
1 3 2 4  C 9 H I o N 2 + . 2 C 1  - 

Triclinic 
PY 
a = 8.0599 (10) ,~, 
b = 8.4190 (10) ~, 
c = 8.4446 (8) ,~ 
a = 78.078 (9) ° 
/3 = 78.886 (11)° 
3' = 61.473 (7) ° 
V -  489.63 (10) ,~3 

Z = 2  
Dx = 1.472 M g  m -3 

Dm not measured 

Data collection 
Siemens P4  diffractometer  
201w scans 
Absorpt ion correction: none 
4432 measured reflections 
2240 independent  reflections 
1896 reflections with 

I > 2o-(/) 
Rint = 0.022 

Refinement 

Refinement  on F 2 
R[F 2 > 2o-(FZ)] = 0.028 
wR(F 2) = 0.084 
S = 1.051 
2239 reflections 
158 parameters 
All H atoms refined 
w = 1/[o-2(Fo 2) + (0 .0478P) 2 

+ 0.0644P] 
where  P = (Fo 2 + 2F~)/3 

Cell parameters  from 47 
reflections 

0 = 4 . 9 6 - 1 3 . 6 0  ° 
# = 0.615 m m - i  

T = 295 (2) K 
Prism 
0.67 x 0.30 x 0.25 mm 
Pale ye l low-whi t e  

0max = 27.50 ° 
h = - 9  ~ 10 
k = - 10 ~ 10 
l = - 1 0  ~ 10 
3 standard reflections 

every 97 reflections 
intensity decay: 6% 

(A/o-)max = 0.009 
Apm~ = 0.293 e ,~-3 

Apmin = --0.220 e ,~-3 
Extinction correction: none 
Scattering factors from 

International Tables for 
Crystallography (Vol. C) 

The approximate posit ions of  the chloride anions and the 
six atoms of  the 'pyr idyl '  ring were obtained by  the heavy-  
atom method,  while successive Fourier  syntheses yie lded the 
posit ions of  the remaining non-H atoms. The structure was 
refined by the full-matrix least-squares method tt) anisotropic 
convergence ,  after  which the posi t ions of  the H atoms were 
found in a difference map calculated using low-angle  data 
(0 <_ 20 °). The H atoms were refined isotropically without  any 
constraints. All computat ions were carried out on a Pent ium 
PC using the Siemens SHELXTL/PC package (Sheldrick, 
1994). 

Data collection: P4  (Siemens,  1995). Cell refinement: P4. 
Data reduction: P4. 

F i n a n c i a l  s u p p o r t  o f  this  w o r k  b y  the  N a t i o n a l  In-  

s t i tu te  o f  E d u c a t i o n ,  N a n y a n g  T e c h n o l o g i c a l  U n i v e r s i t y ,  

S i n g a p o r e ,  is g r a t e f u l l y  a c k n o w l e d g e d .  

Supplementary data for this paper are available from the IUCr 
electronic archives (Reference: DEI080). Services for accessing these 
data are described at the back of the journal. 

R e f e r e n c e s  
Bengtson, A., Goh, N. K., Hazell, A., Khoo, L. E., Ouyang, J. & 

Pedersen, K. R. (1996). Acta Chem. Scand. 50. 1020-1024. 
Kook, A. M., Smith, S. L. & Brown, E. V. (1984). Org. Magn. Reson. 

22, 730-733. 
Seth, S., Kumar Das, A. & Mak, T. C. W. (1996). Acta Crvst. C52, 

910-91 i. 
Sheldrick, G. M. (1994). SHELXTLIPC. Version 5.03. Siemens 

Analytical X-ray Instruments Inc., Madison, Wisconsin, USA. 
Siemens (1995). P4. Data Collection Sofm'are for the P4 System. 

Siemens Analytical X-ray Instruments Inc., Madison, Wisconsin, 
USA. 

T a b l e  1. Selected geometric parameters  (A, o) 
N 1---C2 1.325 (2) C5--C6 1.358 (2) 
NI---C9 1.374 (2) C5--C10 1.415 (2) 
N2---C8 1.454 (2) C~-C7 1.409 (2) 
C2---C3 1.386 (2) C7---C8 1.367 (2) 
C3--C4 1.360 (2) C8--C9 1.412 (2) 
C4---C10 1.415 (2) C9--C10 1.413 (2) 

C2--N 1--C9 122.63 (13) C7---C8--N2 120.16 (13) 
N 1~C2--C3 121.08 (14) C9--C8--N2 120.09 (12) 
C4----C3----C2 119.15 (14) N1--C9--C8 122.32 (12) 
C3--C4---C 10 120.67(14) NI--C9--CI0 118.11 (13) 
C6----C5--C 10 120.31 (14) C8---C9--C I 0 119.57(12) 
C5----C6--C7 120.56 (14) C9---CI0---C4 118.35 (13) 
C8---C7---C6 120.74 (14) C9--CI0---C5 119.07 (13) 
C7--C8--C9 119.74(13) C4---C 10--C5 122.58(14) 

o 

T a b l e  2. Hydrogen-bonding geometry (A, o) 

D---H. • -A D - - H  H- • .A D. • .A D--H. • .A 
NI--H1A- • .Cll 0.88 (2) 2.16 (2) 3.002 (1) 158 (2) 
N2i--H22 i. • .C11 0.85 (2) 2.26 (2) 3.073 (I) 159 (2) 
c 2 i i - - H 2 A  ii. • .Cll 0.89 (2) 2.89 (2) 3.486 (2) 126 (1) 
c 4 i i i - - H 4 A  iii.• .Cll 0.98 (2) 2.78 (2) 3.508 (2) 131 (2) 
N2--H21. • .C12 0.91 (2) 2.17 (2) 3.057 (2) 163 (2) 
N2iV--H23 ~v- • .C12 0.86 (2) 2,23 (2) 3.090 ( 1 ) 174 (2) 
C5V--H5A v. • .C12 0.95 (2) 2.88 (2) 3.640 (2) 138 (2) 
c6vi--H6A vi. • .C12 0.92 (2) 2.90 (2) 3.628 (2) 138 (2) 

Symmetry codes: (i) 1 - x, 1 - y, 1 - z; (ii) 1 - -  x , - - y ,  1 - -  Z.; (iii) 
x--  1, 1 +y, Z; (iv) 1 --x, 1 --y, 2--Z;(V) 2--x,--y, 2--Z;(vi)x-- i ,y, Z. 

© 1998 International Union of Crystallography 
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A b s t r a c t  

T h e  t i t le c o m p o u n d ,  C l l H 1 2 B F 2 N O ,  w a s  f o u n d  to  b e  

c o n v e r t e d  b y  i r r ad ia t ion  to the  anti and syn h e a d - t o - t a i l  

d i m e r s  { 1 , 3 - b i s ( d i f l u o r o b o r o n y l o x y ) - 2 , 4 - b i s [  1 - (N-methy l -  

i m i n o ) e t h y l ] -  1 , 3 - d i p h e n y l c y c l o b u t a n e ,  C22H24B2F4N2-  

0 2 } .  T h e  e n a m i n o k e t o n e  g r o u p  o f  e a c h  c o m p l e x  t a k e s  

a r ing  s t r uc tu r e  c h e l a t e d  t h r o u g h  the  BF2 g r o u p .  
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Comment 
One may consider from various spectra that fl-enamino- 
ketones (fl-EKs) exist in keto and enol tautomeric forms 
in several solvents (Bertolasi et al., 1991; Olivieri et 
al., 1993; Silvea & Ferrao, 1988). We have investigated 
photochemical reactions of some boron difluoride com- 
plexes of fl-EKs because we found them to be more 
reactive reagents than the corresponding fl-EKs (Itoh 
et al., 1992). The title compound, (1), was irradiated 
with cyclic olefins to give, besides the complex olefin 
adducts, two photoproducts, (2) and (3), as side prod- 
ucts, which could be obtained later by photochemical 
reaction of (1) alone in solvents. Complexes (1), (2) 
and (3) gave identical mass spectra when a CI or El 
mode was used. 

-1::2 Me 
o.B,,,U 

P h ~ M e  

(1) 

~ e  Me + Me _ 
Me~_ ~ _ ~ h  N~---~ O-B.F 2 

F2I ~ ~ 0  V2I ~ ~ ~ M e  

[ I Me 
Ph b, )=~,+ 

Me Me 

(2) (3) 

Complexes (2) and (3) were proved to be dimers 
of (1) and to have the anti and syn head-to-tail 
forms, respectively. The enaminoketone groups in the 
complexes take a ring structure chelated through the 
BF2 group. The B--N distance in (1) [1.543 (6)~] 
indicates weak bonding, and those in (2) [1.598 (4)A] 
and (3) [1.591 (7) and 1.602 (8) ~,] indicate further 
weaker bonding. On the other hand, the O - - B  distances 
in (2) [1.452 (6) and 1.426 (3)A] and (3) [1.426 (7) and 
1.422 (9)A] are comparable with the reported B--O 
distances (on average 1.46 A) (Singh et al., 1986). These 
observations indicate that the monomer and the dimers 
adopt structures close to enol tautomers. 

It is remarkable that the unit cells of (1) and (2) are 
similar and that the C(7)----C(8) bonds in adjacent mol- 
ecules of (1) are related by a centre of symmetry; the in- 
termolecular C(7)...C(8') [and C(8)...C(7')] distances 
are 3.835 (6) A. These observations suggest a stereospe- 
cific formation of the dimer through a solid-state photo- 
chemical reaction. In fact, the formation of the anti form 
in high yield was confirmed by a preliminary solid-state 
irradiation. 

The C(7)--C(8to) [and C(8)---C(7')] bond length 
in (2) [1.593(3)A] and the corresponding ones in 
(3) [1.579(7) and 1.581 (7)A] are considerably longer 
than the standard value of a C- -C single bond length. 

F ( 2 ) ( ~ ~  F(1) 

C ( 4 ) ~ ~ ~ ~ , K ~ _ . . . . . _ . . . K ~  C ( 6, ,,..~ ~ ~ ( 1 1 )  

C(5) C(8) 
~ c(10) 

Fig. 1. The molecular structure of (1) showing 50% probability 
displacement ellipsoids. H atoms have been omitted for clarity. 

F(2) 

F(1) 

~C(ll) 
C(IO) 

C(9) 

C(7) 

C(3' 

C(2') 

C(4') 

C(7') 

C(5') 

~ C(6') 

') 

F(I ') 

c(1) c(9'), 

C(6) ~ ~,'~-"x ~ .... ~ F(2') 

:2) c~'-~') 

C(II') 

Fig. 2. The molecular structure of (2) showing 50% probability 
displacement ellipsoids. H atoms have been omitted for clarity. 

F(2) ~ C(ll) 

~ ~ C ( 6 )  ( 

C ( 1 ) 2 T ~ 8 : ( 9 )  C(IO) 

C(21) C(13) C 16 

( 

F(4) 
Fig. 3. The molecular structure of (3) showing 50% probability 

displacement ellipsoids. H atoms have been omitted for clarity. 
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Moreove r ,  the f o u r - m e m b e r e d  r ing o f  (2) is planar,  
ind ica t ing  a cons ide rab le  strain. These  f indings s eem 

cons is tent  wi th  the fact  that  (2) d i s so lved  in d ich loro-  
me thane  re tu rned  to the parent  c o m p o u n d ,  (1), after  a 
f ew hours  at r o o m  tempera tu re ,  whi le  (3) did not,  at 
least after a f ew days  at the same  tempera tu re .  

Experimental 

C11H12BF2NO A N D  T W O  F O R M S  O F  C22H24B2F4N202 

Table  1. Selected geometric parameters (A, °)for (1) 
O( I )---C(7) 1.329 (4) C ( I ) ~ ( 7 )  1.476 (5) 
O(1)--B(I)  1.452(6) C(7)---C(8) 1.336(5) 
N( 1 )--C(9) 1.298 (4) C ( 8 ) ~ ( 9 )  1.415 (5) 
Nil }----B( 1 ~ 1.543 (6) 

The title compound, (1), was prepared from boron trifluoride 
etherate and/3-EK obtained according to the method described 
by Tokutomi & Hayashi (1977). Complex (1) in benzene was 
irradiated with a high-pressure mercury lamp through a Pyrex 
filter for 10 h to give a white solid [a mixture of (2) and (3)]. 
Complex (2) was recrystallized from dichloromethane-hexane 
solutions and (3) was separated from the filtrate by silica-gel 
column chromatography. X-ray quality crystals of (1), (2) and 
(3) were obtained by slow diffusion of hexane into their di- 
chloromethane solutions. 

Mo K a  radiation 
A = 0.7107 ,~ 
Cell parameters from 25 

reflections 
0 = 13.1-15.0 ° 
# = 0.108 mm -~ 
T = 294.2 K 
Prismatic 
0.40 × 0.30 × 0.30 mm 
Colourless 

Compound (1) 

Crystal data 

Cil H12BF2NO 
Mr = 223.03 
Monoclinic 
e21/n  

a = 7.185 (1) A 
b = 11.3264 (8) ,~, o 
c = 13.443 (1) A 
/3 = 93.48 (1)° 
V = 1092.0 (2) A, 3 
Z = 4  
Dx = 1.357 Mg m -3 
D m =  1.33 Mg m -3 
D,n measured by flotation 

in KI 

Data collection 
AFC-5R diffractometer 
~v/20 scans 
Absorption correction: none 
2852 measured reflections 
2650 independent reflections 
1272 refections with 

I > 300(/) 
Rint = 0.009 

0max = 27.5 ° 
h = 0 ~ 9  
k = 0 ---~ 14 
1 = - 1 7  ~ 17 
3 standard reflections 

every 100 reflections 
intensity decay: - 1.05% 

Apmax = 0.19 e A, -3 
Apmin = -0 .29  e ,~-3 
Extinction correction: 

Zachariasen type 2 
Gaussian isotropic 

Extinction coefficient: 
0.0274 

Scattering factors from Inter- 
national Tables for X-ray 
Crystallography (Vol. IV) 

Refinement 

Refinement on F 
R = 0.057 
wR = 0.038 
S =  3.140 
1272 reflections 
146 parameters 
H atoms not refined 
Weighting scheme based 

on measured s.u.'s 
(z-Ai/00)max < 0 .001  

Compound (2) 
Crystal data 

C22H24B2F4N202 Mo K a  radiation 
Mr = 446.06 A = 0.7107 k, 
Monoclinic Cell parameters from 25 
P21/ c reflections 
a = 6.043 (2) k, 0 = 13.6-14.9 ° 
b = 11.192 (2)/~, ~ = 0.113 mm - t  
c = 15.715 (2) ,4, T = 294.2 K 
/3 = 99.76 (1)° Prismatic 
V = 1047.5 (3) .~3 0.40 x 0.20 × 0.20 mm 
Z = 2 Colourless 
Dx = 1.414 Mg m -3 
Dm = 1.415 Mg m -3 
Dm measured by flotation 

in KI 

Data collection 
AFC-5R diffractometer 
w/20 scans 
Absorption correction: none 
2775 measured reflections 
2544 independent reflections 
1573 reflections with 

I > 3o°(1) 
Rim = 0 . 0 1 5  

0max = 27-49 ° 
h = 0 ~ 7  
k = 0 ---~ 14 
I = - 2 0  ~ 20 
3 standard reflections 

every 150 reflections 
intensity decay: - 1.87% 

Refinement 

Refinement on F 
R = 0.052 
wR = 0.037 
S =  1.64 
1572 reflections 
182 parameters 
H atoms not refined 
Weighting scheme based 

on measured s.u.'s 
(m/00)max < 0 .001  

Apmax = 0.23 e ~ - 3  
z~lpmin = -0 .17  e ~ - 3  
Extinction correction: 

Zachariasen type 2 
Gaussian isotropic 

Extinction coefficient: 
0.0410 

Scattering factors from Inter- 
national Tables for X-ray 
Cr)'stallography (Vol. IV) 

Table  2. Selected geometric parameters (/i, o)for (2) 
O(1)--C(7) 1.406(3) C(1)---C(7) 1.520(3) 
O(1)--B(1) 1.426(3) C(7)---C(8) 1.551 (3) 
N(I)--C(9) 1.283 (3) C(7)------C(8') 1.593 (3) 
N( 1 )--B( 1 ) 1.598 (4) C(8)---C(9) 1.486 (3) 

O(I)---C(7)---C(8) 113.7 (2) C(7)--C(8')------C(7') 91.5 (2) 
O(I)--C(7)--C(8% 108.5 (2) C(7)--~(8)--C(9) 118.3 (2) 
C(8)--C(7)---C(8') 88.5 (2) C(7')--C(8)--C(9) 116.9 (2) 

Symmetry code: (i) 1 - x, -y ,  2 - z. 

Compound (3) 
Crystal data 

C22H24B2F4N202 
Mr = 446.06 
Monoclinic 
P21/a 

Mo Kce radiation 
A = 0.7107 ,~ 
Cell parameters from 25 

reflections 
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a = 14.685 (2) ,~, 
b = 8.679 (3) A, 
c = 17.769 (3) ,~ 
/3 = 111.75 (1) ° 
V = 2103.4 (7) ,~3 
Z = 4  
Dx = 1.408 Mg m -3 
Dm= 1.406 Mg m -3 
Dm measured by flotation 

in KI 

Data collection 

Rigaku AFC-5R diffractom- 
eter 

w/20 scans 
Absorption correction: none 
4149 measured reflections 
3986 independent reflections 
2187 reflections with 

I > 2or(/) 

Refinement 

Refinement on F 
R = 0.085 
wR = 0.052 
S = 1.341 
2187 reflections 
258 parameters 
H atoms not refined 
Weighting scheme based 

on measured s.u.'s 
(A/O')max < 0.001 

0 = 11.2-12.3 ° 
= 0.112 mm -~ 

T = 289.2 K 
Prism 
0.25 x 0.20 x 0.20 mm 
Colourless 

Rint = 0.035 
0max = 25 ° 
h = 0 ---~ 17 
k = 0 --, 10 
1 = - 2 1  ---, 19 
3 standard reflections 

every 150 reflections 
intensity decay: - 0 . 5 5 %  

Z~prnax = 0.37 e ,~-3 
Z~pmin = - 0 . 4 2  e ,~-3 
Extinction correction: 

Zachariasen type 2 
Gaussian isotropic 

Extinction coefficient: 
3.138 x 10 -6 

Scattering factors from Inter- 
national Tables for X-ray 
Crystallography (Vol. IV) 
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Tab le  3. Selected geometric parameters  (fL ° ) f o r  (3) 

O(I)--C(7) 1.412(61 C( I }---C(7) 1.503(6) 
O( 1 )--B( I ) 1.426 (7) C(7)---C(8) 1.550 (7) 
O(2)--C(18) 1.411 (6) C(7)---C(19) 1.579 (7) 
O(2)--B(2) 1.422 (9) C(8)---C(9) 1.482 (6) 
N(1)---C(9) 1.274 (7) C(8)---C(18) 1.581 (7) 
N(1)--B(1) 1.591 (7) C(I 2)---C(18) 1.518 (7) 
N(2)--C(20) 1.291 (7) C(18)---C(19) 1.548 (7) 
N(2)--B(2) 1.602 (8) C(19)--C(20) 1.489 (7) 

O(I)--C(7)--C(8) 110.9 (4) O(2)--C(18)--C(8) 108.7 (5) 
O( 1 )----C(7)~(19) 108.1 (5) O(2)---C( 18)--C(19) 111.6(5) 
C(8)---C(7)---C(19) 86.9 (4) C(8)--C( 18)---C(19) 86.9 (4) 
C(7)---C(8)--C(9) 119.1 (5) C(7)---C(19)--C(18) 91.1 (4) 
C(7)---C(8)---C(18) 91.0(4) C(7)---C(19)---C(20) 113.4(4) 
C(9)--C(8)---C(18) 117 .2 (5 )  C(18)~C(19)----C(20) 119.3(5) 

Date collection and cell refinement for all complexes: 
MSCIAFC Diffractometer Control Software (Molecular Struc- 
ture Corporation, 1988). Programs used to solve structure: 
SIR88 (Burla et al., 1989) for (1) and (2), SAPI91 (Fan, 
1991) for (3). Programs used to refine structure: DIRDIF92 
(Beurskens et al., 1992) for (1) and (3), DIRDIF94 (Beurskens 
et al., 1994) for (2) and TEXSAN (Molecular Structure Corpo- 
ration, 1992) for all complexes.  Molecular graphics: ORTEPII 
(Johnson, 1976). Software used to prepare material for publi- 
cation: TEXSAN. 

Supplementary data for this paper are available from the IUCr 
electronic archives (Reference: DE1049). Services for accessing these 
data are described at the back of the journal. 
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Abstract 
T h e  t i t le c o m p o u n d ,  CI4H24N4, is k n o w n  to act  as 
a m a c r o c y c l i c  l i g a n d  and  its c o n f o r m a t i o n  has  b e e n  
d e t e r m i n e d  to fac i l i ta te  fu tu re  c o m p a r i s o n s  wi th  its 
c o o r d i n a t e d  f o r m s .  T h e  a l ipha t ic  m a c r o c y c l i c  s t r and  is 
d i s o r d e r e d  w i th  r e spec t  to a m i r r o r  p l ane  p e r p e n d i c u l a r  
to the  p y r i d i n e  r ing  and  c o n t a i n s  an o r d e r e d  ter t ia ry  
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