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dselomilagldaingalsaluiirlaun sidseth siluaszinesi

4. Heavy metal lanzwinnaszila luglvassnsdszneveise Sguauddlunis
fussmsiasaLdulavasuuaiiie  (bacteriostatic) s1sUsznavafiunidvadlsan Lo
mercuric chloride hil1 disinfection ﬁﬁiﬂqauﬂ%sﬂﬁ%m&l“ﬁﬁ(ﬂ waNdaLEe Aa Janudu
Angauazianiaw mvsznavduniduasdsen 1w suas IWmies szanoidasies 7

AMNTNTY 2 % LTl dunagn

¢ A > 6
2.1.2 tangsgasaaalananlil®
a 6 A % A & a A R [
L‘YlﬂuﬂLaﬂﬁmiﬂﬂiﬁ@miaﬂﬂwﬂLﬂumﬂuﬂﬂlﬁjﬂﬂﬂﬂﬂidai’mﬂlE]dI&ILﬂQﬂI(ﬂEJﬂ’]i
v A= o = Ao = A = A o evae €a da X a o
anpTsddng lddindnuaansfidesmafinm WawdngnBdinTsmand saiifiaiufe 39
aandg a:vlﬂ"nw:ﬁﬁﬁ'uﬁLaﬂmauﬁiuagimaqammmi MR AanINIzIe920959FuazL A
> > & =Y { 1 Q { > g; ~ o v
MyRnEaIREsIdfamauandenuldauyauazsznufiannizny - danuiazyinli
a Ao o o o A o o v A & en & A o A A
fialamanfsfaznudinu wis awdndnudaduguandanildvesadu winTififia
v o & ° v o aAda o a a
minumnuisililaduidnienudugannnauazisuldannznuasuudme
& A A o v a & A o A ¢ A ' = A o [
inaTvaaadadlie MliiAaiduedduudinaiaes Sagaudazgande anudupesTsad
Hunaawiannuastas g TGN 0nAY fg@uuﬁmmm% 138NIINNWIN diffraction
o LA p.ld' v @ Lo ] v A 6 d' 2 . .
pattern wazdnsUTIENvnaanwazmglduasldannsenudsfinainas lald diffraction
pattern 1) ﬁ]:ﬁﬂ‘*ﬁa;&avlﬂﬁﬂmmnf%g]@LL@ia:@@Lﬁ(ﬂmﬂ@ﬂm:mmaa%’a%ﬁmmﬂ
a o ' ' . . = v A v
Blannvaula Semanuanain udezgauu diffraction pattern (Winyldnuununuanls
nnuhnnndiaaateudilaluluans danu dunnnudunikdiaaaseululuanale
u,iq"';ﬁl,vi'lﬁ'um'md'lgﬂiwwaﬂuLaqmﬂuazm"ls LﬁaamniuLaqaa%"ﬂammﬂamaml,a:
Aa & & ~ A ' Af o o
azaawiiianntauwiuasdtiznay wWisuaiioumimaniwdaganliinainiduainga 1
14 2 LLa:"LﬂsTaﬁ;@@ia 911 ﬁmﬁdﬁ;@q@ﬁﬁsJLiﬁﬁ%mm’jﬁmvlﬁmwazvh ﬁ;@Iunﬂwaﬁﬂgﬂ A
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A ° 1 a o 3 a 6 A v |
ﬂE]@ﬂLL%%G‘I]PNQLQW@ISQ%I%INLQQG I@] El%aﬂﬂﬁiﬂ'ldﬁuﬂladLﬂﬂ%ﬂL@ﬂ“ﬁL‘iﬂﬂ‘iﬁ@mIﬂﬂiWWW

é’mamlugﬂﬁ 2.1

Area Detector(s)

S0keV
Electrons

Focussing Mirrors
{or Morochromator)

i

Rotating
Anode (Cu)

Prinary X-ray Beam

4-Circle Gonoimeter { Eulerian or Kappa Geometry)

H Q o =Y > 6
gﬂﬁ 2.1 wanmsvhauzasangssasaaalanTIni®

[ 7
2.1.3 donzd"”
v A o & ' ' ad a ' ' A € . o o & A A
FINH 'ﬂmﬂmlﬁm@ﬂuﬂqu IB §Ta8nad i1 I8 (Zinc) FUANHIINIIAN A
Zn U3zanesasay 90 VaIRINE lus"mmﬂa%iﬁmz@ml,a:ﬂﬁwmﬁa ansauay 10 ag}'ﬁ AU
, o A , A & A & o \ & A o \
0% AU L7OG I@ﬂmumglmmma@uu Souay 80 ag‘lummaamma uwaziouaz 20 ay
:J A 1 ] e = d'tv £ > 1 :ﬁ |
luwiifan dulngvas Fonsd muﬂs:mumﬂﬂa:gﬂmumUaaﬂmaqaam: Faviln
% A ‘:s' a U (% 1 =S g’ [ o v & :?.
NRTINVDY RINH wuﬂnﬂm"l,ﬂl,l,a';"l,wgﬂg@smmnmﬂawaom‘lmaﬂ #aNNNRIINY
@ o 1 %] =1 0/ L= a 7= U d! a ot 1
F9TUTNY §INSR aannitlaanizlagduny niaezdlu lednaly Slwantn@azdunig
RINzF aniszunonInas 300 — 600 lulasnsu
'3 (v
ilszlanvinasdons &
v a A o A o ' a A A A & AV 9 o
Fngd  Uanwanilounuuimauaz Aondu dug A 1Tansa1nnIn bailw
Wasw  uavhwiniduidesaadnunmanusesiime Junuindanlunms
RIAINTANIARINGEN  uazldsAutawlodlusenouinndn 100 THe  a1ana? bean
{a; & o s a aaa 1 A a U [ = &
Lau"l,énmLﬂumsmmylumim@ﬂgmmmsfl,m’mmﬂmaunﬂmumaami FINSF 1w
1 = o v d' [ % gﬁ [ A KX A o > 1 o [
FU2NaUFIYNRUNN LOa A9tk FINF mummmmymamimmumamﬂmslazlu
TWNYLIN I@Umaagﬂmmumsﬁ FINH ﬁmuimlumsﬁwmﬂuiwmalmcl:wﬁ'l,@i”
aaia b
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1. §oned Wusunilenassulaoduasnageda lalayaiua(Alcohol
Dehydrogenase) adulaiiigninfilumsisaueanageddsiaduamsinluduLiver)

2. §nzd Swrhowny Bulod wantaauazuland lalasaus (Latate and
Malate Dehydrogenase) Gaillwdulaifisrsmeldluuuinmssnsmasm

3. mng®  Aswnwrhownudwlod  saenlad  Weawiias  (Alkaline
Phosphatase) %a?ﬁﬁLi"flusl,ummumia%waﬂszgﬂLLaxﬁu

4. §INH Lﬂuﬁ’mﬁﬁﬂladLS%VLT&TGQLﬂagaaﬂvL‘ﬁGT faluna  (Superoxide
Dismutase; SOD) s'ﬁaLﬂumsﬁmﬂﬁﬁ%maaﬂ%mfu (Potent Anti-oxidants) ﬁﬁa%ﬂu
9N

5. §on=d Wusunitsveaduled enfuosiiauewlaiasa (Carbonic Anhydrase)

v
e A

FINUTAW berraith shmﬁﬂﬁaﬂumiﬁwmamoauqamaﬁ:uuﬂs:mwauaa

o

6. RNz FWIWEMIUNIRIATEAIUTABUAZETI ADaaA% NUNLINEIAD

[

agsbalumaasyidulavaadn
[ a 1 v 6 @ o A A . . svd&/ [} v
7. §ane® Trwliiossanausndunviandn 1o (Vitamin A) 131a62u wasdanl
6 ° Aa a v wd&/ v A ' ° v (2= A [

wwasausaiedandwe lWlidsloniladuude  Ssgoliisasionssafignasnag
J 1 1 e { v o g =y L a L
Julnd 9 Jgannd wszwuhdaunsdesnumsinmaugavasdianaludulufionts uaz
auquiymnmiiiefannsgeduvedludiuldde

8. sunz® Asmdanlusuiwnmissensafianide (Nucleic acid) 7N9dLABLE
(DNA) uazansidwia (RNA) TSewuinluszazirameadasmsgsisaasinits ldi1nae
1 s I3 1 QI o [ L A g J
NI, LUWLHNAEN 9 H93 1T naaINauIUNTRUINUULEND

9. fanzd datislunsliudynavhuvesszuunduiuuesime lasamg
auqunsnuzediiaifiearnziia Adulwlod (T-ymphocyte) léviuilasiuize

v 1 a a a J

Lsaudanaanldadnafilszaninwanniu

10. §n:d danudAydaniniugumarhiusassesluudugdu (Insulin) uas
ALANNITNNUTIBTLIETUANNT (Taste Sensation) v uldatnelidszansnw

&

NNTU

1. §ned Sududswivmaeigdvlawszmaeiyresszuufuiug uaztinld

\ o v A o Y o o & o
@]awiﬁﬂﬂwqﬂﬂ’]ﬁu’]ﬂiﬂgﬂ@]aﬂ UaInwnItdwran

USurmaNABINITFINLE

nnQuantavad Fngd i usasliiiwilunszuaunsnwieunnizuy
Tusemesuuddasnsgancaiiduainttznaulun it ua 18 wN 9t GRUST) Gk
g =} & 1 dl 1 v & o [ U a £2
RINTH LﬂuLLﬁ?ﬁmmnmm]aamuﬂuﬂi:m"l,ummsn"mmvl,@Lay TagtSurmanudadniy
> 1 1 > > 1 A > =y
FINR VOIUARTAUZUANANUAWLNG TB UBZNIZVBITNMY TIUTeinagnIgatasm

VL@‘Tﬁ']mﬁ%'ﬂu,a:ﬁmu@mmﬁaomié'aﬂzﬁﬂﬂamaauu‘,mﬂ’?@’mmswﬁ 2.1



114

A15199 2.1 U 89nzd Aunsih lvsudsemuluudaziu (Daily RDAs For Zinc)

o USunmfinavlasy @asnsudaiu)
ongesnin 11 3-5
211 1-10 1 10
218 11 Yawly 15
o luIzozaInsss 20-25
o luszozliunyas 25-30

a [y 8
Awvasdonsa
A v o A a ' v a a v v o =
msnsemelasusginsduiniinldaznaldifanaifodatnonie nvlesugInsaln
USUNTNNNWULaY Aa 991N 11 1ATaIAURIaaNMIINENTULRINGR wIalanzau
o a [ a x> A o = o & o A
fanzd laorenzFazazanuaanu laiing Lwagﬂﬂum@ﬂaza:mﬂaaﬂmvl,mnﬂmu A
INNAFINFFaUn 50 UN/A8. LNE 400 UR. W30 NUFINTRTANALNGS 2 nTd Aazvinlw
AAIMIUIaYAY 838 LASTAILAY Wana N AwNYineulwriadnsng zno a%ﬂ,u
A a d' a A a Aa A J 0'4
INANINRIANNAIWALAAANITINT ZnO azTanttadnaiaduniele 2-3 T2l
A a < AN v ' a a k4 a
fa Jomvuiaw Al la dawwds et uaziiiaylna 1380 metal fume
fever luauildsuAs®Ined aananuninuaiazdassuudly lagliaswin chelating
agent L39NTIUENLFINZFEONAINTINNNEY LT ethylene diamine tetraacetic acid (EDTA)
| v a a a & L d
w30 ethambutol 1Hudu  MsfiauAineIMETUFUAN (health food) TanNTFTAIWNT
99 agannifinanudnduindaldifieduaneannisssaufiszioslasawzdinzg o
AU ANNIINALEAII b aza1 8N Irzad lade ﬁ'}"l,eﬁ’%'uLa'%mLiTﬁVLﬂnﬂi'mﬂunmmm:

o o v o g = e A
i l#szauluin HDL (High-density lipoprotein) @tdwluiuiiduszlomianas

2.2 LaNEITUALIINIVLNLNLIVDY
3B) = o & ca <

Naz M. Aghatabay waz@ame @nsnsadaeranslsznevlanaasamuasusadlonan
2+ 2+ 2+ 2+ o a 6 . . - A €
lane Fe , Zn , Cd  uaz Hg nNUaUNue 2,6-bis(benzimidazole)pyridine UaZWEI
lassaslasmnaiia Infrared Spectroscopy, Nuclear Magnetic Resonance, UV-Visible
o o o a e & Y
Spectrosocpy  lasn13ldwavasansmzianizdrvesdunuanil lulasawduazaaugli
Bianven  NURANMWANITUBINIEIYendunidluienljidine woh

snsdsznavlasaiGusund 5 afia sanIndusIm iy vesaunild
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Yfﬁ\(
N Z N
N N &

2,6-bis(benzimidazole)pyridine
A 1y a . . . 3
511 2.2 Tnsaai19uasaunud 2,6-bis(benzimidazole-2-yl)pyridine

(11) =< o ol o I A <
Lazame ANHINIIRILATIZHRRIIUTENaULADDIALLT UL DY

Djenana U. Miodragovic’
2+ 2+ 2+ @ A (3 . A [
Zn , Cd uar Co nuawnu® N-benzyloxycarbonylglycine LLazwgﬁlﬂmdm’NI@m
mafialangirgasaaalanwi MNUUANHINANTTUTIN LT YVBIRFUNITIWL T
o & a a A 6o a A vl
saNIndugINIaIyraniunidiman Wela uaz wwaiiGeldd

(10)

John Smart uazams = ANBINIRILATZARIIUIzNauvadlane Zine NU IwRLas

=)

Carbopol talfidlumsdudigaunidlutenhn  lasandunavasdnumzianizalzad

] @

. aa v o a A A vl
Iam Zinc VINNE‘]UTLIElx‘]ﬂ'ﬁL‘ﬂif]Juma\‘]LLUﬂVlL‘JEle@l@l

1 o a <

Noriko Chikaraishi Kasuga wazams' #nsnissansdanstsznoulaaasamdi
vadlesaulans 12 7fa AUAUNUG Thiosemicarbazones Was semicarbazone AN
ﬁgﬁlﬂﬂidﬁ%’miﬂﬂmﬂﬁ@ elemental analysis, thermogravimetric analysis, Nuclear
. . . ' 6a < Aaa
Magnetic Resonance, single-crystal X-ray analysis wudasUTzneulneasaLuTuNLR

eaa A wa o & a A a vl
LLﬂu@Vl&laz@]all?la\cleuI@ﬁL"ﬂuﬂ'lﬂluINLﬂQﬂ &Jﬂma&m@Eli.ltldﬂ’]‘il,’i]‘imﬂladﬁ]'auﬂiﬂﬁl@@

12 o A <
Naz M. Agh-Atabay wazans'  Ansnssaansiansdsznaulasasamduvaslonan
2+ 2+ o a . L. . & a
lang Pd” uaz Zn~ nAuBunud 1,3-bis(2-benzimidazyl)-2-thiapropane NUUAFaN
o a 1 13 & o &
lassgielasmnafia FT-Raman, FT-IR, H uae C NMR ARUWANBINANITEULEINNT

a

Lﬁ]‘%zymaaﬁg’?a‘uﬂ%ﬁwmmmﬁn HUHIN T3 WEI9RUNITIIWIN Wa'la (antifungal agents)

q
laa
S
HN/\(7 _>\NH
N. _N
2
cl' ¢l

{ Y a < 2 o A .
s 23 lewsghuvasleseifuguadlosaulan:  zn~  AUBUNUE  1,3-bis(2-

benzimidazyl)-2-thiapropane(12)
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13 . . ' o &

Eugene Guthery u,azﬂmz( ) ANENavad Zinc pyrithione lunaanaged dansgus
Aa A A e €1 o [ o YV & o & a A o A %
NIFLAIYVBILUANLILRILNUDTANN € ﬁ’millﬂ’]iu’]vl,ﬂiﬂjl,ﬂ%ﬁ'ﬁﬂﬂ HILUANLIUNUNIN U

ausd wuihsansndusimaaigveuuaiielda

n
R ~N 7
~-N O/ S

51/ 2.4 lassain9va9 Zinc pyrithione'

14
Xiao-Qing Shen wazanz

ﬁﬂmmiﬁuE]y'amil,ﬁﬁtymaaﬁ;ﬁuﬂ%ﬁmaomsﬂs:ﬂa‘uiﬂaa§
fuTn  [Zn(eatz)2(0Ac)2] lapvnmsssasziastsznaulasaiamduainlosaulans
zn”" AURLNUG 5-ethyl-2-amino-1,3 4-thiadiazole LL@Zﬁ’]ﬂ’]iﬁgﬁ]ﬂﬂN&%’NI@Elmﬂﬁﬂ X-
ray crystallography HaUs1ng3n msﬂizﬂau%aas’?}mfué’aﬂmaﬁqmamﬂaﬁbE?GmS

\937ypad Staphylococcus aureus l@@aNTN
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3.1 Lﬂgaaﬁauazqﬂnim

1. 1939 TRLFYYINNA BUCHI R-200
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ﬂ@]l ABNITURZHANIINARDY

2. fedssuuniudnislaowuus (NMR) Bruker 400 MHz Ultra Shield AVANCE

400
3. WnBLsgasaaalans Wi BRUKER APEX CCD diffractrometer (graphite
monochromated Mo-KOL radiation with A = 0.71073 A)
4. dunsasidnlasalall (IR) System 2000 FT-IR
5. wuaaUalasiiaas Bruker microTOF
3.2 §151a8

2,6-dimethyl phenol
Chloroform-D1

Methyl iodide

Acetone

Potassium carbonate
Sodium chloride
Sodiumsulfate anhydrous
Ethyl acetate

Potassium permanganate
Dioxane

Hydrochloric acid

Diethyl ether

Thionyl chloride

Pyridine anhydrous
2-(Aminomethyl)-pyridine
Triethylamine
Dichloromethane

Silicon dioxide acid
Aluminium oxide 90 active neutral

Lithium iodide anhydrous

(FLUKA)
(Merck)
(Riedel-deHaén)
(Lab-Scan)
(CARLO ERBA)
(Merck)
(Riedel-deHaén)
(Lab-Scan)
(Merck)
(Lab-Scan)
(J.T.Baker)
(Panreac)
(FLUKA)
(FLUKA)
(FLUKA)
(Lab-Scan)
(Lab-Scan)
(Riedel-deHaén)
(Merck)
(FLUKA)
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3.3 NFHILATIZRALNRA 2-Hydroxy-N,N'-bis-pyridin-2-ylmethyl-isophthalamide (11)

MIFIANZARUNUG (11) EXIALE38Y [0 NU FATONIRUA 5 TUADUAIUEA

d
lugun 3.1
OH OCH, OCH,
H,C CH H,C CH
} 3 Mel 3 3 KMnO,,K,CO, HOOC COOH
—_— -
K,CO; H,0
@ 2)
socl,
X N ocH,
=N N A A cloc cocl
0 OCH; O Triethylamine |
- = NH, +
N N
H H
3

@)

Pyridine anhydrous | Lil anhydrous

N
|\ NH OH HN |\

amn

3UN 3.1 NMIFIATIEAAUNUG (11)
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3.3.1 MIFIAIIZH 2-Methoxy-1,3-dimethyl benzene (1) '

OH OCH,

H,C CH, Vel H,C CH,

K,CO,
91.13%
M

a=ane 2,6-dimethyl phenol 4.00 31 (32.70 Hadlua) dan axdlauiitsaaniia
luaiaiunay 2 A8 WA 250 VARANT UAzLAN K,COz 9.25 N3N (6.69 NaAlUA) way
wialolalad 6.20 TaRA@5 (99.10 Hadlua) adluUBINENGINEY waIinMTIWaNS
meldaazussonmeandalulasiawduing 3 4 ihveInNaNINIzRaainazaIuaan
Tagmsnauananuen uazthdwfitwasnnminananszmadioiafisasfion USinas
50 Saaaas uinhluaiadmemIazansiandIvas NaHCO, 3sas 50 HadanT $192% 3
a5 ihtwafinsdlannanadadismsasaefiousives NaCl asiaz 50 Jadaas
Swn 3 A% uashTwafisasdiaaunmsasinilasidy Na,SO, anhydrous N84
fIazalaziin lszinedirinasanseanaunua laasnaanusiiluzasnaifiniasad

f135U3znaY (1) So8azaINRAAAMYINAL 91.13 (4.06 NTN)

"H-NMR (400 MHz, CDCl,, ppm) :  7.05 (d, J=6.8 Hz, 2H, ArH), 6.97 (d, J=6.8 Hz, 1H,
ArH), 3.76 (s, 3H, -OCHj), 2.33 (s, 6H, Ar-CHs)

"C-NMR (100 MHz, CDClj;, ppm) : O 156.97, 130.86, 128.81, 123.80, 59.63, 16.05
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3.3.2 MIFILAIIZH 2-Methoxy-isophthalic acid (2)

OCH; OCH;
H,C CH, KM1O,, KO, HOOC COOH
H,0
64.43%

) 2)

W@NENTUTNaY (1) 4.06 NIV (29.80 FaAlNA) adlu11a 2 A VU 250 NaFANT
WaLlAN KMnO, 15.46 N3y (97.80 [adlua) way K,CO; 9.85 N3y (71.30 Aadlua)
wasnsdnin 136 Hadans  asluvesnausInaaudinmanansneldani:
vyssmeandalulosawduns 3 55 Teodlarmsinandasy 24 T lususnldida
KMnO, 1inan 10.32 n3u (65.30 Hadlua) adluaiazansnauasnsn? wasanInans
AL 3 Su  udsehmeswsuansasmesanuazhasazanafinsasle vl ui
anmnildszunm 4 °C MNUWANNTA HCI uduniaunIauaIazansaunznaiams
anaznauadnimuyIal  nIBduanivvedniviIvemlzney  (2)  ldSewazues
NRAAIWNLINNL 64.43 (3.78 N3N)

"H-NMR (400 MHz, DMSO, ppm) : O 7.82 (d, J=8.0 Hz, 2H, ArH), 7.25 (t, J=7.6 Hz, 1H,
ArH), 3.80 (s, 3H, -OCH,), 3.62 (2H, -OH)
"’C-NMR (100 MHz, DMSO, ppm) : O 167.48, 158.16, 133.94, 128.19, 124.06, 63.42
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(17)

3.3.3 N13FILAIIEA 2-Methoxy-isophthaloyl dichloride (3)

OCH; OCH,

HOOC coon  SOCl,  (oc cocl
_—
Dioxane

Quantitative yield
(2 3)

azaneRsUszney (2) 2 NN (12.0 Aadlua) oleseniuidnaania 115
adany laluvianunauaunaawia 250 Radans NUULAN SOCI, 5.25 Nadans
(72.00 §adlua) adluaInauadna1d vmssnandnaldznizudalulasiamdunm 4
TN EINRNN LG NNIIZREAIVNAZA8aN LaUNINABRAAINAY  IGRITNEAN AN

aido/ & 2K A A ] dl' a s 6 o Aaaa s d‘r
(3) Nianwudundnfinday ualiasanasndanusazvl)nsenuanudsluaime
Mlrlaansasdn  asnnnaanmnieasod laluaniaslulavinldvinnisuaninallaznsn

a Af o o aAaa g; 1 L=
u3gnd uazibh vl Asendudae luviuf
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3.3.4 N1IFILAIIEA 2-Methoxy-N,N'-bis-pyridin-2-ylmethyl-isophthalamide

(18)

| X | X
o N (0} OCH; O NF
| ~N cloc COCl  Triethylamine }
Z NH, T _— N N
N H H

CH,Cl,
®) 68.61%
C))

(4)

LASUNENTRTANLNENTEY 2-(Aminomethyl)-pyridine 2.21 JaRANT (25.50 JaAlUA)
WazTriethylamine 5.33 fiadans (38.30 fadlua) lwlaesalsfmuiidsaanniia 5
0807 ld@luvianunay 2 asaw1a 100 AadanT ﬂumm:mﬂwauﬁqmﬂgﬁﬁaamﬂlﬁ
gnzuiaiwlasiawnig 30 1 e TeLAENFNAINEABE 9 RUARILWENTAZANY
NRUDDI (3)1uvl<ﬂﬂaaisﬁmuﬁﬂswmmﬁw 9 UadAeT ﬂumsa:mwauﬁ'qmmgﬁﬁaa
maldanzufslulanauduam 24 Tlus hansawedvnazayeanlagmMInanas
AUA ﬁﬂmuﬁ'm§amnmsné"umﬁﬂﬁu%qw%ﬁ[mUmﬂﬁﬂﬂaﬁwﬁ lasunlannlagld
ALO; wazld 50% EtOAc:CH,Cl, LHudan: wasnuuanNandanasslasldmsazans
NEN289 CH,Cl, uae Diethyl ether n3aINANUaLaINANY latafiadisas lavasudsd
217789 R15UT=NBY (4) S08ATVBINRAAUMLYINAL 68.61 (2.68 NTN)

"H-NMR (400 MHz, CDCl,, ppm) : O 8.69 (s, 2H, -NH), 8.61 (d, J=4.4 Hz, 2H, PyH),
8.21 (d, J=8 Hz, 2H, ArH), 7.71 (m, 2H, PyH), 7.39 (m, 2H, PyH), 7.25 (m, 2H PyH),
4.85 (d, J=5.2 Hz, 4H, -CH,), 3.87 (s, 3H, -OCH,)

C-NMR (100 MHz, CDCls, ppm) : O 164.90, 156.69, 149.18, 136.81, 134.82, 127.60,
125.11, 122.45, 122.24, 63.83, 45.16
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3.3.5 N13FILAIIEA 2-Hydroxy-N,N'-bis-pyridin-2-ylmethyl-isophthalamide
(19)

(11)
X N N N
| | N NH OH HN | AN
N N i
A OCH, 0 ~~ Lil anhydrous _ _
—_— 0 ¢
N N
H H Pyridine anhydrous
91.30%

@ an

azaneaIUszney (4) 0.27 N3N (0.72 HaAlua) selwsaniisenin 20
185503 luwaatunay 2 Aa e 250 Hadans nnwdvaionlelelad (Lil) 0.96 n3u
(7.20 Fadlua) inmsauvasnannelagnzudalulasauduna 1 gk wadan
T asnaNeIna1n lWsEnrarasaanaIIMINARAAANNGY  UEIEIUTIRAD
MNMINERINEABIE 1 M HCl U53na3 20 Hadaas wazihansazansdilduanadas
lofnasfian 3 a%1 aSiaz 50 Jaddes  udviTwedsszdiaaunriaineanlasdy
Na,SO, anhydrous n3asanIazasuaziinlsziwadavhazanuaanlagmMInanaaannae
MNUWN A HARE P INMTNABNANHANGID AN Tz A BN FNDBS MWD aLA tatadiad
1593 insnsasnanaslavasundsdannvesansuszney (11) SeuazvaInfanmmyinny
91.30 (0.26 N33)

"H-NMR (400 MHz, CDCls, ppm) : O 8.77 (s, 2H, -NH) 8.61 (d, J=4.48 Hz, 2H, PyH),
8.11 (d, J=7.6 Hz, 2H, ArH), 7.72 (m, 2H, PyH), 7.39 (d, J=7.6 Hz, 2H, PyH), 7.27 (m,
2H, PyH), 7.03 (t, J=7.6 Hz, 1H, ArH)

"’C-NMR (100 MHz, CDCl,, ppm) : O 167.66, 160.59, 156.26, 149.06, 137.01, 133.28,
122.52, 122.08, 118.61, 117.94, 44.73

IR (KBr, cm™ ) : 3656.71 cm ' (O-H stretch), 3336.77 cm ' (H-bond), 1638.61 cm ' (N-H
bending), 1597.33 cm'1 (C=0 stretch), 1432.84 cm'1 (-CH,- bending)

ESI-MS (positive mode) m/z: 363.14 [M+H]"
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3.4 nydstaTziasisenaulaaasawsu (12) 2aslaaawlans Zn® AUAuNRE (11)

HN NH
N N _o O—
[ NHOH HNT TS MeOH \Zn\
= o}\@/go = +Zn(CIO4)2 6H20 —_—

(11) 7

N
\/N _

(12)
(32.14%)

azaNBALNUG (11) 0.26 N¥ (0.98 Nadlua) luluniuaa 10 Jadans uazdas 9
RUARITATAILVBY Zn(ClO,),.6H,0 0.1819 N3N (0.49 Aadlua) lwuniuaa 10 Jadaas
adlluansazasadnan IﬁmmﬁaumsazmUwawﬁ'qmmﬁ 60 °C Juia1 30 w1l
wasnswdnin 10 Iaddas ao"lﬂLLazéT'ammzmﬂﬁaiﬂﬁ@ﬂwﬁﬂﬁqmwgﬁﬁaa ny84
nAnfilauazansnandaiin FnmIanrandianasisumIazans 50% wnues wasisly
lﬁ@ﬂwﬁﬂﬁqmwgﬁﬁauﬂunm 1 gdandt lendaneiidunaniunn Seuazvadnfanmd
Winnu 32.14 (0.13 N3W)

"H-NMR (400 MHz, DMSO, ppm) : O 8.48 (s, 4H, PyH), 7.92 (s, 4H, Ar), 7.73 (s, 4H,
PyH), 7.33 (d, J=8 Hz, 4H, PyH), 7.25 (s, 4H, PyH), 6.51 (s, 2H, ArH), 4.58 (s, 8H, -
CH,)

"’C-NMR (100 MHz, DMSO, ppm) : O 168.97, 159.20, 149.25, 137.39, 133.99, 122.61,
121.66, 112.25, 44.73

IR (KBr, cm™ ) : 1635.49 cm ' (N-H bending), 1596.21 (C=O stretch)

ESI-MS (positive mode) m/z: 787.19 [M+H]+
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3.5 m‘sﬁgau‘fmaa%"mm‘sﬂsznaufﬂaa{awai"u (12) mumanatansLIdaIaaala
N3N

WAniapmasssUsznavlaoasaumdi  (12)  Amanzsusansnesoylelasls
§1I8ZANY 50% Lu‘muaaLﬂué"sﬁm:mUﬁgM%nﬂﬁﬁauﬂunm 1 §lanw lenania
é’ﬂum:lﬂugﬂgﬂmﬂﬂ“l&iﬁ% RIuM I laTIaIrsUsznaulaaas ALty
6) sumnadandisdesanalanadlaansaswialagldldsunsy SHELXS-97%" #
aglumanviuad winaxX®" Tassafenasssiszney (12) Adwmlddomaiaandiss
ﬂ%ﬁé’@lﬂﬂﬁﬂ%@@ﬂﬁé’agﬂﬁ 3.2 ﬁagama\ﬂmaa%wwﬁnﬁﬁwmm"lﬁua:é’aLLﬂiﬁl"ﬁ’lu
mafw s lassaionanugadluansef 3.1 anupnINuszuazyaRuszoluluana

209815U5znaulAaasALuTH (6) LaadluanTen 3.2

31U 3.2 lawssSansdsznaulaeaidiutu (12) drzinafiaienasdasaaalansnnil
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A Y Y 2 Ao o o A o o =
A19197 3.1 maaﬁlaIﬂNEﬁ’]dNaﬂﬂﬂ’]u’smvl,@LLaz@l’JLLﬂiﬂI“ﬂuﬂ’]Sﬂ’m’Jm%’liﬂi\‘]ai’]\‘]Nf\m

mumailatansisdasaaalansnlvasansdznaulnoasaiuss (12)

d13sznaulaaasaiwdn (12)

Chemical formula C4oH3sNgOgZn

Molecular weight 824.15

Color 0.35 X 0.3 X 0.2

Size (mm’) Colourless

Temperature (K) 293(2)

Crystal system Monoclinic

Space group Clc

a (A) 16.357(4)

b (A) 14.723(4)

c(A) 15.135(4)

Be) 91.938(7)

V(A 3642.9(16)

z 4

F(000) 1.503

Deaic (g M) 0.742

L (mm’) 1712

Theta range for data collection 1.86 to 28.03 °

Index ranges -21<=h<=21, -19<=k<=19, -19<=|<=19
Reflections collected / unique 21455 / 8731 [R(int) = 0.0523]
Data / restraints / parameters 8731 /2522

Final R indices [/ >20T/)] 1.019

R indices (all data) R, = 0.0589, wR, = 0.1200

R, = 0.0859, wR, = 0.1324
0.617 and -0.396

Goodness-of-fit

. . . . o '3
Maximum, minimum difference ( e- A )
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unn 4
syduazandsananimaaas
4.1 M3aILATIERAUNWA 2-Hydroxy-N,N'-bis-pyridin-2-ylmethyl-isophthalamide (11)

MIFIATIRARUNUA (11) dszneaudis 5 Tuaauaiuaadluzln 4.1 Sioazidua

RININO LY eIt

OH OCH, OCH,
H,C CH, el I%C\Wiii:T/CHz KMrO, . K,CO, HOOC COOH
—— _—
K,CO;4 H,0
91.13% 64.43%
@ 2)
socl,
X | X ocH,
=N N F X cloc cocl
O OCH, 9 Triethylamine |
bf/ NH, T
i i CHC, o
Quantitative yield
68.61% @)
“@

Pyridine anhydrous | Lil anhydrous

N N
| X NH OH HN | X
= =
0 0
91.30%
amy

311 4.1 NMIFUATZATUNUG (11)
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Tufl 1 MIFNATIEN 2-Methoxy-1,3-dimethyl benzene (1) Uffseiildlunis
wipussdsznaudindnnfde UFAT1 Wiliamson Synthesis'® @uillulfATonszwing
2 6-dimethylphenol U wiialalelad lagldezglaudidsmannindudvinazay Taod
nalnuasUfisinda  2,6-dimethylphenol  vhudFAseduwalddanenlod  anuu
5Laﬂmauﬂ'maaaan%nm"tﬂa‘%ﬁaﬁuﬁ:ﬁ'u%iLuﬁaimﬁ"l,aiavlﬂﬁ%aLﬂwg%q@aaﬂﬁﬁa:
ngaaen  gavngldmsnAndaeidudiseslasinalnuas fidodausaduga 4.2

A a oA o & a A Aw a o & . @
a’]iﬂizﬂau‘ﬂL@jﬂuv[a@waﬂﬂmzl,ﬂumaﬂLV]@'J@L“@a(ﬂ;a UIDYRLVAINRR N UNENIND 91.13

CH, CH
K+ 3
OH X ol Y~ N
H — CH
+ K,CO; — S 3 +KI
CH, CH, CH,

(16)

CH,

31 4.2 nalnmaifiad §i5en williamson Synthesis

OH

OCH, -ocH,

7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 ppm

3uf 4.3 wWisuioy "H-NMR sinasuzasansidsznay (n) s1sUsenay 2,6-dimethyl

phenol waz (1) 815U5znay (1) 1w CDCl;
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nnnsfigadlanaitevesasdszney () lavldinada "H-NMR Wui13 singlet
Anfeunien chemical shift 71 3.76 ppm 13103 Fadruntsasnsnadudunisas
lsnauvang methoxy (-OCHj) lumm:mﬂmaumamg hydroxyl (-OH) a3 2,6-
dimethyl phenol fiduwbie chemical shift i 4.66 ppm litlmng uaasimg laasanda
284 2,6-dimethyl phenol LAaUfA381 methylation dawSoufisunaninesasues H

3)

13 o v Q‘I 1 { U, 1 H v Qs %
uaz CC-NMR fulangnssneds Unuiwaminaasdfiladenilndiasae  aougadli

AN 4.1

{ 1 13 o v a (13
A13199 4.1 LUFDUNUNANMINGR8IT8d H Uaz  C-NMR nmaﬂmsmaaa( )

ARINNNIINORD Nﬂ'ﬁnﬂLﬂﬂﬁﬁiﬁ’]ﬂﬁﬁmrs)
"H-NMR Spectrum 7.05 (2H), 6.95 (1H), 3.76 | 6.97 (2H), 6.89 (1H), 3.68
(3H), 2.32 (6H) (3H), 2.26 (6H)

YUN 2 MIFIATIZA 2-Methoxy-isophthalic acid (2) 31 2-Methoxy-1,3-dimethyl
benzene (1) Ujfismnnllunmiduanziansdsney (2) Aedjitenaandiatuvainy
wiaelildidungariuandadinlaslflwunaiBounlasuuiniua (KMnO,) iudaan

a A « v & o o (xx) ! a o  edn s
Flaglugnmznduwualaglfinduairrinazae AINNINARDINUINEN N UK LA
anu ot uyaIudIzvn ﬁ@‘waawmmﬁ 206 — 210 °C 3F08RUAINAANMHLYINAL

64.43
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(=] oowd @ Mmm fax]
oo ~unm o= om o oNE (w)
0o e N o 1M o O Ty}

=il e ® el

| )L

&y MM (&

, C
| 1; | “® b M D
‘ I.‘ | I H H
! | b R A A
L J
- _— HO OH
[ [ [ [ |
17? 76 74 72 ppm o OCH, O
‘g[ g B
l ‘.4 =
n \
s |1 A
J‘.___J‘%_ - s I‘\.-”__""-x_h_ \1
[ [ [ [ [ [ [ [ [ [ [ [ [ [ [ [ [ 1
85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 10 ppm

sun 4.4 "H-NMR stnasuvasa13Usznay 2-Methoxy-isophthalic acid (2) 1 DMSO-d,

a o % a 1 d
nnnsfigadlanaineesnadizney (2) lasldinafia H-NMR daingnndl

anwauetiu broad peak NéLKIs chemical shift 1915z 3.47-3.62 ppm Tadu

(14)

é’ﬂwm:mmwaﬂﬂmaumamyjmi‘uaﬂ%aaﬂ wsasNrNLuNavassnIlznay (1) gn

a 6 & [l 6 a A A A o 3 A A [l a
aanm"lmmﬂum&mmanmaaﬂ ‘Ij\‘]ﬁ']ll'ﬁﬂU%U%ﬁ@ﬁ]ﬂﬂﬂﬂ?YIWﬂﬂlaﬂﬁ;&Luﬂﬂiuﬁqiﬂizﬂﬂﬂ

(1) lidnglusmdaasuvasansdznay (2)

Jufl 3 NIFIATIZH 2-Methoxy-isophthaloyl dichloride (3) *  a1n&1sdszney

) A a

A9 ADLAAGTD

U

mlaaamauaaﬂ%nmmam%i"lamaﬂ% FINuIzNUazaanTainasuadlslafiansa i e

2) Tasld thionyl chioride LiluddvinufAzonlasiinalnvasize™

% n; 1 A g; a 6 =S Aaaa a
ssdnanafn liafios anuuiningasanvesnseliduazluaslsaanean Ujiseifie
1 ‘é 1 a U U L= Qs 1
dalavasa liddilanuniuinasBianaseugadhaienusznuaivauveaInyasue
a & R A 5 ¥ A Qs 6 &, A 6 = Aaaa
fia  anundsdimsuansanvasnuse lenfanmwiiiduueTansnlsd  dnalnuasd iz
uwsaslugil 4.5 wRadmwin lddansundurasudifniasnaannazalddlu CH,C,
Fauduansurnvitainansdsznevlawada (2) Idaswdusnsusznevlauadaaaalsa
(3) nyfitasannanstsznavlaneda (2) avanelaaslu CH,LCL, uananfiansusznevla
wadanae lsaniaTonlaianuiadhdennuauluermeanin lasAzusadowna

(xx)

1309w baLada lelniaa é‘ouamlugﬂﬁ 46  aanulunImasaddain

g; 1 ] Y o Y A QG'
ssUszney (3) Wlflutuaeudeldlasldldimuenlvuians



+
RTOKY 5 RT07cl + HC

cr

+ SO, + CI

o) @ 0
R/iTB/S‘(c; —_— R)J\CI

4. a a [ 6 a A
3‘1]7] 4.5 ﬂﬂvLﬂﬂﬁiLﬂ@ﬁ’]i‘ﬂizﬂFJlILﬂ"ﬁ@]ﬂﬁavh@"ﬂ']ﬂﬂi@lﬂ’ﬁuaﬂsﬁﬂﬂﬂ

+H R~ “oOH HCl
R — ¥

I{J(jr
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317 4.6 nalnmafiad§isenvesansdsznevlaedansalsd (3) iusnsdsznevlaueda
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L . o . . 1
YUN 4 NIFIATIER 2-Methoxy-N,N'-bis-pyridin-2-ylmethyl-isophthalamide (4) a
sansnasewlaanifisen Schotten-Baumann (Schotten-Baumann Reaction) na'ln
aaa a ﬁ =) a U o s ]
101 iTeRalavazaanvasiulaandiiddinnasoudarzanaiussiuaniuausaimy
& A o o AN . A &< 8 a =2 @ A ~
A3Uata larIIaINan LAy anwudsinisasldsaanaan 1 alaslasiafiaaiin
Ionaadmiiuelud lasdnalnuesd jize™ dauaailuzn 4.6 lauadanaalsd (3)
o . .. 2] Aaaa o ' Aaaa
AU 2-(Aminomethyl)-pyridine H9UfA3onasnslndfATonuuy SN, nmInesas
WUIMNRAN NN La R an sl upaduddan aawéhﬁqmmgﬁ 128 — 132 °C 288189

NRAAUINLYINNY 68.61

@ 0
R)J\a N Yy O R)J\,ﬁ s
+ | — oo |l P

0 0
R)J\,ﬁx |N\ — R)J\N |N\
N(C,Hs)3

3in 4.7 na lnmatiedfisonvasansidsznay (4)
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o~ r~- o
"™ -~ r~
[N ] o ~
- - 4] —
\/ |
Y |
A
I
-
R
N o _ .
I I T T I T T T L |
9 8 7 6 5 4 3 2 1 ppm
H Bca, H. A H
H I H
A NH O HN A
E
= NG
H Hgp oH . H
H D H
H H

sun 4.8 "H-NMR srinasuvasansysznay (4)

nnnsfigadlanaieesmadszney (@) lasldinaila "H-NMR  1ing@indd
$nullsaawmdniwonmsdszney (2) A8 8 Tdsaawdn 20 Tisaawn lasdaya
Iﬂsmauﬁﬂﬂﬂgﬁ@h chemical shiftn 71 8.69 ppm \Iuwasmgy NH ﬁagaﬁmﬁmﬁﬂﬂszmi
Aadumisfiniien chemical shit 71 4.85 ppm Gullwvaslisnensas CH, G9ganTn
Huduldannuavadmaasy DEPT 135 NMR é’oﬁ?uﬁaagﬂﬁdwmswﬁmﬁmﬁmﬁﬁa

g13Usznay (4)

ﬁguﬁ 5 MIFILATIZRALAUG 2-Hydroxy-N,N'-bis-pyridin-2-ylmethyl-isophthalamide
1) 3n sestszney (@) lendasneiduweindidinng $ouazaINAas LAY
91.30 nMIRgatlasiaivasdunud (11) doinaiia "H-NMR wuinfiswanldsaan
vanua 18 Tsaan LLa:ﬁmimuvhhlaoﬁﬂiﬂmaumamgmwaﬂ% -OCH, TaIRUNUG (4)
uwsasimgiiiavasngumnand ldngasanllanluanauazlaidunylansend  (-OH)

Y IALNUA (11)



-OCH,
-CH,
N
E
[
|
(n) F
b
~ L JL
-CH,
o
| [T
(W) c 3
" |
' L
I R kD LI ' ] T I | T | B N RO | 1
95 90 85 80 75 70 65 60 55 50 45 4.0 ppm
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311 4.9 Wisuiney "H-NMR sinasuuas (n) ansUsenay (4) uaz () aunud (11) Tn

cDCl,

NRNAUNT IR AATY Lﬂuﬂﬂsﬁgﬁﬁ%gﬁaﬁ%ﬂ@mwuﬁﬂﬁmmﬂﬁu WINNU  3656.71

cm’ \Dudunisuainy O-H Basz 1638.61 cm 1uduniisnad N-H bending, 1597.33

cm’ 1Huduniiias C=0 stretch waz 1432.84 cm (w1 VBICH,- bending

In

tens. 2 +MS, 0.3min #(21)
x106 s |
o
[fs]
(]
1.04 +
<— [LH+H ]
0.51 g
o
o |
'z}
"3}
R — e . P et e J
100 200 300 400 500 600 700 800 900 miz

;sﬂﬁ' 4.10 wuaaUaasuvaIaLnua (11)



137

A

ﬁnnﬁaymmamﬂﬂ@l%'wwudwﬁnﬁﬁ@hmmLﬁwgqﬁq@ﬁaﬁﬂﬁum m/z Ny
363.14 é’aﬁf’u"fjammhmwﬁmﬁm‘ﬁé’aﬂdnﬁﬁmﬁfﬂiuLaqawhﬁ'u 362.14 uazdigny
luanadia CooHigN,Og Haiiesan mode AlFlumyiiameilassairadln ESI positive
mode Mliamdadusildzadn - +1 é’afumngmﬂwLaqamaamswﬁmﬁmﬁ
CaoH1sN,O; ﬁﬁﬂ%ﬁfﬂIwLaqaLﬁwﬁ'ﬁ 363.14 LL@iLﬁaaglugﬁmaaﬂsqumﬁ'ﬂ +1 343
mfmﬁfﬂlmaqmvhﬁ'u 362.14 HimannassiuLvssIaasuR e %aa;ﬂvlﬁiﬁmwﬁ@ﬁ'mﬁﬁ

lada 2-Hydroxy-N,N'-bis-pyridin-2-ylmethyl-isophthalamide (11)

4.2 msdaansuazmsiigodlassaszasansdsznavlaoasaugi (12) 209
o A 6
Toaaulans zn® nudawnua (11)
o 6 a %3 A 4
midsaTziuasigailansieesmalsznavlaeaidusuuaslesaulans
2+ o A ' v a o = o A o
Zn” AuRunua (11) wuilaafanmiiduvasudsfuniaaioain 161-163 °C uaziauas

YDINAANUTYINNY 32.14

D
A
E
NH = Gl
o R
C
»A L . -
A
5
T R DRSS R L T T T T T 1
12 11 10 9 8 7 6 5 ppm

;sﬂﬁ 412 wWisuifisy 'H-NMR sidnasuues (n) dunus (11) uwas (2) asdsznavlasas

Giugu (12) T DMSO-d,
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mnmsﬁgﬁ]ﬂmaaﬁhwaomiﬂs:ﬂmﬂﬂaa%&u%’uﬁé’umwwﬂloﬂﬂﬂlﬁ”mﬂﬁﬂ
NMR wuiniasunud (1) tienus:laassamsuivlosawvaslans zn' udr snwmse
yoalisnan NMR  as9ansdsznavlesssamsuiiesonladsnsosiuandotuaunue
(11) athaiuldta é‘mamlugﬂﬁ 410 nandafinuas —NH oludlusaauaasdunuen
@A chemical shift 7i 9.47 ppm AamaUasudunis lUAGumI downfield e
chemical shift U3zanm 11.20 ppm tulassaisvasasUsznanlnaasaimwsn LEAIINL LD

luanaratfiamslaaasaiunnu laaawuadlanzniaaratnanwus: lalasiawlagls —NH 12
ludldsaanlea

Intens ] o +MS, 1.6-1.6min #{105-106)
x104] @ i
25 N |

g " |
20 € | «— [ZnL,+H']
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317 4.13 unssiaasuvasnsdsznovlasasaiutu (12)

mnmsﬁgmﬂmaﬁ'}ﬂ@UlﬁmﬂﬁﬂLmaaLﬂﬂImLu@%wmwﬁﬂﬁﬁ@hmmLﬁugoﬁ

A A Ada . w v & = ' &a L o . ~
gafedniiidn miz Ay 78719  asudianadiansdsznaulasafaiutudananadl
iminlutanaiiy 786.19 uazligasluianafia CyHyiNgOsZn M9i#a331n mode 1
lHlumsieeilassginadlu ESI positve mode ¥inlwansusznaulneasaiusuiyii
a & & o & ea )
eI PR AT IFEThN +1 aanuangasluanavasastsznaulaoasaiudi
CatHaNgOgzZn  Avhssinluianaviiny 787.19  udillaagluguvastzaiviniy +1 Fsdidn
miz Whnu 786.19 lasannuaminaaadf latdunsiuduitanssznavlaaasamuoun
a £ Ao ' 2+ & @ g AN v o
Aaluddandmlun 209 2n° @ unud (1) iy 1:2 wananitangaslaanaildd
L‘flumiﬁuﬁmﬂumﬂﬁ@Lﬂumsﬂszﬂauiﬂaa?@m%’uﬁﬂmaqamaaﬁLmuﬁ (LH) N3 2
luanadeufansgdnldsaeulletne: 1 Tuseewhenazvhlinanuvesszaes

luanawrihnugud asuuisanadougaslaanazasmadsznay (6) ldasitia [Zn(L),]
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3656.71 1597.33

«_ 3336.77

1638.61~

1432.84

1635.49

1596.21

311 4.15 WisuipuBunniasidaaiuzas (n) Sunud (11) uaz (1) aI3Usznay (12)

nnnsfigaingiitulasldinefiadunnasdalasaladnud  WeRansoan

' { g a a { { -1 oA I
wy O-H lquLaqaﬁLﬂuaLLﬂuﬁaas:a:wuﬁﬂﬁLamﬂﬁu 3656.71 cm  weiaiiln
madsznaulasaiautu (6) wuhdndandimeld  usasiildsaauvenylaasend
a & v Q { v =)
af@AMT  deprotonate aaﬂmﬂiuLaqaemaa@ﬂaaamJNamimaaaﬁvlmnﬂmﬂuﬂ
wuaaidnlasues wananddsnuinle IR snasuvesansUszney (12) wuinnd
o ' ' { N 1 A o [ ' <
SN Broad aglumuamﬂﬁuma 2800-3600 cm  TIINANHIATUDINAAINE1ILTI
A e 4 oA \ o ) ~ , & A & a &
mmuﬂmmmagmﬂluIsJLaqa fusuluwnydivas N-H mawgmvlm Ll wRLNUE

=) v { { '1 1 { =) [~ =Y QI/ v
Saszaclidnavaan’™ 163861 cm ' wdlafiaiduasUsznevulaoasaiutulsaiay
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ea < o o A (xx) A & a &
mﬂluIsJLaqamaamsﬂs:ﬂauiﬂaasmwu LRZEIRTUNTIEY C=0 Ll uRLNUe
=) v { { '1 1 { a = =Y QI/ v v {
davzazliiniaundn 1597.33 cm udilaiaiiussisznaulasasaintunadlwinnn
{ { '1 = 1 5 1 =
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o A 6 a 6 6 A g
Tasawlans zn” AUALNWA (11) Munanatandisgasanalanitni

ﬁnﬂmsﬁgaﬂmaaﬁ”ﬂwaamiﬂs:ﬂaﬂﬂaai{@m"ﬁﬁ (12) shenafiaengisgiand
Lsﬁﬂ%aﬁahmwwﬂé’dLtaﬂﬂugﬂﬁ 416 WUNRWIUG (11) Aewusenulosauvadlans
zn”" ludamain 2: 1 I@ﬂﬁIuLaqamaaﬁLLﬂuﬁﬁ”’a 2 luanalaaasauniulasausas zn”"
laglfaznausanfiaurasnyiuandrveandiauazaanvaingialud wananfigewudn
dﬁﬁimaqamaoﬁﬂﬁﬂ 2 Twanadhanlaseiawunniulesauvas zn”" Fasanalnlasoai
pasa13Uszneulasasfiudu (12) Hlevsiudujlesnaszdases Toafinuinaanue
WHT2U09 Zn(1)-0(1), Zn(1)-0(2), Zn(1)-0(4), Zn(1)-0(6), Zn(1)-0(7), Zn(1)-0(8) Fen
WinNL 1.972(11) A, 2.123(11) A, 1.979(6) A, 2.195(11) A, 2.159(6) A uaz 2.143(6) A
MUAIOY UAZYNNKEZYBS O(1)-Zn(1)-0(2), O(4)-Zn(1)-0(6), O(7)-Zn(1)-0(8) HfnLvini
85.0(2)°, 83.6(2)° Waz 84.52(10)° dNS1AU

U 4.6 lawsaivasmatznavlaseidugu (12) Avhnsfigaidomeaiiaiandisd

AIRAalanIINA

uaﬂmnﬁ?{l’awmﬂmUI%I@JLaqamaomsﬂi:ﬂa‘uiﬂaas’al,wfi’ummimﬁ@ﬁuﬁ:
lalasiauneluluana (intramolecular hydrogen bonding) szwindazaayzad NH ia'lud
lsnaunvazaanvateandiauvamgiuend  lasfianuenvuszves  N(11)-H41)-—
O(4) uaz N(3)-H(44)---O(1) AL 2.598(8) A Laz 2.640(9) A MUAAL AILFAILUAITI
i 43
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@139 4.3 anuennuse (A)  uszyniuse (°) vasiuszlalasawvasmaliznaula

DasALUTH (12)

D-H..A d(D-H) d(H-A) d(D-A) <(DHA)
N(11)-H(41) --O(4) 0.929(7) 1.857(11) 2.640(9) 140.3(11)
N(3)-H(44)-0(1) 0.933(6) 1.795(11) 2.598(8) 142.4(4)
N(7)-H(42)-N(6)#1 1.036(7) 2.052(8) 3.038(10) 158.0(11)
O(7)-H@45)-0(11#2  0.895(6) 1.832(11) 2.708(8) 165.3(4)
O(7)-H(46)-N(8)#3 0.899(11) 1.975(6) 2.867(8) 171.5(4)
O(8)-H(47)N(2)#4 0.934(6) 1.963(7) 2.889(9) 171.1(4)
O(8)-H(48)-O(3)#5 0.912(6) 1.809(7) 2.710(9) 169.1(4)

Symmetry transformations used to generate equivalent atoms: #1 x-1/2,y-1/2,z; #2 x,-

y+1,z-1/2 ; #3 x+1/2,y+1/2,z ; #4 x-1/2,y+1/2,z ; #5 x,-y+1,z+1/2.

waninidanunusz lalasiauszniteluiana (intermolecular hydrogen bonding )
vaix13Usznaulasaifiudu (6) ldondis  lasfiluanavasinduezaoudlnlalasiau
A o A e a o &a o o 2+
uazlazmanglBiannvoud lildiinwuszlaeatfiutunvlessuras zn™ luluanaves
sunudidudaivlalasan wenanfidinuidisansnifienuszlalasanszninluena
289 NH 1aludldaaw (N7) nululasianezaauvasidinian (N6) ladnee  asuaasle
{ { & a d a J gj a 1 { ) s
lua39n 4.3 uazgf 4.7 soiuszlalasaunifedunisessfiadudiundranyluns

TravlilaseaievasansUszney (12) luaauzniduvasudslianuudous

sun 447 lassasvassnsdsznavlasasaumsi  (12) LLama:@amﬁﬁ’ﬁmﬂmauﬁ

mmmLﬁ@ﬁuﬁzvlaimmmzmﬁﬂuLaqa
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In the title compound, [Zn(CyyH;7N403),(H,0),], the Zn"
atom, lying on a twofold rotation axis, is six-coordinated in a
distorted octahedral geometry by two phenolate O atoms and
two carbonyl O atoms from two 2,6-bis[(pyridin-2-ylmethyl)-
carbamoyl]phenolate ligands and by two water molecules. A
three-dimensional network is built up from an extensive array
of hydrogen bonds and sm—m interactions between the pyridyl
rings, with a centroid—centroid distance of 3.666 (3) A.

Related literature

For related literature, see: Chaudhuri et al. (2007); Goldsmith
et al. (2002); Gumbley & Stewart (1984); Ingle et al. (2007);
Kimura (1994); Lipscomb & Stréter (1996); Szajna-Fuller et al.
(2007).

Experimental

Crystal data

[Zn(CyH;7N403),(H,0),]
M, = 824.18

Monoclinic, CZZC
a=16357 (4) A

Mo Ko radiation

i =074 mm™"
T=2932)K

0.35 x 0.3 x 0.2 mm

b=14723 (4) A
c=15135(4) A

B =91.938 (7)°

V =36429 (16) A®
Z=4

Data collection

Bruker SMART APEX CCD area-
detector diffractometer
Absorption correction: multi-scan
(SADABS; Sheldrick, 1996)
Timin = 0.757, Thax = 0.854

21455 measured reflections
4398 independent reflections
3575 reflections with 1 > 20([)
Ry = 0.061

Refinement

R[F?* > 20(F%)] = 0.060 260 parameters

wR(F?) = 0.130 H-atom parameters constrained
S=111 ApPmax = 052 ¢ A3

4398 reflections APmin = —0.42 ¢ A3

Table 1

Selected geometric parameters (A, °).

01—Znl 1.9772 (18) 04—Znl 2.149 (2)
02—Znl 2.1572 (19)

01—Zn1—O1' 175.44 (11) 04—Zn1—02 91.26 (8)
01—Znl—04 85.97 (8) 01—Zn1—02' 92.61 (8)
01—Znl—04 97.42 (8) 04—Zn1—02' 168.82 (8)
04'—Zn1—04 84.55 (12) 02—Znl—02' 94.67 (12)
01—Znl1—02 84.29 (7)

Symmetry code: (i) —x, y, —z + 3.

Table 2

Hydrogen-bond geometry (A, °).

D—H. A D—H H--A DA D—H.--A
N3—H34.- -0l 0.86 1.93 2.623 (3) 136
N1—H1---N4" 0.86 220 3.007 (4) 155
O4—H24---03" 0.85 1.87 2.712 (3) 174
04—H23-- N2V 0.87 2.03 2.879 (3) 163

Symmetry codes: (i) x +1,y + 1, z; (iti) —x, —y, —z; (iv) —x+ 4,y — L, —z+1

Data collection: SMART (Bruker, 2007); cell refinement: SAINT
(Bruker, 2007); data reduction: SAINT; program(s) used to solve
structure: SHELXS97 (Sheldrick, 2008); program(s) used to refine
structure: SHELXL97 (Sheldrick, 2008); molecular graphics:
ORTEP-3 (Farrugia, 1997) and Mercury (Macrae et al., 2006); soft-
ware used to prepare material for publication: SHELXL97.

Financial support from the Thailand Research Fund
(MRG5080149 and RTAS5080006) and the Centre of Innova-
tion in Chemistry: Postgraduate Education and Research
Program in Chemistry (PERCH-CIC) are gratefully
acknowledged.

Supplementary data and figures for this paper are available from the
IUCr electronic archives (Reference: HY2136).
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Diaqua{2,6-bis[N-(2-pyridinylmethyl)carbamoyl]phenolato-x>0',0%}zinc(IT)

C. Suksai, S. Watchasit, T. Tuntulani and C. Pakawatchai

Comment

Zinc complexes of common amide-containing ligands have been widely explored and have received much attention in bio-
mimetic research (Ingle et al., 2007). For example, the zinc complex with 6-(pivaloylamido-2-pyridylmethyl)amine ligand
has been synthesized to serve as models for amide hydrolysis activity (Szajna-Fuller ez al., 2007). Recently, zinc and copper
complexes with a family of pyridylmethylamide ligands have been synthesized and showed that these ligands coordinate to
metal ions with different coordination modes (Chaudhuri ef al., 2007). It should be mentioned that zinc complexes contain-
ing aqua ligands have been used as model studies for zinc-hydrolase enzyme because of the functional unit at the active site
of zinc-hydrolase enzyme is a zinc-bound water molecule, which is deprotonated at near neutral pH to generate a strongly
nucleophilic Zn—OH group (Lipscomb & Striter, 1996). Moreover, the aqua ligand bound to zinc ion is further stabilized
via the formation of a hydrogen bond with a carboxylate or phenolic group from amino acid residues (Kimura, 1994). This
hydrogen bond has been postulated to play a role in the activation of the coordinated aqua ligand in the catalytic pathway.

In an ongoing effort to study the interaction of zinc ion with aqua ligand, we report here the synthesis and characteriz-
ation of the title compound, a new zinc complex with 2,6-bis[(pyridin-2-ylmethyl)carbamoyl]phenolate and aqua ligands.
The electrospray mass spectrometry (ESI-MS) of the title compound confirmed the presence of the molecular species in

solution. The compound has fragmentation patterns with peaks at m/z = 823.17 and 787.19; the former corresponds to the

[M+2H,0+H ] ion and the latter is consistent with the loss of two coordinated water molecules [M—2H,O+H]. The evid-

ence for the presence of water in the complex is also given by IR absorption at 3568 cm’!. The elemental analysis agrees

well with the proposed structure.

In the title compound, the Zn" atom is situated on a twofold rotation axis in a distorted octahedral coordination geometry,
which is defined by two phenolate O atoms, two carbonyl O atoms and two cis water molecules (Fig. 1). The 01—Znl—oOl!

and 04—Zn1—02! [symmetry code: (i) -x, y, 1/2 - z] angles deviate from linearity (Table 1). These results are in accord-
ance with the distorted octahedral geometry. It is noteworthy that each ligand behaves in a bidentate coordination fashion
involving one phenolate O atom and one carbonyl O atom, while the two amide N atoms and pyridyl N atoms are free of
coordination with the Zn atom. The two phenyl rings of coordinated molecules are tilted to one another with a dihedral angle
of 72.3 (3)°. Remarkably, the intramolecular N3—H3A---O1 hydrogen bond forms a pseudo-six-membered ring (Fig. 1).

The water molecule is involved in an extensive intermolecular hydrogen-bonding network, as shown in Fig. 2. Atom
04 of aqua ligand acts as a hydrogen-bond donor to the uncoordinated carbonyl O3 atom and uncoordinated pyridyl N2
atom of adjacent complex molecules, respectively (Table 2). Additionally, the molecules are held together by intermolecular
hydrogen bond between the uncoordinated amide N1 atom and uncoordinated pyridyl N4 atom. Not only the intermolecular
hydrogen bonds, but also there are intermolecular 7—r interactions in the crystal structure, which occur between the pyridyl

rings containing atoms N2 and N4 of adjacent molecules, with a centroid—centroid distance of 3.666 (3) A.
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Experimental

Intermediate products (I), (II) (Gumbley & Stewart, 1984) and (III) (Goldsmith et al., 2002) have been synthesized in
accordance with the published procedures. The methods to synthesize compounds (IV) and (V) are shown in Fig. 3.

A methanol solution (5 ml) of Zn(C104),.6H50 (2.22 g, 5.96 mmol) was added dropwise to a stirred solution of compound
(V) (1.00 g, 2.98 mmol) in methanol (10 ml) at room temperature and the solution was stirred for 3 h. Water (10 ml) was added

to the solution to precipitate a white solid. The precipitate was filtered off and washed with water to obtain the white powder
of the title compound (yield 28%, 0.66 g). m.p. 170—173 °C. Recrystallization of this powder in methanol yielded colourless
block crystals of the title compound, suitable for X-ray diffraction study. Analysis, calculated for C49H3gNgOgZn: C 58.29,

H 4.65, N 13.60%; found: C 58.20, H 4.67, N 13.61%. 'H-NMR (400 MHz, DMSO-dp): 6 10.95 (bs, 2H, -NH), 8.50 (d, J
=4.0 Hz, 2H, ArH), 7.95 (s, 2H, ArH), 7.74 (t,J= 7.6 Hz, 2H, ArH), 7.33 (t, J= 8.0 Hz, 2H, ArH), 7.26 (t, /= 5.6 Hz, 2H,
ArH), 6.60 (bs,1H, ArH), 4.60 (s, 2H, -CH»-), 4.59 (s, 2H,—~CHp-). BeNMR (100 MHz, DMSO-dg): 6 168.97, 159.20,
149.25, 137.39, 133.99, 122.61, 121.66, 111.55, 44.73. ESI-MS: m/z 787.19 [M—2H,0+H "], 823.17 [M+2H,0+H"].

Refinement

H atoms on C and N atoms were positioned geometrically and refined as riding atoms, with C—H = 0.93 (aromatic CH), 0.97
(CHy) A and N—H = 0.86 A and U;so(H) = 1.2 Ueq(C,N). H atoms attached to the water molecule were found in difference

Fourier map and refined isotropically with atomic coordinates fixed.

Figures

)| Fig. 1. The molecular structure of the title compound. Displacement ellipsoids are drawn at
< et = i~ the 50% probability level. H atoms have been omitted except those involved in hydrogen
I [ ~ 7" | bonds. Hydrogen bonds are shown as dashed lines. [Symmetry code: (i) -x, y, 0.5 - z.]

Fig. 2. The three-dimensional hydrogen bonding network in the title compound. H atoms have
been omitted for clarity. Hydrogen bonds are shown as dashed lines.

Fig. 3. The synthesis of compounds (IV) and (V).

sup-2



supplementary materials

Diaqua{2,6-bis[N-(2-pyridylmethyl)carbamoyl]phenolato- «20', 0% zinc (I

Crystal data
[Zn(C20H17N403)2(H20);]
M, = 824.18

Monoclinic, C2/c
Hall symbol: -C 2yc
a=16.357(4)A
b=14723 (4) A
c=151354) A
B=91.938 (7)°

V=3642.9 (16) A3
Z=4

Data collection

Bruker SMART APEX CCD area-detector
diffractometer

Monochromator: graphite
T=29312)K
¢ and o scans

Absorption correction: multi-scan
(SADABS; Sheldrick, 1996)

Tinin = 0.757, Tinax = 0.854
21455 measured reflections
4398 independent reflections

Refinement

Refinement on F>
Least-squares matrix: full
R[F? > 26(F?)] = 0.060
wR(F?) = 0.130

S=1.11
4398 reflections

260 parameters

Primary atom site location: structure-invariant direct

methods

Fooo=1712
Dy =1.503 Mgm >

Mo Ka radiation
A=0.71073 A

Cell parameters from 4398 reflections
6=1.9-28.0°

n=0.74 mm !

T=293(2)K

Prism, colourless

0.35 % 0.3 x 0.2 mm

3575 reflections with /> 26(/)
Rint=0.061

Omax = 28.0°

Omin = 1.9°

h=-21-21

k=-19—19
[=-19—19

Secondary atom site location: difference Fourier map

Hydrogen site location: inferred from neighbouring
sites

H-atom parameters constrained
w = 1/[62(Fy2) + (0.0553P)* + 3.7977P]
where P = (F + 2F.))/3
(A/6)max < 0.001
Apmax =0.52 e A3
Apmin =042 ¢ A3

Extinction correction: none
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Special details

Experimental. Compound (IV): To a solution of (III) (2.38 g, 10.2 mmol) in dry CH,Cl; (5 ml) was added to a well stirred mixture
of 2-(aminomethyl)-pyridine (2.60 ml, 25.5 mmol) and NEt;3 (5.33 ml, 38.3 mmol) in dried CH,Cl, (5 ml) under nitrogen atmosphere
and the reaction was then left stirring overnight. Next, the solvent was removed under vacuum and the residue was purified by column
chromatography on Al,O3 with 50% EtOAc:CH,Cl, as eluent. The resulting pale yellow solid was recrystallized in diethyl ether to
give a pure white solid (IV) (yield 68%, 2.68 g). m.p. 120-125 °C. 'H-NMR (400 MHz, CDCl3): & 8.70 (s, 2H, -NH), 8.61 (d, J= 4.4
Hz, 2H, ArH), 8.20 (d, J = 8.0 Hz, 2H, ArH), 7.71 (m, 2H, PyH), 7.38 (m, 3H, ArH), 7.25 (m, 2H, ArH), 4.85 (s, 2H, —-CH,-), 4.83 (s,
2H, —-CHj-), 3.88 (s, 3H, ~CH3). '3C-NMR (100 MHz, DMSO-dg): & 164.90, 156.69, 156.53, 149.18, 136.81, 134.82, 127.60, 125.11,
122.45, 122.24, 63.83, 45.16.

Compound (V): Anhydrous Lil (3.89 g, 28.9 mmol) was added to a well stirred solution of (IV) (0.78 g, 2.89 mmol) in anhyd-
rous pyridine (20 ml) at room temperature. The reaction was allowed to proceed for 7 d with constant stirring. Then pyridine was re-
moved in vacuum and the residue was dissloved in 1 A HCI (20 ml) and extracted with ethyl acetate (3 x 20 ml). The combined organ-
ic phase was dried over anhydrous Na;SOy, filtered and brought to dryness by rotary evaporation. The crude product was recrystallized
in a solution of methanol and diethyl ether, giving (V) as a white solid (yield 92% ,0.95 g). m.p 100-103 °C. Analysis, calculated for
CaoH gN403: C 66.29, H 5.01, N 15.46%; found: C 66.31, H 4.99, N 15.45%. '"H-NMR (400 MHz, CDCl3): 5 8.77(s, 2H, -NH), 8.61
(d, J=4.8 Hz, 2H, ArH), 8.11 (d, J= 7.6 Hz, 2H, ArH), 7.71 (m, 2H, ArH), 7.39 (d, /= 7.6 Hz, 2H, ArH), 7.26 (m, 2H, ArH), 7.03
(t, J=8.0 Hz, 1H, ArH), 4.82 (s, 2H, —~CH,-), 4.81 (s, 2H, -CH,-). '*C-NMR (100 MHz, CDCl3): § 167.66, 160.59, 156.26, 149.06,

137.01, 133.28, 122.52, 122.08, 118.61, 117.94, 44.73. ESI: m/z 348.1458 [M+H"].

Fractional atomic coordinates and isotropic or equivalent isotropic displacement parameters (142 )

X y z Uiso*/Ueq
C1 0.02286 (15) 0.19100 (17) 0.05522 (17) 0.0236 (5)
C2 0.09384 (16) 0.24793 (18) 0.06360 (17) 0.0269 (6)
C3 0.14191 (17) 0.26133 (19) —-0.0097 (2) 0.0343 (6)
H3 0.1885 0.2972 —-0.0036 0.041%*
C4 0.12260 (19) 0.2232 (2) —0.0905 (2) 0.0403 (7)
H4 0.156 0.2329 —0.1382 0.048*
C5 0.05325 (18) 0.1705 (2) —0.10030 (19) 0.0368 (7)
H5 0.0395 0.1457 —0.1553 0.044*
C6 0.00339 (16) 0.15366 (17) —0.02945 (17) 0.0264 (6)
C7 —0.06868 (17) 0.09354 (18) —0.04851 (19) 0.0312 (6)
C8 —0.17697 (17) 0.0002 (2) 0.0089 (2) 0.0389 (7)
H8A —0.183 -0.0314 0.0645 0.047*
H8B -0.1619 —0.0445 —-0.0347 0.047*
C9 —0.25903 (17) 0.04027 (19) —0.01925 (18) 0.0299 (6)
C10 —0.27189 (18) 0.1306 (2) —0.0387 (2) 0.0377 (7)
H10 —0.2288 0.1718 —0.0348 0.045*
Cll1 —0.3496 (2) 0.1594 (2) —0.0642 (2) 0.0461 (8)
HI11 —0.3598 0.2203 -0.0764 0.055%*
Cl12 -0.4113 (2) 0.0968 (3) -0.0711 (2) 0.0539 (9)
H12 —0.4638 0.1139 —-0.0897 0.065*
Cl13 —0.3936 (2) 0.0081 (3) —0.0498 (3) 0.0578 (10)
H13 —0.4358 —0.0343 —-0.0539 0.069*
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Cl4
Cl15
HI5A
H15B
Cl6
N2
C20
H20
C19
H19
C18
H18
N1
H1
C17
H17
N3
H3A
N4
01
02
03
04
Znl
H24
H23

0.11584 (15)
0.1960 (2)
0.2548
0.1723
0.17668 (18)
0.23880 (15)
0.2219 (2)
0.2647
0.1456 (3)
0.137

0.0825 (2)
0.0298
0.16417 (16)
0.1771

0.0979 (2)
0.0553
~0.11105 (14)
~0.0987
~0.31909 (16)
~0.02465 (11)
0.09257 (12)
~0.08908 (14)
0.08829 (13)
0

0.0847
0.1415

Atomic displacement parameters (/fz )

Cl1
C2
C3
C4
(O8]
Cé
C7
C8
C9
C10
Cll
C12
Cl13
Cl4
C15
Cl6
N2
C20

Ull

0.0218 (12)
0.0270 (13)
0.0272 (14)
0.0400 (17)
0.0395 (16)
0.0261 (13)
0.0315 (14)
0.0300 (15)
0.0305 (14)
0.0344 (16)
0.0454 (19)
0.0333 (17)
0.0321 (17)
0.0208 (13)
0.0442 (18)
0.0353 (16)
0.0360 (13)
0.059 (2)

0.29456 (18) 0.14819 (19) 0.0291 (6)

04212 (2) 0.2162 (2) 0.0428 (8)

0.4131 0.2219 0.051*

0.3991 0.2701 0.051*

0.5211 (2) 0.20506 (19) 0.0352 (6)

0.57968 (17) 0.21397 (17) 0.0372 (6)

0.6684 (2) 0.2034 (2) 0.0478 (8)

0.7097 0.2104 0.057*

0.7013 (3) 0.1829 (2) 0.0544 (9)

0.7633 0.1753 0.065*

0.6416 (3) 0.1738 (3) 0.0615 (10)

0.6619 0.1599 0.074*

0.36823 (17) 0.14154 (17) 0.0383 (6)

0.3851 0.0894 0.046*

0.5508 (3) 0.1857 (3) 0.0553 (9)

0.5091 0.1806 0.066*

0.06472 (16) 0.01965 (16) 0.0339 (5)

0.0852 0.0716 0.041*

~0.02078 (19) ~0.02365 (19) 0.0458 (7)

0.17550 (13) 0.12131 (12) 0.0297 (4)

0.26946 (14) 0.22198 (13) 0.0363 (5)

0.07239 (16) ~0.12543 (15) 0.0473 (6)

0.06216 (15) 0.24782 (15) 0.0431 (5)

0.17016 (3) 0.25 0.02664 (14)

0.0211 0.2086 0.052 (11)*

0.067 0.2476 0.078 (14)*
U22 U33 U12 U13
0.0203 (12) 0.0284 (13) 0.0028 (10) ~0.0027 (10)
0.0237 (13) 0.0299 (14) 0.0008 (11) 0.0002 (11)
0.0312 (15) 0.0447 (17) ~0.0039 (12) 0.0047 (12)
0.0441 (18) 0.0376 (17) 0.0014 (14) 0.0120 (13)
0.0410 (17) 0.0299 (15) 0.0054 (14) 0.0015 (12)
0.0243 (14) 0.0286 (13) 0.0041 (10) ~0.0012 (10)
0.0255 (14) 0.0362 (16) 0.0068 (11) ~0.0054 (12)
0.0307 (16) 0.055 (2) ~0.0043 (12) ~0.0110 (13)
0.0292 (14) 0.0296 (14) ~0.0046 (11) ~0.0042 (11)
0.0315 (15) 0.0472 (18) ~0.0007 (13) ~0.0008 (13)
0.0428 (19) 0.050 (2) 0.0122 (15) ~0.0002 (15)
0.068 (2) 0.060 (2) 0.0082 (17) ~0.0099 (15)
0.062 (2) 0.078 (3) ~0.0144 (17) ~0.0142 (17)
0.0247 (13) 0.0412 (16) 0.0002 (10) ~0.0071 (11)
0.0369 (17) 0.0462 (19) ~0.0125 (14) ~0.0135 (14)
0.0353 (16) 0.0346 (16) ~0.0068 (13) ~0.0049 (12)
0.0322 (13) 0.0427 (14) ~0.0078 (11) ~0.0071 (11)
0.0314 (16) 0.052 (2) ~0.0095 (16) ~0.0073 (16)

U23

0.0033 (10)
0.0035 (11)
0.0051 (13)
0.0059 (14)
~0.0021 (13)
0.0015 (10)
~0.0068 (12)
0.0031 (14)
0.0031 (11)
0.0027 (13)
0.0050 (15)
0.0120 (19)
0.019 (2)
0.0041 (12)
0.0017 (14)
0.0002 (12)
~0.0002 (11)
~0.0007 (15)
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C19
C18
N1
C17
N3
N4
(01
02
03
04
Znl

0.078 (3)
0.046 (2)
0.0448 (15)
0.0342 (18)
0.0292 (12)
0.0349 (14)
0.0258 (9)
0.0420 (12)
0.0514 (13)
0.0323 (12)
0.0272 (2)

Geometric parameters (4, °)

C1—O01
C1—Coé
Cl—C2
C2—C3
C2—C14
C3—C4
C3—H3
C4—Cs
C4—H4
C5—Coé
C5—H5
C6—C7
C7—03
C7—N3
C8—N3
C8—C9
C8—H8A
C8—HS8B
C9—N4
C9—C10
C10—Cl11
C10—H10
Cl11—C12
Cl1—HI11
C12—C13
Cl12—H12
CI3—N4

01—C1—C6
01—C1—C2
C6—C1—C2
C3—C2—Cl1
C3—C2—Cl14
Cl—C2—Cl14
C4—C3—C2

0.0413 (19)
0.067 (3)
0.0336 (13)
0.060 (2)
0.0327 (13)
0.0403 (15)
0.0377 (11)
0.0356 (11)
0.0489 (14)
0.0397 (12)
0.0271 (2)

1.307 (3)
1.421 (4)
1.434 (4)
1.395 (4)
1.486 (4)
1.373 (4)
0.93

1.378 (4)
0.93

1.391 (4)
0.93

1.495 (4)
1.240 (3)
1.332 (4)
1.442 (4)
1.514 (4)
0.97

0.97

1.332 (4)
1.377 (4)
1.382 (4)
0.93

1.368 (5)
0.93

1.374 (5)
0.93

1.338 (4)

120.1 (2)
122.3 (2)
117.5 (2)
119.3 (2)
119.5 (2)
1212 (2)
122.1 3)

0.0361 (14)

0.0393 (14)
0.0615 (18)
0.0256 (9)
0.0309 (11)
0.0410 (13)
0.0567 (14) 0.0075 (9)
0.0254 (2) 0

0.0131 (19)
0.0168 (19)
~0.0177 (11)
~0.0095 (16)
~0.0066 (10)
~0.0121 (12)
~0.0075 (8)
~0.0135 (9)
~0.0034 (11)

C13—H13
C14—02
C14—NI1
C15—NI1
C15—Cl16
C15—HI5A
C15—HI15B
C16—N2
C16—C17
N2—C20
C20—C19
C20—H20
C19—CI18
C19—HI9
C18—C17
C18—HI18
NI1—H]1
C17—H17
N3—H3A
0O1—Znl
02—Znl

04—7Znl
04—H24
04—H23
Znl—o1!
Znl—o4!
Znl—O02!
C16—C15—HI15A
N1—C15—HI15B
C16—C15—HI15B
HI5A—CI15—HI5B
N2—C16—C17
N2—C16—C15
C17—C16—Cl15

~0.0050 (18)
~0.0048 (18) ~0.002 (2)

~0.0047 (11) 0.0052 (11)
~0.0053 (17)
~0.0069 (10)
~0.0109 (12) 0.0156 (13)

~0.0011 (15)

~0.0001 (19)
~0.0016 (10)

0.0014 (8)

~0.0033 (9) 0.0007 (9)
~0.0087 (10)
~0.0049 (10)
~0.00199 (16) 0

~0.0180 (11)
~0.0215 (11)

0.93
1.248 (3)
1.348 (3)
1.455 (4)
1.514 (4)
0.97

0.97

1.336 (4)
1.383 (4)
1.344 (4)
1.365 (5)
0.93

1.361 (6)
0.93

1.371 (5)
0.93

0.86

0.93

0.86
1.9772 (18)
2.1572 (19)
2.149 (2)
0.85

0.87

1.9772 (18)
2.149 (2)
2.1572 (19)

109.3
109.3
109.3
108
121.2 (3)
117.5 (3)
1213 (3)
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C4—C3—H3
C2—C3—H3
C3—C4—C5
C3—C4—H4
C5—C4—Hé4
C4—C5—C6
C4—C5—HS
C6—C5—HS
C5—C6—Cl
C5—C6—C7
C1—C6—C7
03—C7—N3
03—C7—C6
N3—C7—C6
N3—C8—C9
N3—C8—H8A
C9—C8—H8A
N3—C8—H8B
C9—C8—HSB
H8A—C8—HS8B
N4—C9—C10
N4—C9—C8
C10—C9—C8
C9—C10—C11
C9—C10—HI0
C11—C10—H10
C12—C11—C10
Cl12—Cl1—H11
C10—CI11—H11
Cl1—C12—CI3
Cl1—CI2—H12
C13—CI2—HI12
N4—C13—C12
N4—C13—HI3
C12—CI13—HI3
02—Cl14—NI1
02—Cl4—C2
N1—C14—C2
N1—C15—C16
NI—CI5—HI5A

01—C1—C2—C3

C6—C1—C2—C3

01—C1—C2—C14
C6—C1—C2—C14

Cl—C2—C3—C4

Cl14—C2—C3—C4

118.9
118.9
119.3 (3)
120.4
120.4
121.3 (3)
119.3
119.3
120.4 (2)
115.9 (2)
123.7(2)
121.1 3)
121.0 3)
117.8 (2)
115.3 (2)
108.4
108.4
108.4
108.4
107.5
1223 (3)
113.4 (2)
1243 (3)
119.2 (3)
120.4
120.4
118.9 (3)
120.5
120.5
118.3 (3)
120.8
120.8
123.6 3)
118.2
118.2
120.2 (3)
124.2 (2)
115.7 (2)
111.5 (3)
109.3
179.9 (2)
2.4 (4)
~1.7 (4)
176.1 (2)
1.4 (4)
~177.1 3)

C16—N2—C20 117.6 3)
N2—C20—C19 123.7 3)
N2—C20—H20 118.2
C19—C20—H20 118.2
C18—C19—C20 118.6 (3)
C18—C19—H19 120.7
C20—C19—H19 120.7
C19—C18—C17 118.8 (4)
C19—CI18—HI18 120.6
C17—C18—HI8 120.6
Cl14—N1—C15 124.6 (3)
Cl14—N1—H1 117.7
C15—N1—HI 117.7
C18—C17—Cl16 120.1 (3)
C18—C17—H17 119.9
Cl16—C17—H17 119.9
C7—N3—C8 122.0 3)
C7—N3—H3A 119
C8—N3—H3A 119
C9—N4—C13 117.6 3)
C1—O01—2Znl 130.85 (16)
C14—02—7Znl 127.87 (18)
Znl—04—H24 121
Znl—04—H23 128
H24—04—H23 96
01—Zn1—O01' 175.44 (11)
01—Zn1—04! 85.97 (8)
01'—2Zn1—04! 97.42 (8)
01—Zn1—04 97.42 (8)
01'—Zn1—04 85.97 (8)
04—7Zn1—04 84.55 (12)
01—Zn1—02 84.29 (7)
01'—Zn1—02 92.61 (8)
04— 7Zn1—02 168.82 (8)
04—7Zn1—02 91.26 (8)
01—Zn1—02! 92.61 (8)
01'—Zn1—02! 84.29 (7)
04— Zn1—02! 91.26 (8)
04— Znl—02! 168.82 (8)
02—7Zn1—02! 94.67 (12)
C17—C16—N2—C20 0.0 (5)
C15—C16—N2—C20 179.5 (3)
C16—N2—C20—C19 ~1.0 (5)
N2—C20—C19—CI8 1.0 (6)
C20—C19—C18—C17 0.0 (6)
02—C14—N1—CI5 2.9 (4)
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C2—C3—C4—C5
C3—C4—C5—C6
C4—C5—C6—Cl
C4—C5—C6—C7
01—C1—C6—C5
C2—C1—C6—C5
01—C1—C6—C7
C2—Cl1—C6—C7
C5—C6—C7—O03
Cl—C6—C7—O03
C5—C6—C7—N3
Cl1—C6—C7—N3
N3—C8—C9—N4
N3—C8—C9—C10
N4—C9—C10—Cl11
C8—C9—C10—Cl1
C9—C10—C11—C12
C10—C11—CI12—C13
Cl11—C12—C13—N4
C3—C2—C14—02
Cl—C2—C14—02
C3—C2—CI14—N1
Cl1—C2—CI14—N1
N1—C15—C16—N2
N1—C15—C16—C17

Symmetry codes: (i) —x, y, —z+1/2.

Hydrogen-bond geometry (4, °)

D—H-A
N3—H3AO01
N1—H1--N4't
04—H24--03'
04—H23--N2

0.5 (5)
~1.3(5)
0.2 (4)
~178.5(3)
179.4 (2)
1.6 (4)
~1.9 (4)
~179.8 (2)
~10.8 (4)
170.5 (3)
170.3 (2)
-8.4(4)
~176.5 (3)
3.5(5)
-0.3(5)
179.7 3)
~1.4(5)
1.9 (5)
~0.8 (6)
~159.3 (3)
222 (4)
20.6 (4)
~157.9 (2)
-127.8 3)
51.7 (4)

D—H
0.86
0.86
0.85
0.87

C2—C14—N1—CI5
C16—C15—N1—C14
C19—C18—C17—C16
N2—C16—C17—C18
C15—C16—C17—CI8
03—C7—N3—C8
C6—C7—N3—C8
C9—C8—N3—C7
C10—C9—N4—C13
C8—C9—N4—CI13
C12—C13—N4—C9
C6—C1—O01—Znl
C2—C1—01—Znl
NI—C14—02—7Znl
C2—C14—02—7nl
C1—O01—Zn1—O04!
C1—01—Zn1—04
C1—01—Zn1—02
Cl—01—Zn1—O02!
C14—02—7n1—01
C14—02—7Znl—O1!
C14—02—Zn1—04'
C14—02—Zn1—04
C14—02—7n1—02'

HA
1.93
220
1.87
2.03

Symmetry codes: (ii) x+1/2, y+1/2, z; (iil) —x, —y, —z; (iv) —x+1/2, y—1/2, —z+1/2.

DA
2.623 (3)
3.007 (4)
2712 3)
2.879 (3)

~177.0 (3)
~127.1 3)
~1.0 (6)
1.0 (5)
~178.5 (3)
6.7 (4)
~174.4 (2)
-83.3 (4)
1.4 (5)
~178.6 (3)
~0.8 (6)
151.87 (19)
-30.4 (4)
168.55 (19)
~11.5 (4)
~1432 (2)
-59.2(2)
31.3(2)
125.8 (2)
-9.8(2)
173.6 (2)
19.8 (6)
87.6 (2)
~101.9 (2)

D—H-4
136
155
174
163
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Abstract The crystal structures of pyridine containing
thiourea moieties as substituents, (1) and (2), have been
determined. The ortho-substituted pyridine (1) crystallized
in monoclinic space group P2,/c with a = 16.091(3) A,
b=11.36812) A, c=74364(14) A, B = 100.489(4)°,
V = 1337.5(4) ;\3, z = 4. In this structure an intramolecular
N-H---N hydrogen bond forms a pseudo-seven-membered
ring. The meta-substituted pyridine (2) crystallized in
monoclinic space group P2,/c with a = 14.5408(15) A,
b = 8.8508(9) A, ¢ =10.7959(11) A, B = 106.4352)°,
V =1332.6(2) A3 z=a. Crystal packing revealed that
compounds (1) and (2) can form dimeric structures via
intermolecular H-bonding using N-H---S and N-H:--N
interactions, respectively.

Keywords Pseudo-seven-membered ring -
Heterocyclic thiourea

Introduction

Thioureas are of importance in medicinal chemistry due to
their biological activity [1] as anti-bacteria and anti-
microbial infection [2], as fungicides, herbicides, and
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rodenticides [3, 4] and in connection with biomimetic
models [5]. Thiourea is well known as a good hydrogen
bond donor and has been used as anion recognition sites for
anion sensing using hydrogen bonding interactions [6, 7].
Furthermore, thiourea functionalities can form diverse
hydrogen-bonded networks, making them a powerful
building block for crystal engineering [8, 9].

In this work we present the synthesis and structural X-
ray analysis of two thiourea-pendant pyridines. The influ-
ence of the position of the substituents on the pyridine ring
regarding intra- and intermolecular hydrogen bonding
interactions between molecules in crystals has been
discussed.

Experimental

General

All reagents were of reagent grade and were used without
further purification unless stated otherwise. '"H-NMR, Be.
NMR spectra were record in DMSO-ds on a BRUKER
AVANCE 400 NMR spectrometer. Elemental analyses for
C, H and N were performed on a Perkin-Elmer 2400 CHN
elemental analyzer.

Synthesis

Scheme 1

1-(4-Nitrophenyl)-2-pyridin-2-ylmethylthiourea (1)

To a well stirred solution of 2-picolylamine (0.16 mL,

1.64 mmole) in dry CH,Cl, (10 mL) was slowly added a
solution of 4-nitrophenylisothiocyanate (0.44 g,2.46 mmole)
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NO,
CH,Cly j /©/
SONTN

(1

@NHQ . N/©/Noz
N sc
s NO,
s NO, CH,Cl, o~
g 2 L /©/ > ‘ D N OH
N

SCN N
(@)

Scheme 1 Preparation of /-(4-Nitrophenyl)-2-pyridin-2-ylmethylthiou-
rea (1) and I-(4-Nitrophenyl)-3-pyridin-3-ylmethylthiourea (2)

in dry CH,Cl, (10 mL). The mixture was stirred for 3 days
under N, leading to formation of a precipitate. The pale yel-
low product was isolated by filtration, washed with
dichloromethane and dried in vacuo (0.31 g, 66%). m.p.:
159-160°C. "H NMR (400 MHz, DMSO-dy) §;10.537 (s, 1H,
-NH-), 8.790 (s, 1H, -NH-), 8.570 (s, 1H, ArH), 8.202 (d,
J =72 Hz,2H, ArH),7.940 (d,J = 7.6 Hz, 2H, ArH), 7.805
(m, 1H, ArH), 7.410 (m, 1H, ArH), 7.318 (m, 1H, ArH), 4.860
(s, 2H, -CH-). °C NMR (100 MHz, DMSO-dj) J; 180.76,
157.22, 149.30, 146.83, 142.41, 137.30, 124.97, 122.89,
122.15, 120.99, 49.29. Anal. Calcd. for C3H,N4O,S C,
54.15; H, 4.20; N, 19.43. Found: C, 54.17; H, 4.18; N, 19.48.

1-(4-Nitrophenyl)-3-pyridin-3-ylmethylthiourea (2)

To a well stirred solution of 3-picolylamine (0.16 mL,
1.64 mmol) in dry CH,Cl, (10 mL) was slowly added a
solution of 4-nitrophenylisothiocyanate (0.44 g,2.46 mmol)
in dry CH,Cl, (10 mL). The mixture was stirred for 3 days
under N, leading to formation of a precipitate. The pale
yellow product was isolated by filtration, washed with
dichloromethane and dried in vacuo (0.33 g, 70%). m.p.:
184-185°C. 'H NMR (400 MHz, DMSO-dg) d; 10.356 (s,
1H, -NH-), 8.790 (s, 1H, -NH-), 8.674 (s, 1H, ArH), 8.597
(m, 1H, ArH), 8.188, (d, J = 8.4 Hz, 2H, ArH), 7.859 (d,
J = 8.4 Hz, 2H, ArH), 7.786 (d, J = 7.2 Hz, 1H, ArH),
7.380 (m, 1H, ArH), 3.488 (s, 2H, -CH,-).'>*C NMR
(100 MHz, DMSO-dg) 0; 181.09, 149.40, 148.67, 146.67,
142.49,135.89, 134.46, 124.93, 123.94, 121.29,45.22. Anal.
Calcd. for C;3H,N40,S C, 54.15; H, 4.20; N, 19.43. Found:
C, 54.10; H, 4.24; N, 19.45.

Crystal Structure Determination of (1) and (2)

X-ray quality crystals were obtained by slow evaporation
of acetonitrile solutions of (1) and (2). Crystallographic
data was collected on a BRUKER APEX CCD diffrac-
trometer (graphite-monochromated Mo-Ko radiation with
2 =0.71073 A). The structures were solved by direct
methods using the program SHELXS-97 and refined by
full-matrix least squares techniques against F* using the

SHELXL-97 [10] on WinGX package [11]. All non-
hydrogen atoms were refined with anisotropic thermal
parameters in the latter stage of refinement. All hydrogen
atoms (except H14 and H15) placed in geometrically ide-
alized positions and refined as riding atoms. Packing
diagrams were produced using Mercury [12]. The detailed
crystallographic data and structure refinement parameters

of (1) and (2) are summarized in Table 1.

Table 1 Crystallographic data and final refinement of (1) and (2)

@® (2)

CCDC Number 665445 665446
Formula C3H5N4O,S C3H5N40,S
Formula weight 288.33 288.33
Temperature 293(2) K 293(2) K
Crystal system Monoclinic Monoclinic
Space group P2/c P2,/c
a(A) 16.091(3) 14.5408(15)
b (A) 11.368(2) 8.8508(9)
¢ (A) 7.4364(14) 10.7959(11)
B (©) 100.489(4) 106.435(2)
Color Colourless Colourless
Size (mm) 0.222 x 0.18 x 0.088 0.254 x 0.13 x 0.111
Volume (A% 1337.5(4) 1332.6(2)
Z 4 4
Peate (g cm™) 1.432 1.437
Absorption 0.249 0.250

coefficient

(mm™")
Tmins Trax 0.962, 0.973 0.947, 0.978
F(000) 600 600

Theta range for
data collection

1.29 to 28.06°

1.46 to 28.05°

Index ranges —-21 <h <21 —18 < h <19
—14<k<15 —11<k<11
-9<1<9 -14 <1 <14
Reflections collected 15,600 15,544
Independent 3,212 3,237
reflections [R(int) = 0.0335] [R(int) = 0.0394]
Absorption None None
correction
Data/restraints/ 3,212/0/189 3,237/0/189
parameters
Goodness-of-fit 1.095 1.129
on F?
Final R indices R1 = 0.0481 R1 = 0.0523
(I>2a(D] wR2 = 0.1118 wR2 = 0.1142
R indices (all data) R1 = 0.0618 R1 = 0.0689
wR2 = 0.118/8 wR2 = 0.1216

Largest diff. peak
and hole (e. A7)

0.232 and —0.231

0.286 and —0.157

@ Springer
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Results and Discussion

The reactions of 2- and 3-picolylamine with phenylisothi-
ocyanate gave the corresponding heterocyclic thiourea
derivatives (1) and (2), respectively. Bond distances and
angles of compounds (1) and (2) are given in Table 2.

Table 2 Selected bond distances (A) and angles (°) of (1) and (2)

Bond distances

)]

C(1)-C(2) 1.374(2) C(8)-C(9) 1.508(3)
C(1)-C(6) 1.382(2) C(9)-N4) 1.339(2)
C(1)-N(1) 1.461(2) C(9)-C(10) 1.380(3)
C(2)-C(3) 1.378(2) C(10)-C(11) 1.381(3)
C(4)-N(2) 1.411(2) C(11)-C(12) 1.367(3)
C(5)-C(6) 1.375(2) C(12)-C(13) 1.371(3)
C(7)-N(3) 1.336(2) C(13)-N4) 1.335(2)
C(7)-N(2) 1.352(2) N(1)-0(2) 1.215(2)
C(7)-S(1) 1.6917(17)  N(1)-O(1) 1.216(2)
C(8)-N(3) 1.463(2)

()

C(1)-C(6) 1.370(3) C(8)-N(3) 1.452(2)
C(1)-C(2) 1.379(3) C(8)-C(9) 1.507(3)
C(1)-N(1) 1.458(3) C(9)-C(10) 1.382(3)
C(2)-C(3) 1.372(3) C(9)-C(13) 1.383(3)
C(3)-C4) 1.389(3) C(10)-C(11) 1.374(3)
C(4)-C(5) 1.396(3) C(11)-C(12) 1.374(3)
C(4)-N(2) 1.401(2) C(12)-N4) 1.333(3)
C(5)-C(6) 1.374(3) C(13)-N4) 1.330(3)
C(7)-N(3) 1.340(2) N(1)-O(1) 1.218(3)
C(7)-N(2) 1.360(2) N(1)-0(2) 1.222(3)
C(7)-S(1) 1.6758(18)

Bond angles

1

C(2)-C(1)-C(6)  122.22(15) N(4)-C(9)-C(10) 121.70(18)
C(2)-C(1)-N(1)  119.42(15) N(4)-C(9)-C(8) 115.30(16)
C(6)-C(1)-N(1)  118.36(16)  C(10)-C(9)-C(8) 122.99(17)
C()-C(2)-C(3)  118.50(15) C(9)-C(10)-C(11) 118.81(19)
C(2)-C(3)-C(4)  120.32(16) C(12)-C(11)-C(10)  119.60(19)
C(3)-C(4)-C(5) 120.22(15) C(1)-C(12)-C(13) 118.3(2)
C(3)-C(4)-N(2) 117.67(15) N(4)-C(13)-C(12) 123.10(19)
C(5)-C(4)-N(2) 121.95(14) O(2)-N(1)-0(1) 123.01(18)
C(6)-C(5)-C(4) 119.75(15)  O(2)-N(1)-C(1) 118.26(17)
C(5)-C(6)-C(1)  118.98(16)  O(1)-N(1)-C(1) 118.73(18)
N3)-C(7)-N(2) 115.50(15) C(7)-N(2)-C(4) 127.21(15)
N(@B3)-C(7)-S(1) 120.54(12)  C(7)-N(3)-C(8) 127.16(15)
N(2)-C(7)-S(1) 123.89(13)  C(13)-N(4)-C(©9) 118.44(16)
N(3)-C(8)-C(9)  115.27(16)

2

C(6)-C(1)-C(2)  121.38(19) C(10)-C(9)-C(13) 116.44(18)
C(6)-C(1)-N(1) 119.4(2) C(10)-C(9)-C(8) 123.17(17)

@ Springer

Table 2 continued

CQ)-C(D-N(1)  119.2(2) C(13)-C(9)-C(8) 120.39(17)
CB3)-C(2)-C(1)  118.8(2) C(1DH-C(10)-C(9)  119.89(18)
C(2)-C(3)-C(4)  120.91(19)  C(12)-C(11)-C(10)  118.97(19)
CB3)-C(@)-C(5)  119.19(18) N@)-C(12)-C(11)  122.8(2)
C(3)-C@)-N@2) 11721(17)  N&#)-C(13)-C(9) 124.79(19)
C(5)-C(4)-N(2)  123.48(18)  O(1)-N(1)-O(2) 123.1(2)
C(6)-C(5)-C(4)  119.68(19)  O(1)-N(1)-C(1) 118.2(2)
C(1)-C(6)-C(5)  120.03(19)  O(2)-N(1)-C(1) 118.7(2)
N(3)-C(7)-N@2) 112.55(16)  C(7)-N(2)-C(4) 129.43(16)
NQG)-C(D)-S(1)  122.46(14)  C(7)-N(3)-C(8) 125.52(16)
NQ)-C(T)-S(1)  124.93(14) C(13)-N@4)-C(12)  117.13(18)
N3)-C(8)-C(9)  112.67(16)

Table 3 Hydrogen bonds distances (A) and angles (°) for (1) and (2)

D-H--A D-H H-A  D-A D-H--A
)

N@2)-H(14)..N4)  0.852) 1.98(2) 2.793(2) 162.2(19)
NG3)-H(15)...S(1)'  0.80(2) 2.58(2) 3.3459(17) 160.3(19)
(2)

NQ)-H(14)..N@®)T  0.892) 2.02(2) 2.902(2) 171(2)
N(G3)-H(15)..N@® 0.802) 2.692) 3.309(3) 135(2)
N(3)-H(15)...S(D'  0.80(2) 2.84(2) 3.4429(17) 134(2)

Symmetry transformations used to generate equivalent atoms: (i) —Xx,
-y, —z, (ii) —Xx, —y + 2, —z, (iii)) X, =y + 5/2, z—1/2

s1
N3
A R
2.c10 cg/ "t a 02
NT N et \ \ \01 N1/_
~~
c11 [ N4 e 7
i \ , \CZ \
e ' o1

[ c12

Fig. 1 Molecular structure of (1). Thermal ellipsoids shown at 50%
possibility

Hydrogen bond distances and angles of those two com-
pounds are presented in Table 3. Compound (1) crystallized
in the monoclinic space group P2,/c. A molecular diagram
of the H-bonded dimeric structure is shown in Fig. 2. It
should be noted that the compound (1) possesses an intra-
molecular N-H---N hydrogen bond (H(14)---N(4) =
1.98(2) A and N(2)-H(14)--N(4) = 162.2(19)°) forming a
pseudo-seven-membered ring, thus locking the molecular



J Chem Crystallogr (2009) 39:348-352

351

conformation and eliminating conformational flexibility
(Fig. 1). The crystal structure of (1) also shows intermo-
lecular interactions of the N-H---S bonds (H(15)---S(1)' =
2.58(2) A and NQB3)-H(15)--S(1)' = 160.3(19)°) generating
a dimeric structure along the crystallographic ‘a’-axis
(Fig. 2).

Compound (2) also crystallized in monoclinic space
group P2,/c, Fig. 3. However, there is no intramolecular
hydrogen bonding in the structure. The structure of (2) had
a different intermolecular hydrogen bonding pattern when
compared to (1). There are pairs of intramolecular hydro-
gen bond between the nitrogen pyridine and NH thioureas
(H(14)--N@)" = 2.022) A and N(2)-H(14)--N@#)"" =
171(2)° and H(15)--N4)" = 2.69 A and N(3)-H(15)---
N@)" = 135(2)°), Fig. 4.

The packing is not only stabilized by hydrogen bonding,
but also by n—7m packing interactions in the distance of
3.683 A (Phenyl---Phenyl) and 3.718 A (Pyridine---Pyri-
dine) responsible for the crystal packing of (1). It should be
mentioned that the relatively long N---S distances
encountered for both compounds are facilitated by reso-
nance lengthening of C=S [13] and are similar to those of
previously determined thiourea dimers [14—16]. Moreover,
the torsion angles of N2-C7-N3-C8 are —11.8(3)° and

Fig. 2 The N-H---S intramolecular hydrogen bonding in the dimeric
structure of (1)

1c11 5 81 . .
160 52 )
C12/ \ l -\ci_ (975] /-
. co | e7 / -
— N3 N2 Y
‘ / KC} S \_ __..(54\ /C1 N1 o1
—
| N
A \.IC13 ! _ /s C20

Fig. 3 Molecular structure of (2). Thermal ellipsoids shown at 50%
possibility

Fig. 4 The N-H---N intramolecular hydrogen bonding in the dimeric
structure of (2)

175.51(18)° for (1) and (2), respectively. This is due to the
formation of a pseudo-seven-membered ring in compound
@.

From the structural features described above it is clear
that the intramolecular hydrogen bonding has been found
in the ortho-pyridine substituted thiourea derivatives. In
addition, the supramolecular aggregation in both structures
are due to N-H:---N, N-H---S and =n---m intermolecular
interactions.

Supplementary Material

Supplementary crystal data are available from the CCDC,
12 Union Road, Cambridge, CB2 1EZ, UK (fax: +44-
1223-336033; e-mail: deposit@ccdc.cam.ac.uk or www:
http://www.ccdc.cam.ac.uk) on request, quoting the depo-
sition numbers: CCDC 665445 and 665446 for compounds
(1) and (2), respectively.
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