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molecule B 
Fig. 6. Molecular stacking in the layer of molecule A and in 

the layer of molecule B for (II). The molecules are projected 
vertically on the plane of the central grouping atoms. The 
cross shows the position of an inversion centre. 

one. The difference in the potential energies was 
estimated by them to be 1.5-2.0 kcal/mol for (VII), and 
about 3 kcal/mol for (VIII). It was suggested that the 
loss of the potential energy is compensated by the 
packing effect in each crystal. The packing effect on 
the molecular geometry is also found in the crystal of 
(II) in which the two independent molecules are 
twisted differently. The molecular shapes in different 
crystal fields will be determined in further investiga- 
tions of the polymorphs of (II). 
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••4•6-Tri-•-acety•-2-(N-acety•acetamid•)-2•3-dide•xy-a-D-thre•-hex-2-en•pyran•se crystallizes in the 
space group P21212~ with a=  8-332, b= 13.644, c= 16.345/~, Z=4.  The structure was solved by direct 
methods and refined to an R of 0"038. The sugar ring appears in the °H5 half-chair conformation. 

Introduction 

A new class of unsaturated amino sugars has been syn- 
thesized and their infrared and N M R  spectra studied 

(Pravdi6 & Fletcher, 1969; Pravdid, Zidovec & Flet- 
cher, 1970; Pravdi6, Zidovec & Fletcher, 1973; Prav- 
di6, Zidovec, Franji6 & Fletcher, 1973). 

The following acetylated 2-(N-acetylacetamido)-l,2- 

A C 32B - 14" 
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( and -2 ,3 - )  unsa tu ra t ed  ca rbohydra t e s  were submit ted  
by Dr  N. Pravdi6  for  X- ray  s t ructure  de t e rmina t ion :  
1,4,6-tri- O-ace ty l -2 - (N-ace ty l ace t amido) -2 ,3 -d ideoxy-  
C~-D-threo-hex-2-enopyranose ; 1,4,6-tri-O-acetyl-2-(N- 
acetylacetamido)-2,3-dideoxy-fl-n-threo-hex-2-enopyra- 
nose;  1 ,4,6- tr i -O-acetyl-2-(N-acetylacetamido)-2,3-di-  
deoxy-c~-o-erythro-hex-2-enopyranose ; 1,4,6-tri-O-ace- 
tyl-2-(N-acetylacetamido)-2,3-dideoxy-fl-D-erythro-hex- 
2 -enopyranose ;  3 ,4 ,6- t r i -O-acetyl-2-(N-acetylacetami-  
do)-  1,2-dideoxy-o-arabino-hex- 1 - enopyranose ;  3,4,6- 
t r i -O-acety l -2- (N-acety lacetamido)-  1,2-dideoxy-o-lyxo- 
hex- 1-enopyranose.  

It has  been suggested tha t  2 ,3-unsa tura ted  sugars  
t ake  par t  in metabol ic  pa thways  of  r ibonucleosides  to 
deoxynucleosides  (Lemieux,  F r a g a  & W a t a n a b e ,  
1968). 

X- ray  analysis  of  the above  series is being carr ied 
out  to provide  in fo rma t ion  on molecular  con fo rma-  
t ion,  bond  lengths and  angles. Molecu la r  shapes deter-  
mined  by this me thod  refer to the molecules held 
rigidly in the crystal  lattice and  do not  necessarily cor- 
respond to the con fo rma t ion  in solution.  Fo r  the title 
c o m p o u n d  the ° H  5 c o n f o r m a t i o n  was established by 
N M R  spectra  (Pravdi6,  Zidovec & Fletcher,  1973) and  
is conf i rmed by this analysis.  

Experimental 

The space g roup  was de te rmined  as P2~2121 f rom Weis- 
senberg p h o t o g r a p h s  recorded  with  Cu Ke radia t ion .  
The intensities of  1813 observed reflexions [1>2o-(1)] 
were measured  on an a u t o m a t e d  Siemens A E D  four-  
circle d i f f rac tometer  with Ni-fil tered Cu Kc~ rad ia t ion  

at  the Ins t i tu to  di Chimica  Genera le  ed Inorganica ,  
UniversitY. di P a r m a ,  Cen t ro  di Studio per  la St ru t tu-  
ristica Di f f ra t tomet r ica  del C N R .  Crystal  da ta  are 
given in Table  I. 

Table  1. Crystallographic and physical data 

1,4,6-Tri-O-acetyl-2-(N-acetylacetamido)-2,3-dideoxy-~-t)- 
threo-hex-2-enopyranose, C~6H2~OgN 

F.W. 371 "35 Z 4 
Space group P2~2~2~ D,,, 1.324 g cm -a 
a 8.332 (4)* A Dc 1.329 
b 13"644 (5) p(Cu K~) 9.75 cm- 
c 16"34.~ (6) Crystal shape Needle 
U 1858.11 A 3  

* Numbers in parentheses here and throughout this paper 
are the estimated standard deviations in the least significant 
digit. 

The da ta  were corrected for  background ,  Loren tz  
and  polar iza t ion effects, but  not  for  absorp t ion .  

Structure determination and refinement 

The overall  t empera tu re  ( B = 3 . 7 3  A 2) and scale fac- 
tors  were de te rmined  (Wilson,  1942) and  used to com-  
pute  normal ized  s t ructure  factors  by rout ine  N O R M A L  
included in M U L T A N .  The s t ructure  was solved with 
M U L T A N  (Declercq,  Ge rma in ,  Main  & Wool f son ,  
1973). The solut ion was based on 300 reflexions with 
IEI > 1.3. The E m a p  cor responding  to the solut ion 
with  the best figure of  merit  revealed the posi t ions of  
23 non-hydrogen  a toms.  The remain ing  three a toms  be- 

Table  2. Final atomic ( x 10 4) and thermal parameters (A z × 103) for non-hydrogen atoms 

T= exp [ - 2x2(Utlh2a .2 + V22k2b .2 + U3312c .2 + 2 U12hka*b* + 2 U13hla*c* + 2 V23klb*c*)] . 

X y Z UII U22 U33 UI2 U13 U23 
C(1) 257 (3) 1070 (2) 3146 (2) 32 (1) 32 (2) 42 (1) 1 (1) - 3  (1) - 1  (1) 
C(2) 1216 (3) 954 (2) 3919 (2) 32 (t) 32 (2) 39 (1) 1 (1) - 2  (1) - 2  (1) 
C(3) 2802 (3) 901 (2) 3917 (2) 33 (1) 36 (2) 39 (1) 2 (1) - 5  (1) - 3  (1) 
C(4) 3745 (3) 1057 (2) 3149 (2) 29 (1) 27 (2) 45 (1) 0 (1) - 2  (1) - 6  (1) 
C(5) 2682 (3) 1392 (2) 2454 (2) 32 (1) 32 (2) 40 (1) - 1 (1) 1 (1) - 1 (1) 
C(6) 3438 (4) 1234 (3) 1624 (2) 40 (2) 55 (2) 45 (2) 4 (2) 7 (I) - 2  (1) 
C(7) - 1584 (4) 2268 (3) 2628 (2) 40 (2) 67 (2) 61 (2) 14 (2) 1 (2) 21 (2) 
C(8) -1901 (6) 3341 (4) 2611 (3) 75 (3) 79 (3) 116 (4) 39 (3) - 5  (3) 25 (3) 
C(9) -479  (4) - 3 3  (3) 4783 (2) 38 (1) 52 (2) 52 (2) 2 (2) - 5  (1) 15 (2) 
C(10) -1700 (5) -132  (3) 5453 (2) 57 (2) 74 (3) 66 (2) - 6  (2) 5 (2) 21 (2) 
C(11) 349 (4) 1655 (3) 5245 (2) 44 (2) 69 (2) 46 (2) 0 (2) 4 (1) - 1 0  (2) 
C(12) 1099 (6) 2586 (4) 4978 (3) 86 (3) 68 (3) 82 (2) -21  (2) 30 (2) - 3 9  (2) 
C(13) 5946 (3) - 4 8  (2) 3260 (2) 33 (1) 41 (2) 42 (1) 4 (1) - 2  (1) 1 (1) 
C(14) 6707 (4) -944  (3) 2916 (2) 52 (2) 54 (2) 68 (2) 19 (2) - 10 (2) - 19 (2) 
C(15) 1601 (5) 1209 (3) 516 (2) 72 (2) 70 (3) 41 (2) 2 (2) 1 (2) - 10 (2) 
C(16) 744 (8) 1843 (4) - 7 5  (3) 124 (5) 98 (4) 82 (3) - 2  (4) - 4 4  (3) - 2  (3) 
O(0) 1173 (2) 876 (1) 2451 (1) 33 (1) 39 (1) 39 (1) - 1  (1) - 3  (1) - 3  (1) 
O(1) -317  (2) 2067 (2) 3134 (1) 38 (1) 43 (1) 50 (1) 12 (1) - 3  (1) 1 (1) 
O(2) -2286 (3) 1658 (2) 2255 (2) 61 (2) 91 (2) 94 (2) - 5  (2) - 3 8  (2) 21 (2) 
0(3) -155  (3) -684  (2) 4322 (2) 58 (1) 43 (1) 78 (2) - 5  (1) 4 (1) 6 (1) 
0(4) - 2 4 2  (4) 1573 (3) 5911 (1) 93 (2) 108 (2) 49 (1) - 1 5  (2) 22 (1) - 1 9  (1) 
0(5) 4524 (2) 148 (1) 2902 (1) 31 (1) 35 (1) 54 (1) 5 (1) - 8  (1) - 1 0  (1) 
0(6) 6510 (3) 451 (2) 3791 (1) 44 (1) 58 (1) 55 (1) 12 (1) - 14 (1) - 17 (1) 
0(7) 2537 (3) 1753 (2) 1010 (1) 65 (1) 54 (1) 42 (1) - 4  (1) - 2  (1) 5 (1) 
0(8) 1491 (4) 340 (2) 553 (2) 114 (2) 62 (2) 64 (1) - 4  (2) - 10 (2) - 19 (1) 
N 292 (3) 886 (2) 4666 (1) 35 (1) 45 (1) 39 (1) 1 (1) 0 (1) 3 (1) 
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longing to the methyl groups were located from the 
subsequent Fourier  synthesis. 

Refinement was by full-matrix least-squares mini-  
mizing ~wllFol-IF<ll  z with w =  llano. Heavy-atom co- 
ordinates, isotropic thermal  parameters and a scale 
factor were refined to an R of 0.107. Two cycles of 
anisotropic refinement (R=0-068)  and a difference 
synthesis were used to locate the H atoms. For  three 
cycles the scale factor, the atomic coordinates for all 
atoms and the anisotropic thermal  parameters for the 
heavy atoms (298 parameters in all) were varied. For 
H atoms, the isotropic thermal  parameters are those 
of the bonded atom. The final agreement indices were 

R =  ~.  IIFol-IF<li/ ~ IFol = 0 . 0 3 8 ,  
Rw=[ ~ w(IFol-lF<l)z/ ~ wF2o]I/2=0.049. 

(8) /H(16,7) 

H(6,2). / 0 :7 ) - -C05 ) - -C (16 ) - -H ( t6 ,2 )  
0(6) "~-c 
II H(6,1)'/I H(t6,3) 

H(3) .N 0(3) H(8,3) 
/ \ 8  . , ,  0(,)=7(.) c~ ) /  ( oj~ 

/C ( t2 )  C(70)--14(10,2) 
. ( ,23) l'~me,,) \ 

' H(h?,2) H(IO,3) 

Fig. 1. Structural formula and numbering of the atoms. 

c ~ QH{8,2) 

b I ,:s,3) <~:=~HtS,,) i Ircrs) 

C (#2) ~yC~OH(#2fl) J~C(7) H(16,3) 
~'17 ' o<,,, ~ ' "  % ..,>,<,~.,, 

r~HgtO,#; k_)O(31 C(l~) 

H(TL:) 
LI (t~,2) 

Fig. 2. Perspective view of the molecule showing °Hs con- 
formation. 

Scattering factors given by Cromer  & Mann  (1968) 
and, for H, by Stewart, Davidson & Simpson (1965) 
were used. 

The calculations were carried out on the Univac 
I 110 computer  at the University Comput ing  Centre in 
Zagreb with the X-RAY 72/73 system (Stewart, Kru- 
ger, Ammon ,  Dickinson & Hall, 1972/1973). Atomic 
positional and thermal  parameters are listed in Tables 
2 and 3.* 

Table 3. Positional (x  103) and isotropic thermal param- 
eters (A 2 x 102) for hydrogen atoms 

x y z U 
H(1) - 7 0  (4) 68 (2) 314 (2) 3.5 
H(3) 340 (4) 74 (2) 439 (2) 3.2 
H(4) 451 (4) 156 (2) 322 (2) 3.1 
H(5) 247 (3) 214 (2) 259 (2) 3.3 
H(6, 1) 346 (4) 52 (2) 150 (2) 4-2 
H(6, 2) 452 (4) 149 (2) 162 (2) 4.2 
H(8,1) -243 (6) 343 (3) 209 (3) 8-1 
H(8,2) -102 (5) 365 (3) 257 (2) 8.1 
H(8,3) -245 (6) 355 (3) 300 (2) 8.1 
H(10,1) -196 (5) -78  (3) 526 (2) 6.1 
H(10,2) -129 (4) - 5  (3) 602 (2) 6.1 
H(10,3) -253 (5) 40 (2) 545 (2) 6.1 
H(12,1) 200 (5) 257 (3) 478 (2) 6.5 
H(12,2) 68 (5) 289 (3) 442 (2) 6.5 
H(12,3) 104 (5) 296 (3) 530 (2) 6.5 
H(14,1) 770 (4) - 120 (2) 332 (2) 5.1 
H(14,2) 604 (4) - 142 (2) 286 (2) 5.1 
H(14,3) 707 (4) -75  (3) 247 (2) 5.1 
H(16,1) 1 (5) 148 (3) -34  (3) 8"7 
H(16,2) 152 (6) 226 (3) -39  (3) 8"7 
H(16,3) 10 (6) 231 (3) 18 (3) 8-7 

Description and discussion of the structure 

The structural formula  and number ing  of the atoms 
are given in Fig. 1. A perspective view of the molecule 
is shown in Fig. 2. Molecular  packing is illustrated in 
Fig. 3. 

* A list of structure factors has been deposited with the 
British Library Lending Division as Supplementary Publication 
No. SUP 31579 (17 pp., 1 microfiche). Copies may be obtained 
through The Executive Secretary, International Union of 
Crystallography, 13 White Friars, Chester CH1 1NZ, England. 

000 

=0 

q :o e 

=::0 

°~ ~ 

Fig. 3. A view of the crystal structure along a. 

Table 4. Bond lengths (A) and angles (°) 

C(1)--C(2) 
C(2)--C(3) 
C(3)--C(4) 
C(4)--C(5) 
C(5)--O(0) 
C(1)--O(0) 
C(1)--O(1) 
C(4)--O(5) 
C(6)--O(7) 
C(5)--C(6) 
C(2)--N 
C(9)--N 
c(11)-N 
C(7)--O(1) 
C(13)-O(5) 
C(15)-O(7) 

1.503 (4) C(1)--H(1) 0.96 (3) 
1.323 (4) C(3)--H(3) 0-94 (3) 
1-495 (4) C(4)--H(4) 0.94 (3) 
1.511 (4) C(5)--H(5) 1.06 (3) 
1.440 (3) C(6)--H(6,1) 1.00 (3) 
1.394 (3) C(6)--H(6,2) 0.96 (3) 
1.443 (4) C(8)--H(8,1) 0.97 (4) 
1.457 (3) C(8)--H(8,2) 0.85 (4) 
1.440 (4) C(8)--H(8, 3) 0.84 (4) 
1-510 (4) C(10)-H(10,1) 0.96 (4) 
1-448 (4) C(10)-H(10,2) 0.99 (3) 
1.421 (4) C(10)-H(10,3) 1.00 (4) 
1.414 (4) C(12)-H(12,1) 0.82 (4) 
1.369 (4) C(12)-H(12,2) 1.06 (4) 
1.348 (3) C(12)-H(12,3) 0.73 (4) 
1.346 (5) C(14)-H(14,1) 1-12 (3) 
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C(7)--O(2) 
C(9)--O(3) 
C(11)-O(4) 
C(13)-O(6) 
C(15)-O(8) 
C(7)--C(8) 
C(9)--C(10) 
C(11)-C(12) 
C(13)-C(14) 
C(15)-C(16) 

Table 4 (cont.) 
1.186 (5) 
1.196 (4) 
1.199 (4) 
1.199 (4) 
1.190 (5) 
1.488 (6) 
1.500 (5) 
1.483 (6) 
1.488 (5) 
1.481 (7) 

C(14)-H(14, 2) 0.86 (3) 
C(14)-H(14, 3) 0.83 (3) 
C(16)-H(16,1) 0.90 (4) 
C(16)-H(16, 2) 1.00 (5) 
C(16)-H(16, 3) 0.93 (5) 

Pyranose ring 
O(0)-C(1)-C(2) 
C(1)-C(2)-C(3) 
C(2)-C(3)-C(4) 
C(3)-C(4)-C(5) 
C(4)-C(5)-O(0) 
C(5)-O(0)-C(1) 
O(0)-C(1)-H(1) 
C(2)-C(1)-H(1) 
O(0)-C(1)-O(1) 
H(1)-C(1)-O(1) 
O(1)-C(1)-C(2) 
C(I)-C(2)-N 
N C(2)-C(3) 

112"0 (2) 
122.3 (2) 
121"2 (2) 
111"5 (2) 
111"5 (2) 
112"5 (2) 
110 (2) 
113 (2) 
110"5 (2) 
104 (2) 
106"6 (2) 
115.7 (2) 
122.0 (2) 

C(2)-C(3)-H(3) 122 (2) 
H(3)-C(3)-C(4) 116 (2) 
C(3)-C(4)-H(4) 111 (2) 
H(4)-C(4)-O(5) 111 (2) 
C(3)-C(4)-O(5) 110.2 (2) 
H(4)-C(4)-C(5) 106 (2) 
O(5)-C(4)-C(5) 108.1 (2) 
C(4)-C(5)-H(5) 103 (1) 
C(4)-C(5)-C(6) 112-8 (2) 
C(6)-C(5)-O(0) 106.9 (2) 
C(6)-C(5)-H(5) 113 (1) 
H(5)-C(5)-O(0) 109 (2) 

C(6)-O(7)-Acetyl group 
C(5) C(6)--O(7) 
C(5) C(6)--H(6,1) 
C(5) C(6)--H(6, 2) 
H(6,1)--C(6)--H(6, 2) 
H(6,1)--C(6)--O(7) 
H(6, 2)--C(6)--O(7) 
C(6) O(7)--C(15) 
0(7) C(15)-O(8) 
0(7) C(15)-C(16) 
0(8) C(15)-C(16) 
C ( 1 5 ) - - C ( 1 6 ) - H (  16,1 ) 
C(I 5)--C(16)-H(16, 2) 
C(15)--C(16")-H(16, 3) 
H(16,1)-C(16)-H(16,2) 
H(16,1)-C(16)-H(16, 3) 
H(16, 2)-C(16)-H(16, 3) 

109"8 (3) 
109 (2) 
110 (2) 
109 (3) 
111 (2) 
108 (2) 
116"7 (3) 
124"3 (3) 
110.4 (4) 
125-2 (4) 
109 (3) 
l l l  (3) 
113 (3) 
120 (4) 
102 (4) 
102 (4) 

Interatomic distances and angles are listed in Table 
4, and displacements of the atoms from the least- 
squares plane through the sugar ring in Table 5. Di- 
hedral angles defining the conformation are presented 
in Table 6. 

Table 5. Least-squares plane through the sugar rh~g 

Atoms included in the calculation of the plane are denoted by 
an asterisk. 

Displacement (A) 
C(1)* - 0.012 
C(2)* 0"027 
C(3)* - 0-027 
C(4)* 0"012 
C(5) 0.287 
O(0) - 0"427 
N 0.100 
H(3) -0.123 

The sugar ring exhibits a half-chair °Hs conforma- 
tion (Fig. 2). The best least-squares plane is defined 
by C(1), C(2), C(3) and C(4); C(5) and O(0) are dis- 
placed from this plane by 0.287 and -0.427 A respec- 
tively. Due to the presence of the double bond C(2)= 
C(3), the N and H(3) atoms should be coplanar with 
C(1), C(2), C(3) and C(4). The N atom is displaced by 
0.100 and H(3) by 0.123 A. 

Puckering of the sugar ring is described by dihedral 
angles C(3)-C(4)-C(5)-O(0) of -40 .5  (3) °, C(4)-C(5)- 
O(0)-C(1) of 64.1 (3) ° and C(5)-O(0)-C(I)-C(2) of 
-49"3 (3) ° (Table 6). Sundaralingam (1968) has de- 
fined the conformation about C(5)-C(6) in pyranosides 
by the angle ~0oo = O(5)-C(5)-C(6)-O(6). In the present 
compound this angle is described by the sequence 
O(0)-C(5)-C(6)-O(7) and its value of 69.5 (3) ° is in 

O(1)-Acetyl group 
C(1) O(1)--C(7) 
O(1) C(7)--O(2) 
O(1) C(7)--C(8) 
0(2) C(7)--C(8) 
C(7) C(8)--H(8,1) 
C(7) C(8)--H(8, 2) 
C(7) C(8)--H(8, 3) 
n(8,1)--C(8)--H(8, 2) 
H(8,1)--C(8)--H(8, 3) 
n(8, 2)--C(8)--H(8, 3) 

O(5)-Acetyl group 
C(4) O(5)--C(13) 
0(5) C(13)-O(6) 
0(5) C(13)-C(14) 
0(6) C(13)-C(14) 
C(13)--C(14)-H(14,1) 
C(13)--C(14)-H(14, 2) 
C(13)--C(14)-H(14, 3) 
H(14,1)-C(14)-H(14, 2) 
H(14,1)-C(14)-H(14, 3) 
H(14, 2)-C(I 4)-H(14, 3) 

Table 4 (cont.) 

116"9 (2) 
123"4 (3) 
110"2 (3) 
126"4 (4) 
103 (3) 
109 (3) 
115 (3) 
106 (4) 
112 (4) 
111 (4) 

116.1 (2) 
123.1 (3) 
111.9 (3) 
125.0 (3) 
111 (2) 
113 (2) 
103 (2) 
108 (3) 
110 (3) 
113 (3) 

N-Acetyl groups 
C(2) N C(9) 
N C(9)--O(3) 
0(3) C(9)--C(10) 
N C(9)--C(10) 
C(9) C(10)-H(10,1) 
C(9) C(10)-H(10, 2) 
C(9) C(10)-n(10, 3) 
U(10,1)-C(10)-H(10, 2) 
H(10,1)-C(10)-H(10, 3) 
H(10, 2)-C(10)-n(10, 3) 
C(2) N C(11) 
N C(11)-O(4) 
N C(11)-C(12) 
C(11)--Y C(9) 
0(4) C(11)-C(12) 
C(11)--C(12)-n(12,1) 
C(11)--C(12)-H(12, 2) 
C(11)--C(12)-U(12, 3) 
H(12,1)-C(12)-H( 12, 2) 
U(12,1)-C(12)-H(12, 3) 
H(12, 2)-C(12)-H(12, 3) 

114"3 (2) 
117"9 (3) 
123"1 (3) 
118"9 (3) 
90 (2) 

116 (2) 
114 (2) 
119 (3) 
121 (3) 
99 (3) 

119"9 (3) 
121-6 (3) 
116"9 (3) 
125"4 (3) 
121"4 (4) 
118 (3) 
116 (2) 
110 (3) 
88 (3) 

112 (4) 
110 (4) 
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Table 6. Dihedral angles (°) 
In pyranose ring 

O(0)-C(1)-C(2)-C(3) 
C(1)-C(2)-C(3)-C(4) 
C(2)-C(3)-C(4)-C(5) 
C(3)-C(4)-C(5)-O(0) 
C(4)-C(5)-O(0)-C(1) 
C(5)-O(0)-C(1)-C(2) 

On pyranose r i n g  

O(0)-C(I)-C(2)-N 
C(1)-C(2)-C(3)-H(3) 
C(2)-C(3)-C(4)-H(4) 
C(2)-C(3)-C(4)-O(5) 
C(3)-C(4)-C(5)-H(5) 
C(3)-C(4)-C(5)-C(6) 
C(5)-O(0)-C(I)-H(1) 
C(5)-O(0)-C(l)-O(l) 
O(0)-C(5)-C(4)-H(4) 
O(0)-C(5)-C(4)-O(5) 
H(5)-C(5)-O(0)-C(1) 
C(6)-C(5)-O(0)-C(1) 
C(3)-C(2)-C(1)-H(1) 
C(3)-C(2)-C(1)-O(1) 
H(1)-C(1)-C(2)-N 
O(1)-C(I)-C(2)-N 
N C(2)-C(3)-H(3) 
H(3)-C(3)-C(4)-H(4) 
H(3)-C(3)-C(4)-O(5) 
H(4)-C(4)-C(5)-H(5) 
H(4)-C(4)-C(5)-C(6) 
O(5)-C(4)-C(5)-H(5) 
O(5)-C(4)-C(5)-C(6) 

Acetyl groups 
H(1)--C(I)--O(1)--C(7) 
C(1)--O(1)--C(7)--O(2) 
C(I)--O(1)--C(7)--C(8) 
C(2)--N C(9)--O(3) 
C(2)--N---C(9)--C(10) 
C(2)--N C(11)-O(4) 
C(2)--N C(I 1)-C(12) 
C(10)--C(9)--N C(11) 
O(3)--C(9)--N C(11) 
C (  1 2 ) - - C ( 1  I ) - N  C ( 9 )  
O(4)--C(1 I)-N C(9) 
H(4)--C(4)--O(5)--C(13) 
C(4)--O(5)--C(13)-0(6) 
C(4)--O(5)--C(13)-C(14) 
H(5)--C(5)--C(6)--O(7) 
C(5)--C(6)--O(7)--C(15) 
C(6)--O(7)--C(15)-0(8) 
C(6)--O(7)--C(I 5)-C(16) 
H(6, I)-C(6)--O(7)--C(15) 
H(6, 2)-C(6)--O(7)--C(I 5) 

Others 
O(0)-C(1)-O(1)-C(7) 
C(2)-C(1)-O(1)-C(7) 
C(I)-C(2)-N--C(9) 
C( 1 )-C(2)-N--C( 11 ) 
C(3)-C(2)-N--C(9) 
C(3)-C(2)-N--C(11) 
C(3)-C(4)-O(5)-C(13) 
C(5)-C(4)-O(5)-C(13) 
C(4)-C(5)-C(6)-O(7) 
O(0)-C(5)-C(6)-O(7) 
C(4)-C(5)-C(6)-H(6,1) 
C(4)-C(5)-C(6)-H(6, 2) 
O(0)-C(5)-C(6)-H(6,1) 
O(0)-C(5)-C(6)-H(6, 2) 
H(5)-C(5)-C(6)-H(6,1) 
H(5)-C(5)-C(6)-H(6, 2) 

14.4 (4) 
6-4 (5) 
7.1 (4) 

--40-5 (3) 
64.1 (3) 

--49.3 (3) 

-- 164"4 (2) 
- -  171 ( 2 )  

124 (2) 
- -  113"0 ( 3 )  

77 (2) 
-- 160-8 (3) 
- -  1 7 6  ( 2 )  

69"4 (3) 
- -  161 ( 2 )  

80-8 (3) 
- 4 9  ( 2 )  

- 1 7 2 . 1  ( 2 )  
139 (2) 

- 106.5 (3) 
- 4 0  ( 2 )  

74"7 (3) 
7 (2) 

- 5 8  ( 3 )  
65 (2) 

- 4 4  ( 2 )  
79 (2) 

- 1 6 2  ( 2 )  
- 39-5 (3) 

-41 (2) 
5.7 (5) 

- 173.3 (3) 
8.5 (4) 

- 169.2 (3) 
- 170.9 (3) 

12.2 (4) 
17.8 (5) 

- 164.6 (3) 
- 1 7 5 . 1  ( 3 )  

1.8 (5) 
38 (2) 
4.9 (4) 

- -  175 -1  ( 2 )  
- -  51 ( 2 )  

- 105"4 (3) 
-0"8 (5) 
179"5 (3) 
15 (2) 

135  ( 2 )  

76.8 (3) 
- 1 6 1 . 3  ( 2 )  

75.0 (3) 
- 1 1 1 . 5  ( 3 )  
- 103.9 (3) 

69.6 (4) 
-84-3 (3) 
153.6 (2) 

- 167.6 (2) 
69.5 (3) 
71 (2) 

--49 (2) 
- -  5 2  ( 2 )  

- 1 7 2  ( 2 )  
- -  1 7 3  ( 3 )  

68 (3) 

the range +60°+30  ° common for pyranoside deriv- 
atives. 

The ring substituents are attached at C(1) in quasi- 
equatorial, C(4) in quasi-axial and C(5) in equatorial 
positions (Fig. 2) (Stoddart, 1971). The conformation 
found is in agreement with N M R  data (Pravdid, 
Zidovec & Fletcher, 1973). 

The mean value of the C-C length in the ring is 
1.507 (4) A. The shortening of C(3)-C(4) to 1.495 (4) A 
can be explained by the presence of the C(2)=C(3) 
double bond. In the acetyl groups the mean C-C length 
of 1.488 (7) A is reasonable for a single bond next to 
a C = O bond. There are two categories of C-O bonds: 
the C-O bonds range from 1.440 (3) to 1.457 (3) A and 
the O - C =  O bonds from 1.346 (5) to 1.36~. (4) A. The 
anomeric C(1)-O(1) length of 1.443 (3) A does not 
deviate significantly from other C-O bond distances 
in the molecule. Endocyclic bonds C(1)-O(0) 
[1.394 (3)] and C(5)-O(0) [1.440 (3) A] are asymmetric 
with well-pronounced differences from the normal C-O 
single-bond distance of 1.428 ,A, (Sundaralingam, 
1968). The carbonyl bonds are in the range 1.186 (5) 
to 1-199 (4) A. 

The endocyclic valence angles at C(1), C(4) and C(5) 
range from 111.5 (2) ° to 112.5 (2) ° and are slightly 
greater than the tetrahedral angle of 109.5 °. These 
values can be compared with those found in other 
pyranose derivatives (Kim & Jeffrey, 1967; Sundara- 
lingam, 1968). The value of the angle O(0)-C(I)-O(I) 
of 110.5 (2) ° is a little greater than the tetrahedral 
value. The intermolecular O(1) . . .O(0)  distance for 
this ~-anomer is 2.330 (3) A. The valence angle of the 
ring O atom is 112.5 (2) °, close to the value of 112.9 (4) ° 
found in N-acetyl-c~-D-galactosamine (Gilardi & Flip- 
pen, 1974). The C valence angles exterior to the pyranose 
ring show a wider range [106.0 (2) ° to 112.8 (2) °] than 
the interior angles. 

All the hydroxyl groups are acetylated, and 
O - H . - .  O hydrogen bonds are not possible. From the 
intermolecular distances and angles there is no evi- 
dence for C - H . . .  O hydrogen bonds. 

The authors are grateful to Professor M. Nardelli 
for facilities placed at their disposal. We thank Drs 
A. Mangia and G. Pelizzi for collecting the intensities, 
and Dr N. Pravdi6 for growing the crystals and for 
many helpful discussions. 
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[IrO2{PC6Hs(CH3)2}4]B(C6Hs)a, triclinic, P1, a=  17"62 (2), b= 14.30 (2), c= 11"46 (2) ,~, a=  104.85 (5), 
fl=105.20 (5), y=93.18 (5) ° , Z=2,  Dc=1"37 g c m  -3, M=1096. O-O=1.49; Ir-O=2.04, 2.05; Ir- 
P(ax)= 2-39, 2"40; Ir-P(eq)=2.31, 2.33 ,~,. The compound is isostructural with the Rh analogue. 

Introduction 

The cations [RhOzL4] + [L=As(CH3)2(C6Hs), 
P(CH3)z(C6Hs)] (Nolte & Singleton, 1975, 1976) have 
similar O-O bond lengths of 1.46 and 1.43 A respective- 
ly, in line with the comparable donor properties of 
As(CH3)z(C6H5) and P(CH3)2(C6Hs). The close similar- 
ity to the length of 1.42/~ found for O-O in 
[RhOz{(C6Hs)zPCH2CH2P(C6Hs)2}z] + (McGinnety, 
Payne & Ibers, 1969) does not fit the trends previously 
postulated, relating ligand basicity with O-O length 
in other Rh and Ir dioxygen complexes (McGinnety, 
Doedens & Ibers, 1967). As a further test of the effects 
of a change of both metal and ligand on M-O and O-O 
parameters, the structure of the salt 
[[rO2{P(CH3)2(C6Hs)}a]B(C6H5) 4 was undertaken. If 
ligand effects are more enhanced in Ir than in Rh com- 
pounds, then changing from (C6H5)zPCH2CHzP(C6H5)2 
to the more basic {P(CH3)z(C6H5)}2 would be expected 
to cause a further elongation of the O-O bond, and 
this effect should also be coupled with a shortening 
of the Ir-O bonds if Chatt-Dewar type bonding (Chatt 
& Duncanson, 1953; Dewar, 1951) is operating. 

A prismatic crystal, 0.16 x 0.20 × 0.44 mm, was used 
for data collection. Intensities were collected on a 
Philips PWl l00  four-circle diffractometer over the 
range 0 =  3-18 ° with graphite-monochromated Mo Ka 
radiation. The o9-20 scan mode was used. Of the 3662 
reflexions recorded, 3312 had l>2a(l)  and were con- 
sidered observed. Three standard reflexions were re- 
measured every hour. They decreased by 8, 5 and 4 % 

during the 68 hour period of data collection; no correc- 
tion was made for crystal decomposition. Background, 
Lp and absorption corrections were applied; transmis- 
sion coefficients varied from 0.51 to 0.74 (/1=28.2 
cm-1). No corrections were made for extinction. 
Although the compound appeared to be isostructural 
with the Rh analogue (Nolte & Singleton, 1976) the 
structure was solved independently by Patterson and 
Fourier methods. Least-squares refinement was carried 
out by the full-matrix technique alternately for dif- 
ferent sets of non-hydrogen atoms. Calculations were 
performed with the CR YLSQ program of the X-RAY 
system (Stewart, Kruger, Ammon, Dickinson & Hall, 
1972) on an IBM 360/65 computer. 

All atoms were refined anisotropically with a 
weighting scheme to reduce the effect of reflexions with 
large F(obs) and/or small 0 values. The final R was 
0.054 for the observed intensities. The scattering factors 
were those of Cromer & Mann (1968), corrected for 
anomalous dispersion. Final positional and thermal 
parameters are given in Table l.* Bond lengths and 
angles (calculated by the program BONDLA, not cor- 
rected for thermal motion) are summarized in Tables 2 
and 3. Atomic numbering is given in Fig. 1 and a 
stereo view in Fig. 2, drawn by the program ORTEP 
(Johnson, 1965). 

* A list of structure factors has been deposited with the 
British Library Lending Division as Supplementary Publication 
No. SUP 31576 (21 pp., 1 microfiche). Copies may be obtained 
through The Executive Secretary, International Union of 
Crystallography, 13 White Friars, Chester CHI 1NZ, England. 


