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889. The Crystal and Molecular Structure of a Trigonal Form
of Phosphobenzene B, (PC:H,),

By J. J. Dary

Crystalline phosphobenzene B is polymorphic. The structure of one of
these forms has been determined. The axes of the trigonal unit cell are
a = 13-026, c = 11-547 A; the space group is P3¢l and the required molecular
symmetry is 3 (C). The molecule is hexameric, (PCgHg)s, with a six-
membered ring of phosphorus atoms in the chair form with phenyl groups
occupying the equatorial positions.

THE existence of at least three polyphosphines of formula (PCgH;), is well established .2
The structure of one of them, phosphobenzene A, has been determined 34 and it is known
to be pentameric in the solid state (PCgH,);. Various values for # in phosphobenzene B
(m. p. 190°) have been suggested, the highest from other methods, chiefly in solution, being
four. In the solid state, the trigonal form of phosphobenzene B is hexameric (z = 6).
Three other crystalline forms of this compound are known to exist and have been
described.2?® This Paper describes the structure of the trigonal modification.

EXPERIMENTAL

CyeHyoPe. M — 6485, Trigonal. a = 13-026, ¢ = 11-547 A. U = 1696-8 A2, Z = 2.
D, = 1-269, D,, = 1-265 g./c.c. Space group P3cl (D, No. 165). The cell constants were
determined from precession photographs recorded with Cu-K, radiation. Recrystallisation
from tetrahydrofuran gave at least two crystalline forms in one batch, one triclinic 2 and one
trigonal. The trigonal crystals were in the form of hexagonal prisms elongated along ¢; many
of these crystals exhibit twinning, which superimposes the 4%il and the kAil spectra, and this
superposition, when the twins are of the same size, gives the reciprocal lattice the apparent
symmetry 6/mmm. The true Laue symmetry is 3m, in which the intensities hkil and khil are
not necessarily equal. The relative size of the twins could be estimated by comparing the
intensities of the 1341 and 3141 diffraction spectra; these intensities were in the ratio 1: 1600
for the crystal used in the analysis. The crystals are quite stable to the atmosphere but turn
milky on exposure to X-rays. The intensities were measured with the aid of a Hilger and
Watts automatic linear diffractometer.® Balanced filters were used with Mo-K, radiation;
results were recorded up to 8 ~27°. The oscillation axis was ¢ and 1397 independent intensities
were measured: of these 518 were adjudged to be weak enough to be classified as unobserved,
leaving 879 planes with which the analysis was carried out. The intensities were converted
into | F,| values and, in the initial stages, the layers were assumed to be on the same relative
scale; the layers were rescaled later (R = 0-20) by equating | F,| to Z| F,| for each value of 2.
The systematic absences were k40! absent for ! odd, and so the possible space groups were
P3¢l and P3cl with required molecular symmetries 3(Cy;) or 32(D;) for the former and 3(C;) for
the latter.

DETERMINATION OF THE STRUCTURE AND REFINEMENT

The N(2) test,® though not strictly applicable in view of the probable centric distribution of
the heavy phosphorus atoms, was applied to the intensity values. The results (see Table 1)

1 H. Kohler and A. Michaelis, Chem. Ber., 18717, 10, 807; Th. Weil, B. Prijs, and H. Erlenmeyer,
Hely. Chim. Acta, 1952, 85, 616; J. W. B. Reesor and G. F. Wright, J. Org. Chem., 1957, 22, 385; W.
Kuchen and H. Buchwald, Chem. Ber., 1958, 91, 2296; F. Pass and H. Schindlbauer, Monatsh., 1959,
90, 148; L. Horner, H. Hoffmann, and P. Beck, Ckem. Ber., 1958, 91, 1583; P. R. Bloomfield and XK.
Parvin, Chem. and Ind., 1959, 541; W. A. Henderson, M. Epstein, and F. S. Seichter, J. Amer. Chem.
ggc., 1963, 85, 2462; E. Wiberg, M. Van Gehman, and G. Miiller-Schiedmeyer, Angew. Chem., 1963,

, 814.
2 J. J. Daly and L. Maier, Nature, 1965, in the press.
3 J. J. Daly and L. Maier, Nature, 1964, 203, 1167.
4 J. J. Daly, J., 1964, 6147.
5 U. W. Arndt and D. C. Phillips, Acta Cryst., 1961, 14, 807.
¢ E. R. Howells, D. C. Phillips, and D. Rogers, Acta Cryst., 1950, 8, 210.
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were encouraging, as the values fitted closely to the error function expected from a centric
distribution of atoms. The space group P3¢l was accordingly accepted provisionally and
refinement in it was successful.

Since the molecule possesses 3 symmetry, it is only necessary to determine the position of
one phosphorus atom and one phenyl group. The position of the phosphorus atom was found
from a three-dimensional sharpened Patterson synthesis. The X and Y co-ordinates of Cl1
and C4 were then estimated from a model, leaving the orientation of the phenyl group

TaBLE 1
Results of N(z) test
z 0-1 0-2 0-3 0-4 0-5 0-6 0-7 0-8 0-9 1-0
(PPh)g N(2) .evenenene. 260 360 440 495 520 570 62:0 640 67-0  69-0
erf(z/2)? (centric) ...... 24-8 345 4119 474 521 56-1 59-7 62-3 65-7 68-3
l-exp(—2z) (acentric) ... 96 181 25-9 33-0 39-4 45-1 50-3 55-1 59-3 63-2

undetermined, and the three atoms were then used to calculate the electron density of the
[c]-axis projection. This map showed the positions of the four remaining carbon atoms and
structure factors were again calculated: R(#k0) was 0-25 at this stage. The model was then
used to estimate the Z co-ordinates of the light atoms and a three-dimensional least-squares
refinement was started. The trial structure was refined successfully till R (for 879 planes) had
fallen to 0-072 and R’ (for 876 planes) to 0-0066; the hydrogen atoms were ignored.

R = Z|A|[Z|F,|; R = Z wA?/Z wF,?
Anisotropic temperature factors werc applied to each atom in the form
exp — 2n2 T(h2a*? Uy, + k%*2U,, + 13c*2U g5 + 2hka*b*U,, + 2kID*c* Uy + 2hia*c*U,y).

A constant weight was applied to all observed structure factors; planes were notincluded in the
least squares totals or R’ if 3| F,| was less than | F,| and there were three such planes in the
final least-squares cycle. Refinement was stopped when the maximum drift was less than 0-2
of the corresponding standard deviation. The calculations were carried out on our Elliott 803B
computer by using the programming system of Daly, Stephens, and Wheatley.?

RESULTS AND DISCUSSION

The results of the analysis are summarised in Tables 2—5. The atomic co-ordinates
and standard deviations are given in Table 2, the thermal parameters and standard

TABLE 2
Co-ordinates and standard deviations in A (hexagonal axes)
X Y 4 X Y z
r 1-4680(17)  2-1429(18) 0-5918(14) C3  3-9021(90)  5-6974(89) —2-1322(96)
C4  4-9128(90)  6-8729(82) —1-2103(114)
Cl  2:8002(66)  3-9949(65) —0-2198(62) C5  4-8555(105)  6-6381(94) 0-1442(108)
C2  2-8141(78)  4-2354(78) —1-6049(69) C6  3-7800(85)  5-1792(86) 0-6507(87)
TABLE 3
Thermal parameters and standard deviations in A? (hexagonal axes)
Uy U, Uy 2Uy, 2U, 2U,
P ... 0-0452(8) 0-0489(8) 0-0411(6) 0-0491(14)  —0-0093(13)  —0-0048(12)
Cl ... 0-0407(31)  0-0429(32)  0-0708(38) 0-0416(53)  —0-0131(56) 0-0000(56)
C2 ... 0-0668(43)  0-0574(41)  0-0758(45) 0-0606(72) 0-0386(69) 0-0402(71)
C3 ... 0-0746(52)  0-0899(51)  0-1318(72) 0-0841(89) 0-0645(96) 0-0707(98)
C4 ... 0-0654(49)  0-0471(42)  0-2145(109 0-0609(78) 0-0310(108) 0-031051 18)
C5 ... 0-0917(65)  0-0529(45)  0-1648(97) 0-0316(92)  —0-0137(103)  —0-0328(126)
C6 ... 0-0658(47)  0-0659(46)  0-1055(60) 0-0481(78)  —0-0519(86) —0-0352(86)

N 7 J. J. Daly, F. S. Stephens, and P. J. Wheatley, Monsanto Research S.A., 1963, Final Report
0. 52.
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deviations in Table 3, the bond lengths and angles with their standard deviations in Table 4,
and the final values of F,, F,, and A are listed in Table 5. The [c]-axis projection of the
molecule in Figure 1 shows the labelling of the atoms and some non-bonded intramolecular
distances: Figure 2 represents the packing of the molecules in the unit cell.

TABLE 4

Bond lengths (in A) and angles (in degrees) with their corresponding
standard deviations

PP it 2-237(5) P—C1-C2 .....ccovvvininennnne 123-13(51)
P-Cl i, 1-843(7) P-C1-C6 ....coovvvenenennnen 115-14(53)
Cl-C2 ..o 1-405(10) C6—C1l—C2 ....oevvrnininnnnnn 121-70(65)
(032 O S 1-417(12) Cl-C2—C3 ....oovvvvvninvennnnn 118-70(69)
[0 e O N 1-437(13) C2—C3—C4 ...cevvvnvinirennnnn 117-93(80)
(07 e O S 1-371(14) C3C4—C5 ..ovvvvinirninnnnns 122-79(89)
C5-CB .ovvvniniininiiniines 1-405(13) C4—C5~C6 ...oevvvvrnnennnnnnn 118-61(90)
C6—Cl ..oovvviriiiiininininnes 1-400(11) C5—C6—Cl ..oevvvniininnnnnnnn 120-20(78)
Average C—C ............ 1-406(20) * Average C—C—C......... 119-99(199) *

* Standard deviation of individual values from the average.
P—~P—-P” 94-58(9); P'—P—Cl197-05(22); P""—P—Cl 99-92(22)

The successful refinement in the space group P3cl shows that the molecule has
symmetry 3 (Cy;) with a six-membered ring of phosphorus atoms in the chair form: to
each phosphorus atom is attached one phenyl group in what, by analogy with cyclohexane,
may be described as the equatorial position. A six-membered ring of phosphorus atoms

L +r =0
AT
/{3~2i3 —b

a CSE)*C4
e ! 2A
Ficure 1. The [c]-axis projection of the Ficure 2. Packing in the unit cell: the
molecule showing the labelling of the [c]-axis projection

atoms and some mnon-bonded intra-
molecular contacts

is not common, and has been found previously only in elemental black phosphorus & and
in the inorganic salt ® (CsPO)g,#H,O; in the latter case, the phosphorus atoms are bonded
to two oxygen atoms as well as to two phosphorus atoms. In the (PO,), ion the average
P-P-P-P torsion angle is 68-6°, while the average P-P-P angle is 105-6°; the phosphorus
ring (in the chair form) is therefore much flatter than that found in (PC¢Hj),.

® R. Hultgren, N. S. Gingrich, and B. E. Warren, J. Ckem. Phys., 1935, 8, 351.
® J. Weiss, Z. anorg. u. allgem. Chem., 1960, 308, 30.
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TABLE 5

h k 14 100F, 100F, 100A h k ! 100F, 100F,
1 1 0 =969 ~786 -183 2 1 1 984 1044
2 4] 0 =-123% ~-1030 =205 2 12 1 604 722
2 1 a 52 709 283 3 1 1 7158 6554
2 2 Q4 -6105 -5356 =743 3 2 1 5674 5331
3 0 0 -8511 <+~7876 =635 ¥3 3 1 295 42
3 1 0 1058 458 645

3 2 0 =3673 -=3395 =273 3 4 1 -1641 ~-126%
3 3 0  =3%22 ~-3140 -382 3 5 1 ~4676  -4622
4 0 0 =-10612 =10269 =343, 3 6 1 =5307 -5252
4 1 0 =601 =507 =94 3 7 1 =2263 =2247
4 2 0 1657 1303 354 3 8 1 1205 1134
4 3 0 2012 2116 -104 3 10 1 2040 2094
4 4 0 2382 2135 167 3 11 1 1059 1071
5 0 0 -6663 =6372 =291 4 1 1 6063 5824
5 2 0 5415 5140 27 4 2 1 2473 2187
5 3 0 3695 3635 6y, 4 3 1  -1072 -65¢c
5 4 0 2115 1585 130, 4 4 1 414 553
9 5 0 -1725 -1821 26 4 5 1 -673 ~762
6 0 0 668 1102 -214 4 6 1 =515 =548
6 1 0 376 351 25 4 7 1 1800 1762
6 2 0 3539 3582 -43 4 ] 1 =535 =233
6 3 0 1361 1264 Y7 4 9 1 565 403
6 4 0 -1455 -1664 169 5 1 1 555 520
6 5 0 =487 -464 -3 5 2 1 7217 63536
6 6 0 =-1942 ~-2084 14z 5 3 1 3775 3523
+7 0 0 838 730 10% 5 4 1 2336 2246
7 1 0 -1012 -1109 47 5 6 1 43 573
7 2 Q =666 =632 26 S 7 1 1133 1235
-7 5 0 =1532 =1709 177 5 10 1 =755 ~704
17 6 0 =-1657 =1634 173 5 M 1  -1007 -1130
8 1 0 =2229 =2532 363 6 1 1 659 717
5. 2 0 =-1228 =-1378 150 6 2 1 4141 3986
& 3 0 =537 ~710 113 6 3 1 3502 3642
8 4 0 451 549 =54 6 4 1 =515 =512
9 0 0 =920 -988 66 6 5 1 712 663
9 1 0 516 591 —/5 6. 6 1 1543 1434
9 2 0 -1567 -1621 & 7 1 1050 1182
9 3 0 1251 1422 —171 6 g 1 =547 -528
9 4 0 1189 1316 -127 6 10 1 =1243 =1322
9 5 0 558 364 194 +7 1 1 627 457
10 1 0 -1058 -964 -94 +7 2 1 2473 2552
10 3 0 1287 1326 -39 -7 3 1 1361 1245
10 4 0 1446 1594 -143 7 4 1 ~-1260 -135%6
10 5 0 1159 1158 1 -7 5 1 1076 t63
11 0 0 =1214 =1297 83 :7 7 1 480 ‘543
11 2 0 1272 1346 ~74 -7 9 1 =550 ~7020
11 3 0 1351 1387 -36 8 1 1 -428 -364
11 4 0 1121 1201 -89 | 2 1 =623 -731
12 0 0 =897 ~-1055 154 8 3 1 =685 =621
14 0 0 -547 =583 35 8 6 1 535 522
14 1 0  -608  -857 245, S 1 1 =587 =57
1 1 1 =3750 ~3678 -7 9 2 1 -2583 -2672
1 2 1 -5119 =-5923 =156 g 3 1 -115%9 =1108
1 3 1 567 730 =223 g 4 1 =601 =433
1 4 1 =-1185 =-1268 83 10 1 1 -1631 -1671
1 5 1 1038 1131 -93 10 2 1 -2625  -2657
1 6 1 =-2555 =25399 44 10 3 1 -1212  ~13%%
1 =7 1 =3376 -3478 102 10 5 1 570 672
1 3 1 -187% -1508 2% 10 6 1 627 525
1 9 1 525 441 &a 11 1 1 =1540 =1646
1 10 1 657 g -11u 11 2 1 =-1173  -=1306
1 1 1 1203 118 11 3 1 =-13%1 =1510
2 1 1 11176 12412 -1230 11 4 1 539 630
2 2 1 =2112  =1407 =705 11 5 1 1053 1154
2 3 1 =-1712  =1834 122 12 2 1 -622 -459
2 4 1 =2025 =2020 =S 13 4 1 615 301
2 5 1  =5520 -5915 -5 0 1 2 3060 3644
2 6 1 -4419 "=4110 =305 0 2 2 =321 -176
2 7 1 .-5024 -5128 104 o 3 2 =2257 -=1%02
2 8 1 463 531 -66 0 4 2 3193 2702
2 10 1 1359 1331 24 0 5 2 1318 523
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TaBLE 5 (Continued)

)3 k i 100F, 100F, 100A h k 1 100F, 100F, 100A
43 6 2 "’549 =350 =jua -7 [¢] & ~12J06 -1053 "11:,
0 i 2 ~1462 +~ijoy -T2 i 1 2 65% 351
0 5 2 -760 ~-87% 115 7 2 2 2452 2504 -12
0 9 2 =2317 -2253 =24 7 3 2 1179 1045 134
0 10 2 1975 1803 172 -7 4 2 -461 =-63% 177,
0o M 2 -448 -301 =147 + 7 6 2 -1280 -1278 -2
0 14 2 =1313 =1379 6& +7 7 2 =831 =972 141
0 15 2 =1072 -1284 212 -7 g 2 -700 -815 115
1 0 2 10360 12536 -217% 8 0 2 1081 1036 45
1 1 2 2246 . 2051 15% 8 1 2 =1013 =953 -20
* 1 2 2 -386 -123 =265, 8 2 2 =397 -302 =95
] . 8 3 2 -867 =517 =70
1 3 2 3194 3148 45 8 4 2 437 407 30
1 4 2 925 1034 =10z 8. g 2 =573 -543 -30
1 5 2 =519 =562 43 9 a 2 -665 -756 131,
1 =7 2 ~-370 =353 =17 g 1 2 -1562  =161% 37
1 & 2 =2514 -2373 -135 9 2 2 -17860 -1872. 52
1 9 2 819 - 803 16 9 3 2 512 482 30
1 13 2 -616 _=705 &9 9 4 2 857 849 8
1 14 2  -1056 =1058 2 9 5 2 593 +734 ~141
2 0 2 3737 3314 423 10 0 2 ~-1064 =111 47
2 1 2 =5146 =-48%51 =235 10 1 2 =1165 =1307 142
2 2 2 =3691 -3724 33 10 2 2 =1032 -106% 37
2 4 2 997 1211 =214 10 3 2 1154 1322 - =16&
2 5 2 3474 3252 222 10 4 2 1306 1554 -24b
2 6 2 1168 115G 18 10 5 2 640 + 701 -61
2 7 2 =2797 -=2693 -104 11 0 2 -660 -808 14t
2 & 2 =1829 =110 81 1 1 2 -563 =755 -113
2 9 2 857 695 2z 11 3 2 862 649 13
2 10 2 843 1019 =171 11 4 2 649 959 =310
2 11 2 784 876 =32 11 6 2 579 452 127
2 13 2 -596 -463 =113 12 0 2 -1185 =112 -60
3 0 2 =5245 -5795 550 1 1 3 2346 2026 320
3 1 2 =4595 =4718 123 1 2 -3 1518 1374 144
3 2 2  =4738  =4325 -413 1 3 3 1554 1751 203
3 4 2 2589 2444 145 1 4 3 =746 =700 -46
3 5 2 1179 1230 =51 1 5 3 524 418 106
3 6 2 -495 -544 43 1 6 3 =3%01 -3690 -11
3 7 2 -1573 -1491 =42 1 7 3  -=3104 -30%6 -5
3 9 2 1565 1688 -103 1 g 3 -1465 -1376 -9
3 10 2 1203 1316 ~-11%5 1 10 3 850 =613 =37
3 11 2 1159 1260 =121 2 1 3 1263 1500 =237
4 0 2 -12339 12714 37 2 2 3 3516 3753 163
4 1 2 =5554 -5139 =415 2 3 3 5612 5283 329
4 2 2 =144 =1257 =155 2 5 3 -2023 =2157 134
4 3 2 2144 2096 46 2 6 3 -4204 -4034 -170
4 4 2 2057 1924 133 2 17 3 -5128 =~5103 -25
4 5 2 2084 1938 146 2 8 3 -1502 -1895 -
4 6 2 =565 =877 bu 2 9 3 =735 -857 122
4 8 2 =677 -868 11 2 11 3 680 536 84
4 g 2 1321 1243 7s 2 12 3 518 601 =83
4 10 2 949 897 52 2 14 3 571 356 215
4 N 2 1310 1127 153 3 1 3 3028 3100 -72
4 12 2 542 515 a7 3 2 3 7091 6807 284
5 0 2  -6525  -664Y =280 3 3 3 =677 =379 -298
5 1 2 2160 1898 262 3 4 3 -1544 -1618 :74
5 2 2 3555 3503 52 3 9 3 =2417 -2396 =21
5 3 2 2419 2267 152 3 6 3 -2895 -2776 -119
5 4 2 1665 1875 =10 3 7 3  -2766 -=2770 4
5 5 2 =1254 -1235 =15 3 8 3 568 402 166
5 6 2 -836 ~719 =11$ 3 10 3 565 412 153
5 + 7 2 =1732 -1666 =66 4 1 3 5074 4919 155
5 11 2 674 640 34 4 2 3 1215 1279 -64
6 0 2 911 737 174 4 4 3 706 -600 106,
6 1 2 1289 1365 =96, 4 .5 3 -1197  -1086 =21
6 2 2. 4120 3526 194 4 6 3 =570 =558 -2
6 3 2 1711 1664 27 4 7 3 1275 1220 55
6 4 2 ~784 -865 61 4 & 3 608 664 =56
6 5 2 =1166 =1158 28 5 1 b 3298 3287 11
6 .6 2 =1091 -1096 5 5 2 3 3268 3262 6
6 3 2 -1481  -1431 10 5 3 3 1321 1274 47



4794

>

QIS QI U W g §
PN NQD G a et adaaaaa00C0000000000aaaDOOWLRLOCE €L 630000 O O aldsdadadadanl~d SNOVONOYON WU AN

. - ) = o)
WONIVAWN AO A WSOV AWN AWN QWA MW SOV AWN AWV = OO N 2 Ol DA =

-
=20

- -
W-IOWNAWN =20 AW

-~

Daly: The Crystal and Molecular Structure of a

100F,

830
2211
2200

662
=608
1156
2056
2654
2023
=798
-796
-8562
=763
1526
1457

581
-833
—247
=877

100F,

725
2266
2304

686
=753
1203
2221
2609
2146
=940
-846
~-768
~742
1594
1541
1045
=508
-§65

-1276
-1438&
=474

524

421
=277
-564

-2261
=2320
-136
=606
=1590
=167
-870
-1362
=1330
=649
5243
5502
2373
8592
1715
=-211%
-1638
=1699
-622
221
1626
=1257
=1054
=310
6590
352
2763
5017
1320
-1674
=1560

547
1352

664
-677
=927

=4505
-2013
=-1431
1013
1643
9€1
-1387
-2229
1129

TABLE §

100A

105
=55
=24
=24
145
=47
=163
85
123
142
50
~74
=21
=68
-84
-68
94
€1
=12
=19
82
-6
43
106
-256
49
189
106
-71

(Continued)
h k
& 10
3 G
3 1
2 2
3 3
3 5
3 6
3 1
3 9
3 10
4 0
A 1
4 2
4 3
4 4
4 6
4 1
4 9
4 N
5 0
5 1
5 3
5 4
P 5
6 0
6 1
2 2

3

6 7
6 )
1 0

Ji 1

7 2

1 3

7 4

7 6

8 0

8 4

[ S

9 0

9 1

9 2

9 3

9 >

10 0
10 1
10 2
11 0
11 1
13 0
13 1
14 0
14 1
1 1

1 2

1 3

1 4

1 5

1 6

1 7

1 8

1 9

1 10

1 12

2 1

g 2

3

g 4

2

2 6

2 7

-~
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100F,

100F,

885
=4044
=5073
-1788
357
-898
-1240
=1333
1052
926
-5664
-4987
=-1261
1837
367
=924
-1186
1166
501
=3440
-1519
2600
685
-325
1024
992
3056
2283
=624
1732
2333
2522
407
484
-548
776
322
VL
=1046
=-1114
=624

-653

685
=115
-1253

-8E5
-19¢7
=-1173

924

-777
1245
592
3835
210

-1199
-1196
-1296
=997
=395
2926
5328
4308
1067

-2540
-2743
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100F,

-1623
=15%0
952
=622
1536
5230
1540
513
=2032
-1416
-880
=-1033
=818
539
1521
2820
-683

=1085 -

=711
1073
-1281
=1403
1315
2541
1610
897
-1723
=1915
-1105
553
1523
2373
1598
=
-1616
14560
18395
5868
=599
-565
-1269
=2596
=-1065
816
885
=859
=1576
-1758
-561
=1114
Q-796
=545
=743
=143
802
4522
5583
2457
-403
=2035
=1563
1414
2142
1209
3253
-1962
1651
4756
5631

100F,

-1656
=737
=567
17486
4960
1941

400
-2160
-1309

=992
-1113
-661
+ 709
1434
2655
-646
-1061
=713
1170
=-1329
=-1220
1377
3061
1827

780
-1614
-1848
=1025

426

1511
2360
1501
-1500
2756
-1714
1446
1522
773
-606
~628
-1101
-2712
-1088
802
913
=917
=-1600
-1821

-1263
-808

2528

-2040
=175
1627
2193
1210
-625
-3378
-188E4
1736
4820
4742

TABLE 5
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TaBLE 5 (Continued)

h k ! 100F, 100F, 100A h k I 100F, 100F, 100A
6 3 12 -55% =588 33 4 1 13 =657 -568 -129
7 o 12 -536 =460 =76 4 2 13 -908 -836 ~72
7 1 12 -663 =500 -163 5 1 13 =599 =503 =96
1 1 13 -302 =392 0 0 2 14 -613 =699 86
1 2 13 -541 =542 1 0 3 14 -932 -918 -14
1 3 13 -509 -578 69 0 4 14 ~-1249 -1095 =154
1 6 13 796 Z72 24 + 2 14 =504 =395 =-109.
2 1 13 -620 =639 19 1 3 14 ~776 -671 -10%
2 2 13 =931 =992 61 1 4 14 -870 -838 =32
2 3 13 ~715 -834 119 2 0 14 321 503 =182
2 5 13 665 678 =13 2 1 14 608 603 -1
2 6 13 115 1060 97 3 0 14 1221 1250 -29
3 1 13 -649 -652 3, 3 1 14 1122 1073 49
3 2 13 =948 =1010 62 4 0 14 1436 1342 94
3 3 13 -601 -556 -45 4 1 14 857 843 14

Some molecular quantities in (PCgH;), and (PCgHj); are compared in Table 6.
Although the P-P bond length found here (2237 4 0-003 X) is not significantly different
from the average P-P length in (PC.Hj); (2-217 - 0-006 A), it is interesting to note that
the same situation occurs for arsenomethane ¥ (AsCH,); and arsenobenzene 11 (AsC.Hy),,
where the As—As bond length is greater by 0-028 A in the six-membered ring than in the
five. The similarity of the six-membered phosphorus ring found here to the six-membered
arsenic ring in arsenobenzene!! is striking: the bond angles are 94-6 and 100-0°
(average), respectively, and the torsion angels are 85-0 and 89° (average), respectively.

The P-C bond length found here does not differ significantly from that found in
triphenylphosphorus,!? but the bond angles at the phosphorus atom are much larger in
(PC¢Hj;)s, where they are essentially equal and average 103-0°.

TABLE 6
Comparison of molecular quantities in (PCgHj;)g and (PCgH;),
(BCsHa)s (PCHy)s

’Range Average‘ rRange Avera,ge‘

— 2-237(3) 2-207—2-223 2:217(6) *
—_ 94-6(1) 94-1—107-2 100-0(54) *

— 85-0 2-2—60-6 38-1

— 1-843(7) 1-828—1-858 1-843(14) *
97-1(2) and 99-9(2) 98-5 96:.4—109-8 102-0(40) *
123-1(5) and 115-1(5) 119-6 114-5—125-5 120-2(42) *
1-371—1-437 1-406(20) ¢ 1-372—1-440 1-403(26) *
117-9—122-8 120-0(20) * 117-0—128-7 120-0(14) *

* Standard deviation of individual values from the average.

The carbon atoms of the phenyl group do not deviate significantly from a plane regular
hexagon of side 1-397 A. However, the U,, thermal parameter is rather high for some of
the atoms, particularly C4 and C5. This may be real and due, for example, to slight
disorder, but it is difficult in this case to see why the thermal parameters of atom C6 are
not particularly big. Another possibility is that there is an unidentified systematic error
in the intensity measurements.

The departures of the molecule from symmetry 3m (Dg) are not great. To
achieve this symmetry both P-C-C angles should be equal (they differ by 2-8°), the phenyl
ring should be parallel to the [c]-axis (it makes an angle of 5-6° with ¢) and the phosphorus
atom should be coplanar with the phenyl ring (the displacement is 0-03 A).

There are 9 independent Van der Waals contacts of less than 4-0 A ; the two shortest are

10 J, H. Burns and J. Waser, J. Amer. Chem. Soc., 1957, 79, 859.

11 K, Hedberg, E. W. Hughes, and J. Waser, Acta Cryst., 1961, 14, 369.
12§, J. Daly, J., 1964, 3799.
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C+++C contacts both of 3-46 A; there are no contacts of less than 4 A involving the
phosphorus atom. If we ignore contacts within a pheny! group and those that subtend a
bond angle, then there are three non-bonded intramolecular contacts of less than 36 A;
these are illustrated in Figure 1.

It seems possible that the monoclinic and rhombohedral forms 3 of (PCsHy),, in which
the required molecular symmetry forbids the boat conformation, differ from the trigonal
form mainly in the orientation of the phenyl rings about the P-C bonds; the triclinic
modification 2 however is not known to be restricted to the chair form by symmetry.

I thank Dr. L. Maier who prepared the crystals and determined the density and with whom
I have had many helpful discussions.

MONSANTO RESEARCH S.A., BINZSTRASSE 39,
8045 ZURICH, SWITZERLAND. [Received, December 21st, 1964.]




