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Unusual condensation of N-phenylsemiquinonediimine iigands 
coordinated to the Ni ]l atom with an acetone molecule 

to form a heterocycle 
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I. L. Eremenko, * and 1. L Moiseev 

N. 3" Kur,,.akov Institute of  Genera/and Inor,4anic Chemisto', Russian Academy of  Sciences, 
31 l.eninsky prosp., 1 t 7907 Moscow, Russian Federation. 
Fax: + 7 (095) 952 1279. g-mail: ilerem@ionchran.msk.ru 

"The reaction o( a mononuclear Ni II semiquinonediimie, c complex, vi~.., 
Ni[I,2-(N Ph'~(NH)C.,,H412. with silver tritlale was invesngaled. The sta.qing monomer was not 
o,:idized in benzene or CH-CI-, solutions: m~4ead, a soivate of ~he complex wi:h C~H 6 ,a.as 
formed. According Io the X--ray diffraction data. the solvate is ci~aracterized by an unusual 
molecular packing with short C--H(C~H,s)...Ni a~ld C--H(C~H6)...N--H contacts. An analo- 
got.is efl2"ct is obse~'ed in ti~e crystals of Ihe solvate Pt[ 1,2-(NPh)(NH)Ce, H4[2' C~H 6. Grind- 
ing of the nicke{ complex with silver triflate (the reagent ratio was 1 : 5) in the presence of 
acetone led to the oxidation of the complex, yiekling tetrahydroimidazophenazinium triflate, 
whose structure was esIablished by X-ray diffraction analysis. 

Key words: nitrogen-containing heterocyclic compounds, semiqumonediimme complexes 
of nickel and platinum. 

Researchers  engaged in directed synthesis of  nitro- 
gen -con t a in ing  he te rocvc les  face a serious problem asso- 
ciated with the fact that  the chemical  assembly of  the 
target molecules  is a c o m p l e x  multistage process, which 
often hinders control  o v e r  the chemical  reactions and 
affords many by-pmduc t s .  I However ,  the use of  organic 
l igands which are c o o r d i n a t e d  to transition metal atoms 
and general ly exhibit high reactivity can be very. efl]cient 
in such a situation. For  example ,  we have demonstrated 
recent ly  that the ox ida t ion  of  the plat inum(u)  com-  
plex, P t I I , 2 - ( N P h ) ( N H ) C o H 4 1 2  ( i ) ,  by silver trillate 
(CFaSOaAg)  in the p resence  of  acetone led to the 
condensa t ion  of two s e m i d i i m i n e  fragments coordinatecl 
to the pla t inum a tom wi th  the MezCO molecule  to form 
an imidazophenaz ine  der iva t ive  2 (Scheme I). 
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In this case, the heterocycle formation involves the 
intermediate formation of a binuclear complex dicat ion 
{Pt [ I ,2 - (NPh)(NH)C6Ha]2}22+ (2) c o n t a i n i n g  Pt Ill 
atoms. According to the NMR data, this dication can 
weakly coordinate  acetone molecules. 2,3 "lhis new type 
of  conversions involving platinum atoms gave impetus to 
further investigations along this line. In the present  
work, we report data on the oxidation of  a nickel analog 
o f  complex I. 

Results and Discussion 

Previousl),, we have demonstrated that the 
Nil 1,2-(NPh)(NH)C~,H412 complex (3) can be prepared 
in high yield by the reaction of the o]igomeric nickel 
hydroxopivalate complex with N-phenyl-o-phenylenedi- 
amine. 4 However. the tbrmation of the dimeric cation 
analogous to platinum demative 2 was not obscr,,ed in 
the reaction of complex 3 with 2 equiv, of CFaSOaAg in 
benzene or CH?CI2. z,3 RecDsta| l ization o f  the react ion 
products from benzene afforded solvate 3 'C ,~ t t  6 as the 
major  product. A solvate of  analogous compos i t ion  
(I-C6H~,)  was obtained upon rect-ystallization of  plati-  
num analog I from benzene in the absence of  silver 
triflate. According to the X-ray diffraction d'~ta, the 
principal geometric parameters of  complexes 1 and 3 in 
both solvazes are virtually identical to the corresponding 
characteristics determined previously tor the nonsolvated 
molecules z,4 (Table I). However, a somewhat unusual 
molecular  packing is noteworthy (Fig. I). 
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Fig. !. Fragments of the molecular packings of the soh.aics 
I" C61-I(, (M = P[) and 3-CoH o (M = Ni). 

In the crystals o f  both solvatcs, the benzene mol- 
ecules are located be tween  molecules  of  the comple,~e~ 
in such a manner that the hydrogen atoms of the Ct>t-I(, 
molecules  of  solvation form weak nonbonded interac- 
tions with the meial centers  (M. . .H(C6H 6) are 3.071(7) 
and 3.004(4) :k for M = Pt and Ni, respectively) and the 
nitrogen atoms of the NH groups (H. . .NH are 2.983(t4) 
and 2.843(4) ,k for M = Pt and Ni. respectively), h 
should be noted that these interactions were not de- 
tected by N M R  spect roscopy in solutions in COD(, in a 
wide temperature range (from - 5 5  to 80 ~C). Probably, 

Table 1. Principal bond lengths ((h and bond angles (~o) in the 
complexes [M(t.2-(Ntt)(NPh)CeHD.,I (M = Pi ( ! )o r  Ni {3)1 
and their solvatcs with benzene 

Parameter 1 z 3 4 1 �9 Cr 3- C,~H~, 

Bond d/.& 
M--NfHt  1.954f4) 1.826(3) 1.970,(9) 1.832(3) 
M--N{Ph) 1.9S9~'6) 1.863(4) 1.959(8) 1.85514) 
C--N(H) 1.368(7) 1.345(6) 1.326(14) I 34117) 
C - C  1.443~8) 1.423f6) I 415(14'J 1.421'(5) 
C--N(Ph) 133](9) 1364(5) 1.336(t4) 1.351(6) 
N...H(ChH~,) 2.983 2.843 
M... 14 (C(,t.I,~,) 3.071 3004 
Angle ~u/deg 
NIHJ--M-N(Ph~ 79.7(2) 84.2 78.4{4) 83.6(2) 

it is for this reason that complex  3 was most  efficiently 
oxidized upon grinding of  the solid crystall ine non- 
sohated complex  with a large excess  o f  CF3SO3Ag 
(4--5 equiv.) in the presence o f  several  drops o f  acetone.  
In the absence of benzene of solw~tion, m e c h a n o c b e m i -  
cal t reatment  can resuh in reor ien ta t ion  o f  molecules  3 
in such a way that the C - - H  groups  o f  the phenylene 
rings of  the coord ina ted  ligands fulfill the funct ion of the 
analogous groups of  the benzene f ragments .  As a result, 
the formation o f  new M . . H - C  ( the pheny lene  fragment 
of  the ligand o f  the adjacent m o l e c u l e )  and N . . . H - - C  
contacts is quite  possible. These c o n t a c t s  st imulate acti- 
~afion of  C - - H  bonds for subsequen t  condensa l ion  of  
lhe ligands of  the adjacent molecu les .  In this case, H 
atoms can be accep led  by ei ther a t m o s p h e r i c  oxygen or 
O atoms of  ace tone  molecules,  which  (as has been 
ment ioned previously 3) can be weakly coord ina ted  to 
the metal atoms.  This  reaction o f  nickel  complex  3, like 
that of  p la t inum derivative 1. a f forded  heteroc$cle  4. 
The latter appeared  to be pro tona ted  due  apparent ly to a 
too large excess o f  silver trillate, wh ich  can readily be 
hydrolyzed by water  e l iminated in the course of  the 
reaction ( S c h e m e  2). 
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It should be noted that this s c h e m e  R~rmally dot's not 
exclude the tb rmat ion  of  a shor t - l ived  d imer  conta ining 
Ni Ill atoms (5), which should be substant ia l ly  less stable 
than tile p l a t inum analog 2 prepared  previously,  due to 
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sTeric h indrances  between the planar mononuclear  frag- 
ments, resulting in substantial weakening of the M - - M  
bond. For  example ,  the Pt- -Pt  bond lengths in complex  
2 are 3.260 A. z 

The s t ructure  o f  heterocyclic compound 4 was estab- 
lished by X-ray diffraction analysis (Fig. 2, Table 2). 

In conc lus ion ,  it should be noted that tile involve- 
ment of  an ace tone  molecule in the transformations 
which include complexes  I z or 3 is a v e u  unusual 
phenomenon.  There  are only two examples of  conden-  
sation o f  o - p h e n y l e n e d i a m i n e  tigands c o o r d i n a t e d  
to the c o p p e r ( u )  or  nickel(u) atoms in the c o m -  
plexes {M(I,2-(NH2)2C(,H4)2}(CIO4),,  5,6 whose oxida- 
tion with a tmospher ic  oxygen m acetonitrile gave rise to 
2 .3-d iami tmphenazine  s or its protonated form. ~' Appar-  
ently, the l a t t e r  reac t ion  also proceeded th rough  
the formation o f  metal complexes with coordinated 
scmidiimine fragments ,  but the involvement of  solvent 
molecules has not been obser,,ed. 

Experimental  

The complexes were synthesized both in air and under an 
iner~ atmosphere with the use of anhydrous solvents. The 
starting complexes i and 3 were prepared according to known 
procedures. 1,'~ The I R spectra were recorded on a Specord big0 
instrument in Kgr pellets. lhe  IIt and tlC NMR spectra were 
measured on a Varian VXR-400 spectmnlcter operating at 
400 MHz (ill) .  The solvents, vie.., C6D(, CD2C', 2, and CDCI 3, 
were purchased from Fluka; Me,~Si was used as the standard. 

Preparation of Ihe solvates M[ 1,2-(NPRJ(NII)CnH4] 2 - Cnlln, 
trans-bis( N-phenyJ-o-benzosemiquinonediimino )nickel( u ) [and 
platinum(n)J benzene monosolvates. A solution of CF3SO3Ag 
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Fig. 2. Structure of compound 4. 

(0610 g, 2.374 retool) in CH2CI ? (10 mL} was added to a 
solution of Ni[I.2.(NPh){Ntl)C6H,d2 (I g, 2.374 retool) m 
benzene (50 mL). The reaction mixture was retluxed for 3 h. [hc 
color of tile solution remaining unchanged. Tile solvent was 

Table 2. Selected geometric characterislics of he~e.'-ocyctc 4 

Bond d/A Bond d/• 

N(I)--C(I) 1 .327(2} N(21-C(16) 
NIl)--C(13) 1 .472(2} N(3)--C(22) 
N(2)--C(6) 1363(2) C(13)-C{14) 
N(2)--C(13) 1.488(2) C(13)--Ctl5) 
N(3)--C(3) 1.370(2) C11)--C(6) 
N13)--C(7) 1 .39112)  C(1)-CI2)  
N(4)--C14) 1 .32312)  C12)---C13) 
N(4)--C(8) 1 371(2) C14)--C(5) 

1.43912) 
1.45212) 
1.52512) 
1.52712) 
1.45012) 
1.386i2) 
1.390121 
1.42912} 

Angle m,/dcg Angle (,)/deg 

N(II--C(13)--N(2) 100.1712) 
N(I)--C(13)--C(14) II1.01(14) 
N(I)--C(13)--C(15) 109.88114) 
N12)--C113)--C(14) t12.04t14) 
NI2)--C(13)--C{15t 110.65(14) 
C(14)-C(13)--C115) 112.44(14) 
C(13)--N(I)--C(I)  1t2.10114) 
Ntl) - -C( t ) - -C(2)  t29.012} 
N(I}--C(1)--C{6) 108.72{14} 
C12)--C(1}--C16) 122.212) 
C(1)--C(2)--C(3) 117.4{2} 
N13)--C(3)--C12) 121.8C) 
N~3)---C(3)--C(4) 116.9(2} 

C(2)--C(3)--C(4) 121.4(2) 
C13)-- N13)--C{7) 121.75114) 
C(3)--N(3)--C{22) 117.50(14) 
C(7)-- N13)--C122) 120.70(13) 
N(3~--C17)--C(8} I 17.712) 
N13)-C(7)-C(12)  121.912) 
C(8)--C( 7)--C(12) 120.5(2) 
C17)-C(12)--C(11) 119.1~21 
C(12)--C( l I)--C{ 10) 121.0(2) 
C( l 0)--C(9)-- C(S) 120.6{ 2 } 
N14)--C(8)--Cr 122.7(2} 
N{4)--C(8)--C(9) 118.4{2) 

Bond d,' A 

C15)--C{6) 1.357{2) 
C17)--C(8) 1.406(2} 
C18) - C ( 9 )  1.4t)712) 
C(9)--C(I0)  1.37612) 
C(IO)--C(I I) 1.40412) 
C(I I)--C(12) 138012) 
C(7)--C(12) 1,407(2) 
C13)--C(41 1.467(2) 

Angle (o/deg 

C(7)--C(8)--C(9) 118.9(2) 
C(4)-- N (4)---C(8) 118.8{2) 
N(4)--C14)--C(3) 122.2f2) 
N (41--C(4)--C(5) 118.(~t2) 
C(3).--C(4}--C(5) 119.1(2) 
C(4) -C{ 5)--C16 J t 18.9~ 2) 
N12)--C(6}--C(I) 11)6.7c1(14) 
N12)--C(6)--C15) 132.2(23 
C( ] )--C(6)--C{5) 120.912) 
C(6)--N121--C(13) I l I. I0113) 
C(6)--N12)--C(16) 124.70114) 
C{ 13).-- N12)--Ci 16) 121.33t 13/ 
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Table 3. Crystallographic pararneters  and details o f  X- ray  dif- 
fraction study of  complexes ! - C6He ,, 3-  C~,H 0, and 4 

Parameter 1 - C61-1 ~ 3 " C~,H 6 4 

Space group P2 l /c  51 /-'2 t /n  
a/A 8.812(2) 8.883(2) 13.7557(S) 
h!.& ~ 88q~2) 8.932(2}} 14.2955(8) 
c/>, 9 .1q0(2)  9.042(2) 15.289X(9) 
~/'de~ ,q3.06(3) 67 83(3) 90 
13/deg 66.61(3)  84.66(3) 90.1420(10)  
,:,,'deg 68.91(3) 67 14(3} 90 
t?.-\ 3 6 1 6 . 2 ( 2 )  611,0(3) 2968.5(3)  
Z l I 4 
P<;,Ic,"g c m - 3  1.718 1.362 1.41 l 
#/ t in  -I 5.719 0820 0 ,17 l  
0-20 scanning  

range/tied 2 .42- -5b .0  3.0--55.0 1 8 5 - - 6 0 . 0 6  
Number  of  measured 

reflect ions 3 I54 3120 23903 
Ntnnbcr of  reflections 2964 2'~34 860F, 

witi~ / > 4a 
F(O00) 312 262 1312 
GOOF 1.9t7 047t 0.865 
R l 0.079 00,,.34 0.0g0 
wR, 0.106 0 127 0.127 

remcwed at 60 ~ (0. i Torr). The  solid residue was extracted with 
benzene t70 ml..). The e~tract was filtered, concen t ra ted  to 
t5 mL at 2!}} ~C {0.! l o r r L  and  kept at I0 '~C for 24 h. T he  blue- 
green prismatic cQ, stals that formed ,.',,ere sepan.ted by decanta-  
tion and dried in air The solvatc 3 - C,,H 6 was obtained in a .,,.ield 
of 85% (0.93 g). Found {%): C,  72.19: H. 4.51; N. 10.98. 
C30H24N4Ni. Calculated (%1: C .  72.14: H, 4.S1: ,%, t l .22.  
IH NMR (CDCI3}}, 8 : 7 6 3  (dd. 4 H, HI8)): 7.52 (rid, 4 H. 
H(9)), 7.46 (tt. 2 H, H(10)); 6.68 (ddd, 2 H, I-t(4}) 6.62 (dd, 
2 H. H{6}); 6.57 (dd, 2 H, H(3)):  6.51 {ddd, 2 H, H(5)) :  6.06 
tbr.s, 2 H. NH). ;~C N M R  (CDCI  0,  ;5:154.3 (C(2)):  1539 
(C(7)}}: !48 S (C(I)):  128.2 (C(9)) ;  128 0 (Ci8)); 126.0 (C(10)):  
123.5 (C(4}})" 123.0 (C(5)}}: 118.6 (C(6)'K [16.2 (C(3}}). IR (KBrh  
,,./cm-~: 3232 w, 3!)86 w. 1616 s, 1512 m. 1464 w, 1384 w, 
1336 w 1248 m. 1168w. 10',)6 m.  1032s.  1008 m, 960 w, 744s ,  
969 m, 640 s, 472 m, 408 m. 

The solvate Pt{ 1.2-( N Ph) (N  14)Cr z - CaH~, ( 1 - r wa~ 
prepared by recws~allization o f  complex ! f rom benzene .  
;H NMR (CDCI3), ,3:7.62 (dd,  4 H, (|-1(8))" 7 5 7  (dd,  4 H, 
l-h9)): 7.43 (tt, 2 H, H(10)):  7.20 (br.s. 2 H. NH);  6.89 (dd. 
2 H. H(6)); 6.$2 (dd. 2 I-I, t-t(3)): 6.70 (ddd. 2 H, H(4)}}; 6.60 
(ddd. 2 H, H(5)). I3C N M R  (CDCI3}}, 8 :155.7  (C(7) ) .  148.7 
{C(2)): I47.9 (C(I)):  128.6 (C(9)) :  127.5 {C(8)): 126.5 (C(10)) :  
123.6 (C(4));  123.1 (C(5));  119.2 (C6)):  t l5.8 (C(3)) .  

Oxidation of Nit 1 , 2 - ( N P h ) ( N H ) C 6 1 1 4 ]  z with an e x c e s s  of 
CF3SO3Ag in acetone.  A mixture of Ni I 1 .2- (NPh)~NH)C6Ha]2  
(I g, 2.37 retool), CF3SO3Ag (3.04 g. 11.85 mmol) ,  and  ace tone  
(3--5 drops) was ground in an  agate ntortar for 3 tl. ace tone  
being added as it was ev2porated  Hexane (If) ml.}} was added  to 
the resulting greenish-black pov.der  and the su spens i on  was 
applied onto a coh .mn w-ith zeolite (5• 10 cm). The  red product  
was doted  wnh  benzene 150 r o l l .  The  ehtenl was cc .ncentra ted 
to 20 mL at 50 ~ (0.1 Torr)  and  kept at 20 ~'C for 24 h. The 
dark-red needle-like crystals o f  2 .2-d i rnerhyl -3 ,10-d iphenyl -  

2 ,3 .4 ,10- te tnf l lydroimidazol4,5-b]phenazin-  l- turn triflate (4~ 
that lbrmcd were separated by decanta t ion and dried in air. 
C o m p o u n d  4 was obtained in a yield of  0.425 g (65%1. 
Found (%): C, 61 55: H. 4. t9- N, 9 S 9  [C2rH?3N4I 'O3SCF 3 
CalcLtlated I%): C. 60.87: l't, 4.17: N. 10.14. 131-1 NMR  
iC[)Cl.~), iS: 898  (br.s, I H, NH*) :  7.75 (dd, 2 H, Hf3)); 770  
{ddd, 1 H. H(S)}}: 7.64 (dd, I H. H(g)): 7.60 Idd. 2 H. l--lt4)): 
7.55 {tt. I H, H(12);.: 7..*9 ~'dd: _,.2 H. H(10)): 7.44 fit. I H, 
H(SI); 7 3S (dd, 2 H. H( I I ) ) ;  7.31 (ddd, I 14, H(7D; 6,91 ~dd. 
I H. I-t(6)): 637  Is. I H, H ( 2 0 : 6 . 0 2  {s. 1 H, HII)):  I.Sl (s, 
6 H, --CH3).  1R (KBrl ,  v /e ra - i :  3430 w. 2920 m, 2856 m. 
1688 v,. 1608 s, 1520 s. 14,~8 s, 1443 w, 1384 m, 1352 w, 1288 s, 
1240 s, 1160 m, 1071 w, 1024 m, 952 w, 912 m. 816 nl. 760 m, 
720 w. 680 m, 632 s, 608 w, 552 m. 512 m, 472 w, 424 w 

X-ray diffraction study. The X-ray diffraction data sets for 
the solvates I.C~,He, and 3 . C J - t  6 and comp,annd 4 v.cre col- 
lected on a ibur-circle automated Siemens R3/PC dilTracte, meter 
~'vlo-K,, radiation, ,~. = 0.71074 A, [" = 22 ~ The unit cell 
parameters were determined and refined based on 24 equi,,alent 
reflections with 2fl < 24--28% Three strong rellections wtth 
0 < Z < 65" were used as the s tandards  and were measured after 
each 10t) reflections. The standard reflections revealed no sig- 
nificant intensity variation in the course o f  data collection, and 
therefore, no correc:ions w, ere applied. 

All structures were solved by direct methoda and refined by 
the full-matrix least-squares method  with amsotmpic  thermal 
parameters Ibr all nonh~.drogen aloms. The H atoms were 
located from difference Four,or syntheses  :tnd refined tso- 
tropically..All calculations were carried out with the us,,: of the 
SHELXTL PLUS progm:m package ~PC '.ersionl. 7 The prlnct- 
pal geometric parameters of  the complexes  are given in Tables l 
and 2, The crystaltogrnpific parameters  and details of the s t rut -  
lure relblemcnts tire listed in Table 3. 
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