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S = 1.37 
2303 reflections 
172 parameters 
H atoms: see below 
Weighting scheme: see 

below 

Table 1. Selected 

Extinction correction: none 
Scattering factors from Inter- 

national Tables for X-ray 
Crystallography (Vol. IV) 

o 

geometric parameters (A, o) 
CI I--C2 1.711 (2) N3----C2 1.296(2) 
C12--C5 1.748 (2) N3--<29 1.391 (2) 
C13--CI4 1.746 (2) C8--C9 1.400 (3) 
N 1--C2 1.361 (3) C 10---C11 1.518(3) 
N 1-428 1.383 (2) C14---C15 1.367 (3) 
N I----~ 10 1.464(2) 

C2--NI----C8 104.9 (1) C4---C5--C6 123.5 (2) 
C2--N 1--4210 129.0(1) N I---C8--C9 105.4(1) 
C8--N 1-----<210 126.1 (I) N 3-----~9--C8 110.6(I) 
C2--N3---C9 103.0 (2) N 1--4210----C 11 113.0 (2) 
Cll--C2--N 1 121.0(1) CI3---C14---C 13 119.2(2) 
N I---C2--N3 116.2(2) CI3---C 14---C15 119.1 (2) 
C12---C5--~4 117.9 (2) 
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Table 2. Hydrogen-bonding geometry (,4, o) 

D--H. • .A H. • .A D. . .A D--H. . .A 
C10---HI01. • .CII 2.79 3.184 (3) 106 
C13--H13. • .CI2 i 2.92 3.639 (3) 133 
C I 0--H 10 I. • - E l 3  ii 2.86 3.668 (2) 143 

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

The weighting scheme used was as follows: w = 1.0 if 
F > threshold; w = [threshold/F] 2 if F > threshold; w = 0 if 
F 2 < cutoff × crF2; where threshold = 33-2.77 and cutoff = 3.0. 
All non-H atoms were refined with anisotropic displacement 
parameters. H atoms were placed geometrically 0.95 ,~, from 
the corresponding C atoms. For all H atoms a riding model 
was used with Uiso(H) = 1.3Ueq(C). 

Data collection: CAD-4 EXPRESS (Enraf-Nonius, 1993). 
Data reduction: MolEN (Fair, 1990). Program(s) used to solve 
structure: SIR in MolEN. Program(s) used to refine structure: 
LSFM in MoIEN. Molecular graphics: ORTEP in MoIEN. 
Software used to prepare material for publication: MolEN and 
PARST95 (Nardelli, 1995). 

The authors wish to acknowledge the purchase of the 
CAD-4 diffractometer under Grant DPT/TBAG1 of the 
Scientific and Technical Research Council of  Turkey. 
Support under Grant TBAG-1226 is also gratefully 
acknowledged. 

Supplementary data for this paper are available from the IUCr 
electronic archives (Reference: NA1364). Services for accessing these 
data are described at the back of the journal. 

4-Chloro-2-[2-(dimethylamino)ethylamino- 
methyl]phenol and 2-[2-(dimethylamino)- 
ethylaminomethyl]-6-methoxyphenol 

LIAN EE KHO0,  a HONG JUAN H u  a AND ALAN HAZELL b 

a School o f  Science, Nanyang Technological University, 
469 Bukit Timah Road, Singapore 259756, Singapore, and 
bDepartment o f  Chemistry, Aarhus University, Langelands- 
gade 140, DK-8000,4rhus  C, Denmark. E-mail: ach@kemi. 
aa u. dk 

(Received 27July 1998; accepted 21 September 1998) 

Abstract 

The structures of the title compounds, C1~HI7C1N20, 
( la) ,  and CI2H20N202, (lb), show that unlike the related 
4-nitro compound, the phenolic H atoms do not migrate 
to the amino groups. In both compounds, there are 
intermolecular hydrogen bonds between the phenolic O 
atoms and the amino group of neighbouring molecules 
[N . . .O  2.656 (3) for ( la)  and 2.696 (2 )A for (lb)] and 
weak bifurcated hydrogen bonds involving the imino 
H atoms [N1. . .O1 3.005 (2) and N 1 . . . N 2  2 . 9 1 0 ( 3 ) A  
for ( la) ,  and 3.111 (2) and 2.894(3),~, for (lb)]. The 
differences in structure are attributed to the acidities of  
the phenolic groups. 
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Comment  

Brzezinski et al. (1990) reported IR continuum studies 
which showed that the phenolic proton of disubstituted 
ortho Mannich bases of  the formula HOC6H3(CH2NR2)2 
exhibit an intra/intermolecular proton transfer equilib- 
rium, O - - H - . . N  ~ O - - . H - - N ,  between the phenolic 
O atom and the amino N atom. It was further reported 
that the differences between the intra- and intermolec- 
ular hydrogen-bonded systems of 2-HOC6H3XCH2NR2 
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are dependent on the pKa values of  these bases (Rospenk 
& Sobczyk,  1989), A recent crystal structure deter- 
mination of  2-HOC6H3XCH2NHR' ,  [( lc) ;  X = 4-NO2, 
R' = C H : C H 2 N M e : ]  confirmed that the phenolic pro- 
ton was shifted to the amino N atom and that it takes 
part in both intra- and intermolecular O . . . H - - - N  hydro- 
gen bonds (Hazell  et al., 1997). This shift of  a proton 
is due to the nitro substituent increasing the acidity of  
the phenolic group, cf. the related 4 -NO:C6H4OH for 
which pKa = 7.16 as compared to 9.99 for phenol itself 
(Serjeant & Dempsey,  1979). 

We report here the crystal structures of  the title 
compounds,  ( l a )  (X = 4-CI, R' = CH:CH2NMe2)  and 
( lb)  (X = 6-CH30,  R' = CHeCHeNMe2),  which have 

OH ~H 3 

N ~ N ~ c H  

C1 (la) 

CH30 ~ "/~ I ~ I O H  N/~/iHH3cH3 

(lb) 

more weakly acidic phenolic groups (cf. pK, = 9.41 
for 4-C1C6H4OH and 9.98 for 2-CH3OC6H4OH).  The 
structures (Figs. 1 and 2) show that the phenolic H 
atom is not shifted to the amino N atom of the mol- 
ecule as was the case for ( lc) .  In both structures there 
are intermolecular hydrogen bonds linking the mol- 

l ecules in chains, O - - - H . . . N ' ( x ,  - y ,  ~ + z) = 2.656 (3),~, 
in ( l a )  and O---H- , I 1 • -N ( ~ - x ,  ~ +y ,  z) - 2 . 6 9 6 ( 2 ) A  
in ( lb) .  These bonds are both longer than that of  
2.644 ( 3 ) A  in ( lc) ,  the O . . - N  distance varying inversely 
with the acidity of  the phenolic O atom. Whereas  
( lc )  exhibited a strong intramolecular  hydrogen bond 

~ O1 ii 

HO1 ii 

c 7 ~  c8 

C4 

CI N11 
123 

Cll 

Fig. 1. View of (la) showing the labelling of the non-H atoms. 
Displacement ellipsoids are shown at 50% probability levels. H 
atoms of the phenolic and amino groups are drawn as small circles 

I of an arbitrary radius. Symmetry codes: (i) x, -y,  2 + z; (ii) x, -y,  
1 z - 5 -  

~ 01 ij 

C7 / HOlii 

C4 ~ CI1 

° 2  

Fig. 2. View of (lb) showing the labelling of the non-H atoms. 
Displacement ellipsoids are shown at 50% probability levels. H 
atoms of the phenolic and amino groups are drawn as small circles 

1 1 I of an arbitrary radius. Symmetry codes: (i) ~ - x, g + y, z; (ii) g 
--x,S-- 2,,~. 

[ O 1 - . . N 2  --- 2.662 (4),4,], here there are weak  bifur- 
cated hydrogen bonds involving the imino H atom HN 1 
[N1 . . .O1  3.005 (2) and N 1 - . . N 2  2.910 (3),4, fOro(la),  
and N 1 . . - O 1  3 .111(2 )and  N 1 . . . N 2  2 . 8 9 4 ( 3 ) A  for 
( lb)] .  The change in N . . - O  distances is reflected in the 
C 1 - - - C 6 - - C 7 - - N 1  torsion angles, 67.5 (3), 71.2 (2) and 
48.9 (4) ° in ( l a ) ,  ( lb )  and ( lc) ,  respectively. Bond dis- 
tances and angles have the expected values, the phenolic 
C - - O  distances are 1.352 ( 3 ) A  in ( l a )  and 1.348 ( 2 ) A  
in ( lb) ,  i.e. they lack the double-bond character which 
was observed in ( lc )  [ C - - O  = 1.295 (3),~,]. 

Experimental  

The title compounds, (1 a) and (1 b), were prepared by reducing 
the corresponding Schiff base analogue with NaBH4 in boiling 
ethanol (Shukla et al., 1994). Yellow crystals of (la), m.p. 
335-338 K, and off-white crystals of (lb), m.p. 337-339 K, 
were isolated in 61 and 13% yields, respectively. Both (la) and 
(lb) were found to have satisfactory elemental CHN analysis 
after recrystallization in petroleum ether 60-80°C. 

Compound (la) 
Crystal data 

CIIHITC1N20 Mo Ka radiation 
Mr = 228.73 A = 0.71073 ,~ 
Orthorhombic Cell parameters from 5045 
Pbcn reflections 
a = 21.935 (1) ,~, 0 = 2.9-26.8 ° 
b - 11.4354 (7)o~, # - 0.283 mm-1 
c = 9.9743 (6) A T = 295 K 
V = 2501.9 (2) ,~3 Block 
Z =  8 0.52 x 0.21 x 0.12 mm 
Dx = 1.214 Mg m -3 White 
Om not measured 
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Data collection 

Siemens S M A R T  CCD 
diffractometer  

w rotation scans with narrow 
frames 

Absorption correction: 
multi-scan (SADABS; 
Sheldrick, 1996) 
Zmin -- 0.822, Tmax = 0.951 

14 436 measured reflections 

Refinement 

Refinement  on F 
R = 0.041 
wR = 0.046 
S -- 1.295 
1499 reflections 
144 parameters  
H-atom parameters  

constrained 

2569 independent  reflections 
1499 reflections with 

1 > 2o( / )  
Rim = 0.046 
0ma,, = 26.8 ° 
h = - 2 4  ~ 27 
k = - 1 3  ----+ 13 
l = - 1 1  ~ 11 
Intensity decay: none 

w = 1 / { [ o . . ( F  z) 

+ 1.03F21 '/2 _ IFI} 2 

(A/o')max = 0.003 
A p m a x  = 0.23 (4) e ,~-3 
Apm~n = - 0 . 2 3  (4) e ,~-3 
Extinction correction: none 
Scattering factors f rom Inter- 

national Tables for X-ray 
Crystallography (Vol. IV) 

o 

T a b l e  1. Selected geometric parameters (A, ° ) f o r  ( l a) 

ci--c4 1.751 (2) C7--N 1 1.472 (3) 
O1--CI 1.352 (3) N 1--C8 1.469 (3) 
C6----C7 1.505 (3) 

OI--C1 ~C2 123.4(2) C 1---C6--427 119.1 (2) 
O 1--C I---C6 116.8(2) C6--C7--N I 114.2(2) 
CI----C4---C3 120.0 (2) C7--NI---C8 113.1 (2) 
C1---C4---C5 119.3 (2) N I---C8--C9 110.1 (2) 

Tab l e  2. Hydrogen-bonding geometry (,4, ° ) f o r  ( l a) 

D--H. • .A D--H 
OI--HOI.. .NI'  0.90(3) 
N1--HNI...O1 0.81 (2) 
NI--HN1...N2 0.81 (2) 

Symmetry code: (i) x, - y ,  ½ + z. 

C o m p o u n d  ( lb)  

Crystal data 

CI2H20N202 
Mr = 224.310 
Orthorhombic  
Pbca 
a = 15.9034 (8) ,~, 
b = 10.5054 (5) 
c = 16.1559 (8) ,~, 
V = 2699.2 (2) ,~3 
Z = 8  
Dx = 1.104 Mg m -3 
Dm not measured 

H .  • .A D -  • .A D - - H .  • -A 
1.77 (3) 2.656 (3) 167 (3) 
2.46 (2) 3.005 (2) 125 (2) 
2.47(2) 2.910(2) 115(1) 

Mo Kc~ radiation 
A = 0.71073 ,~, 
Cell parameters  from 7440 

reflections 
0 = 2 .5 -25 .0  ° 
# = 0.075 m m -  
T = 298 K 
Block 
0.48 × 0.40 x 0.34 mm 
Yellow 

Data collection 

Siemens SMART CCD 
diff ractometer  

w rotation scans with narrow 
frames 

Absorption correction: 
multi-scan (SADABS; 
Sheldrick, 1996) 
T r a i n  -"  0.872, Tmax = 0.985 

19 817 measured  reflections 

3558 independent  reflections 
1795 reflections with 

I > 3a( / )  
Rint = 0.027 
0max = 25.7 ° 
h = - 2 1  ~ 21 
k = - 14 ~ 10 
l = - 1 6  --~ 21 

Refinement 

Refinement  on F 
R = 0.048 
wR = 0.056 
S -- 1.569 
1872 reflections 
154 parameters  
H-atom parameters  

constrained 
,w = l / { [ ac , (F  2) 

+ 1.05F21 '/2 _ IFI} 2 

(A/O')max = 0.0013 

Apmax = 0.17 (3) e ,~-3 
Apmin = - 0 . 1 5  (3) e ,~-3 
Extinction correction: 

B-C type 1 Lorentzian 
isotropic (Becker  & 
Coppens,  1974) 

Extinction coefficient: 
0.26 (7) × 103 

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

T a b l e  3. Selected geometric parameters (,4, o) for (lb) 
Ol- -C l  1.348 (2) N I---C8 1.460 (2) 
O2---C2 1.369 (2) N 1----C7 1.463 (3) 
O2~C12 1.379 (3) C6--C7 1.505 (3) 

C2---02--CI2 120.9 (2) 02---C2--C3 125.2 (2) 
C7--N 1--C8 114.4 (2) O2--C2--421 114.4 (2) 
O 1 - - C 1 ~ 6  118.3(2) C 1--C6--C7 119.2(2) 
0 I---C I--C2 122.2(2) N1--C7--C6 l l5.0(l)  

T a b l e  4. Hydrogen-bonding geometry (,4, o) f o r  (1 b) 

D--H. • .A D--H H. • .A D. • .A D--H. . .A 
OI--HOI- - -NP 0.92 (3) 1.81 (3) 2.696 (2) 164 (2) 
NI--HNI-.-Ol 0.81 (2) 2.61 (2) 3.111 (2) 121 (1) 
NI--HN1..-N2 0.81 (2) 2.51 (2) 2.894(3) Ill (l) 

Symmetry code: (i) ½ - x, ½ + y, z. 

Absorption corrections were  made  using a multi-scan tech- 
nique (SADABS; Sheldrick, 1996), which in the case of  ( lb )  
gave a ratio of  Tmax/Tmm of  1.130 whereas  the expected value 
is 1.011. This difference arises because the method corrects for 
errors other than absorption. H atoms were  kept at calculated 
positions ( C - - H  = 0.95 A) with Uiso = 1.2Ueq of  the atom 
to which they were  attached, except  for the H atoms of  the 
phenolic and imino groups which were refined isotropically. 

For both compounds ,  data collection: SMART (Siemens,  
1995); cell refinement:  SAINT (Siemens,  1995); data reduction: 
SAINT; program(s)  used to solve structures: SIR92 (Altomare 
et al., 1994) and KRYSTAL (Hazell, 1995); program(s)  used to 
refine structures: modified ORFLS (Busing et al., 1962) and 
KRYSTAL; molecular  graphics: ORTEPIII (Burnett  & Johnson,  
1996) and KRYSTAL; software used to prepare material for 
publication: KRYSTAL. 

F i n a n c i a l  s u p p o r t  f r o m  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  [ g r a n t  no.  R P 1 8 / 9 6 ( K L E ) ]  is g r a t e f u l l y  a c k n o w l -  

e d g e d .  A H  is i n d e b t e d  to  the  C a r l s b e r g  F o u n d a t i o n  f o r  

t he  d i f f r a c t o m e t e r .  

Supplementary data for this paper are available from the IUCr 
electronic archives (Reference: SK1230). Services for accessing these 
data are described at the back of the journal. 
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Abstract 
The title molecule, C21H24N203,  an  N203-type crown 
compound, is a crystallographically centrosymmetric 
multidentate Schiff base ligand containing two imine 
N and three ether O atoms. It has a short C- -N 
imine bond length [1.254 (4),4,] and a narrow C - - N - -  
C angle [117.9 (3) °] compared with salicylaldimine and 
naphthaldimine Schiff bases. 

Comment 
Macrocyclic Schiff base ligands, such as the 16- 
membered ring composed of the - O x N y -  donor type 
(where x = 2, 3 and y = 2, 3), have been investigated pre- 
viously as potential metal-ion-selective reagents (Good- 
win et al., 1982; Lindoy et al., 1993). A large number 
of these investigations has involved the synthetic, ther- 
modynamic and/or structural properties of complex for- 
mation of a range of transition metal ions (Adam et 

al., 1979, 1983; Fenton et al., 1987). Some Schiff base 
complexes have also been used in catalytic reduction re- 
actions (Tafesh & Weiguny, 1996). In 1983, Adam and 
co-workers synthesized compound (3), without isolat- 
ing compound (2), from the reaction of (1) with 1,3- 
diaminopropane (see Scheme below). We have isolated 
compounds (2) and (3) separately. The structure deter- 
mination of the title compound, (2), was undertaken in 
order to determine the effects of the macrocyclic ring 
on the C- -N imine bond system and to compare the re- 
suits obtained with those of acyclic salicylaldimine and 
naphthaldimine Schiff bases. 

c O CHO 

0 

C O  CHO 

(1) 

H2N------, 

fq 

(2) 

(3) 

Since it has two N- and three O-donor atoms in 
the macrocyclic ring, compound (2) may be a potential 
metal-ion-selective reagent for transition, alkaline and 
alkaline earth metal ions. The molecule of (2) (Fig. 1) 
is crystallographically centrosymmetric and a half mol- 
ecule occupies the asymmetric unit. The intramolecu- 
lar distances C1 . . .02  6.690 (3), N1 . . . 02  5.645 (2) and 
C3 . . .02  4.600 (3),~ reflect the size of the hole of the 
macrocyclic ring. The C1 . . . 02  distance is larger than 
the N. . .N  distance in the potassium complex of substi- 
tuted diaza-18-crown-6 (6.253 A; Gandour et al., 1986). 
The NI==C3 imine bond is in the same plane as the 
benzene ring. The torsion angles O1---C10---Cll---O2, 
C10---Cl l - -O2---Cl l ' ,  N1--C2---C1--C2'  and C3- -  
N1---C2--C1 are -58.1 (7), - 126.0 (4), -73.9 (2) and 
127.3 (3) °, respectively [symmetry code: (') 1 - x ,  y, 
! _ z]. All of these correspond to a gauche conformation 2 
(Hilgenfeld & Saenger, 1982). T h e  Csp3-----fsp 3 mean 
bond length is given in the literature as 1.524 (14) ~, 
(Allen et al., 1987) and in (2) o, the corresponding values 
are 1.387(7) and 1.512(4)A. The C ~ N  imine bond 
distance and the C - - N - - C  angle are 1.254 (4),4, and 
117.9 (3) °, respectively, which are small compared with 
values of 1.270 (3)A and 123.6 (2) ° found in 1,8-di(N- 
2-oxyphenylsalicylidene)-3,6-dioxaoctane (Yllchz et al., 
1998), 1.313 (8)A and 122.5 (6) ° found in 2-hydroxy-N- 
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