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The crystal structure of 2-chlorobiphenyl-4-carboxylic acid (C13H902C1) has been determined from 
three-dimensional X-ray diffraction data by Patterson methods. The crystals are triclinic, space group 
P i, with unit-cell dimensions: a = 3.896, b = 9"549, c = 14.184 A.; ct = 92-01 °, fl= 95"99 °, :z = 92.44 °. 

The structure was refined using anisotropic thermal parameters to a residual of 13% for the 1425 
observed structure factors. The crystal structure consists of centrosymmetrical hydrogen-bonded dimers, 
the molecules being separated by approximately 4 A. perpendicular to the ring planes. The angle be- 
tween the planes of the phenyl rings of each molecule is 46.1 ° and that between the carboxyl group 
and the phenyl ring to which it is attached 7.9 °. 

Introduction 

This paper describes an X-ray crystallographic study 
of 2-chlorobiphenyl-4-carboxylic acid, the third in a 
series of structure determinations of halogen-substi- 
tuted biphenyls selected for study because of the lack 
of data available on the solid states of compounds 
exhibiting liquid crystalline phases (Gray, Sutherland 
& Young, 1965). 

Experimental 
Crystal data 

C13H802C1, M =  232.7. Triclinic; 
a = 3.896 + 0.003, b = 9.549 + 0.005, c = 14.184 + 0.005 A 
a = 92.01 + 0.08 °, f l= 95.99 + 0.08 o, 7, = 92.44 + 0.08 o; 
U= 526.4 A 3; Dm = 1 "46 + 0"01 g.cm -3, Dc = 1.47 g.cm -3 
Z = 2 ,  F(000)=240, Cu Kc~(2 = 1.5418/~),/z= 30.4 cm -1. 

No absent spectra, space group P1 or PT uniquely 
determined as P ]  in the structure analysis. 

The quoted cell is related to that described in a 
publication by Hoy & Sutherland (1966), which was 
for a left handed set of axes, by the vector transforma- 
tion 100/010/- 10-1. 

The observed density at 17 °C was measured by the 
method of flotation using aqueous cadmium n-dodeca- 
tungstaborate. Slow evaporation from ethanol pro- 
duced transparent, colorless, needle shaped crystals 
which gave sharp extinctions along their needle axes 
when viewed under a polarizing microscope. 

A single crystal having dimensions 0.003 x 0.0015 cm 
perpendicular to the needle axis was used to collect 
diffraction data for the Okl, lkl, 2kl, 3kl and hOl layers 
of the reciprocal lattice by the multiple-film Weissen- 
berg method. The intensities were estimated visually 
by comparison with a calibrated scale and corrected 
for Lorentz and polarization factors. The Phillips 
(1954) correction factor was applied to the non-zero- 
level data. The Okl zone was placed on an approximate 
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absolute scale from a Wilson plot and by means of 
the hOl zone, the Okl, lkl, 2kl and 3kl data were reduced 
to an approximate absolute scale. No correction was 
applied for absorption. 

The data reduction was carried out on an Elliott 
803B computer using the authors' programs. 

Structure determination 

A two-dimensional sharpened Patterson was computed 
from the Ok/data and is shown in Fig. l(a). This con- 
tained three peaks of considerable height, A, B and C, 
which were possible C1-CI vectors; peaks A and C were 
eliminated by considering possible positions of the 
molecule on the assumption that the molecules form 
hydrogen bonded dimers across a centre of symmetry. 
Using B as the CI-CI vector, a minimum function was 
drawn, Fig. l(b), from which a set of coordinates for 
the thirteen carbon and two oxygen atoms were ex- 
tracted. A structure factor calculation from these co- 
ordinate gave a residual of R(Okl)=0.45, where R =  
S [Ifol - I fc l  [/_r Ifol which was reduced by a series of 
Fourier refinements to 0.20 and by four cycles of least- 
squares refinement on positional and isotropic thermal 
parameters to 0.153. 

A sharpened Patterson synthesis was calculated from 
the hOl data to determine the x coordinates of the 
atoms [Fig. 2(a)]. This showed a prominent peak with 
a 2 z coordinate corresponding to that obtained for 
the chlorine from the (yz) synthesis. The minimum 
function [Fig. 2(b)] constructed from this rotation peak, 
could be interpreted in two ways. The first model gave 
structure factors with a residual of 0.50 which dropped 
to 0.29 on refinement: the second had an initial residual 
of 0.36 which dropped to 0.20 on refinement; it was 
therefore assumed that the second model was probably 
the correct one. 

Refinement 

On the basis of a set of three-dimensional positional 
parameters, formed from the x coordinates of the hOl 
projection and the y and z coordinates of the Okl pro- 
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jection, the structure was refined (using the complete 
three-dimensional data) by three cycles of Fourier 
refinement from a residual of 0.33 to 0.21. 

After scaling Z IFol to _r IFol for each layer of the 
reciprocal lattice, refinement was continued by block- 
diagonal least-squares applied to positional and iso- 
tropic thermal parameters and overall scale factor on 
an Elliott 803B computer using the block-diagonal 
least-squares program of Daly, Stephens & Wheatley 
(1963) to a residual R=0.16. The inclusion of aniso- 
tropic thermal parameters of the form: 

exp [ -  2n2(UllhZ(1.2 + U22k2b .2 + U3312c .2 

+ 2 U23klb*c * + 2 U31lhc*a* + 2 Ua2hka*b*)] 

(Cruickshank, 1961) resulted in a rresidual of R--0.14. 
A three-dimensional difference 'electron density dis- 

tribution was calculated; this gave a clear indication 
of the approximate positions of all the hydrogen atoms. 

"At this stage the refinement was transferred to the 
Ulaiversity of Leeds KDF9 computer using the pro- 
gram of Cruickshank & Smith (1966). During t h e  
subsequent block-diagonal least-squares refinement ap- 
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Fig. 1. (a) Sharpened Patterson for the (y, z) projection. (b) Minimum function for the (y, z) projection. 
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- Fig. 2. (a) Sharpened Patterson for the (x, z) projection. (b) Minimum function for the (x, z) projection. 



H.  H.  S U T H E R L A N D  A N D  T.  G .  H O Y  1015 

T a b l e  l .  Observed and calculated structure factors 

The  Table  is in g roups  of  h, k, 1, 100Fo and  100F~. An asterisk denotes  an unobserved  reflexion. 

~o 
o 2550 2572 o ~ 3 4 2599 -2567 
o o 5 1265 1221 
o o 6 55:30 -3771 

o o ~ 1098 987 
3585 :3571 

o o 9 11:32 -999 
0 0 10 1984 1780 
o o 11 70:3 621 
o o 12 850 -897 

o 15 1799 1931 
0 14 • -144 

o ~ -151 o ~ 62; 68:3 
o o 17 565 -717 
0 0 18 474 717 
0 1 0 • -2111 
0 1 .11 • 9~1 
o 1 1706 
8 1 2 25; -1:30 

1 -2 4917 5639 
o 1 5 1819 -1774 
o 1 -5  2608 2657 
o 1 4  677 551 
0 1 -4 1767 1804 
0 1 5 • -104 
8 I ~ ~363 - 2 5 .  

1064 -11:31 
o I -6 1774 189:3 
o 1 7 1847 1691 
o 1 -7 1169 -972 
o 1 327 -239 8 
o I -8 2410 -2511 
o 1 9 1299 1177 
0 1 -9 1849 1754 
0 1 10 1445 1008 
0 1 -10 • -224 
0 1 11 650 -612 
o 1 -11 1075 1040 
0 1 12 1183 1024 
o 1 I12 514 274 
o 1 15 540 -555 
0 1 -15 1138 -1228 
0 1 14 • 5:39 
0 1 -14 • 220 
0 15 • :307 
o l  -126 -15 
o I 16 477 -~ ,  
o -16 611 
o 1 17 7:37 886 
o 1 -17 40:3 462 
8 1 18 • 185 

-18 27:3 -489 
o -857 2 0 1108 
0 2 1 :3565 :3640 
0 2 - I  2281 -2176 
0 2 22 4059 4144 0 2 :3552 :37?2 
o 2 :3 80 7 661 
o 2 -5 2196 -2070 
o 2 4 2560 -2446 
o 2 -4 1165 -1049 
o 2 5 2108 -2225 
0 2 -5 1804 -1616 
0 2 6 108:3 859 
o 2 -6 184:3 -1985 
o 2 7 2143 -2017 
o 2 -7  1807 1561 
o 2 8 1167 068 
0 2 -8 1169 -912 
o.  2 9 417 221 
o 2 -9 1024 -737 
o 2 lO 1067 -95:3 
o 2 - lO lO95 991 
o 2 11 4605 141:3 

2 -11 1:308 -I086 
2 12 482 :343 

0 2 -12  • 239 
0 2 15 * -1:31 
0 2 -1:3 * -56 
0 14 125 
o ~ lo2; -14 -1051 
0 2 15 872 -1056 
8 ~- I~  474 3:39 

• 144 
0 2 -16 1054 -1226 
0 2 17 • -216 
o 2 -17 :318 -52 
0 2 18 • -7~2 
0 2 -18 281 5~4 8 ~ ~ 1575 1212 

2998 -:3075 
0 :3 -1 2402 -2151 
o 5 2 907 -604 
0 5 -2 2597 -2443 
o 5 ) 1348 -1218 
o :3 -:3 2845 2807 
0 :3 4 4465 -4743 

~ -4  2981 -2995 
5 1177 -972 

o :3 -5 :350 218 
o : 3 6  161:3 -1450 
o :3 -6 323 -:394 

:3 7 1021 865 
3 7  2632 -2524 

o 5 "8 1321 1298 
o :3 -8 1190 957 
0 3 9 1428 -1:367 
o :3 -9 1745 -16:3o 

~ lO 2573 2727 
-lO 450 lOl 

8 ~ ~1 477 -256 
-11 680" 513 

o :3 "12 2549 -2599 
0 ) -12 1207 -1257 
o 5 1:3 549 -46:3 
o 5 -15 9:39 962 
8 ~ 14 1096 -128:3 

-14 549 -488 
o ) 15 470 452 
o -I~ 69:3 o ~ -804 

:388 -:389 
0 5 -16 400 ~1? 
o 5 17 269 -:362 
o 3 -17 498 -656 
o 4 0 1864 -1925 
o 4 1 1965 1982 
o 4 -1 2369 2418 

o ~ j :3158 -:32o7 
lO65 865 

o 4 :3 5116 -511:3 
o 4 -5 :3422 -:3516 
o 4 4  4 .4  5217 :3590 
0 865 -829 
0 a 5 709 -714 
0 4 -5 848 -874 
0 4 & 926 816 
o 4 -6 555 -411 
0 4 7 • 201 
o 4 -7 :369 -311 
0 4 8 432 :311 
0 4 -8 1218 -1148 

4 9 971 941 
4 -9 :32:38 :3:326 

o 4 10 2758 -2895 
o 4 -10 520 :345 
o 4 11 522 -265 
o 4 -11 1812 -1829 
o 4 12 5:36 5:3:3 
o 4 -12 1079 1105 
0 1:3 780 -844 
0 4 -844 -13 771 
o 4 14 • :3:36 
0 4 -14 • 106 
o 4 15 -6 o 415 215 

4 1 6  -113 
4 -16 462 -584 

o 4 17 • 262 
0 4 -17 6:34 875 
8 ~ 0 12D 1550 

1 947 955 
o 5 -1 785 -658 
0 5 2 • "15 
o 5 -2 2848 2917 

9 4 8o5 o 5 5 8768 
o 5 ":3 769 

4 459 -5 45 
o ~ -4 8oi 6o~ 
0 5 5 • 225 

8 ~ ~ ~3oI 7,5~ 
o 5 -6 2756 -2721 
0 5 7 8:35 - 10 
00 5 - 7  787 786 

1:313 1205 
0 5 -8 • -211 
0 5 9 925 909 
0 5 -9 1504 -1243 
0 5 10 1011 -92:3 
0 5 -10 149:3 1262 

1492 "11 
0 5 12 -414 
o 5 -12 1576 1687 
0 5 " 15 • 15 
0 5 -15 * -9:3 
o 5 14 - 88 
o 5 -14 660 -750 
o 5 15 446 -6:34 
o 5 -15 661 771 
0 ~, .~ 504 754 
o 5 -16 :32:3 -25:3 
0 ~ -17 * -754 
o ~ ~ 495 429 
o 6 1 11o6 -1086 
o 6 -1 1568 149:3 
o 6 2 21:336 2:348 
0 6 - 2  * 10:3 
0 6 :3 6:39 -514 
0 6 ":3 1854 17:35 
o 6 4 .. 26 
o 6 -4 598 396 
0 6 5 1591 1622 
o 6 -5 429 -:325 
o 6 6 454 -:3o4 
0 6 -6 1141 108:3 
0 6 7 1572 1580 
o 6 -7 1024 -998 
o 6 8 708 -677 
o 6 -8 71:3 62:3 
0 6 9 • -22:3 
0 6 -9 554 472 
o 6 1o 1177 1143 
o 6 -10 1161 -1125 
o 6 11 894 -899 
0 6 -11 941 1042 
o 6 12 488 496 
o 6 -12 458 -:3o7 
o 6 6 1 : 3  62; 154 

-15 500 
6 14 • -:305 

o 6 - 1 4  758 1004 
o 6 15 :397 527 
o 6 - 1 5  430 -584 
o 6 1 6 -  511 753 
o 7 o 8Ol -598 
0 7 1 2861 2878 
o 7 - 1  5:38 467 
0 7 2 849 -772 
0 7 -2 1827 1821 

968 -927 
8 77 -~ 110:3 -1140 
0 7 4 • -4:36 
o 7 -4  1504 121:3 
o 7 5 88:3 -879 

716 o ? -5 "737 
0 7 6 ~ 802 
o 7 -6 -:389 
o 7 ? 592 -611 
o 7 7  619 579 

7 - 8  482 226 
7 -8 1555 -1527 

o 7 9 1:372 1396 
o 7 -9 520 616 
o 7 10 491 -517 
o 7 - lO 470 20:3 
0 7 11 • 17:3 
o 7 -11 552 - 5 6 0  
o 7 12 • 99 
o 7 -12 709 944 
o 7 1:3 5Ol -665 
o ? -15 , -255 
0 7 14 708 1010 
o 7 -14 - -  1:31 
o 7 -15 273 :342. 
0 8 0 • -294 
0 8 1 2902 -295:3 

8 -1 1454 14:37 
8 2 1527 -15o7 

o 8 -2 495 :391 
o 8 :3 519 ~ 8  
0 8 ":3 .. 10 
0 8 4 816 -928 
o 8 -4  ,480 321 
o 8 5 :32 
o 8 -65 115; 1077 
o 621 686 
o 8 -6 918 -924 
0 8 7 * 220 
o 8 -7 1:391 -1525 
0 8 8 496 500 o ~ ~ 546 470 

565 -716 
oO 8 -9 824 -741 

8 10 • -68 
0 8 -10 • -11 
0 8 11 - -147 
o 8 -11 ~ 7  161 
0 8 12 • -24) 
o 8 -12 680 -745 
0 8 1:3 • 297 
8 88 -13 • 157 

-14 • -177 
9 o 118:3 -974 

00 9 _I 742 -660 
8 99 • 258 

2 621 585 
o 9 -2 1796 -196:3 
o 9 :3 1170 -1075 
o 99 -34 824 86:3 
0 71:3 681 
o 9 -4  515 506 
0 9 5 • -250 
0 9 -5 885 -915 
0 9 6  487 -424 
o 9 -6 977 920 
0 9 7 610 620 

~ - ~  65; -761-2:37 
0 9 -8 • -15:3 
o 9 9 • 82 
o 9 '-9 408 -296 
o 9 lO - 167 
o 9 - lO 798 -959 
o 9 11 668 -809 
o 9 -11 520 651 
8 ~ 12 • 35:3 

-12  • 119 
0 9 -1:3 • -254 

o ,o -i ~ lO 
lO 8:3:3 -859 

0 lO 2 748 -917 
o lO -2 485 466 
0 10 :3 • 84 
0 10 -:3 • 182 

10 4 • 165 
10 -4  • :358 

0 10 5 • -286 
° o 1o -~ 117 

lO 42~ 556 
o lO -6 713 -79:3 
0 10 7 - -80 
o lO -7 655 787 
0 10 8 " :349 
0 10 -8  • -:381 
o lO 9 :306 
o lO -9 • -:367 
0 10 10 257 -:394 
0 10 -10 419 527 
0 10 -11 • -461 
o 11 o 509 577 
° 0 11 .~ 456 -656 

11 • - 8  
8 11 .72 548 5:36 

11 564 -424 
0 11 :3 • -:3:3 
0 11 ":3 • 350 
0 11 4 • -195 
0 11 -4  -282 
o 11 5 766 1028 
o 11 -56 • 360 

11 294 55:3 
o 11 -6 • 271 
o 11 7 :308 445 
0 11 -7 470 -19:3 
0 11 - 8  • 604 
0 11 -9  • -108 
0 12 0 268 -295 
o 12 1 • -100 
0 12 -1 :32:3 :358 
0 12 2 • 77 
o 12 -2 :382 258 
0 12 :3 • 260 
0 12 ":3 • 400 
o 12 -4  295 
o 12 -5 • -511 
1 o 0 952 -1544 
1 0 1 2600 :3215 
1 o -1 2116 -3400 
11 o 22 4053 -5589 

6476 11524 
1 0 :3 1:344 1~75 
1 o -:3 4869 6078 
1 8 . 4  1450 -1529 
1 176:3 1789 
1 o 5 2256 2148 
1 -~ 624 1 o 750 

:31"~o 3378 
1 o -6 8:3:3 -711 

o 7 15:37 -1120 
o -7 1274 1079 

1 0 8 2881 2642 
1 0 -8  2115 -1781 
1 0 9 • -179 
1 o -.9 1479 -1288 
1 o 1o 557 -:369 
1 o - l O  2276 20:32 
1 8 11 2018. 2023 

-11 -273 
1 0 12 662 -575 
I o -12 628 650 
1 0 1:3 554 :316 
1 0 -13 849 925 
1 o 14 526 :360 
I 0 -14 1154 -122:3 
1 o 15 644 -622 

946 
o -16 426 :391 

1 0 17 • -84 
1 0 -17 27" 0 -55 1 0 -18 :322 

8o8 -795 
1 "~ ~ 231 -191 

1 1 -1 497 516 
1 1 _22 1:377 1:31:3 

1 4005 -4840 
1 :3 2099 -2205 

1 1 - 3  2819 :3557 
1 1 ~4 745 547 

1 -4  1580 1590 1 I - ~  ~ 1761 1667 

1 1 -6 2:31:3 2489 
I 1 7 1958 1914 

1 78 12~ % 
1 I -8 1~ 7 1517 

9 689 -607 
1 I -9 1~I~ -654 

lO 1544 
1 1 - 1 0  2062 -1760 

1 11 1074 -960 
1 -11 l o l l  1112 
1 12 561 415 
1 -12 766 -615 

1 ~ 1:3 592 552 
-15 561 200 

I 14 547 -502 
1 -14 621 704 

I 1 15 1265 1257 
1 1 -15 00:3 -8o5 
1 I 16 5:32 -500 
1 1 -16 457 -68 
1 ~ 17 • -97 

-17 • -:322 
1 ..1.~ -18 • 129 

1448 
1 ~ ~72~ 6675 
11 -1 .?2 520:3 445:3 
1 -1 :3050 -:3569 

-1 288 174 
1 -1 :3 1785 1858 

2685 -2727 I -1 -~ -1 1165 1086 
1 -1 -4 :3142 :3594 
1 -1 5 2966 -299:3 
1 -1 ~ 1:344 -1:317 

-1 997 -870 
1 - I  -6 1222 -1096 
1 - I  7 2670 2439 
1 -1 -7 1351 1077 

-1 8 522 450 
-1 -8  1:329 -1260 

1 -1 9 956 829 
- 1  - 9  1518 1284 
-1 lO 488 -:3T3 

1 -1 -10 470 -270 
1 -1 11 81:3 -820 
1 - 1  -11  • 180 
1 -1 12 748 640 
1 -1 -12 1:322 1057 
I -1 15 467 -5 

-1 -1:3 • -1:35 
-1 14 1119 1099 

1 -1 -14 618 494 
-16 

1 " -95 
i -1 -16 .- -177 

-1 17 74u 924 / 

1 -1 -17 445 629 
-1 -18 * -578 

2 0 :3292 -5921 
1 2 1 779 811 
I 22 -, 844 -47 

:3014 -:3~72 
1 2 -2 2062 2171 
1 2 :3 lO51 -982 
1 2 -5 1670 -17:30 
1 2 4  89:3 722 
1 2 - 4  759 885 
1 2 5 2506 -2596 

2g~ 2112 
1 2 -6 945 -870 
1 2 7  602 -585 
I 2 -7 414 462 
1 2 8 63:3 -5:35 

2 -8 2678 -2953 
2 9 1846 1682 

1 2 -9 691 578 
I 2 lO 75:3 -5:3o 
1 2 -10 1061 1022 
1 2 11 518 4?5 
1 2 -11 1825 -1815 
1 2 12 1589 -1557 

2 -12 791 869 
2 1:3 1290 -1159 

1 2 -1:3 580 "525 
1 2 14 771 724 
1 2 -14 458 124 

I 22 -268 
2 -16 825 -1044 

1 2 17 398 565 
2 -17 477 
2 -18 :3=) -612 

1 -2 0 :3404 3885 
-2 1 4562 -65:39 
-2 -1 552 -425 

1 -2 2 1291 139:3 
1 -2 -2 1417 -1:348 
I :~ -~ :359 -310 

26:30 26:32 
2263 -2366 
2169 -2227 

1 -2 5 2056 2255 
I :?2 "~ 1oo4 916 

2018 -1840 
1 -2 -6 1057 "894 
1 -2 7 760 731 
1 -2 "7 2061 -2047 
1 -2 8 442 -1:3:3 
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T a b l e  1 (cont.) 
~ - 2  -~ 1197 . ~  t - ~  . :  • 234 -~ 2067 1 -2 1961 -1 1 -4 1203 -914 ~ -6 -1908 -8 -10 750 776 -6 921 670 1 -8 11 • 259 

-11 * -221 1 -2 -9 1475 -1334 1 -4 5 746 - 5 4  1 -6 -4 
3~8 1 4 1107 993  ~ :~ 12 254 1 -2 10 1562 1379 ~-4 .~ -30& 1823 1701 :~-12 -186 

1 -2 -lO -73 -4 878 719 -6 -~ • 167 ~ 13 50~ 501 1 -2 11 131; i 2~ 314 ~ .4 795 -992 -4 -6 783 
2262 223 1 1 -2 -11 1181 1006 1 -4 7 1 .4 -6 • -8 -13 • 38 

~ :~ 12 1153 -1030 ~ :: -~ 812 580 I -6 7 262 1 9 0 ~ _~ 
-12 1659 -1622 1216 -1038 1 .4 -7 54~ 286 1 9 1 

1 -2 13 550 95 1 -4 -8 793 58) 1 .4 8 757 -604 1 9 -1 46~ -139 
-2 -13 914 849 1 -4 9 827 -852 1 -6 -8 581 -157 1 9 ~ 45 495 
-2 14 1308 -1311 1 -4 -9 • -193 993 1 9 - 1132 -1171 ]~ -14 1071 99) 1 -4 10 579 298 1 .4 9 1175 

15 725 737 1 -4 -10 575 304 1 -6 -9 1964 1875 1 9 3 • -)48 
1 -2 -15 458 -317 1 -4 11 1144 -962 1 -6 10 ~ -120 1 9 -3 • 151 1 .4 -lO -544 1 9 4 -92 
1 2 16 408 341 1 4 -11 1226 1046 1 6 11 1353 1215 1 9 -4 78~ -766 
1 -2 -16 448 552 ~ ~ 12 111~ 244 1 .4 -11 581 -590 1 9 5 526 469 

-924 ~ -~ • -245 1 -2 17 470 -628 -12 1 -6 12 1072 1075 ~ 856 -922 
1 -2 -17 524 -800 1 -4 13 • -213 1 -6 -12 714 822 
1 -2 -18 • )92 1 -4 -13 1614 -1617 1 -6 13 905 -1007 ~ 9 -6 e 284 

) 0 260 125 ~ -4 14 • -427 1 -6 -13 • -193 9 7 413 
I ) 1 2763 -2988 289 1 - 6  14 947 883 9 ~7 -4 -14 50; -456 
1 ) -I 2631 -2853 I -4 15 63~ 479 1 -6 -14 • -98 ~ 9 3 • -286 

• - 1 1 4  . 2 3315 -3612 ~ - 4 - ~  1 -6 15 13~ 1 9 -3 514 597 
~ -2 1354 1272 -4 611 -650 I -6 -15 1 9 9 ,04 -4~9 

1819 -1672 1 -4 -17 * 25) 1 7 1 1553 -1545 ~ 9 -9 938 630 1 5 o -134 9 10 29; 451 
3 -4 2 7 5 4  -3122 1 5 1 1950 1931 ~ 77 -lo 2844613 3052487 ~ 99 -11-10 380548 -459275 

1 ) 5 1342 1206 1 5 -1 613 .466 1 7 -2 • -16~ 1 9 -12 -591 
1 ~ -~ 1938 2015 1 5 2 1288 -1196 1 7 ) 718 -762 1 -9 0 118~ ' -lO33 
1 -I07 1 5 -2 1807 1891 1 -~ 455 -351 1 -9 _~ 1406 1476 

) -6 82~ ~829 1 5 ~ lO91 932 1 ~ 809 925 -9 -289 
) 7 46; I36 1 5 -~ 815 -801 I 7 --4 1396 1)27 ~ -9 2 556 -140 

• 125 
1802 1 ~ 1271 -1216 

-493 1 5 - ;  1 7 5 657 -840 1 -9 -2 1468 -1344 
1 -~ 1977 1 5 1818 -~ 509 -195 -9 ) 1 2142 

~ -8 -314 5 8 4 2  609 ~ -9 -3 -494 
9 219~ ~ 5 1 3 8 8  1163 1 7 -6 957 896 1 -9 4 i850 1816 -2176 -~ I 938 1079 617 

1 3 -9 531 -499 1959" 16)2 ~11 1 ) 10 3321 -3189 ~ 5 1 1217 1 -9 -4 528 516 • 122 ~ - ~  8 1 2 - 7 8 ~  -585 I -9 5 
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2 -10 6 • -461 
2 - lO -6 466 -221 
2 -10 7 • -224 
2 -10 -7 499 -398 
2 - lO t~ 412 4~8 
2 -10 - 6  • 234 
2 -11 o • 147 
2 -11 1 668 750 

-11 -, . 237 
-11 51;u -688 

2 -11 -2 306 -321 
2 -11 3 " 111 
22 -11 -74 ~03 -334 

-11 631 1o32 
2 -11 -4 394 505 
2 -11 5 • -926 
2 -11 -5 -- -3o5 
3 o O 50(J -636 
3 _~ 1600 3 o 2309 

• 52 
3 0 49 
3 0 -~ 6~; 793 
3 0 3 4Y7 -413 
3 o - )  714 -788 
3 o 4 1036 1161 
3 0 -4 • 90 
) o 5 964 -877 
3 0 -5 2496 -2474 
) 0 6 1o53 1028 

o -6 4O4 3 658 
3 o 7 797 901 
3 o -7 2383 2505 
3 o d 1022 -920 
3 o -8 674 -715 
3 o 9 963 776 
3 o -9 1156 1276 
3 o 10 680 -444 
3 o -lO - 5~1 
) 0 11 "DO 647 
3 0 -11 • 1 
) o 12 584 62 I 
3 o -12 - 196 
3 o 13 599 -785 
3 0 -13 • -1078 
3 0 -14 • 536 
3 0 -15 -6 
3 o 484 3 11 -I 4~1 -131 
3 36o -417 
3 1 2 " -30 

3 ~3~ 703 100',1 
3 -o63 1 -) • 
3 I 4 94) -781 
) 1 -4 • "515 
3 1 5 675 536 
i) 1 "5. • 1349 
3 1 ~, • -47 
3 1 -6 • -721 
) 1 7 * "~5 

1 -7 • -15.~:~ ? 
~97 6~5 

1 -~ • 490 '1 

I 2 ~56 -6.,o 
. • • 6. '3 

3 1 10 * -76 
3 1 -1o 69 
) 1 11 626 427 
3 1 -11 • "332 
) 1 12 '05 - ,o5 
3 1 "12 • 330 
3 1 13 • -209 
3 - 1 0 • - '38 
3 - I  1 1052 -1505 
, - 1  - I  . 4~ 
3 -1 2 1639 2~:)'.) 
3 -1 -2 687 -11:'I 
3 -1 ) • -'J) 

T a b l e  1 (cont.) 
-~ -~ 629 680 

85; 256 3 -1 -4 ' -833 
3 -1 5 1004 931 

-1 -~ 1921 1871 
-1 1272 -1400 

3 -1 -6 1918 1997 
3 -1 7 774 729 
3 -1 -7 811 -774 
3 - 1  8 735 ~ 
3 -1 -8 706 
3 -1 9 • 391 

-1 -9 66 
-1 10 96.7 ~ 853 

3 -1 - 1 0  • -458 
) - I  11 690 -739 
3 - 1  - 1 1  • 483 
3 -1 12 527 261 
3 -I -12 • -627 
3 -1 13 • 420 
3 -1 -13 • 32 
3 - I  -14 _- 327 
3 2 0 452 -455 
3 2 _1 • -279 
3 2 • 106/ 1064 
3 2 2 1622 1399 
3 2 -2 1641 -1940 
3 3 1484 -1389 ~ 3 : ~9 

2 4 71., 606 
3 2 -4 * -312 
3 2 5 1670 1326 

~ "~ 1 9 9 ; - 1 8 1 6  -115~ 
3 2 -6 • 689 
3 2 7 842 -655 
3 2 -7 • -1711 
3 2 8 1027 -1020 
3 2 -8 • 878 
3 2 9 • -137 
9 2 -9 316 

2 10 7.,, 651 
3 2 -10 • -1190 
3 2 11 1221 -1298 
3 2 -11 - 1109 
3 2 12 835 1028 
3 2 -12 • -464 
3 2 13 • 333 
3 2 -13 -220 
3 2 -14 " 352 
3 - 2  o 404 384 

-2 .I 1098 1244 
-2 666 -805 I 

3 -2 2 1585 -1867 
3 -2 - 2  501 508 
3 -2 3 527 -388 
3 -2 -3 405 218 
3 -2 4 679 496 
3 "2 -4 263 
3 -2 5 825 -575 

-2 -~ • 83 
-2 734 693 

3 2 6 935 8 ~  
3 -2 7 1463 -1236 

-2 -7 734 751 
-2 • 16 

3 -2 -8 • 9 
3 -2 9 • 140 
3 -2 "9 -445 
3 -2 10 " -393 
3 -2 -lO - 4)7 
3 -2 11 1190 1308 
) - 2  - 1 1  • -688 
3 - 2  12 • -428 
) -2 -12 • 645 
3 -2 13 134 
3 -2 -13 • -192 
3 -2 -14 3 3 o 59~ ~ I  
3 3 1 1242. 1014 
3 3 -1 844 662 
3 3 2 1141 -975 
3 3 -2 564 298 
3 3 3 672 48 7 
3 3 - )  1,153 -1268 
3 3 4 84"/ -624 
3 3 -,4 326 
3 i) 5 2637 -2610 
3 3 "5 • -313 
3 3 6 • 160 
3 . 3 -6 • -050 
3 3 7 -372 
3 3 -7 • 1073 
3 3 8 505 
3 3 -8 • -846 
3 3 9 546 
3 3 -~ • -1077 
3 3 10 • -602 
3 3 -IO • 459 
3 3 11 635 560 
) ) -11 • "409 
3 3 12 • -311 
3~ 3 -12 • 465 

) "13 -829 
) 3 -14 • 74 
) -5 o 931 - l O l l  
3 -3 1 4 9 0 .  lOlO 
3 "3 -1 • 420 
3 -3 _22 1039 -11oo 
3 -3 -1212 1-"87 
3 -3 3 625 -526 
3 "3 -3 • -I06 
) -3 4 1633 \1518 
5 -3 -4 1530 ~482 
3 -3 5 1549 -1587 
3 "3 -~ 1669 -1640 
3 -3 u • -455 
3 -3 -G 615 347. 
3 -3 7 • 79 
3 ")  "7 " 101 
3 -3 o 96~ -867 
3 -3 -~ 633 -o~o 
3 "3 "~ • O0 
} -.3 -~ :;55 81,j 
3 -3 .10 • -554 
3 -3 -10 • -249 
3 -3 11 -177 
i) -3 -11 771 -803 
) -3 12 500 530 
3 --~ - I ~  " - ~ 7  

3 -3 13 • -662 
3 -~ "'0 -321 

4 1  119; 285 -937 
3 4 -1 666 -447 
3 4 .22 1064 781 
3 4 1001 729 
3 4 3 952 -746 
3 4 - )  1807 155o 
3 4 4  1490 -1312 
3 4 -4 1404 -1355 
3 4 5 1307 12.92 

4 -G -89 
3 4 7 1099 -376 
3 4 -7 • -563 
3 4 8 • 224 
3 4 -8 • 1191 
3 4 9 674 -408 
3 4 '-9 • -243 
3 4 10 541 501 
3 4 -10 • 72 
3 4 11 ,, -2) 

4 - 1 1  • -167 
4 -12 -550 

3 4 -13 • 263 
3 4 -14 -680 

-4 o 91; 835 
-4 , 1092 -1132 

3 -4 - I  510 267 
3 -4 2 769 845 
3 -4 -2 • 344 
3 -4 3 1224 1173 
3 -4 -3 564 -451 
3 -4 4 2175 -2561 
~-4_4 7 1572. -11;. 
3 -4  -5 626 431 
3 -4 6 706 
3 -4 -6 • -121 
3 -4 7 63 

-7 702 -595 
-4  L; ~ 192 

~ -4 
-4 -o 76~ 757 

3 -4 9 1219 -1333 
3 -4 -9 1156 -1274 
3 -4 lO 965 822 
3 -4 -10 • -487 
3 -4 11 -111 
3 -4 -11 663 355 

-4 12 505 -648 
-4 -12 604 -549 

3 -4 -13 • 688 
3 -4 -14 • -64 
3 o -75 3 ~ I 79; -515 
3 5 1519 1316 
3 5 2 1096 925 
3 5 -2 909 -676 
3 5 3 795 -735 
3 5 -3 • 44 
3 5 4 3o3 

~ - ;  96; 766 
• -206 

3 5 -5 • -240 
3 5 6 - -188 
3 5 -6 • 770 488 
3 5 7 1098 1111 
3 "7 -182 
3 5 ~ 61~ -641 
3 5 -8 - -204 
3 5 9 586 583 
3 5 -9 • 679 
3 5 1o 461 530 
3 5 -10 * -249 
3 5 11 • -236 
3 5 -11 793 715 
3 5 -12 " -70 
3 5 -13 • -545 

-5 o -6~ 
-5 I 120; 1156 

3 -5 -I 1065 -1027 
3 -5 "2 737 -67~ 
3 "5 -2 • 111 
3 -5 3 1499 1475 
3 "5 -3 1275 -1122 
3 -5 4 1518 1564 
3 -5 -4 624 679 
3 "5 5 • -280 
3 -5 -5 -158 

3 -5 7 1069 -1111 
3 -5 -7 813 775 
3 -5 0 • -I 49 
3 -5 -8 1059 -10o9 
3 -5 9 • 562 
3 -5 -9 447 -5 1o 72; "l~ 

-5 -I0 
:~ 11 ~I~ 554 

"11 • "76 
3" -5 12 * 3.;2 
3 -5 -12 :'" 60 

-~ -1~o 117; -12o 951 
3 6 1 87" o -239 
3 G -1 -577 
3 6 2 1439 -1333 
3 6 -2 710 44) 
3 6 3 1774 1734 
3 6 -3 793 -SO5 
3 6 4 • -114 
3 6 -4 79o 77] 
3 6 5 • -12u 
3 6 -5 987 ~62 
3 6 6 657 538 
3 6 -6 112.1 -1168 
3 6 7 • -460 
3 6 -7 d67 947 
3 6 o 724 7)0 
3 6 -~ • 93 
3 6 a • 377 
3 6" -'9. -352 
3 6 -lO 630 6~6 
3 6 -11 541 "537 
3 6 -12 • 231 
3 -6 0 • -238 
3 -6 I • -16~ 

-6 -i 1 45 
}} -'6 ,= 77; 820 

-6 -2 • -320 
-6 792 -632 2 

3 -6 -3 • 457 
3 -6 4 • 207 

5 855 
• -358 

-6 -6 722 
3 -6 7 901 883 

-6 -7 760 498 
-6 803 -828 

3 -6 -8 • ")07 
9 • 254 ~ - ~  • 364 

3 -6 10 • 415 
-63 

11 51; -684 i 4 -1o ;65 -6 -11 • 3 
-6 -12 442 

3 7 0 • 528 
3 7 1 • 64 

-1 " -71 
3 77 _2 • 486 

77213 67; -Z01-208 
, .3 -~ • 36, 
3 130~ -57) 

-1359 3 7 -4 
3 7 5 4,?.5 ~ -~ 69; -724 

• -469 
3 7 -6 704 785 
3 7 7 464 516 
3 7 -7 • -281 
3 7 8 • 503 
3 7 -0 589 390 
3 7 '-9 • 55 
3 7 -10 • 49 
3. 7 -11 • 4"/3 
3 -7 o 1113 1240 

-7 _1 894 -o54 
-7 748 -51o / 

3 :-3 -~ • - . 4  
3 691: -286 
3 -7 3 1021 1031 
3 -7 -3 " 92 
3 -7 4 727 -612 
3 -7 -4 • -152 
3 -7 5 669 573 
3 -7 -5 • 1035 

-7 • 180 6 
- 7  - 6  1107 -1584 

3 -7 7 662 -682 
3 -7 -7 620 416 
3 -7 b 721 849 
3 -7 -8 1703 1880 
3 -7 9 • -330 
3 -7 -9 658 -591 
3 "7 10 • 120 
3 "7 -10 • 212 

-7 -110 • 74 
-507 

3 ~ 1 589 471 
3 U -1 • 476 
3 6 2 • -568 
3 u -2 -111 
3 8 3 535 -4"34 
3 0 -3 • 155 
3 u ~ 492 4,13 
3 6 -4 772 1019 
3 0 5 • -490 
3 ~ -5 d61 -1037 
3 5 6 • 322 
3 d -6 624 -760 
3 O -7 • -23 
3 ~ -u • -363 
3 ~ -9 123" 5 74 ) -u o -1343 
3 -o 1 • 256 
3 -b -I • 102 
3 -S 2 • 171 
3 -~ -2 * 50 
3 -5 3 • -211 

-8 -3 677 -501 
-3 4 • 306 

3 -6 -4 • -73 
3 -s 5 62~ -685 
3 :~ -~ 6.,o ~12 
3 -~ ~ • 132 
3 -~ -~ 115o 1326 
3 -8 7 • 253 

i -~ -I ." 1~6 12d 
3 -a -d 507 -594 
3 -~ -:'u • -33 
3 -G -I0 • -162 
3 :' 0 • -:05 

.' 1 • -60 
3 LJ -1 475 -650 
3 :~ 2 • -358 
3 :' -2 475 541 
) 2 3 • 5~0 
3 9 -3 • 22 
3 : -4 506 -661 
3 -5 569 697 
3 9 -3 • -206 
3 -~ 0 • -104 
3 -." 1 a04 -817 
3 -:.' -1 • 512 
3 -: '  2 • -56 
3 ") -2 • -207 
3 -~' 3 • -)05 
3 -~' -3 55 ~ 454 
3 -9 4 • -163 
3 -.' -4 • 266 
3 -: 5 ¢~; 46: 
3 -~. 13 

-.. ":' 3 4  -~-~ 

3 -; -7  • - I  100 
3 -13 3 • 203 
3 -13 1 - 2~3 
3 -1~ -1 507 -663 
3 -13 2 • -~ 
3 -10 -Z • 4;6 
) -I0 "3 • -224 
3 -13 -4 • -2 :.. ~ 
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Table  2(a). The final coordinates with their e.s.d. 
(in parenthesis) 

X/a Y/b Z/c 
CI(I) 0"8474 (6) 0"3725 (3) 0"3831 (1) 
C(1) 0"5640 (22) 0"5320 (9) 0"2387 (6) 
C(2) 0"6274 (22) 0"3965 (9) 0"2733 (6) 
C(3) 0"5087 (24) 0"2756 (10) 0"2180 (6) 
C(4) 0"3422 (24) 0"2857 (9) 0"1288 (6) 
C(5) 0"2931 (26) 0"4191 (10) 0"0925 (6) 
C(6) 0"4017 (25) 0"5392 (10) 0"1477 (6) 
C(7) 0"6663 (23) 0"6656 (9) 0"2934 (5) 
C(8) 0"8147 (26) 0"7779 (I0) 0"2489 (6) 
C(9) 0"8867 (27) 0"9074 (10) 0"2450 (7) 
C(10) 0"8012 (27) 0"9247 (12) 0"3872 (7) 
C(l l )  0"6510 (26) 0"8167 (10) 0"4327 (6) 
C(12) 0"5845 (25) 0"6842 (10) 0"3872 (6) 
C(13) 0"2731 (24) 0"1599 (10) 0"0702 (6) 
O(1) 0"2876 (23) 0"0383 (8) 0"1051 (5) 
0(2) 0"0233 (21) 0"1733 (8) -0"0024 (5) 

Table  2(b). Orthogonal coordinates for the heavy atoms 

Coordinates with respect to the axes: 

X'=X sin y+ Z(cos B-cos  ~ cos y)/sin 9, 
Y" = Y+ X cos y + Z cos 
Z'=Z[sin2 0~- {(cos B-cos  e cos ?)/sin y}211/2 

x '  Y' z '  
Cl(1) 2-723 A 3.226/~ 5.400 A 
C(I) 1-837 4"868 3"364 
C(2) 2"031 3-546 3"853 
C(3) 1-653 2.439 3.073 
C(4) 1.139 2.607 1.815 
C(5) 1.002 3.907 1.304 
C(6) 1-342 5.008 2.081 
C(7) 2.153 6.099 4-135 
C(8) 2.797 7.169 3.508 
C(9) 3.008 8.371 4.158 
C(10) 2.537 8.504 5.457 
C(ll)  1.884 7.476 6.100 
C(12) 1.693 6.243 5.457 
C(I 3) 0.702 1.458 0.989 
O(1) 0.962 0.266 1.481 
0(2) 0.094 1.652 - 0.034 

plied to pos i t ional ,  t he rmal  and  scale factors  the hy- 
d rogen  a toms were fixed at  dis tances o f  1.08 A for 

those  a t t ached  to the  pheny l  rings and  at  0.97 A for  
tha t  bonded  to O(1). 

The  weight ing  scheme 

w =  1/(21Finial + lFol + 2/IFmaxl • IFol2+ 5/IFmaxl z" IFP) 

was employed.  Ref inement  converged at  a residual  o f  
R = 0 . 1 3 5 ;  the weight ing  scheme analysis  was satis- 
fac tory  after  omi t t ing  the 102 reflexion. This  reflexion 
together  with the 102, 105, 111, 111 and  121 were sus- 
pected of  suffering f rom ext inct ion,  and  by individual ly  
scaling Fo to Fc for these reflexions the residual  was 
reduced to 0.127. 

A final th ree-d imens iona l  e lectron densi ty distr ibu- 
t ion  and  a difference e lect ron densi ty d i s t r ibu t ion  were 
calculated.  The  la t ter  synthesis  indica ted  no  discrep- 
ancies in the structure,  hav ing  only  a few posi t ions  wi th  
a m a x i m u m  value of  abou t  0-5 e./~ -3 which  did no t  
co r respond  to a t o m  sites. 

The  final s t ructure  factors  are given in Table  1 ; those  
reflexions which  were no t  observed in the regions of  
reciprocal  space examined,  e i ther  because of  camera  
geomet ry  or  f rom being too  weak to measure ,  are 
m a r k e d  with an  asterisk. Table  2 gives the  heavy a t o m  
coord ina tes  and  Table  3 thei r  t he rma l  parameters .  The  
idealized hydrogen  paramete rs  appea r  in Table  4. 

Table  4. Idealized hydrogen atom coordinates 

H(1) is attached to O(1) and the numbers of the remaining 
hydrogen atoms correspond to that of the carbon atom to 
which they are attached. 

X/a Y/b Z/c 
H(1) 0" 171 0.960 0.067 
H(3) 0-553 0" 174 0-245 
H(5) 0" 165 0.428 0.021 
H(6) 0.358 0.640 0-120 
H(8) 0.875 0.763 0.179 
H(9) 0.011 0.998 0-258 
H(10) 0.849 0.023 0.422 
H(11) 0.589 0.835 0.505 
H(12) 0.467 0.594 0.425 

Table  3. Thermal parameters in A 2 for the heavy atoms with their e.s.d. (in parenthesis) 

U11 U22 U33 2U12 2U23 2U13 
CI(1) 0"028 (1) 0"037 (1) 0"023 (1) -0"005 (2) 0"008 (2) -0"003 (2) 
C(1) 0"011 (5) 0"032 (5) 0"030 (4) 0"020 (7) 0"011 (6) -0"009 (6) 
C(2) 0"010 (5) 0"026 (4) 0"032 (4) 0"016 (7) 0"006 (6) 0"026 (6) 
C(3) 0"022 (6) 0"037 (5) 0"031 (4) 0"007 (8) 0"014 (7) -0"010 (7) 
C(4) 0"025 (6) 0"025 (4) 0"030 (4) -0"002 (7) -0"010 (6) 0"004 (7) 
C(5) 0-040 (6) 0"028 (4) 0"025 (4) 0"016 (8) -0-008 (6) 0"004 (7) 
C(6) 0.030 (6) 0.034 (5) 0.028 (4) 0.013 (8) 0.003 (7) -0.018 (7) 
C(7) 0.020 (5) 0.029 (4) 0.021 (3) 0.004 (7) 0.005 (6) 0.028 (6) 
C(8) 0-034 (6) 0.026 (4) 0.034 (4) 0-012 (8) 0.009 (7) 0.025 (8) 
C(9) 0-035 (7) 0.024 (5) 0.055 (6) 0.003 (8) 0.007 (8) 0.001 (9) 
C(10) 0.034 (7) 0-040 (5) 0-044 (5) 0-008 (9) 0-004 (8) -0.009 (9) 
C(l l)  0.031 (6) 0.036 (5) 0-036 (4) 0.010 (9) -0.015 (7) 0.012 (8) 
C(12) 0.032 (6) 0.037 (5) 0.027 (4) 0-014 (8) -0.005 (7) 0.002 (7) 
C(13) 0.020 (6) 0.034 (5) 0.039 (4) 0-007 (8) -0.010 (7) 0.015 (7) 
O(1) 0-081 (6) 0.028 (4) 0.043 (4) 0.001 (8) 0.004 (6) -0-011 (7) 
0(2) 0.061 (5) 0.042 (4) 0.035 (3) 0.012 (8) -0.001 (6) -0.027 (7) 
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The  a r r angemen t  o f  the  molecules  in the uni t  cell 
as viewed a long  the a axis is shown  in Fig. 3; the b o n d  
lengths and  b o n d  angles toge ther  wi th  some o f  the 
in t r amolecu la r  n o n - b o n d e d  distances are in Table  7. 
T h e  equa t ions  o f  the  m e a n  planes of  the r ing systems 
C(1)-C(6) ;  C(1)-C(6)  and  ch lor ine ;  C(7)--C(12) and  
the  g roup  C(4), C(13), O(1) and  0(2)  ca lcula ted wi th  
respect  to  the  o r t h o g o n a l  t r i ad  a',b', c', where b' coin- 
cides wi th  b, a '  is the p ro jec t ion  o f  a on  the p lane  per- 
pendicu la r  to  b',  and  c' is pe rpend icu la r  to  a '  and  b', 
a re :  

0 .9269X'  - 0.0277 Y' - 0 .3742Z '  = 0.3239 
0-9185X' - 0.0241 Y' - 0 .3948Z '  = 0.2778 
0 . 8 7 8 3 X ' - 0 . 3 2 7 7 Y '  + 0.3481Z'--- 1.3379 
0.8689X'  + 0.0009 Y' - 0 .4949Z '  = O. 1076 . 

The  devia t ions  o f  the a toms  f rom the  m e a n  planes  
are quo ted  in Table  5. All  in te rmolecu la r  contac ts  less 
t h a n  4 A were calculated and  the  shor tes t  are quo ted  
in Table  6. The  angle  be tween the  carboxyl ic  g roup  
and  the pheny l  r ing C(1)-C(6) is 7-9 ° and  the  angle  
between the two pheny l  r ings is 46.1 o. 

Fig.3. The arrangement of the molecules in the unit cell 
viewed along the a axis. 

Table  6. lntermolecular distances between atoms 
less than 3.6 A apart (excluding hydrogen atoms) 

i j Equipoint indication d~j 
C(13) O(1) ~, 97, ~, 3"440 A. 
C(13) 0(2) .2, )7, ;~ 3-349 
O(1) O(1) ~, 97, ;~ 3"571 
0(1) 0(2) .~, 97, 27 2-624 
0(2) 0(2) .2 ,  37, _~ 3.310 

C(2) CI x +  1, y, z 3.559 
C(4) 0(2) x+  1, y, z 3-576 
C(7) C(8) x +  1, y, z 3.531 
C(11) C(9) x + 1, y, z 3-544 
C(11) COO) x + l ,  y, z 3.512 
C(12) C(8) x +  1, y, z 3.573 
C(13) 0(2) x + l ,  y, z 3-441 
O(1) 0(2) x+  1, y, z 3-597 
C(5) C(5) 2 +  1, 97+ 1, z 3-581 

Discussion 

The  angle of  7.9 ° between the pheny l  r ing and  the  
carboxyl  g roup  is s imilar  to  a value of  5.6 o ob ta ined  
for  2 ' -ch lorob iphenyl -4-carboxyl ic  acid (Suther land,  
1969) and  somewha t  larger  t h a n  the  value o f  3-3 o de- 
t e rmined  in p -n i t robenzo ic  acid (Sakore  & Pant ,  1966). 
A similar  value of  7.9 ° has  been  de te rmined  be tween 
the p lane  of  the pheny l  r ing and  the acetyl  radical  in  
4-ace ty l -2 ' -ch lorobiphenyl  (Suther land  & Hoy ,  1968). 

(I) 
or) 

(III) 
(IV) 

Table  5. Deviations of the atoms (A) from the planes 

0.9269X'-0.0277 Y ' -  0.3742Z'=0.3239 
0.9185X'- 0"0241 Y ' -  0.3948Z' = 0.2778 
0.8783X'- 0-3277 Y'+ 0.3481Z' = 1.3379 
0.8689X'+0.0009 Y ' -  0.4949Z'= 0"1076 

C(1)-C(6) 
C(1)-C(6) and C1 
C(7)-C(12) 
C(4), C(13), O(1) and 0(2) 

(I) (II) (III) (IV) 
Cl +0"090 A -0"014 A 
O(1) +0"005 +0"014 +0'001 A 
0(2) -0.269 -0.218 +0"001 
C(1) +0.008 +0.029 -0.149 A -0.172 
C(2) -0.008 +0"030 
C(3) +0"001 +0"023 
C(4) + 0.006 - 0.002 - 0.560 + 0.001 
C(5) -0"007 -0"031 
C(5) -0"001 -0"010 
C(7) -- 0"045 -- 0-080 + 0"001 - 0"278 
C(8) +0"005 
C(9) +0-006 
C(10) - 0.250 - 0.307 + 0.002 - 0.597 
C(11) + 0"003 
C(12) -0.005 
C(13) - 0.074 - 0.059 - 0-855 - 0.005 
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Values similar to 46.1 o, for the angle between the 
two phenyl rings, have been obtained for 2'-chloro- 
biphenyl-4-carboxylic acid (48.9 °) and 4-acetyl-2'- 
chlorobiphenyl (49.2 °). 

The C-CI bond length of 1.725 A is considerably 
larger than the value published in volume III of 
International Tables for X-ray Crystallography (1962) 
of 1.70+0.01 A. In o-chlorobenzoic acid (Ferguson 
& Sim, 1961), the C-C1 distance was determined 
as 1.737 A, and in 4-acetyl-2'-chlorobiphenyl as 1.738 A, 
which are similar to the value in the present analysis. 

Both the C(1)-C(7)o bond of 1.487 A and the C(4)- 
C(13) bond of 1.482 A do not differ significantly from 
the theoretical value of 1.477 quoted by Dewar & 
Schmeising (1959) and Cruickshank & Sparks (1960) 
for the sp 2 single bond between trigonally linked car- 
bon atoms. 

The C(1)-C(7) bond length of 1.487+0.012 A is 
similar to those of 1-479 + 0.010 A in 4-acetyl-2'-fluoro- 
biphenyl (Young, Tollin & Sutherland, 1968), 1.490 
+0.010 A in 4-acetyl-2'-chlorobiphenyl, and is not 
significantly different from the biphenyl bond of 1.502 
+ 0.010 A in 2 -chlorobiphenyl-4-carboxylic acid. 

The exocylic bond C(4)-C(13) of 1.482+0.013 A 
compares favourably with the value of 1.477 + 0.011 ,~ 
in 2'-chlorobiphenyl-4-carboxylic acid. 

The displacement of the chlorine atom from the 
phenyl ring C(1)-C(6) of +0.090 .~ corresponds to the 
C(2)-C1 bond bending out of the plane of the ring 

Table 7. Bond lengths and bond angles 

The bond lengths are in A +0.01 A and the angles are in 
degrees + 1"0 °. 

Length Length 
C1(1)-C(2) 1-725 A C(2)--C(3) 1.406 ,~ 
C1(1)-C(7) 3 .191  C(3)--C(4) 1.369 
C1(1)-C(12) 3 . 1 8 9  C(4)--C(5) 1.404 
O(1) -C(3) 2 . 7 8 1  C(4)--C(13) 1.482 
O(1) -C(4) 2 . 3 7 2  C(5)--C(6) 1.389 
O(1) -C(13) 1 - 3 1 5  C(7)--C(8) 1.398 
0(2) -C(4) 2 . 3 2 8  C(7)--C(12) 1.406 
0(2) -C(5) 2 . 7 7 5  C(8)--C(9) 1.382 
0(2) -C(13) 1 .205  C(9)--C(10) 1.389 
C(1) -C(2) 1 .423  C(10)-C(11) 1.377 
C(1) -C(6) 1.382 C(I 1)-C(12) 1.403 
C(1) -C(7) 1.487 

through an angle of 3 o. A similar bending of 1-8 o for 
the C-C1 bond was obtained in 2'-chlorobiphenyl-4- 
carboxylic acid. Displacements of -0.045A and 
-0 .074/~  were obtained for C(7) and C(13) from the 
ring C(1)-C(6). 

It would appear that, whereas biphenyl in the solid 
phase is planar, the introduction of the chlorine atom 
in the 2 position causes a strain which results in the 
twisting of the two phenyl rings about the phenyl bond, 
the displacement of the ring C(7)-C(12) along the line 
C(10), C(7), C(1) and C(6), and the displacement of 
the chlorine out of the plane of the phenyl ring C(1)- 
C(6). The carboxyl group is displaced from the plane 
of the ring C(1)-C(6), Table 5, and rotated about the 
C(4)-C(13) bond. These results can be explained in 
terms of a relayed steric effect similar to that observed 
by Ferguson & Sim (1962) in 2-chloro-5-nitrobenzoic 
acid. 

The C(13)-O(1) bond of 1.315 +0.012 A and C(13)- 
0(2) bond of 1.205 +0.012/~ is similar to those ob- 
tained for o-chlorobenzoic acid (Ferguson & Sim, 
1961). The O - H - . . O  bond of 2.62 A, which is the 
shortest intermolecular distance, is similar to that of 
2.61/~ obtained in 2'-chloro-4-carboxylic acid. 

The authors wish to acknowledge the helpful dis- 
cussions of Dr G.W. Gray who provided the samples 
used in this investigation. One of us (T.G.H.) is in- 
debted to the S.R.C. for the award of a Research 
Studentship. 

We are extremely grateful for Dr P.J. Wheatley of 
Monsanto Research S.A. who provided the Fourier 
and least-squares programs for the Elliott 803B. 
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Kristall- und Molekiilstruktur yon 4,5-Dioxo-2-thioxo- l ,3-dithiolan (ll-Modifikation)* 

VON B. ICr~BS 

AnorganPsch-Chem•ches Institut der Universit6t G6ttingen, Deutschland 

t r ~  D. F. KOENIG 
Biology Department, Brookhaven National Laboratory, Upton, L .L ,  New York, U.S.A. 

(Eingegangen am 5. Miirz 1968, und wiedereingereicht am 22. Juli 1968) 

The crystal structure of the/~ form of 4,5-dioxo-2-thioxo-l,3-dithiolane, C302S3, has been determined 
(a= 16.758, b = 5.688, c= 6.313 .~,/~= 107.1 o, space group P2x/a, Z= 4) by the symbolic addition method. 
The least-squares refinement converged to an R index of 6.7%. The molecule, including the CS3 group, 
is almost planar. The bond distances indicate a certain amount of ~ electron delocalization, although 
the exocyclic C-O (1-195/~) and C-S (1.608/~) bond distances are very close to the values generally 
accepted as double bond distances. The results of the structure determination are in accordance with 
the bonding data from a Htickel molecular orbital calculation. The structure shows an unusually short 
intermolecular C(sp2). • • O(carbonyl) contact of 2.90 ~. This is a new example of a specific structure 
determining intermolecular interaction between the charge centres of Ca+-O~- dipoles in polycarbonyl 
compounds. 

4,5-Dioxo-2-thioxo-l,3-dithiolan (I) entsteht in Form 
tiefroter KristaUe bei der Reaktion yon Trithiokohlen- 
saure mit Oxalylchlorid (Krebs & Gattow, 1963). Im 
Rahmen unserer Untersuchungen an Verbindungen 
mit einer CS3-Gruppe und besonders ftir die detaillierte 
Diskussion der Bindungs- und Mesomerieverhfdtnisse 
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in der vorliegenden interessanten Ringverbindung 
(vgl. Mtiller, Krebs & Ahlrichs, 1966) erschien die 
Kenntnis der exakten Struktur des C302S3 wichtig. Aus- 
ser der Kristallstruktur der Trithiokohlens~ure bei 

* Die Untersuchung wurde zum Teil unter Aufsicht der 
United States Atomic Energy Commission durchgeftihrt. 

- 1 0 0 ° C  (Krebs & Gattow, 1965) und derjenigen des 
[(C6Hs)4As]2Ni(CS3)z (McKechnie, Miesel & Paul, 
1967) sind bisher keine weiteren Strukturen yon Ver- 
bindungen bekannt, die eine CS3-Gruppe enthalten. 

Nadelf6rmige Kristalle der c~-Modifikation (Krebs 
& Gattow, 1963) entstehen, wenn die konzentrierte 
L/Ssung der Substanz in Petrol/ither auf Temperaturen 
unterhalb etwa 0°C abgekiihlt wird. Die hier unter- 
suchte fl-Modifikation bildet sich dagegen, wenn die 
L/Ssung von C302S 3 in Petrol/ither oberhalb etwa 30 o 
unter Ausschluss yon Feuchtigkeit langsam eindunstet. 
Die thermodynamischen Stabilit/itsverhNtnisse der 
beiden Modifikationen sind noch nicht geklftrt. 

Experimentelles 

Die aus Petrol/ither bei ca. 35 °C gewonnenen und ei- 
nige Male umkristallisierten Kristalle bilden kompakte 
monokline Prismen. Gitterkonstanten und Raumgruppe 
wurden aus Precession-Aufnahmen bestimmt, die ge- 
nauen Abmessungen der Elementarzelle bei Zimmer- 
temperatur wurden mit Hilfe des Einkristalldiffrakto- 
meters verfeinert. Die systematischen Ausl6schungen 
(hOl nur mit h = 2n und 0k0 nut mit k = 2n vorhanden) 
ergaben die Raumgruppe P21/a (C~). Die ermittelten 


