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Abtract
Crystal structures of emidazolidine-2-thione or ethylensthiourealetu) (1), 1-4,5-

dlhydro-1H-Imldazol-z-yllimIdazolidine-2-thionef or Jaffe's base (2} and 1-(4,6-dihydro-1H-
imidazol-2-yllimidazolidine-2-thione hydrobromide or Jaffe's base HBr (3) have been
determined by single crystal x-ray diffraction methods. Crystals of (1) are monoclinic, P24/c,
a 5.794(1), b 14.609(6), ¢ 6.773(2) A, B 101.32(2)9, Z = 4; the structure was refined to &
residual of 0.036 for 1193 independent ‘observed’ reflections. Crystals of {2) are
monoclinic, P21/c, a 7.9079(8), b 12.480(2), ¢ 7.7913(7) A. 3 92.89(11°, Z = 4; R being
0.053 for 662 independent 'observed' reflections, The molecules of {1} and (2) are
substantiaily planar. Crystals of (3) are orthothombic, Ppgm, & 15.295(3), b 9.063(2), ¢
6.895(7) A, Z=4 . R was 0.034 for 1044 independent ‘observed' reflections. The molecule

i$ ptanar.



Introduction
During studies of complexes formed betwsen ethylenethicurea and copper(l)

halides(CuX, X = F, Cl, Br, )1 or oxyanions(X = NO3, 1/2504),2 we have purified the parent
ligand by recrystaiization of commaercial ethylensthiourea twice from ethanol, obtaining well
shaped pale yellow crystals and prepared desulfurated diethylenethiourea or Jaffe' base and
alse prepared desulfurated diethylene bromide from the reaction of copper(l) bromide and

sthylenethiouree. The crystal structure of ethylenathioursa has been previously determined



¢
the Computer Unit, Faculty of Science, Prince of Songkla University. Results are given in

the Figures and Tables.
Material deposited comprises structure factor amplitudes, thermal parameters and hydrogen
atom geometries (copies are available from the Australian Journal of Chemistry, P.O. Box 89,

East Melbourne, Vic. 3002)

!midazo!ididine-z-thi:ona, [CaHgNoSI , (1]

Crystal data. - C3HgN2S, M 102.2, Monoclinic, space group P21/ ((,, No.14), a
5.794(1), b 14.508(5), ¢ 5.7732) A, V 475902 A°, B 101.320210, Doiz=4) 1.43 gemS,
FI000) 216. Upjo 4.6 cm™!; specimen: 0.42 by 0.31 by 0.14 mm (no absorption correction),
20y 60°; N 1183, N, 1193; R 0.038, R,,, 0.042.

i

1-/4,6-Dihydro-1H-imidazol-2-yllimidazolidine-2-thione, [CgH1oN4S! , (2]

Crystal data. - CgH1gN4S, M 170.2. Monoclinic, space group P24/c {C:;. No.14}, a
7.9079(8), b 12.4802), ¢ 7.7913(7) A, [3 92801110, v 768.02) A’ Del2=4) 1.47 g om'3;
F(000) 360. Mo 3.1 cm-1; specimen: 0.xx by 0.xx by 0.xx mmino absorption correction), 2

Omax 50°; N 662, N, 662; A 0.052, A,y 0.053,
(o] w

1-{4,5-Dihydro-1H-imidazol-2-yljimidazolidine-2-thione hydrobromide, [CgH11BrN4SI , [3]

Crystal data. - CgHq1BrN4S, M 251.3. Orthorhombic, space group Pnam { D27h' No.

53), a 15.206(3), b 9.083(2), ¢ 8.895(7) A, V 956(1) A ", DelZ=4) 1.75 g em3; FIO00) 504,
KMo 43.8 cm1; spacimen: 0.59 by 0.68 by 0.37 mm; A*nin max 2.76, 8.13. 20, 85°;
N 1621, N, 1044; R 0.034, R,, 0.038.
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by film methods;3 we have redetermined the crystal structure of ethylenethiourea by single
crystal diffractometer data in order to establish the geometry of the parent ligand more
precisely and we also determined the crystal structures of Jaffe's base and desulifurated

diethylenethiourea bromide or Jaffe's base HBr which are the sthylenethiourea derivatives.

Experimental
lmidazo!ididin&z-thic;na [1]
Crystals of (1) obtained as pale yellow crystals by recrysteflization of commercial
ethylenethiourea twice from ethanol.
1-{4, 5-Dihydro-1H-imidazol-2-yllimidazolidine-2-thione (2|
1-f4, 5-Dihydro—1H-imidazo!-2-y!!imidazolidine-zithione hydrobromide (3] N
Ethylenethiourea (2.46 g, 0.024 mol) was dissolved in water (90 ml). CuBr (1.5 g,
0.01 mol) was addad to the solution with continuous stirring at room temperature about 3
hours. The solution was filtered and sllowed to cool. After the solvent evaporsted the

crystals formed under normal laboratory conditions.

Structure detsrmination

A unique data set was measured within an appropriate Zemax limit as specified
for each structure using an Enraf-Nonius four<circle diffractometer. Of the N reflections
collected, N, of those with / > 307/ being considersd ‘observed’ and used in the
refinement of the structure. The reflection intensities were corrected for Lorentz and
polarization effects. The structures were solved by the diract methods. The hydrogen atoms
were located in difference Fourier maps and refined in xy,zUjgg} except the hydrogen
atom on compound(2} were calculated and constrained in refinement. Anisotropic thermal
paremeters were refined for the non-hydrogen atoms. For compound(!), the P2¢/c setting of
the original P24/a cell3 was adopted. Neutral atom complex scattering factors were used;4
computation used the XTAL3.2 program system® implemented on a PC Computer of the

Department of Chemistry and XTAL3.4% implamented on a DEC Alpha Server computer of



Discussion
Imidazolididine-2-thione

The unit celf contents comprise discrete molecules of the ethylenethiourea with one
molecule comprising the asymmetric unit. No short inter- or intramolecular hydrogen
bonds are found. Unlike the suggestions of the earlier report, the molecule is almost planar;
and the best plane of the six non hydrcgen atoms was calculated with the deviation of
stoms S, N(1), N("2), C(1), C(2) and C(3) from the plane being 0.006(1), -0.017(2), 0.012(2),
0.020(2), 0.014{2) and -0.009(2) A respectively. Tha H(N4) and H{Nj) atoms are in this
plane which the deviations from the plane are -0.02(2) and 0.06(2) A The geometry is &
useful basseline for comparison with that of the molecule as a ligand in its complexes, e.g. in
the recent studies of [Culetu)4l(NO3) and [Culetu}3]2{SO4), S-C3 are 1.694(2), and 1.714(5),
1.6981(6) A respectively,2 exhibiting surprisi;\gly little change the present value of 1.688(2)

A
1{4,8-Dihydro-1H-imidazol-2-yllimidazolidine-2-thione

The structure consists of discrete Jaffe' base molecules held together by hydrogen
bonds and van der Waals interactions. The N(3)—HM(1') (-x, 1/2+y, 1/2-2} inter-hydrogen bond
is 2037(6) A |

1{4,6-Dihydro-1H-imidazol-2-yilimidazolidine-2-thione hydrobromide

The structure of this compound consists of discrete desulfurated diethylanethiourea
cations, {CgHq1N4S] and bromide ions. All non hydrogen atoms including the bromide ion,
and the N-hydrogen atoms, lie in the same plane which is the mirror plane of the moleculs
at y = 1/4 and hydrogen atoms on CHo groups are related by this plane. The C-S distance
1.647(4) A is short compared with the parent ethylenethiourea molecule {1.688(2) A) due

the resonance affect.
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Table 1, Atomic positional and isotropic displacement parameters

x/a y/b zc U

S 0.22602(8)  0.11419(3)  0.04392(8)  0.0428(2)
N{1) 0.6472(3; 0.0875(1) 0.3059(3) 0.0491(5)
H(1) 0.668(3) 0.025(1} 0.204(3) 0.047(5}
N{2) 0.4717(3) 0.1767(1) 0.4573(3) 0.0431(5)
Hi2) 0.367(4) 0.218(1) 0.459(3) 0.063(8)
cu 0.8167(3) 0.0807(1} 0.5194(3} 0.0416(8)
H(11)  0.848(4) 0.036(1) 0.655(3) 0.057(6)
H(12)  0.566(4} 0.113(1) 0.482(4) 0.057(8)
Ci2) 0.6917(3) 0.1675(1} 0.6272(3) 0.0432(8)
H(21)  0.776(3) 0.227(1) 0.642(3) 0.069(6)
H22)  0.661(4) 0.183(1) 0.780(4) 0.086(7)
C3)  0.4551Q3) 0.1182(1) 0.2748(3) 0.0324(4)

Table 2. Interatomic distances {Angstroms)

Atoms Distance
S-Ci3) 1.688(2)
N{11-H(1) B87{2)
N(1)-C(1) 1.458(2)

N{1)-C(3) 1.325(2)



N(2)-H(2
N(2)-C2)
N{2)-C{3)
Cl1-H01)
Cl1H(12)
Ci-Cl2)
Ci2)-Hi21)
Ci2)-H(22)

.85(2)
1.454(2)
1.333(2)
1.00(2)

.99(2)
1.527(3)

99(2)

95(2)

Table 3. Interatomic angles (degrees)

Atomns Distance
H{1-N{1)-C(1} 125(1)
H{1)-N(1)-C{3) 122(1)
Cl1NI1}-C(3) 113.142)
M{21N(2)-Ci2) 126(1)
H{2)-N{2)-C(3) 120{1)
Ci2)-N(2)-C(3) 113.2(1)
NORCURHIOY) 10(1)
NCi1)-M(12) 11201)
N{1-Cl1)-Ci2) 102.6(1)
H(11):C{1)-H(12) 110(2)
H(111-Ci1)-C2) 112(1)
M(12-C(1)-Cl2) 111(1)
Ni2)-Ci2)-Ci1) 102.4(1)



NI2-ClzH21)
NIC(2-H22)
CIMCHHE)
CIMC2HHZ2)
Hi21)-C(2)-H(22)
S.CEHNI)
S.CAMN
NIHCRRING2)

109(1)
110(1)
114(1)
114(1)
107(2)
126.3(1)
125.1(1)
108.6(1}

Table Sup-1 Atomic Displacement Parameters

i

IR v22 u3s U12 u13 u23

S 0412(3)  .0459(3)  .0376(2)  -0040(2}  -0014(2) -0033(2)
N{1) 0466(9)  .0554(9)  .04108)  .0149(7} -0024(7) -0193(7)
H(1) .047(5)

N2} 0420(8)  .0466(8)  .0387(8)  .0108(7)  .000B(B)  -.0122(6)
H(2) 0536)

¢ 0303(8)  .047(1) 0364(9)  .0088(8)  .0026(7)  -.0034(7)
(11} .067(8)

H(12) .06716)

Cf2) .045(1) .047(1) 0345(9)  .0040(8) 0018(7)  -.0085(7)
H(21) .069(6)

Hi22) .068(7)

Ca) 0369(8)  .0308(7)  .0303(7} -0038(6)  .0084(6)  .0010(6)
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Table Comparative SCNy geometries

Compound SCA  CNA S-CA/ degrees  N-C-N/ degrees
tub 1.72009)  1.340(6) 120.5(5) 119.0(6)
oty 16882 132502, 13332) 126.1(1), 128.3(1) 108.6(1)
fesBase 16718  1303(9) 1394 124.4(6), 126.006) 109.6(9)
Jaffe's Base HBr 1.648(4)  1.324(6), 1.412() 126.9(3), 127.3(3) 105.83)

Figure captions

Fig. 1 Molecular plot of ethylenethiourea normal to six non-hydrogen atoms.

Flg. 2 Molecular plot of ethylenethiourea through the plane of five ring atoms.

Fig. 3 Unit cell content of ethylenethiourea plot down c.



Atomic Positional and Isotropic Displacement Parameters

atom X/a y/b z/c Ufleq) A**2

N(1) 0.4717(3) 0.1767(1)  0.4573(3) 0.0431(5)

H(1) 0.367(4) 0.218(1) 0.459(3) 0.053(6)

c(2) 0.4551(3) 0.1192(1)  0.2748(3) 0.0324(4)

S(2) 0.22602(8) 0.11419(3) 0.04392(8) 0.0428(2)

N(3) 0.6472(3) *0.0675(1) 0.3059(3) 0.0491(5)

H{3) 0.668(3) 0.025(1) 0.204(3) 0.047(5)

c(4) 0.8167(3) 0.0907(1) 0.5194(3) 0.0416(6)

H(41) 0.848(4) 0.036(1) 0.625(3) 0.057(6)

H(42) 0.966(4) 0.113(1) 0.482(4) 0.057(6)

C(5) 0.6917(3) 0.1675(1) 0.6272(3) 0.0432(6)

H(51) 0.776(3) 0.227(1) 0.642(3) 0.059(6) g
H(52) 0661 (4) 0.153(1) 0.780(4) 0.066(7) e

B M s e e e o e o e AR Mm e MR MR e RR MR M M e M M e M MR M e AR M T M R M MR B EE AN v M A e T BR W W TR A M o = = =

atom x/a y/b z/¢ Ul{eqg) A**2
N(1) 0.4717(3) 0.1767(1) 0.4573(3) 0.0431¢(5)
C(2) 0.4551(3) 0.1192(1) 0.2748(3) 0.0324(4)
8(2) 0.22602(8) 0.11419(3) 0.04392(8) 0.0428(2)
N(3) 0.6472(3) 0.0675(1) 0.3059(3) 0.0491(5)
c{4) 0.8167(3) ¢.0907(1) 0.5194(3) 0.0416(6)
C{5)} 0.6917(3) 0.1675(1) 0.6272(3) 0.0432(6)

-t s e me e v o e e A SR e G G Ak e R mm Em mm M e s e e e m am Em am e e e R e e e S M M A M M M A



‘Hydrogen Positional and Isotropic Displacement Parameters c -
__________________________________ i--—-—--_..-—_-—--——-——-— -
atom x/a y/b z/c¢ U A**2
H(1l) 0.367(4) 0.218(1) 0.459(3) 0.053(6)

B(3) 0.668(3) 0.025(1) 0.204(3) 0.047(5)

H(41) 0.848(4) 0.036(1) 0.625(3) 0.057(6)

H(42) 0.966(4) 0.113(1) 0.482(4) 0.057(6)

H(51) 0.776(3) 0.227(1) 0.642(3) 0.059(6)

H(52) 0.661(4) 0.153(1) 0.780(4) 0.066(7)

Atomic Anisotropic Displacement Parameters

o e o e mm am e m e m mA S MM e R W M SR M M e A R R e MR M e e P E e e we e

A WA o dm m am e o e e Ak MR MR dm AR MR R ER ME R MR B M B B W MR W SN AR M em R R M M e o e em A e am Mm Em Em o e e em e e Em Em m Em mm M e e e o

atom Ull u22 U33 vi2 Uls Uz23

ﬁ-!) .0420(8) . 0456 (8} .0387(8) .0105(7) .0o08(6) -.0122(6)
(2) .0369(8) .0308(7) .0303(7) .0038(6) .0084 (&) .0010(6)
S(2) .0412(3) .0459(3) .0376(2) .0040(2) .0014(2) -.0033(2)
N(3) .0465(9) .0554(9) .0410(8) .0149(7) .0024(7) -.0193(7)
G(4) .0393(9) .047(1) .0364(9) .0068(8) .0026(7) -.0034(7)
C{5) .045(1) .047(1) .0345(9) .0040(8) .0018(7) -.0085(7)

e am Em mw ma e e v um o m oam mm wm o kh e o Em o de kMR M M R MR e e ek Er E e mr o e mh TP Ee TE o e b b T o A W AL ML e L A b L e b e A MR ek e A e M M MR e e



Bond Distanceg (Angstroms)

N(l)~C(2) , 1.333(2)
N(1)-C(5) ©1.454(2)
C(2)-8(2) 1.688(2)
C¢(2)-N(3) 1,325(2)
N{3)-C(4) 1.456(2)
C(4)-C(5) 1.527(3)
Bond Angles (degrees)
C(2)-N(1)-C(5) 113.2(1)
N(1)-C(2)-8(2) 125.1¢(1)
N{(1l)-C({2)-N(3) 108.6(1)
§(2)-C(2)-N(3) 126.3(1)
C(2)-N(3)-C(4) 113.1(2)
N{3)-C(4)-C(5) 102.6(1)
N{1}y~C{5)~-C(4) 102.4(1)

. U e e n e M e e G b e s mh e e am e GG A A R ke e



Ethylenethiourea



Ethylenethiourea



Ethylenethiourea: unit cell down c¢,b axis across
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Jaffe's Base [CGH ; oN 4S]



Jaffe’s Base



Jaffe’s Base CGH 10N 4S unit cell down ¢ axis,b axis across
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Atomic Positional and Isotropic Displacement Parameters

P e e m e e m e m o ot e T W T W o Er R EP W W T W Mm T SR TR T TR W TR MR M TR T M M R M R T MR M A M e M Ee e

A Ee B ek dm i am ek e kA m e W W R MM MR M MM AR e SR MR SR AR MR R MM e MR R A R A M M ME R e e R M e am mR M A R Em e e e

atom x/a y/b z/c U{eqg) A**2
Br 0.30187(2) 0.49687(5) 1/4 0.0482(2)
N(1) 0.4457(2) 0.9443(3) 1/4 0.038(1)
C(2) 0.4601(3) 1.0981(5) 1/4 0.039(1)
5(2) 0.55494(¢(8) 1.1844(1) 1/4 0.0539(4)
N(3) 0.3815(3) 1.1593(4) 1/4 0.052(1)
C(4) 0.3071(3) 1.0592(6) 1/4 0.052(2)
C(5) 0.3508(3) 0.9086(6) 1/4 0.049(2)
N(1') 0.4847(2) 0.6958(4) 1/4 0.046(1)
c{(2') 0.5061(3) 0.8370(4) 1/4 0.036(1)
N(3') 0.5915(2) 0.8553(4) 1/4 0.047¢(1)
C(4°*) 0.6362(3) 0.7125(5) 1/4 0.050(2)
Cc(5") 0.5619(3) 0.6040(6) 1/4 0.064(2)
H(3) 0.367(3) 1,.253(7) 1/4 0.09(2)
H{4) 0.266(2) 1.067(4) 0.364(5) 0.09(1)
I-H) 0.338(2) 0.851(3) 0.140(4) 0.049(9)
H{1l") 0.436(2) 0.674(4) 1/4 0.03(1)
H{3') 0.615(3) 0.947(6) 1/4 0.06(1)
B{4"') 0.670(2) 0.701(3) 0.141(4) 0.051(9)
H(5"') 0.561(2) 0.540(3) 0.168(6) 0.06(1)

e mE e s A e e e Mm am 4R MR R YR SR M T R SR R R N AN M PN MM MM M M A e M ah M A M e e M e e

- e e e MR e e MR e WM e am Mm em e me E w M Ee WE A e e M e e e e e e e e e ek ke A e M A b M Ak AR M RL dE kA e A

atom x/a y/b z/c Uleq) A**2
0.30187(2) 0.49687(5) 1/4 0.0492(2)
) 0.4457(2) 0.9443(3) 1/4 0.038(1)
) 0.4601(3) 1.0981(5) 1/4 0.039(1)
S ) 0.55494(8) 1.1844(1) 1/4 0.0539(4)
N(3) 0.3815(3) 1.1593(4) 1/4 0.052(1)
C(4) 0.3071(3) 1.0592(6) 1/4 0.052(2)
C(5) 0.3508(3) 0.9086(6) 1/4 0.049(2)
N(1') 0.4847(2) 0.6958(4) 1/4 0.046(1)
c(2') 0.5061(3) 0.8370(4) 1/4 0.036(1)
N(3'") 0.5915(2) 0.8553(4) 1/4 0.047(1)
¢(4') 0.6362(3) 0.7125(5) 1/4 0.050(2)
CL5') 0.5619(3) 0.6040(6) 1/4 0.064(2)



Hydrogen Positional and Isotropic Displacement Parameters

Ak e me e e e e e e R R Eh M MR MR e MR G R e e e mm ke am M N MR WL M MR M EE Ak o W A b ke m e ey = T o o T me

atom x/a y/b z/¢ U A**2

H(3) 0.367(3) 1.253(7) 1/4 0.09(2)

H{4) 0.266(2) 1.067(4) 0.364(5) 0.09(1)

H(5) 0.338(2) 0.851(3) 0.140(4) 0.049(9)

H{(1') 0.436(2) 0.674(4) 1/4 0.03(1)

H(3') 0.615(3) 0.947(6) 1/4 0.06(1)

H(d4') 0.670(2) 0.701(3) 0.141(4) 0.051(9)

H(5') 0.561(2) 0.540(3) 0.168(6) 0.06(1)

Atomlic Anisotropic Displacement Parameters

atom Ull U22 U33 Ul2 Ul3 uz3
\

Br .0385(2) .0340(2) .0750(4) .0049(2) 0 0
N(1) .035(2) .029(1) .049(2) .002(1) 0 0
(2} .049 (2) .031(2) .036(3) .002(2) 0 0
8(2) L.0582(7) .0337(5) .0698(9) -~-.0088(6) 0 0
N(3) .056(2) .034(2) .066(3) .012(2) 0 0
C(4) .047(3) .048(3) .062(4) .007(2) 0 0
C(5) .039(2) .039(2) .069(4) .002(2) 0 0
N(1") .037(2) .031(2) .070(3) -.003(2) 0 0
c(2’) .039(2) .030(2) .040(3) .001(2) 0 8]
N(3") .036(2) .031(2) L072(3) -.000(1) 0 0
C(4d') .045(2) .038(2) .067(4) L005(2) 0 0
C(5") .052(3) L.029(2) .109¢(5) .004(2) 0 0



‘Bond Distances (Angstroms)

N(1l)~C(2) s 1.412(5)
N(1)-C(5) 1.487(5)
N(1)-C(2") 1.342(5)
C(2)-8(2) 1.648(4)
C42)-N (3} 1.324(6)
N(3)-C(4) 1.455(6)
G(4)-C(9) 1.519(7)
N(1'}-C(2") 1.321(5)
N(1’)-C(5") 1.444(6)
C(2')~N(3"})' 1.316(5)
N(3')-C{4’ 1.465(6)
C({4')-C(5" 1.503(7)
Bond Angles {degrees)
C(2)-N(1)-C(5) 111.6(3)
C(2)-N(1)-C(2') 127.4(3)
C(5)-N(1)-C(2") 121.0(3)
N{(l)-C(2)-58(2) 127.3(3)
N/1)-C(2)-N(3) 105.8(3)
) -C(2)-N(3) 126.9(3)
C(2)-N(3)-C(4) 116.7(4)
N(3)-C(4)=-C(5) 102.5(4)
N(1)-C(5)-C(4) 103.5(4)
C(2')-N(1')-C(5") 110.8(4)
N(1)~-C(2')-N(1") 122.1(4)
N(1}-C{(2')-N(3’') 126.3(4)
N({(1'}-C(2’')-N(3") 111.6(4)
C(2')-N(3')-C(4') 110.6(3)
N(3’'}-C(4')-C(5") 103.0(4)
N{(1‘}-C(5')-C(4") 104.0(4)
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Hydrogen Poslitional and Isotropic Displacement Parameters

atom x/a y/b z/C U A**2

H(3) 0.5702 0.5719 0.2961 0.063

H{41) 0.7547 0.4159 0.2581 0.087

H(42) 0.6767 0.4058 0.43861 0.087

H(51) 0.6086 ¢.2757 0.1650 0.080

H({52) 0.5340 , 0.2639 0.3444 0.080

H(l") 0.3866 " 0.1518 0.1547 0.069

H(41") -0.0932 0.2335 0.0685 0.092

H(42") -0.0100 0.2418 -0.1071 0.092

H(51") 0.0769 0.1025 0.1504 0.079

H(52') 0.1395 0.0994 -0.0350 0.079

Atomic¢ Anisotropic Displacement Parameters

Qgﬁm Ull uz2 J33 Uiz Ul3 uz3

i = m e e e e e e e e e T T
N(1) .039(3) .032(3) .068(4) .003(2)  -.005(3) 000 (3)
C(2) .048(4) .037(4) .054(5) .004(3) .004(3) 0021{3)
5(2) .061(1) .0399(9) .101(2) L.0100{9) -.012(1) 003(1)
N({3) .044 (3) .033¢(3) .084 (5) -.005(3) -.018(3) -.006(3)
C(4) .047(4) .047(4) .084(5) .010(3) -.013(4) -.004 (1)
C(5) .048(4) .043(4) .072(5) .009(3) -.008(4) .002(3)
N(1l') .042(3) L038(3) .0871(5) .006(3) -.011(3) -.001¢(3)
c(2") .047(4) .039(3) .046 (4) -.002(3) .005(3) -.000(3)
N{3’) .036(3) .050(3) .105(5) -.003(3) -.029(3) -.006(3)
c(4') .048(4) .059(4) L0771(9) L.003(3) -.006(4) -,.003(4)
Cc(5") .050(4) .047(4) .0661{5) -.009(3) -.0011(4) -.007(3)



Atomic Positignal and Isotropic Displacement Parameters

atfom x/a v/b z/C U{eg)A**2
N(l) 0.3923(6) 0.3584(4) 0.1854(6) * 0.046(2)
C(2) 0.3940(7) 0.4690(4) 0.2017(8) * 0.046(2)
5(2) 0.2381(2) 0.5538(1) 0.1439(3) * 0.0679(7)
N{3 0.5397(6) , 0.4973(3) 0.2721(7) * 0.055(2)
H{3 0.5702 "0.5719 0.2961 0.063
C(4 0.6528(7) 0.4098(5) 0.3159(8) * 0.060(2)
H(4 ) 0.7547 0.4159 0.2581 0.087
H(4 0.6767 0.4058 0.4361 0.087
C(5 0.5523(7) 0.3123(4) 0.2523(8) * 0.055(2)
H(5 0.6086 0.2757 0.1650 0.080
H(5:) 0.5340 0.2639 0.3444 0.080
N(1) 0.2851(5) 0.1902(4) 0.1234(6) * 0.056(2)
H{l 0.3866 0.1518 0.1547 0.069
c(z2 0.2632(7) 0.2913(4) 0.1270(8) * 0.044(2)
N{3 - 0.1081(6) 0.3281(4) 0.0765(7) * 0.065(2)
c(4 0.0114(7) 0.2380(5) 0.0133(8) 0.061(3)
H, )y ~0.0932 0.2335 0.0685 0.092

H ‘Y ~-0.0100 0.2418 -0.1071 0.092
(5 0.1241(8) 0.1433(4) 0.0627(7) * 0.055(2)
H{5 0.0769 0.1025 0.1504 0.079
H{5 0.1395 0.0994 -0.0350 0.079
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ate x/a yv/b z/cC Uleqg) A*=*2
N(: 0.3923(6) 0.35841(4) 0,1854 (&) * 0.046(2)
Cle 0.3940(7) 0.4690(4) 0.2017(8) * 0.046(2)
S(2 0.2381(2) 0.5538(1) 0.1439(3) * 0.0679(7)
N(3 0.5397(6) 0.4973(3) 0.2721(7) * 0.05%5(2)
C. 0.6528(7) 0.4098(9) 0.3159¢(8) * 0.060(2)
c{: 0.5523(7) 0.3123(4) 0.2523(8) = 0.055(2)
N(l) 0.2851(5) 0.1902(4) 0.1234 (&) * 0,056(2)
c(2 ) 0.2632(7) 0.2913(4) 0.1270(8) * 0.044(2)
N(3 ) 0.1081(6) 0.3281(4) 0.0765(7) =* 0.065(2)
C(4 ) 0.0114¢(7) 0.2380¢(5) 0.0133(8) * 0.061(3)
C(5 ) 0.1241(8) 0.1433(4) 0.0627(7) * 0.055(2)



Bond Distances (Angstroms)

N(1)-C(2) 1.386(7)
N({1)~-C(5) 1.462(7)
N{1)-C{2") 1.380(7)
C42)-8(2) 1.669(6)
C(2)-N(3) 1.300(7)
N(3)-C(4) 1.441(7)
c(4)-c(5) 1.523(8)
N(1')~C(2") 1.275(7)
N({1')-C(5") 1.458(7)
C(2')~-N(3") 1.350(7)
N(3'})-C(4") 1.433(8)
C(4’)-C(5") 1.518(8)

Bond Angles (degrees)
C(2)-N(1)-C(5) 110.8(4)
C(2)-N(1)-Cc(2") 129.7(5)
C(5)-N(1)-Cc(2") 119.4(4)
N(1)-Cc(2)-8(2) 127.1(4)
N(1})-C(2)-N(3) 108.2(5)
o) ~C(2)-N(3) 124.7(4)
M) N(3)-C(2) 114.9(4)
N(3)-C(4)-C(5) 102.8(4)
N{1)-C(5)-C(4)} 103.3(4)
C(2')-N{(1')-C(5") 106.7(4)
N(1)-C({2")-N(1") 120.6(5)
N{1}-C(2')-N(3") 122.4(5)
N(1')-C(2')-N(3") 116.9(5)
C(2')~-N(3')-Cc(4") 107.1{4)
N{(3")-C(4')-C(5") 103.1(4)
N(1')~-C(5')-C(4") 105.2(4)
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