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T h e  c r y s t a l  s t r u c t u r e  o f  5 ' - B r - 3 ' :  5 ' - d i d e o x y t h y m i d i n e .  By  M. M. WOOI~SON,* CrystaUographi¢ Labora- 
tory, Cavendish Labora$o~, Cambridge, England 

(Received 30 July 1956) 

The  X - r a y  analysis of 5 ' -Br -3 ' :5 ' -d ideoxy thymid ine ,  
which  was produced  dur ing  the  s tudy  of the  chemis t ry  
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of cer ta in  t hymid ine  der ivat ives  (Michelson & Todd,  
1955), was u n d e r t a k e n  for the  purpose of de te rmin ing  its 
chemical  s t ructure .  

The space group was found  to be P2~2~2x wi th  

a - -  14.78, b = 4.89, c =  15.17 A ,  

there  being four molecules per  un i t  cell. The bromine 
paramete rs  were readi ly  found  for the  hOl project ion 
f rom the  two-dimensional  Pa t t e r son  synthesis.  W i t h  the  
signs of the  s t ruc ture  factors t aken  from the  bromine  
contr ibut ion,  an  e lec t ron-densi ty  map  was calculated 
which  showed clearly the  r emainder  of the  atoms.  One 
stage of re f inement  gave the  map  shown in Fig. 1, and,  
since the  object  of the  invest igat ion had  been achieved,  
no fur ther  re f inement  was a t t emp ted .  The a tomic  co- 
ordinates  found for this  project ion are :  

Z 

C~ 0.533 0.304 
C~ 0.430 0.274 
C~ 0.416 0.202 
C~ 0.314 0.221 
C$ 0.280 0.294 
C s 0.266 0.413 
C~ 0.226 0.471 

..~o C s 0.274 0-522 
C~ 0.124 0.367 

Fig. 1. 5'-Br-3' : 5'-dideoxythymidine, electron-density map. C~0 0.128 0-486 
The contours are at  equal arb~rary intervals with the 
lowest contour broken. The dotted contours round the 
bromine atom are at twice the interval elsewhere. 

* Present address: Physics Department, College of Science 
and Technology, Manchester 1, England. 

Z 

Ox 0-364 0.330 
Os 0.091 0.318 
O~ 0.089 0.535 
N x 0.236 0.356 
N~ 0.093 0.434 
Br 0.547 0.400 
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I n  the  course of tak ing  an  X - r a y  pho tograph  to record 
the  hOl reflexions of a we t  r ibonuclease crystal  of the  
monocl inic  form (ex aqueous  alcohol) in a sealed capi l lary 
in the  normal  manner ,  a small  leak al lowed the  crysta l  
to d ry  dur ing  its exposure.  There  was recorded  on the  
pho tograph  both  the  diffract ion pa t t e rn  of the  wet  crystal  
and  t h a t  of the  d ry  one, wi th  smear  lines indicat ing t h a t  
a change had  t aken  place. This is mos t  clearly seen 
(Fig. 1) for the  003 reflexion. The  unit-cell  dimensions 
of this  form of r ibonuclease are :  

a (A) b (A) c (A) ~ (o) 
Wet 30.90 38.8 54.06 106 
Dry 29-10 30-08 51.03 114.0 

I t  was possible to confirm f rom this pho tog raph  t h a t  
the  ~ngle fl increases when  the  crystal  goes f rom the  
we t  to the  d ry  state.  

The crystal  did no t  move  off the  capil lary wall dur ing 
the  dry ing  process and  so Fig. 1 shows the correct  orien- 
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Fig. 1. Weissenberg photograph of ribonuclease, h0l reflexions. 
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rat ion of the two diffraction pa t te rns  relat ive to each 
other.  I t  is clear from the  cont inuous na tu re  of the s t reak 
connect ing the 003 reflexion in the  wet  and  dry  states 
t ha t  there  is no in termedia te  stage in the  drying process 
of these crystals, such as tha t  observed for haemoglobin 
(Perutz,  1946). The shrinkage process here mere ly  seems 
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Fig. 2. Relationship of wet and dry unit cells. Full lines: wet 
cell; broken lines: dry cell. 

to involve the  relat ive and  continuous m o v e m e n t  of the  
molecules from one state  to the  other.  

Reflexions in the  dried crystal  can be observed to 
spacings of about  3 A, indicat ing t ha t  shrinkage can take  
place in an ordered m a n n e r  provided it proceeds suf- 
ficiently slowly. 

Fig. 2 shows the  relat ionship of the wet  to the  d ry  
un i t  cell. The small angular  shift of the  c axis is consistent  
w i th  elongated molecules lying wi th  thei r  ma jo r  axes 
approximate ly  parallel  to c (Carlisle & Scouloudi,  1951); 
hence the  shortening of b from 38.80 to 30.08 /~ would  
suggest a m o v e m e n t  of the  e longated molecules per- 
pendicular  to thei r  lengths.  
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Weiss, DeMarco & W e r e m c h u k  (1954) have  described a 
m e t h o d  for convert ing a Norelco X - r a y  spectrograph to 
a d i f f ractometer  in which a fluorescent X- ray  source is 
used. Wi th  suitable geometry ,  the  half b read th  of the 
110 reflexion from an annealed  iron specimen (Co radia- 
tion) was found to be only about  20% larger t han  the 
value  obta ined wi th  a s t andard  Norelco di f f ractometer  
(22' and  18' respectively),  whilst, the  background was 
reduced by  a factor  N 25. If  these results were applicable 
generally,  the me thod  would be an a t t rac t ive  a l ternat ive  
to a convent ional  X- ray  source and  crystal  mono- 
chromator  for applications requir ing high resolution and  
a low background,  since the use of a monochromato r  leads 
to complexi ty  in mechanical  design if focusing condit ions 
are to be satisfied for a range of X-radiat ions.  

Calculations, however,  suggest t ha t  favourable com- 
parison in line breadths  between the  fluorescent and  
normal  methods  is l ikely to be obtained only when  the 
specimen itself produces appreciable broadening.  For  
example,  applying the convolut ion methods  developed 
by  Alexander  (1950, 1954) to the  exper imenta l  condi- 
tions specified by Weiss et al. leads to values for instru- 
mental broadening of 6' (al) for the s t andard  diffracto- 

me te r  and  27' (unresolved ~1~2 doublet)  for the  fluores- 
cent  a r rangement .  I t  would therefore appear  t ha t  the  
values obta ined exper imenta l ly  by  Weiss et al. were 
de te rmined  largely by  (i) the  specimen and  (iX) instru- 
men ta l  factors, in the  s t andard  and  fluorescent me thods  
respectively.  

This impression has been confirmed by  measurements  
in these Laboratories  on suitable reflexions from a 
' s tandard '  silicon specimen and  annealed powdered iron, 
using the following exper imental  me thods :  

(A) A fluorescent source and  a slit system identical  
wi th  t ha t  described by  Weiss et al. ; goniometer  
radius 14 cm. 

(B) :Normal X- ray  source and s tandard  Philips (Eind- 
hoven) goniometer ;  1 ° divergence slit, 0-1 mm.  
receiving slit, 17 cm. radius. 

(C) Normal  X- ray  source, quar tz  crystal  monochro-  
meter ,  Philips goniometer ;  1 ° divergence slit, 0.2 
ram. receiving slit, 11 cm. radius. 

The half breadths  observed are summarized  in Table l ,  
together  wi th  the  equivalent  calculated values for in- 
s t r tunental  broadening.  

Table 1. Half  breadths for reflexions from silicon and iron obtained by three diffractometer methods 

(Values of half breadths are in minutes of arc) 

Method A Method B Method C 
. 

Specimen Radiation 20(°) 0bs. Calc. ()bs. Calc. Obs. Calc. 

Silicon Co 33 24* 25* . . . .  
Silicon Co 55 - -  - -  6½ 6 9 10 
Silicon Cu 56 - -  - -  7 6 10 10 
Iron Co 52 30* 27* 12 6 12 9 

* Unresolved ~1~2; otherwise c~ 1 alone. 


