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3B-(p- Bromobenzoyloxy)- androst-5-eno-(16~, 17-d)-2',2',3",3'-tetrafluoro-2',3'- dihydro-6-methylpyran, 
C30H33F403Br, crystallizes in space group P21212a with four molecules in a unit cell having dimensions 
a=22.891 (a ~0.01), b= 10.692 (tr ~0.007), c= 11"313 (a ~0"007) A. The structure, which was solved by 
Fourier methods, was refined by block-diagonal least squares to a final R value of 0.059. The refinement 
was based on 1571 • reflections coUectedwith an automatic diffractometer. The structure corresponds to 
the formula: 

. .  

The A and C rings are distorted slightly from ideal chair geometry; the B ring is in the half-chair con- 
formation and the D ring is a slightly distorted B-envelope. Bond distances and angles are normal with 
e.s.d.'s varying from 0.008-0.013 It and 0.5-0.8 ° respectively. 

In~oduefion 

During an investigation of photochemical cyclo-ad- 
ditions of olefins to unsaturated steroidal ketones 
(Sunder-Plassman, Nelson, Boyle, Cruz; Iriarte, Crab- 
b6, Zderic, Edwards & Fried, 1969), the reaction 
between tetrafluoroethylene and 3fl-acetoxypregna- 
5,16,-dien-20-one (I) was investigated. The major 
product was the ~,~ adduct (II) (36%); the fl, fl adduct 
(III) (17%) was also formed. 

( i )  ( I f )  ( I l l )  ( I V )  

In addition, an unknown compound [which the X-ray 
analysis proved to be (IV)] was produced (14%), the 
mass spectrum of which showed it to be a mono- 
adduct of tetrafluoroethylene and (I). The structure 
of this adduct was not apparent from the usual spectral 
data, and an X-ray investigation of the 3-p-bromo- 
benzoate derivative was therefore undertaken. 

* Contribution No. 377 from the Syntex Institute of Organic 
Chemistry. 

Experimental 

The heavy-atom derivative was prepared by Dr Peter 
Nelson, who also supplied the crystals. The compound 
crystallizes as prismatic needles, elongated along the 
c axis. Preliminary precession photographs indicated 
orthorhombic symmetry. The systematic extinctions, 
h00, 0k0 and 00l with h, k or I odd, are consistent with 
space group P212121. Cell dimensions were determined 
on a Picker diffractometer with full-circle goniostat, 
using Cu radiation. The cell parameters and direction 
cosines of the reciprocal axes relative to the instrument 
coordinate system were refined by least-squares. The 
refinement which was based on eleven strong reflec- 
tions gave the following results (estimated standard 
deviations in parentheses): a--22.891 (0.020), b--- 
10.692 (0.007), c=11.313 (0.007)A (2 CuK0~= 
1.54051 A). These values give a calculated density of 
1.41 g.cm -3 for Z = 4 .  The density observed by flota- 
tion in an aqueous solution of KI was 1.41 g.cm -3. 

The crystal used for determination of cell param- 
eters and collections of intensity data had dimensions 
of approximately 0.40 x 0.18 x 0.18 ram. The calcula- 
ted linear absorption coefficient for copper radiation 
is 27 cm -I. A set of unique reflections with sin 0/2 less 
than 0.59 A -1 was scanned by use of the 20-0 technique 
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at a scan speed of 2°min-1; 1571 reflections had an 
intensity greater than three times their e.s.d.'s and 
were recorded as 'observed'. No correction for absorp- 
tion was applied. 

Determination and refinement of the structure 

A sharpened three-dimensional Patterson function 
clearly revealed the position of the Br atom. In order 
to minimize errors in the Fourier synthesis based on 
the Br atom parameters, weights were assigned to the 
measured IFI values (Sire, 1960). Inspection of the 
electron density map gave positions of eleven addi- 
tional atoms. Five more rounds of electron density 
and structure-factor calculations revealed the remain- 
ing atoms (apart from hydrogen) and gave an R index 
of 0.25. 

The next stage of the analysis consisted of two 
cycles of block-diagonal least-squares refinement of 
the positional parameters with isotropic temperature 
factors set at 4.0 A 2. The R index was 0.18. Aniso- 
tropic temperature factors were then assigned to all 
the atoms; and after six more cycles, the refinement 
was terminated. The last shifts were all well below the 
corresponding e.s.d.'s, and the final R value was 0.059 
for all observed reflections. In the last two cycles the 
hydrogen atoms, except those on the methyl and 
hydroxyl groups, were included with isotropic tem- 
perature factors of 5.0A2. The hydrogen atom 
positions (Table 1) were calculated from the C atom 
positions assuming a C-H distance of 1.07 A. 

The positional and thermal parameters for the final 
structure are given in Tables 2 and 3 respectively, and 
the observed and calculated structure factors are 
given in Table 4. 

Table  1. Assumed hydrogen atom positions Hydrogen 
atom at 

atom at x y z 
C(I) 0.8331 0.2193 0.5739 

0.8312 0.0676 0-6306 
C(2) 0.9306 0.1359 0.6098 

0-9192 0-1700 0.4607 
C(3) 0.9102 -0-0792 0.5763 
C(4) 0.8960 -0.1647 0.3786 

0.9013 -0.0151 0.3179 
C(6) 0.8052 - 0-2303 0-3687 
C(7) 0.7054 - 0.1845 0-4793 

0.7001 -0.1765 0.3256 
C(8) 0-7013 0.0438 0.3257 
C(9) 0.7399 0.0320 0.5793 
C(11) 0.7162 0-2632 0.4463 

0.7359 0-2461 0-5944 
C(12) 0-6343 0.3016 0.5644 

0.6444 0-1621 0.6419 
C(14) 0.6444 -0.0415 0.5354 
C(15) 0.5888 -0.1625 0.4104 

0.5952 -0.0576 0.2929 
C(16) 0.5065 0-0196 0.3432 
C(33) 1.0587 -0.0656 0.3267 
C(34) 1.1609 - 0.0652 0.2608 
C(35) 1-2419 -0.0635 0.4064 
C(37) 1.2183 -0.0490 0.6197 

Table 2. Final positional parameters and their standard 
deviations 

The e.s.d. (in parentheses) apply to the least significant digits. 

x y z 
C(I) 0"84210 (39) 0"12322 (58) 0"55510 (59) 
C(2) 0"90688 (36) 0"10999 (61) 0-53215 (57) 
C(3) 0"92103 (34) -0"02458 (56) 0"50022 (53) 
C(4) 0"88737 (38) -0"06767 (64) 0-39335 (63) 
C(5) 0"82178 (37) -0"04921 (52) 0'41042 (50) 
C(6) 0"78649 (38) -0"14216 (57) 0"39230 (65) 
C(7) 0"71927 (40) -0"13459 (51) 0"40229 (68) 
C(8) 0"69854 (32) 0"00246 (47) 0"41164 (51) 
C(9) 0"73795 (35) 0"07885 (50) 0"49578 (46) 
C(10) 0"80260 (36) 0"08208 (51) 0"45147 (51) 
C(I 1) 0"71153 "35)  0"20591 (49) 0"52329 (62) 
C(12) 0"64864 (35) 0"20657 (50) 0"55765 (54) 
C(13) 0"60972 (33) 0"13954 (52) 0"47058 (48) 
C(14) 0"63603 (30) 0"00621 (47) 0"45416 (44) 
C(15) 0"58845 (32) -0"06577 (53) 0"38622 (50) 
C(16) 0"52985 (31) -0"00466 (54) 0"42200 (41) 
C(17) 0-54895 (32) 0"10491 (52) 0"50203 (4)) 
C(18) 0-60840 (39) 0"20992 (58) 0"34999 (56) 
C(19) 0"80912 (42) 0"17221 (63) 0"34468 (66) 
C(20) 0"51359 (34) 0-14315 (52) 0"58827 (44) 
C(21) 0"52152 (39) 0-24545 (56) 0"67859 (51) 
0(22) 0"45839 (24) 0"08628 (42) 0"61099 (37) 
C(23) 0-43848 (39) -0"00318 (61) 0"53516 (54) 
F(24) 0"40095 (28) -0"07295 (48) 0"59871 (45) 
F(25) 0"40936 (23) 0"04994 (51) 0"44684 (38) 
C(26) 0"48698 (38) -0"08211 (54) 0"48285 (52) 
F(27) 0"51256 (24) -0"14866 (38) 0"57437 (36) 
F(28) 0"46287 (25) - 0-16861 (40) 0"41116 (44) 
0(29) 0"98219 (23) -0"03549 (43) 0"46646 (36) 
C(30) 1.02207 (38) -0.04774 (59) 0-55313 (57) 
O(31) 1"00809 (30) -0"04908 (63) 0"65675 (37) 
C(32) 1-08168 (37) -0"05342 (50) 0"51049 (51) 
C(33) 1"09353 (31) -0"06100 (59) 0"38977 (47) 
C(34) 1"15126 (39) -0"06235 (70) 0"35332 (55) 
C(35) 1"19753 (40) -0.06000 (57) 0-43548 (64) 
Br(36) 1"27568 (5) -0.05972 (10) 0.38419 (10) 
C(37) 1.18406 (43) -0"05298 (59) 0"55551 (65) 
C(38) 1"12680 (37) -0.05115 (57) 0"59091 (50) 

The absolute configuration of the molecule was not 
determined directly; rather we considered the con- 
figuration of naturally occurring steroids to be well 
established and used the geometry around C(13) when 
we assigned the configuration. 

Computing procedures 

All calculations were performed on a CDC 6600 com- 
puter, using programs referenced in a previous paper 
(Thorn & Cristensen, 1970). The block-diagonal least- 
squares routine minimizes the weighted sum of (KFo- 
GIFc[) 2. The shifts were given by A'qn=klAqn+ 
kzAqn-1, where Aqn is the shift called for in the nth 
cycle (Sparks, 1961, and references cited therein). The 
values used for kl and k2 were 0.8 and 0.2 respectively 
except for the two last cycles where the values 1-0 and 
0.0 were used. The weighting scheme used was that of 
Hughes (1941) with 4F0(min) = 13. 

The atomic form factors were those given by Han- 
son, Herman, Lea & Skillman (1964). No correction 
was made for anomalous dispersion. 

A C 27B - 6* 
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The  anisot ropic  tempera ture  factors are o f  the fo rm:  
exp [-(hZflZl -b kZflz2 + l~fl33 -b hkflaz + hlfl~3 + klf123)]. The 
R index, defined by R=EIIFoI-IF~II/EIFol, inc luded  
observed reflections only. 

21 

l~ ~ / /  ~'~'~_ 1'_~,~7 F(24) 

2/-  - - 1 0 ~  ~ ~-8%~.q ~" " '~o 

~7 t - , ,  32.2 "%(a,) (a) 
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Fig. 1. (a) Bond lengths. The e.s.d.'s are in the range 0.008- 
0.013 A. 
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Fig. 1. (Cont.) (b)Bond angles. The e.s.d.'s are in the range 
0.5-0.8 o 

The structure 

In te ra tomic  distances a n d  angles caclula ted f r o m  the 
final pos i t ional  pa ramete rs  are shown in Fig. 1. 
Tors ion  angles and  fold angles are given in  Tab le  5. 

Inspect ion  of  Table  3 shows tha t  the major i ty  o f  the 
B~t values are in the range c o m m o n l y  encountered.  As  

Tab le  3. Final thermal parameters, with e.s.d.'s in parentheses 
The temperature factor has the form exp [-¼(Bllh2a*2... + 2B12hka*b*...)]. 

Bzl B22 B33 B12 B13 B23 
C(1) 5.34 (26) 4.41 (14) 5.25 (28) 0.70 (17) 0.12 (22) 0.70 (17) 
C(2) 3.24 (23) 5.11 (15) 5.29 (32) -0.05 (17) 0.94 (25) 0.08 (20) 
C(3) 2.04 (29) 4.84 (14) 5.35 (36) 0.00 (17) 0.39 (27) -0.45 (20) 
C(4) 3.58 (24) 5.62 (14) 5.75 (36) -0.34 (16) 0.97 (26) 1-14 (20) 
C(5) 5.60 (27) 3.92 (12) 4.31 (32) -0.42 (16) 0.56 (25) 0.18 (18) 
C(6) 4.04 (27) 4.58 (14) 6.48 (29) -0.38 (17) 1.86 (24) 0.80 (19) 
C(7) 6.16 (25) 3.17 (16) 7.42 (34) 0.13 (17) 0.40 (26) 0.89 (21) 
C(8) 4.62 (23) 3.18 (14) 4.92 (30) -0 .44 (16) 0.94 (23) 0.04 (19) 
C(9) 4.12 (24) 3.99 (13) 4.05 (27) 0.54 (15) 0.27 (21) -0 .00 (17) 
C(10) 5.08 (23) 3.61 (13) 4.39 (28) -0 .22 (15) 1.11 (22) 0.04 (17) 
C(l l )  3.01 (23) 3.47 (14) 6.83 (31) -0.25 (15) 0.27 (23) 0.74 (19) 
C(12) 3.37 (22) 3.85 (14) 5.12 (32) -0.23 (16) 0.12 (23) 0.23 (19) 
C(13) 3.10 (25) 4.15 (12) 4.14 (30) -0 .34 (15) 0.50 (23) -0.01 (17) 
C(14) 3.60 (25) 3.41 (15) 3.44 (30) -0.08 (17) -0.05 (25) -0.27 (18) 
C(15) 1.89 (30) 4.57 (16) 5.08 (35) 0.17 (19) 0.97 (27) 0.25 (21) 
C(16) 2.57 (32) 5.09 (16) 3.37 (43) 0.46 (19) -0 .44 (31) 0.05 (24) 
C(17) 2.74 (28) 4.71 (12) 3-59 (36) 0.12 (16) -0.48 (25) -0 .52 (19) 
C(18) 4.78 (33) 5.45 (14) 6.14 (36) 0.00 (19) 0.81 (29) -0.86 (21) 
C(19) 5.10 (33) 4.32 (14) 5.05 (32) -0.01 (19) -0.03 (29) -0 .94 (19) 
C(20) 3.62 (29) 4.75 (15) 3.49 (48) -0.45 (19) -0 .14 (31) 0.18 (24) 
C(21) 6.26 (20) 4.82 (14) 4.23 (27) -0 .32 (14) -0.39 (20) 1.20 (18) 
0(22) 3-73 (28) 6.27 (19) 4.59 (46) 0.11 (20) 0.81 (30) 0.40 (27) 
C(23) 5.06 (18) 5.12 (11) 4.81 (29) 1.28 (12) 0.47 (19) -0 .30 (17) 
F(24) 7.29 (30) 8.61 (19) 8.23 (37) 2.13 (20) 3.31 (29) 0-93 (24) 
F(25) 4.45 (22) 9.91 (12) 8.13 (34) -0.23 (14) -0 .52 (23) 0.24 (19) 
C(26) 4.81 (27) 4.60 (16) 4.82 (31) 0.49 (19) 0.33 (24) -0 .02 (21) 
F(27) 5.75 (33) 6.52 (18) 6.59 (37) -0 .50 (21) 1.61 (30) -2 .26 (23) 
F(28) 7.48 (29) 6.37 (21) 8.25 (40) 2.33 (21) 1.55 (31) 1.95 (29) 
0(29) 2.48 (29) 6-35 (24) 4.68 (40) -0.61 (24) 0.59 (33) -0.08 (31) 
C(30) 4.49 (35) 4.85 (21) 5.00 (44) -0.25 (24) 0.20 (33) 0.21 (28) 
O(31) 6.20 (35) 10.26 (17) 3.68 (39) -0.31 (20) 0.88 (32) 0-25 (23) 
C(32) 6.25 (20) 2.77 (10) 4.76 (28) -0.37 (12) 0.17 (21) 0.27 (16) 
C(33) 6.16 (30) 5.96 (14) 4.43 (36) -0.81 (18) 0.19 (30) 1-16 (20) 
C(34) 3.65 (19) 6.38 (8) 4.87 (23) 0.08 (11) -0-34 (19) 0.28 (13) 
C(35) 5.68 (19) 3.99 (9) 6.19 (29) 0.43 (11) -0 .14 (21) -0 .00 (15) 
Br(36) 3.72 (3) 10.28 (5) 10.03 (9) -0.36 (3) 0.47 (5) -0.85 (6) 
C(37) 6.43 (19) 4.51 (9) 6.15 (27) -0 .12 (12) -3 .00 (20) -0 .00 (14) 
C(38) 4.06 (28) 4.86 (16) 4.65 (37) -0.73 (18) '-0.58 (28) -0.28 (23) 



E R L I N G  T H O M  A N D  A R I L D  T .  C H R I S T E N S E N  7 9 7  

.~ ,+o;.. : .  o 

io' " '  12~ ++ 

";  ~;o"  +' . . . .  
. . . . .  ,+. :~+, ,+,o + 

++++ :o.+ +:+ 
,~+ ,ol ,+. +:: 

I : ;  ::+" 2,o 
11 **++ 41 ETO 

T a b l e  4 .  Observed and calculated structure factors and phase angles 

T h e  c o l u m n s  a r e  l ,  l O F o ,  l O F t  a n d  t h e  p h a s e  a n g l e .  

; i~+' ,+~, 21 + , .' I : I  ? ;  t ; ;  + ' . ,  . . . . . . .  , ,  ,2,  i: ":~ %+ 21 'o . "; ~:,"';+;+ . . ;  , ~ .  ; ,  ,o ~ ~,: . . . . . . .  ; 1 ~ ; - , k  , : i ; ; /  . . . .  . ,%6 . . . . .  1212 ~21 o i z e  o +6 ~:' 

. . . . .  i ~ 1 i i i ~  ' ~i ~:'+ m ii! !?i i : : :  . . . . . . . . . . . . . .  
i, j+ ++ +,: . . . . . . . .  :++ ++++ . . . .  ., ,+ i.: : . ,  ;:: +~, . . . . . . . .  ::: i: . . . . . .  , , , . + o  ° 111 + . . . .  " + ,+ +  i++ + : : i  2"+: ';°+ i+o 

127 al+ 1~+ 1,b z,+, + 1223 . . . . . . . .  . . . . . . . . . . .  +~+++ +,+ +++++ . . . . . . .  +o ,+: +,o~ +,~o+ + ++ ,++ . + +  +++ . . . . . . . . .  +++ +++ ++++ +,+: . . . .  ,++~ 
. . . . . . . . . . . . .  ;o' I+ + i:° g ~I :++ 21~ +,.',""/, . . . . . . . . . . . . . . . . . . . . . . . . .  ,+. 

al  ss+ 151 <iz 
. . . . . . .  + +:: +J+ + . . . . . . . . . . . . . .  i , t ,  , h  :,.~: . :o ~+ +o2 ; +++ ,++ ,o, : :+ ,+; . +  

. . . . . . . . .  I+: t:o +.~: . . . . . . . . . . . .  . . . . . . . . . .  ' . . . . . . .  . . . . . . . . .  ; ';,it" : . . . .  ,o, +,+ . , . . .  io. . . .  : ++:, .;+" ':+ 
+:++ +++ ...+++ +++*:; +:+,:+, +o:+:: + +,:: +~+ +.+,o: +++ +++ :++ .++, +**:+: ++~ .++° ++++ :++ +++ ++++ +:+ '*°++: ;++.," ++++' ++::,o+ +, . . . . . .  ;+: ;++ ;:+ . ; , , . . .  +, 

,: i:+ i:: :: . . . . . . . . . .  : ,:,*'*,+ . . . . .  ,+: i:: : : : :+  +:; ++:: . . . . . . .  : ,,+ . . . . . . .  i . . . . .  : :. :+ ,+:: . . . . . . . .  +:o +:: ++: . . . . . . . . . .  
. . . . . . . . . . .  , . . . . . . . . . . . . . . .  +: :o +~ +,+ ,,+ 

*.~ , 2 .  ; . . . .  + +~i:it" q:  : ; i:+.",.:,  o , . . . . . . . .  + , ; ,  ,:+ ++: + +,. +: ::; + ++ ++ *:: +'++ '++ P+? . + , . : . - , :  . . . .  

. . . . . .  i+i* iil . . . . . . . .  
" "  .111 <+11 zbl  i,,+ o o +.11 x.o ~o o . s  ~ ~s~ • ~ .  ~,e 112, o 2:'0 

. . . . . . . .  . . . . . . . .  :;.+':; 'ii . . . .  ':: ++o~ ::+, .+: ; . : :  :oo, m "; ~.*" +++ . . . . . . . . . .  ', +~! "i ,o~..  ,!~ i:: ~i . . . . . .  i . . . . . .  + . . . . .  

+++ ill ,:+ 
161 1,11 o 

so 
11 11'+ re3 i so  

"i ':!:*'"+!+ m 

• i,,o i,,~ '1,o 
v : i v  122 ,~+o 

"; . % "  .~ . . . .  "; .3.~ . . . .  ~i~ +,o . .  ~ . . . . . . . . . . .  . .  

i li! . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  211 ::: .: , + : . . . + , +  ,: :++ :++ ,,o o ,+ . . . . .  ,++11 ':.' .+ o ; , , :  . . . .  ;+, + , : :  ,:+ :,. + : ;+  2~+ .++ * " 
. . . . . . . . . . . . . . . . . . . . . . .  ; '~,; +7+ '+,2 :+ +%' +,71 t'+: "; : ; ." ,1% . , h+ t+.: +,+ ; +,+ ' :  ++~ + 2o+;+ t . . . . .  , 1 1 1 1 , . 1 1 ,  

. . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  11 :: ++' ' ; :  + ;:,+ ;;+ ::  5 116 106 171 H. +, K. i i0 i .  u 10j l b  7 7 T7 gg 15 q Z 60 63 IH0 10 bl e5 2+2 H. 10. Ke 10 + ~  
6 0 +++ .+21 o 11 B+ +1 111 B '5O bE )++ 3 c)56 51~0 v0 11 67 6() 7+ 0 116 122 180 NI* 112. K I  5 5 Sb~ b9 

,+ . . . . . . . . . . . . . . .  !! :!! . . . . . . . . . . .  i !~ i  1112 111 1(16 Z +;11 +03 158 1] 51 $1 +*70 
. . . . . .  ;++, , . . . . . .  , . . . . . . .  + . . . . . . . .  . I . . . . . .  : :  ~+ +o 

. . . . .  + . . . . .  ~:~. +%+ ++¢" o . . . . .  + . . . . . . . . .  . . i  . . . . . . . . . . . . .  
+ . :  ,:o+ ,7+ . :  211- i :+  + +~: +o+; :+ . . . .  :+: , , ,  + . . . . . . . . .  + . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

111 l+S ++ t +z . e  1+y e :av i+z 322 i +)~ 3,e +3;+ 

++ . . . .  .o+ +++ + + . . . .  ++ . . . . .  +++ + +  +++; +++ 
,+ i<,r l+a 9 t v  ,~z ,ol:o * ::2:+' i . . . . . . . . . . . . . . . . . . . . . . . .  , . . . . .  ++++'; i: . . . . . . .  i ,~+. ,*- : i~ , .  12, :: :: i+: +, ,:: ,+: m ,: ,+: ,;+ 2++ ++ + , , .  11 ++ +J +++ .+ . . . . . . . . . ,  ] 'tto i: . . . .  ,+ ]+'; i . ,  . . . . .  , ,  

+ i , ,  11, 111 
+ :++ . . . . . .  

, .  o ,  ,+. s " "  :~o i t "  "+s +,o 
i l o s )  111) 210 
. . . . . . . . . .  21 Is+] a.,+1'° ] :~  

:~ l~a 1,o +o i 1++ 1+,, lqs  

i o+ r l  a;,o 1 1 . . . . . . . .  11 +. +o !~ ~? .'!! 
153 i+~i +70 

~: " + + +  . . . .  ! : i !  ~ii + '  

i ,:-2 i ; :  ,.o + . . . . .  

.' ;+.~ J+: , . :  "; ++/" ++, .o 
+o :: :: +=o + ++ 132 ::: 
, ;  O~o~.,:+ 2,o . .  ~. It. 11 
+ t+'; +:: +t: + , :  1222 2:o 

. . . . . . . . . . . . . . . . . . . . . . . .  "+ ' + / "  .+ . . . .  : , : :  i;+, ,+: + i .  . . . . . . .  i+, . .  . .  + . -  . + '++: . . . . . .  +, i1o + i : :  :~+ :~.: : ; :  :0 , : :  
;+ 112 1o+ 2 ,a  : s+ +,z 1+2 i , s5  +,,+) 2++  £ 1]+ i , s  2+,+ e ab5 z++ z+z o i o *  l +o  a+o 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  ++++ i++ ;j 111.. ++:+ m :o+ . . . . . . .  :++,+ +:: ,:: . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  :o: ++o 111 . . . . . .  : "+" I,: 
. . . . . . . . . . . . . . .  : + ' . .  :++, 21 i i + +  131 +++ 1111 ,:;: ,,o ++,0: +:: ++: + . ,  +o+++ 1111 : , . .  ::o ;+o': ": ",;+*-,++ . . . . . . . . . . . . . . . . . . . . . . .  + . . . . .  +,:P + . . . . . . . . . . . . . . . . . .  , . . . . . . . .  

+++ ..++"++ *:+ i+ '+++ :++ +++ :+ i] ++ :++ 1111 111 +++ +. .+ +++ +++ . ,:,. 111 ::: +,:o,,+ .1.':: ,o1. ": . . . . .  ,++ +:.+ '+;+ ,+:+' 
v . ~  +o ~++ + ;++~ 2 , v  2ve s o 911" .  ~+ 

1.~o I~1 1.? 

1o 

o ,)1, 1 o ~  q o  
i 151  . l ~ , v  6e 
z +* ~., l o t  

6+ 
e s l  ,+~+ ; + ,  

"; + ; / "  +~+ ,+, 
z $6 $+ 116 

e s r  ~o ~z 

"; +;o"  1111 .o 

?* +;+ ,+P+ i :  111o : z~  ~ ; ,  

1o , ~  11.; 111 " . . . . . . .  
:j . . . . . .  ,:: .: :++.. ++ . . . .  i . . . . . .  ++ + . . . . . . . . .  

. . . . .  211~ 1 : : :  . . . . . . . . .  + + m  + . . . . .  : . . . . . . . . . . . . . . . . . .  
+ + J+: ++; +'.+ +;0 +,,+: +.,++ +:: ; . . . . . .  +:: +1 . +';+it" ,+'+ 1 .  

122 e., t*, , ' .  + ;o  ++.  ++) 

i . . . . . .  +* + ": i :'+~ :++~ +~ . . . . . . . . . . . . . . . . .  
I;; ~?, . . . . . . . . .  % , . . . . . . . . . .  ";  +;1'" ,+ . . . .  ++ '+ .2 ,'+; ; 12" . . . . .  +: i:,~ l eo 1oo 1~;+ 1,+~ 1<1o" ,+,+6 

++ 122 . . . . .  , ++ 1:: : ;  ++; + 1o, +:: Pii + . . . . . . . .  + 11 I; ,  ++; . . . .  . . . . . . . . . .  : I:: ,+: q :  +o ++ a+e z :+o 12'+ Z~26 

'+,, '.+ ++,+ ~:.' "0 t ; . "  1';, i .  ' ,+;: . . . . . . . . . . . . .  
i 318 4 0 1 : 1 1  5 b I~17 Ib8 4 117 ioq . }16  HI  O* KO + 

I+'" ~"~ +'+ o , o  .1  lyo "+ + . . . . . . . .  +++ . . . . . . . . . .  
ii:*" 1~; +:~+ . . . . . . . . .  : '+++~ ::++ ~i ;+;+*" +++. . . . . . . . . . . .  ++:, +: . . . .  , . . . . . . . . . . . . . . .  :0 ++o: i:: :+: 

+;+': +++ 2222 ~,+:; +::: "o . . . . . . .  : +'++: ;:0 1:: +202' ,+:+ +:: 
. . . . . . . . . . . .  o :; :: ::o ; , ,0:  ~+: :~: + + :  . . . . . . .  

. . . .  i : ~ o "  ,+, . . . .  ,, 1.+++ %+ ++~+, . :  : ; . ,  .;,o . .  
. . . . . . . . . . . .  1~ 'lg 

Hx 1. i t .  112 1o 1~8 

-+ ;+:.~ +':I 1 2 : - .  . . . . . . .  !+,7 l+; +,; 
~,~ ,.9 . , .  228 

u 92 1ol  leo i zo~v 1o~o l ~z  6 lZS  1 ~  ~ . .  s .  ~ .  q 

~ ;  o ,  x ,  

zoo ;+03 

: ; I  ::  ,o 

"! +%" ,,,'° . o  
1;,1 12,6 o 

, .  o .  ~ .  I1 ++o . o  ,~o ° 

i1 , o  5 t  126 11 6" 5r  50 

o ,7  . . . . . . . . . . . . .  : . . . . . . . . . . . . .  ! i i i  202 1 . . . . . . . .  

.: . . . . . . . . . . . . . . .  . . . . . .  ;+ "" i i :*" :!+' ~;o : : + ,  :: +:: 

i . . . . . .  ,+ ,o !; ii!i +,,+ *ii i! il , :  ,,,+:: ,,: : : : , , ,  iii : : : " °  : ,  , , + . . . . . . . . . . . . . . . . . . . . . . .  . • 1ol .+~ o ,+ ,,~ ,~  , 1  ~ l zo  1 ) ,  ~o,  

a , ,  . . . . . . . . .  1 1o.1~' l i  11~e+~ i,,;o I ~  20 
. . . . . . . . .  ~ I+' .' ,'~: ¢I: . o  ": 11¢ '+ ; ,  ,o : ;:  I¢ g~ . . . . . .  ++; ++o+ +o: . . . . . . . .  

iz~+1 ~.~ ,sTs ++co'+° ~3 ,+o , ,  21,~ 1;+ *;+ ,+, 3,,0 :o  ~ ,o  a3e, luo z ~s~ ~,1 zo.~ 

a16 
1+1 111, ;+'~o 

. . . . . . . . . . . . .  ;+: " ;  . . . . .  o : l+l . . . .  .'3 + ;+, : ,  ,',+ 1 soo 5Ol 33+ 3 326 38~1 261 3 162 152 13b 101 100 

++ st: 2~' +'l  . . . . . . . .  l i  . . . .  +~00 g~l . . . . . .  
. :;+ . . . .  +" ' P;l +~+ I+ l " ;  ' ; / "  *++. + 31"+ ~:l ,:o 

6'+0 ;' 32 "  leo ,)e "q ~"  t;+ 2~2 b .  ~? ~.o 

i zov 1+.+ 
;+ so:  *~ "  a~ ° o S~3 s ,o  

za ,  22"  60 o .  ~o|  

'~: " :  +,~ ~!! 1ii ~ [ !~  ii !!i i :i . . . . . . . . . . . . . . . . . . .  +'!+' ';: ,:: • " , , :: :+ +,,+++ . . . .  . . . . . . . . . . . .  
+o;;:: :::': ::: . . . . . .  ,o~ +,:++ . . . . . . .  . ; +,~ :o ,+. +';**-.',o ,o "i ~:*' ,!+'  ':: . ' . . . . . . .  

! ! . . . . . . . .  112 I~ 2,0 ; ~+~I ~I' I ~  . . . . . . . .  . . '  . . . . . . . . . ,  I+',* . . . . . .  . ,  ,o+ ~122:,+ ++:: ~.: 

, .  +' ,%' k'+ + I:+' ~ . . . . . . . .  ; ; I  , .  1:~ 
. . . . . . . .  ~ "+  ;I~ g;+' g ,,~ 1111 '-+I gl I'+l ~ 2++., ,+~ +;: g ,~1 ,gg g++; ,~:; ~:,' ~;I 

b?* 1225 ;++'4 287 3O7 +712 ~e 27v q 15~ 17~ 1~6 to ,Sv 5U ~or 

i+ig ~ii i!i i : i i  :ii iii "i ~' '**:+ ~,: . . . . . . . .  ' . . . . . . . . . . . . . . . . .  :+o+: ,:, ,:: o I . ; ;  +', ,,+~ l'+ :~ 1:+, +'~I . ;  % .  : . . . .  , :  " :  '+': +'I~ 
: I~'+ ,-1"+ : : :  ,: :++ ~ +'+'l : I : :  I : :  :++ . . . . . . . .  . ;  . o  I ,,+ . . . . . . . .  , .  ~o I+~ 12,+, ,+,~ .o'" 

. . . .  +i++ ++:: 

+, ++:+, +,++: 1~o~ 
, :  I~+* i f :  ,1 

z 3es ~z  ~+~ 

3;++, '1ol 23~ 
s a~  av~ l s z  

.' g~.+ +'I: ++~+, 
11 ;1~ 121 ,+o;+ 
1;+ ~ 7 .  ~1~ 

~:+ ~:+, ,+, l . . . . . . .  !+ 
. . . . . . .  . :  ~ +,:+, 
LZ S6 S~ Z~  1 

: ~,i,) ln.~o 
~,s ~19 .)s? 

: : ! !  !!i :;: 

: ,.o . . . . . .  .+o ::~ i ~'+: :~; :i i ' : :  ':: ~:: 
" 1 % " / . . o  ; I  . . . . . . .  , o: 1o~ a+s . .  • .  K-  

+,~! :!! :!! .: ,. o ~ . . . . . .  ::~ 
' % "  +' . . . .  ; %, ,:~ . o  

, . 1;+. - L J "  ,_, 
I . . . . . . . . . .  ,o+. k' , :  I +'~i . . . . . .  

]1o i : ! i  ~ ~i? ; ~: ++: ':: ! :+o: '" ::: 7 . )  +s zo ;  91 ~ ,  ~o)  
a z ;~  . . . .  +:++ 1:: ~ . . . . . . . .  

"o  11. , .  $83 ~.1 ~o z 8s qo 2Z~ P. 301 32~ ~ 

:s s l  , o  22~ , 8~ v: : l P  

~;+ sP 2~s a 18~ ZZ9 1~o 

. . . . . . . .  ,~ ;++ ~o +.1: : +'l ::  ~:+' 

o 1~s 2-", 2~0 . .  i ~ .  ~ .  2 
i 1 : 5  ~o~ e ,  o 2+,e ~16 a?O - - 1 , ,  x .  ? 

zo*  ;+is 11~ 

I z ; ;  2;'~ I+00 ~ ; ;+~; . . . . . .  ~. 1*12'~- +++ ) , .s i . ~  ~o,  

o 

. . . . . . . . .  ,11/.,++ . . . .  ++ . . ,~, 
2 2o l  1812 8b ~ 38b 3711 21,0 5 5 "  ~.  18~ 

z ~a  3es zo l  ! . : o  :++ ~+21 : . . . . . . . . . . . .  

. . . . . .  g:~ io . ,o ~lf " ; ' + ' ; / ' , ~ .  . . . .  
b z l l  z s ,  ;+o~ 

. . . . . . .  !!! ,,+~ 
111 lso ;+o~ l sv  

. ,  ~s e,+ i o  eo '~v Z+6 
~s b~ ~6 u s *  , ~  2Y6 

1So ~o 
i ~ .  ~ ,  * " ;  1,+o z~s" ,+o 

1 i +  ++++ ! . . . . . . . . .  
;06 : ~  ~z  leo 3e  " "  : " '  ~ "  ~sz a~6 

s~ ~ zsz  zs~ ez 

. . . . . .  ,. . . . .  ~+ - o  
• 62 68 

.+ . . . . . .  ~.]~ i ' ::  '+': ~,] . . . . . . . . . . . . . . . . . . . .  ,re, 7~ 

• 3 .0  3se z7e H. * ,  K -12  l e  S e 

. o  i . . . . . . .  ,~ % . ,  . . . .  s' 7~ , l ~  o b3 6 ,  o z3 7 ? 377 +zo 

6Z3 ~29 ,~o 

. . . . . . . .  1!i . . . . .  :++; i~! :;: "i ;~;" ii~ "° ~ ' : :  :!~ :!! -~'++;" i i i ~ i  . . . . . . . . . . .  ~°' " °  " ; / °  !o +,, . . . . . . .  ,,o ::  : +%+ ?+; ,1: ++ ; ; :  I : ; ' 1 :  I . . . . . . . . . . . . .  "+g ++I: . ~:: : , ~ ' : ~  ',+: ,o: . . . . .  
~Ta z~z 2 ,~  ; y ,  z 29e z ) ;  , :  

i . . . . . . .  ~:++ +il + + +  +'+: *:'+ ';~ "; ;~+* ++~i i !! !i i+! +° ' +  +:: '+: "~ ';~'* ~' 
. . . . . . . . . . . . .  I+o ~;: 'l+' ,,o . . . . . .  " ;  *++:/" ,g. . . . . . . . . . . . .  /++ 

. . . . . . . . . . . . . . . . .  ~ . . . . . .  -+: ! '++~ '+-I ~:: ,o 

! " '  '!!! '+'+: ; !+!  !!i ~++: ~i ;~:* '+  ! ! m  '!! +++~ . . . . . .  . ;  % .  ++ . . . .  ,+,/; . +  , , , . -  ": ~,. . . . . . . . .  , . ,  +, .~+' .+,+. l:+' . . . . . . . .  
z ,+  29 z;,o e , ,  so z,+~ o es 

• ~9 zo+ z , o  
+. . . . . . . . . . . . . . . . .  : :  . . . . . . . . . . . . . . . .  ~++: "; : ; , * ' . .+  . . . .  ' . . . . .  



798 T H E  I D E N T I F I C A T I O N  AND C R Y S T A L  S T R U C T U R E  OF C30H33F403Br 

the structure was refined by block-diagonal least- 
squares approximation, the large values of B2z and B33 
for the Br atom could in part be due to the correlation 
with the scale factor; however, one would expect this 
to have manifested itself in Bn as well. Analysis of the 
vibration parameters for the Br atom shows that this 
atom has its two largest principal motions in directions 
perpendicular to the C-Br  bond at angles of approx- 
imately 45 ° with the plane of the benzene ring. 

The conformation of the A-ring clearly deviates 
slightly from ideal chair geometry: 1,4-related atoms 
are displaced from the least-squares plane through 
the other four atoms of the ring (Table 6) by amounts 
which differ significantly from 0.728 A (Sim, 1965). 

Ring B has a normal half-chair conformation; atoms 
C(8) and C(9) are displaced from the least-squares 
plane through atoms C(4), C(5), C(6), C(7) and C(10) 
by - 0 . 3 7  and 0"38 A respectively (Norton, Kartha & 
Lu, 1964; Christensen, 1970). 

The C ring shows a slight deviation from ideal chair 
geometry. The conformations of the A and C rings are 
in agreement with earlier observations of overall 

flattering both in simple six-membered rings (Davis & 
Hassel, 1963) and in steroids (Norton, 1965; High & 
Kraut, 1966). The average C - C - C  angle in the C ring 
is 111.8 °. 

The torsion angle C(14)-C(15)-C(16)-C(17) is 3-8 °, 
indicating that the D ring is a slightly distorted t -  
envelope (Brutcher & Leopold, 1966); C(13) is dis- 
placed 0.65 A from the least-squares plane through 
C(14), C(15), C(16) and C(17). The fold angle about 
C(14)-C(17) is near 41 °. 

The least-squares plane through atoms C(16), C(17), 
C(20), 0(22) and C(23) in the six-membered ring 
attached to the D ring shows that atom C(26) is dis- 
placed by 0.61 A from the plane. The ring thus approx- 
imates closely to an envelope form. 

The four fluorine atoms have a staggered config- 
uration as shown by the torsion angles in Table 5 and 
also by the intramolecular distances between the atoms, 
where we find six pairs of atoms at about van der 
Waals contact and three others that are well clear. 

Inspection o}" Fig. l(a) shows that one of the C - F  
distances [C(26)-F(27)] is 0.045 A longer than the 

Torsion angle (T), 

A 
\ 

B-D 
\ 

E 

Table 5. Torsion and fold angles 

view along B-D, angle is rotation of A-B to cover D-E, positive clockwise. 

E 
/ 

Fold angle (F), D-B fold along D-B, angle is positive for B below ADE when viewed as in diagram. 
\ 

A 
A B D E Angle A B D E Angle 
1 2 3 4 58.12 (T) 15 16 17 13 24.17 (T) 
2 3 4 5 -54.94 (T) 16 17 13 14 -41.11 (T) 
3 4 5 10 50.62 (T) 16 26 23 22 -129.95 (T) 
4 5 10 1 -46.87 (T) 17 13 14 15 42-24 (T) 
5 6 7 8 11.49 (T) 17 16 26 23 49.45 (T) 
5 10 1 2 50.29 (T) 20 17 16 26 -23.52 (T) 
6 7 8 9 -42.50 (T) 22 20 17 16 0.48 (T) 
7 8 9 10 60.56 (T) 23 22 20 17 -6-11 (T) 
8 9 10 5 --44.05 (T) 26 23 22 20  33.62 (T) 
8 9 11 12 47.63 (T) 27 26 23 24 -53.60 (T) 
9 10 5 6 13.08 (T) 27 26 23 25 -172.97 (T) 
9 11 12 13 -52.68 (T) 28 26 23 24 60-32 (T) 

10 1 2 3 - 56.91 (T) 28 26 23 25 - 59.05 (T) 
11 12 13 14 53.66 (T) 9 8 11 12 -41.52 (F) 
12 13 14 8 -57-89 (T) 9 8 ll 14 -43-86 (F) 
13 14 8 9 55.70 (T) 13 12 14 8 50.08 (F) 
13 14 15 16 -28.64 (T) 13 12 14 11 47.67 (F) 
14 8 9 11 -47.37 (T) 15 17 14 13 42.53 (F) 
14 15 16 17 3.81 (T) 16 17 14 13 40-00 (F) 

Table 6. Least-squares planes 

The normal equations are given. Deviations are in A. Planes are defined by atoms listed before slash (/). 
(1) l'8229x-3.0617y+ 10"8017z=6-0839 

Deviations: 4, -0.010; 5, --0.002; 6, 0.023; 7, --0.015; 10, 0-005/8, --0.371; 9, 0.375. 
(2) - 2.1068x-- 6"4968y + 8.9244z = 2.6573 

Deviations: 14, 0.015; 15, -0.023; 16, 0.023; 17, -0.015/13, -0.649. 
(3) 9"2689x-7.1626y+ 7.040z=7.8901 

De vi.ations: 16, 0"025; 17, -0.019; 20, -0"014; 22, 0-042; 23, -0.035/26, 0"611. 
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Fig. 2. Projection of the structure along [001]. The a axis runs horizontally. 

average of the three others, which are not significantly 
different. (Accepted values are 1.38 A for C-mono 
F and 1.33 A for C-poly F bond lengths.) It is tempting 
to link this lengthening with the short intermolecular 
distance between the methyl carbon C(21) and F(27) 
which is 3.12 A, and thus 0.23 A shorter than the sum 
of van der Waals radii (CH3 2-0 A and F 1.35 A. All 
other intermolecular distances are normal. 

The packing is illustrated in Fig. 2. 

The authors wish to thank Dr P. Nelson, Syntex 
Research, Institute of Organic Chemistry for helpful 
discussions on the chemical aspects of the molecule. 
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Structure Cristalline et Mol6culaire de l'tz-p-Chlorophenyl-a-methyl-G¢-cyanosuecinimide 

PAR J. L. BAUDOUR ET J. C. MESSAGER 
Groupe de Recherches de Physicochimie Structurale, 

Equipe Associ~e au C.N.R.S.  n ° 15, Facultd des Sciences de Rennes, France 

(Reeu le 20 mai 1970, revule 31 aoftt 1970) 

Crystals of a-p-chlorophenyl-a-methyl-a'-cyanosuccinimide are monoclinic, space group P21/c with 
o 1 a = 15.53, b = 8.59, c = 8.86/~, fl = I 11.25 , Z = 4, formu a C 12H9OENEC1. The structure has been deter- 

mined from three-dimensional X-ray diffraction data and refined by the least-squares method to R = 
0.066. The phenyl group is planar but the two para substituents (chlorine and carbon) seem significantly 
displaced from the ring plane. In the five-membered ring considerable distortion occurs as a result of 
steric hindrance between the methyl group and the neighbouring cyano group. 

Introduction 

L'6tude de cette succinimide a ~t6 entreprise afin de 
d6finir 5. quel isom~re g6om6trique aboutissait la 
synth~se chimique, les substituants m6thyl et nitrile de 

l'h6t6rocycle pouvant se placer en position cis ou trans. 
Cette d6termination de la configuration mol6culaire du 
groupement succinimide doit permettre une 6tude 
quantitative du couplage des vibrations des deux car- 
bonyles en infrarouge (Fayat, 1969). 


