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Structure of 3-(2-aminothiazol-4-yl)coumarin 
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The structure of 3-(2-aminothiazol-4-yl)coumarin has been established by X-ray struc- 
tural analysis. The data obtained were compared with the results of molecular mechanics 
calculations. 
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A series of works devoted to the synthesis, spectral 
properties, and biological activity of thiazolylcoumarins 
has been reported recently. 1-5 Among the compounds 
of this class, highly efficient laser dyes 3,4 and promising 
biologically active compounds 1,s have been found. In- 
formation on the spatial structures of these compounds 
is required to construct new theoretical models describ- 
ing the structural dependence of their spectral properties 
and biological activity. For  this purpose, 3-(2- 
aminothiazol-4-yl)coumarin (1) was studied by X-ray 
structural analysis, and the data obtained were com- 
pared with the results of molecular mechanics calcula- 
tions (the MMX program). 6 

The overall view of the molecule is shown in Fig. 1; 
the bond lengths and bond angles are given in Tables 1 
and 2. The molecule is approximately planar: the dihe- 
dral angle between the coumarin bicycle (planar within 

+0.027 A) and the thiazole substituent (planar within 
_+0.009 A) is 9.2% The slight twisting of the molecule 
around the C(3)--C(9) bond is apparently caused by 
shortened intramolecular  nonbonded contacts: 
O(2)...C(11) 2.846(3) A; C(2)...C(11) 3.011(3) A; and 
N(1)...C(4) 2.839(3) A (the sums of O and C, C and 
C, and N and C van der Waals radii are 3.22, 3.40, and 
3.25 A, respectively). 7 Steric hindrances are also par- 
tially relieved owing to an increase in the external bond 
angles O(2)C(2)C(3) (126.8(3) o) and C(3)C(9)C(11) 
(126.7(2)~ 

The coplanar arrangement of the substituents in the 
coumarin molecule is favorable for ~,~ conjugation be- 
tween the heterocycles and leads to the formation of a 
short intramolecular nonbonded O(2) . . .H(l l )  contact, 
which can be considered to be an intramolecular hydro- 
gen bond of the C--H.. .O type with the parameters 

N(2) 

C ( 6 ) f  "~i~(4a) y C ( 3 ) " ~ ( 1 1 )  

C(7) , , _,_, / / ~  r ~ ~.C(Sa) J,C(2~ ~.r ~,o0(2) 
) 

C(8) O(1) 

Fig. 1. The overall view of molecule 1. Dashed line indicates 
the intramolecular C--H...O hydrogen bond. 

Table 1. Experimental and calculated bond lengths in mol- 
ecule 1 

Bond d/.~ Bond d/~ 
X-ray MMX X-ray MMX 

structural structural 
analysis analysis 

O(1)--C(2) 1.373(3) 1.35 C(6)--C(7) 1.387(4) 1.40 
O(1)--C(8a) 1.379(3) 1.36 C(7)--C(8) 1.377(4) 1.40 
C(2)--O(2) 1.213(3) 1.22 C(8)--C(8A) 1.386(4) 1.40 
C(2)--C(3) 1.464(3) 1.48 C(9)--N(1) 1.391(3) 1.43 
C(3)--C(4) 1.353(3) 1.37 C(9)--C(11) 1.356(3) 1.36 
C(3)--C(9) 1.469(3) 1.48 N(1)--C(10) 1.307(3) 1.31 
C(4)--C(4a) 1.434(3) 1.46 C(10)--S(1) 1.748(3) 1.77 
C(4A)--C(5) 1.407(3) 1.41 C(10)--N(2) 1.344(4) 1.39 
C(4A)--C(8a)l.385(3) 1.41 C(ll)--S(1) 1.724(3) 1.77 
C(5)--C(6) 1.380(4) 1.40 
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Table 2. Bond angles c0 (deg) in molecule 1 

Angle to 
X-ray 

structural 
analysis 

MMX 

C(2)O(1)C(8a) 123.2(2) 123.46 
O(1)C(2)O(2) 115.5(2) 118.42 
O(1)C(2)C(3) 117.6(2) 119.50 
O(2)C(2)C(3) 126.8(2) 122.07 
C(2)C(3)C(4) 118.6(2) 117.83 
C(2)C(3)C(9) 119.4(2) 123.46 
C(4)C(3)C(9) 121.9(2) 118.71 
C(3)C(4)C(4a) 122.5(2) 120.64 
C(4)C(4a)C(5) 124.4(2) 121.68 
C(4)C(4a)C(Sa) 117.9(2) 118.64 
C(5)C(4a)C(8a) 117.7(2) 119.68 
C(4a)C(5)C(6) 120.1(2) 120.09 
C(5)C(6)C(7) 120.4(3) 120.15 
C(6)C(7)C(8) 120.7(3) 120.08 
C(7)C(8)C(8a) 118.4(3) 120.18 
C(8)C(8a)O(1) 117.2(2) 120.47 
C(4a)C(Sa)O(1) 120.1(2) 119.71 
C(4a)C(Sa)C(8) 122.7(2) 119.82 
C(3)C(9)N(1) 117.8(2) 120.99 
C(3)C(9)C(11) 126.7(2) 127.24 
N(1)C(9)C(11) 115.4(2) 111.71 
C(9)N(1)C(10) 110.5(2) 114.73 
N(1)C(10)S(1) 114.6(2) 112.55 
N(1)C(10)N(2) 124.9(2) 122.19 
N(2)C(10)S(1) 120.5(2) 125.27 
C(IO)S(1)C(11) 88.9(1) 88.82 
S(1)C(11)C(9) 110.5(2) 112.14 

(O(2) . . .C(11)  2.846(3); C ( l l ) - - H ( l l )  0.96(3); 
H ( l l ) . . . O ( 2 )  2 .34(2)A;  C ( l l ) - - H ( l l ) . . . O ( 2 )  angle 
112(3)~ which agree with the data from Ref. 8. 

The trigonal nitrogen atom of the N(2)H 2 group (the 
sum of the bond angles is 359 ~ ) lies in the plane of the 
heterocycle. This is favorable for n,Tt conjugation of the 
lone electron pair of the nitrogen atom with the cycle, 
which is borne out by the C(10)--N(2) bond length 
(1.344(4) A), which corresponds to a conjugated 
Csp2--Nsp2 bond. 9 The remaining bond lengths and bond 
angles in the coumarin system and in the thiazole 
heterocycle have normal values 9 and agree with those 
found in unsubstituted coumarin 1~ and thiazole, n 

The NH2 hydrogen atoms are involved in intermo- 
lecular hydrogen bonding: N(2)--H(21).. .O(2") (0.5+x, 
0 . 5 - y , - 0 . 5 + Z )  (N(2). . .O(2')  3.097(3); N(2)--H(21) 
0.84(3); H(21)...O(2") 2.27(3) A; N(2)--H(21). . .O(2") 
168(3)o), N ( 2 ) - - H ( 2 2 ) . . . N ( l ' )  ( - x ,  l - y ,  l - z )  
(N(2) . . .N(1 ") 3.108(3), N ( 2 ) - - H ( 2 2 )  0.86(3), 
H(22)...N(1 ") 2.25(3) A, N(2)--H(22). . .N(1 ") 173(3)~ 
through which the molecules are linked into layers. 

The results of MMX calculations of molecule 1 with 
full geometry optimization predict two conformers dif- 
fering in energy by AE = 0.30 kcal/mol; the s-trans 
rotamer is more stable, which is in agreement with the 

Table 3. Atomic coordinates (x 104, • 103 for H 
atoms) in the structure of 1 

Atom x y z 

S(1) 2163(1) 2390(1) 5347(I) 
O(1) --4899(4) 3050(1) 8308(1) 
0(2) --1689(4) 2118(1) 7879(1) 
N(1) --583(4) 3 8 6 9 ( 1 )  5711(1) 
N(2) 1 7 1 5 ( 6 )  3995(2) 4454(2) 
C(2) --3021(5) 2 8 2 5 ( 2 )  7728(l) 
C(3) --2823(5) 3 4 5 1 ( 2 )  7002(1) 
C(4) --4424(5) 4228(2) 6951(2) 
C(4a) --6283(5) 4465(2) 7585(1) 
C(5) --7938(5) 5276(2) 7568(2) 
C(6) --9705(5) 5435(2) 8201(2) 
C(7) --9887(6) 4795(2) 8855(2) 
C(8) --8271(6) 4001(2) 8893(2) 
C(8a) --6491(5) 3 8 5 1 ( 2 )  8256(1) 
C(9) --950(4) 3 2 1 0 ( 2 )  6342(1) 
C(10) 968(5) 3 5 2 8 ( 2 )  5141(1) 
C(ll) 389(5) 2 3 8 6 ( 2 )  6256(1) 
H(4) --433(5) 462(2) 649(1) 
H(5) --777(5) 571(2) 712(2) 
H(6) --1086(6) 598(2) 818(2) 
H(7) --1112(5) 490(2) 927(2) 
H(8) --825(6) 354(2) 932(2) 
H(ll)  42(5) 184(2) 662(2) 
H(21)* 241(6) 371(2) 405(2) 
H(22)* 127(6) 457(2) 439(2) 

* Hydrogen atoms of the N(2)H 2 group. 

experimental data. The C(4)C(3)C(9)C(11) torsion an- 
gle (159.2~ which corresponds to bending of the thiazole 
ring out from the plane of the coumafin cycle, exceeds 
the experimental value. Because the parametrization 
used in the calculations assumes medium with a permit- 
tivity of  1.5, this result is reasonable and corresponds to 
the well-known flattening of ~ conjugated assemblies of 
cycles in the crystalline state. The results of the calcula- 
tion of the geometry of the most stable conformer are 
given in Tables I and 2. 

Experimental 

Crystals of 1 are monoclinic, at 20~ a = 4.839(2), b = 
14.287(6), c = 15.800(6) A, 13 = 94.00(2) ~ V = 1090(1) A 3, 
dcale = 1.489 g/cm 3, Z = 4, the space group is P21/n. The 
unit-cell parameters and intensities of 2243 independent re- 
flections were measured on a four-cycle automated Siemens 
P3/PC diffractometer (Mo Ks radiation, a graphite mono- 
chromator, 0/20 scan technique, 0ma x = 28~ The structure 
was solved by the direct method and refined anisotropically by 
the full-matrix least-squares method for nonhydrogen atoms 
using 2233 reflections with ! > 2~(/). Hydrogen atoms were 
located from the difference syntheses and included in the 
refinement with isotropic thermal parameters. The final R 
value is 0.037 (R w = 0.037). All calculations were performed 
using the SHELXTL PLUS program package (PC version). 
Atomic coordinates are given in Table 3 (atomic thermal 
parameters may be obtained from the authors). 
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