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The title compound (3) which is a 2-aminoindazol-3-one derivative linked through a methinephenyl bridge to an 
iminophosphorane, and unrelated to any previous host, is described. The bulky triphenylphosphino group provides 
the cavity and the indazol-3-one the hydrogen bonds (both donor -NH- and acceptor -CO-). X-ray structural 
analyses of the free host 3 and that of its ethanol inclusion compound 3. EtOH are reported. Hydrogen bonds resulting 
in infinite chains dominate the molecular packing. The use of thermal analysis and "C CP/MAS NMR shed light in 
the structures of two other inclusion compounds, 3 * MeOH and 3 - PrOH. The conclusion is that all three compounds 
are similar. An analysis of the cavities, using a model of interpenetrating spheres of van der Waals radii, demonstrates 
that in the case of the ethanol derivative, the cavity has the space and form requirements necessary to include the 
propanol guest. 

INTRODUCTION 

In recent years we have become involved in host-guest 
chemistry with particular emphasis on the X-ray struc- 
tural determination of inclusion compounds. I - '  One of 
the aims of that research was to find new hosts and to  
study the form8 and sizeg of the cavities before and 
after the guest is inside it. In this paper, we describe a 
new host, the title compound 3 with a structure related 
both to  iminophosphorane~~ and to indazolones. lo 

Recently, the iminophosphorane 2 has been prepared 
by the Staudinger reaction between o-azido- 
benzaldehyde 1 and triphenylphosphine (TPP) in 
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toluene at room temperature." In our hands, the 
reaction of o-azidobznzaldehyde with TPP in dry 
dichloromethane at 0 C followed by chromatographic 
separation (silica gel and ethyl acetate-hexane as 
eluent) and crystallization gave o-(triphenylphosphor- 
any1iden)aminobenzaldehyde 2 (30%) and the 
iminophosphorane 3 (25%). However, when the 
reaction was carried out in diethyl ether - 20 OC, the 
phosphazide 4 was isolated as the only reaction 
product. 

A tentative mechanism for the conversion 1 + 2 + 3 is 
represented in Scheme 1. It involves the initial 
formation of the phosphazide 4, which after nitrogen 
evolution leads to  2. Alternatively, the phosphazide 4 
undergoes a [ 1,5] proton shift to give 5, which cyclizes 
by nucleophilic attack of the amino group on the 
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6 3 

3 .  ROH 
Scheme 1 

central carbon atom of the ketene moiety to give 6 .  
Finally, an intermolecular aza-Wittig reaction between 
2 and 6 leads to 3. 

EXPERIMENTAL 

Melting points were determined with a Kofler hot-stage 
microscope and are uncorrected. Spectral studies were 
performed with the following instruments: NMR (see 
later); IR, Nicolet FT-5DX; MS (70 eV), Hewlett- 
Packard 5993C. Combustion analyses were performed 
with a Perkin-Elmer 240C instrument. 

Preparation of the host 3.  To a solution of 
triphenylphosphine (1.78 gb 6 -7  mmol) in dry 
dichloromethane (10 ml) at 0 C, a solution of o-azido- 
benzaldehyde 1 (1 * O  g, 6.7 mmol) in the same solvent 
(20ml) was added dropwise under nitrogen and the 
reaction mixture was stirred at room temperature for 
16 h. The solvent was removed under reduced pressure 
and the residual material was chromatographed on a 
silica gel column, eluting with ethyl acetate-hexane 
(3 : 1 )  to afford the iminophosphorane 2 derived from 
o-azidobenza1:ehyde (0-7 g, 30%; m.p. 175 OC, lit. l 2  

m.p. 173-174 C) and 3 (0.87 g, 25%; m.p. 185 C) as 
yellow crystals. 

Analysis for C32HzsN4PO (512.55): calculated, 
C 74.99, H 4.92, N 10.93; found, C 75.18, H 4.98, 
N 11.05%. 'H NMR (200MH~):  7.86 (H-4, 
'J4.5 = 7.8 Hz), 7.15 (H-5, 3J5,cj = 7.2 Hz), 7.01 (H-7, 

J6.7 = 8 . 1  Hz), 9.46 (N=CH), 6.49 (H-10, 
'Ji0.11 = 8 . 1  Hz), 6.93 (H-11, 3 J ~ 1 , ~ 2  = 7.2 Hz, 
4 J ~ ~ , ~ 3  = 1 . 8  Hz), 6.71 (H-12, 'J12,13 = 7.8 Hz), 

3 J ~ 5 , 1 6  = 7.6 Hz, 4 J ~ 5 , 1 7  = 1.4 Hz), 7.30-7-50 (rn, 
17H, H-6, NH, H-16, H-17). ''C NMR (50MHz, the 
reported couplings refer to '3C-31P): 159.12 (C-3), 
119.36 (C-3a), 124.16 (C-4), 122.40 (C-5), 132.45 
(C-6), 113.04 (C-7), 145.76 (C-7a) (this assignment is 
consistent with that of 2-methylindazolone), l o  145 *85 
(N=CH), 127-96 (C-8, 'J= 17.8), 155.55 (C-9, 
' J =  lag), 123.08 (C-10, 3 J = 9 . 2 ) ,  130.60 (C-ll), 

' J =  9 9 . 6 H ~ ) ,  132.55 (C-15, 2 J =  9.8), 128.70 (C-16, 
'J= 12.2), 132.02 (C-17, 4J= 2.8 Hz). Mass spectrum 
(Th, %): 512 (M+,  5 ) ,  134 (100). IR (Nujol): 
1642 cm-I. 

7.92 (H-13), 7.58 (H-1.5, 3J1531p = 12.1 Hz, 

118.74 (C-12), 127.31 (C-13), 129.79 (C-14, 

Preparation of inclusion compounds 3 -  ROH. A sus- 
pension of 3 (0.5 g, 97.6 mmol) in the appropriate 
alcohol (20 ml) was stirred at room temperature for 7 h. 
The separated solid was collected by filtration, washed 
with diethyl ether, air dried and recrystallized from the 
same alcohol. 

3 .  MeOH. Yield 0.2 g (38%), m.p. 151-152 "C. 
Analysis for C33H29N4P02 (544.59): calculated, C 
72.78, H 5-37, N 10.29; found, C 72.91, H 5.27, N 
10.42%. 'H NMR (200 MHz): the signals of the free 
host plus those of methanol at 3.42 (s, CH3) and 5-25 
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(s br, OH). I3C NMR (50 MHz): the signals of the free 
host plus that of methanol at 50.60 ppm (CH3). Mass 
spectrum (Th, 9'0): 379 (14), 377 (56), 183 (100). IR 
(Nujol): 1672, 1593, 1353, 1 1 1 1 ,  754, 721, 691, 
675 cm-'. 

3 .  EtOH. Yield 0.21 g ('to%), m.p. 133-134 "C. 
Analysis for C~H31N4P02 (558.62): calculated, 
C 73.10, H 5.59, N 10.03; Found, C 73-27, H 5-50, 
N 9.90%. 'H NMR (200MHz): the signals of the 
free host plus those of ethanol at  1.17 (t, CH3, 
3 5 = 7 . 0  Hz), 3.65 (q, CHz) and 5.60 (s br, OH). 13C 
NMR (50 MHz): the signals of the free host plus those 
of ethanol at 18.27 (CHI) and 58.17 (CHZ). Mass spec- 
trum (Th, %): 379 (9, 377 (19), 183 (20), 134 (100). IR 
(Nujol): 1676, 1352, 1231, 1112, 752, 721, 690cm-'. 

3 .  PrOH. Yield 0.19  g (460/0), m.p. 132-133 " C .  
Analysis for C ~ ~ H M N ~ P O ~  (572.65): calculated, C 
73.41, H 5.81, N 9.78; found, C 73.57, H 5.90, N 
9.90%. 'H NMR (200 MHz): the signals of the free 
host plus those of propanol at 0-88 (t, CH3, 
35= 7 . 4  Hz), 1.53 (m, central CH2), 3.54 (t, CH20H, 
'5= 8.1 Hz) and 4.50 (s br, OH). 13C (50 MHz): the 
signals of the free host plus those of propanol at 10.07 
(CH3), 25.74 (central CHZ) and 64.43 (CH20H). Mass 
spectrum (Th, To): 512 (M' - PrOH, l ) ,  497 (8), 377 
(30), 183 (100). IR (Nujol): 1676, 1593, 1235, 1111,751, 
721, 691 cm-'. 

Thermal analysis. Differential scanning calorimetric 
(DSC) and thermogravimetric (TG) studies were carried 
out under nitrogen on a Metler DSC-20 calorimeter and 
a Mettler TG-50 thermobalance. 

X-ray crystallography. Crystal data for 3: 
monoclinic, P2t/c, a = 25.2181(16), b = 10-6214(3), 
C =  21*3475(12)A, /3= 113*082(4)', I/= 5260-2(5)A3, 
dc = 1.294 g ~ m - ~ ,  Z = 8, crystal dimensions 
0.50 x 0-23 x 0.07 mm, Omax = 65', 8844 independent 
reflections, R (R,) = 0.045 (0.050) for 6693 
[ I  > 3o(I)] observed reflections, p = 11.62 cm-I. 

Crystal data for 3aEtOH: triclinic, P-!, 
a = 21.6674(26), b = 10*9789(10), c = 12*6855(11) 4, 
a = 91.097(6), /3 = 95-460(7), y = 98.780(10) , 
V=2967*1(5)A3, d c =  1.251 g ~ m - ~ ,  Z = 4 ,  crystal 
dimensions 0.20 x 0- 17 x 0.03 mm, Omax = 60°, 8823 
independent reflections, R (R, )  = 0.082 (0.076) for 
4422 [ I >  3a(I)] observed reflections, p =  10.93 cm-'. 

A Philips PWll00 diffractometer was used with Cu 
K a  radiation and a graphite monochromator. Direct 
methods and refinement on Fo were used. All hydrogen 
atoms were located on the corresponding difference 
Fourier map. Some hydrogen parameters in 3 * EtOH 
were kept fixed in the last cycles of the refinement. Most 
of the calculations were done on a Vax 6410 computer 
using the following set of programs: SIR88,13 

XRAY80, l4 XTAL3.0" and PESOS. l6  Empirical 
absorption corrections for all compounds were per- 
formed using the program DIFABS17 and the scattering 
factors were taken from the International Tables for 
X-Ray Crystallography. l 8  

KMR spectroscopy. The 'H and I3C NMR spectra in 
solution were obtained with a Bruker AC-200 spec- 
trometer (University of Murcia) [all chemical shifts are 
expressed in ppm relative to tetramethylsilane (TMS)] . 
The I3C data were obtained with the following co!- 
ditions: number of data points, 65 536; flip angle, 30 ; 
pulse width, 30 p s ;  acquisition time, I .O s. Solutions in 
DMSO-d6 were prepared by dissolving 100 mg of 
sample in 1 ml of solvent. The 13C NMR solid-state 
spectra were recorded on a Bruker AC-200 spec- 
trometer (UNED) working at 50.32 MHz, using 
3.5  kHz spinning speed and 7 mm 0.d. ZrOz rotors. 
The single-constant spin-locking cross-polarization 
pulse sequence was used under Hartmann-Hahn con- 
ditions. The contact and repetition times were chosen to 
be 3 ms and 5 s, respectively. A spectral width of 
20-0  kHz and 1K acquisition data points were used. 
Chemical shifts were measured with respect to the spec- 
trometer reference frequency, which was calibrated 
with the glycine signal (176-35 ppm downfield from 
TMS). 

RESULTS AND DISCUSSION 

The results of the thermal analysis are given in Table 1 .  
For all three compounds, the TG curves show exper- 
imental weight losses, which are in excellent agreement 
with calculated values (differences < 1%). The DSC 
curves show an endothermic peak near 120 C, which 
corresponds to the weight loss in the TG curve. This is 
followed either by two exothermic peaks at 140-147 "C 
and 155-160°C, for 3-MeOH and 3.EtOH, or one 
exothermic peak at 167"C, for 3.PrOH. The DSC 
curve of the host also shows this exothermic peak at 
169°C. Finallyd the melting endotherm of the host 
appears at 323 C. In all cases, the value obtained for 
AH by DSC is higher than the corresponding molar 
heat of vaporization. l9 Since the thermodynamic pro- 
perties of the inclusion compounds can be split into 
contributions from the host and guest substances,20 we 
can use the difference @AH= AH - AHv) as a measure 
of the lattice cohesion. The values in Table 4 show that 
6 A H  is almost constant, indicating that all the three 
compounds have similar crystal structures, particularly 
similar hydrogen bonds between the host and the guest. 

To discuss the X-ray structures, a drawing of mol- 
ecule 2 of compound 3 with the atomic numbering 
scheme is shown in Figure 1. Table 2 gives selected 
bond lengths, bond angles and torsion angles. 

The two independent molecules in 3 * EtOH (almost 
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Table 1. Results of the thermal analyses 

Thermogravimetry 

Temperature A M  (070)  
Differential scanning calorimetry 

DSC peaksa A H  AHJ9 
Alcohol Range ("C) Peaks Found Required ("C) (kcal mol-') (kcal mol- ' )  

MeOH 105- 158 133 5.94 5.88 125 14.16 9.4 
EtOH 93-151 137 8.32 8.24 120 14.00 9.7 
PrOH 98-140 126 10.56 10.49 120 15.55 11.3 

a Endothermic processes. 

Table 2. Selected bond distances (A), angles and torsion angles (') 

3 3.EtOH 

Compound l a  2a l a  2a 

N(iO1)-N(iO2) 
N(iOI)-C(i07A) 
N( iO2)-C(iO3) 
N (i02)-N(i09) 
C(i03)-C(i03A) 
C(i03)-O(iOS) 
N(i09)-C(ilO) 
C(il0)-C(i1 1) 
C(i1 l)-C(i12) 
C(il2)-N(il7) 
N(i17)-P(i18) 
O(iSO)--C(iS 1) 
C(i5 1)-C(i52) 

C(iO7A)-N(iOl)-H(iOl) 
N(iO2)-N(iOl)-H(iOl) 
N(iO2)-N(iOl)-C(iO7A) 
N(i02)-C(i03)-0(i08) 
N(iO2)-C(iO3)-C(iO3A) 
N(i02)-N(i09)-C(ilO) 
N(i09)-C(ilO)-C(i11) 
C(ilO)-C(ill)-C(i16) 
C(il0)-C(i1 l)-C(il2) 
C(i1 l)-C(il2)-N(il7) 
C(il3)-C(il2)-N(il7) 
C(il2)-N(il7)-P(il8) 
O(iSO)-C(i5 1 )-C(i52) 

N(iO2)-N(iOl)-C(iO7A)-C(iO3A) 
C(iO7A)-N(iOl)-N(iO2)-C(iO3) 
N(iOl)-N(iO2)-N(iO9)-C(ilO) 
N(iOl)-N(iO2)-C(iO3)-C(iO3A) 
N(iO2)-C(iO3)-C(iO3A)-C(iO7A) 
C(iO3)-C(iO3A)-C(iO7A)-N(iOl) 

N(i09)-C(ilO)-C(il 1)-C(il6) 
C(il0)-C(i1 l)-C(il2)-N(il7) 
C(il3)-C(il2)-N(il7)-P(il8) 
C(il2)-N(il7)-P(il8)-C(i19) 
C(il2)-N(il7)-P(il8)-C(i25) 
C(il2)-N(il7)-P(il8)-C(i3 1) 

N(i02)-N(i09)-C(ilO)-C(ill) - 

1.428(3) 
1.394(3) 
1 .378(3) 
1.372(3) 
1.445(4) 
1.234(3) 
1 .282(3) 
1.456(3) 
1.417(3) 
1.381(4) 
1.560(2) 
- 
- 

112(2) 
1 12(2) 
104.0(2) 
125.2(2) 
105.2(2) 
117.1(2) 
122.2(2) 
122.0(2) 
118. 5(2) 
1 17.7(2) 
124.6(3) 
134.4(2) 
- 

-5.6(3) 
6.1(3) 
6.7(3) 

0.5(3) 
3.4(3) 

177.6(2) 

-4.1(3) 

-6.6(4) 
-0.9(4) 
23.1(5) 

176.3(3) 
60.0(3) 

-66.6(3) 

1.422(3) 
1 .396(4) 
1.377(3) 
1 .364(4) 
1 .444(4) 
1.238(3) 
1 ' 284(4) 
1.455(4) 
1.412(4) 
1.388(3) 
1.579(3) 

116(2) 
108(2) 
103. 5(2) 
124.8(3) 
104. S(2) 
119.1(2) 
118.8(2) 
119.0(2) 
120.9(2) 
119.0(2) 
124.5(2) 
126.4(2) 
- 

-7.1(3) 
8.9(3) 
4.3(4) 

-7.2(3) 
2.5(3) 
3-0(3) 

- 179'4(2) 
- 11.6(4) 

1 ' 5(4) 
6.0(4) 

172' 2(2) 
53.0(3) 

- 70'4(3) 

1.412(10) 
1 .409( 12) 
1.388(12) 
1.372(10) 
1-441(13) 

1 .300( 12) 
1 .446( 12) 
1 *405(12) 
1.373( 10) 
I .568(7) 
1.43 1( 15) 
1.410(21) 

1.221(12) 

121(5) 
115(5) 
102.3(6) 
124.1(9) 
103 .2(8) 
1 18.8(7) 
121.7(8) 
120.8(8) 
118.3(7) 
117.9(7) 
125.1(7) 
130.5(6) 
11 1.3(11) 

4.5(10) 
- 5.1(9) 
- 7 '9( 12) 

- 0.7(10) 
- 2.5( 1 1) 

3.7( 10) 

179.4(8) 
16-3(13) 
- 6.2(11) 
- 4.2(13) 
176.6(7) 
60.5(8) 

-64.5(8) 

1.428(11) 
1.412(11) 
1.389(11) 
1.361(9) 
1.438( 14) 
1.242(13) 
1.303(11) 
1.446(11) 
1.422(11) 
1.379(12) 
1 .574(7) 
1 .466( 17) 
1.427(20) 

115(10) 

101.9(7) 
109( 10) 

123.6(9) 
105.2(8) 
117.3(7) 

124.0(8) 
117.6(7) 
116.5(7) 
124.8(8) 
132.2(6) 
110.4( 13) 

5.2(10) 

118.8(8) 

-6.4(9) 
- 9.3( 11) 

5 .3( 1 0) 
- 1.8(10) 
-2.3(11) 
179.7(7) 
10- 4( 13) 
- 1 '6(11) 
- 10.8(13) 
177.6(8) 
61.5(9) 

-65.2(9) 

"Molecule (i). 
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Figure 1. Molecular structure” with the numbering system adopted in the crystallographic work. Only one independent molecule 
(2) of compound 3 is shown for clarity purposes. Thermal ellipsoids for the non-hydrogen atoms are depicted at 30% probability 

level while hydrogen atoms are represented by spheres (radius = 0.1 A) 

related by a 2, axis at 0.2478, 0.0271, z )  have essen- 
tially the same geometry but differ from that of 3 in the 
twist of the phenyl rings and to  a lesser extent in the 
conformation of the ortho substituents of the benzene 
ring. This ring is less planar in 3 than in 
3.EtOH[C(A/u]’= 57.95, 51-62 and 18.95, 6.44 
versus the theoretical value of 7.811 and the C(il0) and 
N(il7) deviate slightly from this plane in opposite ways 
to  avoid the strain caused by the contact between them 
[N...C: 2-753(3), 2.833(4) and 2.737(11), 2.707(11) A 
in 3 and 3 * EtOH, respectively]. Moreover, examin- 
ation of the substituent angles (Table 2) shows that the 
C(ilO)-C(ilI) and C(il2)-N(il7) bonds are bent 
inwards except the first bond of molecule 2 in 3. This 
deformation may be due to the C(i10)-H(iIO)~~~N(i17) 
intramolecular interactions in spite of the unfavourable 
geometrical situation of the H(il0) with respect to  the 
nitrogen lone pair (Table 3). 

All molecules display an E configuration around the 
N(i09)=C(ilO) double bond. The shortening 
(Nsp2-Car, Car-CSp2, Nsp2-Nsp2) and the elongation 
(P-N,,2 and, to a certain extent, of CSp2-NSp2 in 
3 .  EtOH) of these bonds, with respect to the tabulated 
values from X-ray and neutron data,2’ is observed as a 
consequence of some degree of delocalization in the 
P-N,,~-C,,-C,,-Csp2-Npp~-Nrp~ moiety. This 
fact, together with the previously mentioned intramole- 
cular contact and that of C(i16)-H(il6).-.N(i09) 
(Table 3) could be responsible for the planarity of the 
molecules (phenyl rings at P excluded). The conforma- 

tion about the P = N  bond corresponds to the parallel 
one,22 the C(i19) atom being placed trans to the C(i12) 
atom. 

The bond angles a t  N(iO1) indicate an sp3 hybridiza- 
tion, the angles around it adding 328(3), 328(3) and 
338(7), 326( 14)’ respectively. This tetrahedral situation 
was previously observed in 2-acetylindazolone 
[320(2)”] 23 (the only reported indazolone in the 
Cambridge Structural Database), ” while a less tetra- 
hedral arrangement is displayed by indazolone itself 
[353(3)’]. lo  

The five-membered rings are not planar 
[C(A/u)’=486.51, 1170.80 and 35.07, 53-62 versus 
the tabulated value of 5.991, adopting a slightly dis- 
torted envelope conformation, flapping at N(101) and a 
twist conformation at N(201), N(202) (compounds 3 
and 3 EtOH) (see Table 2). The ethanol molecules are 
not significantly different, in terms of the precision 
achieved, and both have the trans conformation 
[-152(9), -157°].2 

The packing in the two structures, mainly dominated 
by hydrogen bonds, is illustrated in Figures 2 and 3. 
The geometries of the hydrogen interactions are given 
in Table 3. In compound 3, each independent molecule 
(1 and 2) Iinks itself through an intermolecular 
N-H...O=C bond into infinite chains along the (1/2, 
y ,  1/4) and (0, y ,  1/4) two-fold screw axis, respectively. 
One of these chains, that corresponding to  molecule 2, 
is depicted in Figure 4. Thus, the crystal is built by 
alternating layers of these chains parallel to  the c axis 
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Table 3. Hydrogen interactions” 

Interatomic distances (A) 
Compound X-H...Y X-H X.,.Y H-..Y X-H-*.Y (’) 

3 

1: l - x , f + y , f  

3E tOH 

- 2. 

N(lOl)-H(lOl)~~~O(lO8)i 0-92(3) 
N(201)-H(201)~~~0(208)2 0.89 
C(110)-H(110)...N(117) 0.93(3j 
C(210)-H(210)-‘.N(217) 0.95(3) 
C(116)-H(116)-~N(109) 0.97(3) 
C(216)-H(216)...N(209) 0.97(4) 
C(234)-H(234)”’CI( 1-7A)3 1 * 04(4) 
C(220)-H(220)...C2(3A-7A)z 1.03(3) 
C( 135)-H( 135)’-C2( 11-16)4 0.98(3) 

2: -x,;+y,;-z. 3: x , l + y , z .  4: x , f - y , - $ + z .  

0(250)-H(250)‘..0( 108) 
N(101)-H(101)~~~0( 150) 
O( 150)-H( 150).-0(208) 
N(201)-H(201)...0(250)i 
C(l IO)-H(110)~..N(117) 
C(21O)-H(2lO)...N(217) 

C(216)-H(216)...N(209) 
C(204)-H(204)~~~Cl(l1-16) 
C(223)-H(223)..‘Cl(l1-16)2 
C(236)-H(236)..‘C1(25-30)3 
C( 104)-H( 104)...C2( 1 1- 16)4 
C(123)-H(123)-.C2( 1 1- 16)s 

C(116)-H(116)~.~N(109) 

1.02(-) 
1.12(10) 
1 *00(14) 
0.84( 14) 
1.11(9) 
l.IO(11) 
1.01(10) 

1.08(8) 
1.02(12) 

1.04(7) 

1.03(11) 
0.9 l(8) 
0.98(9) 

2.799(3) 
2 754(3) 
2.753(3) 
2.833(4) 
2.884(3) 
2.765(4) 
3.581(3) 
3.518(3) 
3.663(3) 

2 *697( 10) 
2.868(9) 
2.7 1 1 (10) 
2.86411 1) 
2.737(11) 
2.707(11) 
2.876( 1 1) 
2.863(11) 
3.610(11) 
3.441( 12) 
3.615( 11) 
3.573(11) 
3.506( 12) 

1 .89(3) 
1.87(3) 
2.36(3) 
2.53(3) 
2-58(3) 
2.42(3) 
2’75(5) 
2-59(4) 
2 .8  l(4) 

1 .68( -) 
1 .79(9) 
1 .86( 14) 
2.03( 14) 
2.40(9) 
2.40(9) 
2.39( 10) 
2.43(7) 
2.58(8) 
2.61 (1 2) 
2.75(10) 
2.73(8) 
2-62(9) 

170(2) 
171(4) 
105(2) 
9 9 m  
9 W )  

1W2)  
137(4) 
150(3) 
147(4) 

180(-) 
160(8) 
140(11) 
168(12) 
95(5) 
94(5) 

108(7) 
104(5) 
159(6) 
139(9) 
141(8) 
154(6) 
151(7) 

Numbers stand for symmetry operations and Ci(l-7A). Ci(3A-7A), Ci(l1-16) and Ci(25-30) (i = I ,  2) for the centroids of the corresponding rings. 
(-) Stands for fixed hydrogen atoms. 

(Figure 2). In compound 3 * EtOH, the ethanol and the 
host molecules in the asymmetric unit are connected 
alternately by O-H...O=C and N-H...O-H 
hydrogen bonds to construct a ribbon-like structure 
along the c axis. The independent unit of this strand is 
shown in Figure 5. In addition, quasi ‘T’ contacts,25 
involving C-H and the five and the six-membered 
rings, are also present (Table 3). 

After performing a smoothing of the van der Waals 
surf?ce* of the free host 3, by rolling a sphere of radius 
1 * 4  A,’ a cavity of volume 12-38 A3 (and its symmetry 
related) almost spherical in shape was located. Its cen- 
troid, situated at (-0.0049, -0~0061,0~3600),  led to 
the foJlowing shortest distances 2.52, 2.75, 2-55 and 
2.99 A, H(210),* H(201),* H(224)T and H(227)t being 
the atoms involved. 

A similar study was carried out for 3*EtOH,  
excluding the guest molecule. The two independent 
ethanol molecules were allocated in different types of 
cages: the molecule labelled as 2 and its centrosymmet- 

* - x, - 1/2 + y, 112 - z. 
t x, 112 - y. 112 + 2. 

rically rFlated are included in a cavity of volume 
222.59 A 3  and Of approximately dimensions 26.33, 
k3.83, 22 .88  A; a section of it through y = 0 * 5 0  is 
represented in Figure 6. Molecule 1 is inSluded in a cage 
of volume and dimensions of 89-49A3 and 23.81, 
k2.63, 22 .53  A, respectively. For the ethanol molec- 
ules, the corresponding volumes, sizes and local 
packing coefficients, as defined as c k  = V,,,,,/ I/h&, are 
51.46A3, 23-20 ,  $2.18, +2.01 Aand0.46formol- 
ecule 2, and 52.55 A’, 23.12, 22.35, 2 2 . 1 7 A  and 
0.59 for molecule 1. 

The structures of 3 * MeOH and 3 - PrOH have not 
been determined. Although it is obvious that methanol 
can be accommodated in the hole left by the ethanol 
molecule, the case of propan-1-01 has to be considered. 
To determine the volume and size of this molecule, a 
search in the CSD (July 1991 version, 90 296 entries)24 
was carried out for structures including propan-1-01 as 
solvate. Only five examples were found which fulfil the 
following conditions: (i) no disorder present; (ii) 
crystallographic R factor less than 0.10; (iii) no metal 
atoms present in the structure; (iv) fractional coor- 
dinates available. Of these five, only one (CSD refcode 
ESTRPD)26 has the hydrogen atoms of the propanol 
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Figure 2. Compound 3: a view of the packing along the b axis (Ellipsoids at 30%) 

molecule located, which are necessary to use the 
program HOLES: it contains a propan-1-01 moleculeoin 
the ‘gauche’ conformation (0-C-C-C = - 65.4 ). 
The model of interpenetrating spheres of van der Waals 

gives values of 66.62 A3 and 23.27, 22.56 
and 5 2 - 3 5  A for volume and size, respectively. There- 
fore, if the smallest hole of molecule 1 (3*EtOH, 
89.49 A 3 )  is considered, the propan-1-01 molecule can 
be included in the same host matrix displaying a local 
packing coefficient ck = 0.74, higher than those above 
reported for the ethanol case but similar to those found 
by us for the B F i  anion where the fluorine atoms are 
involved in hydrogen interactions. 27*28 

The 13C NMR spectra of the free host 3 and those of 
its three alcohol inclusion derivatives were recorded in 
the solid state using the CPlMAS technique. The 
chemical shifts are given in Table 4, which also includes 
the data in solution (see Experimental). 

Concerning the chemical shifts of the host, the three 

inclusion compounds present very similar values; as a 
consequence, those in Table 4 are averaged values. The 
only noticeable difference is that the resolution of the 
spectrum increases regularly from 3 (the worst) to 
3 -P rOH (the best). The differences between the 
chemical shifts of the host in DMSO-d6 solution and 
the pure host in the solid state (A6 = Gsoln - 6solid) and 
those, in the solid state, between the pure host and the 
inclusion compounds (As’ = bsolid - ~ H G )  are also 
reported in Table 4. 

The largest A6 values, about 3 -3  ppm, are observed 
for C-9 and C-12. Probably, the conformation about 
the N-C-9 bond changes between the solid state and 
the solution. The fact that the highly polarized 
iminophosphorane” is more or less conjugated with the 
phenyl ring should affect mainly the ips0 (C-9) and the 
para (C-12) carbon signals. 

Concerning A6 ‘, the largest values correspond to 
C-3a and C-4. We assign these shifts to the hydrogen 
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Figure 3.  Same as Figure 2 for compound 3 .  EtOH. (Ellipsoids at 30%) 

bond between the OH of the alcohol and the carbonyl 
group of the indazolone. Contrary to naive expecta- 
tions, it is not C-3 but the adjacent atoms which are the 
most sensitive carbons in indazolones. lo 

The signals of the guest are clearly observed. The 
CP/MAS technique allows one to identify the guest and 
to determine the host-guest stoichiometry in a non- 
destructive way. The signals appear (with the differ- 
ences with respect to the values in solution reported 
under Experimental in parentheses) as follows: 
methanol at 49.08 ppm ( -  1.5 ppm), ethanol at 18-06, 
CH3 (-0*2ppm), 56.11 ppm, CH2 (-2.1 pm); 
propan-1-01 at 11.27, CH3 ( I  a2 ppm), 26.11 ppm, 

central CH2 (0.4ppm) and 63.33 ppm, CHzOH 
( -  1 - 1 ppm). The effect on the terminal CH3 in pro- 
panol is probably due to the proximity of a phenyl ring 
in the crystal, whereas the systematic deshielding of 
the carbon linked to the OH is attributable the 
hydrogen bonds present in the crystal (see the structural 
discussion of 3 * EtOH): 

O=C-N-H ...O-H...O =C-N-H 
I 

R 

The I3C NMR spectra of propanol in CDC13 without 
and with one equivalent of pyridine (as an HB acceptor) 



HOST-GUEST CHEMISTRY. METHANOL, ETHANOL & PROPAN-1-OL 515 

Figure 4. Compound 3: perspective of one chain showing the hydrogen bond interactions. (Ellipsoids at 30%) 

Table 4. Carbon-13 chemical shifts (ppm) and chemical shifts differences (ppm) of the host 3 in different situations 

Carbon Solution Pure host Host-guest A6 = 6so1n - h i d  A6 = dsolid - ~ H G  

c - 3  
C-3a 
c - 4  
C-5 
C-6 
c -7  
C-7a 
C-H 
C-8 
c-9  
c-10 
c-11 
c-12 
'2-13 
C-14 
c-15 
C-16 
C-17 

159.12 
119.36 
124.16 
122.40 
132.45 
113.04 
145.76 
145.85 
127.96 
155.55 
123-08 
130-60 
118.74 
127.31 
129.79 
132.55 
128.70 
132.02 

158.10 
119.17 
125-23 
123.64 
131.84 
112.87 
146-27 
146.27 
127.27 
152.38 
123.64 
129.55 
115.29 
127.27 
130.05 
132.71 
127.27 
131.84 

158.19 
119.97 
124.09 
123.19 
131.95 
112.88 
146.49 
146-49 
127.91 
152.81 
123.19 
130.20 
115.91 
127.91 
129.07 
131.95 
127-91 
131.94 

1.02 
0.19 

- 1 *07 
-1.24 

0.61 
0.17 

- 0.51 
-0.42 

0.59 
3-17 

-0.56 
1.05 
3.45 
0.04 
0.24 

1.43 
0.18 

- 0.16 

-0.09 
-0.80 

1.14 
0.45 

-0.11 
- 0.01 
- 0.22 
-0.22 
-0.64 
- 0.43 

0.45 
-0.65 
- 0.62 
- 0.64 

0.48 
0.76 

- 0.64 
-0.10 
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d 

Figure 5.  Same as Figure 4 for compound 3 .  EtOH. (Ellipsoids at 30%) 

(a) (b) 
Figure 6. Section’ Y = 0.50 showing the hole (a) where the two ethanol molecules (2) centrosyrnrnetrically related are included and 

(b) the same section for the ethanol molecules (2) 
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and with one equivalent of trifluoroacetic acid (as an 
HB donor) were recorded. The trifluoroacetic acid does 
not shift the terminal CH2 signal, but pyridine produces 
an effect similar in sign to but smaller (- 0.42 ppm 
instead of - f * 1 ppm) than that observed in 3 - PrOH 
compared with 3. The effect is larger in the solid state 
because all propanol molecules are hydrogen bonded 
whereas in solution there is an equilibrium between 
hydrogen-bonded and free propanol molecules. 

CONCLUSIONS 
The combined use of three methods, X-ray crystallo- 
graphy, thermal analysis and solid-state NMR, is 
necessary to understand the properties of inclusion 
compounds. Crystallography yields the most valuable 
information but it suffers from two drawbacks: it is too 
time consuming for a systematic survey and in some 
cases good crystals cannot be obtained. Thermal 
analysis gives a macroscopic view of the energies 
involved in the host-guest interaction. Solid-state NMR 
(in most cases 13C NMR) gives a picture of the mol- 
ecular interactions, hydrogen bonds and proximity 
effects. In the present case, the X-ray structures of 3 and 
3 - EtOH have been determined. On this basis, the DSC 
and I3C NMR chemical shifts can be interpreted. Fur- 
ther, they predict that the two other inclusion com- 
pounds, 3 b MeOH and 3 * PrOH, should be similar to 
the ethanol derivative (i) in the structure of the host, (ii) 
in the size of the cavity and (iii) in the hydrogen-bond 
networks that link the guest in the cavity of the host. 

SUPPLEMENTARY MATERIAL 

Tables of atomic coordinates, anisotropic displacement 
parameters for the non-hydrogen atoms and structure 
factors can be obtained from the authors on request. 
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