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l ~  new 3,6-di-fert-butyt-o-benzosemiqumone complexes of copper(z) (2a and 2b) with 
t.3.5,7qctraphenyl- 1,5-diaza-3.5-diphosphacy~:looctane (la} and t,5-dibenzyl-3,%diphcn.~l- 
1.5-diaza-3,7-diphosphacyclooctane (Ib,L respecUvety, were synthesized. Their structures in 
solution and m the crystalline state were studied. According to the results of X-nt,, diffraction 
analysis, the copperO) atom in molecules 2a at:d 2b is in a pseudr cn~imnmem and 
is directly coordsnatcd to two P atoms of the dmzadiphosphacyckmctane )igand and two O 
aloms of ,he bcnzosamiqtunone Iigand In complex 2a, ligand la adopts a chair-boal 
conformatum typical of all complexes ~,i~h eight-membered cyclic 1,5-donors studied previ- 
ous{.~. Unlike ligand la, the ligand in coe4plex 2b adopts a chair-chair (crow.n} cont\~rmation 
identical v, ith that o(the free ligand. Bodl complexes are paramagnehc in the solid state and in 
solutions The parameters of the isotropic ESR spectra of complexes 2a and 2b are typical of 
four-coordinate n-~emiqninone coppertt) complexes with b[dentate hi.-,phosphhle !igands. 
Based on ar/ab,.,,is of  the isotroptc ESR spectra, it was suggeMed thai compou~:d 2b in ~otutions 
exists as two isomers, which differ in the conformation of the eight-mcmbcted heterocycle 
(chair-boat or chair-chair). 

Key words: 1.5-diaza-3.7-diphosphacyc]ooctanes, copper(O, o-semiqumones, complex 
formatmn. ESR spectroscopy. X-ray diffraction anal)sis, conformation 

t ,5-  Diaza- 3 .7-d iphosphacyclooctanes  ( ! )  c o n t a i n  both 
"soft" ~phosphine) and "hard" (amine) donor fragments 
involved m the cyclic system. Previously, I -3  complexes 
of transition metals with 1,5-diaza-3,7-diphosphacvclo- 
octanes have been characterized. Coordination to the 
metal atom (M) in all complexes was demonstrated to 
occur through the P atoms, the predominant conforrna- 
t ion  of  the free ligand c h a n g i n g  from crown ( cha i r - cha i r )  
to cha i r -boa t .  In addi t ion ,  the M - - P  bonds  in chela te  
complexes  with these b iden ta te  ligands are d i s to r t ed  be- 
cause the P atoms of  the heterocycie  arc b r o u g h t  into 
proximity.  Attempts  to cons t ruc t  a c o o r d i n a t i o n  bond  
between the metal a tom and  the he te rocyc l i c  ligand 
mvotv ing  the N a tom have not  met  with  success .  

The  character is t ic  feature  of  copper  c o m p l e x e s  based 
on  o - q u i n o n e  derivatives is tha t  the redox s ta tes  of  the 
m e t a l  a t o m s  (,Cu' o r  C u " )  and  the  l i g a n d s  ( the  
o - semiqu inone  ntdicat a n i o n  or the c a t e c h o l a t e  dianion,~ 
are de t e rmined  by the na ture  of  the neut ra l  l igands 
b o u n d  to the metal a tom.  In par t icular ,  o - s e m i q u i n o n e  
complexes  of  copper(I)  are formed in the  case o f  "soft" 
p h o s p h i n e s .  4 - 6  w h e r e a s  c a t e c h o l a t e  c o m p l e x e s  of  
coppe r (u )  are formed in the  case of  "hard"  ;~mines. 7 
Isotropic  ESR spectra of  b o t h  types o f  counplexes  are 

' , ew  cha rac t e r i s t i c ,  due to which these c o m p o u n d s  can  
be readi ly  identif ied in solut ions.  In add i t ion ,  the pa- 
r a m e t e r s  o f  isotropic ESR spectra  of  o - s e m i q u i n o n e  
c o m p l e x e s  o f  Cu ~ are very. sensi t ive to changes  in the 
g e o m e t  W o f  the coord ina t ion  sphere,  which  allows one  
to obse rve  changes  in the coordizlat ion sphere  in solu- 
t ions  b v E S R  spectroscop.~. 8 

Results and Discussion 

The ahn of the present work was to prepare 3,6-di- 
tert-butyl-o-benzosemiquinone complexes  o f  copper(n) 
wi th  1 , 5 - d i a z a - 3 , 7 - d i p h o s p h a c y c l o o c t a n e s  and  to reveal 
the c h a r a c t e r  of bond ing  of  the lat ter  witi~ the  Cu a tom 
and  the  effect  of  the N-subs t i tuen t s  in the l igand on the 
s t r u c t u r e  o f  the metal  complex.  

We  syn thes ized  two new 3 , 6 - d i - w r t - b u t y l - o - b e n z o -  
s e m i q u i n o n e  c o m p l e x e s  of  coppe r ( t )  w i th  1 ,3 ,5 .7-  
t e t r a p h e n y t -  1 ,5 -d iaza-3 ,7 -d iphosphacyc looc tane  { la )  and 
1 , 5 - d i b e n z y t - 3 , 7 - d i p h e n y l - t , 5 - d i a z a - 3 . 7 - d i p h o s . p h a -  
c y c l o o e t a n e  ( l h )  (complexes 2a,b,  respectively) and  s tud-  
ied t h e i r  s t ruc tures  in crystals and solut ions.  

C o m p l e x e s  2a and  2b were synthesized acco rd ing  to 
a k n o w n  p rocedure  9 s tar t ing from c o p p e r ( 0  chlor ide ,  

Published in Izvesnya Akaaemii ,'Vauk. 5eriya Khimicheskaya. No. 10. pp. 1806--1812, October. 2000. 

1066-5295/qO/4910-~782 $25.00 ~" 1000 Kh:wer Academic/Plenum Publishees 



3,6-Di-tert-butyl-o-benzosemiquinone complexes o f C u '  Russ.Chem.lJull., Int. Ed.. l, bl. 49. No. 10, October, 2000 1783 

thallium 3,6-di-tert-butyl-o-benzosemiquinoiate (TtSQ), 
and the corresponding diazadiphosphacyclooctane I 
(Scheme I). 

Scheme I 
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Complexes 2 were obtained as dark-blue crTstals 
readily soluble in toluene. CH2CI 2, and THF and poorly 
soluble in hexane and methanol. Their solutions in 

organic solvents withstand oxidation with atmospheric 
oxygen. The structures of complexes 2 were established 
by X-ray single-c~stal diffraction analysis and ESR, IR, 
and UV spcctn)scopy. 

According to tile data from X-ray diffraction analy- 
sis, the environment about the Cu(l)  atom in molecules 
2a (Fig. I ~, and !b (Fig. 2) is a distorted tetrahedron 
(pseudotetrahedron) and the metal atom is directly bound 
to two P atoms [P(3) and P(7)] and two O atoms [O(35} 
and O(36)1. The Cu(l)--P(3) and Cu(I)--P(7)  bond 
lengths m molecule 2a are somewhat different (2.2036(8) 
and 2.2319(8) A, respectively), whereas these bond 
lengdls in molecule 2,1} are identical to within the experi- 
mental error (2.231(2) and 2.227(2) A. respectively). 
These values are slightly larger than those observed in 
SQ complexes of copper(I), t~ The P(3)--Cu--P(71 
bond angle in molecule 2,1. (90.17(3) ~ is noticeably 
larger than that in molecule 2b (87.21(81~L The differ- 
ence between the Cu(11--O135) (I.975(2) Ai and 
Cu{1}--O(36) (2.072(2) A) bond lengths in complex 2a 
is more pronounced than that observed in complex 2b 
(2.062(4) and 2.027(4) A, respectively). 

The geometric parameters of  the semiquinone 
ligands in complexes 2a,b have standard values. The 
O(35)--C(351 [1.277(4) )k in 2a and 1.273(7) A in 
21)1, O(36)--C(361 11.280(3) and 1.283(8) AI, and 
C{35)--C(36} tl.474(4) and t.470{8) Ai bond lengths 
and the 0(35) - -Cut l ) - -0(36)  bond angles [80.98(8P 
and 79.8(2)q are characteristic of  o-semiquinone metal 
complexes. ~e- 12 
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Fig. I. CDstal :;,tructure of complex go. 

C(15s 

P(3) 

.C(14) 

pf7)'L 

C(32) 

C{31) 

C{30) 

C{2) 

IN II 

I C{281 

C{29} 

21 ) C(24) 

C(26) 



1784 Russ. Chem. Bull., Int.Ed., ~01. 49, No. I0. October, 2000 Karasik et al. 

C(33) ~'~- '~ C(34) 

C ( 3 2 ~ _ _ ~ ~  

CfI3) 
I_~CIIO) 

)('dl I) 

0(35) 

Cu( I ) 

C12) ~ (3) 

C(4) 

C(23; 

r•(19) 
) C(t~) 

('(27) 

(:(25) 

C{46) 

44) 

Fig. 2. Crystal structure of complex 2b. 

The cyclic ligand in complex 2a adopts a chair-boat 
conformation typical of all complexes of eight-mem- 
bered heterocyclic 1,5-donors studied previously, n -3,t3,14 
Unlike the heterocycles in the chelate complexes of 
1,5,3,7-diazadiphosphacyclooctanes. t -3  1,5-diphospha- 
cyclooctanes. 13 and 1,5-phosphathiacyclooctanes 14 stud- 
ied previously, the heterocycle in complex 2b adopts a 
chair-chair (crown) conforrnation, like tile free ligand 
lb. The P - - C u - - P  bond angle (90.17(3)" in 2a and 
87.21(8)-" in 2b), like that in the LCuI(Py) complex 
reported previously, 2 is substantmlly smaller than the 
ideal tetrahedral value (109.5~). In this case, the Cu- -P  
bond substantially deviates from tile axis of the lone 
electron pair of  the P atom (this direction is determined 
by extending the normal from the P atom to the base of 
the pyramid formed by three P--C bonds), which is 
associated with a tightening effect of the eight-mem- 
bered heterocycle. A decrease in the P- -Cu--P  angle in 
molecule 2b compared to that m 2a agrees with the 
above-mentioned statement because the P...P distance 
(3.074(3) .30 in complex 2b is substantially smaller than 
that in compound 2a 13.141(1) 3,). 

Previously, we have studied free ligands la 15 and 
lb 16 by X-ray diffraction analysis. The heterocycles 
adopt a chair-chair  {crown) conformation, the hetero-- 
cycle in molecule la  being somewhat more flattened 
compared to that in molecule lb. This flattening results 
from the planar-trigonal coordination of the N atoms in 
molecule la  in contrast to the pyramidal coordination of 

the N atoms in molecule ll}. As a result, the phenyl 
substituents at the N atoms in molecule la are in axial 
positions. l-hese substituents and the lone electron pairs 
of the P atoms point m the same direction. Therefore, in 
the case of the chair-chair conformation of the hereto- 
cycle in complex 2a, the phenyl substituents at the N 
atoms should experience a strong steric effect of the 
tert-butyl groups of the semiquinone ligand. Apparently, 
that is why the heterocycle adopts the less hindered 
chair-boat conR)rmation in which the N(5) atom and 
the P atoms point in opposite directions and the phenyl 
substituent at tile N atom is remote from the semi- 
quinone ligand. However. the phenyl group at the NI!)  
atom experiences a noticeable steric effect of the 
wn'-butyl groups of the semiquinone ligand, wMch is 
manifested in the increase in the O(35) - -Cu( I ) - -P(7)  
and O(36)--Cu(II--P(3) bond angles to 142.3 ~ and 
124.8'L respectively. In this case, the N(I)  atom is 
located in proximity to the central ion (3.288(2) ,~). 
However, the lone electron pair of the N(I)  atom is 
directed away from the Cu l l )  atom. 

Unlike all complexes studied previously, the hetero- 
cycle in molecule 2b adopts a chair-chair (crown) con- 
formation. The benzyt substituents at the N atoms are in 
axial positions. However, tile phenyl groups and the 
tert-butyl substiluents of the semiquinone ligand are 
spatially remote from each other due to the presence of 
the methylene bridge. In molecule 2b, steric hindrances 
are absent, resulting in a smaller distortion of the c o o l  
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dinat ion polyhedron about the central ion. tn complex 
2b, as in complex 2a. short contacts exist between the 
central ion and the N atoms (3.372(6) and 3.411(5t A, 
respectively), but rio additional coordination bonds are 
established because the lone electron pairs of both N 
atoms are directed away from dte Cu(l)  a t o m  

It should be noted that the geometric parameters of 
the heterocyclic ligands in complexes 2a,b are somewhat 
different from those observed in l a , h  In complexes 
2a,b, the P - -C  bond lengths are identical, on the aver- 
age (within the experimental error), to those obse6'ed in 
molecules l a , h  However. the lengths of the bonds at the 
P(3) a tom in complex 2a are somewhat smaller than 
those at the P(7) atom. The P(7)--C(6) bond in com- 
pound 2b is also noticeably elongated (1.944(7) ..~1. "The 
bond angles st the P atoms in molecules 2a,b are also, 
on the average, equal to those observed in molecules 
la.b,  except for the endocyclic angle at the P(7) atom in 
molecule 2a, which is slightly increased (I03.2(2):). 

Compounds  2a and 2.b are paramagnetic both in the 
solid state and in solutions. The ESR spectrum of a 
polycrystalline sample of 2a has a singlet (axH = 2.5 rot) 
with weak anisotropy :md geff--- 2.0076. Pronounced 
anisotropy (g: 20037; gil = ,..01_,8) is seen in the 
ESR spectrum of a polycrystalline sample of 2b, but no 
superfine interactions with magnetic nuclei are obsep~'ed 

The ESR spectral patterns of solutions of complexes 
2a and 2b are characterislic of o-semiquinone complexes 
of copper0)  with net,~ral ligands, a-6 Hyperfine interac- 
tions with tile magnetic isotopes ('3Cu (69.09%; / =- 3/2: 
UN = 2.2206) and r (30.91%: / =  3/2: p.x = 2 3790) t7 
of the central atom (a I : I : I : 1 quartet), two ~lp 
nuclei ( t00%: t = I/2: ia N = 1.1305) 11 of the hereto- 
cyclic ligand (a I : 2 : I triplet), and two protons of the 
o-semiquinone ligand (a I : 2 : I triplet) are obser,.ed in 
the ESR spectra of both compounds (Fig. 3, a) The 
parameters of the isotropic ESR spectra (fable I) are 
typical of  four-coordinate o-semiquinone complexes of 
copper0)  with bidentate bisphosphine ligands 4-6 and 
indicate that in solution the coordination bond between 
the ligand and the Cu atom in compounds 2a and 2b. as 
in other known complexes, is also formed through two 
P atoms. 

It is noteworthy that the parameters of the isotropic 
ESR spectra of complexes 2a and 2b depend substan- 
tially on the solvent. In acetone, the gi, /lit. 63cu), 
Ai(6~Cu). and ,4i(~'IP) values increase, which reflects an 
increase in the spin density on these nuclei (see Table 1). 

in the case of complex 2b. the isotropic ESR spec- 
trum has the major signal along with an additional signal 
with the same A,iHsQ) value but with a lower gi value 
and the constant of hyperfine interaction with the cop- 
per and phosphorus magnetic nuclei (see Fig. 3, hi. The 
rehttive intensity of this signal depends on the solvent 
and is -25% in toluene and CH-~CI~ and 45% in acetone. 
In toluene,  the ratio between the intensities of the 
signals remains unchanged in the temperature range 
from 200 to 340 K. 

10 mT 

H 

I 0 nfr 

H 

Fig. 3. ESR spectra of complexes 2a (a) and 2b (b). 

The X-ray diffraction data indicate that the differ- 
ences in structure of complexes 2a and 2b m the cwstal-  
line state are associated with the conformation of  the 
diazadiphosphacyclooctane ligand. Hence, it can be sug- 
gested that the benzyl derivative, unlike the phenyl 
derivati,,e, occurs in solution as two isomers. The addi- 
tional signal in the ESR spectrum of complex 2b has 
parameters close to the corresponding parameters in the 
ESR spectrum of complex 2a and should belong to the 
isomer in which the ligand adopts a chair-boat confor-  
mation, as in the case of complex 2a. The signal v,'ith the 
larger parameters belongs to the isomer in which the 

Table 1. Parameters of isotropic ESR spectra of 3,6-di- 
tert-butyl-o-benzosemiquinone complexes of copper(O with 
1.5-diaza-3,7-diphosphacyclooctanes 

Co ITI- 

plex 
g, ,4d63Cuk"A,!65Cu) Ai(-~lP) ,4,(Hso) S o l -  

"~Ch[ 
mT 

2a 2.0053 1.401/15{)3 2.511 0.292(2H) Toluene 
2a* 20050 1.355/I.452 2.275 0.292(2H) Toluene 
2b 2.0054 1.317/1.409 2.307 0.29~(2H) Toluene 
2a 2.0062 [.5031/I.603 2.721 0.292(2H) Acetone 
2a* 2.0060 1.432/I.530 2.437 0.292(2H} Acetone 
2b 2.0060 1.403/1500 2.480 0.292(2H} Acetone 
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cyc tooc tane  iigand adopts a chatr-ctmir  conformat ion .  
The ratio between the concentra t ions  o f  tile isomers in 
solut ions remains unchanged as the temperature  changes ,  
which indicates  that the enthalpy of  their  in terconvers ion 
is equal [o zero and the equilibrium concen t ra t ions  in 
solut ions are complete ly  determined by the entropy c o n -  
tr ibution to the free energy. Based on the absence o f  the 
t empera ture  dynamics  in the ESR spectra,  it can be 
conc luded  that the rate of  the interconvers ion o f  the 
isomers is low (k <_ 106 s - i  at 340 K) within the ESR 
time scale. However.  we have demons t ra ted  previously 
that c o n l b r m a t i o n  equilibrium with a rather high rate o f  
conr  transit ions is ob~er'ved in the Ill N M R  
spec t ra  o f  3 , 7 - d i p h e n y l - l , 5 - d i - p - t o l y l - l , 5 , 3 , 7 - d i a z a -  
d iphosphaeyc looc t :me  at -20 ~C. 2 Hence ,  o ther  possi-  
bilities, lbr example,  the i;act that binuclear  c o m p o u n d s  
con ta in ing  the bridging d iazadiphosphaoctane  lig:md are 
present  in solutions,  should not be excluded from c o n -  
s idcrat ion.  3 

Experimental 

Anhydrous CuCI. thallit, m 3 , 6 -d i - r e r t - bu t y l -o -benzo -  
semiquinolate. 1,3,5,7-tetrapherL',l- 1.5-diaza-3,7-d;phospba- 
cyclooctanc, and [ ,5-dibenzyl-3,7-diphenyl-l ,5-diaza-3,7- 
diphosphacyclooctane were synthesized according to known 
procedu res. t8, I'L Is.t6 

Copper(O 3,6-di-tert-butyl-(l,5-dibenzyl-3,7-diphenyl- 1,5- 
diaza- 3, 7-diphosphac yclooctano )-1,2-benzosemiquinalate (2b). 
A mixture of anhydrous coppert~} chloride (0.05 g, 0.52 retool) 
and ligand Ib ~0.25 g, 0.52 mmo!; was placed into a tube and 
shaken with degassed THF (50 mE} until the c,.~pper chloride 
completely dissolved. A solution of thallium 3,b-di-wrt-bu- 
tyt-o-benzosemiquinolate prepared |Tom the corresponding 
o-quinone (0.114 g. 0.52 retool,, was added to the reaction 
mixture and the mixture turned violet. The solvent was replaced 
by toluene and the thallium chloride that precipitated ,.,.'as 
filtered off in vacuo. The filtrate was concentrated to approxi- 
mately one-half of the initial volume. After 18--20 h, the dark- 
violet cry'stals that precipitated '.,,ere filtered off, washed with 
cold toluene, and dried in vat,to The yietd was 0.240 g (60%). 
m.p. 168--169 ~ Found (%): C, 69. t3; H, 7.36: Cu, 8.45: 
P, 8.25. C44H52CuO2N2P 2. Calculaled (%): C, 68.97; H, 6.79; 
Ca, 8.3{): P, 8.10 IR (Nu)ol mulls), ,.,/cm-I: 1560. 144(i,, 1250 
(vc_,,,:). 1130 (vc_c). 1080 ("c -c ) -  1070 (vc_c}, 1030 (vc__c), 
975: 950, 855 {QcH}- 820, 740 {6~.ctt), 700 t6 OH). The elec- 
tronic absorption spectrum (PhMe), ;%,ax/nm (s): 544 12050), 
664 (3450}. 

Copper(t) 3,6-di-tert-butyl-( 1,3.5,7-tetrapbenyl- 1,5-diaza- 
3,7-diphosphacyelooclano)-l,2-benzosemiquinolate (2at was 
synthesized analogously. The yield was 0.162 g {75%), m.p. 
It~8--170 ~ Found (%): C. 67.45 H, 677: Cu. 9.50; P. 9.49. 
C42HasCuO2N-P2. Calculated (%): C, 68.34; H, 6.51: Cu, 8.01; 
P. 8.41. IR (Nujoi mulls}, v/'cm-l: ld0t}, 1550 (vc_c). 1515, 
144(I. 1215 tvc_~).  1210 {vc_>, ). 875, 825, 750 (dLCH)- 
690 (6.CH). The electronic absorption spectrum {PhMe), 
;'max/nm (c): 544 (24251. 640 13425). 

The ESR spectra were recorded on a Bruker ER 200D-SRC 
spectrometer equipped with an ER 4105DR dual-mode resona- 
tor (operating at ~95 GHz} and an ER 411 I VT temperature- 
controlled block. The g factors were determined using DPPH as 
the standard. The I R spectra were measured on a Specord M -80 
spectrometer. 

Smgte crystals of compounds 2a,b suitable for X-ray dilTrac- 
t ion  Sillily were prepared by crystailization from toluene solu- 
tiotls. 

Crystals of complex 2a, C42HasCuN202P 2, are triclmic. At 
20 ~ a = 11.231(81, h = 11.218(91, c = 16.073{91 A, 
u = 92.58(5)% I~-- 108.07(5) ~  105.01(6):'. I,"-~ 1911(2) A 3, 
Z =  2, dca k. = 1.288 c m - 3  space group P/. 

Crystals of complex 2b, C.~.tH52CuN202P_,, are monoclinic. 
At 20 ~ a = 11.11619). b = 21.47(2). c = 17.24111 .3,, 
,6 = 94.49(6)':, V = 4102{5~ A 3, Z =  4, dealt = 1.24 g c m  -3, 
space group P21/c. 

The unit cell parameters and the intensities of 7637 (2at and 
11993 (2b) reflections (of which 5908 (2at and 5005 (2b} 
reflections were with / 2 3e;) were measured on an automated 
(bur-circle fnraf-Nonius  CAD-4 diffractometer (.k(Cu-Ka) ra- 
diation, graphite monochromator, ,,}/20 scanning technique, 
0 ~ 76') at 20 ~ For the cry. stal structure of complex 2a, a 
linear correction was applied to the measured reflections based 
on the decrease in the intensities of three check reflections 
(-10% over 76 h). For the structure of 2b, no decrease in the 
intensities of the check refltections 'a, as obser',ed. An empirical 
absorptioa correction was applied (t.tCu = I8.70 {2at and 
17.59 (2b) cm-I) .  

The :,;ructures were solved by the direct method using the 
SIR program 2~ and refined first isotropicatly and then anisotro- 
pically. Subsequently, the positions of all hydrogen atoms were 
located from difference electroa density s3,nthesex. In the final 
stage of the refinement of the strttcmre of 2a. the hydrogen 
atoms were refined isotropically In the -;tructure of 2b, the 
contributions of the hydrogen alofns In the structure amplitudes 
were taken into account with fixed positional and isotropic 
thermal parameters. The final values of the reliability I;actors 
were as fi)llows: R = 0.04"/, Rw = 0(158 based on 5488 reflec- 
tions (2at and R = 0.056. R, = 0058 based on 3687 reflections 
12b) with F 2 >_ 3{7. 

All calculations were carried out on an AlphaStation 200 
computer using the MolEN program package. 2t The figures 
were drawn and intermolccular contacts in the crystals were 
calculated using the PLATON program. 2z 

Table 2. Principal bond length,; (cO in molecules 2a,b 

Bond d/.\ Bond ~ A  

Molectde 2a 

Cu( I )-- P(3) 
CultI--P(7) 
Cut I ) -0 (35 )  
C ~  I ~--O(36) 
P(3)--C(2) 
P(3)--C(4) 
P(3}--C(15) 
P(7)--C{6) 
PG}--C(8) 
P(7)--C(27) 
0(35)--C(35) 
0 (36 ) - -036)  
N(I)---C(2) 
N(I)--C{8) 
N(I)--C(9) 
N(5)--C(4) 
N(5)--C(6) 
N(5)--C121} 

2.2036(8) 
2.2319{8) 
1.975(2) 
2 07212) 

.869(4) 

.859{4) 

.818(31 

.886(4} 

.873(4) 

.818(2) 

.277(41 

.28013} 

.452(,I) 

.454(4) 

.405(4) 

.464(47 
1.455{41 
t.392{5) 

Molecule 2b 

Cu(I)--P(3) 2.231(21 
Ca{ I ) -P(7} 2.227(2~ 
Cu(I)--O(35) 2.062(4) 
Ca{ I )--O(36) 2.027{4) 
P(3)--C(21 1.880(81 
P(3}--C(41 1.86917) 
P(3)--C(16) 1.824(7~ 
P(7}--C(6) 1.944(7) 
P(71--C(8) 1.8~0(T} 
P{7)--C(29t 1.808(7) 
O1351--C(35} 1.273(7) 
O(36)--C{36) 1.283(8) 
N( I )--C{2) 1.432{9) 
N( I )--C(8) 1.461 (9) 
N(I)--C(9) 1.47(11 
N(5)--C(4) 1.465(8} 
N(5)--C(6) 1.427(9) 
N{5)--C(221 1.469t8) 
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Table 3. Principal bond angles (o0 and torsion angles (T7 m compounds 2a,b 

Bond angle (n/deg Bond angle {,}/deg 

Molecule 2a 

P(3}--Ctff I )--P(7) 
P{3)--Cu( I )--0(35) 
P{ 3)--Cu( I }--O(36) 
P{Ti.-Cu( I )--O[357 
PI 7)--Cu( I )--O(36) 
O(35)--Cu(17--O(36} 
Cu{ I 7--P(3)--C{ 2) 
Cue 1 }-- P(3)--Ct4) 
C u r l ) -  P(3)--C( 157 
C(2)-- P[3)--C(4) 
Ci2}--P(3)--C(15} 
Ct47 -P13}--C{15) 
Cu( i )-- P(7)--C(6} 
Cut I )--P(7)--C{8) 
Cu( t )-- P(7)--C(27) 
C(6)--P~7)--C(8) 
C[6} -P{7)--C(27) 
Ci8)-P{7)--C(27) 
Cut 1 ) -O(35}--C{35) 
Cut I ) -Ot36)--C(36)  
C(2).- N( I )--C(8) 
C(2I--N( [ )--C(9) 
C{~)--N{ I)--C(9) 
C(4)-- N(5)--C(6) 
Ci4)--N(5)--C121) 
C(6)--N{5)-C(21 ) 
PI3}--C(2I--N( I ) 
Pt3)--C(4)--N~5) 
PI7)--C(6)--N(5} 
P(7I - -CtS) -N(I )  

90.17(37 
119.22/5} 
125.0416} 
142.47(6) 
101.73(5} 
80.9S{8) 
109.0( I } 
ll0.1(I) 
123.7[I) 
100.9(2} 
104.1(I) 
t06.6(2) 
98.7(t) 

110.33(9) 
130.0(I) 
103.2{2) 
I04.4[17 
106.6( 1 } 

14.3(2) 
10.912) 
14.4(3) 
[8.3(27 
18.3(27 
16 2{3) 
22.3{2) 
21,0{2) 
14.7(2) 
h).5(3} 
13 7{3} 
12.3[27 

Torsion angle "r/deg 

Molecule 2a 

C{4)-- P(3"~--C{ 2 )-- N{ I ) 110413) 
C(2)--P(3)--C[4)--N(5} -54.4(5} 
CisT--Pt7)--C(6I--N{5) 36.713) 
C[6)--P(7).-C(8)-- N(I) - 106.6~.27 
C(Sl--N( I }--C(2)--P(3} --70.813) 
C(2)--N{ 1)--C(8)--P(7) 74.2t3} 
C(6).- N ( 5 )--C{4}-- P(37  -65.5~4) 
C{4)-- N(5)--C(6)--P{ 77 79.4(4} 

Molecule 2b 

P(3)--Cu( I)-- P(77 87 21(8} 
P( 3}--Cu(1).-O(35) 120.5( I ) 
P(3) -Cu(  t )---O(36) 128.8( 1 ) 
P(7)--Cu(I)--O[35) 123.611} 
P(7) --Cu( I )--O(36) 122. I( t ) 
O(35)--Cu[I)-O[36) 708(27 
Cul l ) -P(3) - -C(2)  I07.8(2) 
Cut 1)--P(3}--C(4) t09.5(2) 
Cu( I ) -  P(3)--C(16) 130.5(3) 
C( 2)-- P{ 3)--C, 4) 101. I(3) 
C(2~--PI3)--C(16) 102.4t3) 
C(4).--P(3)-C{ 16) 101.8t3) 
Cu(I}--P(7)--C(6) 1{19.5(2) 
Cu(I)--P(7}--C(8} t08,9{2) 
Cu(I)--P(7)--C[29) 128 1[2) 
C(6)-- P(7)--C{8) 101.3{ 3) 
C(6) - P(7)--C(29) 100.8(3) 
C(8}--P(7)--C(29) 105.0(3) 
Cu( 1 }-O(35}-C(35) 112.6(4) 
Cu( t )--O[36)--C(36) l 13.6(3 ) 
C ( 2 ) -  N{ 1)--C18) 115.2{5) 
C(2)-- N( I )--C(91 116.2(6) 
P(7)--C{8)--N~, 1) 115.1(5) 
C(8)--N(I)--C~9} 112.8{5) 
C(4)--N15}--C({}~ I }6.2(5) 
C(4)-- N(5)-C(22) I t4.0[5) 
C ( 6 ) -  N(5)-C(22} 115.6(5) 
P(3)--C(2)--N( t ) 118.9(5) 
PI3)--C(47--N(57 116.514) 
P(7)--C(6)--N(5) 113.9(5) 

Torsion angle Udeg 

Molecule 2b 

C t 4 ) - - P t 3 I - C ( 2 ) -  Nt 1) -119.4(6) 
C[2)-- P(3)--C(4)-- N(5) 93 1(5} 
C(8)--P(7)--C{6)-- N(5} - t  1g.7(57 
C[6}-- PI7}--C(8}-- N( I ) 94.5t 5) 
C(8) -N(I}--C(2)--P(3) 700(7) 
C( 2)-- N( I )--C(8)-- P(7) -54.0177 
C(6)--N(5}--C[4>- P(3) --55.3{7) 
C(4 ).- N(5 }--C(67-- P(7) 69.1{67 

The atomic coordinates were deposited with the Cambridge 
Structural Database (CSD). The crystal structures of com- 
pounds 2a,b are shown in Figs. 2 and 3, respectively. The 
principal geon~etne parameters of molecules 2a,b are given in 
Tables 2 and 3. 
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