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A Direct  Determinat ion  of the Molecular  Structure  of Prostat~landin F2_1 
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Crystallography Group, Institute of Medical Biochemistry, University of G6teborg, Sweden 

(Received 9 July 1962) 

The tri-p-bromobenzoate of the methyl ester of prostaglandin F2_I(C4eH4~OsBrs) is orthorhombic 
with a =26.14, b =33.93 and e =4.76 A. The space group is P212121 with Z=4.  The structure was 
solved by heavy-atom methods and refined by three-dimensional anisotropic least-squares treatment 
to give the molecular structure and configuration of prostaglandin F2-1, which belongs to a new 
class of hormones having smooth-muscle-stimulating and blood-pressure-depressing activity. 

Introduction 

A smooth-muscle- st imulating and blood-pressure- 
depressing act ivi ty was discovered in human semen 
by Goldblatt  (1933) and by yon Euler (1934, 1935) 
who also found a similar act ivi ty in sheep sperm and 
named the factor 'prostaglandin' .  

In  1960 BergstrSm & SjSvall (1960) isolated two 
active crystalline compounds PGEI(C20Hs405) and 
PGFI-I(C20Hs6Os) from sheep prostate glands. Reduc- 
tion of PGE1 with borohydride (BergstrSm et al., 1962) 
yielded PGF~-I together with the isomeric compound 
PGF2-1. 

The tri-p-bromo- and tri-p-iodobenzoates of the 
methyl  ester of PGF2-1 were prepared by Prof. 
S. Bergstr6m who kindly  provided them for an X-ray 
analysis in order to determine ab initio the molecular 
structures. 

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

The two benzoates crystallize as beautiful  needles 
from ethanol. All crystals studied gave excellent X-ray 
photographs, which indicated that  the two derivatives 
are isomorphous. The unit  cell is orthorhombic with 
space group P212121. The cell dimensions are: 

k C 16 -- 27 

a b c 
Br-derivative 26.14/~ 33.93 A 4.76 .~ 
I-derivative 26.49 34.39 4.76 

Full  three-dimensional data (Cu Ka radiation) were 
collected for the bromo compound. Multiple-film 
Weissenberg photographs were recorded for the 0-2 
layers about c (needle direction) and the 0-5 layers 

• about a. 0 n l y  h/cO intensities were est imated for the 
iodo derivative. The intensities were corrected for the 
Lorentz and polarization factors but  not for absorp- 
tion. 

Structure  de terminat ion  

The init ial  work was done on the (001) projection. 
From a sharpened Patterson projection of the I- 
derivative, the relative positions of the heavy atoms 
of the four molecules per cell were obtained by 
simple vector addit ion and subtraction. The origin 
was then determined from the known symmetry  of 
the projection. As expected the Patterson synthesis 
was completely dominated by I - I  vectors (Fig. 1). 

An electron-density projection showed most of the 
atoms of the molecule (Fig. 2) but  also contained 
some spurious detail. This, however, was still present, 
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when more atoms, e.g. those of the benzoate groups 
were included in the analysis and the general appear- 
ance of the maps did not improve much from tha t  
of Fig. 2. Similar effects were encountered with the 
Br-derivative hkO data. They were caused by the large 
anisotropie vibrations of the heavy atoms. As soon 
as these were accounted for a projection could be 
found which was chemically sensible and which did 
refine. Anisotropic least-squares t rea tment  of the 
Br-derivative projection data  reduced R to 20%. 

At tha t  stage the three-dimensional data  (1776 

= bA 

0 1 2 3h 
, , t 

Fig. 1. Pa t t e r son  (001) project ion for the I-derivat ive.  Crosses 
m a r k  heavy  a t o m  vectors calculated from the  final bromine 
positions. 

~- b/2 

Fig. 2. Iodine-phased electron dens i ty  project ion a long the  
c-axis wi th  the  correct s t ruc ture  outl ined.  Contours  a t  
a rb i t r a ry  bu t  equal levels except  for the  h e a v y  a tom,  which 
has different  contour  intervals.  

independent reflexions) were available. A Patterson 
synthesis sharpened to point atoms at  rest (Abrahams- 
son & Maslen, 1963) was calculated. The resolution 
in the c-direction was still low due to the lack of high 
orders of I. This, and the presence of mirror planes, 
caused some trouble in finding the z-coordinates of 
the heavy atoms (see Fig. 3). Coordinates chosen to 
give the best compromise solution to the Pat terson 
later proved to be surprisingly accurate (within 
0.17 h). 

x/a y/b 
Br z 0,63174 0.47212 
Br 2 0,63476 0"35299 
B ~  0-29836 0"19886 
01 0"34242 0.12472 
02 0"37917 0"08772 
03 0"51648 0"17763 
04 0"47548 0-21145 
05 0.39422 0.33494 
06 0"42681 0"29515 
O~ 0"64002 0-16036 
O s 0"68815 0"12388 
C z 0"19407 0.05198 
C 2 0-19771 0-08252 
C s 0'24290 0'09588 
C 4 0.28700 0.08330 
C 5 0.28642 0.05488 
C 6 0.23859 0.03885 
C 7 0.33866 0.10228 
C s 0.42725 0-10450 
C 9 0.43282 0.14464 
C10 0-48675 0.14279 
Czz 0.51282 0.10674 
C12 0.46710 0.07703 
Cza 0"50569 0"20957 
Cz4 0.54020 0.24402 
Cz5 0"52861 0"28079 
Cz6 0.55678 0.31405 

Table 1. Atomic coordinates 

z/c 
0.01758 Cz~ 

--0.21371 Cls 
0.16054 Cz9 

--0.51624 C20 
- -  0 " 1 7 7 9 5  C 2 z  

--0"03904 C~2 
0.27676 C2a 

- 0.06161 C24 
- 0"37597 C~5 

0.40039 C2s 
0"11804 C~? 

- -  0.11009 C2s 
- -  0 - 2 8 7 2 4  C29  

-0.37575 Cao 
--0.24648 Caz 
--0.04880 Ca2 

0.02603 Can 
--0.32869 C34 
- 0-23528 Ca5 
- 0.10760 Ca6 

0.04589 CaT 
- -  0-10328 Cas 
- -  0.12347 Ca9 

0.10708 C40  

0.02812 C41 
0.12427 C4~ 
0-10016 

x/a y/b z/c 
0.59564 0.30890 --0.10939 
0.60688 0.27266 -- 0.24344 
0.57848 0.23938 -- 0.15468 
0.47724 0.03968 -- 0.28187 
0.49046 0.00396 -- 0-08600 
0.49111 0.47002 -- 0.23930 
0.48345 0.43217 --0.40866 
0-45817 0.39924 -- 0.22800 
0.45393 0.36086 --0.41734 
0-42221 0.33257 -- 0-23383 
0.39942 0.26075 --0.25072 
0.55798 0.09409 0-09676 
0-60572 0.09796 -- 0.01240 
0'65203 0 ' 0 9 0 3 8  0'15999 
0.67528 0.15801 0.24266 
0.70630 0.19000 0-13500 
0.69792 0.22707 0.24057 
0.72300 0.26250 0.14650 
0.76164 , 0.25635 --0.03000 
0-77360 0-21976 --0.14132 
0-74627 0-18892 -- 0.03900 
0-68358 0-05368 0-07943 
0.65506 0.01565 0.14440 
0.31319 0.47755 -- 0.56601 
0.33840 0-44075 -- 0.64926 
0"30974 0.40358 -- 0.57723 
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Allowance was made  

bn 
Br  1 0.00293 
Br~ 0.00878 
B ~  0.00431 
O 1 0.00262 
O 2 0.00241 
O a 0.00208 
O 4 0-00521 
O 5 0.00409 
O 6 0.00555 
O 7 0.00406 
06 0.00220 
C 1 0.00474 
C2 0.00161 
C a 0.00329 
C a 0.00345 
C 5 0.00294 
C 6 0.00263 
C~ 0.00197 
C s 0.00120 
C 9 0.00295 
C10 0.00185 
C n 0.00139 
C12 0.00190 
Cla 0.00338 
Cla 0.00310 
C15 0.00427 
C16 0.00502 
CI~ 0.00639 
Cls 0.00512 
C~9 0.00514 
C20 0.00287 
C21 0.00334 
C22 0.00400 
C2s 0-00304 
C24 0.00356 
C25 0.00341 
C26 0.00276 
C2~ 0.00396 
C2s 0.00246 
C~9 0.00212 
C30 0.00240 
Ca1 0.00252 
Csz 0.00331 
Ca3 0.00487 
Ca4 0.00581 
C35 0.00363 
C36 0.00336 
Ca~ 0-00273 
Cas 0.00345 
Ca9 0.00400 
Ca0 0.00261 
Ca1 0.00350 
Ca~ 0.00468 

T a b l e  2. Vibrational parameters 
for anisotropic v ibra t ions  wi th  2 -(h2bll÷k2b22+12b33+klb23+hlb13+hkb12) 

b22 ba8 b2z b13 b12 
0.00392 0.29367 --0.00325 --0.01480 0.00287 
0.00236 0.28466 0.00437 0-00991 - 0-00608 
0.00167 0.24959 0.00221 0-00609 0.00184 
0-00154 0.16485 0.00902 0.00414 0.00097 
0.00158 0.04023 0.00450 -- 0-00858 - 0.00018 
0.00095 0.10525 -- 0.00587 0.00649 -- 0.00086 
0.00114 0.19606 -- 0.00059 0.00333 -- 0.00070 
0.00170 0.15280 0.00683 0.00976 -- 0.00251 
0.00149 0.17847 0.00366 0.00426 0.00074 
0.00239 0.23268 --0.00167 0.01554 -- 0-00369 
0.00206 0.03925 0.00169 0.00254 - 0-00108 
0.00172 0.18647 -- 0.00406 0.02437 - 0.00206 
0.00347 0.23723 -- 0.00858 - 0.00886 --0.00059 
0.00218 0.33806 0.00369 --0.00505 0.00178 
0.00130 0.26335 -- 0.01230 --0.00462 --0.00110 
0.00164 0.26255 -- 0-00572 --0-01158 - 0-00188 
0.00317 0.21271 0-01304 0.00274 -- 0.00199 
0.00134 0.17372 0.01241 -- 0.00242 --0.00137 
0.00103 0.08023 0.00371 0.01110 - 0.00080 
0.00093 0.14333 - 0.00480 0.00034 -- 0.00115 
0.00093 0.13316 -- 0.00518 0.00568 --0-00108 
0.00074 0.20162 0.00628 0.00733 - 0.00072 
0.00081 0.17588 --0.01310 -- 0-00329 0.0001O 
0.00106 0-21594 0.00536 0.00169 0.00104 
0.00135 0.07704 -- 0.00545 0.00767 - 0.00304 
0.00115 0.30794 0.00247 0.00390 -- 0.00095 
0.00186 0.06394 -- 0.00083 -- 0.00206 --0.00248 
0.00152 0.19506 0.01874 0.01861 -- 0.00129 
0.00105 0.23684 -- 0.00604 0.01575 -- 0.00250 
0.00081 0-22429 -- 0.00166 0.04025 -- 0.00079 
0.00084 0.13278 0-00140 - 0.01379 -- 0.00038 
0-00090 0-24077 -- 0.00104 - 0.02731 0.00151 
0.00062 0.11502 -- 0.00293 -- 0.00679 0.00049 
0.00106 0.12249 -- 0.00260 - 0.00228 -- 0.00114 
0.00119 0.12110 - 0-01377 -- 0.01040 -- 0.00047 
0-00038 0.26662 0.00114 0.00778 -- 0.00088 
0.00102 0.08223 --0.00112 0.01062 0.00041 
0.00096 0.20239 0.00053 0.01334 --0.00261 
0.00022 0.15666 0.00024 --0.00348 -- 0.00004 
0.00092 0.19003 0.00467 0.01987 --0.00008 
0.00057 0.15615 -- 0.00493 • --0.00688 --0.00004 
0.00094 0.20924 0-00691 -- 0.02245 -- 0.00128 
0.00140 0-14783 0.00240 0.01644 -- 0.00053 
0.00236 0.28037 -- 0.00400 0.02831 -- 0.00182 
0.00106 0.26741 0-01266 0.03284 -- 0.00085 
0.00038 0.25971 --0-00464 0.00824 --0.00082 
0.00146 0.28297 -- 0.00609 0.01990 -- 0.00405 
0.00185 0.32248 --0.00107 0.02743 0.00014 
0.00120 0-10454 0.00545 -- 0.01850 -- 0.00076 
0.00033 0.19997 --0.00638 0.02130 0.00032 
0.00021 0-19404 -- 0-00685 -- 0.02013 0.00009 
0-00129 0.21235 -- 0.00036 0.00382 0.00145 
0.00113 0.20270 0.00345 -- 0.02783 -- 0.00103 

T h e  t h r e e - d i m e n s i o n a l  e l e c t r o n - d e n s i t y  s e r i e s  ca l -  

c u l a t e d  o n  t h e  b r o m i n e  p h a s e s  s h o w e d  t h e  c o m p l e t e  

m o l e c u l e  a s  f o u n d  f r o m  t h e  (001) p r o j e c t i o n .  T w o  

r o u n d s  o f  F o u r i e r  r e f i n e m e n t ,  d u r i n g  w h i c h  l e a s t -  

s q u a r e s  m e t h o d s  w e r e  a p p l i e d  t o  t h e  h e a v y  a t o m s ,  

r e d u c e d  R t o  2 3 %  f o r  a l l  o b s e r v e d  r e f l e x i o n s  a n d  con -  

f i r m e d  t h e  a s s i g n m e n t  o f  a t o m i c  n u m b e r s  t o  t h e  p e a k s  

i n  t h e  p r o j e c t i o n  a n a l y s i s .  
A l l  a t o m s  w e r e  f i n a l l y  i n c l u d e d  i n  t h e  a n i s o t r o p i c  

l e a s t - s q u a r e s  r e f i n e m e n t .  T h r e e  c y c l e s  r e d u c e d  R t o  

1 0 . 9 % .  I t  w a s  n o t  c o n s i d e r e d  w o r t h  w h i l e  t o  p e r f o r m  

f u r t h e r  7 - h o u r  l e a s t - s q u a r e s  c y c l e s  a s  t h e  m o l e c u l a r  

s t r u c t u r e  is  f u l l y  e s t a b l i s h e d  w i t h  t h e  a c c u r a c y  i n  

p o s i t i o n s  r e a c h e d .  H o w e v e r ,  t h e  s h i f t s  i n  t h e  l e a s t  

a c c u r a t e l y  p l a c e d  a t o m s  ( t h e  b e n z e n e - r i n g  c a r b o n s )  
a p p r o a c h e d  t h e  s t a n d a r d  d e v i a t i o n s .  

F o r  c a r b o n  a n d  o x y g e n  t h e  s c a t t e r i n g  c u r v e s  o f  

B e r g h u i s  et al. (1955) w e r e  u s e d  a n d  f o r  b r o m i n e  

t h a t  o f  T h o m a s  & U m e d a  (1957) c o r r e c t e d  f o r  t h e  

f '  c o m p o n e n t  o f  t h e  a n o m a l o u s  d i s p e r s i o n  ( D a u b e n  

& T e m p l e t o n ,  1955) .  T h e  c a l c u l a t i o n s  w e r e  p e r f o r m e d  

o n  a F e r r a n t i - M e r c u r y  c o m p u t e r  w i t h  p r o g r a m s  

d e s c r i b e d  b y  M i l l s  & R o l l e t t  (1961).  T h e  w e i g h t i n g  

s c h e m e  a d o p t e d  i n  t h e  l e a s t - s q u a r e s  r e f i n e m e n t  w a s  
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T~ble 3. Interatomic distances and bond angles .~ ~/~ 

Bond distances l 
Bond Bond 

Br~-C~ 1.88 A C33-Caa 1.44/~ 
Br~-Cx7 1.88 Cs~-Ca5 1.33 
Bra-C~5 1.90 Ca5-C3s 1.39 
C~-C 2 1-34 (]36--(]37 1-36 
C2-C 3 1-33 C37-C32 1.33 
C3-C 4 1"37 Cs-C 9 1"50 
C4-C~ 1"35 C9-Clo 1"59 
C5-C e 1"41 C~0-C~ 1"57 
C~-Ce 1"40 C~-C12 1"57 
Ca-C 7 1-55 C12-C2o 1.50 
C7-O 1 1.18 C2o-C2~ 1.58 
C7-O ~ 1"37 C2~-C22 1"52 
O~-C~ !.41 C~-C~3 1.53 
Cxo-O 3 1.47 C2a-C24 1.56 
O3-C~s 1.32 C~-C25 1.59 
c~3-0 ~ 1.13 c25-c2s 1.54 
C13-C14 1-52 C2s-O 5 1-10 
C~4-C~ 1-36 C2s-O~ 1.44 
C~5-C~e 1.35 Os-C27 1.49 
C~s-C~7 1"43 C~v-C2s 1.58 
C17-C~s 1"42 C~-C2~ 1.36 
C18-C19 1"42 C29--C3o 1"48 
C~4-C~9 1.34 C~o-Cas 1.54 
C30-0 s 1.49 Ca8-C39 1"52 
Os-Cal 1"34 C~-C4o 1"58 
OT-Ca~ 1" 19 C~o-C4~ 1" 47 
C3~-C32 1"45 C4~-C~2 1"51 
C;~2-C33 1-37 

Bond angles 
Bond angle Bond angle 

Brl-C~-C 2 123 ° C~s-C~7-Br2 117 ° 
Brl-Cz-C s 118 C17-C1s-C19 117 
Cs-Cx-C2 118 C~s-C~9-C~a 120 
Cx-Cs-C s 122 Cs0-Os-C3x 116 
C2-Ca-C 4 120 Os-Cal-O v 122 
Ca-Ca-C 5 122 08-C31-C32 110 
C2-C4-C 3 119 07-C31-C32 127 
C2-C4-C 5 119 C31-C32-C33 118 
C4-C5-C 6 118 C3~-C32-C37 130 
C5-C6-C ~ 120 C37-C32-C33 112 
O~-C7-C 4 122 Cs~-C33-C3. ~ 125 
O2-C7-C4 113 Cs3-C34-C35 114 
O1-C7-O 2 124 C3a-Cas-Cae 124 
C7-O2-C8 116 C3a-Cas-Br 3 118 
C~o-O3-Cx3 114 Cae-Ca~-Br 3 119 
O3-C~3-O ~ 125 Cas-Cas-C37 116 
O3-C~a-C14 112 C3e-C37-C~2 128 
O~-C~3-G~4 123 C~-Cs-C 9 111 
C~3-Cx4-C~5 119 O2-Cs-C 9 112 
C~3-C~4-C~9 120 O2-C8-C12 108 
C~9-C1~-C~ 121 Cs-C9-C~o 104 
C~4-C~5-C~e 128 C9-C~o-C n 102 
C~5-C~s-C~7 110 C9-Clo-O 3 108 
C~s-C~7-C~8 124 C~I-C~o-O a 106 
,C~6-C~7-Br 2 118 C10-Cn-C~ 101 

Bond angle 
C10-Cll-C28 105 ° 
C12-Cll-C2s 116 
Cll-Cl~-Cs 99 
Cll-C12-C2o 116 
C8-Clz-C2o 118 
C12-C20-C21 112 
C2o-C21-C~2 108 
C21-C22-C2a 112 
Ce2-C23-C24 112 
C.z3-C24-C2s 108 
C2a-C2s-C2s 103 
C25-C26-O5 137 
C25-C2s-O 6 104 
Os-C2s-Os 118 
C2s-Os-C27 117 
Cn-C28-C29 116 
C28-Cu9-Cao 121 
C29-Cs0-C3s 116 
C~9-C30-O ~ 108 
Os-Cso-C38 104 
C30-C3s-C39 112 
C38-C39-C4o 113 
C39-C40-C4~ 113 
Cao-C4rC42 115 

W 
1 + [ ( I F o l -  8 iFmio.I) /51Fmi. .I ]  ~ " 

Discuss ion  

'The coord ina tes  of t he  a toms  in  t he  molecule  o the r  
t h a n  h y d r o g e n  are g iven  in  Table  1, t he  v ib ra t i ona l  
p a r a m e t e r s  in  Table  2. The  f inal  s t ruc tu re  factors  are 
l i s t ed  in  Table  6. A compos i te  d rawing  of t he  three-  

(b) 

(a) 
0 1  2 3A 

Fig. 3. Sections of the three-dimensional point atoms at rest. 
Patterson synthesis for the bromo derivative. (a) Harker 
section at z=1/2, (b) section at z=26/80. Crosses mark 
Br-Br vectors calculated from the final positions. 

d imens iona l  e l ec t ron -dens i ty  series based  on  t h e  f inal  
phases  is shown  in  Fig.  4. 

Table  4. Average values for different classes 
of bond distances and angles 

Benzene rings 

Unstrained carbon 
single bonds C - C 

Carboxyl carbon C ----- O 
to oxygen C -  O 

Bond Angle 

C - C  1-38_+ 0.05 A 120_+ 10 ° 

Other carbon-oxygen C -  O 

Br--C 

1.54___0.07 

1.15--+0-05 
1.37___0.07 

1-46__+0.05 

1.89__+0.01 

111_+8 

Table  5. Some short contacts between one molecule 
and its equivalent repeated along the c.axis 

O1-09. 3.52 A c~s-Cls 3-64/~ 
O3-0 4 3.62 C1s-C19 3.93 
07-0 s 3.84 c16-cls 3-67 
05-06 3.63 Csa-Cas 3-55 
C2-C 6 3"74 Caa-C37 3.88 
C3-C 5 3.67 Ca4-C3s 3.92 
Ca-C 6 3.44 Cs-C~o 3.98 

The  molecu la r  s t r uc tu r e  of t h e  t r i -p -b romo-  
benzoa t e  d e r i v a t i v e  of t he  m e t h y l  es te r  of 
PGF2-1(C49.I-I470sBra) is all in  accordance  w i t h  t h e  
fo rmula  (I) for t he  free acid  of PGF2-1 i n d e p e n d e n t l y  
a r r ived  a t  by  Bergs t rSm et al. (1962a) us ing  chemica l  
and  phys icochemica l  m e t h o d s  o the r  t h a n  X - r a y  dif- 
f rac t ion.  

t 

HOOC(CH2)s-CH-CH-CH=CH-CH(OH)-(CH2)4-CH s 

~IO~H I CI-IO I-I 
\ / 

CH2 
(i) 

PGF2-1 is t hus  a t r i h y d r o x y  acid w i t h  two  h y d r o x y l  
groups  a t t a c h e d  d i r ec t ly  to  a f ive m e m b e r e d  hyd ro -  
ca rbon  r ing  and  t he  t h i r d  a long a ca rbon  side cha in  
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Table 6 (cont.) 
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b/; 
will be fully discussed elsewhere by Prof. S. BergstrSm 
and co-workers. 

The X-ray analysis, in addition, gives the stereo- 
chemistry of the molecule which would probably have 
been difficult to determine with conventional chemical 
methods. Oxidative ozonolysis of PG:F2-1 yields 
c¢-hydroxyheptylic acid with (~)~a+9.0 ° in sodium 
hydroxide. According to Baker & Meister (1951) the 
acid has then the 2D configuration. The absolute 
configuration of the molecule is thereby known and 
is given correctly in Fig. 5. 

PGFI-z which is formed at the same time as PGF2-1 
on reduction of PGE1, which has a carbonyl oxygen 
instead of the hydroxyl group adjacent to the carboxyl 
side chain (I) (BergstrSm et al., 1962a), differs from 
PGF2_ 1 only in the steric position of this hydroxyl 
group• 

The bond distances and angles in the molecule are 
given in Table 3. The standard deviations were 
calculated from the diagonal elements of the inverse 

Fig• 4. Composi te  drawing of the  final e lectron dens i ty  series• n o r m a l - e q u a t i o n s  m a t r i x  ( A h m e d  & C r u i c k s h a n k ,  
Contours  given a t  in tervals  of 1 e .A -a s tar t ing  wi th  2 e .A -a 1953 • Dar]ow, 1960). The average values are for 
excep t  for the  bromine  a toms  which are con toured  a t  inter- 
vals of 5 e.A-~, bromine: a(x)=a(y)=O.O05 A, a(z )=0 .008  _~, for 

oxygen: a(x) = a(y) = 0.015 _~, a(z) = 0.025 .~, and for 
containing a trans double bond• The carboxyl group those carbon atoms which are least accurate: a(x)= 
is at the end of a second side chain• The chemistry a(y) =0 .02  A, a(z)=0.05 _~. The accuracy appears 
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Fig. 5. Spacial diagram of the molecule (correct absolute 
configuration) with the numbering of atoms indicated. 

s l ight ly  bet ter  if one compares distances and  angles 
with the corresponding general ly accepted values but  

is, of course, st i l l  low in a heavi ly  v ibra t ing  s tructure 
of this  complexity.  The average values for different  
classes of distances and  angles are given in  Table 4. 

The molecular  packing is i l lus t ra ted  in  Fig. 6. 
The side chains and  the  benzoate groups project out 
from the f ive-membered r ing to give a molecule 
extended in  the (001) plane. The two side chains and 
the bromobenzoate  groups A and  B (Fig. 5) are in 
close contact whereas other molecules can approach 
the f ive-membered r ing on both sides of group C. 
Similar  par ts  of the molecules are in  contact  along the 
short c-axis, bu t  this  is not  possible in other directions 
and  carbon chains have to pack wi th  benzene rings. 
However, the carbon chains group together  as far  as 
possible and  a l te rna te  wi th  regions of bromobenzoate  
groups. Some of the most  impor tan t  contacts  are 
shown in Fig. 6 whereas contacts between one mole- 
cule and  the molecule d i rec t ly  above or below in the 
c-direction are given in  Table  5. 

The benzene ring, the bromine  a tom and the 
carboxyl  carbon are in  all  bromobenzoate  groups 
p lanar  wi th in  0.08 /~. There is an  indicat ion tha t  the  
carboxyl  oxygen atoms m a y  be s l ight ly  twisted out 
of the  plane (up to 0.15/~). Benzoate groups A and  B 
are approx imate ly  parallel .  Their  planes make an 
angle of 42 ° wi th  the  (001) plane and  thei r  twofold 
axes are t i l ted  15 ° to the same plane. The th i rd  benzoate 

0 2 4 6 A  
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Fig. 6. Molecular arrangement of the p-bromobenzoate derivative of the methyl ester of PGF2_ z as seen along the 
c-axis with some of tile Iaore hnporbant contacts shown. 
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group shows very similar angles but has its diad axis 
roughly perpendicular to those of the other two 
groups when the three groups are in packing contact. 
Most benzene rings in this structure pack with their 
planes parallel but C-rings also make contact with 
roughly perpendicular planes at screw axes. 

% 
o 2h 

% 
% 
% 

Fig. 7. Schematic representation of the hydrocarbon chain 
packing as seen along the chain axes. 0 and 1/2 are fractions 
of the repeat distance (2.55 A) along a chain. Dotted line 
indicates the plane z= O. 

The hydrocarbon chains are surprisingly regular 
considering their small length and their packing 
contacts with benzene rings. Atoms C2~ to C25 are 
planar within 0.05 A_ whereas C20 is 0.16 /~ off the 
plane. Ca9 to C4~ lie within 0.002 A from a plane 
with Cas at a distance of 0.12 ~. The axes of the two 
chains are roughly parallel to the (001) plane but are 
not mutually parallel as the position of the side chains 
in the molecule prevents them coming into close- 
packing contact until near their ends. The carbon- 
chain arrangement is illustrated schematically in 
Fig. 7. The plane of chain D is inclined 28 ° to the 
(001) plane and that  of chain E 76 ° in the same sense. 
I t  is not to be expected that  the chain packing should 
be exactly similar to those found in long-chain struc- 
tures (cf. Abrahamsson et al., 1963) but the general 
arrangement of D-chains resembles very much that  
of the common orthorhombic type 0 ±. 

The atoms of the ester group (C25, C26, O5, 06, C27) 
lie within 0"06/~ or less from a plan% which is twisted 
23 ° from that  of the adjoining hydrocarbon chain. 
A similar angle of twist (19 °) is found in methyl 
stearate (Aleby & yon Sydow, 1960). 

Four of the atoms (Cs, C9, C~0, C~.) of the five- 
membered ring lie in a plane within 0.07 A_ whereas 
the fifth is at an appreciable distance (0.71 A_) as is 
usual for such saturated rings. The bonds to the 
different attached groups are all trans relative to the 

five membered ring (Fig. 5). The bonds Cs0-Os and 
Ca0-Cas are rotated 45 ° and 54 ° respectively out of 
the plane of the double bonded group 

C11\C2 S =C~9\Cso. 
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