.

a.nd a=73.224(4), ﬁ=86 308(9), '¥=60.900(9)".
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2 Hydroxy 1 4-naphthoqumone (Lawsone abbrev:-

Cy(Il) ion-{1,7,8,13].

B laWSone can be drawn ag follows

| 0Xyn j_omplex. 1. The Structure
of BlS (Pyrldme) Bls (Lawsone) Copper (II) Complex
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e ated as LwH) has found ‘its appllcatlon in qnahtatwe and '
_quant:tatwe analyses .of vanous ‘mietal. jons mcludmg N
-~ Structural analyses of this .
A Cu(py)z (Lw)g complex was undertaken for two.reasons: -
first, since serveral resonance forms of the amon of o

- rnolecule

N 'Experim_ental‘ Seclion, T

-

ABSTRACT

f N

. The s:x-coordmate b:s(pyndme)bm(lawsone) copper(ll) complex, Cu(py)g (Lw)g, has been syn-:.
o theslzed and it structure determined by three dlmensmnal X-ray diffraction data: The complex crystalllzed:
w1th one formula‘unit in the triclinic space group CI-P1 with a=8.4847(12), b= 8 9940(4), e=10 01904); 3
The fifial .agreement mdaces on F, based on_the least- -
- squia.res refinement of, 218 varlzbles for 2299 observations: F>30(F‘), are R= 0 041,

- ‘pattern of the planar lawsone anion has been' found to exhibit some extent of delocalization.  The co- ' . -
L ord.mate gedmei:y of the Cu(Il}i is found tc be a tetragonal distorted, octahedron wnh two pyndme mtrogen K
- atoms and two, hyd:oxy ‘©oxygen atoms as the square base and two ca.rbonyl OXygen atoms as the apex. The - .
'r:bond dJStances of Cu-N, Cu-O (hydxoxy), Cu-0 (ca:bonyl) are. 2 039(3), 1 945(2), and 2 454(2) R resp66- .

RW—O 046. The bond

P

we would llke to establish the degree of delocahzat:on
(ox the charge. distnbotxon) of the, amon of lawsone. in
i-the . complex
T ahn-Teller d1stortion We are therefore deeply mterested

_in the coordmatlon geometry of the Cu(l), ion i this
T other words, the questions of whether the 3
twgnl nitrogen atoms of: pyrldme or thel ‘two.oxygén atoms_ o R
—of lawsdne occupy the ap1cal posmons, a.long with astudy B
. -of their bond pa:ameters seem worthwhﬂe to mvestrgate - _' B

Prepararzon of Matenals

“All ‘chemicals were reagent grade Laweone were
obtamed from the Sigma Chemical Company.

¥

“Secondly, - Cu(I) usually has a strong-’ TR

Cu(Lw); [5] 045 g of lawsone was - dxse,olved in. .

50 ml of boiling 95% ethanol To: ‘this was added 2.1 gof.”

CuSO4 5H20 d:ssolved in 50 ml warm d:stxlled water.-

_139_ S S S i




TabIe 1 Posmonal and Thermal Para.mete:s for the Non-hyd.rogen Atoms ot' Cu(py)g (Lw)2

AY

5 Uss o U U13 e gy

Atom RS SRR Ao Z ’Uu o i -
S _,oi_o_((n ©0.000) - oo(o) L 4643): ,,,-5399(3) -‘--2 17(3) 122‘_(2)' .__‘,—1‘08(2)
Do 0:2744Q2). =0 2798(2)' 01123{2) L5501 430 RER 05 TR I U6 )

50 032702) - 20:0509(2) 0 0.1989(2). . 5.2(1) L A2y =T . ‘_,-1.2(-1) o =100
2 0A1703) T -0.4803(3) ;_\o 6352(2)1; "3:9(2) Lo . A e =270 270) "_'-.“-—o 4(1)‘ Lo
CUL0.0195¢3) T 0.1419(3) T T H00221(2) 526 LTS R R W A PR B e

e 024403) 2032723 0 02337(3) ., “4.5Q). 42 Co 1001 - a
ST 0.07173) 7 -0.2038(3) . 0.2860(2) "-47(1) A2y A ‘

T0:0378(4) 7 =0.2616(4Y 1< - 04196(3) 1 5.9Q2) L. 490) :

0 0,1528(4) . ~0.4327(4) - 05148(3). . 6.8(2). LA e
0.3219(4) 0 1-0.5574(4) 7 - 0.4643(3) . 5TQ) - CoLAAD) b e

L 0:4354(5). 0 =0.72714) S 0 0.5512(3) L 1 T9(2) 52(2))
10.05940(5). . =0.8395(4) 0.5055@) 0 o T8 4 CTAR),

Ul0B418(S) T H0,7834(4) 1 7. 03748(4). T 62 SRRy
. _70:.5_304_(4)’--;:-0 6159(4). . 0.2872(3) . . 53210522 5@
+,0.3689(4) . 450.5027(3) 0;33_07(3)4.--- 482y s 1 SR
U 0.0813(5) _‘02233(4)_, 01228(3) 1T Y58y

,0.1621(6) - 0.3167(5) . 0.1406(4) - 114(3) SRRy B 1)
0.2883(6) . 0.3283(6). - 10.0532(4) - 11503) B4 .
. 03314(5) 1T 0.2453(5) - "£0.0492(4) _' L83 1133), 68Qy |
0.2448(4) * | 0:15354) L1-00623(3). ¢ 6.6(2) - 83Q) ,5.3(2)._“

. ‘ ) aEstm'latecl standa:d de\rlatlons in the least significant flgures are glven in parenthses
',b'Ihe form of the amsotxoplc thermal elhpsold is exp[—27r7' (U 11h2

o 'i

a*2+U22k2b*2+U3312c*2+2U1zhka*b*+2U13h1a*c*+2U231db*c*] %

10'2]

Yoa

7 "-""I‘he solutlon changed color from the pale yellow of
' the ligarid-to ‘the red of the complex.

~ 0 was filtered, ‘washed several. times w1th distilled water and
© 795% gthanol and- yielded 0.6 g of Cullw),’ The\IR
n -_,spectrum is 1denttca1 to that giveri‘in ref: 5. Attempts to.
' grow single crystals of ‘this compound-were unsuccessful

T and washed with éther. ' Anal..Caled for. Cu(py)z(Lw)z
7C, 63 A43%; H, 3.55%;- N, 493%. Found: C, 63.32%;

CUUH, 3.25%:N, 5. 21%. Crystals: of Cu(py): (Lw); , suitable .

s '_‘for Xray: study, were grown by slow diffusion of ether:

. % jnto a saturated, pyndme solutlon of Cu(LW)z fof one to

Ctwodays.. .. e Yoo

N

: The comp‘lex .
-preclpltated when . the solution cooled: ‘The- preclpltate;

e Culpy)) Lws 0.5 g of Cu(Lw), was-dissolved " in -
520 ml of pyridine.. “To this was stowly added 40 ml of -
| -ether. ‘A red precipitate was obtained. Tt was then filtered 7

Table 2. Posmonal and Therrnal Parameters for the Hydrogen"" '

1

2409 umque intensity data w1th 26 range from' o
4 ‘1o 140°- were «obtained . on -a' ducircle diffractorreter -

. (CAD4) with-6-26 scan technique. ‘Using Cu Ka radiation’. -

. 12290 reﬂectxons were found to have F>30(F) and used in

, the latsrrefinément. The scan pararieters areAB 1.0+ . -0
i 0.14(;anf) with, scan speed 20/3 deg/min, The back-'. =
grounds were taken with quater of total scannmg t1me at' .
each end of the scan h:mt R :

Sotutzon and Reﬁnement of Strucrure o L '

The Cu atom - was put at the ongm by assummg PI g

- space group. and one olecule per unit cell. Subsequent. S

Founer synthesm led to- ‘the Tocation, of all- non- hydrogen' '
atoms The structure was reﬁned by full-matnx least-‘ .

\/

R -Atoms of Cu(py)g(Lw)g n ST
.C'rystallogmphzcdara L _ Atom X "".-Y\‘_ N Ub‘_;:'_:" i
, The ‘crystals are prone to decompose outsu:le of /\HI ;0.'(373'(4) T0.193(4) - 0452(3) 3706y
' 'the pyridine- solution, presumably with loss -of pyndmef Lol 03944)  -0.766(8) - 0632(3) 4. 5(10) "

*". . coordination. This problem was solved by covering the: SoH 0-'6.‘70(4) © 09648y 0.567G) . - 440) ¢

S v - H4 - 0A51(5) =0, 848(4) .. -0.338(3). 5 3(10) . st
. _crystal completely with epoxy resin. U s 0553@) - -0577() - 02066) 259) .

. Prefiminary precession photographs of the crystals. . H6 ~0.016(4) 0.215¢4) 0.1793) - 4909 -

o d1sp1ayed triclinic symmetry with' the P1 or Pi space: BN : ] 0127(5) 1 0.368(5) -+ ,0.209(4). "~ 6.0(11). .
““group.” The. cell’ parameters .obtained: by centering 25 o B8 0346(5); L 0.387(5)— . 0.064(4) . 1714y ...
'".reﬂecttons with 6 range from 18° to 55° are a=8:4847(12), © * CHR 0417(5) 1024365 'g igg(g)" g;(ié)" R
b=8.9940(4); c=10.0190(4) A, ‘and a=73.224(4), B= ° .- HI0 . 0283¢) - 00776) 01216, 3200), 7o

" 86.308(9), 7=60.900(9)".
. -on'one Cu(py)z(Lw)2 wiolecule per unit cell is 1.481 g/cm
“and agrees: well with-an' observed value of 1:48(2) g/cm

The calculated density, based r"

,_140_ :

3 aEstlrnated standa.td dewat:ons m the Ieast mgmficant t' gures are -

- given in pareutheses

_ b'I‘he for,m of 1sotropfc thermal e]].1pso1d is exp[(—S?TzUsmzﬂ/?\z)x ERE .
" as measured by ﬂoatatton in CHCIg and CCly solutron .




Structwe of B1s (Pynd' i e,

quares techmque The usual procedures computer-
rogram atomlc scattermg factors ‘and anomalous terms :
o1 employed [2]. 1o the: final refinement, all ‘the
on- hydrogen atoms, were reﬁned amsotroprcally ‘and
“the hydrogen atoms reﬁned 1sotrop1ca]1y The' final
_agreement’ mdrces on F for' h_e 2290 reﬂechons and 2180
“variables are 'R=0.041, Rw =0.046.: “The' final difference ~
i Founer is; featureless with maximum peak of 0.2 ¢/A%:
- ‘and thermal parameters for the no
- hydrogen atom e, shown in Table 1. The pa.rameters
“for hydrogen atoms are glven in Table 2 '

Intramolecular Bond Drstances a.nd Angles in Cu(pyh

‘_ _ 'Dlstance A !

R 375(4)
21T 1.388(4)
i 1367(8)
+1.364(7) -
36D
. 11.380(8)y
- 0.94(3)
. 090(3), ,
= 100(3),?,"
S 094@)
L 084G
U099y, T
0.89(4)* Wi e

:1345(2)._.
'2.039(3).
1:322Q3)-7 -
11.288Q2).
=0 1.2304)
S 71346(5) .
1134004 B
(1.5173) - v TH3CT
TATIR) L o

_:'Descr,lptmn of the Structure and Dlscussron

SUHIQCIS - o 1.014) -

; The crystal structure consrsts of d1screte molecules
‘of Cu(py)z (Lw)y. Which are.shown in Fig. 1, and a'view -
'_:-of ‘the - Cu(py)z(Lw)g molecule  with'atom . numbermg
' schemé: used is- shown in ‘Fig.'2. ‘In, Table 3 the. bond
. distéinces and” angles” in the Cu(py), (Ew),. molecule are’

ko 'A'n‘gl‘e,-'deg ‘Atorns B %, Angle, dég R

L -._:'f'presented The. slx-coordmated Cu() coniplex is formed . 7480(6) -  UH3CT-C8. 12102
by ccordlnatton of two bidentate ligands of 1awsone anion: | . gggg (gzj{ : Eﬁg’gﬁg iig é()?' ).
oand two’ pyndme molecules. The Cu(tl) ion is located - 105:'8‘(1()' ) *UBACELY 1140)

..+ at-center of symmetry “The two anions of lawsone and -~ TUN21402) j."_‘ LO7E8CY 120, 2(3)
B ‘-ithe two pyndme are related by the center of symmetry S13232 7 _HS-C9-C.8 12302
o Yo In this complex, anion of: lawsone is planar. Table 4, .7 CuNIC15, < 120:6(2). - HS'CQ'ClO Co )
' gives their equatrons of least square plane and-the. dévia, - OLCLL2 - 1 119, 3Q2) ; CLCLOCS -1, 120.002) -

: 2 '3-\4, | C1C10C9 - 120.162)
tions from’ planarity for each atoms. The benzene g, a.0i010. ﬁ; 38 501009 .‘11;9;9(.21

“formed by C5-Cé- C7-C8 C9-C10 six" atoms still femaing o .7—;02-(22433' RS U7 1) B H6-C11{!12 ‘3_"":123_‘_('2)'-'G

' .. ‘aromatic on coordination. The bonds C1-C2 (1.517(3) A) C117.02) \ * H6CIINL: lig(zz()ﬂ '
- C4-C5 (1.497(4) A), and C10-C1 (1.477(3) A) aré not af - (7 1B3@) . NLCILCL2 - 1 SR
7 fected. by -coordination. In’ otlfer wog'd)s t)hey exist as o 120@) 7 b HRCIECIL e e
L 115@Q2) e THICIZCL3 Y 1243).
e _\-_srng,le ‘bonds. > The most mterestmg features are the: bond - 143 CLc1zcid T 119.06@)
| “'-'lengths of €203, C3-C4; 01-C1, 02:C2, ‘and’ 03-C4,: _:.,-03 Chcs 1223 HSCIACI2 - 1210
" because they are. closely related with the so-called bond CO8C4ACS - 1195(2) - HBCI3C14. L 120¢2) . .
"~ delocalization or"charge distribution, The bond C2-C3 L O3C4C5 L T 118.2(2) - B f{;?(‘:(lic(ll; ,g";‘égﬁ) S
’*‘(1 .356(4) A) is slightly longer than the C=C double bond : C4CSCE 11205@2) .- it "
" in_benzoquinon¢. [14] .and’ quinhydrone [12] (1.322 A gzgﬁlgi iiggg; B gff-cl:ﬁfs ;'Hg(;g‘l)
" and 133 A respectwely) ‘the bond C3-C4 (1 429(3) R), - L HLCE05 L1'18.(2!) S ?"['{1(')-C1'5«N1 AL
. however, is shorter than the C.C single bond in benzo- < Tpoecy 120y - .. HIOCISCI 1220) ©
. ‘quinoné [14] and quinhydrone [12] (1477 and L487A). | .c5C6C7 - 12020) - CL4CISNL. 122,4{4)',";
* " Simiarly, .the bond 02-C2' (1.288(2) A) is much shorter __,:; : A-B-_CT:Cﬁ s 18y - - L s
than the C-O smgle bond i qmnhydrone [12] catechol ST N =

' Fig. 1. Stereo Views of Crystal Structure of Culpy)a(Lwly. -




< .F g._2 The ORTEP plot of the molecule Cu(py)g (Lw)g and the numbermg scheme n

- -[6] hydroqumone [ IO] and tetrahydroxy p-benzo-
quinone [9] (141 A, 1:372°A,.1393°4, and - 1.344 &, -

. respectrvely) The ‘bonds 03-C4 (l 230(4) R) dnd. 01:C1 " .
(1, 222(3) R) are almost equal to the C=0 double bond in
benzoqurnone [14] qumhydrone [i2]. and tetrahydroxy o
pbenzoqumone 191 (1.222,1.23, and"1.229 A, respec-

trvely) _All these’ results mdrcate the existence of some

2 C3 C2h02

piaues rs 80°. e

“The iarer coordmatlon sphere of the complex, SN

wrth selected ‘bond parameters is shown in Fig. 3. The -
~environment of the .central copper. atbm is an axially
_distorted’ octahedron wrth two pyndme nitrogen. atoms = -
'and two’ hydroxy oxygen ators as the square base and”
two carbonyl oxygen -atoms - as’ the’ apex.” The Cu-'*
(pyridirie) distance’ 2.039(3) A may. be’ compared
ith Cu-N(ammoma} distance. 2.05(1)- A found, in -

'CU(NH3)4(I'IQ 0)804 [11]; Cu-N(pyndrne) 2.02(1) A in,
& dlaquabrs(N -acetyl-trytophanato) brs(pyrrdme) Cu(II) [4]

“degree.. of delocahzatlon along the ﬁve atoms of 03-C4

e _' The bond parameters in pyndme molecule are
- normal.. The equation-of the least-squares planic and the
_f{ deviations from: the . plane are given in Table 4, The R
pyndme ring is not exactly perpendrcular to the platw e
" of the lawsone. The drhedral ang]e between these two S

‘The Cu-O(hydroxy) drstance 1945(2) A may also be:*-~ -

; compared with Cu- 0(water) dlstance of 1.94- 1.99: A found - o o

Jnint Cu(Hy 0}4804(H2 0) . [3}; Cu-O(carboxylate) dlS RO

. tance~ 1.95(1) "A in d1aquabrs(N-acetyl-trytophanato) oaE o
brs(pyndme) Cu(IIy [4]'" The ‘long axial Cu- O(carbonyl) S

. bond distince 2.454(2) A may be compared with Cu- = "« Y

o }'-0(wa‘ter) drstance of 2. 59 Ain Cu(NH3)4 (H O)SO 1 J 0 SRR K

« “Cu-O(water) distarice. of 2.61(1) Ain draquabrs (N- acetyl I

o trytophanato) brs(pyndme) Cu(ll) [41. - LU

o The reSults of smgle crystal analys1s of Cu(py)g(Lw)z_ S

T Table4 Devratrons from the Least-Square Planes R R
Atom “ 77 'Planel .o - (U0 " Plane2.

':-."Cu‘" R T 7 U R S .Q-0,3‘A SRR
SOl e 0066y o
02 T 0,01 @)

03 0.02(4)

Loz :-3‘000(4)
ST o : ©0:02(4)
L CA T T a0 S
5 Cs —0_02(4) S

SCE L e s T 0,06(4)

€7 -t 054

CCEA L 003 - T IR VI

09 T 0.07¢4) - \.‘“' :

clo 0 D Tood@y e

CNE G e T —0004(3)

ClL e T L 0.004(3) v

Cl2 e ST l00013)
CCL3 s s T -:-_0.004_(3)

o o C YT 000303y
RS T e S 0001y
o 'Coefﬁcrents ofthe Plane Equatron PX+QY+RZ Sb -

" Plane. P Q. RO R

B S 6826 7440 o 5069 ., 0419, .
: f".‘z"j; V32467 3647 0 4256 o031

Ao atony was not mclnded in the caleulat.lon of the plane '

: b'Iheplanersmcrystalcoordmates L s

- —142—-
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computer using KRAY/76 system fiom the Umversuy of )
Maryland The atomic seattermg factors were calculaled accor-- A
dmg to the analytrc expression; their- coefftctents were taken
: _t‘rom the Internatlonal Table Vol I based on Harttree Fock *t
'wave functron The anormalous drspefsron factors werc alsor
. taken from Vol. TV.: L BN
-3 Bacow, G. E, and N. A CURRY 1962 The water molecules m.:r y
CuSO SH 0. Proc Roy. Soc (London), 266A 95-108.°
4. BATTAGLT,A, L. P;.A B. CORRADI, G Macxormormo 1L
_'MENABUE and ‘G, C PELLACANI 1980 Synthesrs, spec
- troscopic . “and’ structural propernes of brs (N-acetyl—dl
: ’tryptophanato) copper (11). complex and its: amme adduéts. Ef- BRI
~fect -of amines on the amino acid coordmauon Crytsal and. L
. molecu!ar struoture of dtaquabrs AN- acetyl dl tryptophanato} A
i eopper ({I). g Amer, Chem Soc., 102, 2663-2669. S
._“'BOTTEI, R. S anp C. P Mceachem 1970. Thermal and spec- )
tral studies of somie drvalem metal chelates of Iawsone and © . ;0 -
. juglone, T, Indrg. &Nuel: Chem., 32,2653:2663.0 | "+ 1.
6 Brown, C.-J: 1966. The crystal structure of catechol Acta TR
C’rysr 21; 170-174 . AR
7 “Jam, K. D A K JA!N 8. S SAWHNEY andR K SHARMA
“1975. Spectrophotometrtc study of- lanthanum—Z hydroxy-
4—naphthoqumonc (lawsone) complcx J Indran Chem Sac

i,F:g 3 The [nner Coordmatten Sphere of Cu(II) in Cu(py)z (Lw)g ., 2700,

"-icomplex lead u$ to believe that: the lawsone aruons do. 8 Jany, K. D. and R. K. SHARMA 1976, Spectrophotometric and ..

: :_‘have some’ degree of’ delocahzation along 03-C4-C3-C2-02" . L conductometric stidy of ‘chelate 0f divalent copper. with-.

" atoms when they are coordindted to the centra.'t Cu(II) P ;ol;yd;gxyg-‘w ;;aphthoqumone aawsone) J ,I"d'an Chem”;.-"

.' 9 . . —

Lion and that ‘the srx-coordmated Cu(II)ron (d conﬁgura— 9 Krue; H. P. 1965. The crystal struc[ure of tetrahydroxy p-

,tton) does show strong Jahn— elIer drstortlon o benzoqutrlone Acia Cryst.. 19; 983 992; '
F - Bt N - 10 : MAARTMANN-MoE, - K. [966. The . crystal structure of'_ R
i Acknowledgements S f' PR -, Usthydroguinone, Acta Cryst. 21;979-982: . 1 % D

1 1. MAZZ[ F.-1955. The crystal structire of cupri tetrammme___

S The work was supported by the Natl(m al Sc1ence ,.,'“ : Sll;l'ﬁ[:[ monohydrate, Cu(NH)SO H O Acta Cryst 8?
Council [NSC 69M 0201 02(0118) and NSC 69M 0204-'~ 12 . SAKURAIL, 1965 The. crystal structure, of the. trrcltmc""
T 301(03)] L . Voo el : modlfrcatron of qumhydrone Acta Crysr 19; 320-330: :
- R _f R ‘_: S \ LI 13, SUFFECT 1. H. and W. C. Purpy, 1965. The polarograpmc
L S I LR R - ; ‘mieasurement. of - formation constants 6f zin¢ ‘and t:admlum:k o
._.-'R(‘.f('.l'él‘lcé'S ' ‘ ' o complexes with biologically 1mportant compounds,J Eiectro S
ST anal Chem., 11,302-307,

kL ! R o e

o ) A RE S Lo :',.3 "1'4 ; TrorTer, X: 1960 A three- dlmensronal analysrs of the crystal' i
! _4}!_“_'}“‘301-1, M K. AA SADYKHOVA, P.B. GRaNOVSKAYA, ko) structure of p-benzoqumone “Acta Cryst 13 86- 95

“

I s R R S L SR




S M Peng, Y Wang ‘d H R Chang
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