
1 8 4 4  C9H14P+. I  - A N D  C l l H 1 9 N P + . I  - 

C3 -0.0515 (4) 0.6706 (3) 0.22626 (9) 0.0172 (5) 
C4 -0.2326 (4) 0.7744 (3) 0.23723 (9) 0.0154 (5) 
C5 -0.3234 (4) 0.8731 (3) 0.19891 (9) 0.0171 (5) 
C6 -0.2405 (4) 0.8648 (3) 0.15238 (9) 0.0171 (5) 
C7 0.1977 (4) 0.9331 (3) 0.06816 (10)  0.0189 (5) 
C8 0.2104 (4) 0.5727 (3) 0.07349 (10)  0.0195 (5) 
C9 -0.1867 (4) 0.7432 (3) 0.03677 (9) 0.0183 (5) 
C10 -0.2044 (4) 0.6942 (3) 0.32375 (9) 0.0225 (5) 
C11 -0.5154 (4) 0.8768 (3) 0.29290 (10) 0.0226 (6) 

T a b l e  5.  Selected geometric parameters (A, o) for (II) 
P1--c1 1.784 (2) c 1 - - c 6  1.400 (3) 
P1--c8  1.785 (2) c : - - c 2  1.401 (3) 
P1--C9 1.788 (2) C2--C3 1.388 (3) 
P1--C7 1.793 (2) C3--C4 1.413 (3) 
N1---C4 1.373 (3) C4--C5 1.415 (3) 
N1---Cll 1.456 (3) C5--C6 1.379 (3) 
NI-==CI0 1.457 (3) 

c : - P : - - c 8  u o . :  (1) c 6 - c l - P 1  120.5 (2) 
C1--P1--C9 110.1 (1) C2--C1--P1 121.8 (2) 
C8--P1--C9 109.6 (1) C3--C2--C 1 121.6 (2) 
CI- -P1--C7 110.7 (I) C2--C3~C4 120.6 (2) 
C8--P1--C7 108.6 (1) N1---C4~C3 121.3 (2) 
C9---P1--C7 107.8 (1) N1--C4--C5 121.1 (2) 
C4~N1---C11 120.4 (2) C 3 ~ C 4 1 C 5  117.6 (2) 
C4- -NI~C10  120.3 (2) C6---C5~C4 120.9 (2) 
Cll--N1---C10 119.3 (2) C5--C6~C1 121.6 (2) 
C6~C1---C2 117.7 (2) 
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Table 6. H. . - I  distances (A.) in (II) 

I1. • .H7A 3.163 (3) 11. • .H8B ~ 3.163 (3) 
I1. • .H8A 3.235 (3) I1- • .H9C ~ 3.178 (2) 

• I1. • .H6 i 3.105 (2) I1. • .HIIA iii 3.164 (3) 
I1. • .H7 C i 3.107 (3) 

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

For both (I) and (II), all H atoms were located by a difference 
• synthesis but positioned geometrically and refined with free 

isotropic displacement parameters using a riding model. The 
two independent molecules of (I) differ significantly in the 
torsion angle of their trirnethylphosphonium group [C8-- 
P1--C1---C2 10.9(5) and C18---P2-----Cll---C12 23.7(5) °, 
respectively; see Fig. 1]. The Flack (1983) absolute-structure 
parameter converged to X = 0.18(3) and, therefore, the 
absolute structure cannot be determined successfully. Origin 
constraints were generated automatically by the program of 
Flack & Schwarzenbach (1988). 

For both compounds, data collection: DIF4 (Stoe & 
Cie, 1988a); cell refinement: DIF4; data reduction: REDU4 
(Stoe & Cie, 1988b); program(s) used to solve structures: 
SHELXS86 (Sheldrick, 1985); program(s) used to refine 
structures: SHELXL93 (Sheldrick, 1993); molecular graphics: 
SHELXTL/PC XP (Sheldrick, 1990); software used to prepare 
material for publication: SHELXL93 CIFTAB. 
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Abstract 
The cyclohexane ring of the title molecule, C 9 H 1 6 N 4 0 2 . -  

2H20, adopts a slightly distorted chair conformation. 
The NHCONH2 group has a conformation in which the 
C==O bond is trans with respect to the N - - N  bond. 
The molecules in the crystal are linked by hydrogen 
bonding involving the NHCONH2 group, the acetamido 
group and the water molecules. 

Lists of structure factors, anisotropic displacement parameters, H- 
atom coordinates, complete geometry and torsion angles have been 
deposited with the IUCr (Reference: JZ1022). Copies may be obtained 
through The Managing Editor, International Union of Crystallography, 
5 Abbey Square, Chester CH1 2HU, England. 

Comment 
This investigation is part of systematic studies of 4-R- 
substituted cyclohexanone semicarbazone derivatives. 
The X-ray structures of derivatives with R = H and 
R = tert-butyl (Di Maio, Li, Portalone, Zhou, Marciante 
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& Spagna, 1993), and R = methyl and R = cyclohexyl 
(Zhou, Di Maio, Li, Portalone & Migneco, 1993) have 
been reported. The effects of substitution on the struc- 
tures of these derivatives were discussed in a previous 
paper. We now report the X-ray crystallographic results 
for 4-acetamidocyclohexanone semicarbazone dihydrate 
(ACSC). 

O 
H WNH, ,H  

ACSC 

.2H20 

A perspective view of the molecule with the atomic 
numbering scheme is shown in Fig. 1. The six- 
membered cyclohexanone ring is puckered; it has a 
slightly distorted chair form flattened at the C ~ N  apex 
attached to the semicarbazone group. The C(2)---C(1)m 
C(6) bond angle increases to 114.8 (6) °, while the other 
internal angles remain close to the corresponding val- 
ues found in cyclohexane (111.4°; Bastiansen, Fern- 
holt, Seip, Kambara & Kuchitsu, 1973). The bond 
lengths are similar to the values retrieved from the 
Cambridge Structural Database (Allen, Kennard, Wat- 
son, Brammer, Orpen & Taylor, 1987) for Csp2---Csp3 
[1.507 (15)/~] and Csp3--Csp3 [1.535 (16)/k] distances in 
cyclohexane derivatives. The angle between the planes 
defined by C(2), C(6) and N(1), and C(2), C(3), C(5) and 
C(6), A1, and that between the planes defined by C(3), 
C(4) and C(5), and C(2), C(3), C(5) and C(6), A2, have 
been calculated and were used to compare the puck- 
ering of the derivatives. The parameter A1 of the title 
compound, 129.0 (3) °, is nearly equal to A2, 129.1 (5) °, 
while in the other four derivatives AI is much greater 
than A2. The possible reason is that there are two kinds 
of hydrogen bonding present in the ACSC crystal, as de- 
scribed below. In the other four derivatives, the hydro- 
gen bonding only involves the NHCONH2 group of the 
molecule. The semicarbazone group has a conformation 
in which the C==O bond is trans with respect to the 
N - - N  bond. The bond lengths and angles in the acet- 
amido group show no essential differences from those 
of acetamide (Kitano & Kuchitsu, 1973). 

O 3 ~  --02 C 3 ~ ~  

o-~O40~C9 ~ ~a" C 5 ~  N 2 ~  
1~ oi 

Fig. 1. A perspective drawing of the molecular structure with the 
atomic numbering scheme. Displacement ellipsoids are plotted at 
the 50% probability level. 

The packing of the molecules in the unit cell is 
shown in Fig. 2. The molecules are linked by two 
kinds of hydrogen bonding. For the NHCONH2 group, 

the N . . .O  distances are 3.103 (7)/~ for O(1).- .H--N(2) 
and 2.865 (7)/~ for O(1) . . .HmN(3).  At the acetamido 
group, hydrogen bonds are formed with water mol- 
ecules. The water atom 0(3) is hydrogen bonded to 
the 0(2) atom of the acetamido group, with an O . . .O  
distance of 2.756 (7) A. Water atom 0(4) acts as a bridge 
linking three water 0(3) atoms, with an 0(4). . .H---O(3) 
O . . .O  distance of 2.734 (8)/~ and two 0 (3 ) . . .H- -O(4)  
O . . O  distances of 2.858 (8) and 2.806 (7)/~,. 

-A- 

o ,<:toot' 
1 

I, 

'( / 
N 

q 

0 

Fig. 2. A molecular packing diagram of the title compound. 

Experimental 

The title compound was crystallized from a l:l mixture of 
ethanol and CHCI3 by slow evaporation at room temperature. 

Crystal data 

C9H16N402.2H20 Mo Ko~ radiation 
Mr = 248.28 A - 0.71069/~, 
Monoclinic Cell parameters from 20 
P21/ a reflections 
a = 8.871 (2)/~ 0 = 5.5-8.5 ° 
b = 7.397 (2)/~, # = 0.091 mm -I 
c = 20.393 (4) A T = 293 K 
/3 = 93.83 (2) ° Plate 
V = 1335.2 (6)/~3 0.4 × 0.2 × 0.1 mm 
Z = 4 Colorless 
Dx = 1.23 Mg m -3 

Data collection 
Rigaku AFC-5R diffractom- R~nt = 0.038 

eter 0m~x = 25 ° 
w/20 scans h = 0 --~ 10 
Absorption correction: k = 0 --~ 8 

none l = -24 ~ 24 



1846 C 9 H 1 6 N 4 0 2 . 2 H 2 0  

2732 measured reflections 
2356 independent reflections 
911 observed reflections 

[I > 30-(/)] 

3 standard reflections 
monitored every 250 

reflections 
intensity decay: <7.5% 

Refinement 

Refinement on F 
R = 0.064 
wR = 0.066 
S = 1.790 
911 reflections 
154 parameters  
H-a tom parameters  not 

refined 

w = 1][0.2(Fo) + 0.0001(Fo) 2 
+1] (Killean & 
Lawrence, 1969) 

(A/0.)max = 0.29 
Apmax = 0.15 e ~-3 
Apmin = - 0 . 1 9  e ~k -3 
Atomic scattering factors 

f rom International Tables 
for  X-ray Crystallography 
(1974, Vol. IV) 

Table 1. Fractional atomic coordinates and equivalent 
isotropic displacement parameters (A?) 

Beq = (4/3)Ei~j~ijai.aj. 

x y z Beq 
O ( 1 )  -0.2627 (6) 0.1020 (7) 0.4918 (3) 4.2 (1) 
0(2) 0.1969 (5) 0.8969 (8) 0.8399 (3) 4.7 (1) 
0(3) 0.3361 (6) 1.1269 (8) 0.9315 (3) 5.4 (1) 
0(4) 0.1504 (6) 1.4142 (9) 0.9514 (3) 6.1 (2) 
N(1) -0.0036 (6) 0.2215 (8) 0.6213 (3) 3.4 (1) 
N(2) -0.1053 (7) 0.2437 (8) 0.5668 (3) 3.6 (1) 
N ( 3 )  --0.1113 (7) --0.0673 (8) 0.5607 (3) 3.9 (1) 
N(4) 0.0014 (6) 0.7131 (8) 0.8131 (3) 3.5 (1) 
C(I) 0.0484 (8) 0.359 (1) 0.6519 (4) 3.4 (1) 
C(2) 0.1550 (9) 0.327 (1) 0.7120 (4) 4.3 (2) 
C(3) 0.0922 (9) 0.424 (1) 0.7711 (4) 4.3 (2) 
C(4) 0.0638 (7) 0.622 (1) 0.7580 (3) 3.2 (2) 
C(5) -0.0431 (8) 0.646 (1) 0.6974 (4) 3.7 (2) 
C(6) 0.015 (1) 0.556 (1) 0.6368 (4) 4.2 (2) 
C(7) -0.1656 (8) 0.090 (1) 0.5367 (3) 3.3 (2) 
C(8) 0.0708 (8) 0.839 (1) 0.8508 (4) 3.5 (2) 
C ( 9 )  -0.0147 (9) 0.908 (1) 0.9065 (4) 5.5 (2) 

Table 2. Selected geometric parameters (A, °) 
O(1)----C(7) 1.218 (8) C(1)---C(2) 1.516 (9) 
O(2)----C(8) 1.231 (8) C(1)----C(6) 1.513 (9) 
N(1)---N(2) 1.391 (7) C(2)---C(3) 1.54 (1) 
N(1)----C(1) 1.264 (8) C(3)---C(4) 1.51 (1) 
N(2)--C(7) 1.383 (8) C(4)---C(5) 1.517 (9) 
N(3)---C(7) 1.339 (8) C(5)---C(6) 1.53 (1) 
N(4)----C(4) 1.454 (8) C(8)----C(9) 1.51 (1) 
N(4)---C(8) 1.332 (9) 

N(2)---N(1 )----C(I) 119.7 (5) C(3)---C(4)----C(5) 110.5 (5) 
N(1)---N(2)---C(7) 117.9 (5) C(4)---C(5)---C(6) 112.6 (6) 
C(4)---N(4)---C(8) 126.0 (6) C(1)---C(6)---C(5) 109.3 (5) 
N(1)---C(1)--C(2) 117.2 (6) O(1)--C(7)---N(2) 120.5 (6) 
N(I)---C(1)----C(6) 128.1 (6) O(1)---C(7)---N(3) 123.9 (6) 
C(2)----C(1)---42(6) 114.8 (6) N(2)---C(7)--N(3) 115.6 (5) 
C(1)---C(2)----C(3) 108.9 (6) O(2)---C(8)--N(4) 122.0 (6) 
C(2)---C(3)---C(4) 112.2 (5) O(2)---C(8)---C(9) 121.9 (6) 
N(4)---C(4)---C(3) 112.5 (5) N(4)---C(8)----C(9) 116.1 (7) 
N(4)---C(4)---C(5) 109.1 (5) 

Intensities were corrected for Lorentz and polarization effects. 
The structure was solved by direct methods using MITHRIL 
(Gilmore, 1984). H atoms were located by difference Fourier 
synthesis. Full-matrix least-squares refinement was carried out 
using the SDP package (Enraf-Nonius, 1985). Non-H atoms 
were refined with isotropic displacement factors, then with 
anisotropic displacement factors. The isotropic displacement 
factors for H atoms were arbitrarily assigned as 1.3Beq of 
the attached atoms and not refined. The calculations were 
performed on a VAXll/785 computer. 
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Lists of structure factors, anisotropic displacement parameters, H- 
atom coordinates, intermolecular distances and least-squares-planes 
data have been deposited with the IUCr (Reference: CR1118). Copies 
may be obtained through The Managing Editor, International Union 
of Crystallography, 5 Abbey Square, Chester CH 1 2HU, England. 
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Abstract 
In the solid state, the title compound, ClnHIaN2OnS.- 
H20, exists as two forms: cubes (I) and needles (II). 
Both kinds of crystal are monohydrates. The dye mol- 
ecules have the same geometry and are bonded by O--- 
H . . . O  intermolecular hydrogen bonds in both forms: an 
N + n H  .. .O-  intermolecular hydrogen bond in (II) and 
an N + - - H  .. .(0)2- bifurcated hydrogen bond in (I). 

Comment  
There have been many studies on the synthesis and 
ion-binding properties of chromogenic calixarenes hav- 
ing azo groups (Shinkai, Araki, Shibata, Tsugawa & 
Manabe, 1989; Nomura, Taniguchi & Tamura, 1989; 
Nomura, Taniguchi & Otsuji, 1993; Xu & Swagen, 
1993; Yeh, Tang, Chen, Liu & Lin, 1994). We are partic- 
ularly interested in the conformation of azocalixarenes 
in the solid state and in their interactions with other 
organic substances (Ehlinger, Lecocq, Perrin & Perrin, 
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