

bidentate group and the possibility of isomerism is discussed.
The reaction between Ph3SbC12 and catechol in the presence of
ammonia yields a catecholate which is formulated as
- - i —-ray structure
Ph3Sb{02C6H4) H%O Ph3Sb(02C6H4} according to an X v
determination. The structure shown in Figure 11 contains Sb(l:

in distorted octahedral cocrdinaticn by three phenyl groups, Lwo

{2}

Figure 11. Structure of {PhJSbozcsﬂq}z'Hzo {reproduced by permission

from J. Am. Chem. Soc., 102(1980)628).
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oxygen atoms from the chelating catechol group and a third oxygen
atom from an adventitious water molecule. Coordination about the
second antimony atom is square pyramidal with the apical Sb-C
distance (2.0993} being, as expected for this arrangement,
slightly shorter than the bsal Sb-C bonds (2.125 and 2.1438) .
This is only the second antimony (V) compound for which there is
X-ray confirmation of square pyramidal geometry; distortion from
the more usual trigonal hipyramidal geometry is thought to be a
consequence of the presence of a dioxo chelating group.

Three new compounds, K48b207, qusb20? and CsSbOJ, have been
iseclated as products from sclid state reactions betbween Sb205 anad

the appropriate M Sboq.476

determined.47?

3 The structure of KTi3SbO9 has been

Exchange systems on crystalline antimonate{V) acid recently

+ 478

investigated include those between HY and wH, " or MeNH3 and

. . . R " 479
a series involving cransition metzl ions.

$5-.4.4 Bonds to Sulphur, Selenium or Tellurium

Coocrdination about the antimony atom in the tris(diphenyldithio
phosphinate Sb{SzPth}3 is discorted pentagonal pyramidal,480 and
similar to that observed previously for the anionic oxalate
Sh{0OX) 3_. The antimony-sulphur distance tc the apical atom
{2.456A) is substantially shorter than the other two, primary
5b—S bonds (2.591 and 2.598?) and the three remaining distances
are 2.923, 2.978 and 3.1878. This unusual coordination polyhedron
suggests that the vacant axial position might accommodate the
antimony lone pairs. In contrast is cthe distorted octahedral
structure with three short {2.58 - 2.632) and three long (2.78 -
2-86&) Sb-S bonds recently reported for the related dithicophosphate
Sb[szP(OEt)2]3, where the lone pair occupies a capping position.481
Asymmetrically bidentate ligands are also present in the structure
of tris(1—pyrrolodinecarbodithioato)antimony(III).482 The Sb-S5
distances range between 2.484 and 2.g488 and, as in the case above,
there is a place in the coordination sphere for the antimony lone
pair.

Reactions between the antimony mercaptides, Phésbscﬁuqx, and
electrophiles such as chloromethylmethyl sulphide, allyl halides,
sulphenyl halides, halogens, acyl halides, etc. are rapid and
complete halogen—-mercaptide exchange takes place.483 The thermal
decomposition of these mercaptides has alsoc been investigated
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showing that a major part of the reaction occurs via free radical
4
processes. 84 Among the products are Ph3Sb, th, PhH and
XcsﬁdsPh.
Structural data have been obtained recently for a new seleno-

antimonate Badsbdsell obtained from a reaction at 600°C between
barium acetate, antimony and selenium in a 1:1:10 ratio.485 The
solid contains in addition to the Sezz_ unit, a pseudo—tetrahedral
SbSe3 group with a mean Sb~5 distance of 2.598 and S-Sb-S angles

ca. 1020, and both the cis and trans forms (145} and {(146) which

Se Se ,/’Se Se Se
~ ~ ™~ ~
Sb// 5k Sb// 5b
N /7 ~N /N
Se Se
Sea
{145) (146)
would arise if two SbSe3 pyramids shared a common Se---:Se edge.
The new phase 5n,Sk. 5 isclated from the SnS-5b,5, system
4613 486 2¥3
contains ribbon—-like [(Sn/Sb}SS.}]n sheets, while in the

compounds BaSbTe3 and BaBiSe3, recently prepared by direct
synthesis from the elements, the structural units are SbTe6 or
BiSe6 ocgg?edra which are connected by edge sharing into four unit
strings.

A stoichiometric mixture of SnS and SbI, on heating to 650°C
for S5 days yields the new sulphoiodide Sn28b5213,488 which has a
structure in which antimony atoms link together parallel ribbon-
like (Sn25212)n units to give bicapped trigonal prismatic

coordination about antimony.

5.5 BISMUTH

A new ternary bismuthide, CaMn812 can be obtained from the
elements at 1620K which contains sguare pyramidal Bian units
inter—connected to give two dimansional sheets {(Bi-Mn 2.8?42).489
The sheets are separated by double layers of calcivm atoms between
which there are further bismuth atoms in the form of a sgquare net
(Bi—-Bi 3-1822). The structure is related to that of Sansz.

Two molecules of benzene are lost per mole of triphenyl bismuth
in reactions with aliphatic dicarboxylic acids in acetone
solution to give compounds represented by the formulae {147} and

{148).490 Alkyldiphenylbismuthines, thﬂiR where R=HMe, n-Bu or
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(147, n=0-~2} {148)

n-C_H, 4, have been synthesised from thBicl and the appropriate
alkyl lithium as thermally stable but oxygen sensitive compounds.qgl
The authors also showed that it was possible to introduce the thBi

BiCH,Li and that

group into organic compounds by use of thBiNa or th 2

it behaved as a 'mobile functional group®.
Bismuth trichloride reacts with N,N'-bis{trimethylsilyl}lurea to
give {149}, which on further treatment with acetone and DMF is

0
H H H H, Me
OH L
//,szxf P 2 ,/,c-——N\\. ‘//cgf—C.E\
MEZC C \\CMez HN C NH
b [ ! ~c—c” Sp—e””
H,N N N NH M H H §1
N N E €5 Ha o
¢ Bi ¢
ci
o} 3 4] (150)
(149)
492

converted inco {150} with expulsion of BiCl3. Bismuth
trichloride is partially dehalogenated in reactions with
Cp(CO)zMn(THF) to produce a compound with the stoichiometry
[CP(c032mi]2aic1.491
dimeric molecules (151} with an asymmetric double chloride bridging
system (Bi-Cl 2.798, 2.895%).

C53812C19 has been shown to exist in two forms with a transition

An X-ray structure showed the presence of

Cp{0C) Mn cl Mn {CO)} ,Cp
2 2
\

Cp(OC) ,Mn c1 Mn (CO) ,Cp
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temperature of 37300.494

The low temperature form which has the
S—C535b2C19 structure differs from the high temperature
modification in the sequence of the Cs-Cl sheets and in the

occcupation by Bi3+ of the octahedral sitkes. Structures are also

reported for two bismuth bromide species [Sr(Hzo)B]zElizBrlodgS
and Na7(BiBr6){Bizarlo).lSH20,496 both obtained by reactions
between bismuth hydroxide, the appropriate metal carbonate and
dilute hydrobromic acid. The anion in the former is formed from
edge sharing by two BiBr6 octahedra *to give terminal Bi—-Br
distances of 2,72 and 2.84 and bridging Bi-Bx distances of 3.052.
The second compound contains, in addition to the same Bizﬁrlo unik,
octahedral BiBr6 uniks with Bi-Br distances falling between 2.824
ana 2.884R.

Chloro— and bromo-bismuthates Bixqu, Bizxga_ and Bix63_ ES;E
been investigated by Bi, and Br or Cl n.g.r. spectroscopy-
63
halogen resonances in agreement with the presence of only terminal

The data for diethylammonium salts of BiX show a single set of

halegen atoms, but for (EtNH3)BBiCl for example, the data

6'
indicate the presence of either bridging or at least highly
associated halogen atoms. Changes in the far i.r. and Raman
spectra of similar brome— and iodo-bismuthates are alsco sometimes

observed but differentiation between the different steichiometries

is possible on the basis of the speetra.qg8 The ranges cbserved

for the Bi-Br and Bi-I frequencies are summarised in Table 1.

Table 1 Bi-¥ Stretching Frequencies (em™ 1y
X type Bix63_ Bixsz_ Bixq_ Bizx93_
Br terminal 122-158 142-180 173-189 145-180
bridge 108—-131 110-134 99-123
T terminal }05-139 130-143 110--1238
bridge 95-118 B0—99

An investigation of the flucoride jion acceptor properties of
bismuth pentafluoride has led to the isclation of the new noble
gas fluoride adducts ng4(BiF5) and xeF2(BiF5) , where n=1 or 2,

499 ° 7 n
2XeF2.BiF5 and Ker.BiFS. Although the Raman dakta can be
interpreted to a first approximation in terms of ionic structures,

there is evidence for double fluorine bridges between ‘cations’
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and 'anions' implying substantial covalenbt character. BiFS is
therefore considered to be a much weaker Lewis acid than SbFS.

The [Ph3Bi(M004)2]2F ion and a polymeric species (Ph,BiMoO,)
have been isclated from reactions between triphenylbismutch
dibromide and M0042".500 Froml?o and 13C n.m.r. spectroscopy of
the tetra{n-butyl)ammonium salt a trigonal bipyramidalliy coordinated
bismuth atom is suggested with eguatorial phenyl groups and

unidentate Mo0,“” anions in the axial positions.

2
4

X—-ray scattering data from soluticons of basic bismuth{IITI}
perchlorate are consistent with the presence of the same
B1604(OH)46+ unit that is present in the solid state structures of
Biﬁoq(DH)4(Cloq)6_7H20 and Bi604(DH)q{N03)6.H20.501 Oxygen atoms
axre situated above the cctahedral faces of a Bi6 unit in which the
Bi-Bi distance is 3.69, and Bi—02_ and Bi-OH distances are 2.19
and 2.378 respectively.

I.r. and mass spectrometry have been used to characterise the
criformace, Bi(02CH)3, which on heating is converted successively
to BiO(O,CH) and Bi,O, at 157 and 345° respectively. 02 g
number of new higher bismuth oxides has been investigated as the
products of reactions in which Bi3+ was oxidised with ammoniacol
hydrogen peroxide, Na, O, and peroxodisulphate or by hydrolysis of
bismuth(V}ateS.503 In addition to BiDz, four different forms of
8102'5 were identified by thermal and X-ray methods.

The Bi,0,-5e0,-H,0 system at IODOC has been examined and the

273 2 2 .
crystallisation fields and conditions for the formation of
. . . 504
312(5203)3 anc 812(5393)3.H23e03 defined.
metathesis reactions between sodium alkyl xanthates and

The products from

diphenylbismuth bromide are thBiSC(S)OR, where R=Me, Et, n-Pr,
505

i-Pr, n—-Bu and i-Bu. A structure determination for the
i-propyl derivative showed pyramidal coordination about bismuth
(Bi-C 2,26, 2,23, Bi-S 2.668, with angles at bismuth of 96.5, 90.9
and 84.90}; the coordination is increased by a sulphur atom from
a symmetry related molecule at 3.238 from bismuth.

The structure of HgBrzs4 contains two bismuth atoms in the
asymmetric unit, the first in distorted octahedral coordination
with Bi-S distances lying between 2.63 and 3.098 and the second
at the centrz of a distorted mono-capped trigonal prism (Bi-S

506

2.63 — 3.3a8). In BiyIn S,

observed in the In253—31253 system, two of the bismuth atoms are in

eight-foid (distorted bicapped trigonal prismatic) coordination,

while the third has monocapped trigonal prismatic coordination

similar te that in the mercury compound above.SO?

the third ternary compound
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