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Earlier [i] substituted 2-N-phenyliminooxazolidine (I) was synthesized by the reaction of 
diphenylcarbodiimide with phenylglycidyl ether. On the basis of the data of elementary analy- 
sis, the IR, PMR, and mass spectra, hydrolysis of the reaction product, which led to 2-oxazoli- 
dinone, and countersynthesis of the latter, the structure (la) with phenyl and phenoxymethyl 
substituents in the 3- and 5-positions, respectively, was proposed for compound I. However, 
these data did not exclude the possibility of the formation of theisomeric 3-phenyl-4-phenoxy- 
methyl-2-N-phenylaminooxazolidine (Ib) in this reaction was well: 

~ ---- 0 --CH2~H-~CI~I 2 + C6HsNCNC~H5 

0 

An x-ray crystallographic investigation that we conducted for an unambiguous establish- 
ment of the structure of compound I and analogous heterocyclic fragments of thermostable poly- 
mers confirmed the proposed structure of the compound as la~ 

The central oxazolidine ring is noncopolanar. The parameters of folding q2 = 0.333 
and ~2 = 351.4 ~ , calculated by the Kramer--Pople method [2], characterized its conformation as 
intermediate between an envelope and a half-chair. The C(s) and C(~) atoms emerge -0.274 and 
0.109 A on different sides of the Pz plane of the other three atoms of the heterocycle (Table 
i). 

The length of the Ci4~-Cts~ bond 1.525 (6) A is close to the ~tandard length of the sin- k J 0'~ 
gle bond C(sp3)-C(sp 3) 1.537A ~3]. ~ The C(5)-O(z) bond 1.448 (4) A is slightly lengthened, 
while the C(~)-N(3~ bond 1.447 (5) A is appreciably shortened in comparison with the corre- 
sponding standard bond lengths C(sp3)-O 1.426 A and C(sp3)-N 1.472 A [3]. On the whole, the 
distribution of the bond lengths in the oxazolidine ring of compound I corresponds to that ob- 
served in the related 3,5-substituted oxazolidinones [4-6], with the exception of a small 
lengthening of the C(2)-0(I) bond to 1.377 (5) A in comparison with 1.350 A (average for nine 
derivatives of 3,5-oxazolidinone [4-6]) and 1.356 A (in unsubstituted 2-oxazolidinone [7]). 
The endocyclic valence angles in the heterocycle I agree with those observed in oxazolidinone 
analogs [4-6]. A comparison of the geometry of the rings in compound I and the above-mentioned 
analogs and derivatives of oxazolidine, all the carbon atoms of the ring of which are sp3-hy - 
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TABLE i. Coefficients of the Equations A x + By + C z = D of 
Coplanar Fragments and Deviations (A) of the Atoms from Them 

Plane A B D 

Pl 

P~ 

Pa 

P4 

-0,7637 

0,1287 

-0,6426 

.0,5079 i 

P8 
Po 

,0,4100 ~ 
-0,8435! 

c 

0,2184 -0,6074 

0,9168 -,0,3779 

�9 0,4015 -0,6526 

0,2359 -0,8285 

.0,4099 0,8148 
,0,0969 -0,5283 

-24,82 

2,95591 

- 22,20 

12,7017 

9,1643 
-27,17 

O(~) 0; C!2~ 0; N(a) 0; C(4) 0,109; C(s) 
-0,274; N~6)* 0,014; C~1)* --0,296 

C(7 ) -0,006; C<s~ 0,001; Cr 0,006; 
C~o) -0,007; C~.) 0; CI~) 0,006; 
N(s)* --0,151 

C~211 0,002; Ciz~) -0,011; Cl~al 0,011; 
C~4) -0,003; C~> -0,006; C(~o) 
-0,006; N/>* -0,027 

C~ 1 -0,006; C~I~) 0,012; C,m-0,004; 
CI~s) -0,014; C~) 0,016; C~o) 
--0,004; O~1~1" -0,063 

C~3> 0; OIm 0; C(lsl 0 
C(~) 0; C~) 0; Cr 0; N~a)* 0,077 

Two-faced angles between planes: PI/P2 70.6~ PI/P3 36.9~ 
PI/P4 86.3~ P~/P5 ii.5 ~ 
"*Atoms not included in the calculation of the equations of 
the plane. 

bridized [8, 9], reveals a substantial shortening in the first bonds with the participation 
2 �9 ~ of the sp -hybrldlzed C(2) atom, as well as an increase in the endocyclic angle at it by 4-6 ~, 

just as should have been expected. At the same time, in oxazolidine derivatives the corre- 
sponding bond lengths are close to the standards for C(sp3)-O and C(spa)-N, while the OCN an- 
gles are 102.4-105.4 ~ . 

The conformation of the N(3) atom of the heterocycle is close to planotrigonal: The sum 
of the bond angles at it is 359.1 ~ the deviation of Nt3~ from the plane of the three neigh~ 

�9 . o . ~ )  ~ .  . 

borlng atoms is 0.077 A. The shortenlng ofothe N(3)-C(21) bond to 1.402 (5) A in comparlson 
with the standard N-Carom bond length 1.43 A [3] is evlde6tly due to a certain interaction of 
the unshared pair of the N(3) atom with the ~-system of the phenyl ring A (Fig. i), despite 
the rather substantial rotation (36.9 ~ ) of the latter relative to the plane PI of the hetero- 
cycle. Stronger p-~ interaction (coplanarity of the heterocycle and the A ring) is evidently 
prevented by steric repulsion between the N(6 ) and C(26) atoms (the distance N(~)...C(26) 
3.018 (5) A is shortened in comparison with-the sum of the van der Waals radii of C and N, 
3.20 A [i0]). Probably these same steric factors are responsible for the increase in the an- 
gles N.(6)C(2)N(3) to 126.4 (4) ~ C(2)N(3)C(21) to 126.7 (3) ~ and N(3)C(2~)C(26) in comparison 
with the adjacent exocyclic angles [123.7 (4), 122.8 (3) and 118.4 (4) ~ , respectively]. 

A definite analogy in the structure is traced in a comparison of oxazolidine I with 2hen- 
yliminothiazolidines [ii] . The lengths of the endo-and exocyclicbonds C(2)--N(3 ) 1.378 (5) A and 
C(2) =N(6)i. 27~ (5) A, differ substantially (the latter is close to the length of th~purely double 
bond C=N i. 255 A [12 ]) and are in good agreement with average values i. 368 and i. 267 A of the cor- 
responding bond lengths in imino-tautomers of thiazolidines [ii]. In these cases the endo- 
cyclic angles at C(2) actually coincide: 109.9 (3) ~ in compound I with the average values 
(ii0.i ~ in the indi6ated tautomers [ii]. 

The phenyl ring B (Fig. i) has a cisoid arrangement relative to the O(~) atom of the het~ 
erocycle (Z-isomer). The appreciable twisting of the double bond (torsion a6gle 0~I)C~2)N~6)~ 
C(7) 7.9~ Table 2) can be explained by steric hindrances. The twisting of the C(2)~=~N~) 
bonds, as well as the substantial rotation of the B ring (its plane P2, two~faced angle PI/~2 
70.6~ increase the O(~)...C(s) distance to the normal van der Waals 3.095 (5) A. In this 
case there is virtually no conjugation possible between the phenyl ring B and the unshared 
pair of the N(6) atom, which is indicated by the bond length C(7)--N(6), close to the length 
of the single bond C --N, 1.43 A. 

arom 
The O( )~4 atom is situated synclinally with respect to the O ~) and C(4) oat~176 the 

heterocycle (torsion angles relative to the C(5)-Cr13 ~ bond are i~5.7 and 59.9 )an is at a 
distance from them of 2.698 (4) and 2.878 (5) A, resplctively, which are close to the normal 
van der Waals values of 2.8 and 3.1 ~ [i0]; however, they remain somewhat shorter. Similar 
information is frequently encountered in 5-phenoxymethyl-substituted oxazolidinones [4~6]. 
In this case it explains the fact that compound I does not isomerize to the corresponding im~ 
idazolidone [i], although such isomerization is characteristic of unsubstituted and 5~phenyl~ 
substituted 2-N-phenyliminooxazolidines in which the O(i) atoms is sterically unshielded [13]. 

832 



Fig. i. 

1,394(7) 

C ( 1447(5{ 

C 1 38716~ ~ N ( 6 )  )'~4(6) C'~(2~ 
(~) '" 1,394 {61 

L(.) 

Bond lengths in the 2-N-phenylimino-3-phenyl--5-pheny].- 
ox~e thy l -1 ,3 -oxazo l id ine  molecule. 

TABLE 2. Torsional Angles ~ in Compound la 

Angle 

O(t)C(s)C(,))N(~) 
C(s)C(4)N(3)C(2) 
C(4)N(3)C(2)O(~) 
N(3)C(2)O(,)C~s) 
C(2)O(~)C(s)C(4) 
C(4>C(5)C(13)C(14) 

r, deg 

23,2 (4) 
- 17,5 (4)  

4,6 (4) 
{ 1,5 (4)  

--21,7 (4) 
59,9 (4) 

Angle 

O(1)C(slC(m)O(t4) 
O(,)C(2)N(o)C(7) 
N(~)C(2)N<6)C(7) 
C(5 ) C( 13)O{14)C(15) 
C(m)O(14)C(m)C(~6) 
C(ls)O(t4)C({s)C(20) 

r. deg 

-55,7 (4) 
7,9 (4) 

- 173,0 (6)  
-1753  (5) 

] 1,9 (5)  
- 169,8 (5) 

Steric factors induce some distortions of the phenoxymethyl fragment, normal for ROCH2- 
substituted aromatic compounds [14]. These distortions consist of an inequality of the exo- 
cyclic angles 0(x~)C(15)C(16) 124.8 (4) and 0(14)C(is)C(2o) 114.5 (4) at the ipso-atom C(~) 
and ro~ation of-th& methylenoxy group around the 0(:4)-C(15) bond through an angle of Ii.5 ~ 
and are explained by repulsion of the CH2 group from the closest H atom of the phenyl ring. 

The shortening of the C-C bond lengths in all three benzene rings [average values for 
the A, B, and C rings 1.3~9 (7), 1.378 (7) and 1.368 (8) ~, respectively] in comparison with 
the standard value 1.397 A [3] is due to the substantial thermal vibrations of these rings. 
In this case the values of the valence angles in the phenyl rings remain as usual: the aver- 
age value for each ring is 120.0 (4) ~ 

The crystal is constructed from discrete molecules, and no shortened intermolecular con- 

tacts are detected. 

EXPERIMENTAL 

Crystals of substance I, produced by evaporation from solution in isopropanol, are rhom- 
bic, a = 36.535(3), b = 10.2431(7), c = 9.7945(3) A, M = 344, dcalc= 1.25 g/cm 3, Z = 8. 
C=2H2oN202, space group Pbca. 

The parameters of the unit cell and the intensities of 2155 independent reflections were 
measured at room temperature (20 • 2~ on a Hilger-Watts four-circle automatic diffractometer 
(XCuKa, graphite monochromator, 0 ! 68 ~ Q/2e-scan). In subsequent calculations we used 1679 
reflections with F 2 > 2.20. 

The structure was delineated by a direct method according to the MULTAN program and re- 
fined by the method of least squares in a block-diagonal approximation, first isotropically 
to R = 0.151 and then anisotropically to R = 0.i00. Then all the hydrogen atoms were detected 
in the differential series and included in a refinement with fixed Bis o = 5 ~2. The final 
value of the discrepancy factor R = 0.057 (R w = 0.061). All the calculations were performed 
on an Eclipse S-200 computer according to the INEXTL programs [15]. The coordinates of the 
nonhydrogen atoms and their temperature factors are cited in Table 3, the coordinates of the 

833 



O
0 

~
0

0
~

0
0

~
 

~
~

z
z

z
~

 

2
2

2
2

2
~

 
~

2
~

 
~ 

~
2

 

oc
l e~

 

t~
 

t~
 

0 O
~ g~

 

0 t-
~ 

~
o

~
o

~
~

1
 

I 
I 

o
~
 

o
.
 

~ 
I ~
. 

0 ~
h

 

0 fD
 

O
l 

~
0

~
~

 
~

~
0

~
~

 
~
 

~
0

~
~

~
0

~
0

~
 

~
0

~
~

 ~
 

t.
~

. 
0 

v
t'

l-
 

0 
0 

O
 

~ 
0 

h.
.t 

r"
~ 

I-
h 

N
 

0 

0 
0 

0 
~ 

,.Q
 r

/l 

II 
0 

ca
, 

12
~ 

~
- 

~ 

I 



H atoms in Table 4. A general view of the molecule with bond lengths is presented in Fig. i, 
and the bond angles are given in Table 5. 
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HYDROGENATION OF HETEROCYCLIC COMPOUNDS USING POLYMER-CONTAINING CATALYSTS 
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V. S. Pshezhetskii, I. P. Stepanova, 
and A. G. Dedov 

UDC 66.094.1:547.7 

The hydrogenation of a series of oxygen- and nitrogen-containing compounds: furan, 
sylvan, benzofuran, certain dioxa-compounds, and pyridine, was investigated under 
mild conditions in the presence of polymer-containing catalysts based on metals of 
group VIII. The catalysts used were soluble complexes of Pt, Pd, and Rh with vari- 
ous polymers and copolymers. The greatest activity was exhibited by rhodium com- 
plexes with carboxyl-containing polymers. 

Despite the increased interest of researchers in metallocomplex catalysts, there are com- 
paratively few studies devoted to the hydrogenation of heterocyclic compounds on the indicated 
catalysts. The hydrogenation of heterocyclic compounds on catalysts prepared using polymer 
macroligands has practically not been studied. 

In this work we investigated the hydrogenation of a series of oxygen- and nitrogen-con- 
taining heterocyclic compounds in the presence of catalysts prepared on the basis of complexes 
of metals of group VIII (Rh, Pd, Pt, and Ni) with polymer macroligands: copolymers of styrene 
with maleic acid (I), a copolymer of maleic acid with methyl methacrylate (II), polyacrylic 
acid (III), and polyvinylpyrrolidone (IV). Hydrogenation was conducted at atmospheric pressure 
and a temperature of 20-60~ 

Rhodium and palladium catalysts exhibited high activity and selectivity in the hydrogena- 
tion of furan compounds (Table i). At the same time, platinum and nickel catalysts were inef- 
fective. A platinum catalyst showed low activity in the hydrogenation of benzofuran. It is 
interesting to note that the activity series in the hydrogenation of benzofuran with palladium, 
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