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Abstract 

The trifunctional ligand [4’-(CHO)C,H,]C(O)CH,PPh, (5) has been prepared in four steps (overall yield 50%) starting from 
terephthalaldehyde mono-(diethylacetal) (1): reaction of 1 with CH,MgBr gives [4’-(CH(OC,H,),)C,H,]CH(OH)CH, (2). This is 
oxidized with MnO, to yield the key ketone [4’-(CH(OC,H,),}C,H,]C(O)CH, (3). Metallation of 3 with LiN[(CH,),Si], and 
subsequent reaction with Ph,PCi affords the phosphine [4’-{CH(OC,HsI,)C,H,]C(O)CH,PPh, (4) which after deprotection of 
the aldehyde function yields 5. Condensation of 5 with the p-substituted anilines H,NA-i and H,NA*-12 gives quantitatively the 
corresponding phosphine-imines 6-9. Compound 4 reacts instantaneously with [Pd(acac),] to yield quantitatively the bis-(enolato)- 
complex cis-[Pd{(4’-[CH(OC,H,),]C~H&(O?=CHPPh,)z] (10). Controlled deprotection of 10 gives the corresponding bis-(en- 
olatol-bis-(aldehyde) complex 11. Reaction of 11 with H,NA-i and H,NA*-12 allows the straightforward synthesis of the 
bis-(enolato)-bis-(imine) complexes 12-15. All compounds have been characterized by elemental analysis, and ‘H, t3C{lH) and 3’P 
(‘H) NMR and IR and mass spectroscopy. 
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1. Introduction 

The recent development of phosphine chemistry is 
directed mainly towards the synthesis of new multi- 
functional proligands allowing a subtle control of the 
physical and chemical properties of transition metal 
complexes [l]. In such sophisticated systems the phos- 
phorus is usually regarded as the main complexing 
centre. In most cases, the presence of additional func- 
tional groups in phosphines is expected to favour the 
formation of chelating systems [2] or to create specific 
binding with substrates coordinated to the metal atom, 
and thus to facilitate their transformation [31. In princi- 
ple, the functional groups may also induce in com- 
plexes molecular organization such as mesomorphism 
or monolayer formation or modify the magnetic and 
optical properties of complexes. Such aspects have 
been studied less in phosphine chemistry [4]. 
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One prerequisite for the preparation of phosphine- 
based molecular materials is the synthesis of polyfunc- 
tional phosphines. Of particular interest are hetero- 
functional phosphines which combine a functional 
group suitable for metal or substrate binding [5] with a 
second one displaying a specific physico-chemical, 
metal-independent, property (e.g. solubility [6], meso- 
morphism, polarizability). To prepare such new multi- 
functional proligands, we describe herein the synthesis 
and coordination properties of some new difunctional 
phosphines derived from the keto-(aldehyde)-phos- 
phine 5. This compound has a potential (P,O) biden- 
tate subunit separated from the aldehyde function by a 
phenyl spacer. As an illustration of potential synthetic 
applications of 5 we also describe some reactions in- 
volving either the P,O function or the aldehyde group. 
A brief preliminary account of this work has been 
published [7]. Phosphine ligands which incorporate two 
distinct functionalities in addition to the phosphorus- 
(III) are rather rare and have only been studied occa- 
sionally in coordination chemistry [S]. 
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In this reaction a deprotonation occurs which leads to 
a bis(enolato)-complex. This is confirmed by a typical 
strong enolate band at 1526 cm-’ in the IR spectrum 
[12,13]. The presence of (i) a doublet for the PCH 
groups in the ‘H NMR spectrum (6 4.60, *J(PH) = 1.9 
Hz) and (ii) a doublet in the 13C NMR spectrum (6 
78.61, J(PC) = 64 Hz) for the corresponding carbon 
atoms, indicates a cis geometry. This stereochemistry 

has previously been observed in other square planar 
diphenylphosphino-(enolatoj-complexes [14]. Complex 
10 may conveniently be converted into the related 
bis-(aldehyde) complex 11 (eqn. (2)). 

During the first step of the aldehyde deprotection 
with a H,SO,/SiO, mixture [15] adsorption of the 
complex on silica is observed. Upon addition of NEt,, 
complex 11 is released. Spectroscopic data (see Table 
2) show that the enolate functions are still present and 
that the cis geometry is maintained during this trans- 
formation. The aldehyde functions are characterized by 
a strong v(GO) absorption band at 1698 cm-’ and a 
‘H resonance at 10.02 ppm. Under conditions similar 
to those described above for the syntheses of 6-9, 
complex 11 reacts quantitatively with the amines 
H,NA-12, H,NA-16, H,NA-18 and H,NA*-12 to af- 
ford the bis(phosphineimine) complexes 12-15 (Scheme 
3). As exemplified by Fig. 1, all complexes display 
well-defined NMR spectra, thus excluding the occur- 
rence of aggregation phenomena in solution due to the 
long-chain subunits. Spectroscopic data for these com- 

TABLE 2. Selected spectroscopic data for complexes lo-15 a 

‘H b 13~ b 31 PC IRd 

6 PCH(*J,,) 6 CHN or CHO 6 PCHU,,) 6 COPd 6C=NorCHO S Y en01 V,,ter v imine or 
aldehyde 

10 4.600.9) _ 78.61(64) 183.03 - + 37.3 1526 _ 

1494 
11 4.75c1.6) 10.02 81.30(63) 181.33 192.13 + 37.6 1520 1698 

1488 
12 4.72( < 1) 8.50 80.03(65) 182.39 160.17 + 37.5 1510 1722 1624 

1496 
13 4.74( < 1) 8.50 80.01(63) 182.18 160.19 + 37.7 1510 1728 1624 

1496 
14 4.73U.5) 8.50 80.02(64) 182.41 160.17 + 37.7 1510 1728 1624 

1496 
15 4.72(1.8) 8.49 79.87(63) 182.01 159.23 + 37.5 1520 1626 

1500 = 

a S in ppm; J in Hz; Y in cm- ‘. b Spectra in CDCI,. ’ Spectra in CDCI,, except for 10 (in THF/C,D,) and 12 (in C,H,/C,D,). d KBr pellets. 

e Not assigned. 
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Fig. 1. NMR spectra of compound 8 and complex 14: (a) ‘H NMR spectrum of 8; (b) ‘H NMR spectrum of 14; (c) 13C[lH) NMR spectrum of 8; 
(d) 13C{‘H) NMR spectrum of 14. The peaks marked with an asterisk indicate residual CHICI,. 

plexes are given in Table 2. Such complexes may also 
be obtained by reaction of [Pd(acac),] with 2 equiv of 
the corresponding free phosphine-imine, as shown with 
phosphine 6 (eqn. 3). No artho-metallated N,C com- 
pound was formed during this reaction; only deproto- 
nation of the phosphinoacetyl group occurred. This 
clearly indicates that the first step of the reaction is 
coordination of the phosphorus atom to the metal. 

Complexes 12-15 are yellow, air-stable compounds. 
They are soluble in common solvents (CH,Cl,, THF, 
toluene) and may be easily chromatographed on silica 
gel. For none of the phosphines and complexes de- 
scribed above is mesogenic behaviour observed. This is 
rather surprising for those compounds which contain 
the alkyl or alkoxy chains derived from H,NA-12, 
H,NA-16, H,NA-18 and H,NA*-12, fragments which 

Pd(acach 

6 
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have frequently been reported to induce liquid crys- 
talline behaviour [16]. This could be due to the bulki- 
ness of the phosphino-groups, which does not favour 
three-dimensional molecular organization. 

In conclusion, this work describes a convenient syn- 
thesis of a ketophosphine bearing an additional reac- 
tive aldehyde function. As an illustration of its multi- 
functionality it has been (il condensed with long chain 
substituted p-anilines to afford imino-compounds suit- 
able for metal complexation and (ii) allowed to react 
with palladium to lead to P,O chelate complexes. In 
subsequent work, we will focus on the reactivity of the 
aldehyde function to prepare new organometallic ma- 
terials displaying specific physical properties. The 
question of whether modification of the substituents at 
P will facilitate the formation of metallomesogens is 
also currently under investigation. 

3. Experimental details 3.3. Preparation of H,NA-16 

3.1. General 
All reactions were carried out under dry argon by 

using Schlenk-tube techniques. Solvents, including 

CDCl,, were dried over suitable reagents and freshly 
distilled under argon before use. IR spectra were 
recorded on a IFS 25 Bruker spectrometer. The ‘H 
NMR data were referenced to residual protonated 
solvents (7.25 ppm for CDCl,); i3C NMR chemical 
shifts are reported relative to CDCl, (77.0 ppm) and 
the 31P NMR data are given relative to external 85% 
H,PO,. The 13C NMR chemical shifts marked with an 
asterisk correspond to signals which could not be as- 
signed unambiguously. The mass spectra of compounds 
2-5 and 9 were recorded on a LKB 9000 S mass 
spectrometer; those of compounds 6 and 7 were 
recorded on a TSQ70 Finnigan MAT and those of 
compounds 8, lo-15 were recorded on a ZAB HF VG 
Analytical using m-nitrobenzyl alcohol as matrix. The 
silica gel used for chromatography was pre-treated with 
a 5% NEt,/THF mixture. [Pd(acac),l [17] and the 
amine precursors O,NA-12, O,NA-16 and O,NA-18, 
defined in Scheme 2, were prepared according to liter- 
ature procedures [18]. Amine H,NA*-12 (see Scheme 
2) is commercially available. The n-BuLi solutions were 
titrated according to ref. 19. 

3.2. Preparation of H,NA-12 
A solution of 4-nitrophenyl-4’-dodecylbenzoate 

(1.000 g, 2.34 mmol) in CH,Cl,/EtOH (20/40 ml) was 
hydrogenated with vigorous shaking during 24 h, under 
4.5 atm of H,, in the presence of Pd/C 10% (0.150 g). 
The suspension was then filtered over Celite and the 
solvent removed in uacuo. The product was chro- 
matographed on a silica gel column using a mixture of 
ethylacetate/hexane (1: 2, v/v> as eluant (Rf = 0.18). 
The product was recrystallized from CH,Cl,/EtOH 
and obtained as a white solid (0.858 g, 87%). m.p. 
86-88°C. IR (KBrl: 1, = 3456m, 3427m, 3340m, 3214w, 
2955sh, 292Os, 2900sh, 2852s 1726s ((C=O),,,,,), 1606s 
(NH, scissor) cm- ‘. ‘H NMR (CDCl,): 6 = 8.12-6.70 
(m, 8H, aromatic H), 4.03 (t, 2H, OCH,, 3J(HH) = 7 
Hz), 3.65 (s, 2H, NH, exchanged with D,O), 1.82 (m, 
2H, OCH,CH,), 1.47 (m, 2H, OCH,CH,CH,), 1.27 
(broad s, 16H, CH,), 0.89 (t, 3H, CH,, 3J(HH> = 7 Hz). 
‘3C(‘H) NMR (CDCl,): 6 = 165.33*, 163.26*, 144.10*, 
143.07*, 132.02*, 122.20*, 121.79*, 115.52*, 114.11*, 
68.17 (OCH,), 31.80*, 29.52*, 29.47*, 29.24*, 28.99*, 
25.86*, 22.56*, 13.99 (Me). MS (E.I.), m/z(%)= 397 
(100) [M+]. Anal. Found: C, 75.42; H, 8.89; N, 3.47. 
C,,H,,NO, (397.56) calcd.: C, 75.53; H, 8.87; N, 3.52%. 

This amine was prepared starting from 4- 
nitrophenyl-4’-hexadecylbenzoate and using a proce- 
dure similar to that used for amine H,NA-12 (yield 
87%). m.p. 95-97°C. IR (KBr): Y = 3454m, 3425m, 
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3.8. 4’-Formyl-2-diphenylphosphino-acetophenone (5) 
A solution of phosphine 4 (0.406 g, 1.00 mmol) in 

THF (20 ml) was treated with aqueous HCl (1 N 
solution, 3 ml). After stirring for 0.5 h, degassed aque- 
ous Na,CO, (0.03 M, 100 ml) was added. The white 
product was filtered off and dried in vacua (0.315 g, 
95%). m.p. 103-104°C. IR (KBr): v 1698 ms (CO,,,), 
1674 s cm-’ (C=Oketo). ‘H NMR (CDCl,): S = 10.09 
(s, HC(O)), 8.08-7.32 (14H, aromatic H’s), 3.83 (s, 2H, 
PCH,, ‘J(PH> = 0 Hz). i3C {‘HI NMR (CDCI,): 6 = 
196.62 (d, C=O, ‘J(PC) = 7.5 Hz), 191.45 (s, CH(O)), 
141.28-128.67 (aromatic C’s), 41.15 (d, PCH,, J(PC) = 
24 Hz). 31P{1H} NMR (CDCI,): 6 = -16.1 (s). MS 
(EL), m/z(%) = 332 (100) [M+]. Anal. Found: C, 
76.13; H, 5.26. C,,H,,O,P (332.34) calcd.: C, 75.90; H, 
5.16%. 

3.9. N-[4-(2-Diphenylphosphinoacetyl)benzylidene]-4-[4- 
(dodecyloxy)oxycarbonylphenyl]aniline (6) 

This was prepared by treating a benzene solution 
(25 ml> containing phosphine 5 (0.040 g, 0.12 mmol), 
H,NA-12 (0.048 g, 0.12 mmol) and p-toluenesulfonic 
acid (0.001 g, 0.003 mmol) under reflux in a Dean-Stark 
apparatus during 2 h. The solution was then filtered 
and concentrated to ca. 1 ml. Addition of pentane gave 
6 as a white precipitate (0.076 g, 89%). m.p. 110.2- 
111.2”C. IR (KBr): v = 1734ms and 1724ms (C=O,,, ,>, 
1674s and 1662s (C=Oketo), 1626m (C=N) cm-‘. ‘H 
NMR (CDCI,): 6 = 8.53 (s, lH, C(H)_N), 8.19-6.96 
(22H, aromatic H’S), 4.05 (t, 2H, OCH,, 3J(HH) = 6.5 
Hz), 3.84 (s, 2H, PCH,, *J(PH) = 0 Hz), 1.81 (m, 2H, 
OCH,CH,), 1.47 (m, 2H, CH,), 1.28 (broad s, 16H, 
CH,), 0.89 (t, 3H, 3J(HH) = 7 Hz). 13C{‘H} NMR 
(CDCI,): 6 = 196.71 (d, C=Oketo, ‘J(PC) = 8 Hz), 
165.02*, 163.74*, 158.90 (s, C=N), 149.88-114.45 
(aromatic C’s), 68.47 (s, OCH,), 40.98 (d, PCH,, J(PC) 
= 22 Hz), 31.98-14.14 (aliphatic C’s). 31P(1H] NMR 
(CDCI,): 6 - 16.0 (s). MS (E.I.), m/z(%) = 711 (1.8) 
[M+l. Anal. Found: C, 77.80; H, 7.03; N, 1.98. 
C,,H,,NO,P (711.88) calcd.: C, 77.61; H, 7.08; N, 
1.97%. 

3.10. N-[4- (2-DiphenylphosphinoacetylIbenzylidene]-4- 
[4-(hexadecyloxy)oxycarbonylphenyl]aniline (7) 

This was prepared using a procedure similar to that 
used for phosphine 6, starting from H,NA-16 (yield 
89%). m.p. 109.6-110.6”C. IR (KBr): y 1736ms and 
1724ms (C=O,,$, 1674s and 1662s (GOketo), 1626m 
(C=N) cm-‘. H NMR (CDCI,): 6 = 8.53 (s, lH, 
CH=N), 8.18-6.96 (22H, aromatic HI, 4.05 (t, 2H, 
OCH,, 3J(HH) = 7 Hz), 3.84 (s, 2H, PCH,, *J(PH) = 0 
Hz), 1.80 (m, 2H, OCH,CH,), 1.47 (m, 2H, 
OCH,CH,CH,), 1.26 (24H, CH,), 0.88 (t, 3H, CH,, 
3.J(HH) = 7 Hz). 13C{‘H} NMR (CDCI,): 6 = 196.66 (d, 

C--Oketo~ *J(PC)= 8 Hz), 164.95*, 163.74*, 158.85 (s, 
C=N), 149.92-114.49 (aromatic c’s), 68.47 (s, OCH,), 
40.98 (d, PCH,, J(PC) = 22 Hz), 31.98-14.08 (aliphatic 
C’s). 31P (‘H) NMR (CDCl,): 6 = - 16.2 (s). MS (E.I.), 
m/z(%) = 767 (0.5) [M+l. Anal. Found: C, 78.07; H, 
7.34; N, 1.79. C,,H,,NO,P (767.991 calcd.: C, 78.20; H, 
7.61; N, 1.82%. 

3.11. N-[4-(2-Diphenylphosphinoacetyl~benzylidene/-4- 
[4-(octadecyloxy)oxycarbonylphenyl]aniline (8) 

This was prepared starting from H,NA-18 and us- 
ing a procedure similar to that used for phosphine 6 
(yield 90%). m.p. llO.O-111.7”C. IR (KBr): Y = 1734ms 
and 1722ms (c--O 1 1674s and 1662s (C=OkJ, 
1626m (C=N) cm- ?“?I NMR (CDCI,): 6 = 8.53 (s, 
lH, C(HbN), 8.18-6.96 (22H, aromatic H’s), 4.05 (t, 
2H, OCH,, 3J(HH> = 6.5 Hz), 3.84 (s, 2H, PCH,, 
*J(PH) = 0 Hz), 1.81 (m, 2H, OCH,CH,), 1.47 (m, 2H, 
CH,), 1.26 (broad s, 28H, CH,), 0.88 (t, 3H, CH,, 
3J(HH) = 6 Hz). 13C{‘H} NMR (CDCI,): 6 = 196.62 (d, 

C==C keto, 2J(PC) = 9 Hz), 164.99*, 163.73*, 158.85 (s, 
C=N), 149.88-114.47 (aromatic c’s), 68.47 (s, OCH,), 
40.98 (d, PCH,, J(PC) = 22 Hz), 31.98-14.11 (aliphatic 
C’s). 31P {‘H) NMR (CDCI,): 6 = - 16.3 (s). MS (FAR), 
m/t (%) = 796 (15) [(M + H)+]. Anal. Found: C, 78.44; 
H, 8.14; N, 1.73. C,,H,,NO,P (796.04) calcd.: C, 78.46; 
H, 7.85; N, 1.76%. 

3.12. N-[4-(2-Diphenylphosphinoacetyl)benzylidene]-4- 
(dodecyljaniline (9). 

This was prepared by heating a benzene solution (25 
ml) containing phosphine 5 (0.050 g, 0.15 mmol), 
H,NA*-12 (0.039 g, 0.15 mmol) and p-toluenesulfonic 
acid (0.001 g, 0.003 mmol) under reflux in a Dean-Stark 
apparatus during 2 h. The solution was then filtered 
and concentrated to ca. 1 ml. Addition of methanol 
gave 9 as a pale yellow precipitate (0.068 g, 79%). m.p. 
58.0-59.1”C. IR (KBr): v = 1676s and 1662s ((C=o),&,), 
1626m (C=N) cm-‘. ’ H NMR (CDCI,): 6 = 8.53 (s, 
lH, C(Hj=N), 8.05-7.17 (14H, aromatic H), 3.85 (s, 2H, 
PCH *, *J(PH) = 0 Hz), 2.66 (t, 2H, CH *, 3J(HH> = 7 
Hz), 1.66 (m, 2H, CH3CH2), 1.31 (broad s, 18H, CH,), 
0.92 (t, 3H, CH,, J(HH) = 7 Hz). 13C{1H) NMR 
(CDCI,): 6 = 196.64 (d, c--oketO, *J(PC> = 8 Hz), 157.89 
(C=N), 141.67-120.88 (aromatic C’s), 40.81 (d, PCH,, 
J(PC) = 22 Hz), 35.50-14.12 (aliphatic C’s). 31P {H) 
NMR (toluene-C,D& S = - 16.4 (s). MS (EL), 
m/z(%) = 575 (1.8) [M+]. Anal. Found: C, 81.28; H, 
8.13; N, 2.46. C3,H,,NOP (575.79) calcd.: C, 81.36; H, 
8.05; N, 2.43%. 

3.13. cis-Bis(4’-diethylacetal-2-diphenylphosphino-aceto- 
phenonato-0,P) palladium(II) (10) 

Compound 4 (0.406 g, 1.00 mmol) was allowed to 
react with [Pd(acac),l (0.153 g, 0.50 mmol) in THF (35 
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H,NA*-12 and complex 11 (yield 90%). m.p. 150°C 
dec. IR (KBr): Y = 1626s (C=N), 1520s and 15OOvs 
((C-O) + (c--C)) cm -’ ‘H NMR (CDCI, . 1: 6 8.49 (s, 
2H, CH=N), 8.1 l-7.06 (36H, aromatic Hl, 4.72 (d, 2H, 
PCH, 2J(PH) = 1.8 Hz), 2.62 (t, 4H, NC6H,CH,, 
3J(HH) = 7.6 Hz), 1.63 (m, 4H, CH,CH,), 1.26 (broad 
s, 36H, CH,), 0.88 (t, 6H, CH,, 3J(HH) = 6.8 Hz). 
13C{lH} NMR (CDCI,): 6 182.01 (t, COPd, 2J(PC) * 
3J(P’C) = 5.5 Hz), 159.23 (C=N), 149.60-120.78 
(aromatic C’s), 79.87 (d, PCH, J(PC) = 63 Hz), 35.46- 
14.07 (aliphatic C’s). 31P{LH} NMR (CDCI,): 6 = 37.5 
(s). MS (FAB), m/z(%) = 1255 (10) [(M + HI+]. Anal. 
Found: C, 74.66; H, 7.13; N, 2.28. C,,H,,N202P,Pd 
(1255.95) calcd.: C, 74.59; H, 7.22; N, 2.23%. 
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