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The crystal structure of methyl grindelate, C21H3403, has been determined from three-dimensional X-ray 
diffraction data. The crystals are orthorhombic, space group P21212, with unit-cell constants a =  39-180 
+ 12, b = 7.526 + 2, c= 6.712 + 2 A,. The structure was solved using the tangent formula and refined by 
block-diagonal least-squares techniques to R=0.078. The two six-membered rings are trans fused. 
Ring A has the normal chair conformation and ring B is distorted to a half chair by the olefinic double 
bond. A number of large deviations from the expected carbon bond lengths and valence angles are 
apparently due to non-bonded interactions resulting from intramolecular overcrowding. 

Introduction 

Grindelic acid is a plant product obtained from Grinde- 
lia squarrosa. Its chemical structure has been studied 
on the basis of  degradative experiments by Panizzi, 
Mangoni  & Belardine (1962), and Mangoni  & Belar- 
dine (1963). Independently Bruun, Jackman & Sten- 
hagen (1962) investigated grindelic and oxygrindelic 
acids and their esters using nuclear magnetic resonance, 
infrared, ultraviolet and mass spectra. Further studies 
of  the mass spectra of  these and related structures have 
been reported by Enzell & Ryhage (1965). On the basis 
of  these experiments the structure of grindelic acid has 
been established as 9,13-epoxy-7-1abden-15-oic acid. 
In order to confirm this structure and to obtain 
more precise information about the molecular  geom- 
etry and stereochemistry the crystal structure analysis 
of  methyl grindelate was undertaken. Crystal samples 
of the ester were kindly provided by Professor E. 
Stenhagen. 

Experimental 
Crystal data 

Methyl grindelate C21H340 3 
M.W. 334 
Orthorhombic  

* Present address: C.S.I.R.O., Division of Land Resources 
Management, Floreat Park, Western Australia. 

a=39 .182  (12), b=7 .526  (2), 
c=6-712 (2)/~ (2=0.71069) 

U =  1979.2/~3 
Z = 4  

Space group P2~212 
Absent spectra: h00, h odd;  0k0, k odd. 
/ t=0 .79  cm -~ for Mo K~ radiation. 

The cell constants and reflexion data were meas- 
ured on a Picker FACS1 diffractometer using a spher- 
ical crystal 0.6 mm in diameter and Zr-filtered Mo K~ 
radiation. Intensities were recorded by the 09/20 scan 
technique with a scan speed of  1 ° per min and a scan 
range of 1 ° for reflexions with 20 less than 10 °. For re- 
flexions with 20 greater than 10 ° a min imum scan of 
1.3 ° was used. This range was continuously in- 
cremented to account for the increased c~1-:~2 disper- 
sion at higher Bragg angles. Stationary background 
counts of  20 sec were made at the start and finish of  
each scan range. 

A total of  2662 reflexions having 2 0 < 5 5  ° were 
recorded. All these reflexions were included in the 
subsequent least-squares refinement. When calculating 
Fourier syntheses or R values based on Fo, negative 
]Fo] z values were set to zero. The reflexion data were 
corrected for Lorentz and polarization factors but not 
for extinction or absorption. 
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S o l u t i o n  

The structure was solved by means of  the tangent  
formula (Karle & Karle, 1966) using the p rogram 
system of Hall (1968). Four  phases were chosen to 
define the origin and enant iomorph (Table 1) according 
to Karle & Haup tman  (1956). This set was extended 
and refined using the tangent formula.  Initially only 
terms with normalized structure factors [El > 1.8 were 
included in the calculations. After  a number  of  itera- 
tions this limit was gradual ly  reduced to 1.5, the phases 
of  216 reflexions being determined in this way. 

Table 1. Initial phase assignments 

h k l ~b IEI 
34 0 5 0 3-24 
2 1 0 0 2.60 

39 1 0 0 2.06 
31 0 6 1 ~- 2.03 

Several generations using different sets of  starting 
phases were carried out before a self consistent set of  
final phases was obtained. The criteria of  a uniform 
distribution of  calculated [El values and no large 
phase-angle oscillations were used to assess the reli- 
ability of  the generated phases. The set of  phases cal- 
culated from those listed in Table 1 had only three 
IE calcl values less than 0.5 and there were no large 
phase oscillations in the final tangent  cycle. 

A Fourier  E map based on this set showed 16 of  the 
atomic peaks. The remaining atoms were fixed from a 
difference synthesis. 

The structure was refined using block-diagonal least- 
squares techniques to minimize the quanti ty ~w(FZo - 
F~). Weights were initially based on counting statistics 
according to Evans (1961), however somewhat  better 
convergence was obtained in the final stages using the 
function 

w =  {(Fo z + 6) [49 +(Fo  z -  7)2]} -~ 

The carbon and oxygen atoms were refined with 
anisotropic thermal parameters .At  R = 0.10 a difference 
synthesis revealed the positions of  all hydrogen atoms. 
These were included in the refinement with isotropic 
thermal parameters .  The final R index including all 
reflexions was 0.078. The atomic coordinates and 
thermal parameters  are listed in Tables 2 and 3. 

For  hydrogen the scattering curve of  Stewart,  
Davidson & Simpson (1965) was used and for carbon 
and oxygen the values listed in International Tables for 
X-ray Crystallography (1962) were assumed. 

D i s c u s s i o n  

The molecular stereochemistry and atom numbering 
are shown in Fig. 1. The two six-membered rings are 
trans fused at C(5)-C(10). Ring A has the normal  chair 
conformat ion and ring B is distorted to a half  chair by 
the olefinic double bond C(7)-C(8). 

Table 2. Atomic coordinates and hydrogen atom 
isotropic thermal parameters 

The positional e.s.d.'s for C and O are multiplied by 105 and 
for H by 10 a. Hydrogen B value e.s.d.'s are multiplied by 10. 

x/a y/b z/c B 
C(I) 0-36674 (7) 
C(2) 0-33962 (9) 
C(3) 0.31647 (7) 
C(4) 0-29799 (7) 
C(5) 0-32437 (6) 
C(6) 0-30764 (6) 
C(7) 0-33249 (7) 
C(8) 0.36452 (6) 
C(9) 0.38019 (6) 
C(10) 0.35172 (6) 
C(11) 0.40981 (7) 
C(12) 0.44182 (6) 
C(13) 0-43377 (5) 
C(14) 0.44593 (6) 
C(15) 0.48378 (6) 
C(16) 0.52526 (7) 
C(17) 0.28079 (8) 
C(18) 0.26935 (7) 
C(19) 0.38621 (8) 
C(20) 0.33749 (8) 
C(21 ) 0.44634 (7) 
O(! ) 0.39684 (3) 
0(2) 0.49033 (4) 
0(3) 0-50558 (4) 
H(11) 0-3797 (5) 
H(12) 0"3785 (6) 
H(21) 0"3268 (6) 
H(22) 0"3518 (7) 
H(31 ) 0"2984 (8) 
H(32) 0-3288 (6) 
H(51) 0"3370 (4) 
H(61) 0.2921 (6) 
H(62) 0.2904 (6) 
H(71) 0.3246 (5) 
H(III)  0.4051 (6) 
H(! 12) 0.4086 (5) 
H(121) 0.4591 (6) 
H(122) 0.4440 (6) 
H(141) 0.4387 (5) 
H(142) 0.4363 (5) 
H(161) 0.5252 (8) 
H(162) 0-5323 (7) 
H(163) 0-5380 (7) 
H(171) 0.2688 (7) 
H(172) 0.2949 (6) 
H(173) 0.2636 (7) 
H(181) 0-2768 (7) 
H(182) 0.2532 (7) 
H(183) 0-2555 (7) 
H(191) 0.3702 (7) 
H(192) 0.4028 (7) 
H(193) 0-3923 (7) 
H(201) 0.3308 (7) 
H(202) 0-3202 (6) 
H(203) 0.3557 (8) 
H(211) 0.4368 (7) 
H(212) 0.4377 (6) 
H(213) 0.4720 (5) 

0-37614 (48) 0"47016 (49) 
0-49658 (54) 0"56347 (58) 
0"57326 (43) 0"40452 (65) 
0"43257 (37) 0-28434 (51) 
0"29454 (33) 0"20334 (39) 
0"14302 (42) 0-09107 (45) 
0"00513 (39) 0-02408 (39) 

-0"00625 (36) 0"07792 (39) 
0"13050 (32) 0"21993 (37) 
0"22129 (35) 0"34993 (36) 
0-05143 (39) 0"34539 (42) 
0"08910 (41) 0"22462 (45) 
0"26026 (36) 0" 11279 (37) 
0"26272 (44) -0"10180 (41) 
0"24893 (39) - 0-13793 (42) 
0"24133 (51) -0"39478 (52) 
0"52313 (51) 0"10588 (71) 
0"35001 (46) 0"41272 (67) 

-0"15178 (45) -0-00925 (58) 
0-07920 (46) 0"49419 (44) 
0"42441 (41) 0"22545 (50) 
0"26483 (22) 0-09810 (24) 
0"25492 (34) -0"33290 (28) 
0"23387 (41) -0"01670 (29) 
0.3348 (32) 0.5773 (38) 
0"4456 (34) 0"3762 (41) 
0"4305 (37) 0"6581 (45) 
0"5881 (45) 0"6450 (50) 
0"6498 (47) 0"4661 (47) 
0-6421 (41) 0"3054 (44) 
0"3654 (27) 0"1151 (321 
0"1825 (38) - 0"0225 (39) 
0"0789 (34) 0" 1859 (38) 

-0-0757 (31) -0"0656 (35) 
-0"0812 (35) 0"3715 (41) 

0"1124 (34) 0-4720 (37) 
0-0965 (37) 0.3058 (40) 

-0-0064 (35) 0"i354 (37) 
0"3731 (32) -0.1616 (35) 
0"!669 (28) -0"1821 (32) 
0"2477 (63) -0"5521 (57) 
0"1264 (50) -0"3614(56) 
0"3346 (45) -0"3462 (50) 
0-6127 (47) 0-1510 (55) 
0-5714 (37) 0"0083 (38) 
0"4349 (47) 0"0404 (52) 
0"2907 (48) 0-5187 (51) 
0-4425 (39) 0"4550 (44) 
0-2441 (47) 0"3352 (54) 

- 0"2318 (52) - 0"0813 (56) 
-0"1144 (47) -0"0764 (53) 
-0-2268 (48) 0"1133 (57) 
-0"0136 (48) 0"4265 (52) 

0"1276 (41) 0-5903 (47) 
0-0489 (54) 0"5745 (58) 
0"4196 (40) 0"3711 (47) 
0-5307 (39) 0"1550 (43) 
0"4188 (33) 0"2196 (35) 

5.6 (6) 
6.4 (6) 
7.5 (7) 
9.4 (9) 
9.8 (9) 
7.9 (8) 
3.3 (4) 
7-1 (7) 
6-3 (6) 
5.2 (6) 
6.8 (7) 
6-0 (6) 
6"5 (7) 
5"8 (6) 
5"2 (6) 
4"4 (5) 

13-6 (12) 
10.8 (10) 
9.4 (7) 

10.2 (9) 
6.6 (7) 

11.1 (10) 
10.8 (10) 
7.4 (8) 

10.3 (9) 
11.4 (10) 
10.7 (I0) 
i 1.5 (10) 
10.5 (10) 
8.5 (8) 

11-7 (11) 
8.4 (8) 
7.7 (8) 
5"6 (6) 

Bond lengths are shown in Fig. 2 and valence angles 
in Table 4. Some non-bonded intramolecular  distances 
are listed in Table 5 and least-squares planes through 
various parts  of  the molecule in Table 6. A number  of  
the bond distances and valence angles differ signifi- 
cantly (by up to 0"03 A_ and 9 ° respectively) from the 
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Table 3. Thermal parameters (with e.s.d.' s x l0 s) in the form exp [ -  (blth 2 + b22k 2 + b3312 + 2b12hk + 2b13hl + 2bz3kl)] 

bit b2,~ b33 hi2 b13 b23 
C(1) 0"00104 (2) 0"03248 (80) 0"03248 (91) -0"00001 (12) -0"00045 (13) -0"01306 (81) 
C(2) 0"00138 (3) 0"03766 (97) 0"04667 (122) -0"00116 (15) 0"00161 (17) -0"02362 (100) 
C(3) 0"00104 (3) 0"02263 (64) 0"06015 (136) -0"00018 (I 1) 0"00255 (17) -0"00941 (91) 
C(4) 0"00073 (2) 0"02122 (57) 0"04794 (109) -0"00002 (9) 0"00163 (13) 0"00168 (77) 
C(5) 0"00062 (2) 0"01745 (49) 0"02662 (67) -0"00036 (8) 0"00052 (9) 0"00300 (53) 
C(6) 0"00072 (2) 0"02859 (69) 0"03190 (81) -0"00047 (10) -0"00065 (12) -0"00088 (74) 
C(7) 0"00099 (2) 0"02180 (57) 0"02360 (65) -0"00134 (10) -0"00018 (11) -0"00304 (65) 
C(8) 0"00090 (2) 0"01710 (46) 0"02228 (61) -0"00021 (9) -0"00013 (10) -0"00017 (59) 
C(9) 0"00070 (2) 0"01644 (45) 0"02054 (59) -0"00022 (8) -0"00035 (9) 0"00174 (53) 
C(10) 0"00080 (2) 0"01845 (49) 0"01981 (46) 0"00006 (8) -0"00013 (9) -0"00139 (55) 
C(ll) 0"00095 (2) 0"02341 (61) 0"02497 (68) 0"00037 (10) -0"00074 (1 I) 0"00500 (61) 
C(12) 0"00071 (2) 0"02743 (67) 0"03149 (80) 0"00086 (10) -0"00111 (1 I) 0"00257 (71) 
C(13) 0"00054 (1) 0"02035 (50) 0"02587 ( 6 1 )  -0"00004 (8) -0"00070 (9) 0"00036 (66) 
C(14) 0"00066 (2) 0"02821 (67) 0"02702 (68) 0"00033 (10) -0"00053 (9) 0"00287 (79) 
C(15) 0"00073 (2) 0"02179 (55) 0"03091 (70) 0"00010 (10) -0"00004 (9) 0'00028 (73) 
C(16) 0"00104 (2) 0"03117 (78) 0"04491 ( 1 0 3 )  0"00007 (13) 0"00224 (14) -0"00061 (108) 
C(17) 0"00099 (3) 0"03471 (93) 0"06872 (153 )  0"00188 (13) 0"00056 (20) 0"01283 (124) 
C(18) 0"00087 (2) 0"02918 (78) 0"06794 (158) 0"00034 (11) 0"00374 (17) -0"00040 (108) 
C(19) 0"00125 (3) 0"02493 (70) 0"04896 (i 18) 0"00062 ( 1 2 )  -0"00012 (16) -0"01461 (87) 
C(20) 0"00131 (3) 0"03089 (79) 0"02229 (68) 0"00024 (13) 0"00110 (12) 0"00519 (71) 
C(21) 0"00074 (2) 0"02620 (67) 0"03753 (92) -0"00065 (10) -0"00055 (12) -0"00536 (77) 
O(1) 0"00054 (1) 0"01851 (32) 0"02530 (40) 0"00007 (5) -0"00060 (5) 0"00391 (40) 
0(2) 0"00082 (1) 0"03982 (56) 0"03112 (49) 0"00076 (8) 0"00082 (7) 0"00180 (59) 
0(3) 0"00070 (1) 0"05693 (80) 0"03751 (55) 0"00102 (10) -0"00058 (8) 0"00208 (77) 

Table 4. Bond angles and (in parentheses) their e.s.d.'s 

C(2)--C(1 )--C(I O) 113"5 (0"3) ° 
C(1)--C(2)--C(3) 110.7 (0-3) 
C(2)--C(3)--C(4) 113.3 (0.3) 
C(3)--C(4)--C(5) 109.5 (0.2) 
C(3)--C(4)--C(17) 108.4 (0.3) 
C(3)--C(4)--C(18) 109.3 (0.2) 
C(5)--C(4)--C(17) 108.3 (0.2) 
C(5)--C(4)--C(18) 114.0 (0-2) 
C(17)-C(4)--C(18) 107.2 (0.3) 
C(4)--C(5)--C(6) I 12-8 (0-2) 
C(4)--C(5)--C(1 O) 118.1 (0.2) 
C(6)--C(5)--C(10) 110.2 (0.2) 
C(5)--C(6)--C(7) 113.0 (0.2) 
C(6)--C(7)--C(8) 126.0 (0.3) 
C(7)--C(8)--C(9) 120.8 (0.2) 
C(7)--C(8)--C(19) 118.8 (0.3) 
C(9)--C(8)--C(19) 120.3 (0.2) 
C(8)--C(9)--C(10) 110-7 (0.2) 
C(8)--C(9)--C(11) 112.3 (0-2) 
C(8)--C(9)--0(1) 107.3 (0.2) 
C(IO)-C(9)--C(11) 113-3 (0.2) 
C(10)-C(9)--0(1) 109.2 (0.2) 
C(11)-C(9)--O(1) 103.7 (0.2) 
C(I)--C(IO)-C(5) 109-1 (0.2) 
C(1)--C(I 0)-C(9) 105.5 (0.2) 
C(1)--C(IO)-C(20) 109.5 (0-2) 
C(5)--C(10)-C(9) 107-0 (0.2) 
C(5)--C(10)-C(20) 113" 1 (0"2) 
C(9)--C(10)-C(20) 107-6 (0.2) 
C(9)--C(11)-C(12) 104-8 40.2) 
C(l 1)-C(12)-C(13) 1045 (0"2) 
C(I 2)-C(13)-C(14) 114-4 (0"2) 
C(I 2)-C(13)-C(21) 111.9 (0"2) 
C(12)-C(13)-0(1) 105.1 (0"2) 
C(14)-C(13)-C(2 l) 111.0 (0.2) 
C(14)-C(13)-0(1) 104.4 (0.2) 
C(21)-C(13)-0(1) 109.6 (0.2) 
C(I 3)-C(14)-C(15) 117.5 (0.2) 
C(14)-C(I 5)-0(2) 110-2 (0.2) 
C(14)-C(I 5)-0(3) 127.3 (0.3) 
0(2)--C(15)-0(3) 122.6 (0.3) 
C(9)--0(1)--C(13) 113-1 (0.2) 
C(15)-0(2)--C(16) 117-7 (0-2) 

s tandard values involving sp z and sp 3 carbon atoms. 
These differences appear  to result largely from repul- 
sive forces arising from short non-bonded interactions 
due to the intramolecular  overcrowding. 

Table 5. Some intramolecular non-bonded distances 

C(2)--C(18) 3.134 
C(2)--C(20) 3.176 
C(3)--C(i 7) 2-473 
C(4)--C(10) 2.674 
C(4)--C(20) 3.384 
C( 10)-C(18) 3.396 
C(13)-C(15) 2.584 
C(14)-O(1) 2-345 
C(14)-O(2) 2-332 
C(14)-O(3) 2.416 
C(I 5)-C(16) 2.370 
C(18)-C(20) 3.403 

The distortion of the valence angles in ring A is due 
to repulsive interaction between the diaxial methyl 
groups C(18) and C(20). In a regular cyclohexane ring 
the non-bonded distances C(4)-C(10) and C(18)-C(20) 
would be 2.52 A;  these distances are increased to 2.67 
and 3.40 A, respectively. The five similar distances 
within ring A have a mean value of 2.53 + 0-03 A. The 
repulsion between the two methyl groups causes an 
increase in the angles C(4)-C(5)-C(10) (=118.1°) ,  
C(5)-C(4)-C(18) (=114 .0  °) and C(5)-C(10)-C(20) 
( =  113.1 °). 11a addition the ring is also distorted by the 
repulsive forces between both methyl groups and the 
axial hydrogen at C(2). The strain is relieved by a 
flattening of the ring at C(2) so that the angles at C(1) 
and C(3) are increased by about  4 ~ from their expected 
tetrahedral values. Atoms C(1)-C(3)-C(4)-C(10) are 
planar  within experimental error. C(2) and C(5) are 
0"68 and 0.54 ]k above and below this plane, respec- 
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tively, compared with the expected value of + 0.73 .~ 
in a regular cyclohexane ring. 

Ring B has a distorted half-chair conformation. 
C(6), C(7), C(8), C(9) and C(19) at the double bond are 
only approximately planar, there being significant out- 
of-plane deviations for both C(8) and C(19). C(5) and 

C(10) deviate from this plane by -0.26 and 0.55 A, 
respectively, as compared with the expected value of 
+0-43 A (Corey &Sneen,  1955). According to Bu- 
court & Hainaut (1965) the angles at the trigonal 
carbon atoms of a 4,5 disubstituted cyclohexene 
should be 124.0 ° and the other ring angles should be 

31 32 
171 ~ / 22 

212 

12 
211 ....~ 2 1 } ~  213 

181 ff ~ /9"-I \ \ /  0(2) 

161 

183 61 / /  ~ ,// 142'~\ \162 
202 / /  ~ 1 1 2 ,  ~ 1 2 1  

62 

201 

71 

I l l l  
192 

122 

" 193 
191 

Fig. 1. Molecular stereochemistry and atom numbering. 

.o. 57 .,<o<°7 \%. 

o. o~ ~. C) "°]1 

o.93 ,~_~ ~.~34 ~ ~.~3 '~oo ~.~ o% 

OF2jk,,,~.¢,2. " 

Fig. 2. Intramolecular bond distances. The mean e.s.d.'s in the C-O, C-C and C-H bonds are 0-003, 0-004 and 0.03 • respectively. 
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110.5 °. The mean values within ring B lie close to these 
values al though the individual angles differ by up to 
3.5 ° from them. 

The ester group is p lanar  and is approximately 
parallel to the xy plane. Atoms O(1) and C(13) also lie 
close to this plane. A number  of  the angles within this 
group deviate significantly from their expected values, 
notably C(13)-C(14)-C(15) ( =  117.5 °) and C(I 5)-O(2)- 
C(16) ( =  117.7°). These distortions probably also re- 
sults from non-bonded repulsions. 

Three of the sp3-sp 3 carbon bonds are significantly 
longer than the normal value of 1.537 + 6 A (Sutton, 
1965). The longest of  these, C(9)-C(10)= 1.573 A, is 
between two tetra-substituted carbon atoms while the 
remaining two are between tetra- and tri-substituted 
carbon atoms [C(4) -C(5)=1 .563A;  C(5)-C(10)= 
1.556 A]. Lengthening of bonds due to steric effects 
has been noted in a number  of overcrowded molecules, 
e.g. methyl melaleucate iodoacetate (Hall & Maslen, 
1965), iso-eremolactone (Oh & Maslen, 1968). Similar 
effects probably  also account for the long C(8)-C(9) 
bond (1.531 A) compared with the expected value of 
1.501 A for an sp3-sp z carbon bond (Lide, 1962). There 
is no significant difference between the two C - O  bonds 
involving the ether oxygen. The distance C(15 )=0(3 )  
( =  1.185 A) is shorter than the accepted value, how- 
ever this may be due to thermal effects since 0(3) has a 
large component  of  vibration normal to the ester 
group plane (r.m.s. ampl i tude=0.41 A). 

The mean C - H  bond distance (0.97 A) and the mean 
valence angle involving hydrogen (109.3 ° ) are in agree- 
ment with the values usually obtained by X-ray dif- 
fraction techniques. The hydrogen atom thermal 
parameters are also physically reasonable. The iso- 
tropic thermal coefficients of  the methyl group lay- 
drogens are generally higher (mean value 9.8 A z) than 
those at the methylene carbon atoms (mean value 
6.5 A 2) which is consistant with the expected torsional 
vibration of the methyl groups. 

The molecules pack head-to-head tail-to-tail with 
their longest dimension parallel to a (Fig. 3). The 
gem-dimethyl groups are involved in weak van der 

Waals  interactions across the plane ¼,y,z; ¼,y,z. The 
only intermolecular contact less than 4 A across these 
planes is C(6)-C(17)=3.82 A (Table 7). The methyl 
ester groups all lie close to x = 0 ,  0.5 etc. Of  the eleven 
intermolecular contacts less than 3.8 A, ten are asso- 
ciated with this part of the molecule (Table 7). The 
other short contact [C(7)-C(20)=3.61 A] involves one 
of the atoms of the olefinic bond with the axial methyl 
group at C(10) and is almost parallel to the c axis. 

Table 7. lntermolecular contacts less than 3"8 

C(7)--C(20) 1 [0, 0, - 11 3.605 
C(11)-C(16) 11 [1, 0, il 3.791 
C(12)-O(2) ! [0, 0, i] 3.740 
C(12)-O(3) 11 [1, 0, 0] 3-575 
C(12)-C(16) 11 [1, 0, 11 3.791 
C(15)-O(3) 11 [1, 0, 0] 3.747 
C(16)-C(21) 11 [1, 1, -1] 3.750 
C(21)-O(2) 1 [0, 0, il 3.659 
C(21)-O(3) 11 [I, !, 0] 3.578 
0(2)--0(2) 11 [i, 1, 0] 3.766 
O{3)--O(3) 11 [!, 0, 0l 3.547 

1 and I1 refer to the equivalent positions x, y, z and 2, .i', z 
and the numbers in the square brackets indicate unit trans- 
lations in the three axial directions. 

i 

/ 

Fig. 3. lntermolecular packing viewed down the c axis. 

Table 6. Displacements from least-squares planes (A) 

Plane 1 

Ring A Ring B 
C(1) 0.006 C(5)* -0.256 
C(2)* 0.680 C(6) - 0.007 
C(3) - 0.006 C(7) 0.005 
C(4) 0.006 C(8) 0.017 
C(5)* -0.542 C(9) -0-003 
C(10) -0"006 C(10)* 0"554 

C(19) -0"010 

Plane 2 Plane 3 

Ester group 
C(13)* 0.009 
C(I 4) - 0.004 
C(15) 0-003 
C(16) - 0.004 
O(1)* -0.081 
0(2) 0.005 
0(3) 0.000 

Plane 1 : -0.439X-0.343 Y+ 0.830Z+ 4.663 =0 
Plane 2: - 0-252X- 0.583 Y+ 0.772Z + 3" 191 = 0 
Plane 3: O.082X+O.995Y+O.O49Z-3.373=O 
Plane 4: O.045X+O.655Y+O.755Z-2.523=O 

* Atoms not included in the calculation of the plane. 

Plane 4 

Ether ring 
C(9) - 0-098 
C(11 ) 0-200 
C(13) -0.170 
C(13) 0.093 
O ( 1 )  -0.024 
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The dextrorotatory diastereoisomer of 2'-O-tetrahydropyranyluridine (C14H20N207) crystallizes in the 
orthorhombic space group P21212~ (D 4) with a=6-716 (2), b= 10.124 (4), e=22.720 (12)/~, and Z=4.  
The structure has been determined by direct methods and refined to R = 0.039 with 1172 reflexions mea- 
sured on a single-crystal X-ray diffractometer. The absolute configuration about the acetal carbon centre 
[C(2")] is R. Conformation of the ribose ring is C(2')-endo. Bond lengths and angles (standard errors 
0.004 A, and 0.3 ° respectively) are similar to those in related compounds. An explanation of the difference 
in polarity between the two diastereoisomers is given in terms of intramolecular hydrogen bonding in 
organic solvents. 

Introduction 

The formation of a chiral acetal carbon atom [C(2")] 
during the condensation of dihydropyran with a 2'- 
hydroxyl group of a nucleoside results in the existence 
of diastereoisomeric pairs for each 2'-O-tetrahydro- 
pyranylnucleoside (e.g., (1) and (II) in Fig. 1) (Griffin, 
Jarman & Reese, 1968). The physical properties of the 
diastereoisomers are quite different, allowing con- 
venient separation by fractional crystallization. The 
more dextrorotatory isomers of(1) and (I I) are markedly 
less polar, possess lower melting points, and are more 
mobile in chromatographic systems with organic sol- 
vents. 

An X-ray crystal structure determination of the more 
laevorotatory isomer of 2'-O-tetrahydropyranyladeno- 
sine [ThPA(- ) ]  (II in Fig. 1) (Kennard, Motherwell, 
Coppola, Griffin, Reese & Larson, 1971) has shown 
that the acetal carbon atom C(2") possesses the S ab- 
solute configuration in agreement with conclusions 

reached from studics on the tetrahydropyranyl ethers 
of a series of six related steroids (Klyne, Mose, Scopes, 
Holder & Whalley, 1971). In this paper we show that 
in the more dextrorotatory isomer of 2'-O-tetrahydro- 
pyranyluridine [ThPU(+)]  (I in Fig. l) the C(2") car- 
bon atom has the R absolute config=ration. 

Experimental method 

Dextrorotatory 2'-O-tetrahydropyranyl uridine 
[ThPU(+)]  was prepared by the method of Griffin et 
al. (1968). Crystals suitable for X-ray work were grown 
from a methylene chloride solution. The space group 
was assigned unambiguously as P21212~ on the basis 
of the Laue symmetry and the systematic absences (for 
h00: h = 2 n +  1; for 0k0: k = 2 n + l ;  for 00l: l - - 2 n +  l). 
The intensities of 2007 reflexions in the hkl and hk] 
quadrants were measured on a Syntex diffractometer 
from a crystal 0"51×0.39×0.18 mm with crystal 
monochromated Mo K0c radiation. They were averaged 


