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Increased Coordination via Sulfur Donor Action in Cyclic Pentaoxyphosphoranes and the
Parent Cyclic Phosphite. Influence of Pentafluorophenoxy Ligands
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The pentafluorophenoxy ligand was introduced into the new cyclic pentaoxyphosphorareBu)S[(
MeCsH20]2P(OGFs)(02CsCls) (1), S[(t-Bu)MeCGsH0].P(OGFs)(02C14Hg) (2), and S[{-Bu)MeCGsH-O].P(OGFs)3

(3). X-ray analysis revealed hexacoordinate structures formed by sulfur donor action present as a bridging atom
in flexible eight-membered rings fd—3. X-ray analysis showed that sulfur coordination also occurred with the
same type of ring system as part of the phosphité-BijMeCH,0],P(OGFs) (4) to give a pseudo-trigonal-
bipyramidal geometry. The pentafluorophenoxy ligand present in the oxyphosphdraBess well as in the
phosphite4 acts comparably to a chlorine atom in its ability to enhance phosphorus electrophilicity as measured
by the degree of PS coordination and geometrical displacement toward a more highly coordinated state. The
phosphite4 has a P-S donor distance of 2.876(2) A, considerably longer than the range-8fdistances from
2.366(3) to 2.495(2) A obtained for the pentaoxyphosphoran@ These data express quantitatively the relative
electrophilicity of phosphorus as a function of coordination number and substituent composition.

Introduction
Studies have now been conducted that show that donor atom O O
coordination at phosphorus causes a change in geometry forQ
phosphites and phosphatésoward trigonal bipyramidal and O\l’é 0 CFgCHao\l<O' O
| o

for oxyphosphoranés!® toward octahedral. With the use of —PJ

3-12 12-14 ; . o] ] o CF 4CH,0”
sulfur3~12 oxygen'?~14and nitroge# as components of flexible o SoHoF
ring systems, donor atofphosphorus distances have varied O 2
between the van der Waals sum and the sum of the covalent
radii. Specifically, for the most studied series, sulfur donor P-S = 2.880()A P-S = 2362()A

action with cyclic pentaoxyphosphorafiesl®12has led to P-S s ;
distances covering the range from 2.880(1) A4brto 2.362(2) A B
7 1 i i
'j\iéoza?:.e dﬁg\:{/gﬁg?ﬂg'r(‘)%lérfggrgﬁmgno%d'nf?(t)?ngizg?ettge;gaol/re associated with the ligand compositioh. In this series, the
Thg ariation is attributable to elect’ron'cgan% steric conotr'b t'ong ring containing the sulfur donor atom is in a syn beaoat
vanation ibu ! ! foutl conformation. Examples also exist where sulfur coordination

is lacking, as inC,% as measured by the long+S distance of

(1) Pentacoordinated Molelcules. 121. Part 120: Chandrasekaran, A.; Day,
R. O.; Holmes, R. RInorg. Chem.1998 37, 459-466.

(2) Sherlock, D. J.; Chandrasekaran, A.; Day, R. O.; Holmes, RdRg. —
Chem 1997, 36, 5082-5089. > j

3) i;il;ﬁig?o? K.; Day, R. O.; Holmes, R.IRorg. Chem 1992 31, CFQCH2<|) d %,/ o

. Me. O

(4) Prakasha, T. K.; Day, R. O.; Holmes, R.IRorg. Chem 1992 31, CFacHzo——P<o S : _|'a< 3
3391-3397. 0. 0= 4 MeT 1o

(5) Prakasha, T. K.; Day, R. O.; Holmes, R. RAm. Chem. S0d 993 CFaCH0 —% X 0, /
115 2690-2695. 2 _<

(6) Holmes, R. R.; Prakasha, T. K.; Day, R.Ehosphorus, Sulfur Silicon

1993 75, 249-252.

(7) Holmes, R. R.; Prakasha, T. K.; Day, R. l@org. Chem.1993 32, Qq = Qa =
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7 back-bonding sufficiently reduces the electrophilicity of rodiisopropylamin& were synthesized according to literature methods.
phosphorus to prevent additional coordination. All reactions were performed in a dry nitrogen atmosphere using
In the present study, we explore the use of the electronegativeStandard Schlenk-type glasswafeMelting points are uncorrected.

pentafluorophenoxy ligand and its influence to control sulfur Proton NMR spectra were recorded on a Bruker AC200 FT-NMR
donor action. This has resulted in the synthesis of the spectrometer. Phosphorus-31 NMR spectra were recorded on a Bruker

entaoxvphosphoranés-3 as well as the phosphite formulation MSL300 FT-NMR spectrometer. All proton spectra were recorded in
P yphosp phosp CDCl; unless otherwise stated. Phosphorus NMR spectra were recorded

4. Although the ligand composition is varied, the eight- in toluene unless otherwise stated. Chemical shifts are reported in ppm,
downfield positive, relative to tetramethylsilan#d] or 85% HPQO,

(3*P). All were recorded at 23C. Elemental analyses were performed
by the University of Massachusetts Microanalysis Laboratory.

cl s E ’ O S [2,2-Thiobis(4-methyl-6-tert-butylphenoxy)](pentafluorophenoxy)-
cl g 1 /o' N l /O (tetrachloro-1,2-benzenedioxy)phosphorane, SfBu)MeCgH,O],P-
/’l’\ o O /Fi ~0 (OCeF5)(0LC6Cly) (1). [2,2-Thiobis(4-methyl-Gert-butylphenyleneoxy)-
F
; O

c © © F 0,0 '](pentafluorophenoxy) phosphite (1.00 g, 1.75 mmol) and
° F o F tetrachloro-1,2-benzoquinone (0.430 g, 1.75 mmol) were dissolved in

F F E F dichloromethane (15 mL). A dark red solution formed, which was

3 F stirred at room temperature for 2 min. During this time, the solution

became colorless. Skelly-C (15 mL) was added and the system
concentrated under a flow of nitrogen to yield a crystalline product:

1 2 mp 183-185°C (yield: 0.92 g, 64%).2H NMR (CsDe): 1.44 (s, 18
H, C(CHs)s), 1.83 (s, 6 H, CH), 6.82 (s, 2 H, Ar(H)), 7.00 (s, 2 H,
Ar(H)). %P NMR (toluene)—68.9. Anal. Calcd for gH2eClsFsOs-
F SP: C, 50.0; H, 3.43. Found: C, 50.82; H, 4.16.
F s s [2,2-Thiobis(4-methyl-6+tert-butylphenoxy)](pentafluorophenoxy)-
F l 1 (phenanthrenedioxy)phosphorane, Sf{Bu)MeCgH,0].P(OCgFs)-
F O\P(O .Pro (O2C14Hsg) (2). [2,2-Thiobis(4-methyl-6tert-butylphenyleneoxy)-
F o/l‘o <170 0,0 '|(pentafluorophenoxy) phosphite (2.00 g, 3.51 mmol) and
F o F Fs o phenanthrenequinone (0.730 g, 3.51 mmol) were dissolved in toluene
F F F (50 mL). A bright orange mixture formed, which was heated under
F g F \QF reflux for 150 min. The solvent was removed under vacuum and the
F F For residue dissolved in a mixture of dichloromethane (25 mL) and Skelly-C
(25 mL). The resultant solution was concentrated under a flow of
3 4 nitrogen to yield an orange solid. The solid was quickly washed with

membered ring system is maintained unchanged throughout thesmall amounts of cold ether, leaving a colorless crystalline solid: mp
178°C (yield: 1.23 g, 45%).*H NMR: 1.50 (s, 18 H, C(Ch)3), 2.24

series. Phosphlté is mcluqled in this study to examine t.he (s, 6 H, CH). 7.10-7.52 (m. 8 H, H(AN). 8.16 (s, 2 H, Ar(HD)). 8.48
dggree to which donor action WI|| take place for comparison (s. 2 H, Ar(H)). %P NMR (toluene): —61.28. Anal. Calcd for
W|th_ th_e oxyphosphoranes ha_vmg the same su_lfur-contalmng CusHagFsOsSP: C, 64.78: H. 4.63. Found: C, 64.50° H, 4.86.
cyclic ligand. Previous worfkwith related phosphites, e.g,? [2,2-Thiobis(4-methyl-6-tert-butylphenoxy)]tris(pentafluoro-
has shown the presence of donor coordination but to a lesselphenoxy)phosphorane, SEBu)MeCgH :0].P(OCsFs)s (3). To a so-
degree in general than that found for cyclic oxyphosphoranes lution of phosphorus trichloride (1.00 mL, 11.5 mmol) and pentafluoro-
with sulfur coordinatiors—12 phenol (6.30 g, 34.2 mmol) in dichloromethane (200 mL) was added
triethylamine (4.80 mL, 34.5 mmol) with stirring at about 23 over
5 min. The solution was stirred for 4 h, and then' 2obis(4-methyl-
6-tert-butylphenol) (4.50 g, 11.5 mmol) was added along with
s chlorodiisopropylamine (2.00 mL, 13.6 mmol). The solution was stirred
'é@x for an additional 21 h. The solution was then washed with water (4
g 100 mL), dried with anhydrous N80, and filtered. Skelly-C (50
| © mL) was added and the solution left under a nitrogen flow to obtain a
o crystalline product: mp 150155°C (yield: 7.5 g, 70%).*H NMR:
1.03 (s, 18 Hi-Bu), 2.27 (s, 6 H, aryMe), 7.10 (s, 2 H, aryl), 7.30 (s,
2 H, aryl). 3P NMR (CHCl,): —100.8. Anal. Calcd for GH2eF150s-
E2 PS: C, 51.29; H, 3.01. Found: C, 51.35; H, 3.62.
[2,2-Thiobis(4-methyl-6+tert-butylphenoxy](pentafluorophenoxy)-

Studies of the X-ray structures of these newly synthesized Phosphite, S[¢-Bu)MeCeH,O].P(OC¢Fs) (4). A solution of 2,2-
phosphorus compounds are reported as well as solution NMR Thiobis(4-methyl-Gert-butylphenol) (10.26 g, 28.7 mmol) andsHit

S - : (8.00 mL, 57.6 mmol) in diethyl ether (100 mL) was added dropwise
measurements to determine if any isomeric changes take placeto an ice cold solution of phosphorus trichloride (2.50 mL, 28.7 mmol)

in diethyl ether (350 mL). The reaction mixture was stirred for 24 h
after the addition was complete and then filtered. A solution of
Phosphorus trichloride, pentafluorophenol, tetrachloro-1,2-benzo- pentafluorophenol (5.27 g, 28.7 mmol) and triethylamine (4.00 mL,
quinone, and phenanthrenequinone were used as supplied by Aldrich.28.8 mmol) in diethyl ether (50 mL) was added dropwise to the filtrate.
Triethylamine (Eastman) was distilled over potassium hydroxide. Stirring was continued for a further 24 h. After filtration, the colorless
Solvents were of HPLC grade and were purified according to standard filtrate was concentrated under a flow of nitrogen and yielded the
procedured® 2,2-Thiobis(4-methyl-6tert-butylphenolj and N-chlo- product as a colorless crystalline mass: mp-1¥24°C (yield: 10.97
g, 67.3%). 'H NMR: 1.40 (s,t-Bu, 18 H), 2.27 (s, Me, 6 H), 7.12
(18) (a) Riddick, J. A.; Bunger, W. BOrganic Solents: Physical 7.32 (m, H(Ar), 4 H). 3P NMR (toluene): 138 (t/}Jpr 34 Hz. Anal.
Properties and Methods of Purificatiopr8rd ed.; Techniques of Calcd for GgHogFs0sPS: C, 58.95: H, 4.91. Found: C, 58.66; H, 5.12.
Chemistry Series; Wiley Interscience: New York, 1970; Vol. 1l. (b)
Vogel, A. |. Textbook of Practical Organic Chemisfrizongman: (19) Shriver, D. F.; Drezdzon, M. AThe Manipulation of Air-Sensite
London, 1978. Compounds2nd ed.; Wiley-Interscience: New York, 1986.

P-S = 3.043(2)A, 39.7% TBP

Experimental Section




Sulfur Donor Action in Cyclic Pentaoxyphosphoranes

Table 1. Crystallographic Data for Compounds-4

Inorganic Chemistry, Vol. 37, No. 15, 1998749

1 2 3 4
formula Q4H28C|4F505P51/2C7H15 C42H36F505PSCH2C|2 C40H28F1505P51/2CH2C|2 C28H28F503PS
fw 866.49 863.66 979.12 570.53
cryst system monoclinic triclinic triclinic triclinic
space grpup C2/c (No. 15) P1 P1 P1
cryst size (mm) 0.6 0.32x 0.15 1.00x 0.45x 0.35 0.87x 0.50x 0.45 0.70x 0.45x 0.35
a(h) 28.147 (3) 12.667 (3) 12.404 (4) 10.689 (2)
b (A) 18.039 (7) 17.692 (5) 14.344 (4) 11.999 (2)
c(R) 16.140 (2) 18.876 (6) 15.459 (6) 12.377 (3)
o (deg) 90 90.98 (3) 116.47 (3) 109.88 (2)
p (deg) 108.47 (1) 107.95 (3) 85.17 (3) 97.03 (2)
y (deg) 90 92.50 (2) 112.73 (2) 107.77 (2)
V (A3) 7773 (3) 4018 (2) 2258 (1) 1375.5 (5)
z 8 4 2 2
Decalc (g/cr?) 1.481 1.428 1.440 1.377
Uno ka (CMTY) 4.66 3.22 2.69 2.38
tot. reflns 4461 9154 5173 3148
reflns withl > 2, 2775 5606 3292 2630
R 0.0573 0.0580 0.0744 0.0411
R.° 0.1419 0.1432 0.2057 0.1052

AR = JIFol = IFll/ZIFol. * Ru(Fe?) = [TW(Fe? — F)F 3 whoY2

Cl

c24
(T
Cz:)\@ c2 20
~

%

Fl'?ure 1. ORTEX diagram of SgBu)MeCsH20]2P(OGFs)(O2CsCla) Figure 2. ORTEX diagram of SftBu)MeGH,0].P(OGFs)(0:CraHs)

: (2). Only one of the two molecules is shown. The second molecule is
X-ray Studies. The X-ray crystallographic studies were done using numbered identically.

an Enraf-Nonius CAD4 diffractometer and graphite monochromated

Mo Ka radiation ¢ = 0.710 73 A). Details of the experimental ~ Each carbon was refined in two positions with half-occupancy while

procedures have been described previogsly. the terminal ones were assigned a quarter-occupancy each. Compound
The colorless crystals were mounted in thin-walled glass capillaries 2 had two independent molecules in each asymmetric unit. Also, there

which were sealed to protect the crystals from the atmosphere as awas one dichloromethane molecule with disordered chlorine atoms. In

precaution. Data were collected using the20 scan mode with 3= compound3, two dichloromethane molecules were found and assigned

20moka) < 43° at 23+ 2°C. No corrections were made for absorption.  a quarter-occupancy each. None of the solvent hydrogens were included

All of the data were included in the refinement. The structures were in the model.

solved by direct methods and difference Fourier techniques and were

refined by full-matrix least-squares procedures. Refinements were Results and Discussion

based orf?, and computations were performed on a 486/66 computer . . .

using SHELXS-86 for solutich and SHELXL-93 for refinemerf Al The atom-labeling schemes fbr-4 are given in the ORTEX

the non-hydrogen atoms were refined anisotropically. Hydrogen atoms plots® of Figures 4, respectively. Thermal ellipsoids are

were included in the refinement as isotropic scatterers riding either in Shown at the 40% probability level. All hydrogen atoms are

ideal positions or with torsional refinement (in the case of methyl omitted for clarity. Selected bond parameters are presented in

hydrogen atoms) on the bonded carbon atoms. The final agreementTable 2 for1—3 and in Table 3 fo4 and related phosphites,

factors are based on the reflections with 20;. Crystallographic data E—G, and phosphateld and|.

are summarized in Table 1. Syntheses. The sulfur-donor-coordinated pentaoxyphospho-
Compoundl had a highly disordered solvent molecule (heptane) 5naq1 and 2 were prepared by the oxidative additions of a

located around the inversion center with four carbons on each side. cyclic phosphite with tetrachlorobenzoquinone. The reaction

to obtainl was complete in 2 min at room temperature whereas

(20) Sau, A. C.; Day, R. O.; Holmes, R. Rorg. Chem 1981, 20, 3076.

(21) Sheldrick, G. MActa Crystallogr 199Q A46, 467.

(22) Sheldrick, G. MSHELXL-93: Program for crystal structure refine-
ment University of Gdtingen: Gdtingen, Germany, 1993.

(23) McArdle, P.ORTEX 5eCrystallography Centre, Chemistry Depart-
ment, University College Galway: Galway, Ireland, 1996.
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Table 2. Selected Bond Parameters for Cyclic Pentaoxyphosphorangdvieasuring the Degree of Octahedral Coordination

bond distances (A) bond angles (deg)
compd no. P-O5 P-0O1 P-04 P-02 P-03 P-S O5-P-012 04-P-02 03-P-S %octd
1 1.707(5) 1.652(5) 1.699(4) 1.649(5) 1.640(5) 2.494(3) 170.2(3) 170.9(3) 174.7(2) 68.2
2(1y 1.685(4) 1.656(4) 1.691(4) 1.663(4) 1.650(4) 2.457(2) 172.8(2) 172.4(2) 173.8(2) 73.2
2(2) 1.682(4) 1.646(5) 1.687(4) 1.659(4) 1.642(4) 2.495(2) 173.1(2) 169.8(2) 173.9(2) 73.2
3 1.677(5) 1.683(5) 1.688(5) 1.678(5) 1.625(5) 2.366(3) 172.7(3) 173.2(3) 176.9(2) 76.2

a Relative to a square pyramid, these are trans angle values. The cis angle values-Ror@2 are 92.6(2)for 1, 91.5(2) and 91.2(2)for 2,
and 91.2(3) for 3, and for O4-P—05, they are 89.9(2)for 1, 90.7(2) and 90.3(2)for 2, and 88.4(2) for 3. ® The degree of structural displacement
from a square pyramid toward an octahedron is based on the distance of the phosphorus atom from the basal plane of the four oxygen atoms.
¢ Compound?2 has two independent molecules in the unit cell.

C22

I
ol

Y

Figure 3. ORTEX diagram of SEBu)MeGH,0].P(OGFs)s (3). Figure 4. ORTEX diagram of SEBU)MeCH,0LP(OGF:) (4)

refluxing in toluene for 2, h was required for the formation

of 2. For3, the phosphite P(OfFs)s was prepared in situ from  covalent radii of 2.12 &4 The values of the PS distances
PCl and pentafluorophenol which was then reacted with the suggest a high degree of coordination. This is further borne
sulfur containing diol to obtain the hexacoordinated product. out by noting that the cis ©P—0 angles are near 9&nd the
The process is illustrated in eq 1. The synthesis of phosphite trans angles are in the range 717 7.

A more quantitative measure of the degree of octahedral
OH

r . n character is obtained by viewing the structure along a displace-
PCly + ];‘)i + 3EYN BC P(OCF 5)y ment coordinate from an ideal square pyramid (SP) toward an
F F CH,Cly in situ ideal octahedrof! The square pyramid for use in the calcula-

F tion is the one formed by the five oxygen atoms attached to
phosphorus. In an ideal SP, the trans basal angles afedi50
main group element&27 These are the angles ©9—-01 and

s 04—P—-02 in Table 2. With the use of an average® basal
ﬁa‘ FC J S bond distance of 1.676(5) A fdr—3, the displacement of the
P(OC¢F )y + 8 — 6>P< (1) phosphorus atom from the plane of the four basal oxygen atoms
/@:0“ Foe” | © is 0.434 A if the SP is an ideal one. Using the observed trans
OCeHs basal angles in Table 2, the geometrical displacement toward

3 the octahedron results (last column) as a linear measure of the
phosphorus atom distance from the basal plane between 0.434
4 also started with PGko which the sulfur-containing diol was  and 0.0 A. It is seen that the extent of octahedral character
added with triethylamine in ethyl ether solution, resulting in varies from 68% to 76% fol—3 on this basis. The percent

the in situ formation of the cyclic chlorophosphite intermediate. octahedral character calculated 8is the highest so far deter-
Condensation of the latter with pentafluorophenol gave

Yields were in the range 6470% other than that fa2, which (24) Tables of Interatomic Distances and Configuration in Molecules and
was 45%. lons; Sutton, L., Ed.; Special Publication Nos. 11 and 18; The
. P ; : Chemical Society: London, 1958 and 1965.

Structure: Hexacoordination. Both of the_ bicyclic penta- (25) Holmes, R. R.; Deiters, J. A. Am. Chem. Sod977, 99, 3318,
oxyphosphoranesl(@nd?2) and the monocyclic pentaoxyphos-  (26) Holmes, R. RPentacoordinated PhosphoruStructure and Spec-
phorane 8) exhibit P-S coordination that results in octahedral troscopy Vol. 1; ACS Monograph 175; American Chemical Society:
geometries. Table 2 shows that the ® distances which vary Washington, DC, 1980.

. . (27) Holmes, R. R. Five-Coordinated StructuresPhogress in Inorganic
from 2.494(3) A forl to 2.366(3) A for3 are intermediate Chemistry Vol. 32; Lippard, S. J., Ed.; John Wiley and Sons: New
between the van der Waals sum of 3.65% And the sum of the York, 1984. pp 119-235.
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Table 3. Selected Bond Parameters for Cyclic Phosphites and Phosphates Measuring the Degree of Trigonal Bipyramidal Coordination

bond distances, A bond angles (deg)

compd no>d P-01 P-02 P-R P-S 01-P-02 Rx—P—% % TBP Y eq(degy

I (R=03) 1.571(3) 1.565(3) 1.586(3) 3.177(2) 104.9(2) 162.9(1) 30.9 339.5(2)
H (R=CI) 1.575(3) 1.561(3) 2.002(2) 3.114(2) 105.9(2) 167.7(1) 35.0 343.6(2)
E(R=CI) 1.633(3) 1.629(4) 2.303(3) 3.043(2) 100.1(2) 172.2(1) 39.7

F (R= NMey) 1.66(2) 1.63(2) 1.65(3) 2.952(9) 97.7(9) 173.3(9) 47.1

4 (R=03y 1.627(2) 1.626(2) 1.684(3) 2.876(2) 100.3(1) 163.5(1) 50.6

G(R=Cl) 1.625(3) 1.620(3) 2.119(2) 2.816(2) 101.4(2) 169.2(1) 54.5

aWith reference to a TBP with sulfur in an axial position and both ring oxygen atoms in equatorial poSift@rsent geometrical displacement
from a pyramid E—G and4) or a tetrahedronH and|) toward a TBP¢ Compound labels refer to the following:

— 95—
FAN
Q O
TN
O O
(@]
JJ—"I'J-—(/;
i\

Q
D
[}
Q
Bas
[o)

NMe, cl R= Cl a™Non

E F G H I
4 All data are from ref 2 except those fér which is part of this work® An additional coordination is present #hdue to the weak interaction of
F5 with phosphorus (Figure 4). A-FF(5) distance of 3.006(3) A is obtained.

mined for a pentaoxyphosphorane undergoing sulfur membered rings. It has been commented that the latter less

coordination®~7-10 flexible ring systems reduce the extent 6f® 7 bonding which
The influence of the pentafluorophenoxy ligand in promoting is a factor that contributes to shielding at phosphdé#is.
hexacoordination may be judged by-B bond distances and In general, there is not a great changéli® NMR shift for

the extent of octahedral character displayed by related oxy- pentaoxyphosphoranes when one compares a similar ring system
phosphoranes undergoing sulfur coordination. For example, where only the substituents are varf@d.However, it is
phosphoran®&? depicted in the Introduction has trifluoroethoxy noteworthy that a marked increasesi® shielding occurs for
ligands in place of the three pentafluorophenoxy ligand8 of the seriek® < 3 < L.* This may be related to the strength
with the same ring arrangement. The-® distance forB,

2.362(2) A, and displacement toward the octahedron of 69.4%

are very similar to these values f8r Thus, it is implied that Fo L /@X

the influences of these two ligands are approximately the same. S F ,Q'F S

If steric factors are not involved, then it may be concluded that SN ]b@( F oQ l(o

the OCHCR; and OGFs ligands have similar electronegativity O/T‘o F O/T‘o

effects in acting to enhance the electrophilicity at phosphorus. @ o F‘Q o F

Another comparison can be made with the closely related D F .

composition and geometry found fa® and 1. The P-S Fr F i
F

3lp -81.9 -100.8
P-S,A 2.744(2) 2.366(3)
S K 3
cl 5
oSh X
cl 0/| o F F ?
m o
" A

cl
P-S = 2.479)A Fooll o
O/ \o
J8 ) | F
F F F
distance ford is 2.479(2) A, within & of the P-S distance for e F
1, and the octahedral displacement also is much the same, 71% F F
relative to 68% forl. As discussed for the OGRBF; ligand, 21265
the pentafluorophenoxy ligand similarly appears to exert an 1.936(7) (P-0SO0)

influence on hexacoordinate formation of oxyphosphoranes
comparable to that of the chlorine atom.

3P NMR Data. The 3P chemical shifts for the bicyclic
derivatives1 and 2 in solution are—68.9 and—61.3 ppm, —
respectively. These values, which are considerably deshielded@®) 1"_0'2”2‘6; dﬁgf&gg?g?iﬂg}gh Rhosphorus, Sulfur Silicoh993 80,
compared to that foB, —100.8 ppm, are primarily associated (29) sarma, R.; Ramirez, F.; McKeever, B.; Maracek, J. F.; Led, Sm.
with the presence of the bicyclic systems possessing rigid five- Chem. Soc1976 98, 581 and references therein.

L
of the P-S donor interaction ir8 relative to that inK due to
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the gain in electrophilicity at phosphorus in the presence of the
more electronegative pentafluorophenoxy ligands. These two
derivatives exhibit close to the longest and shortesE®ond
interactions. Although the structure bfis only slightly more
displaced toward an octahedron compare8,82% and 76%,
respectively, thé'P shift forL is upfield by an unusual extent.
This type of effect has been associated with the greaterp
bonding of oxygen compared to that of sulf&#?

Whether P-S coordination is present in solution fb+3 has
not been addressed in this work. However, earlier studies
involving the oxygen atom of the sulfonyl group as a donor
have led to the existence of isomers in five different oxyphos-
phorane derivatives, all of which were subjected to X-ray
analysist®14 Four of the structures were noncoordinating and
hence trigonal bipyramid&14while the fifth one was octahe-
dral* as a result of donor action. For exampié,!3 which is
pentacoordinate in the solid, show@g chemical shifts at-84.1
ppm in the solid state anet85.5 ppm in CDJ solution. A
signal at—73.1 ppm in CDC was assigned to the hexacoor-
dinate isomerN. The latter structural assignment agreed with

CF4CH0

CF 10H0—P< 2 S=0 " A
aCH '\o§:/ — CFiCHA | o
CF4aCH,0 1% % CF4CH,O0~ T‘o
OCHCF 3

M

1H and!F NMR data!® VT H NMR spectra showed dynamic
behavior and led to an activation free energy of 17 kcal/mol
for intramolecular interconversion between the penta- and
hexacoordinate isomers. On this basis, we feel that structural
retention forl—3 in solution is likely.

Structure: Pentacoordination. Phosphite4 somewhat
surprisingly not only shows evidence of increased coordination
as a result of sulfur donor action but has an additional base
interaction indicated by the shortness of theH3 distance from
one of the ortho fluorine atoms of the pentafluorophenoxy
ligand. This distance is 3.006(3) A, which compares with 3.40
A for the van der Waals sutfifor phosphorus and fluorine and
1.83 A for the covalent su#f. Although the shortening is not
very large, the phosphorus atondiformally has a lone electron
pair in addition to presumed electron density supplied by sulfur
atom coordination. The triplet for theP resonance’Jp-r =
34 Hz) in solution implies that both ortho fluorine atoms take
part. This is viewed as a result of rapid rotation of the
pentafluorophenoxy ligand about the ©313 bond. The
geometry ford may be viewed as a pseudo trigonal bipyramid
with the sulfur atom positioned axially and a lone pair located
at an equatorial site. Movement toward a TBP geometry is
reinforced by the disparity in the-FO bond distances. The
axial P-03 distance of 1.684(3) A is about 0.06 A longer than
the equatorial PO distances (PO1= 1.627(2) A and P02
= 1.626(2) A), in agreement with the usual lengthening effect
of axial bonds for trigonal bipyramids.

Structural data for other phosphiteE«<G) as well as
phosphatesH andl) undergoing sulfur coordination in related
geometriedare included in Table 3 for comparison withFor
each of these, the structural displacement from a pyraEadx
and4) or a tetrahedronH{ andl) toward a trigonal-bipyramidal
geometry is listed in the column labeled “% TBP”. A graphical
display of the variation of the PS distance for phosphates and

Sood et al.

3.2

\_\pHospHATEs

80 PHOSPHITES

P-S, A

2.9

2.8

<4

"
U

20 30 40

%TBP

Figure 5. Graphical display of the variation of thefS distances for
phosphates and phosphites listed in Table 3. See ref 30.

phosphites is shown in Figure®3. For both the phosphates
and the phosphites, the effect of electronegativity is seen in that
the axial chlorine ligands are associated with structures having
the shortest PS linkages. The influence of the axial pen-
tafluorophenoxy ligand id approaches that of the chlorine atom
in this regard (Table 3). This is similar to the finding for the
OGsFs ligand with the oxyphosphorane$—3 undergoing
hexacoordination.

The composition of phosphaké¢ is most comparable to that
of phosphiteG, differing only in the presence of a phosphoryl
oxygen atom in place of a lone pair. Associated with these
structures, the PS distance in phosphité is 0.3 A shorter
than that for phosphatkl, most likely an indication of the
phosphoryl back-bonding effécin decreasing the electrophi-
licity at phosphorus.

Although, with the limited series studied, phosphates appear
to coordinate with sulfur to a lesser degree than phosphites,
oxyphosphoranes coordinate to sulfur more strongly than
phosphites. For example, the averageSPbond distance for
the phosphoranes in Table 2 is 2.453(3) A, which compares
with 2.922(4) A for the phosphites in Table 3, a difference of
0.47 A. The replacement of the lone pair from the phosphorus
center of phosphites by additional electronegative ligands
increases the ability of phosphorus to undergo stronger coor-
dination in forming hexacoordinated geometries via sulfur donor
action. This bond distance effect is even greater when oxy-
phosphoranes are compared with phosphates in sulfur donor
action. Here an averageS bond difference of nearly 0.8 A
is involved3!
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(30) The linear variation in Figure 5 is a consequence of the procedure
used in the calculation. Thus, the-B distance is not an independent
term relative to the % TBP character. The graphical display is shown
here to emphasize the range of 8 distances traversed for phosphates
and phosphites in comparison to that for oxyphosphoranes.

(31) Holmes, R. RAcc. Chem. Resin press.





