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BisC2.4-blskrlfluoromethyl~phenyllfluomphosphlne, 1. and 2.4-blsttrlfl uoromsthyl)phenyl- 

C2,6-blsWfl uoromethyl)phenyllfluoroporophosphlne. 2 were found amongst the products of the re- 

actbn of 1.3-blskrlfl uoromethyljbenzene with ~butylllthlum. followed by chlorodlfluorophosphlne. 

The mltiure of 1 and 2 was a stable, dlstlllable oily Ilquld. which ctystalllzed on standlng. The 

reactlon of the mlxture of 1 and 2 wlth dlchloro-(q4-1.5~cyclooctadlene)platlnum(ll) led to the 

formation of clsdlchloro-bls(bls(2.4-blskrffl uoromethyl)phenyl)fluorophosphlno~platlnum~II). 8. 

’ Ths products 1.2 and 9 were characterized by their H-, “F- and “P-NMR and mass 

spectra. Tha long-rangs coup@ constants 4JtWI and ‘J(R) are dlscussed. The structure of 

3 was confirmed by a single crystal X-ray Investlgatlon. 3 crystallizes In the monocllnlc space 

gruup c2/~ wlth cell constants a = 1331.6(3). p = 2392.5(4). E = 1263.1(2) pm, 

B = 93.75(2)’ and Z = 4 (the complex possesses crystallographic twofdd symmetry). The 

bond lengths Pt-P 221.7, R-Cl 232.6, P-F 155.9 pm all lis In the expected range for 

platlnum flwmphcqhlne complexes. 

l Author to whom correspcndence should be addressed. 
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lNTFIODUCTlON 

Arylllthlum compounds yield aryldlfluorophosphines on treatment with chlorodltluorophos- 

phine [l]. For aromatic difluorophosphines bearing an orho-CF,-group, long-range coupling has 

been observed C1.2.3.41. for which through-space lnteractlons of the fF2- and the CF3- 

group C21 have been suggested as the cause. Our interest focussed on the long-range 

couplings of fluorophosphines. and especially on 4JPF)- and 5JW)-coupllng constants. 

RESULTS AND DISCUSSION 

The following reaction. In whkh 2.6-bls(trffl wromethyl)phenylllthlum Is an Intermediate. 

Is described in the literature C31 : 

We found that the llthlatkn reactkn wlthout MDA yields a ce. 3 : 1 mixture of - 

2.4- and 2.6- blsWfluorome thyl)phenylllthlum, establlshed by reaction wlth PF2CI. 

Li 

F3c 

YT 
0 

-3 
+ IFBuLl - 

F3c 

-6 
0 

cp3 

+ F3cXXm3 Li 
u.1 3 - 

Treatment of thls mltiura of Isomers with PF2CI yields bisC2.4-bis(trMuoromethyl) 

phenyllfluorophosphlne, 1. and 2.4-blsttrlfl uoromethyl)phenyl)-C2.6-bls(trlfl uoromsthyl)phenyll 

fluorophosphlne. 2 In 36% total yield. The sterlcally less demanding compound, 2.4-bls(trl- 

fluoromethyl)phenylllthlum. could react elther twke with PF2CI or with the expected product, 
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2.6-blsWfluorwnethyhyl)phanyldffluoruphosphlne. The products 1 and 2 were of the same 

vdatlllty and could not be separated by dlstlllation. Tha ratlo of 1 and 2 was found to ba 

ca. 1 : 1 (“F- and 31 P-NMR spactra). The “F- and 31 
- P-NM data are presented and 

cmpamd wlth those of other trifl uuromethyl- substituted arylphosphlnes In Table 1. 

TABLE 1 

19 
F- and 3’P-NMR Data of TrMuoromsthyl-substituted Arylphosphlnes 

%-NMR 19F-NMR 
Compouad &P lJ[gpl 'JO 5Jcpp, SFBF) Refemnoe 

bmnl cm!1 uizl CHZI CDDd 

a 0 
-3 

*2 
-_- -ii99 +68.3 +8.3 - 

a 0 -3 
Pc12 

a3 

pp2 

OMe 

-- - 852 -_ ___ 

205.7 1199 ul931 57 0 13 -95.9 

SC 

P 0 pp2 202.7 1190 wJ6) -- ‘JO 22 -100.1 

Oh 

-3 

K12 146.6 - 61.0 --- -- 

-3 

144.4 --- 61.0 -- - 

m3 

f21 

c21 

Cl1 

Cl1 

c31 

c41 

(continued) 
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TABLE 1 (cont.) 

Compound 

%-NMR 19P-NMR 

6P IJBp) ‘JBF) sJ(pn &Fm Reference 

cppml CHZI cH.21 lx21 [FVd 

p3 
134.9 1179.6 

-3 

F3 

187.7 1231.1 

cF3 

-3 (“F 1 74.2 --- 
PC1 

2 

SO.6 -- -- C’l 

463 ___ --- cu 

470 _- --- C’l 

( ) 
a) 

p3YxQ; A 143-o 
2 

1 

a) 

l!%S 

3 X30.0 934 m7P -20 -- 430.5 

a All lines broad; coupling constants are approximate and were taken directly fmm the 

spectrum. b ‘1+3’JW); all lines broad. 

430 

-990 

44 4 -190.0 

-44 -6; -21 -191.7 
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lb reactkm of the mixture of 1 and 2 with dkhkro-(q4-cyckoctadiene-1.5) 

platlnum(ll) led only to the formatkn of c&-dlchloro-blsl:bls~2.4-b~~trM ucromethyl)phenyl)- 

fluomphosphlnolplatlnum(lI). 5 

2 

( ) 
‘“w 

-3 R + (codIFtC12 - > 

2 

c/s-[ (+@73);$%C$ 

This reactkn was carried out wlth a llgand to (codRC12 ratb of 2 : 1 and 4 : 1; In 

both cases 53% of 1 could be Isolated (yield based on (codPtC12). We therefore belleve that 

cumpound 2 also reacts with (codPtC12. but no mixed complex could be Mated and in the 

lgF-NMR spectrum no product of this reactkn could be identifkd. 

A mass spectrum of 3 was observed at 30°C In splte of lts hlgh molecular welght of 

1218 g/mole. For all signals In the mass spectrum of 3 a good ag reement of the lsotopk 

dlstrlbutlon was found for the calculated and the observed peaks. The molecular peak of 3 

is shown In Flg. 1. 
. 

Flg. 1. Molecular peak In the mass spectrum of 3 observed (below). cakulated Uove). 
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The structure of compound 9 cis- [ (%%_3)jF ~ 

was conflrmed by an X-ray Investigatkn. The conformation is cis and the coordlnatkm gso- 

mtry Is square planar. The molecule (Fig. 2) possesses crystallographk twofold symmetry 

(the Pt-atom lies on the axis l/2. y. 314). 

F13Q 

Fll 
F12 

Fig. 2. The molecule of complex 3 In the crystal, showing the numberlng of ths asymfmtrlc 

unit. Radii are arbltrary. Selected bond lengths Cpml and angles toI: Pt-P 221.7(l). R-Cl 

232.6(l). P-F(l) 155.9(2). P-C(H) 181.9(3). P-C(21) 181.6(3). P-R-Cl 176.3(l). 

92.9(l). Cl-Pt-P(I) 89.4(l). Cl-R-CNII 88.50). R-P-F(l) i12.2(0. Pt-P-CM) 

Pt-P-C(Pl) 105.2(l). F(l)-P-C(ll) 104.5(l). F(l)-P-C(Pl) 103.6(l). CW-PC(211 

Symmtry operator (1) : 1 - x. y. 1.5 - z. 

P-Pt-P(I) 

ll8.OW. 

105.2w. 
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lhe bond lengths Pt-P 221.7(l). R-Cl 232.6(l). P-F 155.9(2) pm all Ile In the expected 

range for platlnum fluorophosphlna complexes C51. Ths bond lengths P-C and P-F ars shartar 

than In the square planar complex trans4tert-Bu2PF)2NlBr2 C63 (see Table 2). Thls may 

be due to the dlffarence ln ektmnegatlvity of the organic gmup and the metal centrs and 

also bscause 9 Is cls. 

TABLE 2 

Bond Lengths Cpml and Angles Co1 In Monofluomphosphlnes and thelr Complexes 

r(P-C) r(P-FI r(P-MI <CC-P-n 

tert-Bu2PF 

Llt. c91 

frans_(te~?-Bu~PF)~NIBr~ 

Lit. C61 

165.9(6) 161.9UI --- 96.0(2) 

186(l) 157.9(7) 223.2(3) 97.3(5) 

166(i) 97.9(5) 

c/s- [ pwa3);]F ;;.99;: 155.9(2) 221.7(l) ;:5:; 

. 

In reference C2l the strung long-range couplings 4J(PFI and 5J(FF) (see Table 1) 

were attrlbuted to through-space lntaractkns between the lone pair of phosphorus and ths 

CF3-group. In the case of two CF3-groups uf#to to phosphorus these couplings were 

smaller (see Table 1). and slgnlflcantly smaller for 3. We agree wlth the vlew expressed In 

reference C21 that lone-pair lnteractkms are the maln factor for the long-range couplings, 

because the lone palr Is unavallable In 9 snd cannot Interact In the same way wlth two 

oMo-CF3-groups In ths 2.6-dlsubstltuted dsrlvatives as wlth one cv?/~AF~-grc~p. Ths 

through-space lnteractbns are therefore not solely a consequence of the relatively short 

non-bonded distances FP--CF3, as obserwd In 3 (P--X(17) 330 pm; P--427) 335 pm). 
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EXPERIMENTAL 

All experlments described were conducted with careful exclusion of alr and ntolsture. 

Solvents were d&d using standard procedures. Cisdichloro(q4-cyclooctadlene-1.5~piatinum~ll~ 

CkodFtC121 C7l and chlorodlfluorophosphlne C81 were prepared by literature methods. The 

NMR spectra were recorded on BAUKER AC-200 and BRUKER AC-400 spectrometers, 

employlng the following standards and conditions: ‘l-l QOO.1 MHz. CDCl3. TMS Internal). 19F 

(188.3 MHz. CDClg CFC13 external). 31P (81.0 MHz. CDC13. H3P04 external). Low field 

shlfts were allocated posltlve slgns. The mass spectra were recorded on a FINNIGAN MAT 

8430 instrument under El condltbns. 

Preparation of blsC2.4-bls(trlfl uommethyl)phenyl3fluorophosphlne, 1. and 2.4-blsWfluoromethyl) 

phenyl-C2.6-blsItrlfl uommethyl)phenyl3fluoqhosphlne, 2 

This preparation was conducted by analogy to the literature method Cll. A sdutbn of 

1.3-blsWfl uoromethyl)benzene (40 g; 0.187 mol) In 100 ml ether was treated with n-butyl- 

llthlum (12.0 g; 0.187 mol as a 1.6 molar sdutkm In hexane) In a 500 ml heavy-wall glass 

tube, fltted with a TEFLON~stopcock. The mlxture was held at 60°C for 20 h and PF2CI 

(21.0 g: 0.201 mol) was then condensed onto the mixture at -196°C. The tube was resealed. 

and Its contents werB allowed to warm up to 23’C over 15 mln. Llthlum chloride and fluorlde 

were removed by flltration and the resldue was dlstllled In vacua (98-101°C/0.6 mm). Double 

distillation at 98-99OWO.2 mm yielded 17.1 g (38%) of 1 and 2 as a ~a. 1 : 1 mltiure. 

C16H6F13P 
(476.2) found: C 41.0 H 1.7 P 6.6 

talc.: C 40.4 H 1.3 P 6.5 

‘H-NMR spectrum: #-I 8.11 ppm (d. J 8 Hz; 2H); 8.03 ppm (s: 3H): 7.88 ppm (m; 3H); 

7.67 ppm (m; 3H); 7.14 ppm (d. J 8 Hz; 1H). 

“F-NtvlR spectrum: 1: W~a-CF3) -63.8 ppm (s; 6FI; F(ortho-CF3) -57.5 ppm (dd. 4JWFI 

64 Hz, 5J(FF) m 6 Hz; 6FI; F(PFI -190.0 ppm (d of septets, ‘J(W) -930 Hz. ‘J(R) -6Hz; 
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IF); 2: WpersrCF3) -63.4 ppm ts; 3FI; FtorthpcF 3) -56.0 ppm (broad; 6FI; -59.2 ppm tdd. 

4 
JfPFI ~44 i-ix. 5JWI m 7 Hz; 3FI: FfPFI -191.7 ppm fdm. ‘JCPFI -990 Hz. 5JtFFI I* 6 Hz 

tapproxlmately a quartet) and 21 Hz fapproximateiy a septet); IF). Ail signals were broad. 

Mass spectrum (30°C): Ml+ 476 (98%); M-F’+ 457 (30); MCF31+ 407 (base peak); 

M-F+CFJT 319 (64%). No other peak above 20% relattve intensity was &served. 

Preparation of c/s-dkhiwo-bisCbist2,4-bisWfi wromethyl~phenyl~fl~~~i~l~atinum~ii~,~ 

A soiution of tcodWtCi2 (1.0 g; 2.76 mmoi) in 50 mi dkhkromethane was mixed with 

a soiutkn of 1 and 2 (2.55 g; 5.53 mmoi) in 10 mi dichioromethane. After standing for 4 h. 

haif ths solvent was removed h vpcw and 10 mi of ethar were added. Tha white precipitate 

formed was flitered. Five weeks later a second batch of crystals was Mated from the 

mother ilquor. Yieid: 1.73 g (53%). 

in a second preparation ether vapour was allowed to diffuse into a mbcture of 

tcod)PtCi2 (0.5 g; 1.34 mmoi) and f and 2 (2.5 g: 5.25 mmoi) in 70 mi dichkromethane 

for six weeks. A few crystals were obtained, ute of which was used for the X-ray crystal 

structure determination. The main batch was obtained by concentrating the soiution to 10 mi 

and adding 60 ml of ether. This mlxture was stirred ovemlght. Yield: 0.87 g (53 X); 

Fp. ,280’C fdec.1. 

C32H12Ci2F26P2Pt (1218.34) found: C 32.2 H 1.2 P 5.3 

caic.: c 31.5 H 1.0 P 5.1 

‘H-NM spectrum: 8i-f 8.14 ppm (broad; 2HI; 7.98 ppm (very broad. IH). 

lgF-NMR spectrum: Ff crW-CF3) -58.5 ppm (broad,d, 4JtPFI -20 Hz 12FI; F+amcF3) 

64.2 ppm fs; 12FI; FfPFI -130.5 ppm tbroad.d. i1+3iJtPFI * 957 Hz. 2JWW (Y 410 Hz). 

“P-NMR spectrum: P 130.0 ppm (broad. d. 
il+3i 

JtPFI * 954 Hz. ‘JfPtP) 4468 Hz) 

(width at haif height u 40 Hz). 

Mass spectrum M!O°C): M7+ 1218 (12%): M-Fr 1199 (4%): M-HCiT 1182 (14%); 
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M-2HCl7+ 1146 (24%); M-2HCI-L-T+ 670 (17%); h&2HCI-(X4-L’+ 562 (20%); L+Cl’+ 511 

(42%): Lr 476 (36%); L-CF3l+ 407 (70); L-2CF3-H’+ 337 (42%): L-2(X3-F’+ 319 (ba- 

se peak) ; C7H3F3Pr 175 (66%). No other peak above 30% relative intensity was observed. 

Crystal Structure Analysis of 3 

ihSS!dpata: c~~H~~C$F~~P~P~. M = 1216.4. Monoclink. space group c2& a = 

1331.6(3), h = 2392.5(4). g = 1263.1(2) pm, 6 = 93.75(2)‘. Y = 4.016 nm3. Z = 4. % = 

2.01 Mg rns3. E(OO0) = 2726, X(Mo Ka) = 71.069 pm. P = 4.3 mm-‘. 

pata w d w : A colourless prism ~a. 0.4 x 0.3 x 0.25 mm was mounted 

parallel to 017 In a glass capillary. 6440 protIe-fitted lntensltles Cl03 were maasured on a 

Stoe-Stemens four-circle diffractometer using monochromated Mo ha radiation (28, 55’). 

Averaglng equlvalents gave 4596 independent reflections (Bint 0.011). of whkh 4165 wlth 

E > Sa(D were used for all cakulatkns (program system SHElX-76. modlfled by Its author 

Prof. G.MSheldrkk). An absorptkn correctlcn based on $-scans gave transmlsslon factors 

0.72-0.66. Cell constants were reflned from 28 values of 32 reflections In the range 20-22’. 

Structure-and- : The structure was solved wlth the heavy-atom method 

and refined anlsotropkally to B 0.027. j& 0.026. H-atoms were Included using a riding 

model. Welghting scheme x -’ = 0~0 + 0.0001 2; 265 parameters; S 1.7; max. A/o 0.025; 

nlax Ap 0.4 x 
-6 -3 

10 epm . 

Rnal atomk coordinates are given In Table & sekcted bond lengths and angles are 

glven In tha captkn to Flg. 2. Further crystalkgraphk Malls (complete bond lengths and 

angles. H atom coordinates. temperature factcrs. structure factors) have been deposited at 

the Fachlnformatlonszentrum Energle Physlk Mathematlk. D-7514 Eggensteln-Leopoldshafen 2. 

Fed. Rep. of Germany; they may ba ordered on quoting a full literature cltatlon and tha 

reference number CSD 53693. 
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TABLE 3 

Atcmk Coordinates (x lo41 and Equivalent Isotropk Thermal Parameters (pm2x10-‘1. 

X Y z UC-21 

Pt 
P 
Cl 
F(1) 
C(11) 
C(12) 
C(l3) 
C(l4) 
C(l5) 
C(16) 
C(l7) 
F(2) 
F(3) 
F(4) 
C(18) 
F(5) 
F(6) 
F(7) 
C(21) 
C(22) 
~(23) 
~(24) 
~(25) 
C(26) 
~(27) 
F(8) 
F(9) 
F(l0) 
C(28) 
F(l1) 
F(l2) 
F(l3) 

5000 

5996(l) 
6693(2) 
7706( 2) 
8425(3) 
8153(3) 

5631.3(5) 

7168(3) 
6447(2) 
8059( 3) 

4287.4(7) 

7468(2) 
8981(2) 
8086(2) 
8955(4) 
9743(3) 
9281( 3) 
8635( 3) 
4689(2) 
4709(3) 
3917(3) 
3108(3) 
3091( 2) 
3875(2) 
5533(4) 
5516( 3) 
5443( 3) 
6441(2) 
2270(4) 
1519( 3) 
2558(3) 
1918( 3) 

6744(l) 

5573.4(l) 

6015(l) 
5998( 2) 
5817(2) 
5640( 2) 

6211.8(4) 

5641(2) 
5829(2) 
6176(2) 
6005( 1) 

4877.2(4) 

6006(2) 
6737(2) 
5439(3) 
5757(3) 
4935(2) 
5371(2) 
6479( 1) 
6995(2) 
7119(2) 
6758( 2) 
6258( 2) 
6125( 1) 
7414( 2) 
7787(2) 
7707( 1) 
7198(l) 
6923(3) 
6584(2) 
6952(2) 
7424(2) 

7086(l) 
5704(2) 

7500 

6084(3) 
5424(3) 
4401(3) 
4033(3) 
4679(3) 

6458.6(6) 

7173(3) 
7909(2) 
7455(2) 

8495.0(7) 

7264(2) 
3713(5) 
3780(4) 
4021(3) 
2716(3) 
5483(2) 
4930(3) 
4215(3) 
4030(3) 
4542(3) 
5274(2) 
5092(5) 
4333(3) 
6003(3) 
5191(2) 
3236(5) 
3223(4) 
2283(3) 
3431(3) 

6Oilj 

50(l) 
56(l) 

42(l) 

720) 
76(l) 
72~1) 
61(l) 

45(l) 

78(2) 
99(l) 

118(l) 
116(l) 
116(3) 

63(l) 

219(3) 
180(2) 
152(2) 
47(l) 
64(l) 
78(2) 
69(l) 
59(l) 
50(l) 
98(2) 

172(2) 
132(2) 
104(l) 
107(2) 
215(3) 
189(3) 
136(2) 

l equivalent isotmpk U calculated as a third of the trace of the orthogonal lJli tensor. 
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