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similar, the only difference being a rotation of approxi- 
mately 17 (3) ° around the bond C(8)-C(9) of ring II. 
The molecules are not planar. The packing of the 
molecules is illustrated in Fig. 3. No intermolecular 
distances are less than the sum of the van der Waals 
radii of the atoms involved. 

Thanks are due to Centro de Proceso de Datos de la 
Junta de Energia Nuclear for the use of the 1106 
Univac computer. 
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The Structure of 2',3'-O-(Tetraisopropyl-1,3-dls|loxaned|yl)cytidine at 97 K* 
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2300 RA Leiden, The Netherlands 

(Received 9 December 1981; accepted 23 April 1982) 

Abstract.  C21H39N3065i2, orthorhombic, P2~2~21, a = 
8.649 (2), b = 23.301 (4), c = 26.902 (8) A at 293 K 
and a = 8.630 (4), b = 23.082 (5), c = 26.301 (9) A at 
97 K; Z = 8, D c = 1.23 Mg m -3 at 293 K; Rw(R) = 
0.028 (0.045) for 2830 reflexions 12323 with I > 
2o(1)]. The structure was solved by direct methods. 
The two independent ribose rings display a C(2')-endo 
conformation; pseudorotation angles P = 160-3 (2) 
and 163.2 (1) ° and ~p.,~ = 40.5 (3) and 41.0 (3) ° , 
respectively. Both 0 ( 5 ' )  atoms are gauche-gauche 
oriented with respect to O(1')  and C(3'). The two 
cytosine bases are anti with respect to the sugar rings: 
XcN = 39.9 (5) and 55.6 (5) °. The two independent 
molecules form dimeric units by means of hydrogen 
bonds N ( 3 A ) . . . H - N ( 4 B ) [ 2 . 9 9 2  (5)AI and N(4A)-  
H . . . N ( 3 B )  [2.967 (5) AI. The cytosine carbonyl 
oxygens serve as acceptors in hydrogen bonds 
O ( 5 ' A ) - H . . . O ( 2 A )  [2.696 (4)AI and O ( 5 ' B ) - H . . .  
O(2B) [2 .718(4)A]  connecting neighbouring mol- 
ecules in the direction [ 100]. 

Introduction. As a follow-up to the structure deter- 
mination of 3',5'-O-(tetraisopropyl- 1,3-disiloxanediyl)- 

*Nucleic Acid Constituents. XXII. Part XXI: Mellema, 
Haasnoot, van Boom & Altona (1981). 
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cytidine (Verdegaal, de Kok, Westerink, van Boom & 
Romers, 1981) we now report the crystal structure 
of 2', Y- O- (tetraisopropyl- 1,3- disiloxanediyl)cytidine 
(TIS). The disiloxane group is introduced in order to 
protect two of the three hydroxyl functions during the 
synthesis of oligonucleotides (Verdegaal, Jansse, 
de Rooij & van Boom, 1980). Crystals were grown 
by evaporation of a solution of TIS in a 1" 1 acetonitrile/ 
acetone mixture. A crystal with dimensions 0.35 × 0.15 
x 0.15 mm was sealed in a glass capillary and mounted 
on a Nonius CAD-4 diffractometer. A total of 2830 
symmetry-independent reflexions were collected at 97 
K, using graphite-monochromated Mo Ka radiation 
(2 = 0.71069 A) and scanning in the range of 2 ° </9 < 
20 °. 2323 reflexions had I > 2a(I). The intensities were 
corrected for loss of scattering power (12 %) during the 
exposure period. No absorption correction was applied. 

The structure was solved by direct methods using the 
M U L T A N  78 program system (Main, 1978). The 
missing heavy atoms and H atoms were found in 
Fourier and difference Fourier maps. Full-matrix 
refinement with anisotropic heavy atoms and isotropic 
H atoms resulted in R w = [~ w(F o - tFcl)2/~ WF2o] 1/2 
= 0.028 and R = X [ F  o - IFcI[/~, F o = 0.045 for 2830 
reflexions. The weights used are w = 1/a2(Fo), the 
variance a2(Fo) being derived from the measurements. 

© 1982 International Union of Crystallography 
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Table  1. Positional parameters (x  104) and Beq values 
(/k 2 x 10) of the non-hydrogen atoms 

Estimated standard deviations in the least significant digit are given 
in parentheses. Beq = In 2 trace U. 

x y z Beq 

Si(IA) --11473 (2) 7426 (1) 1504 (1) 19 (1) 
C(7A) -13966 (6) 8056 (2) 1907 (2) 34 (2) 
C(8A) -13263 (6) 7873 (2) 1396 (2) 28 (2) 
C(9A) -14512 (6) 7577 (2) 1059 (2) 33 (2) 
C(10A) -8452 (7) 7539 (2) 1883 (2) 50 (2) 
C(I IA) -9788 (6) 7875 (2) 1680 (2) 28 (2) 
C(12A) -9242 (6) 8256 (2) 1233 (2) 45 (2) 
O(4A) -11090 (3) 7035 (I) 1003 (1) 19 (1) 
Si(2,4) -10796 (2) 6344 (I) 896 (1) 20 (1) 
C(13A) -12736 (7) 6374 (2) 34 (2) 42 (2) 
C(14,4) -12487 (6) 6057 (2) 546 (2) 33 (2) 
C(15A) -12506 (7) 5409 (2) 478 (2) 43 (2) 
C(16A) -8441 (8) 6715 (2) 231 (3) 58 (2) 
C(17A) -8907 (6) 6215 (2) 570 (2) 34 (2) 
C(18A) -7587 (6) 6023 (3) 926 (2) 54 (2) 
C(I'A) -11170 (5) 5799 (2) 2328 (2) 14 (1) 
O(I'A) -12350 (3) 5906 (1) 2683 (1) 15 (1) 
C(2'A) -11842 (5) 5956 (2) 1815 (2) 14 (1) 
O(2'A) -10665 (3) 6009 (I) 1449 (1) 17 (1) 
C(3'A) -12769 (5) 6497 (2) 1951 (2) 15 (1) 
O(3'A) -11753 (3) 6980 (1) 1987 (1) 16 (1) 
C(4'A) -13392 (5) 6343 (2) 2476 (2) 13 (1) 
C(5'A) -15025 (5) 6107 (2) 2477 (2) 19 (1) 
O(5'A) -15121 (3) 5654(1) 2112(1) 20(1) 
N(IA) -10680 (4) 5197 (1) 2359 (1) 12 (1) 
C(2A) -9146 (5) 5053 (2) 2254 (2) 14 (1) 
O(2A) -8175 (3) 5451 (1) 2235 (I) 20 (I) 
N(3A) -8755 (4) 4502 (2) 2171 (I) 17 (1) 
C(4A) -9824 (6) 4087 (2) 2213 (2) 17 (1) 
N(4,4) -9408 (4) 3549 (1) 2092 (1) 22 (I) 
C(5A) -11372 (5) 4209 (2) 2381 (2) 19 (1) 
C(6A) -11751 (5) 4771 (2) 2427 (2) 18 (1) 
Si(1B) -3403 (2) 387 (1) 1011 (1) 16 (1) 
C(7B) -5658 (6) -516 (2) 1011 (2) 32 (1) 
C(8B) -4833 (5) -66 (2) 1350 (2) 18 (1) 
C(9B) --4196 (6) -360 (2) 1826 (2) 26 (1) 
C(10B) -427 (6) -46 (2) 1312 (2) 29 (2) 
C(I IB) --1470 (6) 58 (2) 854 (2) 24 (1) 
C(12B) -1629 (6) -486 (2) 531 (2) 40 (2) 
O(4B) -4140 (3) 627 (1) 482 (1) 16 (1) 
Si(2B) -4615 (1) 1268 (1) 260 (1) 16 (1) 
C(13B) -1738 (6) 1374 (2) -245 (2) 31 (2) 
C(14B) -3516 (5) 1385 (2) -339 (2) 22 (1) 
C(15B) -3958 (6) 929 (2) -740 (2) 40 (2) 
C(16B) -7232 (6) 1935 (2) -1 (2) 35 (2) 
C(17B) -6756 (5) 1326 (2) 171 (2) 19 (1) 
C(18B) -7630 (5) 1141 (2) 656 (2) 38 (2) 
C(I'B) -3806 (5) 2159 (2) 1507 (2) 15 (1) 
O(I'B) -2659 (3) 2136 (1) 1891 (1) 15 (1) 
C(2'B) -3076 (5) 1911 (2) 1037 (2) 14 (1) 
O(2'B) -4226 (3) 1770 (1) 677 (1) 17 (1) 
C(3'B) -2144 (5) 1422 (2) 1271 (2) 12 (1) 
O(3'B) -3113 (3) 945 (1) 1389 (1) 13 (1) 
C(4'B) -1551 (5) 1687 (2) 1766 (2) 15 (1) 
C(5'B) 47 (5) 1942 (2) 1754 (2) 18 (1) 
O(5'B) 129 (3) 2379 (1) 1376 (1) 21 (1) 
N(1B) --4324 (4) 2764 (1) 1476 (1) 12 (I) 
C(2B) -5867 (6) 2904 (2) 1587 (2) 16 (2) 
O(2B) -6831 (3) 2514 (1) 1619 (1) 21 (1) 
N(3B) -6233 (4) 3469 (1) 1666 (1) 16 (1) 
C(4B) -5166 (5) 3880 (2) 1601 (2) 18 (2) 

Table 1 (cont.) 

x y z Beq 

N(4B) -5598 (4) 4417 (1) 1706 (1) 23 (1) 
C(5B) -3653 (5) 3749 (2) 1432 (2) 18 (1) 
C(6B) -3248 (5) 3194 (2) 1392 (2) 17 (1) 

Scattering factors for C, H, N, O and Si were adopted 
from International Tables for X-ray Crystallography 
(1974). The anisotropic temperature factors are defined 
as e x p ( - 2 n  2 ~i~ja*a*hihjUij), i, j = 1, 2, 3. The 
positional parameters ,  their s tandard deviations and 
Beq values of the heavy atoms are tabulated in Table  
1.t 

Discussion.  Bond lengths and valency angles of 
molecules A and B are given in Fig. 1. The cytosine 
bases (see Fig. 2) are linked by two hydrogen bonds 
N ( 3 A ) . . . H - N ( 4 B )  [ 2 . 9 9 2 ( 5 ) A 1  and N ( 4 A ) - H . . .  
N(3B)  [2.967 (5) A]. Apparent ly  the structure consists 
of  dimeric units A + B. Two strong hydrogen bonds 
(see Fig. 2), i.e. O ( 5 ' A ) - H . . . O ( 2 A )  [2.696 (4) A] and 
O ( 5 ' B ) - H . . . O ( 2 B )  [ 2 . 7 1 8 ( 4 ) A ]  connect the di- 
meric units along [100]. Fig. 2 shows that cytosine A 
and B are related by a local pseudocentre of sym- 
metry. Similar dimeric units are observed in the 
structures of 2 ' -deoxycyt idine (Young & Wilson,  1975) 
and 1-methylcytosine (Rossi & Kis tenmacher ,  1977). 
In these cases (see the least-squares planes, Table  4, in 
the deposited material)  the bases are more or less 
distorted and bent into the shape of hammocks .  

In part icular  the non-planar i ty  of the two cytosines 
in TIS is quite significant: N(1A), C(5A), N(4B)  and 
O(2B)  are displaced by 0.1 A or more  from their 
least-squares planes, whereas the displacement  of  
C ( I ' A )  and C ( I ' B )  from these planes amounts  to 
0 .4  A. Relevant  torsion angles are listed in Table 2. 
Both sugar rings have an envelope conformat ion  with 
C(2 ' )  endo. The values of  the pseudorotat ion param- 
eters [molecule A: ~max = 40.5 (3) °, P = 160.3 (2)°;  
molecule B: (~max = 41 .0  (3) °, P = 163.2 (1) ° (Altona,  
Geise & Romers ,  1968)] agree well with the average 
values (~pa~ax = 38.0,  P a v =  168°)  for fl-pyrimidine 
nucleotides in the C(2')-endo form (Altona & Sun- 
dara l ingam,  1972). Inspection of Table  2 indicates that 
the orientation of  the bonds C ( 5 ' ) - O ( 5 ' ) w i t h  respect 
to C(3 ' )  and O(1 ' )  is gauche-gauche in both mol- 
ecules. The cytosine moieties are orientated anti with 
respect to the sugar rings [XcN = 3 9 . 9 ( 5 )  and 

~" A list of observed and calculated structure factors, anisotropic 
vibrational parameters, positional parameters and B values of H 
atoms and a number of least-squares planes (Table 4) have been 
deposited with the British Library Lending Division as Supple- 
mentary Publication No. SUP 36914 (16 pp.). Copies may be 
obtained through The Executive Secretary, International Union of 
Crystallography, 5 Abbey Square, Chester CH 1 2HU, England. 
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12 13 
C(8A) - Si(1A) - O(4A) 110.412) C(8B) - S~(1B) - O ( 4 B )  ]10.212) 

C(11A) - Si(1A) -O(3 'A )  105,812} C(11B) - Si(1B) -0 (3 'B)  108.3(2) 

C117A) - Si (2A) - O(LA) 111,7 (2) C(17B) - S, (2B) - O(Z,B) 110.8 (2) 

C(14A}- S i ( 2 A } -  O(2'A) 1089(2) C(14B) - S i (2B) -  0(2'B) 111.3 (2) 

Fig. l. Bond distances (A) and bond angles (% The numbering of the atoms is indicated. Estimated standard deviations in the least 
significant digit are given in parentheses. 

N ~ ~ ~ ~ I  ~ Notation Molecule A 
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1' 0 

rl 
l" 2 
r 3 
r4 
,'~CN 
~V 

Fig. 2. Projection of a part of the structure along [001]. The 
hydrogen bonds are indicated by dashed lines. The numbers refer 
to distances in A. 

55.6 (5) °, respectively (Sundaralingam, 1969)]. The 
disiloxane parts of  the seven-membered rings are nearly 
planar; the r.m.s, values for the least-squares planes 

Table 2. Some torsion angles (o) of the sugar rings 

Estimated standard deviations in the least significant digit are given 
in parentheses. 

Designation Angle Conformation 

C(l  ' ) - C 1 2 ' ) - C 1 3 ' ) - C ( 4 ' )  -37 .  l (4) S-type 
C ( 2 ' ) - C ( 3 ' ) - C ( 4 ' ) - O ( 1  ') 23.5 (4) C(2')-endo 
C ( 3 ' ) - C ( 4 ' ) - O ( I  ' ) - C ( I  ' )  0.8 (4) P = 160.3 (2) ° 
C ( 4 ' ) - O ( 1 ' ) - C ( 1  ' ) - C ( 2 ' )  - 2 5 . 4  (4) qm,, = 40.5 (3) ° 
O(1 ' ) - C ( 1 ' ) - C 1 2 ' ) - C 1 3 ' )  39'3 (4) 
O ( I ' ) - C (  I ' ) - N ( l ) - C ( 6 )  39"9 (5) anti 
C 1 3 ' ) - C ( 4 ' ) - C ( 5 ' ) - O ( 5 ' )  50-4 (5) g" (gauche-gauche) 
O(I ' ) - C ( 4 ' ) - C ( 5 ' ) - O ( 5 ' )  - 6 8 . 7  (5) 

C(I ' ) - C ( 2 ' ) - C ( 3 ' ) - C ( 4 ' )  - 38 .3  (4) S-type 
C ( 2 ' ) - C ( 3 ' ) - C ( 4 ' ) - O ( 1  ') 25.4 (4) C(2')-endo 
C ( 3 ' ) - C 1 4 ' ) - O ( 1 ' ) - C ( 1 ' )  - 1 . 2  (4) P = 163.2 (1) ° 
C(4')-O(1 ')-C(1 ' ) -C(2 ' )  -24.1 (4) era., = 41.0 (3) ° 
O(1' ) -C(1' ) -C12')-C(3' )  38.9 (4) 
O(1 ' ) - C ( I  ' ) - N ( I ) - C ( 6 )  55.6 (5) anti 
C ( 3 ' ) - C ( 4 ' ) - C ( 5 ' ) - O ( 5 ' )  57.7 (5) g+ (gauche-gauche) 
O(1 ' ) - C ( 4 ' ) - C ( 5 ' ) - O 1 5 ' )  - 61 .  l (5) 

through the five atoms of the disiloxane moieties 
(marked with an asterisk in Table 3) are 0.095 A for A 
and 0 .006 A for B. Apparently the disiloxane moieties 
possess an appreciable double-bond character due to 
d ~ p ,  overlap (Eaborn, 1960). 



2',3 '- O- (TETRAISOPROPYL- 1,3-DISILOXA NEDIYL)C YTIDI NE 2741 

Table 3. Least-squares planes through the disiloxane 
moieties and the distances (A) to the plane of  the atoms 

of  the seven-membered ring 

The atoms defining the plane are marked with an asterisk. 
Estimated standard deviations in the least significant digit are given 
in parentheses. 

Molecule A Molecule B 
Plane (i) Plane (ii) 

0(3') 0.109 (1)* -0.007 (1)* 
Si(1) -0.098 (2)* 0.006 (2)* 
0(4) -0.007 (2)* 0.001 (2)* 
Si(2) 0.107 (2)* -0.007 (2)* 
0(2') -0.112 (1)* 0.007 (1)* 
C(2') 0.721 (5) 0.598 (6) 
C(3') 1.187 (5) 0.993 (5) 

The least-squares planes with respect to orthogonal axes X, Y and 
Z are described by: 

(i)-0.9648 (2)X +0.1935 (9) Y +0-1784 (12)Z +4-6283 (33)--0 
(ii) 0.9208 (3)X +0.1017 (11) Y-0.3764 (9)Z +3.6205 (34) = 0. 
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Abstract. CTHIIN30 .H20 ,  M r =  171.21, monoclinic, 
e2~/c, a = 8.204 (4), b -- 7.352 (3), c = 15.320 (7) A, 
,8= 118.52 (5) °, V =  811.9 (6) A 3, D m (flotation) = 
1.40, D,.= 1.401 Mg m -s, Z =  4. The structure was 
solved by direct methods and refined by full-matrix 
least-squares methods. The final R value for 1309 
observed reflections is 0.044. The molecule is a 
zwitterion, and the crystal structure is stabilized by a 
system of hydrogen bonds. 

Introduction. Muscimol [5-(aminomethyl)-3-isoxazolol] 
is a very active and selective GABA (~,-aminobutyric 
acid) agonist (Johnston, Curtis, DeGroat & Duggan, 
1968; Curtis, Duggan, Felix & Johnston, 1971; 
Krogsgaard-Larsen, Johnston, Curtis, Game & 
McCulloch, 1975). Using muscimol as a model 

0567-7408/82/102741-04501.00 

compound, a comprehensive series of heterocyclic 
GABA analogues has been developed (Krogsgaard- 
Larsen, 1978; Krogsgaard-Larsen, Honor6 & Thyssen, 
1979; Brehm, Krogsgaard-Larsen & Jacobsen, 1979) 
and studied with respect to various GABA synaptic 
processes (Krogsgaard-Larsen, Johnston, Curtis, 
Game & McCulloch, 1975; Krogsgaard-Larsen & 
Johnston, 1975, 1978). Some muscimol analogues 
including THIP are very potent GABA agonists in vivo 
and in vitro (Krogsgaard-Larsen, Johnston, Lodge 
& Curtis, 1977). However, 2-methyl-4,5,6,7-te- 
trahydropyrazolo[3,4-c]pyridin-3-ol (2), which is a 
structural analogue of THIP in which the 3-isoxazolol 
moiety has been replaced by a related heterocyclic ring, 
showed no affinity for the GABA receptors in vitro 
(Krogsgaard-Larsen & Roldskov Christiansen, 1979). 

© 1982 International Union of Crystallography 


