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The title compound, C16H21N3O2S, is a thiourea derivative

with cinnamoyl and 2-morpholinoethyl groups attached at the

terminal two N atoms. The groups lie trans and cis,

respectively, to the S atom across the thiourea CÐN bonds

and the morpholine group adopts a chair conformation. The

molecules are linked by NÐH� � �O hydrogen bonds, forming

an in®nite one-dimensional chain along the b axis.

Comment

Most carbonylthiourea derivatives of the type

R1C(O)NHC(S)NHR2 have a trans±cis con®guration with

respect to the position of the R1C(O) and R2 groups across the

thiourea CÐN bonds, respectively, such as in N-benzoyl-N0-
phenylthiourea (Yamin & Yusof, 2003a), N-benzoyl-N0(p-

bromophenyl)thiourea (Yamin & Yusof, 2003b) and N-

benzoyl-N0-(2-chlorophenyl)thiourea (Yusof & Yamin, 2004).

Similarly, in the title compound, (I), the cinnamoyl and 2-

morpholinoethyl groups are trans and cis, respectively, to the S

atom across the thiourea CÐN bonds (Fig. 1 and Table 1). The

morpholine group adopts a chair conformation. The bond

lengths and angles are in normal ranges (Allen et al., 1987) and

in agreement with other thiourea derivatives. The C7ÐC8

bond [1.311 (3) AÊ ] has double-bond character, with a trans

con®guration with respect to the H atoms at both C atoms.

The maximum deviation from the plane of the central

fragment (S1/O1/N1/N2/C7/C8/C9/C10) is 0.049 (2) AÊ for

atom O1. The dihedral angle between this plane and and the

phenyl group (C1±C6) is 22.39 (9)�. Three intramolecular

hydrogen bonds, viz. N2ÐH2A� � �O1, N2ÐH2A� � �N3 and

C7ÐH7� � �O1, are observed (Fig. 1 and Table 2). As a result,

two pseudo-®ve-membered (C7ÐC8ÐC9ÐO1� � �H and N3Ð

C12ÐC11ÐN2ÐH2A) and one pseudo-six-membered (C9Ð

N1ÐC10ÐN2ÐH2A� � �O1) rings are formed. In the crystal

structure, the molecule is stabilized by intermolecular N1Ð

H1A� � �O2i [symmetry code: (i) x, 1 + y, z; Table 2] hydrogen

bonds, forming one-dimensional chains extending along the b

axis (Fig. 2).

Experimental

Ammonium thiocyanate (0.761 g, 10 mmol) was added to an acetone

solution (20 ml) containing cinnamoyl chloride (1.666 g, 10 mmol).

After stirring for 15 min, a solution (10 ml) of 2-morpholinoethyl-
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amine (1.301 g, 10 mmol) was added. The resulting solution was then

re¯uxed for 1 h. After cooling, the solution was poured into a beaker

containing some ice. The white precipitate was ®ltered off and

washed with distilled water several times and then dried under

vacuum (yield, 69%). Crystals were obtained from acetone; the

melting point was 452.5 K.

Crystal data

C16H21N3O2S
Mr = 319.42
Triclinic, P1
a = 6.1452 (14) AÊ

b = 9.731 (2) AÊ

c = 14.690 (3) AÊ

� = 98.711 (4)�

� = 93.971 (4)�


 = 104.444 (4)�

V = 835.6 (3) AÊ 3

Z = 2
Dx = 1.270 Mg mÿ3

Mo K� radiation
Cell parameters from 775

re¯ections
� = 1.4±26.0�

� = 0.20 mmÿ1

T = 273 (2) K
Block, colourless
0.41 � 0.34 � 0.20 mm

Data collection

Bruker SMART APEX CCD area-
detector diffractometer

! scans
Absorption correction: multi-scan

(SADABS; Sheldrick, 1996)
Tmin = 0.921, Tmax = 0.960

8635 measured re¯ections

3267 independent re¯ections
2748 re¯ections with I > 2�(I)
Rint = 0.019
�max = 26.0�

h = ÿ7! 7
k = ÿ12! 12
l = ÿ18! 18

Refinement

Re®nement on F 2

R[F 2 > 2�(F 2)] = 0.053
wR(F 2) = 0.131
S = 1.15
3267 re¯ections
199 parameters
H-atom parameters constrained

w = 1/[�2(Fo
2) + (0.0564P)2

+ 0.1504P]
where P = (Fo

2 + 2Fc
2)/3

(�/�)max < 0.001
��max = 0.21 e AÊ ÿ3

��min = ÿ0.15 e AÊ ÿ3

Table 1
Selected geometric parameters (AÊ , �).

S1ÐC10 1.6675 (19)
O1ÐC9 1.219 (2)
O2ÐC15 1.425 (3)
O2ÐC14 1.426 (3)
N1ÐC9 1.377 (2)
N1ÐC10 1.389 (3)

N2ÐC10 1.314 (3)
N2ÐC11 1.449 (3)
N3ÐC16 1.450 (3)
N3ÐC13 1.453 (3)
N3ÐC12 1.460 (3)
C7ÐC8 1.311 (3)

C9ÐN1ÐC10 128.18 (17)
C10ÐN2ÐC11 124.72 (17)

N2ÐC10ÐN1 116.43 (17)

Table 2
Hydrogen-bonding geometry (AÊ , �).

DÐH� � �A DÐH H� � �A D� � �A DÐH� � �A

N2ÐH2A� � �O1 0.86 1.95 2.642 (3) 136
N2ÐH2A� � �N3 0.86 2.39 2.758 (2) 107
C7ÐH7� � �O1 0.93 2.48 2.813 (3) 101
N1ÐH1A� � �O2i 0.86 2.27 3.114 (2) 169

Symmetry code: (i) x; 1� y; z.

After their location in a difference map, all H atoms were posi-

tioned geometrically and allowed to ride on their parent atoms, with

CÐH = 0.93±0.97 AÊ and NÐH = 0.86 AÊ , and Uiso(H) = 1.2Ueq(C) and

1.2Ueq(N).

Data collection: SMART (Siemens, 1996); cell re®nement: SAINT

(Siemens, 1996); data reduction: SAINT; program(s) used to solve

structure: SHELXTL (Sheldrick, 1997); program(s) used to re®ne

structure: SHELXTL; molecular graphics: SHELXTL; software used

to prepare material for publication: SHELXTL, PARST (Nardelli,

1995) and PLATON (Spek, 2003).
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Figure 2
Packing diagram of the title compound, viewed down the c axis. The
dashed lines denote NÐH� � �O hydrogen bonds.

Figure 1
The molecular structure of the title compound, (I), with 50% probability
displacement ellipsoids. Dashed lines indicate hydrogen bonds.
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