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The complex (A),  3,5,6-trichloro-2-pyridinol-piperazine. C9Hd2N30C1,, crystallizes in the mono- 
clinic space group P21/1z with the parameters n = 8.9134) A. b = 7.062(3) A. c = 19.039(5) A, 
f3 = 102.79(3)", V =  1168.9(8) A3, Z = 4 .  The structure was solved by direct methods using 
SHELXS-86 (Sheldrick. 1990) and refined using SHELXL-93 (Sheldrick. 1993). The final residual 
factor is R1 = 0.0662 for 1273 reflections with I > 20(0. The structure has intermolecular hydrogen 
bonds. The molecules which are stacked in layers are interconnected through the hydrogen bonds. 

The complex B, 3,5,6-trichloro-2-pyridinol-piperdine, C,,H,,N,OCI,. crystallizes in the mono- 
clinic space group PZ,/r with the parameters ( I  = 12.514(4) A, b = 22.464(2) A, c = 13.765(3) A, 
p =98.02(2)", V=3831.9(2) A3, Z =  12. The structure was solved by direct methods using 
SHELXS-86 and refined using SHELXL-93. The fmal residual factor is R1 = 0.072 for 2662 reflec- 
tions with I > 20(I). The structure has both intra and intermolecular hydrogen bonds. 

Keywords: Crystal structure; pyridinol complexes 

INTRODUCTION 

3,5,6-Trichloro-Z-pyridinol (I) is the precursor to o-pyridylthiophosphate insecti- 
cides such as chlorpyrifos (O,O-diethyl-O-3,5,6-trichloro-2-pyridyl phospho- 
rothioate, IIa) and chlorpyrifosmethyl (O,O-dimethyl-O-3,5,6-trichloro-2-pyridyl 
phosphorothioate, IIb). It is also used to prepare triclopyr (3,5,6-trichloro-2-pyri- 
dyloxyacetic acid, 111), a herbicide [ I ]  (see Figure I). 
3,5,6-Trichloro-Z-pyridinol has also been reported to be the toxic metabolite 

formed in technical formulations of chlorpyrifos that were stored at high temper- 

* Corresponding author: E-mail: mas@uomphysics.net, Tel: +91-821-516133, Fax: +91-821- 
516133. 
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(III) 

FIGURE 1 Chermcal Scheme 

atures andor over long periods of time. Application of formulations containing 
3.5.6-trichloro-2-pyridinol at or above 14% on to livestock for the control of 
ectoparasites resulted in cattle deaths [ 2 ] .  

A process has been developed by one of the authors for the isolation of toxic 
3.5.6-trichloro-2-pyridinol from the technical material and formulations of chlo- 
rpyrifos and chlorpyrifosmethyl by complexation [ 3 ] .  

3.5,6-Trichloro-T’-pyridinol therefore forms stable H-bonded complexes with 
cyclic amines. The present paper describes the crystal structure of these impor- 
tant complexes formed by the pyridinol that is a toxic metabolite of chlorpyrifos 
a\  well as the precursor. 

EXPERIMENTAL 

Synthesis of the complexes 

3.S.6-Trichloro-2-pyridiinol was dissolved in a solvent and excess of cyclic amine 
dissolved in a solvent was added to the solution. The mixture was allowed to 
stand overnight and the solvent was distilled off. The complex was washed with 

D
ow

nl
oa

de
d 

by
 [

U
ni

ve
rs

ity
 o

f 
C

al
if

or
ni

a,
 S

an
 D

ie
go

] 
at

 2
3:

30
 1

5 
A

ug
us

t 2
01

2 



CRYSTAL STRUCTURES OF PYRIDINOL COMPLEXES 155 

a suitable solvent to remove the excess cyclic amine to obtain the pure complex. 
3,5,6-Trichloro-2-pyridinol-piperazine melted at 178-180" C and 
3,5,6-trichloro-2-pyridinol-piperdine had a melting point between 117-120" C. 

XRD Data collection 

X-ray diffraction data were collected on a AFC7S diffractometer with graphite 
monochromated MoK, radiation. The data were reduced using teXsan [4]. Struc- 
tures were solved by direct methods using SHELXS86 [5] and refined using 
SHELXL93 [6] by full-matrix least squares method. Data collection and solution 
details are given in Table I .  

TABLE I Data Collection Details 

A B 

Molecular fomiula CYH I2N,OC4 ClOHI,N,OC~, 
Formula Weight 284.57 283.57 
Crystal colour colourless yellow 
Crystal size (mm) 0.15 x 0.15 x 0.2 0.1 x 0.1 x 0.1 

RadiatiodWavelength (A) 
FOOO 
ll (Inn-') 
Reflections for cell determination 
0 range for above (") 
Scan type 

2emax 
Indices range 

Reflections (TotaWnique) 

Rim 
Corrections applied 
Data reduction 
Structure solution 
Structure refinement 
Refinement method 
Reflectiondparameten 
Extinction coefficient 
R1 
Reflections 
Observed criterion 
M ~ X .  p e w o l e  (e .k ' )  

584 
0.765 
21 
7.9 - 8.9 

50' 
O S h S  10 
O S k S 8  
-22 S 1 i 22 
2069/2069 
0.0000 

MoK, (0.71069) - 
1752 
0.698 
25 
6.9 - 9.0 

- W-28 - 
50" 
OShS14 
OSkS26 
-16 S I S  16 
7081/6754 
0.0326 

- Lorentz and polarisation - 
~ teXsan [4] - 

- SHELXS-86 [5] - 
- SHELXL-93 [6] - 

Full matrix least squares on F' 
20691159 6754145 5 
0.003(3) 0.0002(3) 
0.0662 0.0720 
1673 2662 
z z 20(I) 
0.935/0.788 0.S1910.540 

I > 20(1) 
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RESULTS AND DISCUSSION 

Tables I1 to V list the coordinates, equivalent thermal parameters. anisotropic 
thermal paramctcl-s. bond lengths and angles of A. Tables VI to IX lict the coor- 
dinates. equivalent thermal parameters, anisotropic thermal parameters. bond 
lengths and angles of B. The bond distances and angles do not show any large 
deviations. 

TABLE I1 Atomic coordinates and equivalent thermal parametersof the non-hydrogen atonis 1.4) 

:\roll? 1 \ [/<%/ 

C11 0.90352( 12) 0.133911 171 0.21689(6 I 0.0499(4) 

c'i2 0 ?.!?561 1 1 )  0.21327(15) 0.08835t6i 0.0453 4 I 

C I ?  0.4.'555( 13) 0.26839( 17 I -0.050851 6 0.04S34l 

NIO 0.'68?( 4 1 0.4021 (5)  -0.2027( 2 )  0.0447r 9 I 

N-l 0.-'420(4 I 0.20771 5 0.0.3632( I 8  I 0.03h7t 8 )  

0 1 O.W360i? I O.1637(41 

C' I 0.625 1(JJ 0.1867i6 I 0.1600Q) 0.034li8 I 

c h O.i1?85( 4 I 0.119615) O.09.w 2 )  0.03411'~r 

c'2 0.-'803(41 0.168815) 0.1638123 0.0351( 9 I 

N 7  o.xxO4I41 0.183 l(5r -0.0870 I 1 19) 0.04039 1 

(- 9 I .074715 I 0.3433(61 -0.1404(21 0.0428( 101 

C l i  O.X291(5r 0.2706(6) -0.2 160( 2 1 0.03SSt91 

CS I .(I1 1 3 5  I 0.3 18X7 i -0.073212) 0.04761 101 

(: 5 0.59225) 0.2293(51 0.034 112) 0.0340(')) 

0.102421 183 0.049?(81 

[. : 0.t.4231 4 I 0.1779(51 0.1004( 2 I 0.0.376(91 

C12 0.- 5961 5 I 0.2387(6) -0. 1503 2 1 0.0?97( 101 

TAB1 .E Ill Anisotropic themial parameters of the non-hydrogen atonis i A )  
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CRYSTAL S T R U C W S  OF PYRDINOL COMPLEXES IS7 

C6 

c 2  

N7 

c 9  

C l l  

C8 

c 5  

c 3  

c12 

0.0239(19) 

0.034(2) 

0.0374( 19) 

0.034(2) 

0.036( 2 

0.045(2) 

0.035(2) 

0.03 l(2) 

0.033(?! 

0.039(2) 

0.0370(19) 

0.049( 2) 

0.045(2) 

0.051(2) 

0.057(3) 

0.0354( 19) 

0.03571 19) 

0.048(2) 

0.047(2) 

0.040(2) 

0.04031 19) 

0.054(2) 

0.03412) 

0.04 l(2) 

0.037(2) 

0.057(2) 

0.047(2) 

0.0022( 14) 

0.0022( 15 j 

0.0049( 17 J 

-0.0052( 17) 

0.0043(17) 

-O.O03(2 j 

0.0008( 15) 

0.0041( IS) 
0.0030( 16) 

0.0231(17) 

0.0201( 17 I 

0.02 19( IS) 

0.019 I 1 18) 

0.0167( 17) 

0.0105(19) 

0.0186(16) 

0.0319( 19) 

0.0259( 19) 

-0.00 17( 16) 

0.0027( 16) 

0.005 1( 17) 

-0.0066( 18) 

O.O017( 16) 

-0.006(2) 

0.0002(15! 

O.O036( 17) 

0.0027( 17) 

TABLE IV Bond Lengths of A (A) 
~~~~~~~~ ~~~ 

Atoms Length 

CI 1 -c2 1.732(4) 

C12-C6 1.735(4) 

C13-C5 1.741(4) 

N 10-C9 1.45 116) 

NIO-C11 1.460(6) 

N4-CS 1.33515) 

N4-C3 1.359(5) 

01-C3 1.2770) 

~ ~ ~ ~ ~~ ~ ~ ~ ~ 

Atom Lerigtk 

Cl-C2 1.375(5) 

C1-C6 1.384(6) 

C6-C5 1.376(5) 

C2-C3 1.33715) 

N7-CI2 1.479(6) 

N7-C8 1.487(6) 

C9-C8 1.5 19(6) 

c 1  I - c  12 1.533(5) 

TABLE V Bond Angles of A ("1 

Arorns Angle Atom Angle 

C9-NIO-C11 110.7(3) NIO-C9-C8 113.1(3) 

C5-NCC3 120.0(3) NIO-CII-C12 113.5(3) 

C2-C I-C6 I18.6(3) N7-C8-C9 110.4(3) 

CS-C6-C1 118.3(3) NCC5-C6 124.1(4) 

CS-C6-C12 122.8(3) N4-C5-C13 I15.8(3) 

CI-C6-C12 118.9(3) C6-CS-Cl3 120.1(3) 

Cl-C2-C3 121.4(4) 0 I -C3-N4 119.7(3) 

c 1-C2-Cll 119.2(3) 01-C3-C2 122.7(4) 

C3-C2-Cll 119.3(3) N4-C3-C2 11733)  

C12-N7-C8 11 2.1(3) N7-CI2-Cll 110.5(3) 
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158 M.A. SRIDHAR c! cil. 

TABLE VI Atomic coordinates and equivalent t h e d  p m w t e m  ofthe non-hydrogen atoms (6) 

.4fIN?l .I Y [? 

CIA 0.589215) 0. l947(3) O.s423(Sl 0.0.590( 17) 
‘Y 

c2.4 

C i A  

N M  

cc.4 
C(1A 

CIIA 
OXA 

CI2A 

C13A 

(‘1H 

C2B 
C3B 
N4B 
(:‘B 

C6B 
CIIR 

0 8 B  
CllB 
C13B 
c IC 
C’C 

c 3 c  
NJC 
CSC 

C’6C 
CllC 

(.)8C 
CllC 
C13C 
N7A 
CSA 

C9A 

C‘ I OA 

<: I I A 

CI2A 

N7B 

0 .wo7(5 I 

O..(W2(5 1 

0.6010(4 

0.6859(.5) 

C.686X.5) 
0..;77.51( 14) 

6.4225(3 I 
O.XO.W3( 1.5) 
0.XOI 63( 1 S) 

( 1 . 3  1915 I 

0.3457(51 
0.343 115 I 

0.24.52(4I 
1.1. 1.5.59(5) 

11.1 532(s J 

0.468.53( 13 J 

1 ).4268( 3 I 

0.03703( 13) 
0 03382( 13) 

- 0.0915(5l 
- 0.1849(5) 
- 0.18.5 I(5) 
. 0.0889(4) 
0.0000(5) 

0.0056(5) 
-0.306.51,( 13) 

.0.2690(3 
C .  1 l662( 14) 

c. 1 2558( 13) 

0.099116) 
9.134316) 
0.2058(4) 
0.1584(6) 

0.12 19(7 J 

0.047816) 
0.7O93(S) 

0. I612(3) 

0.09791 3 ) 
0.0727(2) 

0.1069l.3) 
0.167613) 

0.19441 (8 )  

0.064%118 J 

0.068 I9t81 
0.2O916(8 J 

0.1996(31 
0.167813 J 

0.1037t3 J 

0.0769(2 J 

0.1086(3) 
0.1699(3~ 

0.20283(8) 
0.07 176( 18) 
0.0678118) 
0.20974(8) 
0.19%(3 1 

0.1687(3 
0.1053(3) 
0.0773(2) 

0.1084(3) 
0.169813 I 

0.20598( 7 
0.07390( 18) 
0.06570181 
0.20793( 8) 

0.12240) 
O.OS76( 1 

0.0443(21 

0.0605(3) 
0.1244 3 j 
0.13893 1 

0.06 I l(3) 

0.05471 I ?  J 

0.05381 16) 
0.0562t I4 i 

0.0.568( I7  i 

0.0582l 18 I 

0.0887(7 J 

0.0718( 14) 

0.0853171 
0.087 I I 7  t 

0.m1171 
0.0S41116J 

0.05431 I7 I 

O.OSS& 14 t 

O.OSo6l I s 1 

0.0.576(?! 

0.0816(61 
0.07041 I 3 I 

0.0761 161 

0.0795(6 I 

0 . W  18) 

0.0.5 I J( 16) 
0.0528( 16) 
O.OS4S( 13 I 

0.0549( 17 
0.0559( 17 I 

~.ofi0916 J 

0.06691 I3 I 

0.088 I(71 
0.0830( 6 I 

0.105(? I 

0.07112 I 
O.WIJ(I4) 

0.07Sl’I 
0.08212 I 

0.076(1 J 

0.097(:! I 
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CRYSTAL STRUCTURES OF PYRIDINOL COMPLEXES 159 

Atom a V ueq 

C8B 0.7396(6) 0.127 l(3) 0.45 17(5) 0.071(2) 

C9B 0.7964(6) 0.1425(3) 0.5522(5) 0.074(2) 

ClOB 0.7299(5) 0.1249(3) 0.6302(5) 0.0671( 19) 

CllB 0.6964(6) 0.0592(3) 0.6233(5) 0.071(2) 

C12B 0.6416(4) 0.0458(2) 0.5253(4) 0.0368(13) 

N7C 0.467 l(5) 0.0663(3) 0.0676(5) 0.091 (2) 

C8C 0.5151(4) 0.0535(2) 0.1700(4) 0.0344( 13) 

c 9 c  0.4433(5) 0.0714(3) 0 2407(5) 0.0659(19) 

Cl0C 0.41 69(5) 0.1370(3) 0.2332(5) 0.0661(19) 

C11C 0.3693(5) 0.1523(3) 0.1288(5) 0.0665( 19) 

c12c 0.4397(5) 0.1317(2) 0.0556(5) 0.0598( 18) 
~- ~ ~ ~~ ~~ ~- ~ 

TABLE VII Anisotropic thermal parameters of the non-hydrogen atoms (B) 

Atom 

C1A 

C2A 

C3A 

N4A 

C5A 

C6A 
CllA 

08A 

C12A 

C13A 

C 1B 

C2B 
C3B 
NJB 

C5B 
C6B 

CllB 
0 8 B  

C12B 

C13B 
CIC 

c 2 c  

c 3 c  

u11 

0.069(4) 

0.052(4) 
0.054(4) 

0.060(4) 

0.051(4) 

0.053(4) 

0.0628( 11) 

0.065(3) 

0.0640( 11) 

0.0669( 12) 

0.063(4) 

0.051(4) 
0.046(4) 
0.048(3) 

0.047(4) 
0.046(4) 

0.05 18( 10) 

0.05 l(3) 

0.0513 10) 

0.0549(10) 
0.060(4) 

0.047( 4 ) 

0.05 l(4) 

u22 

0.037(3) 

0.040(3) 
0.044(4) 

0.034(3) 

0.046(4) 

0.039(4) 

0.0637( 12) 

0.046(3) 

0.0638( 12) 

0.0620(12) 

0.036(3) 

0.040(4) 
0.037(4) 
0.038(3) 

0.047(4) 

0.045(4) 

0.0529(11) 
0.045(2) 

0.0634( I1 ) 

0.0625(11) 
0.030(3) 

0.040(3) 

0.036(4) 

u3.i 

0.073( 5 )  
0.072(5) 
0.064(4) 

0.074(4) 

0.075(5) 

0.082(5) 

0.1352( 19) 

0.107(4) 

0.1241 (18) 

0.1285( 18) 

0.083(5) 

0.069(5) 
0.079(5) 
0.077(4) 

0.056(1) 

0.079(5) 

0.1391( 18) 
0.113(4) 

0.1090( 16) 

0.1168(16) 
0.087(5) 

0.066(4) 

0.068(4) 

UI 2 

-0.009(3) 

-0.001(3) 

--0.010(3) 

0.000(3) 

O.OOO(3) 

-0.003(3) 

0.0030(9) 

-0.012(2) 

0.0089(9) 
-0.0170(9) 

0.004(3) 

-0.002(3) 
0.005(3) 

0.002(3) 

0.002(3) 

0.007(3) 

-0.0094(8) 

0.011(2) 

-0.01 17(8) 

0.0 19 l(9) 

O.oOO(3) 

O.O07( 3) 
-0.005(3) 

UI3 

0.0 I8(4) 

0.009(3) 
0.0 14(3) 

0.007(3) 

0.017(3) 

O.OlO(4) 

-0.001 9( 1 1 i 
0.009(3) 

-O.O008( 11) 

-0.O007( 11)  

0.009(4) 

0.003(3) 
0.004(3) 

-0.002(3) 

0.002(3) 

0.00 l(3) 

O.W98( 10) 

0.002(2) 

4.0037(9) 

-O.O036( 10) 

-0.004(4) 

0.001(3) 

-0.003(3) 

u3 
-0.002(3) 

0.01 1 (3) 

0.003(3) 

0.002(3) 

0.007(3) 

-0.003(3) 

0.0298( 12) 

0.0 I6(3) 

0.0142(11) 
-0.01 23( 11)  

0.003(3) 
4 . 0  10( 3)  
-0.006(3) 

-0.002( 3 ) 
-0.004(3) 

43.0134( 11 ) 

0.010(3) 

-0.008(3) 

4.0052( 10) 

0.0085(10) 

-0.012(3) 

-O.O07( 3) 

-0.002(3) 
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A t o m  Length Atoms Length 

C6A-CI3A 1.721(6) C9A-C 1 OA 1.454(9) 
CIB-C2B 1.365(8) C IOA-C I 1 A 1.506(9) 
CIB-C6B 1.39318) ClIA-Cl2A I .503( 10) 

C2B-C3B 1.443(8) N7B-CI2B 1.507(9) 
C2B-CIIB 1.7 15(6) N7B-C8B 1.530(8) 
C3B-08B 1.262(6) C8R-C9B 1.505(9) 

C3H-N4B 1.353(7) C9B-CIOB 1.501(9) 

N4B-C5B 1.3 16(7) CIOB-C 1 1 B 1 .S33(8) 

C5B-C6B 1.379(8) CIlB-CI2B 1.457(8) 

C5B-CI2B 1.735(6) N7C-CSC 1.482(8) 

C6B-CI3H 1.729(6) N7C-C 12C I .5 l2(7) 

CIC-C2C 1.361(8) C8C-C9C 1.469(8) 

C 1 C-C6C 1.383(8) c9c-CI oc 1.510(8) 

c 2 c - c 3 c  1.424(8) c IOC-c 11 c 1.5 16(9) 

C2C-Cl1C 1.728(6) c 1 1 c -c12c  1 .502( 9)  

TABLE IX Bond Angles of B (”) 
-~ ~ ~ ~ ~~~ 

Atoms 

C2A-CIA-C6A 

C 1 A-C2A-C3A 

C IA-C2A-C1IA 

C3A-C2A-C11A 

08A-C3A-N4A 

08A-C3A-C2A 

N4A-C3A-C2A 

C5A-N4A C3A 
NJA-CSA-C6A 
NJA-CSA-Cl2A 
C6A-CS A-C 12A 

CSA-C6A-CIA 

C5A-C6A-C13A 

C IA-C6A-C13A 

C2B-C 1 B-C6B 

CIB-C2B-C3B 

C 1 B-C’ZB-CI 13 

C3B-C2B-C1 IB 

08R-C3B-N4B 

~~~~ 

Angle A t o m  Angle 

120.0(6) c 1  c-C’C-CI IC 120.1(5) 

121.1(6) C3C-C2C-CI1C 118 7(5) 

120.6(5) 08C-C3C-N4C 118.7(5) 

118.2(5) 08C-C3C-C2C 124 2(6) 
118.9(5) N4C-C3C-C2C 117.1(5) 

123.6(6) C5C-N4C-C3C 120.4(5) 

117.5(5) N4C-CSC-C6C 125 l(5) 

119 5(5)  N4C-CSC-CI2C 114.6(5) 

125.4(6) C6C-C5C-C12C 120 3(5) 
114.3(5) CSC-C6C-ClC 116.0(S) 

120.3(5) C5C-C6C-C13C 122.815) 

116 5(6) C1 C-C6C-C13C 121.2(5) 

122.6(5) C8A-N7A-C12A 111.5(6) 

120.9(5) C9A-C8A-N7A 110.5(5) 

I19.7(6) CIOA-C9A-C8A 113.1(5) 

120.3(6) C9A-Cl OA-C 11A 113.8(6) 

12 1 .O( 5 )  C 12A-C 1 1 A-C 1 OA 110.6(6) 

I18.7(5) C1 lA-C12A-N7A 111.1(6) 

1189(5) C12B-N7B-C8B I10.4(5 ) 

D
ow

nl
oa

de
d 

by
 [

U
ni

ve
rs

ity
 o

f 
C

al
if

or
ni

a,
 S

an
 D

ie
go

] 
at

 2
3:

30
 1

5 
A

ug
us

t 2
01

2 



~ (3' M . A .  SRJDHAK L r d .  

TAR1.E X Hydrogen R o i i d ~  

1.72716) 15 I .8i-11 

1.755(6) I49.4!31 

1.77516) 172 S i l  I 

2 .7746)  171 T i51  

2.7 16( 6 I4S.jib I 

1.770(6) 1 7 2 . 3 2 )  

The thernial ellipsoid plot of the molecule A is shown in Figure 2 171. The 
structure of A has intermolecular hydrogen bonds of the type CH.-N. CH..Cl. 
NH.-.O and OH...N . The lengths and angles along with the symmetry code are 
given in Table Y. The molecules appear stacked when viewed along a and c axes 
(Figures 3 and 4). The molecules in one layer are connected with those in the 
neighhouring layer through hydrogen bonds shown as dashed lines in the Figures 
7 and 4 171. The atoms C1 to C6. C11, C12. C13 and 01 are planar with maximum 
deviation beinF 0.019.i for the C12 atom. The atoms N7. C8. C9, N10, C1 I and 
C 12 are in chair conformation. 
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N7 N1 

FIGURE 2 ORTEP of A at 506 probability 

FIGURE 3 Packing of the molecules of A down CI axis 
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i-IGURE 4 Packing of the moleciiler of A down c mi\ 

The thermal ellipsoid plot of the molecule B i b  shown in Figure 5.  The struc- 
ture has both intra and intermolecular hydrogen bonds of the type CH...O atid 
C'H . . . N . 

FIGURE 5 Theniial ellipsoid plot of B at 50% probabilit> 
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FIGURE 6 Packing of the molecules of B down o axis 
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