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C(17) 0.3014 (2) 0.1170 (4) 1.0079 (3) 0.049 (2) 
C(18) 0.3355 (2) 0.0193 (4) 1.0336 (3) 0.050 (2) 
C(19) 0.3160 (2) -0.0736 (4) 1.0353 (3) 0.054 (2) 
C(20) 0.3495 (2) -0.1678 (4) 1.0678 (3) 0.057 (3) 
C(21) 0.4040 (3) -0.1770 (5) 1.0814 (4) 0.090 (4) 
C(22) 0.4348 (3) -0.2650 (6) 1.1180 (5) 0.115 (5) 
C(23) 0.4115 (4) -0.3452 (5) 1.1416 (5) 0.104 (5) 
C(24) 0.3572 (4) -0.3377 (6) 1.1269 (5) 0.106 (5) 
C(25) 0.3260 (3) -0.2511 (5) 1.0906 (4) 0.079 (3) 

Table 2. Geometric parameters (.~, o) 
P--O(I) 1.446 (3) P--N(1) 1.664 (4) 
P--N(2) 1.628 (4) P--C(17) 1.833 (6) 
O(2)--C(17) 1.404 (6) N(I)--C(I) 1.473 (7) 
N(1)--C(7) 1.450 (6) N(2)--C(2) 1.458 (6) 
N(2)--C(12) 1.459 (6) C(1)--C(2) 1.460 (6) 
C(1)--C(6) 1.475 (7) C(2)--C(3) 1.480 (8) 
C(3)--C(4) 1.489 (8) C(4)--C(5) 1.481 (8) 
C(5)--C(6) 1.499 (10) C(7)--C(8) 1.490 (6) 
C(8)--C(9) 1.479 (9) C(8)--C(10) 1.469 (8) 
C(8)--C(I 1) 1.526 (I0) C(12)--C(13) 1.500 (6) 
C(13)--C(14) 1.496 (9) C(13)--C(15) 1.502 (10) 
C(13)--C(16) 1.457 (9) C(17)--C(18) 1.472 (7) 
C(18)--C(19) 1.286 (7) C(19)--C(20) 1.435 (7) 
C(20)--C(21) 1.350 (10) C(20)--C(25) 1.360 (9) 
C(21)--C(22) 1.351 (10) C(22)--C(23) 1.333 (13) 
C(23)--C(24) 1.340 (14) C(24)--C(25) 1.338 (9) 
O(I)--P--N(I) 116.4 (2) O(1)--P--N(2) 117.1 (2) 
N(I)--P--N(2) 96.2 (2) O(1)--P--C(17) 107.3 (2) 
N(I)--P--C(17) 107.7 (2) N(2)--P--C(17) 111.6 (2) 
P--N(1)--C(1) 109.0 (2) P--N(1)--C(7) 118.4 (3) 
C(I)--N(1)--C(7) 115.4 (4) P--N(2)--C(2) 108.7 (2) 
P--N(2)--C(12) 120.1 (4) C(2)--N(2)--C(12) 120.5 (4) 
N(1)--C(I)--C(2) 106.5 (5) N(1)--C(I)--C(6) 118.6 (4) 
C(2)--C(1)--C(6) 113.9 (4) N(2)--C(2)--C(1) 106.1 (4) 
N(2)--C(2)--C(3) 120.6 (3) C(1)--C(2)--C(3) 111.4 (5) 
C(2)--C(3)--C(4) 110.8 (4) C(3)--C(4)--C(5) 115.4 (5) 
C(4)--C(5)--C(6) 112.2 (6) C(1)--C(6)--C(5) 110.8 (4) 
N(1)--C(7)--C(8) 117.4 (4) C(7)--C(8)--C(9) 106.8 (5) 
C(7)--C(8)--C(10) 112.6 (5) C(9)--C(8)--C(10) 108.2 (5) 
C(7)--C(8).C(11) 110.9 (4) C(9)--C(8)--C(11) 108.8 (6) 
C(10)--C(8)--C(I 1) 109.4 (5) N(2)--C(12)--C(13) 116.5 (4) 
C(12)--C(13)--C(14) 107.1 (5) C(12)--C(13)--C(15) 111.7 (5) 
C(14)--C(13)--C(15) 108.9 (5) C(12)--C(13)--C(16) 110.8 (4) 
C(14)--C(13)--C(16) 107.0 (6) C(15)--C(13)--C(16) 111.1 (6) 
P--C(17)--O(2) 108.6 (3) P--C(17)--C(18) 111.9 (4) 
O(2)--C(17)--C(18) 112.6 (4) C(17)--C(18)--C(19) 125.1 (5) 
C(18)--C(19)--C(20) 125.7 (5) C(19)--C(20)--C(21) 124.0 (6) 
C(19)--C(20)--C(25) 118.1 (6) C(21)--C(20)--C(25) 117.8 (5) 
C(20)--C(21)--C(22) 121.5 (7) C(21)--C(22)--C(23) 120.0 (8) 
C(22)--C(23)--C(24) 119.0 (7) C(23)--C(24)--C(25) 121.7 (8) 
C(20)--C(25)--C(24) 119.9 (7) 

Colourless, irregular crystals of appropriate dimensions for X- 
ray diffraction analysis were obtained by slow diffusion of hex- 
ane into an ethyl acetate solution of the compound at 273 K. 
A set of higher-angle data (20) was obtained using the initial 
orientation matrix, w scans of several representative reflections 
indicated acceptable crystal quality. Data reduction, structure 
solution and refinement were carried out using the SHELXTL- 
Plus (VMS) software package (Sheldrick, 1987). The structure 
was solved by direct methods and refined successfully in the 
space group C2/c. Full-matrix least-squares refinement was car- 
ried out by minimizing Ew(Fo-F<) 2. The non-H atoms were 
refined anisotropically. The H atoms were included in their 
idealized geometric positions with fixed isotropic displacement 
parameters. 
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A b s t r a c t  

The  C - - F  b o n d  leng ths  vary d e p e n d i n g  on  the n u m b e r  
o f  a t tached  F a toms.  The  longes t  C - - F  bonds  are for the  

m e t h i n e  C a toms  [average  1.370 (1) ,~], wh i l e  the  shortes t  

are for the me thy l  C a toms  [average  1.3207 (7) ,~]. Inter- 
med ia t e  C m F  b o n d  lengths  are found  for  the m e t h y l e n e  

type C a toms  [average  1.3482 (8) ,~]. The  P m C  b o n d s  are 

longer  [average 1.915 (1) A] and  the  P - - O  b o n d  is shor ter  

[1.447 (2) ,~] than those  found  in t r i m e t h y l p h o s p h i n e  
ox ide  [Engelhardt ,  Raston,  W h i t a k e r  & W h i t e  (1986).  
Aust. J. Chem. 39, 2 1 5 1 - 2 1 5 4 ] .  E v e n  t h o u g h  a perf luo-  
ro isobutyl  g roup  in the title c o m p o u n d  (1) is bu lk ie r  than 
a me thy l  group,  the  ave rage  C - - P - - C  angle  is smal le r  
for (1) [101.63 (5) °] than for  the  t r i m e t h y l p h o s p h i n e  ox-  
ide (105.9°) .  These  d i f fe rences  can probably  be  ascr ibed  
to the e l ec t ron -wi thd rawing  effect  o f  the F a toms  on  the  

g e o m e t r y  a round  P. 
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C o m m e n t  

T h e  s t ruc ture  o f  ( I )  w a s  u n d e r t a k e n  as par t  o f  a p ro jec t  
a i m e d  at d e v e l o p i n g  gent le  m e t h o d s  o f  f luor ina t ion  w i t h  

e l e m e n t a l  f luorine.  T h e  ti t le c o m p o u n d  w a s  p r e p a r e d  b y  
d i rec t  f luor ina t ion  o f  t f i s ( i sobu ty l )phosph ine  in  f r e o n  to 
gene ra t e  d i f luo ro t r i s (nona f luo ro i sobu ty l )phosphorane  (2) 
( K a m p a ,  1992). T h e  pe r f luo r ina ted  p h o s p h o r a n e  w a s  hy-  
d r o l y z e d  to the  p h o s p h i n e  ox ide  by  s l ow  exposu re  to at- 
m o s p h e r i c  mois tu re .  T h e  p h o s p h i n e  ox ide  read i ly  sub-  
l imes  f o r m i n g  crys ta ls  su i tab le  for  s t ruc ture  analysis .  

I? I I ° 1 
",, p[ 

7 
12) H20 (I) 

T h e  d i f f e rences  in  g e o m e t r y  b e t w e e n  the  t i t le  c o m -  
p o u n d  and  trimethylphosphine oxide  (Enge lhard t ,  Ras-  
ton ,  W h i t a k e r  & W h i t e ,  1986),  as ou t l ined  in  the  Ab- 
stract, probab ly  resul t  f r o m  the  e l e c t r o n - w i t h d r a w i n g  ef- 

fec t  o f  the  F a t o m s  on  the  g e o m e t r y  a r o u n d  P (Bent ,  1961; 

S c h m i d t  & Gordon ,  1985). 

C4 

Fig. 1. View of (1) showing the atom-labelling scheme. Ellipsoids are 
scaled to the 30% probability level. 

E x p e r i m e n t a l  

Crystal data 

CI2F27OP Ox = 2.24 Mg m -3 
Mr = 704.06 Mo K a  radiation 
Monoclinic A = 0.71073 A 
P21/n Cell parameters from 40 

reflections 
a = 6.8294 (9) ,~ 0 = 8.8-11.8 ° 
b = 19.627 (3) A 
c 15.702 (3) ,~ # = 0.3674 m m  -1 

= T =  193 K 

/3 = 98.300 (14) ° 
V = 2082.8 (6) ,~3 

Z = 4  

Plate 
0.56 x 0.46 x 0.20 m m  
Colorless 

Data collection 
Nicolet R3 diffractometer 

scans 
Absorption correction: 

none 
7604 measured reflections 
3686 independent reflections 
3136 observed reflections 

[F > 4.0(r (F)] 
Ri,t = 0.033 

Refinement 

Refinement on F 
Final R -- 0.0331 
wR --- 0.0430 
S = 1.379 
3136 reflections 
371 parameters 
Calculated weights 

W = l/[cr2(F) + 0.0004F 2] 

(A/o')max = 0.02 

Apmax = 0.35 e ~ - 3  
Apmi, = --0.24 e ~ - 3  

0ma~ = 25 ° 
h = - 7 - - * 7  
k = 0 - , 2 2  
l = - 17 --, 17 
4 standard reflections 

monitored every 96 
reflections 

intensity variation: 1% 

Extinction correction: mod- 
ified Larson (SHELXTL- 
Plus; Sheldrick, 1991) 

Extinction coefficient: 
3.2 (2) × 10 -7 

Atomic scattering factors 
from International Tables 
for X-ray Crystallography 
(1974, Vol. IV) 

Data collection: Siemens (1989) P3/VData Collection System. 
Data reduction: SHELXTL-Plus (Sheldrick, 1991). Program(s) 
used to solve structure: SHELXTL-PIus. Program(s) used to re- 
fine structure: SHELXTL-Plus. Molecular graphics: SHELXTL- 
Plus. Software used to prepare material for publication: FUER 
(Larson, 1982). 

Table  1. Fractional atomic coordinates and equivalent 
isotropic thermal parameters (,~2) 

. . . .  * * . . Ueq = gE,EjVva i a] a,.aj. 

x y z Ueq 
PI 0.22671 (8) 0.20391 (3) 0.55302 (3) 0.0260 (2) 
F1A 0.5948 (2) 0.16785 (6) 0.53815 (8) 0.0381 (4) 
F1B 0.4813 (2) 0.24749 (6) 0.44845 (8) 0.0381 (4) 
F2 0.2564 (2) 0.08810 (6) 0.44209 (8) 0.0414 (5) 
F3A 0.3828 (3) 0.19615 (8) 0.28198 (9) 0.0550 (6) 
F3B 0.1596 (3) 0.11968 (8) 0.28327 (10) 0.0621 (6) 
F3C 0.1347 (2) 0.21429 (7) 0.34832 (9) 0.0509 (5) 
F4A 0.6250 (3) 0.05350 (8) 0.45387 (10) 0.0592 (6) 
F4B 0.5103 (3) 0.05796 (8) 0.32017 (9) 0.0595 (6) 
F4C 0.7026 (2) 0.13725 (8) 0.37703 (10) 0.0590 (5) 
F5A 0.4982 (2) 0.29501 (6) 0.61294 (8) 0.0368 (4) 
F5B 0.2476 (2) 0.29383 (6) 0.68326 (7) 0.0378 (4) 
F6 0.1815 (2) 0.33323 (6) 0.46521 (7) 0.0384 (4) 
F7A 0.4011 (3) 0.42873 (7) 0.64053 (11) 0.0639 (6) 
F7B 0.4925 (3) 0.40540 (8) 0.51864 (12) 0.0643 (6) 
F7C 0,2422 (3) 0.46892 (7) 0.52386 (12) 0.0680 (6) 
F8A --0.1049 (2) 0.40258 (8) 0.50560 (10) 0.0612 (6) 
FSB --0.1052 (2) 0.31356 (8) 0.58434 (11) 0.0563 (5) 
F8C 0.0054 (3) 0.40752 (8) 0.64048 (10) 0.0612 (6) 
F9A 0.3700 (2) 0.08508 (6) 0.62047 (8) 0.0393 (4) 
F9B 0.4541 (2) 0.17359 (6) 0.69977 (8) 0.0405 (4) 
FI0 0.0058 (2) 0.18283 (7) 0.69408 (9) 0.0487 (5) 
F11A 0.3568 (3) 0.07530 (9) 0.80895 (10) 0.0681 (7) 
FllB 0.2628 (3) 0.17734 (9) 0.83297 (10) 0.0716 (8) 
F11C 0.0641 (3) 0.09364 (10) 0.83757 (12) 0.0848 (9) 
F12A --0.0196 (3) 0.06577 (8) 0.57802 (10) 0.0583 (6) 
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F12B 0.0934 (3) 0.00798 (7) 0.69008 (11)  0.0602 (6) 
FI2C -0.1703 (3) 0.06753 (9) 0.68807 (14)  0.0767 (6) 
Ol 0.0256 (2) 0.19728 (7) 0.50993 (9) 0.0353 (5) 
CI 0.4335 (3) 0.18852 (10) 0.48464 (13)  0.0287 (6) 
C2 0.3772 (3) 0.13521 (10 )  0.41179 (13)  0.0330 (7) 
C3 0.2606 (4) 0.16724 (12 )  0.32981 (14)  0.0407 (8) 
C4 0.5603 (4) 0.09549 (12 )  0.3906 (2) 0.0432 (8) 
C5 0.2994 (3) 0.29063 (10 )  0.60364 (13)  0.0285 (6) 
C6 0.2047 (3) 0.35182 (10 )  0.55021 (13)  0.0318 (7) 
C7 0.3388 (4) 0.41538 (12 )  0.5592 (2) 0.0463 (9) 
C8 -0.0059 (4) 0.36907 (12 )  0.5707 (2) 0.0421 (8) 
C9 0.3021 (3) 0.14426 (10)  0.64856 (13)  0.0317 (7) 
CI0 0.1299 (4) 0.12763 (11)  0.7001 (2) 0.0397 (8) 
Cll 0.2065 (5) 0.1181 (2) 0.7973 (2) 0.0571 (12) 
C 12 0.0060 (4) 0.06599 (13)  0.6633 (2) 0.0494 (9) 

Funding for this project was provided by the Air Force 
Office of Scientific Research (F49620-92-J-0104) and by 
the US Department of Energy (DE-FGO5-91ER12119) to 
RJL. 

Lists of structure factors and anisotropic thermal parameters, as well as 
a unit-cell packing diagram have been deposited with the British Library 
Document Supply Centre as Supplementary Publication No. SUP 71092 
(24 pp.). Copies may be obtained through The Technical Editor, Inter- 
national Union of Crystallography, 5 Abbey Square, Chester CH 1 2HU, 
England. [CIF reference: BR1029] 

Table 2. Geometric parameters (A, o) 
Ol--Pl  1.447 (2) C8--F8B 1.317 (3) 
CI--PI 1.917 (2) C8--F8C 1.323 (3) 
C5--PI 1.913 (2) C9--F9A 1.348 (2) 
C9--PI 1.914 (2) C9--F9B 1.347 (2) 
C1--F1A 1.348 (2) CI0--FI0 1.370 (3) 
C1--FIB 1.350 (2) CI1--FI1A 1.319 (4) 
C2--F2 1.370 (3) Cl l - -FI IB 1.323 (3) 
C3--F3A 1.328 (3) Cll--F11C 1.324 (4) 
C3--F3B 1.318 (3) C12--F12A 1.325 (3) 
C3--F3C 1.323 (3) C12--FI2B 1.326 (3) 
C4--F4A 1.317 (3) C12--F12C 1.318 (4) 
C4--F4B 1.331 (3) C2--C1 1.557 (3) 
C4--F4C 1.312 (3) C3--C2 1.546 (3) 
C5--F5A 1.347 (2) C4--C2 1.550 (4) 
C5--F5B 1.349 (2) C6--C5 1.552 (3) 
C6--F6 1.371 (2) C7--C6 1.542 (3) 
C7--F7A 1.313 (3) C8--C6 1.556 (3) 
C7--F7B 1.318 (3) C10--C9 1.556 (4) 
C7--F7C 1.320 (3) C11--CI0 1.552 (4) 
C8--F8A 1.318 (3) C12--C10 1.540 (3 

OI--P1--CI 116.76 (9) C8--C6--F6 106.2 (2) 
OI--P1--C5 116.50 (9) C8--C6--C5 112.5 (2) 
O1--PI--C9 116.20 (9) F6--C6--C5 107.5 (2) 
C1--PI--C5 101.82 (9) F7A--C7--F7B 109.3 (2) 
C1--P1--C9 101.88 (9) F7A--C7--F7C 108.8 (2) 
C5--P1--C9 101.19 (9) F7A--C7--C6 110.8 (2) 
C2--C1--PI 113.18 (14) F7B--C7--F7C 107.5 (2) 
C2--CI--FIA 110.4 (2) F7B--C7--C6 109.8 (2) 
C2--CI--F1B 108.4 (2) F7C--C7--C6 110.6 (2) 
PI--CI--F1A 107.45 (14) F8A--C8--F8B 108.7 (2) 
P1--C1--F1B 110.06 (14) F8A--C8--F8C 108.7 (2) 
F1A--C1--FIB 107.2 (2) F8A--C8--C6 109.5 (2) 
C3--C2--C4 111.1 (2) F8B--C8--F8C 107.9 (2) 
C3--C2--F2 107.5 (2) F8B--C8--C6 111.5 (2) 
C3--C2--C1 112.4 (2) F8C--C8--C6 110.5 (2) 
C4--C2--F2 106.3 (2) C10--C9--P1 113.45 (15) 
C4--C2--C1 112.0 (2) CI0--C9--F9A 108.1 (2) 
F2--C2--C1 107.2 (2) CI0--C9--F9B 110.7 (2) 
F3A--C3--F3B 108.1 (2) P1--C9--F9A 109.69 (14) 
F3A--C3--F3C 107.9 (2) P1--C9--F9B 107.67 (13) 
F3A--C3--C2 110.8 (2) F9A--C9--F9B 107.0 (2) 
F3B--C3--F3C 108.1 (2) CI 1--C10--C12 111.3 (2) 
F3B--C3--C2 109.8 (2) CI 1--C10--F10 106.3 (2) 
F3C--C3--C2 112.0 (2) CII--C10--C9 111.4 (2) 
F4A--C4--F4B 107.3 (2) C12--C10--F10 107.1 (2) 
F4A--C4--F4C 109.7 (2) C12--C10--C9 112.6 (2) 
F4A--C4--C2 110.2 (2) FI0--C10--C9 107.7 (2) 
F4B--C4--F4C 108.5 (2) F11A--CI I - -Fl lB 109.2 (2) 
F4B--C4--C2 109.8 (2) F11A--C11--FI IC 108.2 (2) 
F4C--C4--C2 111.1 (2) FI1A--Cll--C10 111.0(2) 
C6--C5--P1 113.63 (13) FllB--CI I--F11C 107.8 (2) 
C6--C5--F5A 110.1 (2) FI1B--CI1--CI0 110.3 (2) 
C6--C5--F5B 108.7 (2) FIlC--C11--CIO 110.3 (2) 
PI--C5--F5A 107.39 (13) FI2A--CI2--F12B 107.8 (2) 
PI--C5--F5B 109.83 (13) F12A--C12--F12C 107.8 (2) 
F5A--C5--F5B 107.0 (2) F12A--CI2--C10 111.6 (2) 
C7--C6--C8 111.1 (2) F12B--CI2--FI2C 108.3 (2) 
C7--C6--F6 106.7 (2) F12B--CI2--C10 110.9 (2) 
C7--C6--C5 112.4 (2) FI2C--C12--CIO 110.3 (2) 

© 1993 Internat ional  Union of  Crystal lography 
Printed in Great  Britain - all rights reserved 
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Abstract 
The absolute configuration was established as (S,S,S) 
by the R-factor test and by careful measurement of 
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