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Abstract: Reaction of 4,5-difluoroacridine (8) with two eqmva]ents of potassium diphenylphosphide (Ph,PK) yielded
the title compound 3. Contrarily, diphenylphosphine (Ph,PH) reacted with 8 under addition, and 4,5-difluoro-9-
diphenyl-9,10-dihydroacridine (12) was obtained. Compound 8 was prepared from 2-amino-3-fluorobenzoic acid
{(13) in a four step synthesis. As it is shown by the preparation of the metal complexes 4,5-bis(diphenylphosphino)-
acridine-palladium dichloride (16) and 4,5-bis(diphenylphosphino)acridine-molybdenum tricarbonyl (17), compound
3 is capable of acting as a tridentate PNP ligand which coordinates transition metals in an approximately "T-shaped"

planar coordination geometry. Single crystal X-ray structure analyses are reported for 3 and 17,
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The importance and application of bidentate or polydentate phosphine ligands® in homogeneous catalysis is

concide rahlv extended h\l combining nhncnhnrne centers and donors such as nitrogen or oxveen atoms
consigerad enaed comoIning pnospnorus centers anG Qonoers such as nitrogen or oxXyger

inP
ligands® or P/O ligands.* In the context of our concept of using polycyclic arenes and heteroarenes as rigid
carbon skeletons for the construction of new bidentate and tridentate diphosphine ligands we previously
described 1,8-bis(diphenylphosphino)anthracene (1)° and 4,6-bis(diphenylphosphino)dibenzofuran (2)° acting
as tridentate PCP or POP ligands, respectively. In extending this concept to PNP ligands we now introduce 4,5-
bis(diphenylphosphino)acridine (3, "acriphos™).
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The structure of 3 is related to the tridentate PNP ligand 2,6-bis(diphenylphosphinomethyl)pyridine (4).”°
However, the methylene groups connecting the phosphorus atoms and the pyridine ring make 4 less rigid than 3
and also involve some disadvantages. Apan from metai compxexes 5 snowmg a tridentate coordination with a
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basic reagents such as alkahmcta] alkoxxdcs complexcs 5 react under elimination of benzyhc hydrogen atoms to
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For the syntnem f 3 we first prepar€a in€ unknown 4,5-ainalogenoacrivines (o - 1v).  nowever, Usiiig =,0
Ainhlara  and A :_A:k-nm,\qn.-.',l;nn {0 and 1M the divhosohine 2 either was not obtained at all or was formed
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only in very low yields. On the other hand, the reaction of 4,5-difluoroacridine (8) with two equivalents of
potassium diphenylphosphide (Ph,PK, dioxane/tetrahydrofuran 5:1, reflux, 1 h) yielded 3 (yellow crystals, dec
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255°C, 79 %).!"'? This smooth reaction is remarkable in so far as acridine is known to be reactive towards
nucleophilic addition at its C-9 position, and accordingly the phosphide Ph,PLi was reported to react with
acridine under addition to 11."> When 8 was treated with the secondary diphenylphosphine Ph,PH instead of the
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phosphide PhiPR, €ven mild re ction conditions (tetrahydrofuran, room. temp., 2 h) led to addition and 4,5-
. . . o . 12

difluore-9-diphenyl-9,10-dihydroacridine (12, m.p. 151°C, 46 %) was obtained (scheme 1).

Scheme 1

The necessary 8 (yellow crystals, m.p. 193-195°C) was prepared from 2-amino-3-fluorobenzoic acid (13)“ina
four step synthesis (scheme 2).'"'2 The crucial step is the selective removal of the chloro substituent from 9-
chloro-4,5-difluoroacridine (15) without interfering with the fluoro substituents which are similarly reactive

towards nucleophilic attack.
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Scheme 2: a) 2-Fluoroiodobenzene, copper powder/K,CO3, cyclohexanol, reflux, 12 h (71 %); b) POCls, reflux,
3.5 h (81 %); c) p-tosylhydrazine, CHCls, 50°C, 30 min (87 %); d) NaOH/H,O/ethylene glycol,

reflux, 2 h (62 %).

As shown by single crystal X-ray btructure analysis (Figure la), compound 3 has the molecular structure
expected with a planar acridine skeleton.'® The planes between the outer benzene rings of acridine form an angle

of 177.9°, and the P--P distance is found to be 4.338(1) A.

In first experiments the coordination chemistry was studied by reacting the ligand 3 with different transition
metal compounds. For instance the reactions of 3 with bis(benzonitrile)palladium dichloride in dichloromethane
and of 3 with 2,5-norbornadiene-molybdenum tetracarbonyl in toluene yielded 4,5-bis(diphenylphosphino)-
acridine-palladium dichloride [16, light-brown solid, dec. >185°C (DSC), 81 %] and 4,5- bls(dlphet;ylphos-

phino)acridine-molybdenum tricarbonyl [17, dark-green solid, dec. >345°C (DSC), 15 %], respectively.’
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In the complexes 16 and 17 both phosphorus atoms are coordinated to metal, as it is shown by the single signals
in the *'P{'H} NMR spectra [81 MHz; 16: § = 32.7 (CDCl3); 17: 8 = 58.6 (CD,Cl,)]. The coordination of the
nitrogen atom is suggested by the 'H NMR and *C NMR spectra which in comparlson w1th 3 show consider-
able shifts to lower magnetic field espec1ally for 9-H, C-9 and C-4a,-10a [16: i 9)

AS(C-4a,-10a) = 4.2; 17: A8(9-H) = 0.18, Ad(C- 9) 2.2, A&{C-4a
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corresponds with the mass spectrum (electrospray ionization: parent ion m/z = 688 for the complex cation
[3+Pd+Cl]") and with the conductivity, which in chloroform solution has a similar order as tetra-n-butylammo-

nium perchiorate in comparable concentration. Finally, the singie crystal X-ray structure analysis of 17 (Figure
1b) unambiguously shows that 3 really is capable of acting as a tridentate PNP ligand which complexes

transition metal atoms with an annrnv1mafp|v "T_chaned" planar coordination seometry !> In 17 the P...P
willl an appreximat 1-SniapeC pianar coordipatien geomelry. the r
distance is 4.732(1) A and hence 0.4 A longer than in the free ligand 3. The molybdenum atom is surrounded by

dlstoned octahedral ligand sphere formed by the tridentate ligand 3 and the three residual carbonyl ligands in
mer-configuration [angles P1-Mo-P2: 156.8(1)%; C39-Mo0-C40:170.5(2)°; N-Mo-C38: 176.9(2)°]. Since in 17
the P---Mo distances of 2.405(1) A and 2.426(1) A are in the upper range as determined for metal-phosphorus
distances in transition metal phosphine complexc:s,‘6 it can be assumed that the ligand 3 is capable of coordi-
nating almost any transition metal in different oxidation states.
"Acriphos” 3 represents the first example of a new type tridentate PNP ligands. The synthesis via nucleophlic
substitution of 4,5-difluoroacridine (8) makes it possible to prepare a series of other ligands containing different
substituentq at the pho@phoru% atoms, inciuding chiral ”acriphos” ligands.'” Studies to investigate the possibie
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b) Molecular structure of 4,5-bis(diphenylphosphino)acridine-molybdenum tricarbonyl (17)."
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literature cited therein.
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Diisseldorf 1993. - Hillebrand, S. doctoral theszs University of Diisseldorf 1996.

3: MS (EL 70 eV): m/z (%) = 547 (100, M"), 360 (13), 284 (12), 283 (15). - >'P NMR (81 MHz, CDCl;,
external standard 85 % phosphoric acid): & = -14.7 (s). - 'H NMR (400 MHz, CD,CL,): § = 8.82 (s, 1 H,
9-H); 8.00 (dd), 7.40 (dd) and 7.15 (ddd) [ABCXX'-spin system with X = X' = *'P, *Jap = 8.5 Hz, *Jac
= 1.5 Hz, *Jgc = 6.8 Hz, X" Jcxx) = 3.6 Hz, each 2 H for 1-,8-H (A), 2-,7-H (B), 3-, 6-H (C)]; 7.30-7.20 (m,
20 H, phenyl H). - *C NMR (75 MHz, CD,Cl,): 8 (multiplicity with respect to 'Jcy, coupling to *'P with
apparent multiplicity "m") = 149.5 (s, "t", C4a,-10a), 138.7 (s, "t", C-4,-5 or phenyl Cy ), 138.6 (s, "t", C-4,-5 or
phenyl Cipgo), 137.0 (d, s, C-9), 135.8 (d, s, C-3,-6), 134.6 (d, "d" with £*Jcp = 22.4 Hz, phenyl Compo), 129.2
(d, s, C-1,-8), 128.6 (d, "d" with %."Jcp = 12.2 Hz, phenyl Cpera), 128.5 (s, "d" with 3."Jcp = 3.0 Hz, phenyi
26.9 (s, s, C-8a,-9a), 126.3 (d, s, C-2,-7).
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CFCl): 8 = -123.7 (s). - '"H NMR (400 MH Cly '5=879“5-,{F=1'* 1z, 1 H,9-H), 7 T
H, 1-8-H), 7.51-7.43 (m, 4 H, 2-,3-H and 6-,7-H). - °C NMR (50 MHz, CDCl;): & (mult1p11c1ty with
respect to 'Jcy, coupling with '°F) = 157.8 (s, d with 'Jcr = 259.8 Hz, C-4,-5), 139.7 (s, d with *Jer = 14.0
Hz, C-4a,-10a), 135.7 (d, t with *Jor = 6.1 Hz, C-9), 128.0 (s, s br., C-8a,-9a), 125.6 (d, d with *Jop = 7.0
Hz, C-2,-7), 123.8 (d, "t" with "Jcf = 6.1 Hz, C-1,-8), 113.3 (d, d with 2Jcr = 19.2 Hz, C-3,-6).
Satisfactory elementary analyses and appropriate spectroscopic data were obtained for all new compounds.
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Qingla Armrctal Y rax ctrmnintinira amalucac: U faructallizad fenme AisrhlAasaAman thamal, Daamiriaal faraanlae
SiNgie Crysiar A-fay suuCwii® andrysts. o (0ryswanizZ€l 1ioifl Giliusidimculiand). LCiipifiCdai 101imniia
C.H.-P-N maolecular mace: 547 6 o mol! crvetal cize: 004 ¥ 008 x 0 10 mm_ triclinic PT INr 21 a2 =
U37ra7o0 240N, MCICCUIAT TNass. 24/.0 g MOe: , Crysial S1Ze L.Us X VUGS X Vv i, WICniC, 1 (iNfL.2j, a
10.524(1), b= 11.104(1), ¢ = 13.322(1) A, o= 105.50(1)°, B = 103.22(1)°, y=97.85(1)°, V = 1427.7 A*, T

3 R
=293 K, dealca = 1.27 gem™, p = 15.75 cml E000) =572e,Z =2, A = 1.54178 A, analytical absorptlon

correction (min.: 1.136, max.: 1.353), 6147 measured reflections [+h,+k,+1], [Sin®/A]max 0.63 A™', 5882
independent and 3967 observed reflexes [I>20(I)], 469 refined parameters, H atoms were found and
included in the final refinement by least-squares, R = 0.049, Ry, = 0.056 [w=1/6*(F,)], residual electron
density 0.36 ¢ A~

17 - CH,Cl, (crystallized from dichloromethane/n-pentane): Empirical formula: C4H2;MoNOsP; - CH,Cl,
molecular mass: 812.5 g mol !, crystal size: 0.46 x 0.42 x 0.28 mm, monoclinic, P2,/n [Nr.14], a = 9.63(1),
b=18.55(1),c = :20 08(6) A, B =90. 25(3)° V=39454A°T= 293 K, dcmd =137g cm™, p. 0.70 cm™,
F(000) = 1648 e,

e mmmae A nnt o EOVIT Lo P I oy [P T Naes/TY1 ATO e s mbnce LT b [ER N e P 1
llUCpCHU. TiL 1 5701 UUbCl VE&Qd ICLIEXES 11~401)], 4 /0 ICIHICU Pd.l IICLCIS, I1 dlU iTliS W¢i€ C u (G4
ant inalndad in tha final rafinament hu laact_canareae R =N 071 R 209207 Mw = 1/« E D o 0 100DV o
UL 1HIFCIUUCAL IR LEIC L1lidlr LIVl ilivilIviaILY v IvaAsu a\iuwvc, AN = ULU T 1y Iy _—\V.a\s 1 VW — ll\\J \l Q0 ] ¥ \v.1uu1 T
0.000P) with P = (F, 21 9F /3] residual electron density 1.60 e 3 Atomic coordinates and e s.d s have
. } with P = (F,"+2F;“)/3], residual electron density 1.60 e A™. Atomic coordinates and e.s.d.'s have
been deposited at the Cambridge Crystallographic Data Centre
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