
structure: SIR92 (Altomare et al., 1994). Program(s) used 
to refine structure: SHELXL97 (Sheldrick, 1997). Molecular 
graphics: CRYSTAN (Burzlaff & Rothammel, 1988). Software 
used to prepare material for publication: SHELXL97. 
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as a methanol solvate ( C 2 2 H 2 9 N O 4 " C H 3 O H )  in which 
the solvent molecule is hydrogen bonded to imide 
and carboxyl-O atoms. The triester derivative, tribenzyl 
cis,cis- 1,3,5-trimethylcyclohexane- 1,3,5-tricarboxylate 
(C33H3606) ,  presents the concave shape characteristic 
of many such derivatives. 

Comment 
Kemp's triacid is well known as a useful and versa- 
tile building block in systems designed for molecular 
recognition (Rebek, 1990) or for ion transport. The crys- 
tal structures of its pure and acetonitrile-solvate forms 
have been determined (Rebek et al., 1985; Chan et al., 
1991; Hirose et al., 1998). The imide derivative, N-(4-n- 
butylphenyl)-5-carboxy- 1,3,5-trimethylcyclohexane- 1,3- 
dicarboximide, (1), has been shown to be both an ef- 
ficient alkaline-earth metal-ion transport agent with a 
marked selectivity for calcium ions (Hirose et al., 1995), 
and a transition-metal-ion complexant selective for di- 
valent mercury ions (Hirose et al., 1996). Chromogenic 
reagents for mercury ions have been synthesized using 
an azobenzene moiety in place of the n-butyl group 
in the N-substituent (Wang et al., 1997). Bis(Kemp's 
acid imide) compounds, where the two moieties are 
bridged by the N-substituent, have also been synthesized 
and their complexing properties investigated (Tanase et 
al., 1994; Herold et al., 1995; Yun et al., 1995). The 
complexing properties of the ester derivative tribenzyl 
cis,cis- 1,3,5-trimethylcyclohexane- 1,3,5-tricarboxylate, 
(3), have not yet been investigated. 
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(3) 
Abstract 
Two derivatives of Kemp's triacid (cis ,c is- l ,3 ,5- tr i -  
methylcyclohexane-l,3,5-tricarboxylic acid) have been 
structurally characterized. The imide cis ,c i s -N-(4-n-  
butylphenyl)-5-carboxy- 1,3,5-trimethylcyclohexane- 1,3- 
dicarboximide crystallizes either pure (C22H29NO4) or 
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Imide and tribenzyl ester derivatives of 
Kemp's triacid 

808 C19H33N~-Br- 

.MeOH 

The bond distances and angles are as expected 
for the three structures reported here, i.e. (1), its 
methanol solvate (2), and (3). The chair cyclohexane 
skeleton is rigid and prevented from epimerization and 
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conformational change by the methyl groups which 
prefer the equatorial position. The bulky N-substituent 
assumes slightly different positions in (1) and (2), with 
dihedral angles between the benzene ring plane and the 
plane defined by the atoms of the imide bridge (C 1, C 12, 
02,  N1, O1, C l l  and C3) of 69.44(5) and 86.30(6) ° 
for (1) and (2), respectively. The plane defined by 
the carboxyl group (C5, C9, 03  and 04) makes a 
dihedral angle with the imide bridge of 27.38 (6) and 
24.25 (8) ° in (1) and (2), respectively, and is thus 
roughly parallel to it. Some O.--O distances in both 
compounds are indicative of the formation of hydrogen 
bonds. In (1), those bonds involve the carboxyl groups 
[shortest intermolecular contact 0 3 . - . 0 4 ( 2 -  x, - y ,  - z )  
of 2.642 (3),4,], whereas in (2), the methanol molecule 
possibly forms two hydrogen bonds with one of the 
carboxyl-O atoms [O5.--O4 2.616 (3) ,~] and one of 
the imide bridge O atoms from a neighboring molecule 
[05 . . -O2( -x ,  1 - y ,  - z )  2.740 (3)A]. The location of 
the corresponding H atoms from the final Fourier map 
confirms the existence of such bonds. 

In the tribenzyl ester derivative (3), the three benzyl 
groups are directed outside and the C~-O bonds roughly 
parallel to the sides of the cyclohexane ring. The three 
aromatic rings are slightly inclined with respect to the 
plane defined by the three atoms C1, C3 and C5, with 
dihedral angles of 33.73 (8), 17.91 (10) and 26.85 (9) °, 
respectively. The triaxial geometry is analogous to that 
observed in the trimethyl ester derivative (Rebek et al.,  
1985; Chan et  al. ,  1991). However, due to the benzyl 
substituents, the overall shape of the molecule is that 
of a bowl whose complexing abilities deserve further 
investigation. 

C22 ~ C20 

C21 ~ 1 ~ ~  C19 

C 16 ~,,,.,~ ..... 

k . ~ C 1 8  

03 C~4 

/ C6 I e/~ C5 

Fig. 1. The molecule of (1) with the atom-labelling scheme. H atoms 
have been omitted for clarity. Displacement ellipsoids are drawn at 
the 25% probability level. 

~ C . 2  C'22 

0 

C 1 5 ~  ~ C 1 7  " ,  ~ CI 8 °5 ~ 3  

C l a w  '~C13 / 

C10 

C2 )CC8 4 

Fig. 2. The molecule of (2) with the atom-labelling scheme. H atoms 
have been omitted for clarity. Hydrogen bonds are shown as dashed 
lines. Displacement ellipsoids are drawn at the 25% probability 
level. [Symmetry code: (A) -x, 1 -y ,  -z.] 

C12 

C 1 3 ~  CI 1 

~O2 

. . . .  C29 C26fC6~ ~ C7 

~ C 3 ~  C16 4 
c 3 ,  

Fig. 3. The molecule of (3) with the atom-labelling scheme. H atoms 
have been omitted for clarity. Displacement ellipsoids are drawn at 

the 25% probability level. 

Experimental 
Compound (1) was synthesized as described previously 
(Rebek, 1985) and further recrystallized from benzene. Re- 
crystallization from methanol gave compound (2). Kemp's an- 
hydride acid chloride was prepared by reacting Kemp's triacid 
and SOC12 under reflux, then reacted with a small excess 
(2.5 equivalents) of benzyl alcohol in the presence of NEt3 
(3 equivalents) in dry tetrahydrofuran (THF) under reflux to 
give Kemp's triacid dibenzyl ester. The diester was then fur- 
ther reacted with SOCI2 to give the acid chloride, which was 
reacted with benzyl alcohol again in the presence of NEt3 and 
a catalytic amount of 4-(dimethylamino)pyridine (DMAP) in 
dry THF under reflux to yield the Kemp's triester (3), which 
was recrystallized from toluene (70-80% yield). 
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Compound (1) 

Crystal data 

C22H29NO4 
M r - -  371.46 
Monoclinic  
PZl/n 
a = 13.2852 (4) .4, 
b = 11.4419 (3) ,~ 
c = 13.5434 (4) ,~, 
fl = 98.438 (2) ° 
V 2036 (2) ,~3 
Z = 4  
Dx = 1.212 Mg m -3 
Dm not measured  

Data collection 
Nonius Kappa-CCD diffrac- 

tometer  
~, rotation scans with 2 ° 

steps 
Absorption correction: none 
14 594 measured  reflections 
4059 independent  reflections 

Refinement 

Refinement  on F 2 
R[F 2 > 2o-(F2)] = 0.047 
wR(F 2) = 0.123 
S = 1.066 
4033 reflections 
248 parameters  
H-atom parameters  

constrained 

Compound (2) 
Crystal data 

C22H29NO4-CH40 
Mr = 403.50 
Monocl inic  
P21/n 
a = 9.1757 (4) ~k 
b = 13.1247 (6) .4, 
c = 18.6567 (9) .~ 
fl = 97.412 (3) ° 
V 2228 (3) ~3 
Z = 4  
Dx = 1.203 Mg m -3 
Dm not measured  

Data collection 
Nonius Kappa-CCD diffrac- 

tometer  
~p rotation scans with 2 ° 

steps 
Absorption correction: none 
15 184 measured  reflections 
4441 independent  reflections 

Mo Ka radiation 
A = 0.71073,4, 
Cell parameters  f rom 14594 

reflections 
0 = 3 - 2 6  ° 
# = 0.083 m m - 1  
T = 123 (2) K 
Platelet 
0.30 x 0.30 x 0.25 m m  
Colourless 

3191 reflections with 
I > 2or(/) 

Rint = 0.036 
0max = 26.36 ° 
h = 0 ---' 16 
k = 0 ~  14 
l = - 1 6  ~ 16 
Intensity decay: none 

w = 1/[tr2(Fo 2) + (0.0468P) 2 

+ 1.0733P] 
where  P = (F  2 + 2F~)/3 

(A/o')max < 0.001 
Z~pmax = 0.39 e ,~-3 
Apmin = - 0 . 2 0  e ,~-3 
Extinction correction: none 
Scattering factors f rom 

International Tables for 
Crystallography (Vol. C) 

Mo Ka radiation 
A = 0.71073 ,~, 
Cell parameters  f rom 15184 

reflections 
0 = 3 - 2 6  ° 
# = 0.084 ram-1 
T = 123 (2) K 
Platelet 
0.40 x 0.40 x 0.20 turn 
Colourless 

3181 reflections with 
I > 2or(/) 

Rint = 0.048 
0m~x = 26.39 ° 
h = 0 ---* 11 
k = 0 ---* 16 
l = - 2 3  ~ 23 
Intensity decay: none 

Refinement 

Refinement  on F 2 
R[F 2 > 2o'(F2)1 = 0.059 
wR(F 2) = 0.162 
S = 1.083 
4388 reflections 
267 parameters  
H-atom parameters  

constrained 

w = 1/[cr2(Fo 2) + (0.0498P) 2 
+ 1.9183P] 

where  P = (Fo 2 + 2F})/3 
(m/O')max < 0.001 
Apmax = 0.41 e ,~,- 3 
Apmtn = - 0 . 2 6  e ,~-3 
Extinction correction: none 
Scattering factors from 

International Tables for 
Crystallography (Vol. C) 

Compound (3) 

Crystal data 

C33H3606 
Mr = 528.62 
Monocl inic  
V21/c 

o 

a = 14.5445 (5)oA 
b = 9.6680 (2) A 
c = 19.8101 (7) 
fl = 90.186 (1) ° 
v 2785 (2)~3 
Z = 4  
Dx = 1.260 Mg m -3 

Dm not measured 

Mo Ka radiation 
A = 0.71073,4, 
Cell parameters  f rom 21241 

reflections 
0 = 3 - 2 6  ° 
# = 0.086 m m -  
T = 123 (2) K 
Platelet 
0.60 × 0.60 × 0.30 m m  
Colourless 

Data collection 
Nonius Kappa-CCD diffrac- 

tometer  
rotation scans with 2 ° 
steps 

Absorption correction: none 
21 241 measured reflections 
5104 independent  reflections 

4030 reflections with 
I > 2~r(/) 

Rint = 0.031 
0max = 26.38 ° 
h = - 1 7  ~ 17 
k = 0 ---, 10 
/ =  - 2 3  ~ 23 
Intensity decay: none 

Refinement 

Refinement  on F 2 
R[F 2 > 2cr(F2)] = 0.044 
wR(F 2) = 0.115 
S = 1.032 
5082 reflections 
353 parameters  
H-atom parameters  

constrained 
w = l/[tr2(Fo 2) + (0.0463P) 2 

+ 1.2102P] 
where  P = (F, 2, + 2F,?)/3 

(A/o')max < 0.001 
Apmax = 0.22 e ,~-3 
Apmin = - 0 . 1 9  e ,~-3 
Extinction correction: 

SHELXL97 
Extinction coefficient: 

0.0135 (17) 
Scattering factors f rom 

International Tables for 
Crystallography (Vol. C) 

For all compounds,  data collection: Kappa-CCD Software 
(Nonius, 1997); cell refinement:  HKL (Otwinowski  & Minor, 
1997); data reduction: HKL; program(s)  used to solve struc- 
tures: SHELXS86 (Sheldrick, 1990); program(s)  used to refine 
structures: SHELXL93 (Sheldrick, 1993); molecular  graphics: 
SHELXTL (Sheldrick, 1997); software used to prepare material 
for publication: SHELXTL. 

Supplementary data for this paper are available from the IUCr 
electronic archives (Reference: BK1450). Services for accessing these 
data are described at the back of the journal. 
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intermolecular hydrogen bonds involving the N2--H 
group of the thiourea moiety and the C3--H group of 
the pyridyl ring. 

Comment 
Although 1H NMR analysis has correctly predicted in- 
tramolecular hydrogen bonding involving the pyridyl 
N atom (Npy) and the N3--H group (Kascheres & 
Ueno, 1991), no structures have been reported for 1-(2- 
pyridyl)-3-arylthioureas, which are biologically signifi- 
cant molecules (Hall et al., 1996). We report here the 
crystal structure and lattice arrangement of 3-phenyl-1- 
(2-pyridyl)thiourea, (I), in order to compare its intra- 
molecular hydrogen bonding with that of benzoylthio- 
ureas (Dago et al., 1987, 1988; Zhang et al., 1996; Cao 
et al., 1996) and its intermolecular hydrogen bonding 
with that of 1,3-substituted thioureas (Ramnathan et al., 
1995a; Ramnathan, Sivakumar, Subramanian, Meerarani 
et al., 1996; Ramnathan, Sivakumar, Janarthanan et al., 
1996; Ramnathan, Sivakumar, Subramanian, Srinivasan 
et al., 1996). 

H / N ' ~  N 

(I) 
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Abstract 
The title compound, C12Hl~ N3S, contains an intramolec- 
ular N3--H..-Npy hydrogen bond, which stabilizes the 
coplanarity of the thiourea moiety and the pyridine (py) 
ring. The molecules form centrosymmetric hydrogen- 
bonded dimers, with the S atom forming bifurcated 

t Contribution No. 1685 of the Instituto de Qufmica, UNAM, M6xico. 

The unit cell of (I) with the atomic numbering 
scheme and the intra- and intermolecular hydrogen 
bonding is shown in Fig. 1. Selected bond distances and 
angles are given in Table 1. The S1--C7 bond 
distance [1.682 (3) ,~] is essentially identical to that 
of 1,3-diphenylthiourea [1.681 (5)A; Ramnathan et al., 
1995b], but longer than that of 1-benzoyl-3-p-nitro- 
phenylthiourea [1.658 (2) ~,; Zhang et al., 1996] and 
1-benzoyl-3-p-methoxyphenylthiourea [ 1.659 (3) A; Cao 
et al., 1996]. In contrast, the N2---C7 bond distance 
[1.371 (4)A] is considerably longer than found for 
1,3-diphenylthiourea [1.349(4)A; Ramnathan et al., 
1995b], but shorter than that of both 1-benzoyl-3-p- 
nitrophenylthiourea [1.393(3),~; Zhang et al., 1996] 
and 1-benzoyl-3-p-methoxyphenylthiourea [ 1.392 (4) A; 
Cao et al., 1996]. The N3---C7 bonds in (I), in the 
three thioureas mentioned above and in nine other sub- 
stituted thioureas whose structures have been solved 
(Dago et al. 1987, 1988, 1989; Koch et al., 1995; Ram- 
nathan et al., 1995a; Ramnathan, Sivakumar, Subrama- 
nian, Meerarani et al., 1996; Ramnathan, Sivakumar, 
Janarthanan et al., 1996; Ramnathan, Sivakumar, Subra- 
manian, Srinivasan et al., 1996), all have bond distances 
of about 1.335 (7) ~,. 
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