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forming such a bond. In this paper, we present the struc- 
ture determinations of two compounds, 2-(2-methoxy- 
phenyl)pyridine 1-oxide, (1), and its 3-methyl deriva- 
tive, (2). 
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Abstract 
The crystal structures of 2-(2-methoxyphenyl)pyridine 
1-oxide, C12HIINOE (1), and 2-(2-methoxyphenyl)-3- 
methylpyridine 1-oxide, C13Ht3NO2 (2), have been 
determined. The dihedral angle between the least- 
squares planes of the aromatic rings is 66.6 (1) for (1) 
and 74.70 (6) ° for (2). Weak C--H. • .O hydrogen bonds 
govern the crystal packing. 

Comment 
Orellanine (3,3',4,4'-tetrahydroxy-2,2r-bipyridine 1, l ' -  
dioxide) was shown to lose both N-oxide groups at a 
surprisingly low temperature (Antkowiak & Gessner, 
1979) compared with other bipyridine N,N'-dioxides 
(Wenkert & Woodward, 1983). As part of our stud- 
ies on the mechanism of this deoxygenation reaction, 
we reported the structure of a model compound, 2- 
(2-hydroxyphenyl)pyridine 1-oxide (Kubicki, Borowiak, 
Antkowiak & Antkowiak, 1990), which has all the struc- 
tural features necessary for the proposed mechanism 
of this deoxygenation process (Antkowiak & Gessner, 
1984). In this structure, we found a strong intramolecu- 
lar O--H.--O---N hydrogen bond and the dihedral angle 
between the two aromatic rings was 38.2 (1)°. Since de- 
crease of the twist angle is supposed to play a crucial 
role in the transition state of the deoxygenation pro- 
cess, we decided to check the influence of intramolec- 
ular hydrogen bonding on the molecular conformation 
by studying related compounds having no possibility of 
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The twist angle between the two almost perfectly 
planar aromatic rings is 66.6 (1) in (1) and 74.70 (6) ° 
in (2). This seems to prove the role of intramolecu- 
lar hydrogen bonding in stabilizing the conformation, 
reflected in a smaller dihedral angle, for this class of 
compounds. Comparing the conformations of (1) and 
(2), it was found that the rings were twisted in oppo- 
site directions; the absolute values of the torsion angles 
N 1 - - C 2 - - C l t - - C 2  ' are 69.2 (3) and 106.8 (2) ° in com- 
pounds (1) and (2), respectively. Thus, if one imagines a 
plane perpendicular to the pyridine ring and containing 
the central C2--C1'  bond, in (1) both O atoms will be 
on the same side of this plane, while in (2) they will lie 
on opposite sides. In the case of (1), even despite the 
lack of steric hindrance at positions 3 and 6', a relatively 
short non-bonded O1 . . . 02 '  distance of 3.032 (3).~ is 
found. A similar situation is observed in 2,2'-bipyridine 
1,1'-dioxide, where the absolute value of the torsion an- 
gle N 1 - - C 2 - - C 2 ' - - N I '  is 70.9(2) ° and the O1. . .O1'  
distance is 3.040(2),~ (Dutkiewicz, 1995). It is also 
noteworthy that the crystal structure of (2) contains both 
conformational enantiomers, while in (1) there are only 
homochiral molecules. The disposition of the methoxy 
group with respect to the phenyl ring is also slightly 
different in both compounds. In (1), the methoxy group 
is almost coplanar with the phenyl ring, while in (2) it 
is significantly tilted out of the plane; the torsion angles 
C3 ' - -C2 ' - -O2 ' - -C2 '1  are -3 .3  (5) and - 15.9 (3) ° for 
compounds (1) and (2), respectively. This is accompa- 
nied by a statistically significant difference in the val- 
ues of the C - - O - - C  bond angles: 118.1 (3) for (1) and 
116.5 (2) ° for (2). The introduction of the methyl sub- 
stituent in the 3-position changes the bond-angle pattern 
in the pyridine ring. 

The differences between (2) and (1) are in agreement 
with the observations of Domenicano & Murray-Rust 
(1979) on mono- and disubstituted benzene derivatives. 
The N--O bond lengths of 1.307(4) for (1) and 
1.309 (2) ,A, for (2) are close to the typical values for N -  
O groups not involved in hydrogen bonding (Eichhorn, 
1987). 

In both structures, the molecular packing is deter- 
mined by C- -H. - -O hydrogen bonds. Compound (1) 
has a two-dimensional structure with chains of mol- 
ecules along the [100] and [010] directions, intercon- 
nected with the rings of four other molecules. In (2), 
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there  are cha ins  a long  the [010]  d i rec t ion  and cen-  
t r o s y m m e t r i c  d imer s  c o n n e c t  the cha ins  into a three-  

d i m e n s i o n a l  s t ructure.  

~ C 3 ~ 4 _  

cr-~3, c2~.1 o2, ~6 
Fig. I. Displacement ellipsoid representation of (1) with the labelling 

scheme. The ellipsoids are drawn at the 50% probability level, with 
H atoms drawn as spheres of arbitrary radii. 

02' (3" c,~ v 

Fig. 2. Displacement ellipsoid representation of (2) with the labelling 
scheme. The ellipsoids are drawn at the 50% probability level, with 
H atoms drawn as spheres of arbitrary radii. 

Experimental 

The syntheses of the title compounds have been described 
elsewhere [Antkowiak & Gessner (1984) for (1), Antkowiak 
et al. (1994) for (2)]. Crystals of (1) were grown from toluene 
by slow evaporation, while those of (2) were grown by vapour 
diffusion from a dioxan-n-heptane system. 

Compound (1) 
Crystal data 

C12HIINO2 Cu Ka radiation 
Mr = 201.22 A = 1.54178 ,~, 
Orthorhombic Cell parameters from 29 
P212121 reflections 
a = 7.032 (1) ,~, 0 = 9.06-25.99 ° 
b = 7.443 (1) ,4, /z = 0.729 m m - i  
c = 19.574 (4) ~, T = 293 (2) K 
V = 1024.5 (3) ,~3 Prism 
Z = 4 0.35 x 0.3 x 0.2 mm 
Dx = 1.305 Mg m -3 Colourless 

Data collection 
Kuma KM-4 four-circle 

diffractometer 
w/20 scans 
Absorption correction: 

none 
960 measured reflections 
960 independent reflections 
931 observed reflections 

[1 > 2o'(1)1 

Refinement 
Refinement on F 2 
R(F) = 0.0398 
wR(F 2) = 0.1164 
S = 1.098 
960 reflections 
180 parameters 
All H-atom parameters 

refined 
w = 1/[o'2(F 2) + (0.0825P) 2 

+ 0.1931P] 
where P = (Fo 2 + 2F,2)/3 

0max ---- 69.99 ° 
h = 0 ---~ 8 
k = 0---, 9 
1 = 0 ---, 23 
3 standard reflections 

monitored every 100 
reflections 

intensity decay: 1.0% 

(/~/o.)max < 0 .001  
Apmax = 0.133 e ~ - 3  
mpmin = -0 .204  e / ~ - 3  
Atomic scattering factors 

from International Tables 
for Crystallography (1992, 
Vol. C, Tables 4.2.6.8 and 
6.1.1.4) 

Table  1. Fractional atomic coordinates and equivalent 
isotropic displacement parameters (]k2) for (1) 

*a* Ueq = (1 /3)~ , iY] jUi ja  i j ai.aj. 

x y z Ueq 
NI 1.0982 (4) 0.1325 (3) 0.31704 (11) 0.0439 (6) 
Ol 0.9167 (3) 0.1522 (3) 0.30461 (I0) 0.0524 (6) 
C2 1.1606 (4) -0 .0099 (4) 0.35479 (13) 0.0429 (7) 
C3 1.3552 (5) -0.0325 (5) 0.3636 (2) 0.0537 (8) 
C4 1.4839 (5) 0.0881 (6) 0.3369 (2) 0.0645 (9) 
C5 1.4163 (5) 0.2327 (5) 0.3010 (2) 0.0607 (9) 
C6 1.2241 (5) 0.2540 (4) 0.29109 (15) 0.0548 (8) 
CI '  1.0179 (4) -0 .1367 (4) 0.38241 (12) 0.0421 (7) 
C2' 0.8935 (4) -0 .0864 (3) 0.43394 (12) 0.0406 (6) 
0 2 '  0.9103 (3) 0.0861 (2) 0.45742 (9) 0.0504 (6) 
C2'1 0.7807 (7) 0.1451 (6) 0.5082 (2) 0.0669 (10) 
C3 ~ 0.7616 (5) -0 .2084 (4) 0.46000 (15) 0.0525 (8) 
C4' 0.7583 (6) - 0.3818 (4) 0.4340 (2) 0.0590 (8) 
C5' 0.8805 (6) -0 .4359 (4) 0.3837 (2) 0.0611 (9) 
C6' 1.0131 (5) -0 .3120 (4) 0.35869 (15) 0.0519 (8) 

Table 2. Selected geometric parameters (,4,, o) for ( 1 ) 
N I - - O I  1.307 (4) C 1'-----<26' 1.386 (4) 
NI-qZ6 1.363 (4) C l t ~ 2  ' 1.387 (4) 
N 1---C2 1.365 (4) C2'--432' 1.369 (3) 
C2---C3 1.390 (4) C 2 ' - - C 3 '  1.394 (5) 
C2---C1' 1.480 (4) O2'--422'1 1.417 (4) 
C 3 ~ 4  1.378 (5) C3'---C4 ~ 1.388 (4) 
C4--C5 1.370 (5) C4'---C5 ~ 1.368 (5) 
C5--C6 1.375 (5) C5'---C6 ~ 1.400 (5) 

OI - -NI - - -C6  !19.4(3) C6'----C 1'---C2 119.6(3) 
OI - -NI- - -C2  120.1 (2) C2'---C 1'---C2 121.4(2) 
C6- -N1- -C2  120.6 (3) O2~---C2'---C1 ' 116.3 (3) 
N I--<22---C3 118.5 (3) O2L---C2'--423 t 123.1 (3) 
N 1---C2---C 1' 118.4 (3) CI ' - - -C2t - -C3 ~ 120.6 (2) 
C 3 - - - C 2 ~ 1  t 123.1 (3) c2t---O2'---C2~ 1 118.1 (3) 
C4--C3---C2 121.4 (3) c4 t - - -C3 ' - -C2 ' 118.9 (3) 
C5- -C4--C3 118.6 (3) C 5 ' - - C 4 ' - - C 3 '  121.8 (3) 
C 4 - - - C 5 ~ 6  120.3 (3) C 4 ' ~ 5 t - - - C 6  ' 118.4 (3) 
N 1~6-- - -C5 120.6 (3) CI~---C6t--C5 ' 121.3 (3) 
C6'---C 1 '---C2 ' 118.9 (3) 
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T a b l e  3. Hydrogen-bonding geometry ( ~ ,  O ) f o r  (1)  c y  
c4'  

D- -H .  • .A D - - H  H. • .A D. • .A D--H. • .A C5' 
C4---H4- • -OI i 1.09 (4) 2.22 (4) 3.145 (4) 142 (3) C6' 
C5'--H5'- • . O 1  ii 0.98 (3) 2.47 (4) 3.444 (4) 174 (3) 

Symmetry codes: (i) 1 + x, y, z; (ii) x, y - 1, z. 

Compound (2) 

Crystal data 

CI3HI3NO2 Cu Ko radia t ion 
Mr = 215.24 A = 1.54178 A, 
M o n o c l i n i c  Cell  parameters  f rom 15 
P21/ c ref lect ions 
a = 10.677 (2) ,4, 0 = 13 .19-45 .81  ° 
b = 7 .750 (1) ,~ # = 0.701 m m  -~ 
c = 13.961 (3) A, T = 293 (2) K 
/3 = 104.77 (1) ° Pr i sm 
V = 1117.1 ( 3 ) A 3  0.28 x 0.23 × 0.18 m m  
Z = 4 Colour less  

Dx = 1.280 M g  m -3  

Data collection 

Syn tex  P2~ d i f f rac tomete r  
w120 scans  
Absorp t ion  correct ion:  

none  
1586 m e a s u r e d  ref lect ions 
1497 independen t  ref lect ions 

1284 observed  ref lect ions  
[I > 2o-(/)] 

Rint = 0.0125 

0max = 57.28 ° 
h = 0 ~ l l  
k = 0 ~ 8  
1 = - 1 5  ~ 14 
2 s tandard  ref lect ions 

mon i to r ed  eve ry  100 

ref lect ions 
in tens i ty  decay:  2% 

Refinement 

Ref inemen t  on F 2 

R(F) = 0.0371 
wR(F 2) = 0.1047 

S = 1.176 
1497 ref lect ions 
198 parameters  
All  H - a t o m  parameters  

ref ined 
w = 1/[o.2(Fo 2) + (0 .0534P)  2 

+ 0 .2859P]  
where  e = (Fo 2 + 2F~)/3  

(A/if)max < 0.001 

Apmax = 0.155 e A, -3 
Apmin = - 0 . 1 6 0  e ,~-3  
Ex t inc t ion  correct ion:  

SHELXL93 (Sheldr ick,  
1993) 

Ex t inc t ion  coeff icient :  
0.0251 (16) 

A t o m i c  scat ter ing factors  
f rom International Tables 
for Crystallography ( 1992, 
Vol. C, Tables  4.2.6.8 and  
6.1.1.4) 

T a b l e  4.  Fractional atomic coordinates and equivalent 

isotropic displacement parameters (~2) fo r  (2) 

Ueq = (1/3)Ei~jUijaT a~ ai.a j. 

x y z Ueq 
N1 0.86813 (14 )  0.3236 (2) 0.88232 (I0) 0.0394 (4) 
O1 0.8811 ! ( 1 4 )  0.3168 (2) 0.97800 (9) 0.0553 (5) 
C2 0.8010 (2) 0.1971 (2) 0.82183 (12)  0.0360 (5) 
C3 0.7873 (2) 0.2064 (2) 0.71996 ( ! 3) 0.0394 (5) 
C31 0.7157 (2) 0.0677 (3) 0.6528 (2) 0.0547 (6) 
C4 0.8416 (2) 0.3447 (3) 0.68159 (14)  0.0440 (5) 
C5 0.9092 (2) 0.4690 (3) 0.74442 (14)  0.0465 (5) 
C6 0.9226 (2) 0.4565 (3) 0.84435 (15)  0.0444 (5) 
CI' 0.7507 (2) 0.0526 (2) 0.87182 (12)  0.0379 (5) 
C2' 0.6184 (2) 0.0391 (2) 0.86649 (13)  0.0401 (5) 
O2' 0.54097 (12 )  0.1655 (2) 0.81422 (10)  0.0502 (4) 
C2 t I 0.4051 (2) 0.1308 (3) 0.7858 (2) 0.0548 (6) 

0.5735 (2) -0.0971 (3) 0.91259 (14)  0.0488 (5) 
0.6579 (2) -0.2202 (3) 0.9629 (2) 0.0543 (6) 
0.7887 (2) -0.2099 (3) 0.96852 (15)  0.0534 (6) 
0.8340 (2) -0.0734 (3) 0.92299 (14)  0.0471 (5) 

T a b l e  5. Selected geometric parameters ( ~ ,  O ) f o r  (2)  

N !---O1 1.309 (2) CI'------C6' !.390 (3) 
N !---C6 1.356 (2) CI '---C2' 1.399 (3) 
NI---C2 1.371 (2) C2'---<)2' 1.367 (2) 
C2---C3 1.394 (2) C2'---C3' 1.385 (3) 
C2---C1' 1.490 (3) O2'--C2' 1 1.429 (2) 
C3---C4 1.390 (3) C3'--C4' 1.375 (3) 
C3--C31 1.501 (3) C4'---C5' 1.381 (3) 
C4---4S5 1.376 (3) C5'---C6' 1.384 (3) 
C5---C6 1.369 (3) 

OI--NI---C6 119.05 (15) C6'---C1'--C2' 118.7 (2) 
O I--N i------C2 120.17 (14) C6'------C1'---C2 120.6 (2) 
C6--N !---C2 120.8 (2) C2'---~1'--422 120.7 (2) 
N 1---C2--C3 119.6 (2) O2'--C2'--C3' 124.1 (2) 
N I--C2--C1' 116.31 (14) O2'--C2'--C1' 116.1 (2) 
C3--C2--C!' 124.1 (2) C3'--C2'--C1' 119.8 (2) 
C4--C3--C2 119.2 (2) C2'--O2'---C2' 1 116.5 (2) 
C4---C3--C31 120.5 (2) C4'---C3'--422' 120.5 (2) 
C2---C3--C31 120.3 (2) C3'---C4'--C5' 120.7 (2) 
C5------C4------423 119.8 (2) C4'------C5'------C6' 119.0 (2) 
C6---C5--C4 120.1 (2) C5'---C6'---C1' 121.3 (2) 
N 1--C6--C5 120.5 (2) 

T a b l e  6. Hydrogen-bonding geometry (A, ° ) fo r  (2)  

D--H. • .A D--H H. • .A D. • .A D--H. • .A 
C4--H4. • -O1' 0.96 (2) 2.44 (2) 3.230 (2) 140 (2) 
C6---H6. • .O1 ~ 0.92 (2) 2.41 (2) 3.314 (2) 168 (2) 

Symmetry codes: (i) x, ½ - y, z - ½; (ii) 2 - x, 1 - y, 2 - z. 

The  backg round  and in tegra ted in tensi ty  for  each ref lect ion 
were  ob ta ined  by the prof i le-analys is  m e t h o d  o f  L e h m a n n  & 
Larsen  (1974). 

Data  col lect ion:  Kuma KM-4 Software ( K u m a ,  1992) for  
(1); P21 sof tware  for  (2). Cell  ref inement :  Kuma KM-4 Soft- 
ware for  (1); P21 sof tware  for (2). Data  reduct ion:  Kuma 
KM-4 Software for  (1); PRADIR (Jask61ski, 1990) for  (2). 
For  both  c o m p o u n d s ,  p rogram(s)  used to solve structures:  
SHELXS86 (Sheldr ick,  1990); p rogram(s)  used to refine struc- 
tures: SHELXL93 (Sheldr ick,  1993); mo lecu la r  graphics:  Stere- 
ochemical Workstation (S iemens ,  1989); sof tware  used to pre- 
pare mater ia l  for publ icat ion:  SHELXL93. 

Lists of structure factors, anisotropic displacement parameters, H- 
atom coordinates and complete geometry have been deposited with 
the IUCr (Reference: KA1113). Copies may be obtained through The 
Managing Editor, International Union of Crystallography, 5 Abbey 
Square, Chester CH1 2HU, England. 
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Abstract 
The crystal structure of dispiro(fluorene-9,4'-[ 1,3]dithio- 
lane-5',9"-fluorene), C27H18S2, is reported. The C4- -C5  
bond connecting the two fluorenyl groups is 1.580 (4) A,, 
which is sl!ghtly longer than the C - - C  bond lengths 
[1.36-1.49 A] in other 1,3-dithiolanes. 

The $1----C2, S1--C5,  $3----C2 and $3---C4 bond 
lengths, and the S1----C2--$3, C2--$3---C4 and C 5 - -  
S1- -C2  bond angles are similar to those reported for 
other dithiolanes (Lynch, Lee, Martin & Davis, 1992; 
Mentzafors, Polisiou & Georgiadis, 1988; Noordik, 
Smits, Sicherer-Roetman, Jansen & De Groot, 1985; 
Dubourg et al., 1984; Barri~re, Chiaroni, C16ophax, 
G6ro & Riche, 1984). The C4---C5 bond, however, 
is slightly longer compared with those of the related 
1,3-dithiolanes [1.580 (4) versus 1.36-1.49/~], causing 
a decrease in the corresponding $ 3 - - C 4 - - C 5  and S 1 - -  
C5- -C4  bond angles [106.8 (2) and 105.5 (3) compared 
with 107.5-113.6°]. This may be due to steric effects 
caused by the large fluorenyl groups attached to C4 and 
C5. The fluorenyl groups show minimal distortion from 
ideal geometry, with the C - - C  distances very close to 
the expected values for aromatic rings. 

C2 

$1 

d'  cs4 

$3 

4 C42' 

4 C 

44  

5' 

Fig. 1. The molecular structure of the title compound. Displacement 
ellipsoids are plotted at the 50% probability level. 

Comment 
Only a few X-ray crystal structure determinations of 
compounds containing the 1,3-dithiolane moiety have 
been carded out. The structure of the title compound, 
(2), with atomic numbering scheme is illustrated in 
Fig. 1. 

(1) (2) 
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Experimental 

Bis(fluorenyl-9-thio)methane, (1) (see the scheme above), was 
prepared by reacting fluorene-9-thiol with 1,8-diazabicyclo- 
[5.4.0]undec-7-ene (DBU) in dichloromethane. Addition of 
n-butyllithium (2.5 M in hexanes) to (1) in thf gave the 
title compound (2). Colourless crystals were obtained by 
crystallization from toluene. The synthesis of (2) from thio- 
fluorenone and diazomethane has been published (Schoenberg, 
Koenig & Singer, 1967). The NMR spectra of (1) and (2), 
along with other sulfur-containing 9-substituted fluorenes, are 
discussed elsewhere (Leino, Luttikhedde, N~isman & Mattinen, 
1995). 

Crystal data 

C27HI852 Mo Kc~ radiation 
Mr = 406.56 A = 0.71073/~, 
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