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FLUOROPHOSPHINE — TWO DISTILLABLE MONOFLUOROPHOSPHINES. STRUCTURE
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SUMMARY

Bis[2.4-bis(trifluoromethyl)phenyllfluorophosphine, 1, and 2.4-bis(trifluoromethyl)phenyl-
[2,6-bis(trifluoromethyl)phenyllfluorophosphine, 2, were found amongst the products of the re—
action of 1,3-bls(trifluoromethyl)benzene with n-butyllithium, followed by chlorodifluorophosphine.
The mixture of 1 and 2 was a stable, distillable olly liquid, which crystallized on standing. The
reaction of the mixture of 1 and 2 with dlchloro—(n‘-1.5—cyclooctadlene)platlnum(ll) led to the
formation of cls-dichloro-bis(bis(2,4-bis(trifluoromethyl)phenyl)fluorophosphino)platinum(it), 3.

The products 1, 2 and 3 were characterized by their 1H—.19F- and 31P-NMR and mass
spectra. The long-range coupling constants 4J(PF) and 5J(FF) are discussed. The structure of
3 was confirmed by a single crystal X-ray investigation. 3 crystallizes in the monoclinic space
group C2/¢c with cell constants g = 1331.8(3), b = 2392.5(4), ¢ = 1263.(2) pm,
B= 93.75(2)° and Z = 4 (the complex possesses crystallographic twofold symmetry). The
bond lengths Pt-P 221.7, Pt-Cl 232.6, P-F 155.9 pm all lie In the expected range for

platinum fluorophosphine complexes.
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INTRODUCTION

Aryliithium compounds yleld aryldifluorophosphines on treatment with chiorodifluorophos-
phine [1]. For aromatic difluorophosphines bearing an ortho-CF 3-group, long-range coupling has
been observed [1,2,3,4], for which through-space interactions of the PF2- and the CF3—
group [21 have been suggested as the cause. Our Interest focussed on the long-range

couplings of fluorophosphines, and especlally on 4J(PF)— and 5J(FF)-cuu,.wlIng constants.

RESULTS AND DISCUSSION

The following reaction, in which 2,6-bls(trifluoromethyl)phenyliithium is an Intermediate,
Is described in the literature {3] :

PCl,
F,C CF NMe F CF
3@‘* +n—BuLl+< L R— 3C\@rs
NMe, 2) PCi
2 3
(NMez = TMEDA

NMe2

We found that the lithiation reaction without TMEDA yields a ca. 3 : 1 mixture of
2.4~ and 2,6-bis(trifluoromethyl)phenyilithium, established by reaction with PF2CI.

Li
FsC\@ CF, P3C©/ CF,4 1=3cj:@[c1=3
+ pBuli —8M8> +
Li

ca 1 : 3

Treatment of thls mixture of isomers with Pcml yields bis[2,4-bis(trifluoromethyl)
phenylJfluorophosphine, 1, and 2,4-bls(trifluoromethyl)phenyl)-L2,6-bis(trifluoromethyi)phenyl]
fluorophosphine, 2 In 38X total yield. The sterically less demanding compound, 2,4-bis(tri-
fluoromethyl)phenyllithium, could react either twice with PFZCI or with the expected product,
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2,6-bis(trifluoromethyl)phenyldifluorophosphine. The products 1 and 2 were of the same
volatllity and could not be separated by distillation. The ratio of 1 and 2 was found to be
ca. 1:1 (19F— and 31P—NMR spectra). The 19F— and 31P—NMF! data are presented and

compared with those of other trifluoromethyl- substituted arylphosphines In Table 1.

TABLE 1
19F— and 31P-NMR Data of Trifluoromethyl-substituted Arylphosphines
3‘P-NMR ”F—NMR
Compound 5P 1J(l‘l’) 4J(l’l’) sJ(l’l’) SF(PF) Reference
[ppml [Hz] [Hzl [(Hz] [ppm]l
oG,
PFZ -— -1199 +68.3 +8.3 — [21
©
pel, -— — 852 —_ — 21
CFy
l’Fz 205.7 1199 (1193) 57 (58) 13 -95.9 M
OMe
F3C
FF, 2027 1190 (186) —- Spm 22 004 1
OMe
CF3
PCl2 146.6 —-— 61.0 — —_— [31
CF3
F3 CF3
l’Cl2 144.4 -— 61.0 — -_— [4]
CFS

{continued)
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TABLE 1 (cont.}

o MR

19

F-NMR
Compound P lJ(l’l’) 4J(Pl'-‘) sJ(FF) SF(PF) Reference
(ppml  [Hzl [Hzl [Hzl {ppm]
F3 CF3
PCIF 184.9 179.6 50.6 —— — 41
CF,
Fy CF,y
PR, 187.7 12374 46.5 -— — (41
CF,
Fy CF, 742 — 420 -— — 141
PCl
CF, 2
a)
F3C\@CF;, pp 1450  ~930 ~64 ~6 -190.0
2
1
CFa CFa a)
155.5 ~990 ~44 ~6; ~21  -1917
&W
2l
2
F3C\@[CP3 PF |PrCl,
2 12
3 130.0 954 (957P ~20 — -130.5

3 All lines broad; coupling constants are approximate and were taken
b 1+3!5(pF); all lines broad.

spectrum.

directly from the
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The reaction of the mixture of 1 and 2 with dlchloro-(n4—cyclooctadlene—1,5)

platinum(ll) led only to the formation of cis-dichloro-bisLbis(2,4-bis(trifluoromethyl)phenyl)-

fluorophosphinolplatinum(il), 3,

2 12

F CF F CF
3 3 + - 3 3
2 c\@( PF (cod)PtCl, — > cls c\@[ PF |PeCl,
2
1

3

This reaction was carried out with a ligand to (cod)PtCI2 ratiboof 2 : tand 4 : 1; In

both cases 53X of 3 could be Isolated (yield based on (cod)PtCIz). We therefore belleve that

compound 2 also reacts with (ood)PtCIz. but no mixed complex could be isolated and in the

1

9F—NMR spectrum no product of this reaction could be identified.

A mass spectrum of 3 was observed at 30°C In spite of its high molecular weight of

1218 g/mole. For all signals in the mass spectrum of 3 a good agreement of the Isotopic

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

Is shown In Fig. 1.

=T 1220
co t216
<2 1221
2o =" 1222
L1214 l 112,23:_2_24
2 . ~L -
T T Y as T
1210 1229
L1218
129 1
se
1218 1219
s : -7 1229
= 1221 c22
2e 1214 , i
a1 . . . —
1210 1z2e

Fig. 1. Molecular peak in the mass spectrum of 3; observed (below), calculated (above).
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) J CPR
The structure of compound 3  cis- 3C\@ 3 |pr PcCl,
2 ko 3

was confirmed by an X-ray investigation. The conformation Is cis and the coordination geo-

metry Is square planar. The molecule (Fig. 2) possesses crystallographic twofold symmetry

(the Pt-atom lies on the axis 172, y, 3/4).

Fig. 2. The molecule of complex 3 in the crystal, showing the numbering of the asymmetric
unit. Radii are arbitrary. Selected bond lengths [pm3 and angles °1: Pt-p 221.7(1), Pt-Cl
232.6(1), P-F(1) 155.9(2), P-C(11) 181.9(3), P-C(21) 181.6(3), P-Pt-Cl 176.3(1), P-Pt-P())
92.9(1), C-Pt-P() 89.4(1), CI-Pt-Ci() 88.5(1), Pt-P-F(1) f12.2(1). Pt-P-C(11) 118.0(1),
Pt-P-C(21) 105.2(1), F(1)-P-C(11) 104.5(1), F(1-P-C(21) 103.6(1), C(1)-P-C(21) 105.2(1).
Symmetry operator () : 1 - x, ¥y, 1.5 - Z.
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The bond lengths Pt-P 221.7(1), Pt-Cl 232.6(1), P-F 155.9(2) pm all ie in the expected
range for platinum fluorophosphine complexes [5]. The bond lengths P-C and P-F are shorter

than In the square planar complex tmns-(tert—BuzPF)ZNlBr (6] (see Table 2). This may

2
be due to the difference in electronegativity of the organic group and the metal centre and

also because 3 is cis.

TABLE 2
Bond Lengths [(pml and Angles ®1 Monofluorophosphines and their Complexes

r(P-C) r(P-F) rP-M)  K(C-P-P)

tert-Bu,PF 1859(6) 16190  — 96.0(2)
Lit. 93

trans~{tert-Bu PF) NIBr, 186(1) 157.9(0  223.2(3)  97.3(5)

Lit. £6) 188(1) 97.9(5)

cls- F3c\@(cp3 PF |RCl,  181.9(3) 155.9(2) 221.7(1) 104.5(1)
2 2 181.6(3) 103.6(1)
3

In reference [2] the strong long-range couplings 4J(PI-') and 5J(FF) (see Table 1)
were attributed to through-space Interactions between the lone pair of phosphorus and the
CFs-group. In the case of two CFs—groups ortho to phosphorus these couplings were
smaller (see Table 1), and significantly smaller for 3. We agree with the view expressed in
reference [2] that lone—pair interactions are the maln factor for the long-range couplings,
because the lone pair is unavallable In 3 and cannot interact in the same way with two
ortho-CFa—groups In the 2,6-disubstituted derivatives as with one ortho—CFs-group. The
through-space interactions are therefore not solely a consequence of the relatively short
non-bonded distances FP--CFa. as observed in 3 (P-——C(17) 330 pm; P---C(27) 335 pm).
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EXPERIMENTAL

All experiments described were conducted with careful exclusion of air and moisture.
Solvents were dried using standard procedures. Cls-dlchloro(n4—cyclooctadlene—1.S)platlnum(lI)
[(cod)PtCI2] £7] and chlorodifluorophosphine [8]1 were prepared by literature methods. The
NMR spectra were recorded on BRUKER AC-200 and BRUKER AC-400 spectrometers,
employing the following standards and conditions: 'H (200.1 MHz, CDCL, TMS Internal), '“F

(188.3 MHz, CDCI CFCI3 external), 31P (810 MHz, CDCI3. H,PO, external). Low fleld

3 374
shifts were allocated positive signs. The mass spectra were recorded on a FINNIGAN MAT

8430 instrument under El conditions.

Preparation of bis[2,4-bis(trifluoromethyl)pheny!]fluorophosphine, 1, and 2,4-bis(trifluoromethyl)

phenyi-[2,6-bls(trifluoromethyl)phenylJfluorophosphine, 2

This preparation was conducted by analogy to the literature method [1]. A solution of
1.3-bis{triflucromethyl)benzene (40 g; 0.187 mol) in 100 ml ether was treated with n-butyl-
lithlum (12.0 g; 0.187 mol as a 1.6 molar solution in hexane) in a 500 mi heavy-wall glass
tube, fitted with a TEFLON® stopcock. The mixture was held at 60°C for 20 h and PFZCI
(21.0 g; 0.201 mol) was then condensed onto the mixture at -196°C. The tube was resealed,
and Its contents were allowed to warm up to 23°C over 15 min. Lithlum chioride and fluoride
were removed by flitration and the residue was distllled in vacuo (98-101°C/0.6 mm). Double
distillation at 98-99°C/0.2 mm ylelded 17.1 g (38%) of 1 and 2 as a ca. 1 : 1 mixture.
C16H6F13P (476.2) found: C 4.0 H1L7 P66

calc. C 404 H13 P65
1H-~NMR spectrum: 3H 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).
19F-NMR spectrum: {: 8F(para—CF3) -63.8 ppm (s; 6F); 8F(ortho-CFs) -57.5 ppm (dd, 4J(PF)
64 Hz, 5J(FF) ~ 6 Hz; 6F); 8 (PF) ~190.0 ppm (d of septets, 1J(PF) ~930 Hz, 5J(FF) ~BHz;
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); 2: GF(para-CFs) -63.4 ppm (s; 3F); 8F(ar'tho-CF3) -56.0 ppm (broad; 6F); ~59.2 ppm (dd,
44PF) ~a4 Hz, SHFP) ~ 7 Hz; 37); SFPP) 1917 ppm (dm, PP ~990 Hz, SIFF) ~ 6 Hz
(approximately a quartet) and 21 Hz {approximately a septet); 1F). All signals were broad.
Mass spectrum (30°C): M 476 (98%); MF " 457 (30); M-CF, T 407 (base peak);
M-F-2CF, 7" 319 (64%). No other peak above 20% relative Intensity was observed.

Preparation of cls-dichloro-bis[bis(2,4-bis(trifluoromethyl)phenyl)fluorophosphinolpiatinum(il), 3

A solution of (cod)PtCI2 (1.0 g; 2.76 mmol) in 50 mi dichioromethane was mixed with
a solution of 1 and 2 (2.55 g; 5.53 mmol) in 10 ml dichioromethane. After standing for 4 h,
half the solvent was removed /n vacuo and 10 ml of ether were added. The white precipltate
formed was flitered. Five weeks later a second batch of crystals was Isolated from the
mother liquor. Yield: 1.73 g (53%).

in a second preparation ether vapour was allowed to diffuse into a mixture of
(ood)PtCl2 (0.5 g; 1.34 mmol) and 1 and 2 (2.5 g; 5.25 mmol) in 70 ml dichioromethane
for six weeks. A few crystals were obtained, one of which was used for the X-ray crystal
structure determination. The main batch was obtained by concentrating the solution to 10 ml
and adding 60 mi of ether. This mixture was stirred ovemight. Yield: 0.87 g (53 X);
Fp. >280°C (dec.).
C32H12CIZF26P2Pt (1218.34) found: C 322 H 12 P53

calc. C315 H10 P51

"H-NMR spectrums 8H 8.14 ppm (broad; 2H); 7.98 ppm (very broad, H).

19_NMR spectrum: S (ortho-CF,}) ~58.5 ppm (broad.d, “J(PF) ~ 20 Hz; 12F); ¥ (para-CF )

-64.2 ppm (s; 12F); 8F(PF) -130.5 ppm (broad,d, T"2U(PF) & 957 Hz. 2J(PF) ~ 410 Hz).

3ThNMR spectrum: 8P 130.0 ppm (broad, d, '"OU(PF) & 954 Hz, J(PtP) 4468 Hz)
(width at half height % 40 Hz).

Mass spectrum (120°C): M7’ 1218 (12%); MF ' 1199 (4%); M-HOI T 1182 (14%);
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M-2HCI " 1146 (242); M-2HC-L T 670 (17%); M—2HC|—CF4—L-'+ 582 (20%); L+l ¥ 511

(42%); LT 476 (36%); L-CF T 407 (70); L—2CF3-H-|+ 337 (42%); L—ZCF3—F1+ 319 (ba~

3
se peak); C7H3F3P1+ 175 (66%). No other peak above 30% relative intensity was observed.

Crystal Structure Analysis of 3

Crystal Data : 032H12CI2F26P2Pt. M = 1218.4. Monoclinic, space group C2/c, a

1331.8(3), b = 2392.5(4), ¢ = 1263.1(2) pm, B = 93.75(2)°, ¥ = 4.016 nms. Z= 4, ‘D:K

2.01 Mg m 3, F(000) = 2728, A(Mo Ka) = 71.069 pm, ¢ = 4.3 mm

Data Collection and Reduction : A colourless prism ca. 0.4 x 0.3 x 0.25 mm was mounted
parallel to O In a glass capillary. 6440 profile—fitted Intensities [10] were measured on a
Stoe-Siemens four—circle diffractometer using monochromated Mo Ka radiation (zemax 55%).
Averaging equivalents gave 4598 independent reflections (B|nt 0.0H), of which 4165 with
E > 40(F) were used for all calculations (program system SHELX-76, modified by its author
Prof. G.M.Sheldrick). An absorption correction based on {~scans gave transmission factors
0.72-0.86. Cell constants were refined from 20 values of 32 reflections In the range 20-22°.

Structure Solution and Refinement : The structure was solved with the heavy-atom method
and refined anisotropically to B 0.027, B.E 0.026. H-atoms were Included using a riding
model. Welghting scheme _w_.1 = °2® + 0.0001 E2 ; 285 parameters; S 1.7; max. A/¢ 0.025;
max Ap 0.4 x 10_6 e pm_3.

Final atomic coordinates are given In Table J: selected bond lengths and angles are
given In the caption to Fig. 2. Further crystaliographic detalls (complete bond lengths and
angles, H atom coordinates, temperature factors, structure factors) have been deposited at
the Fachinformationszentrum Energle Physik Mathemattk, D-7514 Eggenstein-Leopoldshafen 2,
Fed. Rep. of Germany; they may be ordered on quoting a full literature citation and the
reference number CSD 53693.
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TABLE 3

Atomic Coordinates (x 104) and Equivalent isotropic Thermal Parameters (pm2x10-1).

X y z U(eq)
Pt 5000 5573.4(1) 7500 42(1)
P 5631.3(5) 6211.8(4) 6458 .6(6) 45(1)
Cl 4287 .4(7) 4877.2(4) 8495.0(7) 63(1)
F(1) 5996(1) 6744(1) 7086(1) 60(1)
c(11) 6693(2) 6015(1) 5704(2) 50(1)
c(12) 7706(2) 5998(2) 6084(3) 56(1)
Cc(13) 8425(3) 5817(2) 5424 (3) 72(1)
Cc(14) 8153(3) 5640(2) 4401(3) 76(1)
C(15) 7168(3) 5641(2) 4033(3) 72(1)
C(16) 6447 (2) 5829(2) 4679(3) 61(1)
C(17) 8059(3) 6176(2) 7173(3) 78(2)
F(2) 7468(2) 6005(1) 7909(2) 99(1)
F(3) 8981(2) 6006(2) 7455(2) 118(1)
F(4) 8086(2) 6737(2) 7264(2) 116(1)
C(18) 8955(4) 5439(3) 3713(5) 116(3)
F(5) 9743(3) 5757(3) 3780(4) 219(3)
F(6) 9281(3) 4935(2) 4021(3) 180(2)
F(7) 8635(3) 5371(2) 2716(3) 152(2)
c(21) 4689(2) 6479(1) 5483(2) 47(1)
C(22) 4709(3) 6995(2) 4930(3) 64(1)
Cc(23) 3917(3) 7119(2) 4215(3) 78(2)
C(24) 3108(3) 6758(2) 4030(3) 69(1)
C(25) 3091(2) 6258(2) 4542(3) 59(1)
C(26) 3875(2) 6125(1) 5274(2) 50(1)
c(27) 5533(4) 7414(2) 5092(5) 98(2)
F(8) 5516(3) 7787(2) 4333(3) 172(2)
F(9) 5443(3) 7707(1) 6003(3) 132(2)
F(10) 6441(2) 7198(1) 5191(2) 104(1)
c(28) 2270(4) 6923(3) 3236(5) 107(2)
F(11) 1519(3) 6584(2) 3223(4) 215(3)
F(12) 2558(3) 6952(2) 2283(3) 189(3)
F(13) 1918(3) 7424(2) 3431(3) 136(2)

* equivalent isotropic U calculated as a third of the trace of the orthogonal U'] tensor.
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