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Further Studies of the Kinetic Template Effect in the Metal Ion-catalysed 
Reactions of ortho-Donor-substituted Aryl Halides with Tertiary Phosphines. 
Structural Requirements of the Template 
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The reactions of a series of Schiff's bases, derived from ortho-chloro-, bromo- or iodo- benzaldehydes 
and p-anisidine, with tertiary phosphines in the presence of nickel(i1) bromide in refluxing ethanol 
proceed with displacement of the ortho- halogen to form the related ortho-substituted aryl- 
phosphonium salts. These reactions appear to be examples of a kinetic template effect in which 
the Schiffs base moiety aids the catalytic role of the metal ion in promoting the substitution 
reaction. Introduction of a second donor atom into the substituent group present at the nitrogen of 
related Schiffs bases inhibits the reactions due to diversion of the metal ion in other modes of co- 
ordination. The reactions are also inhibited by steric crowding at the imino-nitrogen. A range of 
other aryl halides bearing ortho-su bstituents having the potential to act as co-ordination templates 
has been prepared and their reactions with phosphines in the presence of metal ions studied 
enabling the rather critical nature of effective template groups to be defined. Detailed 13C n.m.r. 
data are also reported for the Schiffs bases and related arylphosphonium salts. 

The formation of arylphosphonium salts from the reactions 
of tertiary phosphines with aryl halides normally only proceeds 
at elevated temperature (150-200 "C) in the presence of a 
transition metal salt, e.g. cobalt(@ bromide or nickel@) 
bromide, usually in the absence of a ~ o l v e n t . ' ~  In recent 
~ o r k , ~ , ~  we have shown that when the o-bromodiarylazo dye- 
stuffs (1; R' = H or Me, R2 = H or NHAc) are heated under 
reflux in ethanol with a range of tertiary phosphines (2 mol 
equiv.) in the presence of copper(I1) acetate or nickel(@ bromide 
(0.1 mol equiv.), the related diarylazophosphonium salts (z 
R1 = H or Me, R2 = H or NHAc, R3 = e.g., Bu, Ph, 2-thienyl 
or 2-furyl) are formed in good yield. These reactions proceed 
under mild conditions with complete regiospecific replacement 
of the halogen ortho to the azo group. The para-halogen is 
unaffected. Replacement of the ortho-halogen does not occur in 
the absence of the metal salt catalyst. We have suggested that 
these reactions involve the operation of a kinetic template effect 
in which metal ion-promoted replacement of the halogen ortho 
to the azo group is assisted by co-ordination of the metal to an 
azo nitrogen atom. A related regiospecific replacement under 
mild conditions occurs in the reaction of triethylphosphite with 
the dyestuffs (1) in the presence of copper(I1) acetate, to give 
related o-diarylazophosphonate ester.' The mechanism of these 
phosphonation reactions has been studied in detail and found to 
be rather complex.8 

In order to extend our study of the operation of such kinetic 
template effects in promoting the formation of aryl-phosphorus 
bonds, we have explored the reactivity towards tertiary phos- 
phines of a range of aryl halides bearing substituents in the ortho 
position which have the potential to co-ordinate to a metal ion 
catalyst and perhaps to promote facile replacement of the 
halogen under mild conditions. 

(3) IS) 

Initial studiesS centered on a series of Schiffs bases of type 
(3; R' = H, X = C1, Br, or I; Y = H or C1) derived from the 
reactions of halogenobenzaldehydes and p-anisidine. On treat- 
ment with tributylphosphine or triphenylphosphine (2 mol) in 
refluxing ethanol in the presence of nickel@) bromide (0.1 mol), 
the salts (4) are formed over several hours. Preliminary compar- 
ative rate studies using a conductimetric technique indicate that 
the eaSe of replacement of the ortho halogen is I < Br -= C1. The 
related o-fluoro Schiffs bases do not undergo the reaction. The 
isomeric p-halocompounds (3; R' = H; X = H; Y = C1, Br, 
or I) also do not react under these conditions. The dichloro 
Schiffs base (3; R' = H; X = Y = C1) undergoes a regiospecific 
replacement of the ortho-chlorine to give the salts (4; R' = H; 
R2 = Bu or Ph; X = Y = Cl). Unambiguous proof that the 
ortho-chlorine is replaced is provided by alkaline hydrolysis of 
the tributylphosphonium salt, which proceeds with cleavage 
from phosphorus of the group most stable as a carbanion9*" 
to give the pura-chloro Schiffs base (3; R' = H, X = H; Y = 
Cl). The above reactions also proceed in acetonitrile and in 
methanol, but at a slower rate than in ethanol, and also to some 
extent in tetrahydrofuran and in chloroform. No reactions 
occur in the absence of the nickel(@ halide, and as the concentr- 
ation of this catalyst increases, so does the rate of formation of 
the phosphonium salt. The reaction of equimolar amounts of 
preformed bis(phosphine)nickel(Ir) halide complexes with the 
o-halogeno Schiffs bases leads to a much faster rate of formation 
of the phosphonium salts. Apart from nickel@), no other metal 
ion has been found which significantly catalyses these reactions. 
In particular, no salt formation was obsetved when copper(11) 
acetate was used as the catalyst, in marked contrast to the 
related reactions of the dyestuffs (1). 

The related Schiff's base (3; R' = Me; X = Br; Y = H), 
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derived from the reaction of o-bromoacetophenone with p- 
anisidine in toluene, also undergoes the replacement reaction to 
give the salts ( 4  R' = Me; R2  = Ph; X = Br; Y = H), the 
presence of the methyl group on the azomethine carbon causing 
no steric effect. However, increased steric crowding at the azo- 
methine nitrogen is found to inhibit the reaction. Thus whereas 
the Schiff's base (5; R = CH2Ph) reacts with triphenylphos- 
phine in the presence of nickel(rr) bromide to give the salt (6), 
the related Schiffs bases [5; R = CH(Me)Ph or But] fail to 
undergo the reaction. Introduction of a second donor site in 
the imino moiety of the Schiffs base also inhibits the reaction. 
Thus the Schiffs bases (5; R = CH2CH20H, 2-pyridylethyl, 
2-benzothiazolyl, or 2-benzimidazolyl) all fail to undergo the 
substitution reaction on heating with triphenylphosphine in 
ethanol containing either a catalytic quantity of nickel(I1) 
bromide or in the presence of an equimolar amount of a pre- 
formed bis(phosphine)nickel(n) halide complex. It would seem 
that under these conditions, metal ion-promoted hydrolysis of 
the Schiffs base predominates, to give the aldehyde and free 
amino compound. These results imply that when the Schiff's 
base bears a second donor group which is capable of co- 
ordinating with the metal ion, especially when the formation of 
a chelate complex is possible, then the metal ion is diverted from 
its catalytic role. Support for this view is found in the reactions 
of the o-halogenoaryl Schiffs bases (7) and (8), derived from 
so-diamines. These compounds have the potential to form 

n 

( 7 )  

respectively five- and seven-membered ring chelate complexes 
with the metal ion, and do not undergo the substitution reaction 
on treatment with a tertiary phosphine in the presence of 
nickel(r1) bromide. Instead, it is found that these substrates 
undergo hydrolysis to form 2-bromobenzaldehyde and the 
respective diamine. 

The very critical nature of the donor atom and its position 
with respect to the orrho-halogen for the promotion of a 
template-assisted replacement reaction is illustrated by studies 
of the reactivity of a number of related systems. Thus both 
Schiff's base system (9) and (10) fail to undergo conversion to 
phosphonium salts, presumably because neither is able to be 
involved in the appropriate mode of metal co-ordination (e.g. 
the formation of a five-membered ring involving the nitrogen 
and the orrho-halogen) to promote the reactions leading to 
replacement of the orrho-halogen. The oxime (1 1) and 
semicarbazone (12) are similarly unreactive. 

The o-halogenobenzylamines (13; R = H or Me) and (14), 

(10) 

(11) (12) 

n 

n 

whilst having a nitrogen atom in the same relative position as in 
the reactive Schiffs bases, also fail to undergo conversion to 
the related phosphonium salts. Replacement of nitrogen by 
either oxygen, as in o-bromobenzyl alcohol, and the ethers (15) 
and (16), or by sulphur, as in (17), has no effect in promoting 
the substitution reactions, these compounds being inert on 
prolonged reflux in ethanol with triphenylphosphine, in the 
presence of nickel(n) ion. 

Thus it would appear that such metal-ion promoted sub- 
stitution reactions require a very specific template of type (18 
Z = CH or N; R = non-sterically crowded alkyl or aryl). It is of 
interest to note that the reactions of the diarylazo template 
systems (1) appear to be much less sensitive to the presence of 
additional donor centres e.g. (1; R2 = NHCOMe) than those of 
the Scha's bases, and a h  that the reactions of the former are 
catalysed by both copper(u) acetate and nidcelfn) bromide, 
whereas nickel@) is required specifically for the reactions of the 
Schiffs bases. Clearly some very subtle co-ordination chemistry 
is involved in these reactions. It is highly probable that electron- 
transfer processes " are also involved, in which the metal ion 
is initially reduced to a lower oxidation state, e.g. Ni' (the 
active catalytic species) which then undergoes a co-ordination 
template-assisted oxidative insertion into the carbon-halogen 
bond, followed by formation of the phosphorusxarbon bond in 
st reductive-elimination of the phosphonium salt, with regener- 
ation of the catalyst, as in the Scheme. 

Whereas the reduction of copper(r1) to copper(1) by phos- 
phorus(m) compounds is well-known, the related reduction 
of nickel@) to nickel(1) in the absence of an additional reducing 
agent is less well-documented. However, it is known that 
nickel(x) complexes are formed in the reactions of certain 
nickel(r1) halides with polydentate phosphines,' 3*14 and also 
that the nickel(0) complex [Ni{(EtO),P),] is formed when 
nickel(rr) chloride is heated in triethylphosphite. Oxidative- 
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addition of aryl halides to nickel(0) and nickel (I) species is 
now well established,16-18 as is also the formation of aryl- 
phosphonium salts from arylnickel(r1) and arylnickel(rI1) inter- 
mediates.' 8,19 In the reactions of the above o-halogeno Schiff's 
bases, we have observed that the rate of phosphonium salt form- 
ation increases rapidly when the Schiff's base is treated with the 
nickel(1) complex [Ni(Ph,P),Br], (accessible by reduction of 
[Ni(Ph,P),Br,] with sodium borohydride in ethanol).'O This 
result lends some support to the above suggestion of an in-situ 
reduction of the metal from the +2 oxidation state, in which 
intramolecular co-ordination involving the imino nitrogen of 
the Schiff's base has a key role in stabilising the lower oxi- 
dation state and in promoting the subsequent reactions leading 
to phosphonium salt formation. 

Experimental 
13C N.m.r. spectra were recorded on JEOL PFT-100 and 
Bruker AM-250 spectrometers at 25.15 MHz and 62.9 MHz 
respectively. Chemical shifts are reported on the 6 scale with 
respect to tetramethylsilane (5% w/v) as an internal standard in 
deuteriochloroform. Coupling constants are reported in Hz and 
are accurate to 0.73 Hz. " P N.m.r. spectra were recorded on 
a Bruker AM-250 at 101.3 MHz. Chemical shifts are reported 
with respect to 85% orthophosphoric acid as an external 
standard; shifts to high frequency are positive in sign. All 
chemical shifts are accurate to kO.1 p.p.m. 'H N.m.r. spectra 
were recorded on a Bruker WP80 SY spectrometer at 80 MHz. 
Chemical shifts are reported on the 6 scale with respect to tetra- 
methylsilane as an internal standard in deuteriochloroform. 
High resolution mass spectra were recorded using a Kratos 
MS80 mass spectrometer coupled to a DS/55 data system, with 
perfluorokerosene as the reference compound. 

Preparation of Potential Templates.-The following com- 
pounds were prepared as previously described: 2-Bromobenzyl- 
N,N-dimethylamine," 2-bromobenzaldehyde semi-carba- 
zone,' ' 2-bromobenzyl phenyl~ulphide,'~ (2-fluorobenzyl- 
idene)aniline,24 N-(2-ch1orobenzy1idene)-4-methoxyani1ine,'~ 
N-(2-bromobenzylidene)-4-methoxyaniline,26 N-(2-iodo- 
ben~ylidene)-4-methoxyaniline,~~ N-(2,4-dichlorobenzylidene)- 
4-metho~yaniline,'~ 2-bromobenzaldehyde ~ x i m e , ' ~  2-(2- 
bromobenzyloxy)-N,N-dimethylethylamine.30 2-Bromobenzyl- 
amine and 2,4-dichlorobenzylamine were obtained commer- 
cially. The following compounds appear to be new: 

2-( 2- Bromobenzy1oxy)- 1 -methoxyethane (15). To a solution 
of sodium (0.7 g) in 2-methoxyethanol (25 cm3) was added 
2-bromobenzyl bromide (5  g), and the resulting mixture heated 
under reflux for 2 h. The cooled reaction mixture was then 
poured into water (100 cm3) and the product extracted with 
chloroform (4 x 15 cm'). Evaporation of the dried chloroform 
extract gave an oil which was purified by distillation under 
reduced pressure to give the bromo ether (4.16 g, 85%), as a pale 
yellow liquid, b.p. 98 "C at 0.4 mmHg (Found: C, 48.95; H, 5.45. 
CloH13Br02 requires C, 48.95; H, 5.35%); 6,  = 4 . 2 4 . 8  
(m, 4 x ArH), 6.5 (2 H, s), 7.2 (4 H, br s), and 7.4 (3 H, s). 
Schifs's Bases. These were prepared by heating together 

equimolar quantities of the 2-halogenoaryl carbonyl compound 

and primary amine in either ethanol or toluene, in the presence 
of a trace of toluene-p-sulphonic acid as a catalyst, (with 
removal of liberated water using a Dean-Stark trap). In most 
cases, the products crystallised on cooling, and were purified by 
further recrystallisation. In a few cases, the products were oils 
which could not be purified sufficiently for satisfactory micro- 
analysis and so were characterised by 'H n.m.r. and high 
resolution mass spectrometry. The 'H n.m.r. spectra of all of 
these compounds exhibited a characteristic signal at 6 2: 8.5- 
9.0 due to the azomethine proton. 
2,4-Dibromo-N-(4-methoxybenzylidene)aniline (9). This had 

m.p. 87-88 "C (from EtOH) (Found: C, 45.6; H, 2.95; N, 3.7; 
C14H 1 Br,NO requires C, 45.55; H, 3.0; N, 3.8%); 6,8.2 (1 H, s), 
8.1-6.4 (7 H, m), and 3.85 (3 H, s). 
2,4-Dichloro-N-(4-methoxybenzylidene)benzylamine (10). 

This had m.p. 41 "C (from EtOH) (Found: C, 61.25; H, 4.45; N, 
4.75. ClsH13C12N0 requires C, 61.2; H, 4.45; N, 4.75%); 6, 8.3 
(1 H, s); 7.9-6.7 (7 H, m), 4.8 (2 H, s), and 3.8 (3 H, s). 
N-(2-Bromobenzylidene)benzylamine (5; R = PhCH,), iso- 

lated as an oil [Found: M+("Br), 275.0148. C,,H,,BrN 
requires M(81Br), 275.01341; 6, 8.75 (1 H, s), 8.2-7.0 (9 H, m), 
and 4.8 (2 H, s). 

N-(2-Brornobenzylidene)-t-butylarnine (5; R = But). This was 
isolated as an oil [Found: M+(81Br), 241.0295. C,,H,,BrN 
requires M(81Br), 241.02911; 6,g.l (1 H, s), 8.15-7.10 (4 H, m), 
and 8.3 (9 H, s). 

N-(2-Brornobenzylidene)-l -phenylethylamine [5; R = CH- 
(Me)Ph]. This was isolated on an oil [Found: M+(81Br), 
289.03 12. C1 ,H ,,BrN requires M( 81 Br), 289.02901; 6, 8.75 (1 
H, s), 8.25-7.95 (1 H, m), 7.7-6.9 (8 H, m), 4.6 (1 H, q), and 1.6 
(6 H, d). 
N-(2-Bromobenzylidene)-2-hydroxyethylamine (5; R = CH2- 

CH'OH). This was isolated as an oil [Found: M+(81Br), 
228.9926. C,H ,BrNO requires M( 8' Br) 228.99251; 6, 8.6 
(1 H, s), 7.95 (1 H, m), 7.6-7.0 (3 H, m), and 4.8 (4 H, m). 

N-(2- Bromobenzylidene)-2-(2-pyridyl )ethylamine [S; R = 
CH2CH2(2-CsH4N)]. This was isolated as an oil [Found: 
M+("Br), 290.0252. C,,H13BrN2 requires M(81Br), 
290.02431; 6,, 8.55 ( 1  H, s), 7.95 (1 H, m), 7.7-6.7 (7 H, m), 4.05 
(2 H, t), and 3.2 (2 H, t). 
2-Amino-N-(2-bromobenzylidene)benzo[b]thiazole (5; R = 

2-C7H,NS). This was obtained as yellow crystals, m.p. 
196-197 "C (from toluene) [Found: M+(81Br), 317.9674. 
C14H9BrN2S requires M(81Br), 317.96511. 

2-Amino-N-(2-bromobenzylidene)benzo[b]imidazole (5; R = 
2-C,H,N,). This was obtained as pale yellow crystals, m.p. 
208 "C (from EtOH) (Found: C, 56.0; H, 3.35; N, 14.0. 
C14Hl,BrN, requires C, 56.0; H, 3.35; N, 14.0%). 
N,N'-Bis-(2-bromobenzyli&ne)ethane- 1 ,Zdiamine (7). This 

was obtained as white crystals, m.p. 99 "C (from EtOH) (Found 
C, 48.85; H, 3.75. C,,H,,Br,N, requires C, 48.75; H, 3.60%); 6, 
8.65 (2 H, s), 8.0 (2 H, m), 7.7-7.0 (6 H, m), and 4.05 (4 H, s). 

N,N'- Bis-(2-bromobenzylidene)biphenyl-2,2'-diamine (8). This 
was obtained as pale yellow crystals, m.p. 108 "C (from EtOH) 
(Found C, 60.25; H, 3.45; N, 5.30. C2,Hl,Br2N2 requires C, 
60.25; H, 3.45; N, 5.40%); 6,8.5 (2 H, s), and 8.0-6.5 (16 H, m). 

N-[ 1 -(2-Bromophenyl)ethylidene]-4-methoxyaniline (3; R ' = 
Me, X = Br, Y = H). This was isolated as an oil, m/z 305 
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[M'(*'Br)]. Due to coincidence of reference signals, it was not 
possible to record an accurate mass for the molecular ion. The 
'H n.m.r. spectrum indicated that a mixture of isomers was 
present: 6,7.8-6.4 (8 H, m), 3.8 and 3.7 (both s, MeO), and 2.6 
and 2.45 (both s, Me). This substrate was characterised by its 
subsequent conversion to the related phosphonium salt (see 
below). 

Reactions of Schiff 's Bases with Phosphines: General Pro- 
cedure.-The Schiff's base (1 mmol), tertiary phosphine (2 
mmol) and anhydrous nickel(r1) bromide (0.1 mol. equiv.) were 
heated together under reflux in ethanol (10 cm3) in a nitrogen 
atmosphere for 5-8 h, and the progress of the reaction was 
monitored by t.1.c. [Kieselgel; CHC1,-EtOH (80: 20) as the 
eluant]. The reaction mixture was then poured into water (50 
cm3) containing KBr (0.5 g), and extracted with ether (2 x 20 
cm3) in order to remove non-ionic impurities. The aqueous 
layer was then extracted with chloroform (3 x 10 cm3). The 
chloroform layer was dried (MgSO,) and evaporated. The oily 
residue was then triturated several times with dry ether until it 
solidified. The phosphonium salt was then recrystallised from 
chloroform-thy1 acetate (except as stated otherwise). The 
following salts were characterised (,'P and 13C data are 
presented in the Table). 

N-(4-Chloro-2-triphenylphosphoniobenzylidene)-4-methoxy- 
aniline bromide (4; R' = H, R2  = Ph; Y = C1, X = Br). M.p. 
>267 "C (decomp.) (Found: C, 65.6; H, 4.3; N, 2.55. C3,H2,- 
BrClNOP requires C, 65.45; H, 4.45; N, 2.4%); GH(CDC13) 
8.9 (1 H, s), 8.854.8 (18 H, m), 6-7-40 (4 H, deceptively 
simple [AX], system), and 3.70 (3 H, s). 

bromide 
(6). This was characterised as the tribromomercurate(I1) salt, 
m.p. 205-207 "C (from CHCl,) (Found: C, 42.3; H, 2.85; N, 1.4. 
C,,H,,Br,HgNP requires C, 42.85; H, 3.05; N, 1.55%); 

4- Methoxy-N-(a-methyl-2-triphenylphosphoniobenzylidene)- 
aniline bromide (4; R' = Me, R Z  = Ph; Y = H, X = Br). M.p. 
> 265 "C (decomp.) (Found: C, 69.5; H, 5.15; N, 2.45. C33H29- 
BrNOP requires C, 69.95; H, 5.15; N, 2.45%); G,(CDCl,) 8.60- 
8.52(1 H,m),8.27-8.18(1 H,m),7.84-7.12(15H,m),6.5-5.1 
(4 H, deceptively simple [AX], system), 3.69 (3 H, s), and 2.34 (3 
H, s). 

N- (2 - Tr ipheny lphosphonio benzylidene) benzy famine 

6H(CDC13) 8.55 (1 H, S ) ,  8.54.4 (24 H, m), and 3.9 (2 H, S) .  

4- Me thoxy- N -( 2- triphen y lphosp hon iobenz y1idene)aniline 
bromide ( 4  R'  = H, R Z  = Ph; Y = H; X = Br). M.p. 249 "C 
(Found: C, 67.45; H, 5.1; C,,H,,BrNOP~H,O requires C, 67.35; 
H, 5.1%); G,(CDCl,) 8.6 (1 H, s), 8.5-7.0 (19 H, m), 6.7-5.9 
(4 H, deceptively simple [AX], system), and 3.7 (3 H, s). 
4- Methoxy- N-( 2- tributylphosphoniobenzyli&ne)aniline 

bromide (4; R '  = H, R2 = Bu; Y = H; X = Br). M.p. 103- 
105 "C (Found: C, 63.5; H, 8.05; N, 2.8. C,,H,,BrNOP requires 

(4 H, m), 7.45-6.97 (4 H, deceptively simple [AX], system), 
3-87 (3 H, s), 3.02-2.80 (6 H, m), 1.60-1.40 (12 H, m), and 
0.954.84 (9 H, m). 

N-(4-Chloro-2-tributylphosphoniobenzylidene)-4-methoxy- 
aniline bromide (4; R'  = H; R2 = Bu; Y = C1; X = Br). M.p. 
198-199°C (Found: C, 58.95; H, 7.20; N, 2.57. C,,H,,Br- 
ClNOP requires C, 59.24; H, 7.25; N, 2.65%); GH(CDC13) 8.9 
(1 H, s), 8.4-7.55 (3 H, m), 7.5-6.8 (4 H, deceptively simple 
[AX], system), 3.85 (3 H, s), 3.3-2.7 (6 H, m), 1.8-1.2 (12 H, 
m), and 1.14.7 (9 H, m). The salt (200 mg) was dissolved in 
ethanol (3 cm3) and treated with aqueous sodium hydroxide 
(30% w/v; 2 an3), and the resulting mixture allowed to stand at 
room temperature for 7 days. It was then poured into water (15 
an3) and the mixture extracted with ether (2 x 10 cm3). The 
dried ether extract was evaporated and the residue recrystallised 
from ethanol to give N-(4chlorobenzylidene)-4-methoxy- 
aniline, m.p. 123 "C, identical with an authentic sample. 

C, 63.40; H, 8.0; N, 2.85%); &(CDC13) 8.9 (1 H, s), 8.25-7.82 

N.m.r. Spectroscopic Data.-The n.m.r. chemical 
shifts of the parent Schiff's bases and related phosphonium 
salts are reported in the Table. Signals were assigned using 
the standard techniques of Spin Echo Fourier Transform 
(S.E.F.T.), (with a delay time of l/J).31*32 

Ring A. With one exception (compound L), all the signals 
are sharp, and, in the case of the phosphonium salts, exhibited 
coupling to phosphorus. As noted previously in related o- 
phosphoniodiarylazo derivatives (2),6 the substituent ortho to 
phosphorus in the phosphonium salts has a marked effect on the 
value of ,JPc. 

Compound L, in which the Schiff base carbon bears a methyl 
substituent, shows a marked chemical shift change of ca. 8 
p.p.m. for C-1 with respect to the other triphenylphosphonium 
salts. Furthermore, this signal is broader and there is a signal 
missing for one of the aryl ring-carbons. It is probable that the 
methyl substitution causes some form of restricted ring rotation 
and this would account for the broadening of the C-1 signal; 
also as seems likely, the missing signal corresponds to C-5 which 
should also be broadened and would account for its loss. 

For compounds H and I, it is possible that the phosphonium 
salt could be formed either ortho- or para- to the Schiffs base 
substituent on the aryl ring. Substitution parameters for PPh, 
and PBu, on compound B show that a para- phosphonium salt 
should give a chemical shift for C-5 of 129 p.p.m. whilst an ortho- 
phosphonium salt of compound F gives a chemical shift of 113 
p.p.m. Whilst multiple substitution in rings can give rise to large 
errors when using substitution parameters, the lack of any CH 
resonance in compounds H and I below 134 p.p.m. and the fact 
that C-6 always exhibited a coupling constant JpH of 4-5 Hz 
would strongly indicate that the phosphonium salt has been 
formed ortho- to the Schiff's base substituent. 

Ring B. Unlike the ortho- phosphoniodiarylazo derivatives 
(2), no broadening of the aryl carbon signals is observed in any 
of the compounds studied. Changes in chemical shift of C-9, 
C-10, and C-1 1 are very small. Variations in C-8 are more 
marked and probably reflect changes in the relative orientation 
of the rings due to variation in the bulk of the ortho-substituent 
on Ring A. 

Schiff's Base Carbon. Variations in the chemical shift of C-7 
are not large with the exception of the triphenylphosphonium 
salts, again reflecting a steric bulk interaction. 

Other Carbon Signals. The signals for the other carbons in 
the molecule-methoxy, phenyl, and butyl side chains, show no 
abnormal chemical shift behaviour and correspond closely to 
values found for the ortho- phosphoniodiarylazo derivatives., 

+ 
+ 
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