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B3aumooeiicmeuem nenmaghenungpocghopa (PhsP) ¢ apencynvghonosvimu xKuciomamu 6
pacmeope 6en301a CUHIME3UPOBAHbL apeHcy1bhonambl mempaghenunhoconusn c ooueii hopmy-
aoii [PhyP]'[OsSAr]” (Ar=Ph (I), CéHsMe-4 (11), CeHs(Mez-2,5) (I11) (kpucmannozuopam na 1,5
MOEKYIbl 600b1) ¢ vixodamu 92, 93 u 95 % coomeemcmeenno. Ilo oannvim PCA, npogedennozo
npu 293 K na agmomamuueckom uemulpexkpyy;cuom ougppaxmomempe D8 Quest Bruker (06yx-
koopounamnwtii CCD — demexmop, Mo K,-uznyuenue, .= 0,71073 A, zpagpumoevrit monoxpoma-
mop) kpucmannst I (C:oHs03PS, M 496,53 2/monw, cunzonus monoknunnasn, 2pynna cummempuu
P21/n, pasmep kpucmanna 0,25 x 0,2 x 0,15 mm), II(C31H2;03PS, M 510,56 2/monw, cunzonus pom-
ouueckas, zpynna cummempuu Pna2l, pazmep kpucmanna 0,48 x 0,18 x 0,12 mm), IIT (C3,H3,045PS,
M 1097,16 /monw, cunzonus monoxknuununas, zpynna cummempuu P2/c, pazmep kpucmanna 0,43 x
0,34 x 0,22 mm) eéxrouaiom mempazopuueckue kamuonst (céasu P-C 1,797(2)-1,799(2), 1,652(2)-
1,999(3), 1,785(8)-1,815(7) A; yenmt CPC 109,29(9)°-110,86(9)°, 104,04(13)°-115,14(12)°, 107,1(4)°-
113,3(4)° ¢ 1, 11, III coomeemcmeeno) u apencynvgponamusie anuonnt (ceéazu S-O 1,4355(18)-
1,4446(17), 1,313(3)-1,597(3), 1,431(6)-1,457(7) A; yener OSO 113,07(11)°-113,30(11)°, 107,5(2)°-
117,2(2)°, 112,3(4)°-114,2(4)° ¢ I, 11, 11l coomeemcmeeno). MoneKyvl 600bl 8 Kpucmaniozuopame
11l nocpedcmeom merncmoneKynapuvix 6000poonsix céazeil O-+H cea3vieaiom KamuoHsl U AHUOHbL
6 npocmpancmeenuyto cemky. B conveame [PhiP|Br-PhH (IV) (CxoHxsBrP, M 497,39 o/mons, cun-
20HUA MPUKTUHHAA, 2pynna cummempuu Pl, pazmep kpucmanna 0,45 x 0,28 x 0,26 mm), noay-
YeHHOM e3aumooelicmeuem nenmadghenunghochopa c 6poMo600opooOHoIl Kuciomoii ¢ vixooom 97 %,
ceazu P-C (1,7941(19)-1,803(2) A) u yener CPC (107,93(9)°-112,96(9)°) 6ausku k ananozuunuvim
3HAYUEHUAM 8 apeHcyNbhoHamax mempagenungocgonus.

Karouessle cioBa: nenradenundocdop, apeHCyibHOHOBBIE KUCIOTHI, apeHCYIb(POHATHI TeTpadeHUII-
(dochoHus, pEHTTEHOCTPYKTYPHBIN aHaIN3
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Interaction between pentaphenylphosphorus and arenesulfonic acids (mole ratio 1:1) in the
benzene solution of tetraphenylphosphonium arenesulfonates has led to [PhsP]"[OsSAr]~, Ar = Ph (1),
CeHiMe-4 (11), CeHs(Mez-2,5) (111) (hydrate with 1.5 molecules of water). According to X-ray anal-
ysis, which was performed in the automatic four-circle Bruker D8 Quest diffractometer (Mo K,-
radiation, 2 = 0.71073 A, graphite monochromator), crystals I (C3H203PS, M 496.53 g/mol, crys-
tal system moloclinic, space group P21/n, crystal size 0.25 x 0.2 x 0.15 mm), II(C31H2;03PS, M
510.56 g/mol, crystal system rhombic, space group Pna2l, crystal size 0.48 % 0.18 X 0.12 mm) and
11 (C32H3:045PS, M 1097.16 g/mol, crystal system moloclinic, space group P2/c, crystal size
0.43 x 0.34 x 0.22 mmy) include the tetrahedral cations (bond length equal 1.797(2)-1.799(2),
1.652(2)-1.999(3), 1.785(8)-1.815(7) A; angles CPC equal 109.29(9)°-110.86(9)°, 104.04(13)°-
115.14(12)°, 107.1(4)°-113.3(4)° in I, II and III respectively) and arenesulfonate anions (bond
length equal S-O 1.4355(18)-1.4446(17), 1.313(3)-1.597(3), 1.431(6)-1.457(7) A; angles
0SO 113.07(11)°-113.30(11)°, 107.5(2)°-117.2(2)°, 112.3(4)°-114.2(4)° in I, II and III respec-
tively). In hydrate 111 the water molecules associate the cations and anions into the spatial grid
through the intermolecular hydrogen bonds. The solvate [Ph.P/Br-PhH (1V) has been obtained by
the interaction of pentaphenylphosphorus with the hydrogen bromide. In IV the P-C bonds
(1.7941(19)-1.803(2) A) and angles CPC (107.93(9)°-112.96(9)°) are close to the similar values in
the tetraphenylphosphonium arenesulfonates.

Key words: pentaphenylphosphorus, arenesulfonic acids, tetraphenylphosphonium arenesulfonates, X-ray
analysis
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spectrum (v, cm™): 3472, 3063, 1482, 1436, 1238,
1215, 1196, 1141, 1107, 997, 760, 723, 689, 610, 527.

INTRODUCTION

The methods of obtaining and structural fea-
tures of pentavalent phosphorus organic compounds
are described in a literature [1-10]. The reaction ability
of the such compounds is much less studied. For exam-
ple, the reactions between pentaphenylphosphorus and
alcohols, non-metallic oxides and acids lead to elimi-
nation of the phenyl ligands from the phosphorus
atom [10-12].

Interaction between pentaphenylphosphorus
and arenesulfonic acids has been described in the pre-
sent work, the structure of the products of the reaction
has been determined.

EXPERIMENTAL

Synthesis of tetraphenylphosphonium ben-
zenesulfonate (1) 100 mg of pentaphenylphosphonium
in 20 ml of benzene was added to 38 mg of benzene-
sulfonic acid hydrate in 20 ml of benzene. Then the
mixture was heated at 80 °C for a 10 min. The solution
was concentrated to a volume of 1 ml. A 110 mg of
colourless cryslals were obtained, m.p. 205 °C, IR-

Found, %: C 72.29; H 5.08.

For C3oH2503PS

Calculated, %: C 72.58; H 5.04.

Complex II-IV was obtained in the same
way of |

I1: The yield of the colourless crystals 93 %,
m.p = 240 °C. IR-spectrum (v, cm™): 3474, 2924, 1585,
1483, 1441, 1248, 150, 1141, 1107, 1055, 997, 829,
758, 723, 692, 528.

Found, %: C 72.68; H 5.36.

For C31H2705PS

Calculated, %: C 72.94; H5.29.

I11: The yield of the colourless crystals 95 %,
m.p = 170 °C. IR-spectrum (v, cm™): 3479, 1484, 1437,
1259, 1227, 1188, 1107, 1020, 995, 823,776,721, 691,
627, 528.

Found %: C 69.69; H 6.06.

For C32H32045PS

Calculated, %: C 69.66; H 5.86.

IV: The yield of the colourless crystals 97 %,
m.p = 178 °C. IR-spectrum (v, cm™): 3502, 3473, 3427,
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3277,3082, 3061, 2692, 2206, 1984, 1913, 1836, 1788,
1653, 1598, 1585, 1571, 1527, 1483, 1436, 1365, 1350,
1315, 1255, 1184, 1166, 1107, 1074, 1028, 997, 954,
937, 858, 819, 781, 759, 723, 692, 646, 615, 582, 528,
455, 412.

Found, %: C 72.35; H 7.54.

For CsoH26BrP

Calculated, %: C 72.43; H 7.22.

IR spectra were recorded in KBr pellets on the
IR-spectrometer Shimadzu IRAffinity-1S in the area of
4000-400 cm™.

The X-ray diffraction analyses of crystal | was
performed on the Bruker D8 Quest diffractometer (Mo
K,-radiation, . = 0.71073 A, graphite monochroma-
tor). The data collection and editing as well as the re-
finement of unit cell parameters and the absorption ac-
counting were carried out using SMART and SAINT

Plus program packages [13]. All calculations for the
structure determination and refinement were carried
out using the SHELXTL/PC [14] and OLEX2 [15] pro-
grams packages. The structures were determined by
the direct method and refined by least-squares method
calculations in anisotropic approximation for non-hy-
drogen atoms. Selected crystallographic data and struc-
ture refinement results for compounds | and Il are
given in Table 1, and selected bond lengths and bond
angles are listed in Table 2.

The full tables of atomic coordinates, bond
lengths, and bond angles were deposited with the Cam-
bridge Crystallographic Data Centre (N 1822534 (1),
N 1822533 (II), Ne 1822532 (III), N 1812206 (1V));
deposit@ccdc.cam.ac.uk;http://www.ccdc.cam.ac.uk).

Table 1

Crystallographic data, the experimental parameters and structure refinement parameters for compound I-1IV
Tabauya 1. Kpucrauiorpaduyeckue 1aHHbIE, HAPAMETPhI IKCIIEPUMEHTA U YTOUHeHHs1 cTpyKTyp I-1V

IMapamerp Value
| ] 11 v
M 496.53 510.56 1097.16 497.39
Crystal system Monoclinic Rhombic Monoclinic Triclinic
Space group P2/n Pna2; P2/c P1
a, A 10.917(9) 13.078(7) 13.556(9) 10.074(7)
b, A 14.001(10) 13.672(8) 22.109(14) 10.375(7)
c,A 16.843(12) 14.805(9) 18.763(12) 13.077(8)
a, deg. 90.00 90.00 90.00 72.02(3)
5, deg. 107.17(3) 90.00 99.31(4) 74.09(3)
y, deg. 90.00 90.00 90.00 86.56(4)
V, A 2460(3) 2647(3) 5550(6) 1249.9(14)
Z 4 4 4 2
Dicaley, QICM® 1.341 1.281 1.313 1.322
&, mm~! 0.228 0.213 0.213 1.724
F(000) 1040.0 1072.0 2304.0 512.0

Crystal size, mm

0.25x0.2x0.15

0.48 x0.18 x 0.12

0.43 x0.34 x0.22

0.45 % 0.28 x 0.26

26 Range of data collection,

deg 6 —45.02 5.5-53.44 5.74 — 47.24 6.08 — 62.04
-11<h<1l, —-16<h<16, —-15<h<15, —14<h< 14,
Range of refraction indices —-15<k<15, —-15<k <15, —24 <k <24, —-15<k <15,
—-18<1<18 -14<1<14 -21<1<20 -18<1<18
Measured reflections 22329 28048 58452 77260
Independent reflections 3197 4083 8251 79371
(Rint = 0.0236) (Rint = 0.0334) (Rint = 0.1016) (Rint = 0.0295)
Refinement variables 316 326 712 290
GOOF 1.068 1.089 0.987 1.045
R factors for R; = 0.0320, R; =0.0392, R; = 0.0507, R; = 0.0359,
F2> 26(F?) WR; = 0.0805 wR; = 0.0996 wR, =0.1374 WR; = 0.0986
R factors for all reflections R; =0.0373, R; =0.0427, R; =0.1357, R; = 0.0558,
WR; = 0.0846 wR; =0.1025 WR, = 0.1941 WR, = 0.1083
Residual electron density |, 7, 4 3 0.26/~0.36 0.46/-0.42 0.59/-0.52

(min/max), e/A®
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Table 2
Main bond lengths (d) and valency angles in the structure of compounds I-1V
Tabnuya 2. OcHoBHbIE JHHBI cBsa3ell (d) U BaJeHTHBIE YIJIbI B cTpykTypax I-1V
Bond | d A | Angle | , °

I
S(1)-0(1) 1.4355(19) 0(1)S(1)0(2) 113.30(11)
S(1)-0(2) 1.4446(17) 0O(1)S(1)0(3) 113.17(11)
S(1)-0(3) 1.4441(18) O(1)S(1)C(41) 106.27(11)
S(1)-C(41) 1.785(2) 0(2)S(1)C(41) 104.60(11)
P(1)-C(1) 1.797(2) 0(3)S(1)0(2) 113.07(11)
P(1)-C(11) 1.801(2) 0(3)S(1)C(41) 105.47(11)
P(1)-C(21) 1.797(2) C(21)P(1)C31 108.29(9)
P(1)-C(31) 1.799(2) C(1)P(1)C31 110.86(9)

1
P(1)-C(11) 1.999(3) C(21)P(1)C(1) 104.04(13)
P(1)-C(1) 1.844(3) C(21)P(1)C(11) 115.14(12)
P(1)-C(31) 1.652(2) 0(1)S(1)C(41) 105.72(14)
P(1)-C(21) 1.710(3) 0(1)S(1)0(3) 117.2(2)
S(1)-0(1) 1.411(3) 0(2)S(1)0(1) 107.5(2)
S(1)-0(2) 1.313(3) 0(2)S(1)C(41) 98.71(18)
S(1)-C(41) 1.785(3) 0(2)S(1)0(3) 116.0(2)
S(1)-0(3) 1.597(3) 0(3)S(1)C(41) 109.70(15)

Il
S(1)-0(1) 1.457(7) 0(1)S(1)C(81) 105.6(4)
S(1)-0(2) 1.443(6) 0(2)S(1)0(1) 111.8(4)
S(1)-0(3) 1.443(6) 0(2)S(1)C(81) 105.0(4)
S(1)-C(81) 1.785(9) 0(3)S(1)0(1) 112.8(4)
S(2)-0(4) 1.441(6) 0(3)S(1)0(2) 114.2(4)
S(2)-0(5) 1.431(6) 0(3)S(1)C(81) 106.6(4)
S(2)-0(6) 1.447(6) 0(4)S(2)0(6) 113.3(4)
S(2)-C(91) 1.802(8) 0(4)S(2)C(91) 105.7(3)
P(1)-C(21) 1.802(8) 0(5)S(2)0(4) 113.0(4)
P(1)-C(1) 1.806(7) 0(5)S(2)0(6) 112.3(4)
P(1)-C(31) 1.809(7) 0(5)S(2)C(91) 106.0(4)
P(1)-C(11) 1.791(8) 0(6)S(2)C(91) 105.8(4)
P(2)—-C(61) 1.815(7) C(21)P(1)C(1) 113.3(4)
P(2)—-C(51) 1.789(7) C(21)P(1)C(11) 107.1(4)
P(2)-C(41) 1.800(8) C(51)P(2)C(41) 112.2(4)
P(2)-C(71) 1.785(8) C(41)P(2)C(61) 107.3(4)

v
P(1)-C(1) 1.7984(18) C(1)P(1)C(11) 108.88(9)
P(1)-C(31) 1.7994(19) C(31)P(1)C(11) 112.96(9)
P(1)-C(21) 1.7941(19) C(21)P(1)C(31) 107.93(9)
P(1)-C(11) 1.803(2) C(21)P(1)C(11) 108.34(9)

PhsP + HOSO,Ar — [Ph4P]" [OsSAr]™ + PhH
RESULTS AND DISCUSSI_ON Ar =Ph (1), CsHsMe-4 (I1), CeHz(Me2-2,5) (111).
It had been found that the reaction of dephenyl- Interaction of hydrogen bromide with penta-

ation between pentaphenylphosphorus and arenesul-  phenylphosphorus leads to similar results, at that tetra-
fonic acids (mole ratio 1:1, benzene) leads to quantita-  phenylphosphonium bromide benzene solvate is crys-
tive formation of tetraphenylposphonium arenesul-  tallized from the reaction mixture.

fonates. These compounds are colourless crystals, well PhH
soluble in aromatic hydrocarbons, tetrahydrofurane, PhsP + HBr — [PhsP]*Br-- PhH + PhH
dioxane and ethanol. v
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According to X-ray analysis, tetraphenylphospho-
nium arenesulfonates (I-IIT) and tetraphenylphospho-
nium bromide (IV) are ionic compounds. Tetra-
phenylphosphonium cations have a slightly distorted
tetrahedral coordination (Fig. 1-4).

The valence angles in the cations of complexes
I-TIT vary in the ranges 109.29(9)°-110.86(9)° (1),
104.04(13)°-115.14(12)° (1), 107.1(4)°-113.3(4)° (I11).
The P-C distances equal 1.797(2)-1.799(2),
1.652(2)-1.999(3), 1.785(8)-1.815(7) A respectively.
Their average values practically don’t differ from the
similar values in cation 1V.

Two types of crystallographically independent
molecules are present in hydrate 111. The hydrate water
molecules take part on the formation of the structure,
forming weak hydrogen bonds with the arenesulfates an-
ions, which have short contacts O---Hp, With the cations.

It is known that the IR-spectra of sulfonic acids
include the typical absorption band: 1260-1150 cm™!
(strong intensity band) and 1080-1010 cm™ (middle
intencity band) which are attributed to the asymmetric

and symmetric stretching vibrations of sulfonate groups
[16, 17].

It has been noted that the first band is splitted,
but the position of the band in the range 1080-1010 cm!
depends on the structure of the acid, but little. IR-spec-
tra of tetraphenylphosphonium arenesulfates also in-
clude the typical absorption bands of sulfonic groups:
1227-1238 cm'!, 1141-1188 cm™! 1 ~1000 cm™. It is ob-
viously that the displacement of the last band toward
the lower vibrations involves the lengthening of the
S=0 bonds and alignment of the three bonds in the SO3
group unlike SO4 anion containing only one band [18].
In the arenesulfonate anions the bond length S—O equal
1.436(2), 1.444(2), 1.445(2) A (1); 1.313(3), 1.411(3),
1.597(3) A (11); 1.431(6)-1.457(7) A (111)). It should
be noted that the same distribution of the electron den-
sity is observed in tetraphenylantimony and tetra-
phenylbismuth 2,5-dimethylsulfonates, the S—O bond
lengths equal 1.383(14), 1.440(11), 1.450(2) u 1.439(3),
1.443(3), 1.457(3) A respectively [19, 20].

Fig.1. The structure of complex |
Puc. 1. Ctpoenne xomrurekca |

C(24) CE3)0D

Fig. 2. The structure of complex I1
Puc. 2. Crpoenue xomiekca 1
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Fig. 3. The structure of hydrate of complex 111
Puc. 3. Ctpoenue ruzapata xomriekca 111

Br(1)

Fig 4. The solvate structure of complex 1V with benzene
Puc. 4. Crpoenne conpBara komiutekca |V ¢ 6enzonom
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The reaction between tetraphenylphospho-
nium arenesulfonates with potassium iodide indicates
the ionic nature of the bond. The interaction leads to
the instant formation of tetraphenylphosphonium io-
dide, which is precipitated from the solution in the
loose precipitate form.

[PhsP][OsSAr’] + KI — PhsPI + KO3SAr’

CONCLUSION

It has been found that the dephenylation reac-
tion between pentaphenylphosphorus and arenesulfonic
acids can be considered as an effective on-stage method
of obtaining tetraphenylphosphorus arenesulfonates.
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