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2 9 Ak, Al a2 8 Fo) dAe] o)A AlAte] 2)7k= 24 S-methyl-3-(2- hydroxy-x-phe-
nyl)methylenedithiocarbazate(L': x=5-H)¢} 2 = A(L% x=5-CHs, L*: x¥=3CH;0, L;: x=5,6-C,H, 28]z
L% x=5-NO,)9] 6-w$] E2]Bal(V)-4k4 2HE, (RN)IMoONCS),LIR=CH;, C;Hs, n-C,H)5< A5t
YaEY, T HE%, UV-Vis, IR, 'H NMR 22|12 CV 5-& o] &3to] 259 729} E33ta 2 27313}y
44 55 2k

ABSTRACT. Six-coordinate molybdenum(V)-oxo complexes, (R;N) MoO(NNCS),L1(R=CH,, C;Hs, #n-C,
Hg) with S-methyl-3-(2-hydroxy-x-phenyl)methylenedithiocarbazate(L': x=5-H) and its derivatives (L%
x=5-CHs, L% x=3-CH;0, L*: x=5,6-C,H, and L°: x=5-NO,) have been synthesized and the structural,
spectral and electrochemical properties of the complexes have been characterized by elemental analysis,
molar conductivity, UV-Vis, IR, *H NMR, and CV (cyclic voltammetry).
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methylenedithiocarbazate®} 1 f% 3 E(Fig. 1)2]
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X #7)e] HAA Aol uwE 2HEe| P33y, 3
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Al ek EEHgi(V)-AbA 2HEe] A4S S%
£9-E4 24 Pyridinium oxoisothiocyanatomolyb-
date(V), (PyH),[MoO(NCS);]= r¥e] g4 uhy
I 2w o gAdste] ARg-slecl Schiff base
217t= A& 913 5-methylsalicylaldehyded= %
o] wilol ule} FAstH R, T 9o BE |
3= Tokyo Kasei 59] A EF& Fd3ted A 314
a2 & AL8-319d )l S-methyldithiocarbazate:
T3] upy’o) whe} Adste] AL-Stech Al
ARS-E 2Pl EE Akl wp e g Ax:A|F| I A
2381714 53] AMg-Ehgdch

2171 % ., A5 ®i, o4, R A4 g
AL (MALE 7|gdTadd o=z £y
o, Ze|8q 3§ake LabtaimAle] ICP #3434
(Model 8440)& AH-g-3lo) F-A3lect H=H &3
& Haakerte] 554 &4 AAE ol &3y, &
AEEE YSI Conductivity Bridge(Model 31)E o]
43l e EF A=A FAsct A5 A
2l ~# e MattsonAle] Polaris FT-IRE A}
4-8le] KBr fl#jo g dglom, Axy) 39 ~
#l gl VarianAle] FT-NMR 3008 Ap&3hed
DMSO-dsell Al &Azt Wiy ZFERE TMSE
AHgsled shebd] ol ERE)E A AAp &
# 22}= ShimazduAl2] UV-160A UV-vis. ¥%43
A S ALg3lo] Q2gic). FE-9] Cyclic Voltammog-
ram-& EG & GAH9] Electrochemical Research Sys-
tem 270/6/0; PAR 263 Potentiostat/Galvanostat,
Electrochemical Analysis Software 270-% ©]-&-3}o]
dglor, ol E 71F3lel A 0.1 M TBAP(fetra-bu-
tylammoniumperchlorate)-DMSOel| 4 259} %
£ ~10°*M& AMg3ted %3} 7}2%(SCE) 7|&
Aol i3t Aksh-3ked AghE S A sl A8t
AFE 3AFARA 2y AF22AM F Ba A
o8 aF AFg 77 AREsddh
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2ZiE9l M H,L-HL% 75 sk
LYol A 272 A&7 E 7HA= LdlE| =) S-
methyldithiocarbazate®] Zgut-gozyel FA43]
Heony B4 A ogat Z

Anal. Caled for CoHioNOSy(H.LY: C, 47.76; H,
4.86; N, 12.28. Found: C, 48.12; H, 4.79; N, 12.13.
Caled for C,oHi:N,0S(H:L?): C, 50.00; H, 500 N,
11.67. Found: C, 4995; H, 5.02; N, 11.72. Calcd
for C;)H2N,OS(H,L?): C, 46.88; H, 4.69; N, 10.94.
Found: C, 47.09; H, 4.58; N, 10.80. Calcd for C,;-
Hi2N,0S:(H,L*): C, 56.52; H, 4.35; N, 10.14. Found:
C, 56.73; H, 4.40; N, 10.21. Caicd for CoHoN;0;S,
(H.L: C, 39.84; H, 3.34; N, 15.49. Found: C, 39.85;
H, 3.30; N, 1545.

29| #HM (RN)[MoO(NCS);L] (R=Me, Et,
n-Bu and L=L'~L%. (PyH)[MoONCS);] 0.56
g(1 mmol)2) w&k-2(4 mL) 848 50 Coll 4 Ao
w72+ oF9] A A ¥ schiff base & ol €F-2(5 mL)ol)
=1 &Y 713t F G-do] AHF] L o} H
A3} tetraalkylammonium®d 3 mmol & 7} 2
& el PAdEe] AR} o] HE A ot
<2 o2 W AR of AT ARV AEA]
Aot

FA FESA Ay ¥4 A G 2

(MesN)[MoO(NCS),L'] (1). Yield: 27%. mp
171~172C. Anal. Caled for CisHyNsO.S;Mo: C,
34.22; H, 3.83; N, 13.30 Found: C, 34.20; H, 3.85;
N, 13.25.

(ELN)[MoO(NCS),L'] (2). Yield: 59%. mp
182~183C. Anal. Caled for CieH,sN:0,S:Mo: Mo,
16.46; C, 39.17; H, 4.84; N, 12.02 Found: Mo, 16.67;
C, 39.25; H, 494; N, 12.09.

(n-BuN)[MoO(NCS),L'] (3). Yield: 38%. mp
117~118 C. Anal. Caled for CyHyuNsO.S;Mo: C,

- 46.67; H, 6.38; N, 10.08 Found: C, 47.04; H, 6.52;

N, 9.92.

(Et,N)[MoO(NCS),LY] (4). Yield: 53%. mp
179~181C. Anal. Caled for CyH3N:0,S,Mo: Mo,
16.08; C, 40.26; H, 5.07; N, 11.74 Found: Mo, 15.98;
C, 3997; H, 5.15; N, 11.94.

(EL,N)[MoO(NCS),L'] (5). Yield: 43%. mp
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180~182 C. Anal. Calcd for CyH3N50:S,Mo: Mo,
15.30; C, 39.22; H, 4.90; N, 11.44 Found: Mo, 15.23;
C, 3927; H, 4.93; N, 11.52.

(Et,N)[MoO(NCS),L*] (6). Yield: 65%. m
218~220C. Anal. Caled for CyH3N:0:8,Mo: Mo,
15.16; C, 43.66; H, 4.78; N, 11.07 Found: Mo, 14.95;
C, 43.73; H, 4.85; N, 10.95.

(Et;N)[MoO(NCS),L*] (7). Yield: 61%. mp
159~161C. Anal. Caled for CigHyN50,S:Mo: Mo,
15.29; C, 36.36; H, 4.33; N, 13.39 Found: Mo, 15.48;
C, 36.24; H, 4.40; N, 13.28.

20 % I

(RIN)[MoO(NCS):L1# 9] #2lma(V) 3Ee
(PyH)[MoO(NCS)s 19} schiff base 2 %€ (PyH)
[MoOINCSLLIS] #E¢ 43w, % sjabs)
g vk gol %) AR L AL shao]
Held o &g AFsh WHo) FeiA glon, 2
HH3Ae Thesh Rrkme

(PyH)[MoO(NCS)x(sap)] +PyH* +2H* +3SCN "~

(PyH)[MoO(NCS)y(sap)] + R\NCIl —
(RN)[MoO(NCS).(sap)]+PyH" +Cl
sapH, = N-2-hydroxysalicylidenimine

£ A4 (PyH)L[MoONCS)s]12t HoLel #|
ELE S-ofo] o] o RFA([MoO(NCS)]
RIN*=1:3)& 73t 57 YA E2 PyH)[MoO
(NCS),L]& 2aslx] 93 gd kg e = (RN)

&% - Akl

[MoO(NCS):.L18 &g ddck $A4% 52
2HEHSE 2As= %—°]’ Sl 4 kA Bl o
o, gL, ogtE, Yk EFelu|s, T2la dv
H4EAs S dAE A Hsio)h

DMSOel| 4] %A%t st§hEe] & Ax 5 50004
65 mho cm? mol ™! ¥ 1] gt& 71Rw(Table 1), ©]
= Geary 5%¢) DMSOoN A 1:1 Ao g =
Ax% k] ¥4, 50~70 mho cm? mol 19} 9 =]3}
sk

(1~ gt Ao ~derE de A
K Table 1), 940 cm™! H-Zoll A 713 & 7Re] F
#olz7} FA=c) ol BBy} gk A4zt
o] AfMo=0t) #Fs= §A FHolaz A A
a3 BHA Fxe A A-EejEaV)
Fol| gt Aty o Fas glo)as) dxge
o]&)§t Mo=0t AI&A52 AgA #de) didt #)
#7219 "t Az fA ) 2HE4), (2), (el A
5-CH;(—0.90)*, 5-H(—0.86)* 5-NOx(-0.76)* (*Ha-
mmett op parameter) X&7|7} HAAE ne 7|
TE Mo=0t A% zFeol ®& <l=|(932, 935,
949cm HE °o|FHUck ol XY HA nE
AFe] ofs] Ut Ar2NE FejRdoz p-Hx}
F7\ 5Ye] Frlsl=d 7] %Fch® Schiff base

S Fig. 1o Bzl nlet 7o) thioned] 2
dd714d 3} thiol3 o] o]d71A k=2 Fo4 o
2} O, N, S& 53 Falg] & Alale] glez Ay
Aol 7hsslch. A e 7k=ol] oigk HgAd A9
Eg}= 3400 cm ™! H-2ol s &9 vOH$} 3100 cm™!
2ol YNH, Z28]3 1050 cm ™! 3-2¢] 713t vC=
Sell 71lshs &5 HolaEe]l FAF e 2500

Table 1. Spectral data and molar conductivities for the complexes

IR(em™!) UV-Vis Ax
Complex _
V(Mo=0t) V(C=NY V(C=N) Au, nm(loge dm®molcm-?) (mhocm’mol™?)

(Me,N)LMoO(NCS),L'](1) 947 2050 1600(1620) 776(1.62) 440(sh) 318(4.16) 52
(Et,N)[MoO(NCS).L'](2) 935 2038 1600 814(1.40) 440(sh)  320(4.22) 50
(n-Bu,N)[MoO(NCS),L']1(3) 939 2039 1583 807(1.40) 430(sh)  319(4.13) 55
(Et.N)IMoO(NCS).L*1(4) 932 2038 1610(1623) 758(1.79) 463(3.86) 317(4.40) 51
(Et,N)L MoO(NCS),L*](5) 937 2037 1600(1616) 826(2.10) 466(3.81) 324(4.28) 55
(Et.N)[IMoO(NCS),L*](6) 944 2059  1616(1622) 781(1.58) 443(3.60) 345(4.27) 55
(Et;N)IMoO(NCS),L*](7 949 2027 1602(1625) 753(2.00) 467(3.93) 331(4.30) 65

“C=N vibration in isothiocyanate. *free ligand vibration in parentheses. ‘~10"*M in DMSO at 25<C.

Journal of the Korean Chemical Society
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cm ' 2ol A VSHell 7]Q13k= Fo]lar} RAE A
¢ ez Hol mAAN A 2J7k=E thione
gog ZAFE o F Udch EF Lol
Eejuq 2-E-g 34 o vOH, VNH, vSH, vC=§
9 FHelZFe] ehtA] fgkon, A 27kEe
olzml®l VC=N A& #%o] 1620cm™! F-Zol 4]
el whel 28-S Y of 1600 cm ! &
To 8 olFE 7o Mo} schiff base 2]7t=r)
O, N, S& 5% |74 AR =g 2H4-3&
o g sdsich! g ol#igt AL Az Y
2 Eete] A ZHAe) o AHF 2 F=(HLYHY
OH¢} NH ¢Adatel 71215 53] 10.23 ppm}
13.34 ppmol A 247} singlet2 viebdar, thiol3 2]
SHe] <At F9el s3dsl= 35ppm 29 7
o]z} AN A ¢ AT FAE A4 o1&
FAAL FHl 71g FHolzEo] AletA| L ofzxw
H7)((N=CH)9| }4dA} FHo] AF 2j7k=el <]
8.54 ppmell B3] (1)~(3) 2E<l4 893 ppm F-Z2
3o Aoz ol FasEE A¥oZHE O, N,
S F0 2zk=s) o]gr|Ad Alate] gl=g A4
the= A9 A ERY ] g AW Fo) ¢9
2E2] o) AE|RAqH4t o] e gt VC=N9 g
7Re] 7} mlel= 7} 2040 cm !t ¥l A ehte
VvC-S Fola+= 840cm™! F-Zoll A FAEHUL o]
A F4 FolaEL F2REA (PyH)[MoO
(NCS)s19] vC=N(2063 cm 12} vC-S(871cm 1) 1

Table 2. 'H NMR data® for the complexes in DMSO-ds
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2]l3 9] F31%l By vC= N(2000~2030cm )
2 vC-S(780~860 cm ™ 1) 2] Z1E-- ¥ 9o} X%},
xF NCS g7t=e Ais 38 Esld F53)
A & A7 el F e Ag o] dAAM-
N=C-S¢ M-S-C=N)7} 7Fs8h=|at 3 Uz}
F74 9Aal AM-S-C=N)¢] VC=N, 2100 cm !
o] Aol A ez VvC-S, 700cm ! olsteilA Al
ZFo] dojubzr M-N=C-S 3& M-N=C=S¢]
7% VC=N, 2053~2100 cm™!3} vC-S, 748~880
cem™! GHeljA] doldrs Aol Buse] qirhB
olzjgt AAARNE oliE]| RAgkAbe] A Uxr}
B dlo) ofgt F0 (AR AE4gs I 5 Udrh

FAR AE g ARr] FadEste] A
& Table 20 JeRdiglch dlEHql 33HE (EtN)
[MoO(NCS),L'1(2)ol 4] schiff base 2] ¥} 3F= 12]o)|
W kA=l Ze) 6.94~7.79 ppmol A A 7)7} ok
g e AE Jelgda olxzedr], S-Hg7[9
FAd Aol o gt wlo]=r} zHzt 8.95 ppma} 2.60 ppm
oA 4] singlet2 FAF 0N HEZHLTF o]
24 dez| e ddal v FAdAt FHe] 1.16 ppm
7} 321 ppmell A 77} triplet9} quartet® =]
ci(HE»0] 3:2). AF U= HL'3 (Et.N)MoO
(NCS)L'1(2)9] #z}7] 3 ~H e} Fig. 29} 0]l
vepfi gl ot

ool E#etd AdEI dAsh= P F
=2 7hs ¢ 718k wiod-& Fig. 4o ebigich

Complex ArH N=CH S-CH; Others
* 6.87~7.68(m,4H) 854(s, 1H)  2.54(s,3H) 10.23(s, 1H, Ar-OH) 13.34(s, 1H, -NH-)
1 6.94~7.79(m, 4H) 895(s, 1H)  2.60(s,3H) 3.10(s, 12H, (CH;)N")
2 6.94~7.79(m, 4H) 8.95(s, 1H)  2.60(s, 3H) 1.16(s, 12H, (CH;,CH:)}:N") 3.21(q, 8H, (CH;CH.):N"
3 6.95~7.80(m, 4H) 8.96(s, 1H)  2.60(s,3H) 0.94(t, 12H, (CH;CH,CH,CH,).N ")
1.31(q, 8H, (CH;CH,CH-CH,),N ")
1.57(quint, 8H, (CH;CHCH,CH,),N ")
3.17(t, 8H, (CH;,CH,CH,CH,),N*)
4 6.85~7.56(m, 3H) 887(s,1H)  259(s,3H) 1.16(q, 12H, (CH;CH,)N ") 2.30(s, 3H, 5-CH,)
3.2 l(q, 8H, (CH3Q’I_Z)4N ! )
5 6.99~7.36(m, 3H) 893(s, 1H)  2.60(s,3H) 1.17(quint, 8H, (CH;CH,);N ") 3.21(q, 8H, (CH;,CH,)}N")
3.81(s, 3H, 3-CH,0)
6 7.19~892(m, 6H) 9.69(s, 1H)  2.67(s,3H) 1.25(m, 12H, (CH,CH,),N ') 3.21(q, 8H, (CH;CH,)\N ")
7 709~883(m, 3H) 9.15(s,1H)  2.63(s,3H) 1.17(t, 12H, (CH;CH).N") 3.21(q, 8H, (CH,CH,):N")

*free ligand (H.L).“Chemical shifts are given in ppm vs. Me,Si.
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Fig. 3. 'H NMR spectrum of (Et,;N)[MoONCS).L']
(2).

7)1 A schiff basex= F 7}#| ¥, facial® meridio-
nal $ixlell Z3He 4= glov} 2jzk=e] JAH
o2 Q& facial #1212 A WAL} T 79
meridional F+% O3 D7ty FEHe oAt
Mo=0te] & trans Al NCS v} CI° Fol
239 o Hoid ~"EFe] vMo=0t F5 ]
A7} ~950cm ¥} & AFFolA FFRAcks
ApAl2 2 BE] 5 7)9] NCS-7} Mo=0t Z el ohs
HNE2 cis 9AAY FR) EAYE RS & F
gich ol EWEAR 24§ (PyH)LMoONCS)s]
9] Mo=0t A1&3%0o] 951 cm ‘o4 dojvi=d|
uks] ONO-F70 924 Al 9] (PyH)[MoO(NCS).(sap) ]
o4 vMo=0t7} 9lcm ‘o4 doldr}=
Ao g R AR £ o] Le]2AME o]
o] 2l7tcoll o8 X|3= ] trans effectell 93}
trans )Xol QA o) 2B} A4 o] o] WA
go) ®lx, 2 7]l 2= AL ARt A
Roz A7 oHd Fat (PyH)[MoOCkL
(sap)] #HZoll g AA3HA A7 3ol 4] sap’” 9
Ax Y27 Mo=0tell Hal trans A=l 273
th= 7o) M 9lc}?

Fig. 4. The probable structures of [MoO(NCS),L]".

Table 3. Cyclic voltammetric resuits® for the comple-
xes in 0.05M TBAP-DMSO at 25T

Complex E,b V vs. SCE
1 —056 —0.83(—0.72)
2 —057 —0.87(—0.70)
3 —058 —0.86(—0.72)
4 —054 —0.8%(—0.76)
5 —057 —0.87(—0.73)
6 —046 —0.83(—0.68)
7 —055 —0.75(—0.62)

“Solute concentration ~1073>M; Working electrode
gold; reference electrode SCE; Counter electrode
platinum. *Values in parentheses are coupled oxida-
tion peaks observed with complete CV cycle.

FA7 g9 Al AdER}E fideIEA s
ol 4 248 A3HTable 1), Mo(V) d' Az} wjede
S el N A= AAR Holr} 753~826
nm 3l #AEL o) B, Eel a3}
w12 o)9}e] C,, TFe ¥ B,— 2B, 'B,— %A,
HApdolol ZjQlgt &5 FHo|z2EL vE YW &
B Ql(V)-4ba b8l AEMAY o] & FF= o]
Az} oks A 7 AzlelE He] o]l s
HEold vehdA] de o ArhEgleien
430~467 nm9 7= Jehie FF Helae L
—M #HzElo]F Holdl 7]Q1gch ¥ 314~345 nm
499 7t F5 HolAaE A 27te HoLlo) oigt
350 nm(loge=4.52)ll 4] 743 &4 Heol=7} B
A= A FFASIE A & Floge>4.27)E
7He Z22 Hol o5 #7t=wl H3} o] Fol
71§ Aoz Az=Egic)

Mo(V)-4t4: 2HE9] H7|ststd A4 DMSO/
0.1M TBAPell 4 zgixTo g F& Al4ste £3
Ag-AFy ez Azt o 0.0~—2.0 V(vs.
SCE) 9] HslaA &% o
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Fig. 5. Cyclic voltammograms for ~1X103M (Me,
N)IMoONCS),L'] in 0.05 M TBAP-DMSO (scan rate
50 my s~ 1); 1) first scan, ii) second scane.

Jepglth, =& FHEE2 055Ve} —085V -2
oA F e wrtdAQ #e] Fe]2EL viehll
At ol& olE Bad F5 FAle 13z Y
EZejua(V)-4kt #2EH vz o Mo(V) — Mo
(IV) 2 Mo(IV) = Mo(II) #del| & Fgpchin =g
—0.7V ¥ ekt Y& Alstuy} faEglen
o] —0.85V FZellA sUF F-o Abstel 7]t
Rez AztsEgct. A —055V F29 AHA
Fdvhs FHA &% addMe AR A7)
Aeds] okl 2 AG a7t vehdA] de e B
F AR HFig.5). ol A HYFo] A3
Eohgdh £902 9n3c) gH At #Ad7)e)
2 87] 7} AAE e AAe] 718 7 E(5-Me<5-
H<5-NO,) ) A9 ko] <] ko2 olFs
ot} ol ZEeojHde] HOMOS2E schiff based]
LUMOel didt A Az £495 44T o
schiff hased] AHAoz A= gl #87)7}
AAE @7)le AHAe]l FUIY & Fejuqe
HOMO+ Azt 74 A Ae] & 27t=r)t A=A S
o B} golxlog ZejHgle] 3tfle] Hrl §o
A el 7]Q1gkc}h e
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