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in Fig. 5, with the dimensions 

a,=4.27, bs=5"39, cs=2"55 
e~ = 73"9, fl~= 108.6, ~,s= 119.6 ° . 

The volume of the CHz group is 23.9 ,~3. 
The mean C-H bond distance in the subcell regions 

is 0"96 A (a=0"04 A), where a=[~.(X~.-X)2/(N - 1)] ~/2 
N 

and the average value of the angles involving hydrogen 
atoms in the same part of the molecule is 108 ° ( a=  3°). 
The shortest H. • • H interatomic contacts are Ha. • • HB 
2.89 (6) A, H A . . . H ,  ( 0 , 0 , -  1)* 2-77 (6) A, HA. . .Hc  
2.98(4) A, HA- . Hc (0, 0,1)* 2.88 (6) A and Ha . Ho 
(0,0,1)* 2.73 (9)/~. (The standard deviations are cal- 
culated with the formula given above.) 

A Fourier difference map was calculated in the plane 
of the molecule. Even if it showed the expected pat- 
tern of positive electron density in the middle of every 
carbon-carbon bond arising from the valence elec- 
trons these peaks were less than three standard devia- 
tions above the background level. 

I wish to thank Professor S. Abrahamsson for his 
advice throughout the analysis, Dr I. Pascher for grow- 
ing the crystals, and Miss M. Ehrig and Mrs M. Innes 
for technical assistance. Financial support for the 
Crystallography Group was obtained from the Swe- 
dish Medical and the Swedish Natural Science Re- 
search Councils, the Swedish Board for Technical 
Development, the Tricentennial Fund of the Bank of 
Sweden and the U.S. Public Health Service (GM- 
11653). 

* Subcell edge translation of the second atom. 
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Fig. 5. The idealized subcell viewed down es. 
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The Crystal Structure of Isostearic Acid 
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Crystals of isostearic acid, C18H3602, are triclinic (P1-) with a= 4.9356, b= 5.6522, c= 34-408 /~, e= 
95.22, fl= 95.21 and y = 103"62 °. The molecules are, as is usual for long-chain fatty acids, held together 
by hydrogen bonds to dimers. The molecular packing is dominated by the space requirements of the 
methyl branches, which are accommodated between the ends of the carbon chains. The chain axes 
then become tilted 44 ° to the end group planes. The chain packing is of the common triclinic type T!. 

The structures of branched-chain fatty acids have 
earlier been studied by this research group (Abrahams- 
son, 1959a; Abrahamsson & Harding, 1966). Two iso- 
acids have so far been investigated by single-crystal 
methods. 17-Methylcctadecanoic acid (Abrahamsson, 

1959b) had a superstructure of the carboxyl groups 
and was treated only in one projection. Isopalmitic 
acid was also studied only in projection (Stenhagen, 
Vand & Sim, 1952) and the reported structure is prob- 
ably wrong as pointed out by Abrahamsson (1959b). 
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It was, therefore, considered important to perform a work were grown from hexane in a temperature-pro- 
three-dimensional single-crystal analysis of an co- grammablethermostat. The crystals grow as thin plates 
branched fatty acid. and melt at 68.2 °C. 

Stenhagen, Vand & Sim (1952) reported that twin- 
ning was very common for isopalmitic acid crystals. Crystal data 
We made several attempts to grow single crystals of  C~8H3602 Isostearic acid (16-methylheptadecanoic 
isopalmitic acid but no suitable untwinned crystals acid) 
for the X-ray work could be found. As isostearic acid 
gave good crystals and, judging from the cell dimen- 
sions, is structurally equivalent it was selected for the 
investigation. 

Experimental U = 
Z =  

A sample of  isostearic acid was kindly provided by ~c= 
Professor E. Stenhagen. Good crystals for the X-ray 2 =  

Triclinic: a=4.9356 (29), b =  5.6522 (45), c =  
34.408 (31)/k; c(=95.22 (4), fl=95.21 
(3), 7 =  103.62 (3) ° 

922.7 A a 
2 
1.016 g.cm -~ 
1.54051 A (Cu K~)  

Table 1. Observed and calculated structure factors ( x 100) 
4 K L FOU5 FCALC ~ K L FCub F~kLC ~ ~ L FObb ~ 4 L C  .I K L FOSb F ~ L C  a K k rOBb FC4kC ~ K L rOUb FG~uC 

. . . .  2 197 2°0 ~ :~ . . . . . . . . .  2 2 . . . . . . .  ~ 2 - 2 3  5 . . . .  ? ~ ~ : :  7 1 .  . . . .  ~ 0 13 . . . . . .  

. . . .  ~ 2 . . . . .  : :  . . . . . . . . . . . . . . . . .  ~ . 1  6 . . . . .  502 5 . . . . . . . . . . .  
4 -1  660 689 2 -2  691 750 1 -1 18 758 733 0 -13 331 390 1 2 -10 2068 1805 2 0 15 384 4~8 
, : )  I 2 . . . . .  ~ :~ -5 . . . . . . . . . . . . .  596 1565 ~ ~ . 1 1  5 . . . . .  ~ ~ - 1 2  1663 1660 2 0 . . . . . .  21 
4 1 323 297 : )  . . . . . .  ) . . . .  ? . . . .  2 , 0  - ~ :  422 413 . . . .  2 . . . . .  5 2 . . . . .  3 499 
3 -4  0 1972 1905 2 -2  931 903 -1 15 4711 4163 0 2 1099 1152 1 2 -16  1005 IC10 2 0 20 765 765 

[~  1 298 3~3 3 6 ~  4565 -1 13 1049 914 -7  1171 1115 1 -23  53~ 508 0 23 2097 ,$48  
3 17 685 705 2 -2  -10  1428 1419 1 -1 17 2937 2704 0 2 -6  297 466 1 2 -24 269 422 2 1 16 246 3J9 
] :~ 1: 00, 889 ~ : :  . . . . .  2 791 I 1 1 : 2 0 1 3  2088 ~ 2 -5 248 438 ) ~ - 2 5  2403 . . . .  ~ , 14 2 . . . . .  

911 810 . 2  771 716 : I  145 668 ~ -4 574 591 -26 004 076 I 1~ 378 404 
3 -3  8 1117 1125 2 -2  -13  1036 9 , 0  1 8 1128 1082 0 -2  440 438 I 2 -27  2279 2217 2 1 755 691 
] :~ , 6 .  648 ~ :~ . . . .  24 603 I . . . .  , 6 ,  1247 ~ 2 ~ . . . . .  3 I , -1 . . . . .  02 2 1 6 3 . . . . .  

6 3147 3000 -15  978 909 -1 6 265 3C0 2 1044 1030 1 -14 760 . 9 4  2 1 5 458 505 
3 -3  5 410 597 2 -2  -16  456 491 1 -1 5 1738 1822 0 2 4 552 531 1 1 -13  33~6 2802 2 1 4 433 507 

-3  791 727 432 1 1 -12  ?360 2133 2 1 ) 616 619 3 -12  2 -2  -17  552 555 1 -1 4 520 596 0 2 6 306 
J : ~ - 1 ;  1403 1237 ~ : ~ - 1 8  385 3.8 ~ -1 ) ? . . . . . .  2 ~ ~ ~ 572 548 I I -1~ 3 ....... ~ 1 102 . . . .  

- 2071 1735 -20  202 243 -1 1340 1408 1 1623 15~0 1627 1593 I ~ 469 497 
3 -2  -6  993 966 2 -3 -21  341 418 1 -1 1 7339 ,603  0 2 12 4649 4396 1 1 -7  903 980 2 1 1143 11~1 

-2  565 546 -18  388 489 - 2588 Z699 15 835 784 1 1 467 443 1 1031 1111 
3 -2  0 577 614 2 -3  -16  895 836 1 -1 -2  1066 1030 0 2 17 380 409 1 1 -2  509 5~6 ? 1 -4 1136 11 /3  

: :  ~ . . . . .  2 ~ : ]  :I: 1, . . . . . .  :I :I ....... 2 18 323 : 925 926 ~ ~ 8 . . . . .  . . . . . . . . . . . . .  I 4 6 .  . . . .  ~ ) 1221 376 ) I . . . . .  ? I : 18 flU5 366 392 
12331 12446 220 235 405 464 ~ 323 452 1 4 591 608 

: 1 1082 lO23 : : 4388 1 -10 7362 2309 423 407 4498 16 1209 1108 1 5 483 632 1 -11  5955 53~7 
3 -2  11 776 714 2 -3  -5  550 569 1 -1 -7  3512 3509 0 3 11 516 434 1 I 6 977 1122 ~ 1 -12  1544 1442 
3 -2  12 2405 2316 2 -3  -4  652 659 1 -1 -8  3037 3090 0 3 9 431 430 I 1 7 364? 3728 1 -11  336 4~1 

14 1425 1264 732 8~2 1 -1 -10 1938 1988 -2  2212 2169 1 1 1706 1774 2 1 -16  257 266 
1 :~  15 1075 . . . .  ~ :~  -~  8 . . . . . . . . . . . . . . . . .  04 ~ ~ :~  . . . . . .  1 1 10 1258 1249 2 . . . . .  2 . . . .  

16 1267 1 . . . . . . . .  2 I . . . .  2 1 0 .  . . . .  1072 10 . . . . . .  845 825 ~ I . . . . .  0 494 
3 -2  17 528 499 2 -3 1 914 1065 -1 -13  7O6 720 0 3 -7  772 770 1 1 13 653 641 -19  754 127 
~ - 2  18 939 912 ~ : :  3 ,o?8 1081 I - 1 - , ,  5 . . . . .  : ~ -9 65. 6.8 ~ 1 1 . . . . . .  3 ~ , - 2 o  ,32 393 

: ~  19 847 922 4 949 963 - I  -19  345 347 "11 493 420 I 16 895 798 ~ -21 61C 641 
3 18 1742 1616 2 -3  S 3236 3164 1 -1 -21 412 462 0 3 -14 359 401 1 1 18 786 700 2 -~3  40C 396 
) : I  1, 5.5 5.3 ~ : :  ~ 1269 1231 I ' - 2 ?  2 . . . . .  ~ ~ - 1 6  3,5 .35 I I " ,82 ,3? ~ ~ - 2 ,  1202 12,8 

16 891 935 370 476 -1 -25  577 662 -18  980 1035 20 483 470 -27  287 342 
3 -1  11 377 406 2 -3  12 222 370 1 -1 -26  268 328 0 3 -20  2190 1899 1 1 22 279 339 2 2 -20 606 662 
3 -1 9 580 578 2 -4  16 260 319 1 -1 -27  315 3~4 0 3 -21 607 835 1 1 23 266 2~8 2 2 -18  531 594 
3 - 1  8 537 522 2 -4  0 340 434 1 
~ : I  ~ ,4o , , 6  I ' ~ 935 . . . .  I 

638 624 -4  1 1125 1132 
3 -1  5 861 804 1 -4  17 2605 2435 0 
3 - 1  4 657 718 1 -4  18  1673 1660 3 
l -1  ~ 543 558 1 . . . . . . . . . .  

-1  906 883 -a  24 1345 1398 
3 -1  1 362 3,3 1 -3  23 1212 1394 0 
3 -1  0 682 631 I -3  22 933 1002 0 
3 -1  -1  505 445 1 -3  21 1212 1094 0 
3 -1  -4  187 231 1 -3  19 633 761 0 
~ : I  ' 301 293 I :~ 18 545 504 

-11 273 333 17 243 331 
3 -1 -12  477 515 1 -3  16 774 735 0 
I : I  1 4  3.0 333 I : ]  1, 581 , .3  

-20 848 980 12 539 ~46 
3 -1  -22  1515 1466 I -3  10 418 5~3 0 
3 0 -18  205 318 I -3  3 1375 1346 0 
3 O -3  235 264 I -3 2 1402 1481 0 
) : 12 2o9 308 I : 1 - ~  . . . . . .  5 

• 17 171 222 729 678 
2 -1  -23  782 829 1 -3  -4  306 404 0 
2 -1  -22  398 480 1 -3  -14 372 472 0 
2 -1  -13  439 407 1 -3  -15  1512 1339 0 
2 -1  -11 722 726 1 -3  -16  279 491 0 
2 -1  -9  941 969 1 -3  -17  1928 1758 0 
2 -1  -7  688 686 1 -3  -19  410 446 : 
? -1  -5  721 765 1 -2  -24  224 139 0 
2 -1  -4  1320 1444 1 -2  -18  46~ 5~0 0 
) :I :) 5 ...... o I :g ......... 

1330 1431 I -14  1469 1372 
2 -1  1 424 586 1 -2  -13  1369 1218 0 
2 -1  3 730 720 ~ -2  -12  2032 1991 0 
g : I  . . . . . .  2 I : ~ - 1 1  5 . . . . . .  3 

552 587 - ~  . . . . . . . .  
2 -1  488 547 1 - 2  2040 1929 0 
2 -1 7 872  9 ,?  I -2 - 8  985 921 0 
2 -1 9 977 6a8 1 -2  -2  559 545 0 
2 -1 11 502 504 1 -2  -1  441 495 0 
2 -1 14 659 692 I -2 0 1265 1244 0 
2 -1  15 1978 1938 1 -2  1 655 6~7 0 
g . . . .  38 . . . . . .  I :: ~ 1,2 . . . . .  

-1  18 597 682 1261 1105 
2 -1  21 798 866 1 -2  4 2005 ~ 0 / 6  0 
2 -1 22 237 295 1 -2  5 1534 1405 0 
2 -1 23 1097 1 0 ' 3  1 -2  6 2674 2416 0 
2 -1 25 812 760 1 -2  7 1501 1543 0 
2 -2  19 270 347 1 -2  8 3819 33~3 0 
2 -2  17 488 465 1 -2  9 6734 5044 0 
2 -2  12 1373 1231 1 -2  lO 2452 2207 0 
2 -2  11 5509 5044 1 -2  11 866 0~8 0 
2 -2 I0 87~ 935 I -2 12 398 556 0 
2 -2  9 2412 ~263 1 -2  13 707 621 0 

149~ 1441 -2  17 878 765 0 
2 -2  5 1238 1269 1 -2 19 815 622 0 
2 -2  3 794 818 1 -2  21 448 527 0 
2 -2  1 546 536 1 -2  23 270 441 0 

-2 . . . . . . .  : 3 . 2 2  45 . . . . . .  ~ 1 .  9 .  929 ~ :-17 .7 .8 
-25 326 594 4 -19 596 636 ~ 26 1249 1221 -16 487 392 
-11 228 265 0 4 -16 4496 3957 1 24 972 B¥9 2 2 -15  471 409 

: 2098 2165 g ...... 2 7.8 ~ : 23 .o 621 ~ ~ .... . 325 
185 781 4 -5  310 3 , 8  22 1924 1927 -13  594 567 

~ 15 . . . . . .  ~ 4 ~ 2 . . . . . .  ~ 2 . . . . . . . . .  ~ 2 -1~ 85 . . . .  
867 1081 4 1529 1481 ~ 20 1397 1564 : 866 904 

7 1292 1360 1 4 8 425 486 0 19 944 957 2 -8  405 467 
: 15 . . . . .  2 ~ , ~ 126  124, ~ . . . . .  o 3°3 ~ ~ . . . . . . . . . .  

653 895 , 1051 1100 ~ 13 369 3.5 :~ 383 538 
10 1531 1642 1 4 4 669 764 1 11 521 550 2 2 4763 4476 
12 1342 1376 1 4 -11 389 475 1 0 7 726 709 2 2 -4  1732 1585 
13 479 473 1 4 -13  1256 1268 I 0 6 173 354 2 2 - I  581 635 
14 1437 1400 1 4 -14  921 1075 i 0 5 1588 1661 2 2 1 318 416 
15 770 710 1 4 -15  1466 1576 1 0 4 1386 1406 2 3 9 392 376 
1 6 8  . . . .  0 1 ~ - 2 3 1 0 9 1 1 0 0 8  I : 9 4 3 6 ~ 4 3 0 2  : ] 7 6 7 5 5 , S  
17 1221 1199 1 -22 690 634 1 6086 6242 5 575 599 
. . . . .  0 1402 ~ ~ 21 . 3 5  . .  ~ ~ ~ 1 0 ~  . . . .  ~,8 : ~ 4 3 3  , , 6  
20 2530 ~4~8 -20 1444 1451 5620 5892 1 2894 2799 
21 542 580 ~ ~ . . . . . .  0 1803 I ~ : :  . . . . . . .  2 ~ ~ ~ 820 7 5  
28 225 245 -17 674 593 1 3343 3417 -1 505 601 
26 1o . . . . . . .  ] - 1 5  613 565 1 0 : :  2157 2 . 0  : : , 2 . . . . .  
25 299 461 1 -13  661 670 1 0 1282 1204 2 649 699 
2 4 7 1 1 7 4 3  ~ ' 1 1 4 0  . . . .  ~ : ' 1 2 6 4 5 ' 0 1  ~ : 0 1 1 0 0 9 ; I  
21 250 ?o0 ~ . . . . . . . . .  8 . . . . .  :~ 907 8 .  
19 473 ~38 1 3 685 049 1 0 -16  820 616 3 2 1449 1291 
1, , . . . .  2 i 3 : :  . . . .  30 ~ . . . . . . . . . .  ~ : 2 11o2 9,6 
14 716 l g 9  ~ 3 559 629 0 -18  1267 1245 1999 1879 
17 , . . . .  2 .  ~ :~ 860 91, ~ ~ 20 617 595 ~ 2 . . . . . . . .  
11 431 439 1 1084 1007 -21 624 599 1 -13  467 498 
1 ~ 1 3 0 3  . . . . .  3 - 2 1 3 9 3  . . . .  ~ - 2 2 2 2 9 4 0 8 ]  . . . . . . . . .  2 

1065 1097 ~ ~ -~ 2382 2315 -23  430 3 . . . .  1~ 3173 ~ : J ,  
8 779 817 1784 1913 2 0 -23  25~ 264 3 1 692 6~5 
. . . . . . . . .  ~ ~ ~ 13 ...... 2 0 -21 342 3'2 3 1-8 15 . . . . . .  
6 13774 14567 695 781 2 0 -18  440 543 3 1 -7  716 739 
5 3 9 5 2  4231 ~ ) 5 465 467 ~ ~ - 1 7  2340 . . . .  ~ . . . . . . . .  3 
4 2813 27 /1  16 405 411 -16  1629 1577 1 -4  231 3#0 
3 3619 3709 1 2 15 681 654 2 0 -15  613 571 5 1 8 255 4J8 

2020 2111 ~ 13 913 097 -11 195 310 1 11 39~ 441 
-1 244 397 1 12 1265 1170 2 0 -1~  259 325 3 1 13 434 4~7 
:~ 1473 1 . 8  1 ~ 1~ 1 . 9  1 2 2  ~ o 5 . . . . .  ~ ~ 14 210 . 5  

395 530 ~ ~ 820 196 0 -7 113¢ 1:~o 16 252 316 
-7  7400 2381 7 038 012 2 0 -6 34~ 448 3 0 14 213 3~4 

-10 100 2~7 701 799 713 715 3 434 429 
-11 7256 21 ,9  1 2 4 834 a~O 2 0 -3  110~ 1085 3 0 -2  469 49~ 
-13  227~ 2235 1 2 ~ 686 602 2 0 -2  52C 597 3 0 -4  362 378 
-14 4625 4185 1 ~ 544 ~06 ~ U -~  1011 ~ 5  ~ 0 -5  520 403 
. 5  lO32 985 1 2 ~ l o l  670 ~ . . . . .  2 ~ :~ 3 . . . .  5 
"16 1618 1592 ~ 2 359 413 ~ 3 1275 1380 3 345 4~:  
1 ,  ~ . . . . . .  :~ . . . . .  o o , 260 . ,  ] o -8 1 . . . . .  
-16 675 065 1 2 634 b97 2 0 5 463 5~8 0 -9  4?4 4 /7  
-27 -26 261 297 264 313 ~ 2 2 ~ 1013 599 9P2 010 2 0 7 1312 1391 3 0 -11 53~ 4~8 

~ 9 1342 1 ,79  ~ o -12 3 ~  , . 6  
2 -28 2400 2379 1 2 -5  2193 1979 10 794 735 3 0 -14 1421 ;5~6 

-2  . . . .  0 1 7 . 0  ~ : : ~  3679 3~61 ~ ~ . . . . .  0 . . . .  3 0 -1~ . . . . . . . .  
-24 479 495 5771 5184 12 870 810 4 0 492 4~6 

A C 2 8 B  - 17 
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The space group was assumed to be PT which was con- 
firmed by the structure analysis. 

Reflexion data  were collected on a Picker FACS I 
diffractometer using graphi te-monochromated Cu K7 
radiation. The crystal used had the dimensions 
0.36 × 0.11 x 0.06 mm. The 0/20 scanning mode was 
used with a scan speed of  l°/min. The background 
level was determined by 10 sec counts on each side of  
the reflexion. 1494 reflexions were measured with 20 < 
85 °. 814 of  these were considered unobserved (I < 2a). 

The intensities were corrected for the Lorentz and 
polarization factors but not for absorpt ion (/2=4.92 
cm-1)  and extinction. 

R e s u l t s  

The final structure factors are given in Table 1 and 
the atomic parameters  in Tables 2 and 3. The thermal 
ellipsoids are illustrated in Fig. 1. 

Table 2. Fractional atomic coordinates and hydrogen 
atom isotropic thermal parameters 

The estimated standard deviations are multiplied by 104 for C 
and O, and by 103 for H. For the hydrogen atoms the first 
appended number refers to that of the parent atom. 

X 

O(1) 0.8785 (21) 
0(2) 1.3054 (19) 

Structure refinement c(1 ) 1.1181 (33) 
c(2) 1.2231 (23) 

The structure of  13-oxoisostearic acid had already been C(3) 1.0018 (21) 
c(4) 1.1350 (21) 

solved (Dahl6n, 1972) when the reflexion data  of  iso- c(5) 0.9217 (22) 
stearic acid were available. The cell dimensions of  the c(6) 1.0507 (20) 
oxo acid were very similar to those of  isostearic acid, c(7) 0-8402 (19) 

C(8) 0.9759 (22) 
a=4 .93 ,  b=5 .62 ,  c = 3 4 . 4 6 / ~ ,  ~=95 .65 , / ?=94 .01 ,  y =  C(9) 0.7722 (21) 
103-60 °. The two structures were therefore supposed to C(lO) 0.9087 (20) 
be isotypical, which was also supported by the Patter- C(ll) 0.7061 (21) 
son analysis. The coordinates of  corresponding atoms c(12) 0.8426 (23) 
in the oxoacid were used in a structure-factor calcu- C(13) 0.6360 (23) 

c(14) 0.7835 (21) 
lation which gave an R value of  0.32. Four  rounds of  c(15) 0.5832 (20) 
block-diagonal least-squares refinement reduced R to C(16) 0.7154 (25) 
0.17. The hydrogen atoms (except that on the hydroxyl c(17) 0.5094 (25) 
oxygen atom) were then included in the structure-fac- c(18) 0.8600 (29) 

H(21) 1.376 (19) 
tor calculation at their calculated positions after verifi- H(22) 1"357 (16) 
cation f rom a difference synthesis that  the methyl H(31) 0.883 (20) 
groups had the normal  staggered conformation.  The H(32) 0.872 (17) 
refinement was continued using the full matrix and H(41) 1"284 (16) 

H(42) 1.248 (16) 
anisotropic thermal parameters  for all non-hydrogen H(51) 0.773 (17) 
atoms. The hydrogen atoms were given isotropic tom- H(52) 0-856 (15) 
perature factors corresponding to those of  the parent  H(61) 1"208 (16) 
atoms. The B values were not  varied. H(62) 1.141 (16) 

H(71) 0681 (17) 
Due to the relatively large number  of  parameters  the H(72) 0.709 (16) 

hydrogen atoms and other atoms were refined separ- H(81) 1.122 (14) 
ately in alternating cycles. After  a few cycles a differ- H(82) 1.068 (16) 
once series was calculated in the plane of  the carboxyl H(91) 0.621 (16) 

H(92) 0.680 (17) 
group. Positive density was found at the expected pos- H(101) 1.062 (18) 
ition of  the hydroxyl hydrogen which was included in H(102) 1.003 (16) 
the following refinement. When the shifts for the non- H(I l l )  0.537 (16) 
hydrogen atoms were all less than 0.25a the refinement H(l12) 0.586 (16) 

H(121) 0.986 (16) 
was terminated. The hydrogen parameter  shifts were H(122) 0.956 (17) 
then less than 0.60a. The final R value was 0.066. H(131) 0.402 (18) 

The form factors used were those given in Inter- H(132) 0.455 (18) 
national Tables for X-ray Crystallography (1962) ex- H(141) 0.975 (18) 

H(142) 0.903 (17) 
cept for hydrogen where the values of  Stewart, David- H(151) 0.396 (18) 
son & Simpson (1965) were used. All calculations were H(152) 0.457 (16) 
performed on a Da tasaab  D21-PDP15 dual computer  H(161) 0.888 (19) 
system with programs developed at this institute H(171) 0.375 (19) 

H(172) 0359 (23) 
(Abrahamsson,  Aleby, Larsson, Nilsson, Selin & Wes- H(173) 0.596 (18) 
terdahl, 1965). The weight assigned to each observation H(181) 0.718 (17) 
in the least-squares refinement was (Mills & Rollett, H(182) 0.994 (18) 

H(183) 0.937 (20) 
1961) / r l F ° ' - O ' 9 3 " F m i n ]  2\ H(24)* 1"186 (20) 

w = l /  ( [ ) I +  ~2-717. Fm~ 1 " 

y z 

0"7467 (18) 0-0224 (3) 
0.9873 (17) 0.0304 (2) 
0"7942 (29) 0.0381 (4) 
0"6560 (22) 0.0676 (3) 
0.4663 (20) 0.0822 (3) 
0.3519 (20) 0.1148 (3) 
0-1605 (21) 0.1321 (3) 
0.0440 (19) 0.1654 (3) 

-0.1453 (19) 0.1826 (3) 
-0-2574 (20) 0.2162 (3) 
-0.4441 (21) 0.2350 (3) 
-0.5518 (21) 0.2676 (3) 
-0-7436 (19) 0-2866 (3) 
-0.8485 (21) 0.3199 (3) 
-1"0395 (20) 0"3382 (3) 
- 1.1401 (20) 0-3715 (3) 
- 1.3220 (20) 0.3906 (3) 
-1.4377 (23) 0"4228 (4) 
- 1 . 6 3 8 7  (23) 0.4383 (4) 
- 1.2468 (27) 0.4580 (4) 

0"590 (17) 0"056 (3) 
0.728 (16) 0.085 (2) 
0.577 (18) 0.092 (3) 
0.312 (16) 0.053 (3) 
0.257 (15) 0-105 (2) 
0.485 (15) 0.138 (2) 
0.251 (16) 0"138 (2) 
0-031 (15) 0.116 (2) 

-0.040 (15) 0.155 (2) 
0.177 (16) 0.189 (2) 

-0"056 (16) 0.199 (2) 
-0.319 (16) 0.164 (2) 
-0.330 (14) 0.207 (2) 
-0.122 (15) 0.236 (2) 
-0-360 (14) 0.245 (2) 
-0.572 (17) 0.215 (2) 
-0.627 (15) 0.257 (2) 
-0.414 (15) 0.293 (2) 
-0.682 (16) 0.296 (2) 
-0.879 (14) 0.268 (2) 
-0.949 (15) 0"307 (2) 
-0.708 (16) 0.340 (2) 
-1-053 (16) 0-335 (2) 
-1.146 (17) 0.322 (3) 
-1.188 (16) 0.356 (3) 
-0-979 (16) 0.390 (3) 
- 1.222 (17) 0.399 (3) 
-1.458 (15) 0-370 (2) 
-0.469 (17) 0.418 (3) 
- 1.739 (17) 0.420 (3) 
-1.559 (21) 0.455 (3) 
- 1.720 (16) 0-460 (3) 
-1.113 (15) 0.471 (2) 
- 1 . 1 0 5  (17) 0-454 (2) 
-0.318 (18) 0.484 (3) 

1-053 (20) 0.004 (4) 

* Refers to the oxygen atom 0(2). 

6"5 
6.5 
4.9 
4-9 
5"2 
5.2 
5.7 
5.7 
4.9 
4.9 
4.7 
4.7 
5-5 
5"5 
5.0 
5.0 
5-3 
5-3 
5"5 
5"5 
5.4 
5"4 
5.7 
5.7 
5"5 
5-5 
5-5 
5-5 
6.2 
8-0 
8-0 
8"0 
8.8 
8.8 
8.8 
7"7 
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Fig. 1. Drawing of isostearic acid showing the thermal ellipsoids as viewed along the b axis. 

Table 3. Anisotropic thermal parameters in the form 
exp [ - 2rc2(h2a .2 Ull + k2b .2 U22 + 12c .2 U33 + 2klb*c* U23 + 2lha*c* U31 + hka*b* U12)] 

Standard deviations are given in parentheses. 

All values have been multiplied by 104 . 

U11 U22 U3 3 U23 U31 U12 
O(1) 757 (44) 1329 (63) 1057 (54) 608 (47) 51 (38) 272 (42) 
0(2) 879 (50) 957 (60) 1087 (54) 485 (44) 73 (40) 151 (42) 
C(1) 544 (64) 1110 (95) 733 (73) 271 (63) 283 (54) 141 (59) 
C(2) 845 (73) 921 (91) 713 (72) 419 (62) -28  (57) 399 (63) 
C(3) 695 (63) 544 (72) 639 (63) 351 (50) 144 (48) 252 (52) 
C(4) 651 (64) 625 (75) 710 (70) 215 (54) 118 (52) 93 (53) 
C(5) 758 (68) 700 (78) 723 (69) 383 (55) 17 (53) 193 (56) 
C(6) 630 (63) 643 (72) 600 (64) 291 (51) 73 (49) 108 (51) 
C(7) 555 (59) 637 (72) 611 (62) 296 (52) 86 (47) 134 (51) 
C(8) 649 (64) 722 (81) 738 (68) 351 (58) 133 (52) 183 (55) 
C(9) 681 (66) 651 (70) 579 (60) 207 (50) 47 (49) 159 (53) 
C(10) 671 (65) 831 (78) 572 (62) 191 (53) 12 (48) 295 (56) 
C(II) 742 (70) 601 (76) 762 (69) 130 (56) 137 (55) 38 (57) 
C(12) 823 (69) 817 (79) 488 (59) 195 (52) - 6 4  (49) 216 (58) 
C(13) 1039 (77) 693 (78) 551 (63) 506 (53) 223 (54) 142 (58) 
C(14) 727 (66) 672 (75) 716 (69) 519 (56) 114 (52) - 6 9  (54) 
C(15) 733 (66) 756 (80) 636 (64) 353 (55) - 8 0  (50) 239 (57) 
C(16) 932 (76) 647 (80) 811 (77) 223 (59) 198 (60) 78 (59) 
C(17) 993 (87) 992 (99) 1043 (88) 573 (73) 138 (68) 249 (70) 
C(18) 1534 (108) 1030 (104) 827 (84) 384 (74) - 188 (75) 86 (80) 

Distances and angles are given in Fig. 2, where also 
the atomic numbering is indicated, and with s tandard  
deviations in Tables 3 and 4. The average C - C  distance 
in the chain is 1.515 .~ (o-=0.013/k)  and the average 
bond angle 113.3 ° (cr=0.69). They compare  well with 
the values found in other long-chain structures. In 13- 
oxoisostearic acid (Dahl6n, 1972) they are 1.512/k and 
113.9 ° . Though the hydrogen refinement proceeded 
normal ly  in general, a few long distances involving 
hydrogen are found. As expected the hydroxyl  hydro- 
gen did not  refine well and an O - H  distance of  1.16,31 
resulted. Excluding five long C - H  distances, 

o111 

/1~13 C(3) C(5) C(TI C(9) C(11) C 13) C('17) 

C(~) 

/H~I* v . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  ~ , . - ~ - 1 1 ~ 7  

Fig. 2. Distances and angles of isostearic acid. 

C(3) -H(32)=1 .15 ,  C(7) -H(71)=1 .19 ,  C(7 ) -H(72)=  
1.16, C(14)-H(141)--1.19,  C(15)-H(151)--1.21 /~; an 
average C - H  value of  1.01 is found. 

Table 4. Bond distances and angles for the non-hydrogen 
atoms 

The estimated standard deviations for the distances are mul- 
tiplied by 103, for the angles by 10. 

C(1)--O(l) 1"213 (10) A O(l)--C(1)--O(2) 120"7 (9) ° 
C(1)--O(2) 1"318 (11) O(1)--C(1)--C(2) 124"9 (8) 
C(1)--C(2) 1 "467 (14) O(2)--C(1)--C(2) 114"4 (7) 
C(2)--C(3) 1"496 (12) C(1)--C(2)--C(3) 114"8 (7) 
C(3)--C(4) 1"521 (13) C(2)--C(3)--C(4) 109"5 (7) 
C(4)--C(5) 1"524 (12) C(3)--C(4)--C(5) 112.8 (7) 
C(5)--C(6) 1.535 (13) C(4)--C(5)--C(6) 113.8 (7) 
C(6)--C(7) 1.510 (11) C(5)--C(6)--C(7) 114.0 (7) 
C(7)--C(8) 1.541 (13) C(6)--C(7)--C(8) 112.7 (6) 
C(8)--C(9) 1.512 (12) C(7)--C(8)--C(9) 114.7 (7) 
C(9)--C(10) 1.504 (13) C(8)--C(9)--C(10) 113.9 (7) 
C(10)-C(1 l) 1.529 (12) C(9)--C(IO)-C(I 1) 114.6 (7) 
C(11)-C(12) 1.515 (13) C(10)-C(11)-C(12) 114.6 (7) 
C(12)-C(13) 1.523 (12) C(11)-C(12)-C(13) 113.4 (7) 
C(13)-C(14) 1.528 (13) C(12)-C(13)-C(14) 111-4 (7) 
C(14)-C(15) 1-491 (12) C(13)-C(14)-C(15) 112.2 (7) 
C(15)-C(16) 1.513 (14) C(14)-C(15)-C(16) 115-3 (7) 
C(16)-C(17) 1.507 (13) C(15)-C(16)-C(17) 113.4 (8) 
C(16)-C(18) 1.544 (13) C(15)-C(16)-C(18) 111.8 (8) 

C(17)-C(16)-C(18) 107.7 (8) 

A C 28B - 17" 
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The carbon chain is planar within 0.04 A (Table 5). 
The zigzag plane forms an angle of 11.5 ° with the 
plane through the carboxyl group. This angle is 13 ° in 
13-oxostearic acid. The molecules are held together to 
dimers over a centre of symmetry by hydrogen bonds. 
The O . . . O  distance is 2.70 A. The C - O . . . O  angle 
is 115.7 °. The two carboxyl groups of the dimer are 
coplanar with a maximum deviation from the plane of 
0.007 A. A detail of the polar group region is given 
in Fig. 3. 

° o -  

C • 

i" - 0 ( 2 )  • ~.7o2 

b / ~ c ~ ? + ; )  -- 

c~31 ~ oo1 ,, ",,, 

,3.ss9 "- k A 2  

0 1 o 

~ , , A 

Fig. 3. Some packing contacts in the polar region of isostearic 
acid. 

Fig. 4. Molecular packing of isostearic acid as seen along the 
a axis. 

C 

tlm 
i 

. .  

Fig. 5. Packing contacts in the methyl end-group planes. 

Table 5. Least-squares planes in the molecule 
The equations are expressed in terms of the crystal axes. 

I - 0.08664X+ 0.18833 Y+ 0.97828Z- 0.07954 = 0 
II O'09146X-O.13092Y-O.98716Z+O.03948=O 

Deviations 
I II 

C(2) 0.055/~ C(1) 
C(3) 0-025 O(1) 
C(4) - 0.014 0(2) 
C(5) -0"008 C(11) 
C(6) - 0.037 O(11) 
C(7) -0.022 O(21) 
C(8) -0.042 
c(9) - o.oo2 
C(IO) -0"025 
C(l l)  -0.003 
C(12) 0.000 
C(13) 0.017 
C(14) 0.016 
C(15) 0.077 
C(16) 0.022 
C(17) -0.061 
C(1)* 0.203 
C(18)* 1.244 

* Atoms not included in the plane calculation. 

0-007 
-0.006 
- 0.004 
- 0.006 

0-004 
0.005 

The packing of the dimers is shown in Fig. 4. The 
molecules have to slide along the chain axes relative 
to each other so that the methyl end of one chain just 
reaches the branch of another molecule. The branches 
are then accommodated between the methyl ends of 
the chains. This is one common way of accommodat- 
ing the branch in monomethyl-substituted fatty acids 
(Abrahamsson, 1959a). The chain axes form an angle of 
44 ° with the end-group planes. The corresponding 
value for 13-oxoisostearic acid is 44 ° and for isopal- 
mitic acid (Stenhagen, Vand & Sire, 1952) 45 °. In the 
latter structure the methyl group is reported to be ac- 
commodated in the chain packing which from the 
analysis of 13-oxoisostearic acid and the present work 
must be considered in error. 
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lid 

bs 

Fig. 6. Idealized triclinic subcell (TII) of isostearic acid. 

A packing detail of the methyl end group region is 
shown in Fig. 5. The H . . .  H contacts agree very well 
with those in the oxo acid. The chains pack laterally 
in the common triclinic packing (Tll) Abrahamsson, 
1959a). The subcell dimensions are 

as =4"28, bs= 5.37, Cs=2.53 A, 
~ = 72.3, fls= 108.8, ys= 117.2 ° . 

The corresponding dimensions for 13-oxoisostearic acid 
are 

as =4.27, bs= 5.39, c~=2.55 A, 
cq = 73.9, fl~= 108"6, y~= 119"6 ° . 

The closest subcell contacts to HA are 2.89 A to HB 
and 2.72 A to Ha translated one c, distance, 2.94 
to Hc and 2.70 A to Hc translated one c~ and finally 
2.72 A to Ho (Fig. 6). 

The carbon chain ia isostearic acid is more regular 
than that of 13-oxoisostearic acid. Therefore, there are 

large regions in reciprocal space with very weak re- 
flexions. Thus, only 45 % of the measured reflexions 
of isostearic acid are more than two standard devia- 
tions above background whereas in 13-oxoisostearic 
acid, which has a bent chain and contains one more 
oxygen atom, the corresponding figure is 83 %. 
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Anhydrobromonitrocamphane crystals are orthorhombic, space group P212121. The cell dimensions 
are a= 10.364, b = 9"408, c= 10"499/~, Z= 4. The crystals decompose quite rapidly when exposed to the 
atmosphere and X-rays. This results in a falling off of intensity with time. A method for correcting the 
intensity data for the above mentioned effects has been developed and used in the present study. The 
crystal structure has been solved using the heavy-atom method. The structure is highly disordered so 
that each type of site is statistically occupied by two optically isomeric forms of the molecule in two 
orientations. The disorder gives rise to an approximate (100) mirror. The bromine atom and one carbon 
atom lie on this pseudomirror, while the nitrogen atom and all other carbon atoms are distributed over 
two positions and the other oxygen atom over four positions. Some atomic positions were very close to 
their disordered counterparts and could not be refined by routine least-squares analysis. The final refine- 
ment was therefore done by the difference Fourier method. The final R value was 0.097. Bond lengths 
and angles in both orientations of the molecule are normal. 

Introduction 

The sulphuric acid transformation of bromonitrocam- 
phane to anhydrobromonitrocamphane has been con- 

sidered very unusual and fascinating (Goto, Hirata & 
Stout, 1968; Ranganathan, 1967). The proposed reac- 
tion mechanism is also very uncommon as it involves 
the initial loss of the nitro group and its subsequent 


