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synthetic potential of the title iodinated compound, N- 
benzyl-N-(2-iodo-4-methylphenyl)cinnamamide, (I), and 
those of other acyclamides which react with a wide 
range of nucleophilic compounds and which therefore 
present new possibilities in the synthesis of heterocyclic 
compounds (Augustin et al., 1980). We have undertaken 
the X-ray structure analyses of the two title compounds, 
(I) and N-benzyl-N-(p-tolyl)cinnamamide, (II), as an ex- 
tension of studies of the molecular packing of cinnam- 
amide derivatives. 

Me Me 

o o 
(I) (II) 

The bond lengths and angles of the cinnamamide 
group in (I) and (II) are comparable with the analogues 
N-methyl-2'-nitrocinnamanilide (Subramanian et al., 
1999) and N-(4-chloro-2-iodophenyl)-N-methylcinnam- 
amide (Renganayaki et al., 1999) reported by our group, 
and with other reported values (Iwamoto & Kashino, 
1990; Iwamoto et al., 1989). The C--I  distance in (I) 
is comparable with the values of the para-substituted 
compounds [2.088(4) (Elmali & Elerman, 1997) and 
2.085 (4)A (Banerjee et al., 1994)]. The widening of 
the C1---C7--C8 angle [127.8 (3) ° in (I) and 128.5 (3) ° 
in (II)] is due to the intramolecular repulsion of C2 
and C8 [C2-..C8 = 3.034 (5),~, in (I) and 3.045 (4),~, 
in (II)] and perhaps also to the attractive intramolecular 
force between C7 and O10 [C7.--O10 = 2.818 (5) in (I) 
and 2.788 (3) ,~, in (II)]. Structural studies reveal that the 
exocyclic N11 atom is sp 2 hybridized despite forming 
three valence bonds. The inner angle at C22 is smaller 
[C21---C22--C23: 118.6(3) ° in (I) and 117.1 (3) ° in 
(II)] than the sp 2 angle commonly observed at methyl- 
substituted C-atom positions (Dominicano et al., 1975). 

(Received 13 May 1999; accepted 14 September 1999) 

Abstract 
The cinnamamide moiety in the crystals of the title 
compounds, C23H20INO, (I), and C23H21NO, (II), is 
almost planar and the benzyl ring is twisted through 
60.4 (4) and 63.6 (1) ° with respect to this moiety in (I) 
and (II), respectively. In the unit cell, the molecules exist 
as dimers joined through C - - H . . - O  hydrogen bonding. 

Comment 
Cinnamoyl anilides are substrates for cyclization to bi- 
ologically active five-membered 2-oxindole derivatives 
and six-membered 2-oxyquinolines by photochemical 
methods, ortho-Iodinated anilides are used for the same 
reaction by electrochemical methods. Interest lies in the 

.. C25 .. 

C22 ~ . - - ~ '  

C21 '~ ' ,  C ~ ll 

C20 ~ ~r '  3 
. C19 k ~ ~ C 3  

C18 -' " -' . f 
" ~ 5  ~ O10 ~., 

Fig. I. The structure of (1) showing 50% probability displacement 
ellipsoids and the atom-numbering schemc. H atoms are shown as 
spheres of arbitrary radii. 
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Fig. 2. The structure of (I|) showing 50% probability displacement 
ellipsoids and the atom-numbering scheme. H atoms are shown as 
spheres of arbitrary radii. 

In line with the thinking that hydrogen bonds are 
directional and electrostatic, the iodinated compound (I) 
appears to have a tendency to form a dimer, even though 
the H . . - O  distance is larger [C17 . - -O10  i = 3.549 (5)A,  
H17A- . -O10  i = 2.838 (3) A and C 1 7 - - H 1 7 A - . - O 1 0  i = 
134.2 (3)°; symmetry  code: ( i ) x +  1, y, z] than is usually 
observed in such bonds. In (II), the molecules also 
exist as dimers through C - - H . . . O  hydrogen bonding 
between C7 and O10o(-x, 1 - y ,  - z ) ,  with a C 7 . . . O 1 0  
distance of 3.370 (3) A. Atoms of the dimer involved in 
the loop formed by the hydrogen bonds all lie in almost 
the same plane, with a max imum deviation of 0.10 (3),4, 
for O10. An inversion centre relates the two molecules 
and lies in the plane of the dimer. 

In both compounds,  the benzyl  ring B and the 
carbonyl  group are synperiplanar  (cis) to each other 
[ O 1 0 - - - C 9 - - N 1 1 - - C 1 2  = - 2 . 4  (5) ° in (I) and - 4 . 7  (4) ° 
in (II)] and phenyl  ring C is antiperiplanar (trans) to the 
carbonyl  group [ O 1 0 - - C 9 J N l l - - C 1 9  = 175.3 (3) ° in 
(I) and - 1 7 9 . 5  (2) ° in (II)]. As seen from the torsion 
angle, the a , f l -unsaturated carbonyl  unit has the S-cis 
conformation.  The dihedral angles between rings A, B 
and C are A/B 60.4 (4), A/C 85.0(1)  and B/C 53.5 (1) ° 
for (I), and 63.6 (1), 73.1 (1) and 87.6 (1)° for (II), 
respectively. 

mixture was stirred for 15 min, and then benzyl bromide was 
added and stirring continued for a further 3 h. The reaction 
mixture was poured into water and extracted with ethyl acetate 
and then washed with water repeatedly to remove the DMF. 
The compound was recrystallized from dichloromethane. For 
the preparation of (II), the synthethic procedure was the same 
as for (I), using the appropriate starting material (toluene). 

Compound (I) 
Crystal data 

C23H20INO 
Mr = 4 5 3 . 3 0  

Triclinic 

a = 9.3376 (4) 
b = 10.1794 (4) ,~ 
c = 10.9289 (5) ]k 
o~ = 95.498 ( 1 )° 
fl = 103.262 (1) ° 
3' = 90.284 (1)° 
V = 1006.06 (7) A3 
Z = 2  
Dx = 1.496 Mg m -3 
Dm not measured 

Mo Ka radiation 
A = 0.71073,4, 
Cell parameters from 4581 

reflections 
0 = 1.92-28.32 ° 
# = 1.602 mm- 
T = 293 (2) K 
Slab 
0.48 x 0.44 × 0.14 mm 
Pale yellow 

Data collection 
Siemens SMART CCD area- 

detector diffractometer 
w scan 
Absorption correction: 

empirical (SADABS; 
Sheldrick, 1996) 
Tmin = 0 .51 ,  Tmax = 0 .81 

7002 measured reflections 
4807 independent reflections 

Refinement 

Refinement on F 2 
R[F 2 > 2o.(F2)] = 0.043 
wR(F 2) = 0.119 
S = 1.037 
4807 reflections 
235 parameters 
H atoms constrained 
w = 1/[o.2(Fo 2) + (0.0501P) 2 

+ 0.7590P] 
where P = (Fo 2 + 2F,?)/3 

3598 reflections with 
I > 2o'(/) 

Ri,t = 0.019 
0ma~ = 28.28 ° 
h = - 1 2  ~ 12 
k = - 1 3 - - - '  12 
1 = - 1 4 - - - '  10 
Intensity decay: negligible 

(A/o')rn,x = 0.001 
Apmax = 1.17 e ~ -3  
Apmi, = --0.99 e ,~-3 
Extinction correction: none 
Scattering factors from 

International Tables for 
Crystallography (Vol. C) 

Experimental 

For the preparation of (I), cinnamoyl chloride (0.2 mol in 
hexane) was added dropwise to a solution of ortho-iodo- 
toluidine (0.2mol) in dry benzene (50ml) and pyridine 
(0.2 mol). The mixture was heated in a water bath at 333- 
343 K for 5 h and then the mixture was poured into water 
(80-100ml). The benzene layer was separated and washed 
with water 3-4 times, then dried with magnesium sulfate and 
evaporated to obtain the anilide. For the benzylation of the 
anilide, Nail (0.2 mol) was placed in a round-bottomed flask. 
A solution of anilide (0.2 mol) in dry dimethylformamide 
(DMF, 50 ml) was added dropwise to the Nail. The reaction 

Table 1. Selected geometric parameters (,4, o) for  (I) 
I 1---C24 2.100(3) C 9 - - N I I  1.363(4) 
CI---C7 1.463(5) N I I ~ C I 9  1.436(4) 
C7--C8 1.319 (5) N I I---C12 1.475 (4) 
C8--C9 1.486 (4) C22--C25 1.519 (6) 
C9---O 10 1.228 (4) 

C8---C7--CI 127.8 (3) C9- -NI  1---CI2 120.3 (3) 
C9--N 11---C19 123.1 (3) C I 9 - - N I  I---CI2 116.6(3) 

Compound (II) 

Crystal data 

C23H21NO Mo Kc~ radiation 
Mr = 327.41 A = 0.71073 ,~ 



2184 C23H20INO AND C23H21NO 

Monoclinic 
P21/n 
a = 15.1665 (16) 
b = 6.2451 (6) A 
c = 19.946 (2) A, 
/3 = 99.650 (2) ° 
V = 1862.5 (3) ,~3 
Z = 4  
Dx = 1.168 Mg m -3 
Dm not measured 

Cell parameters from 4298 
reflections 

0 = 1.57-27.50 ° 
# = 0.071 mm -I 
T = 293 (2) K 
Block 
0.30 × 0.14 x 0.12 mm 
Colourless 

Data collection 
Siemens SMART CCD area- 

detector diffractometer 
scans 

Absorption correction: none 
10 485 measured reflections 
3221 independent reflections 
1705 reflections with 

I > 2o'(/) 

Refinement 

Refinement on F 2 
R[F 2 > 2or(F2)] = 0.068 
wR(F 2) = 0.157 
S = 1.036 
3221 reflections 
227 parameters 
H atoms constrained 
w = 1/[a2(Fo 2) + (0.0606P) 2] 

where P = (Fo 2 + 2F~)/3 
(m/O')max < 0.001 

Rint = 0.093 
0max = 25 ° 
h = - 1 8 - - ~  17 
k=  -5 - -+  7 
1 = - 2 3  ~ 23 
Intensity decay: negligible 

Apmax = 0.24 e ~-3  
mpmin = -0 .24 e A, -3 
Extinction correction: 

SHELXTL (Sheldrick, 
1997) 

Extinction coefficient: 
0.011 (2) 

Scattering factors from 
International Tables for 
Crystallography (Vol. C) 

Table 2. Selected geometric parameters (.4, ° ) for  (II) 
CI---C7 1.461 (3) C9--NI I 1.374 (3) 
C7---C8 1.323 (3) NI 1---CI9 1.434 (3) 
C8---C9 1.471 (3) N1 I--CI2 1.465 (3) 
C9---O10 1.225 (3) C22--C25 1.510 (4) 

C8----C7---C1 128.5 (3) C9--N11---C12 117.5 (2) 
C9--N 11---C 19 125.2(2) CI9--NI I---C12 117.1 (2) 

Table 3. Hydrogen-bonding geometry (,4, ° ) for  (H) 

D--H. • .A D--H H. • .A D. • .A D--H. . .A 
C7--H7A- • .O10 i 0.93 2.51 3.370 (3) 154 

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

For both compounds, data collection: SMART (Siemens, 
1996); cell refinement: SAINT (Siemens, 1996); data reduc- 
tion: SAINT; program(s) used to solve structures: SHELXTL 
(Sheldrick, 1997); program(s) used to refine structures: 
SHELXTL; molecular graphics: SHELXTL; software used 
to prepare material for publication: SHELXTL and PARST 
(Nardelli, 1995). 
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Abstract 
The title compound,  2,2 ' - furi l -5,5 ' -diyldiprop-2-yl  di- 
acetate, C2oH2208, lies about an inversion centre and 
forms a ladder-like structure wherein the furil backbone 
builds the steps which are then connected to each other 
by hydrogen-bond bridges (O . - .H  distance 2.64 ~,) be- 
tween the side groups. The furan rings of  neighbouring 
molecules are coplanar, with an interfacial distance of  
3.65 A. 

Comment 
The title compound,  (I), was synthesized from rac-5-(2- 
acetoxypropyl)-2-furancarbaldehyde,  a key intermediate 
in the total synthesis of the macrotetrolid Nonactin 
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