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Molecular Receptors for Adenine and Guanine Employing Metal Coordination, 
Hydrogen-Bonding and n-Stacking Interactions 

James E. Kickham, Stephen J. Loeb* and Shannon L. Murphy 

Abstract: Thiacyclophane ligands 1 and 2, 
containing a nzera-xylyldithiaether unit, 
an aromatic spacing unit and a polyether 
chain, were prepared in good yield in a 
three-step synthesis. The macrocyclic 
organopalladium complexes [Pd(L)- 
(MeCN)][BF,] (3: L = l ;  4: L = 2) were 
prepared through palladation of the re- 
spective thiacyclophane ligand by reac- 
tion with [Pd(MeCN),][BF&. These 
complexes act as metalloreceptors to aro- 
matic amines such as p-aminopyridine 
(pap), nz-aminopyridine (map) and the 
DNA nucleobases adenine and guanine. 

Binding occurs through simultaneous 
first- and second-sphere coordination. 
This involves three separate interactions: 
first-sphere o donation from an aromatic 
N atom to the Pd centre, second-sphere 
hydrogen bonds between the NH2 group 
and polyether 0 atoms, and n stacking 
between the electron-poor aromatic rings 
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Introduction 

A substrate molecule may interact with a transition met, '1 1 con- 
taining receptor such that it occupics sites in both the first aiid 
second coordination spheres. This phenomenon is known as 
.ritnultaneous first- and second-sphere coordination.['] We have 
recently reported that organopalladium crown ether complexes 
can act as metalloreceptors through o donation to the transition 
metal (Pd) and hydrogen bonding to peripheral ether oxygen 
sites on the ligand (Scheme This type of multiple-point 
binding has been applied to the molecular recognition of DNA 
nucleobases cytosine[3' and barbiturates,['c1 and 

Scheme 1. Schematic representation ofa  inetallorcccptor capable of binding a sub- 
strate molecule by employing a combination of 1 )  metal coordination, 2) ii rtack- 
ing and 3 )  hydrogen bonding. 
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of the substrate and the electron-rich aro- 
matic spacing units of the receptor. 
'H N M R  spectra exhibit chemical shift 
changes indicative of the H-bonding and 
n-stacking interactions in solution. X-ray 
structures for thiacyclophaiie I ,  metal- 
loreceptor [Pd( l)(MeCN)][BF,] (3). 
metalloreceptor/model substrate com- 
plexes [Pd(l)(pap)][BF,] (5) and [Pd(2)- 
(pap)][BF,] (7). and nietiilloreccptor~nu- 
cleobase complexes [Pd( I)(adcnine)][BF,] 
(13), [Pd(2)(adeiiine)][BF,] (14) a n d  
[Pd(l)(guaninc-BF,)][BF,] (15 b) show dc- 
tails of these interactions in thc solid state. 

amino acids["' as well as to the design of receptors for binding 
amines and the hydrazinium ion.[" 

Most metalloreceptors reported to date employ hydrogen 
bonding as the primary noncovalent. second-sphere interaction 
to bind a There is, however, a great deal of rc- 
search into the design and synthesis of organic hosts that cm- 
ploy n-slacking interactions (Scheme since this type of 
charge-transfer interaction has been identified as occurriny be- 
tween DNA base pairs in the double helix.[81 

In  a previous communication, it was demonstrated that palla- 
dium metalloreceptors based on thiacyclophane ligands 1 and 2 
(Scheme 2) were sclective for the purine nucleohases adenine 
and guanine over the pyrimidine nucleobases cytosine and 
thymine.[3] These preliminary binding studies suggested that the 
organopalladium complexes act as metalloreceptors by employ- 

I 2 

Scheme 2 .  Thiacyclophaiies I and 2 withptrro- and ,iiPrii-subatituted ;iromiitic sp:ic- 
ing units, respectivcly. and crown ether bindmg sites. 
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ing th tw different types of bonding interactions: CY 

donation to the palladium centre, n stacking of the 
substrate with the aromatic units of the receptor 
and hydrogen bonding to the peripheral ether oxy- 
gcn sites (Scheme 1). In this article, we report the 
syntheses of these macrocyclic metalloreceptors 
along with the detailed solution and solid state 
investigations of their binding propcrties. 

Results and Discussion 

Synthesis and Characterization of 1 and 2: Thiacy- 
clophanes 1 and 2 were prepared by a straightfor- 
ward, threc-step process employing cornmcrcially 
available starting materials as outlined in 
Scheme 3 for 1. The ring closure step involved the 
rcaction between dithiol and dichloride by Kel- 
logg's Cs+-mediated method in DMF ~olution.~'] 
This synthetic route produced 1 and 2 as colour- 
less, crystalline materials in moderate overall 
yields of 20 and 34% based on the htarting 
hydroxybenzyl alcohol. 

2 NalEtOH 

reflux, 22 h 
P 

CS~CO~IDMF - 
55 ' C ,  48 h 

p-, 
SH SH 

Tahlc 1. Summary ofcrcst;illographic data for ligand 1. metalloreceptor 3 and complexes 5 and 7 with 
model substrake /~-aniinopyridine (pap) 

1 3 5 7 

(1. A 15.157(4) 

c. A 5.65X(2) 
1. 99.96(3) 
/I. 93.?0(3) 

space group P7 (no. 2) 
v. A 3  1279.2(X) 
p .  gcni ~ 1.29 
z 2 
p.cm ' 2.40 
2.. A 0.7017 

h. A 15.361 ib) 

80.53 (3) 

1: 'C 23 
goodness oilit 1,s') 
R(K, ) .  % [a] 3.45 
R>+(C?). O h  [h] 4.6X 

12.076 (2) 
12.314(2) 
11.730(2) 
109.59(1) 
106.18 ( I )  
75.73(1) 
PT ( n o  2) 
1555.3(4) 
1.56 

7.91 
0.7017 
23 
2.14 
4.1X 
4.51 

7 

14.329(3) 
15.123 (2) 
X.832(1) 
O9.04 ( 1 )  
97.22 (2) 
114.83(2) 
P7 (no. 2) 
1675.X (6) 
1.55 
2 
7.41 
0.7017 
23 
I .32 
3 51 
3.98 

9.310(5) 
24.20?(5) 
15 SlX(4) 

105.93 (3) 

P 2 ,  11 (no. 14) 
3362(2) 
1.55 
4 
7.41 
0.7017 
23 
1-62 
5.19 
5.44 

formllla C33113qOhS2 C:,,,H,,RF,NO,PdS: C,,H,7BF,N,0,PdS, C,,H,,BF,NiO,PdS, 
1M 496.68 729.93 7x2.99 782.99 

(OH HO, 

Q 
0 4 

U 

1 

Schcmr 3 Outlinc o f t h e  synthetic route to thiacyclophane 1 

The 'H N M R  spectrum of 1 contains well-separated reso- 
nances attributable to three sets of OCH, protons, two types of 
bcnzylic protons and two distinguishable sets of aromatic pro- 
tons due to the 1,3-xylyldithioethcr fragment and the yara-sub- 
stiluted aromatic spacer group. For 2, a very similar pattern is 
observed ; however, the two sets of aromatic protons overlap 
and the benzylic resonances are coincidental. The 3C{1H) 
N M K  spectra for these ligands showed well-resolved peaks for 
all carbon atoms, and full spectral interpretations were relative- 
14 straightforward. Ligand 1 was further characterized by a 
single-crystal X-ray diffraction study (Table 1 ) .  A perspective 
ORTEP drawing of macrocycle I is shown in Figure 1 ,  and 
some relevant bonding parameters are listed in Table 2. 

Figure I .  X-ray structure of thiacyclophane 1 showing the atom numbering 
schcnie 

Table 2. Selected bond lengths (A) and angles ( L )  for thiacyclophone 1 

1 821 (4) 
1.806 (4) 
1.375 (4) 
1.423(5) 
I .414(5) 
1.43x (5) 
1.501 ( 5 )  
1.51 2 (6) 
1 491 (6) 

9X.4(2) 
118 8 ( 3 )  
114.4(4) 
1 l4.6(3) 
121.7(5) 
114.8(4) 
107.0(4) 
109.7(4) 
I i 0.2 (4) 
113.2(3) 

~ 

S(I)-C(R) 
S(2)-C(2X) 
O(I)-C(I 5 )  
O(2)- C ( I  7) 
O(3)-  C( 19) 
O(4) C(21) 

C(15) -C( 16) 
C(24) C(27) 

C (27)-S(ZJ-C(28) 
C(I6)-0(2)-C(17) 
C(20)-0(4)-C(21) 
5(1)-C(X)-C(Y) 
c(x)-c(9)-c(i  4) 
O(I)-C (12)-C( 11) 
0(2) -C(  1 h)-C(l 5 )  
Oi3)-C ( 1  X)-CiI7) 
0(4)-C(X)-C(l 9) 
S( 2)-C(28)-C(2) 

C(b)-C(7) 

~ 

1796(4) 
1.817(4) 
1419(3) 
1.41 7(5J 
I 3 9 8 ( 5 )  
1.363(5) 
1.497 (6) 
1.499 16) 
1 SOX(5) 

100.1 (2)  
11 3.6(4) 
117.1 (3) 
111  4 0 )  
Ii9.7(5) 
115.1 (4) 
112.2(4) 
I 1  m ( 4 )  
10X.9(4) 
115.5(3) 

I Y Y 7  0947-65391Y7,03CIR-/-704 9; /7..50+.50 0 ('Irein Eur. J. 1997. 3. N o .  X 
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Synthesis and Characterization of Metalloreceptors 3 and 4: The 
palladium centre and ancillary acetonitrile group were incorpo- 
rated into the macrocycles 1 and 2 through direct metalation of 
the xylyl aromatic ring by reaction with [Pd(MeCN),][BF,], in 
acetonitrile solution. The complexes 3 and 4 are yellow, air-sta- 
ble crystalline solids, which are soluble in most polar organic 
solvents and appear to be air-stable in solution for prolonged 
periods of time (Scheme 4). 

3 4 

Scheme 4. Metalloreceptors 3 and 4 prepared from thiacyclophanes 1 and 2. Each 
contains a Pd" coordination site (with a labile acetonitrile ligand) in addition to the 
aromatic spacing units and crown ether binding site. 

The 'H N M R  spectra indicate that metalation produces 
chemical shift changes similar to those observed in other rneta- 
lated thiacyclophanes.[2, ''I In particular, disappearance of the 
aromatic resonance attributable to  the proton at the 2-position 
of the 1,3-xylyldithioether fragment, and the downfield shift and 
broadening of the benzylic resonances are diagnostic of pallada- 
tion. A single broad resonance for the meru-xylyl S-benzyl pro- 
tons indicates that thc size of the macrocyclic cavity is such that 
inversion at  sulfur is facile a t  room temperature.['- lo] This is in 
contrast to some previously studied palladated macrocycles of 
this type in which a smaller polyether ring prevented inversion 
at sulfur and resulted in an AB pattern for these protons.[** ''I 

Complex 3 was further characterized by a single-crystal X-ray 
diffraction study. A perspective ORTEP drawing is shown in 
Figure 2 and some relevant bonding pararnetcrs are listed in 
Table 3. The Pd centre adopts a slightly distorted square-planar 
geometry in which three of the four coordination sites are occu- 
pied by the rigid S,C chelate of the metalated macrocycle. The 
fourth coordination site trans to the Pd-C bond is occupied by 
a molecule of acetonitrile. The bound MeCN molecule is orient- 
ed into the cavity of the macrocycle between the aromatic spac- 
ing units, which are almost perpendicular to each other with a 
dihedral angle of 83.5". This demonstrates that a substrate 
bound in place of the labile solvent would be positioned inside 
the cavity with potential for noncovalent binding, as designed. 

In ordcr to investigate this hypothesis, two separate sets of 
binding studies were performcd with metalloreceptors 3 and 4. 
The first involved 1 : 1 binding of the model substratcspara- and 
meta-aminopyridine and the second involved interaction with 
the DNA nucleobases adenine and guanine. 

Synthesis and Characterization of Metalloreceptor-Aminopy- 
ridine Complexes: Metalloreceptors 3 and 4 were each treated 
with an equivalent of para-aminopyridine (pap) and meta- 

Figure 2. X-ray structure of 3 showing the atom numbering scheme. Metallorecep- 
tor 3 contains three different binding sites for multiple point interactlon with ii 

substrate: 1) Pd" coordination site (occupied by a labile acetonitrilc ligiind) fo r  (r 
donation, 2) aromatic spacing units for n-stacking interactions n n d  3) ;I croM,n 
ether binding site for hydrogen bonding. 

Tdble 3 .  Selected bond lengthy (A) and angles r )  for [Pd(lj(MeCN)][RF,] (3) 

Pdil) % I )  
Pd(3) ~ N(1) 
S(1) -C(7) 
S(2) 4 2 7 )  
O( 1)-C(12) 
0(2)-C( 16) 
O(i)-C( 18) 
0(4)-C(20) 
N(1) C(29i 
C(2) C(28) 
C ( W C ( 9 )  
C(17) - C( 1 8) 
C(24) - C(27) 

S(I)-Pd(l)-S(Z) 
S(1)-Pd( I)-C(I) 
S(2)-Pd(l )-C(1) 
C(7)-S(I)-C(8) 
C(12)-0( 1)-C( 15) 
C(18)-0(3)-C(19) 
C( l)-C(2)-C(28) 
C(I)-C(6)-C(7) 
S(l)-C(7)-C(6) 
C(X)-C(9)-C(lO) 
O(l)-C(l2)-C(11) 
O(I)-C(15)-C(16) 
0(2)-C(17)-C(I 8) 
0(3)-C(19)-C(20) 
0(4)-C(21 )-C(22) 
C(23)-C(24)-C(27) 

N(l)-C(29)-C(W) 
S(2)-C(27)-C(24) 

2316(2) 
2.131 (5) 
1.821 (6) 
1.8211 (6) 
1.373(6) 
1.41 7(8) 
1.394(8) 
1.431 (7) 
1119(7) 
1.503 (8) 
1.496(7) 
1.491 (9) 
1.517(8) 

167.68 (6) 
84.9(2) 
83 4(2) 

103.3 (3) 
118.9(5) 
114.1 (5) 
1 1 8.2 (5) 
120.3(5) 
110.8(4) 
123.5(6) 
124.1 (6) 
109.2(6) 
113.3 (6) 
107.7 ( 5 )  
125.0 (6) 
120.4(6) 
11  2.5 (4) 
179 2(7) 

5(I)-Pd(I)-N(I) 
S(Z)-Pd( I)-N( 1 ) 
N(1)-Pd( 1)-C( I )  
C(27)-S(2)-C(28) 
C(16)-0(2)-C(I 7) 
C(20)-0(4)-C(2 1 ) 
C(3)-C(2)-C(2X) 
C(S)-C(6)-C(7) 
S(I)-C(X)-C(9) 

0(l)-C(l2)-C(li)  

O( i)-C( 18)-C( 17) 
0(4)-C(?0)-C(19) 

C(8)-C(9)-C(14) 

0(2)-C(16)-C(I 5 )  

0(4)-C(21)-C(26) 
C(25)-C(24)-C(27) 
S(2)-C(2X)-C(Zj 

2 . 3  I 0  ( 2 )  
1 9 X 8 ( 5 )  
1.828(6) 
I X l X ( 6 )  
1.435(7) 
1.418 (7) 
1.423 (8) 

I .503 ( 8 )  

I.495(9) 
I .49x (9) 

'92.3 ( I  ) 
99.2(1) 

175.6(2) 
99.8(3) 

113.1 (5) 
118.2(5) 
121.7 (6) 
120.2 (6) 
107.4(4) 
119.1(6) 
l l h O ( 6 )  
108.3(5) 
108.7(6) 
106.0(5) 
114.X(5) 
I 20. I ( 6 )  
108.4(4) 

1.370(7) 

1.465(8) 

arninopyridine (map) to yield the complexes [Pd(l)(pap)][BF,] 

[Pd(Z)map)][BF,] (8) in essentially quantitative yield. The inter- 
action between inetalloreceptor and substrate was then studied 
in solution by 'H N M R  spectroscopy and, where possible. in the 
solid state by X-ray diffraction. 

(5)  1 [Pd( l)(map)lPF,l (6) 1 [Pd(2)(PaP)I[BF,l (7) and 
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Table 4 shows a comparison of substrate chemical shifts in the 
‘ H  N M K  spectra of free p-aminopyridinc. 5, 7 and the adduct 
[Pd(9)(pap)][HF4] ( l l ) ,  wherc 9 is the acyclic dithiaether 1,3- 

Tahlc 4. ‘ H  NMK spectral evideiice o f n  stacking and hydrogen bonding in mclal- 
lot-tceplor complexes (if p-aniiiiopyridinc (pap).  

Comple\ H, [;11 HI# NH, 

~~ 

[a] All chemical shifts are in ppm rclatiw to TMS. H, and H, are thc protons o r / / i o  

:ind i iw icr  10 the pyridiiic nitrogen atoin of pap. 

bis(~z-butyltliiornethyl)benzene (Scheme 5). This data is consis- 
tent with the occurrence of thr-tm different types of interaction 
between the metalloreceptoi- and substrate: coordination 

through a fii-st-sphere Pd - N  o bond, sec- 
ond-sphere NH . ‘ 0  hydrogen bonding 
and n-stacking interactions. There is a 
slight downfield shift of both the substrate 
aromatic protons H, and H, (ca. 0.1 ppm) 
and of the substituent NH, protons 
(0.32 ppm) upon coordination of p -  10 
aminopyridine to Pd in complex 10. Al- 

lo. prepared by pi i~-  though somewhat smaller than sometimes 
h h t l w  of the observed,l2’ these shifts must be due to for- 

clic Jithiacthcr 9. 
used spsclfic~lllq rnation of the first-sphere Pd-N o bond, 

~ b r  cihscr\inp coor- since no hydrogen-bonding or n-stacking 
interactions are possible. For complexes 5 dln‘ltlon o f  pap ; I n d  

map j i i  thc ;ib,cncc 
of n.5tilckjllg o r  H. and 7, in which one or both of thc puru- 
h~)nt l~ng  inlerric- N H ,  hydrogcii atoms could be directcd to- 

wards the polyether chain of the metallore- 
ceptor, a further downfield shift of 0.25 (5) 

and 0.14 (7) ppm is observed for the amino protons. This is 
attributed to the second-sphere hydrogen-bonding interaction 
between thc substrate amino group and the polyether oxygens 
of the metalloreceptor. The evidence for n stacking interactions 
between the electron-poor substrate and the electron-rich aro- 
matic spacing units of the receptor is quite compelling as the 
aromatic protons H, and H,j show significant upfieldshifts rang- 
ing from 0.37-1.29 ppm in complexes 5 and 7. The direction 
and size of the chemical shift changes are consistent with signif- 
icant second-sphcrc charge-transfer interactions occurring be- 
tween the bound substrate and the aromatic spacing units of the 
mctalloreceptor. 

The X-ray structures of 5 and 7 were determined and provide 
evidence to support the nature of the metalloreceptor-substrate 
interactions proposed from N M R  spectral data in solution. A 
perspective ORTEP drawing of 5 is shown in Figure 3 and some 
relevant bonding parameters are listed in Table 5. The coordina- 
tion geometry of the Pd(S,C) unit remains unperturbed by the 
binding of a substrate, and the bonding parameters associated 
with the unit are similar to those found for 3. The receptor 
binding site tru17.s to the Pd-C bond is occupied by the pap 
substrate, which is coordinatcd through the aromatic N atom. 
This arrangement orients the parci-amino group towards the 

A 

Schciiic 5 .  Complex 

1lOIlS. 

c14i 

Figure 3 X-ray structure of complex 5 showing the atom numbering scheme. The 
model substrate/,~aminopyridins is coordinated to the Pd atom. while stacking i\ith 
oiw oftlie aromatic units and hydrogen bonding to the polyether unit: N ( 2 ) .  . O ( 3 )  
3 1 1 ( 1 j A .  

Table 5 Selected bond lengths (A) iind angles ( ) for [Pd(l)(pap)][BFJ (5) 

2.312(2) 
2.146 (5) 
1 .818(6) 
1.828(7) 
1.370(8) 
1.406 (9) 
1.421 (8 )  
1.433(8) 
1.339 (8) 
1 .5?6(8) 
I .4Y7 (9) 
1.50(1) 
1.482 (9) 

I 60 00 (6) 
84.X(?) 
83.5(?)  
9x 4(3) 

116.8(6) 
112.5 ( 5 )  
116 5 ( 5 )  
112.5(5) 
113.417) 
109.7 (6) 
108.316) 
inx I (4) 

Pd(l )-S(2) 
Pd( l j  C(1) 
S(1 )-C(8) 
S(?)-C(ZX) 
O( 1)- C( I 5  j 
0 ( 2 ) - C (  17 j 
0(3)-C(19) 

N(l)-C(33) 
C(2) -Ci28) 

(‘(17) c‘(1Xj 

O(4) C(21) 

C(Xj-C(‘)I 

(‘(24) -C’(27) 

S(l)-Pd(l)-N(l)  
S(?)-Pd(lj-N(tj  
N(l)-Pd(l )-C(l) 

C(l6)-0(2)-C(I7) 
C(20)-0(4)-C(21 j 

C(27)-S(2)-C(28) 

S( I)-C(7)-C(6) 
0(1)-C( 15)-C(Ih) 

0(3)-C(19)-C(20) 
0(2)-C(17)-C(lX) 

S(2l-C(2?)-C(24) 

2.300 (3 j 
l.988(6) 
1 8 3 3 ( 7 )  
1.836(6) 
I .44X ( 8 )  
1.408 (9) 
1.431 (8)  
1.372(7) 
1344(7) 
1497(X)  
1512(9)  
1.4X ( 1 )  
1 507 (9 j 

9 1  ? ( I )  
101.1 ( I )  
175.3(2) 
10 I .2 (3)  
115.1  (6) 
118.3 ( 5 )  
109.7(5) 
107.0 (7) 
I09.7(6) 
1 10.0 (6) 
I10.2(4) 

polyether chain of the receptor, and an intramolecular hydro- 
gen-bonding interaction occurs [H(N2B). . ’ 0(3)  2.310(6) r\ 
and N(2)-H(N2B). . 0(3 )  142.1 (4),]. Ail interniolecular hy- 
drogen bond also occurs in the solid state between substrate 
and BF, anion [H(N2A) . . .F( I )  2.208(4) A and N(2)- 
H(N 2A).  . F(l)  142.3 (4)”l. This hydrogen-bonding scheme is 
accompanied by the n stacking of one of the aromatic rings of 
the metalloreceptor with the aromatic ring of the pap substrate: 
the dihedral angle is 2.03’-. 

A perspective ORTEP drawing of 7 is shown in Figure 4, and 
some relevant bonding parameters are listed in Table 6. Again, 
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Figure 4. X-ray structure or complex 7.  The model substrate /mminopyridine is 
coordinated to the Pd atom, while stacking with one of the aromatic units and 
hydrogen bonding to the polyether unit, N(2) " O ( 3 )  3.13(5)A. 

Table 6. Selected hond lengths (A) and anglcs (") for [Pd(Z)(pap)][BFJ (7) 
- 

Pd( 1 )-  S( I )  
Pd( 1 )-N( 1) 
S(l)-C(7) 
S(2)-C(27) 
O( 1)- C( 13) 
O K  C(16) 
O(3) C(1X) 
O(4) C(20) 
N( I )  -C(29) 
N(Z)-C(31) 
C(6)- C(7) 
C(15)-C(16) 
C( 19)-C(20) 
C(29) -C(30) 
C(31) C(32) 

S( 1 )-Pd(l)-S(2) 
S( l)-Pd( I)-C( I )  
S(2)-Pd( I)-C(l) 
C(7)-S(I)-C(8) 
C(13)-O( i)-C(lS) 
C(18)-0(3)-C(I 9) 
C(29)-N(I)-C(33) 
S(3 )-C(X)-C(9) 
0(2)-C(16)-C(IS) 
O(3)-C( 18)-C(I 7) 
0(4)-C(20)-C(I 9) 
S(2)-C(2X)-C(2) 

2.309 ( 5 )  
2.11 ( I )  
1.81 (2) 
1.77 (2) 
1.35(2) 
1.41 (2) 
1.43 ( 2 )  
1.42 (2) 
1.36(2) 
1.34(2) 
1 .so (2) 
1.51 (2) 
1.46(3) 
1.36(2) 
1.42(2) 

1 63.8 (2) 
X2.5(5) 
x 1.5 ( 5 )  

101.6(8) 

116(2) 
317(2) 
112(1) 
11  1 (2) 
11n(2) 
112(2) 
108(1) 

1 'I 8 (2) 

Pd(l)-S(2) 
Pd(l) C(1) 
S( 1 )-C(X) 
S(2) C(ZX) 
O(l)-C(I5) 
O(2) -C( 17) 
O(3)-C(19) 
O(4) ~~ C(21) 
N( l )  C(33) 
C(2) - C(28) 
C(X) C(9) 
C(17)-C( 1 X) 
C(25) -C(27) 
C(30)-C(31) 
C(32) -C(33) 

S(1 )-Pd(l)-N(l) 
S(2)-Pd(l)-N( I )  
N(l )-Pd(l)-C(l) 
C(27)-S(2)-C(28) 
C(16)-0(2)-C(17) 
C(20)-0(4)-C(21) 
S(l )-C(7)-C(6) 

0(2)-C(17)-C(IX) 
O(3)-C( 19)-C(20) 
S(2)-C(27)-C(25) 

0(1)C(15)-C(16) 

2.305 ( 5 )  
2.00(2) 
1 83(2) 
1.84(2) 
1.44(2) 
1.41 ( 2 )  
1.40(2) 

1.31 (2) 
1 50(2) 
1.51 (2) 
1.44 (2) 
1.56(2) 
1.38(2) 
1.37 (2) 

1.33(2) 

98.?(4) 
97.7(4) 

178.3(6) 
ion( i )  
l l J ( 2 )  
11 9 (2) 
108(1) 

312(2) 
11 1 (2) 
l lS(1) 

107(2) 

there is little perturbation of the Pd(S,C) fragment and the 
bonding parameters associated with this unit are similar to those 
found for 5. The receptor binding site trans to the Pd--C bond 
is occupied by the pap substrate, which is coordinated through 
the aromatic N atom. The para-amino group interacts with the 
polyether chain of the receptor, and an intramolecular hydro- 
gen-bonding interaction occurs [H(N 2A). . . 0(3) 2.40 (1) A, 
and N(2)-H(N2A). . ' O ( 3 )  134(1)"]. An intermolecular hydro- 
gen bond is also formed between substrate and anion 
[H(N2B). ' .  F(3) 2.14(2) 8, and N(2)-H(N2B). . F(l) 
167.5 (9)"]. This hydrogen-bonding scheme IS also accompanied 

by the n. stacking of onr of the aromatic rings of the metallore- 
ceptor with the aromatic ring of the pap substrate: the dihedral 
angle is 2.44". 

The only difference between the binding of pap in 5 and 7 is 
in the orientation of the para- or rnrrcr-substituted aromatic 
spacing unit not involved inn. stacking to the substrate. For 5 the 
pcira-substituted aromatic spacer makes an angle of 37.3' with 
the pap substrate, while the same angle is 47.8 ' in 7, where the 
spacing unit is rnetcc-substitutcd. This difference is likely to be 
insignificant. These results with model substrates pap and map 
suggest that when the substrate is anchored to the metal at least 
one spacing unit can become involved in rt stacking, while a l low/-  
ing for simultaneous hydrogen bonding. The different p m ' ~  and 
nwlu substitution patterns in the metalloreceptors do not appear 
to require significantly different binding modes, since both rt 

stacking and hydrogcn bonding are possible with either arrange- 
ment. 

Synthesis and Characterization of Metalloreceptor- Purine Com- 
plexes: The addition of one equivalent of adeiiinc or guanine 
to a solution of metalloreceptor in MeCN/MeOH resulted in 
isolation of the purine adducts [Pd( l)(adenine)][BF,] (13). 
[Pd(2)(adenine)][BF4] (14), [Pd(l)(guanine)][BF,] (15) and 
[Pd(Z)(guanine)][BF,] (16). Although some features of the re- 
ceptor-substrate interactions could be inferred from the 
'H NMR spectra, the poor solubility of these complexes. espe- 
cially those of guanine, precluded a detailed analysis in solution. 
However, the solid state structures of 13, 14 and 15 b were deter- 
mined (Table 7) and yielded a great deal of insight into the 
interaction between these metalloreceptors and the nucleobases 
adenine and guanine. 

Table 7. Summary of crystallographic data lor complcxes with DNA nocleobasc\ 
~~ ~ 

13 14 1Sb [c] 

fol.mula C ,H.\,HF4N ,O,PdS, C,,H,,BF,N ,O,PdS, C,\,H ,-BCI 3 t  ,N % -  

0 $ Pd s 
M ,  824.00 824.00 1027.18 
a, A 11.725(3) 11.334(5) 14 W ( 6 )  

< ,  A I O . X O ~ ( D )  22.658(3)  14.849(4) 

p. 100.49 (2) 101.61 ( 2 )  110.78(2) 
., I 96.88(2) 
space group P7 (no. 2) P 2 , ' n  (no. 14) P 2 ,  i i  (no. 14) 
V. A' 1699.7(7) 3454(1) 4 I40(4) 

2 2 4 4 

h. A 13.755(3) 13.73?(3) 20 444 ( 6 )  

a, 91.52 (2) 

p.  gcm 1.61 3.5X 1.65 

p. c1n ~- ' 7.22 7.26 8 10 
J.. A 0.7017 0.7017 0.70 I7 
I: c 23 23 23 
goodncas of tit 1.69 2.06 2.51 
X(F, ) ,  'Yo [a] 4.49 5.29 s I I  
R w ( & ) .  Yo [b] 5.77 6.26 5 92 

From Scheme 6, it can be seen that adenine has three poten- 
tial pairs of metal-coordination and hydrogen-bonding sites. 
Arrangement A involves N(3) and N(6) and is reminiscent of the 
observed interactions with p-aminopyridine, B utilizes N(l)  and 
N(6), the sites employed in Watson-Crick base-pairing, and C 
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0 1  

I 
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E 
Schenie 6 DNA nucleobases adcninc ( A .  B, C )  and guanine (D. E) showing the 
pmsible metal-baac interi icti~n~. 

involves N(7) and N(6), the sites of Hoogsteen-type base-pair- 
ing. A perspcctive ORTEP drawing of 13, in which adenine is 
bound to  the Pd centre in receptor 3, is shown in Figure 5 and 
some relevant bonding parameters are listed in Table 8. 

The receptor binding site trans to the Pd-C bond is occupied 
by the adenine substrate, which is coordinated through N(3) of 
the six-membered aromatic ring. This orients the amino group 
towards the polyether chain of the receptor, and a pair 
of intramolecular hydrogen-bonding interactions occur 
[H(N6A)A...0(3) 2.251 (8) A, N(6)A-H(N6A)A.. .0(3)  
159.1 (6)" and H(N6A)A...0(2) 2.518(9) A, N(6)A- 
H(N 6A)A. ' O(2) 126.7 (6)"l. This hydrogcn-bonding scheme 
is accompanied by then stacking of the planar adenine molecule 
between both the aromatic rings of the metalloreceplor, as is 
clearly illustrated in Figure 6. 

Figurc 5 X-ray structure of coinplex 13 rhowing the atom numbering xhen ic .  
Adenine niteracta with the inetalloreceptor utilizing three dilt'crent binding modes: 
I )  di rcc~  (r donation t o  the Pd centre through N(3)A, 2)  x rtacking of the planar, 
clcctron-poor b:ibe helwccn the electron-rich iiroiiiatic units and 3) hydrogen bond-  
ing ofthc peripheral amino group [N(h)A. to crown ether oxygens at the base o f t h c  
macrocyclc. N ( 6 ) A . -  O ( 2 )  1.lX(1) A. N(h)A...0(3) 3.16(1)A] 

Table 8. Selected bond lengths (A) and angles (-) for [Pd(I)(adenine)][BF,] (13) 
- 

Pd S ( I )  
Pd N(I)A 
S(1l L(7) 
S(2)-C(27) 
0(I) C(12) 
O(2) C(16) 
0(3)-C(18) 
O(4)- C(20) 
C(?)-C (28) 
C(8) C(9) 
C(17) C(18) 
C(?4)-C(27) 
C(5)A C(6)A 
N(I)A C(6)A 
N(3)A C(4)A 
N(7)A C(5)A 
N(9)A C(4)A 

S(I)-Pd-S(2) 
S( l)-Pd-C(I) 
S(Z)-Pd-C(I) 
Pd-S( 1)-C(7) 
C(7)-S(I)-C(X) 
Pd-S(?)-('(ZX) 
C(12)-0(1 I-C(l5) 
C( I 8)-O( 3)-c (19) 
S( 1 )-C( 7)-C(6) 

O(2)-C( 17i-C(18) 
O( I)-C(l 5i-C(16) 

0(3)-C(lY)-C (20) 
9(2)-C(27)-C(24) 
C(Z)A-N(l)A C(6)A 
Pd-N(I)A-C(Z)A 
C(5)A-N(7lA-C(8)A 
N(I)A-C(2)A-N( 3)A 
N(3)A-C(4)A-C(5)A 
N(7)A-C( 5)A-C(4)A 
C(4)A-C( 5)A-C(6)A 
N( l)A-C(6)A-C(5)A 
N(7)A-C(X)A N(9)A 

2.217(3) 
2.129(7) 
1 85(1) 
1.84(1) 
1.37 ( 1 )  
1.42 (2) 
1.42(1) 
1.45(1) 
1.44(2) 
1.51 ( I )  

1.47(1) 
1.39(1) 

1.36(1) 
137(1)  
1.36(1) 

1.48 (2) 

1.36(1) 

16X.S (1) 

83.7(3) 
99.8(4) 
99.2(5) 

85.2(4) 

100.4 (5) 
116.6(9) 
114(1) 
109.8(9) 
i O Y ( 1 )  
112(1) 
109(1) 
112.6(8) 
1173(8) 
118.9 (6) 
103.5 (9) 
128.6(9) 
123(1) 
107.0 (9) 
118(1) 
1 19.6 (9) 
117(1) 

Pd-S(2) 
Pd -C ( I )  
S(I)-C@) 
S(Z)-C(28) 
O(1) C(15) 
O(2)-C(1 7) 
00) C(l9) 
O(4) C(21) 
Ci6) C(7) 
C(15) C(16) 
C( 19) -C(20) 
C(4)A C(5)A 
N( l )A - C( 2)A 
N(I)A-C(2)A 
N(6)A-C(6)A 
N(7)A C(8)A 
N(Y)A - C(8)A 

S(I)-Pd-N(I)A 
S(2)-Pd-N(3)A 
N(?)A-Pd-L(1) 
Pd-S( 1 )-C(8) 
Pd-S(2)-C(27) 
C(27)-S(Z)-C(2X) 

C(20)-0(4) C(21) 
S(l)-C(S) C(9i 
O(2)-C( 16)-C(15) 
O(?)-C(I8)-L( 17) 
0(4)-C(20)-C(IY) 
S(2)-C(28)-C(?) 
Pd-N(I)A C(4)A 
C (2)A-N(I)A-C(4)A 
C(4)A-N(9)A-C(8)A 
N(?)A-C(4)A-N(Y)A 
N(Y)A-C(4)A-C(5IA 
N(7)A-C(5)A-C(6)A 
N( I)A-C(6)A-N(6)A 
N(h)A-C(6)A-C(5)A 

C(16)-0(2)-C(17) 

2.295 (4) 
1.99(1) 
1.82 ( 1 )  
1 .xo (1) 
1.42(1) 
1.33(?) 
1.41 ( I )  
1.39( 1 )  
1.42 ( 2 )  
1.48(2) 
1.49(2) 
1 41 (1) 
134(1)  
I .34(1) 
I .36( I) 
1.34(1) 
1.33(1) 

93.2 ( 2 )  
Y X . l ( 2 )  

173.3(4) 
1 I1.7(4) 
I13.5(4) 
99.2(6) 

I l h ( l )  
118.0(8) 
113.7(9) 
112(1) 
113(1) 
1 O K  ( I )  
111(1) 
127.7(7) 
113.4(8) 
102 7(9) 
127.4(9) 
109.7(9) 
135(1) 
1 16.4 (9) 
124(1) 

A 

U 

Figure 6 Two views of coinplex 13. Lcft. parallel stacking (% 3.5 A)  of the adenine 
substrate between the p-aromatic >pacing units of the metalloreceptor. Right: "off- 
set" nature of the TI stacking between the Pd-hound adenine substrate (shaded) and 
thc paromatic spacing u n i ~ s  of the nietalloreceptor. 
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The binding mode observed for 13 corresponds to A in 
Scheme 6. As in the binding of pap, the coordination t o  N(3) 
orients the amino group for hydrogen bonding, while simulta- 
neously allowing for n-stacking interactions. Interestingly, 
adenine-metal binding usually occurs through the more basic 
N(7) site." I ]  In fact, this is only the second structurally charac- 
terized example of a monometallic adenine complex bonded 
through N(3). Houlton and co-workers recently reported the 
first example of a mononuclear complex of adenine bound 
through N(3) in which this atypical metal adenine interaction 
was directed by a chelating NCH,CH,N tether.['21 This sup- 
ports the idea that hydrogen bonding in the second sphere 
can direct the nature of the metal-substmte interaction and 
is important in the metalloreceptor-substrate recognition 
event. 

The significant difference between the binding of adenine and 
the binding of pap is that the electron-poor aromatic ring system 
of adenine can be oriented so that the fused-ring carbon atoms 
C(4) and C(5) are positioned exactly between the centres of the 
parallel aromatic rings of the receptor, an "offset" arrangement 
that optimizes the 71-71 interaction.['31 The three aromatic units 
are essentially parallel, with interplanar distances between re- 
ceptor and substrate of approximately 3.35 A and dihedral 
angles of 3.33 and 7.58". 

Exactly the samc type of binding of adenine occurs when the 
aromatic spacing unit is nzcJta-substituted. A perspective OR- 
TEP drawing of 14 is shown in Figure7, and some relevant 
bonding parameters are listed in Table 9. 

The adenine substrate is coordinated through N(3), which 
orients the amino group towards the polyether chain of the 
receptor, and intramolecular hydrogen-bonding interactions 

Figurc 7. X-ray structure of complex 14 showing thc atom numbering scheme. 
Adcnine interacts with the iiietalloreccptor utilizing three different binding modes: 
I )  dircct o donation to the Pd centre through N(3)A, 2) K stacking of the planar. 
clcctroii-poor base hetwecn thc electron-rich aromatic units and 3) hydroger bond- 
ing of the peripheral :mino group. N(6)A, to crowii ethcr oxygens at the base of the 
inacrocycle [N(6)A "O(2)  3.00(1) A, N(6)A...0(3) 3.2611) A \ .  

Tilble Y. Selectcd bond lengths (A)  and angles ( ) lor [Fd(Z)(iideninc)j[BF,1 (14) 

Pd-S(I) 
Pd-N(3)A 
S(1) C(7) 
S(2) -C(27) 
O( I)- C(13) 
O(2)- C(16) 
O ( 3 ) ~  C(I8) 
O(4)-C(20) 
C(2)-C(28) 
C ( W C ( 9 )  

C(25)--  C(27) 
C(17) C(1X) 

N(1)A C(6)A 
N(3)A C(4)A 
N(7)A~-C(5)A 
N(9)A -C(4)A 
C(S)A -C(4)A 

S(1 j-Pd(t)-S(?) 
S(l)-Pd(I)-C(l) 
S(2)-Pd(l)-C(I) 
Pd(l)-S( I)-C(7) 
C(7)-S(I)-C(X) 
Pd(l)-S(2)-C(2X) 
C(l3)-0(l)-C(15) 
C( 1 X)-O(?)-C( 19) 
S( 1 )-C(7)-C(6) 
O(l)-C(15)-C(l6) 
0(2)-C(17)-C(18) 
0(3)-C(19)-C(20) 
S(2)-C(27)-(:(25) 
C(Z)A-N( I)A-C(6)A 
Pd( 1)-N( 3)A-C(2)A 
C(5)A-N(7).4-C(X)A 
N(3)A-C(2)A-N(1 )A 
N(3)A-C(4)A-C(S)A 
N (7)A-C( 5)A-C(6)A 
C(6)A-C(S)A-C(4)A 
N(l )A-C(6)A-C( 5)A 
N(7)A-C@)A-N(9)A 

2.286(3) 
2.1 28 ( X )  
1.82(1) 
1 .x3 (I) 
1.34(1) 
1.39 ( 2 )  
1 .I 8 ( 2 )  
1.43 (2) 
1.48(2) 
1.51 (1) 
1.45(2)  
t .SO(1)  
1.33 (1) 
1.35(1) 
1 3 6 ( 1 )  
1.36(1) 
137(1)  

166.2(1) 
84.0 (3) 
82.6(.3) 

100.1 (4) 
99.6(6) 
97.8(4) 

116(1) 
124(2) 
10X.7 (9) 
107(1) 

109(2) 
111 h ( 9 )  
1 I X ( I )  
122.9(8) 
103.1 (9) 
12') ( I  ) 

135(l)  

112(1) 

125(1) 

117(1) 
l I Y ( 1 )  
1 1 5 ( 1 )  

Pd S(7) 
Pd-C( I) 
S(1) ('(8) 
S ( 2 )  C(2S) 
O( I)-C( 15) 
O(2)  C(17) 
<I(?)- C(19j 
O(4) ~ C(2 1 j 
C(6)-C(7j 
C(l S)-C(16) 
C(19) C(20) 
N(I)A C(Z)A 
N(3)A ~ C(2)A 
N(6)A-C(6)A 
N(7)A-C(8)A 
N(9)A C(8)A 
V(6)A C(5)A 

S(I)-Pd( I)-N(3)A 
S(Z)-Pd( I)-N(3)A 
N(3)A-Pd(l )-C(I) 
Pd(l)-S(I)-C(X) 
Pd(1 )-S(2)-C(27) 

C(16)-0(2)-C(I 7 )  
C(20)-0(4)-C(21) 

O(2)-C( 16)-C( 15) 

C(27)-S(2)-C(18) 

S( I)-C[8)-C(9) 

0(3)-C(18)-C(I7) 
0(4)-C(2O)-C(I9j 
S(2)-C(ZX)-C(2) 
Pd( I)-N(?)A-C(4)A 
C(Z)A-N(3)A-C(J)A 
C(4)A-N(9)A-C(8)A 
N(3)A-C(4jA-N(9)A 
N(9)A-C(4)A-C( 5)A 
N(7)A-C(5)A-C(4)A 
N( I)A-C(6)A-N(6)A 
N(6)A-C(O)A-C( 5)A 

1.246 ( - 3 )  
I.%( I )  
I X 1 ( 1 1  
I . X I ( 1 )  
1.4(1(2) 
137(2)  
1 .Y) (1) 
1.36(1) 
l .49(2) 
I .47 ( 2 )  
I .-17 ( 2 )  
I .31( I )  
I . 3 2 (  I )  
1.34( I )  
1.35(1) 
I 3 1 ( 1 )  
I 41 ( 2 )  

' ) S . h ( ? )  
98.0(2) 

1767(4) 
108.4 (4) 
1140(4) 

I14(1 j 
117(1) 
I l t 7 ( 9 )  
I I I ( 1 j  
127(2) 
i n c ) ( i )  
IOX.2(9) 
124.X(X) 
1 1 2 ( 1 )  
IOJ(I) 

109(1) 
10') ( I  ) 
1 I X (  I )  
123(1) 

in1 . 0 ( 6 )  

117(1) 

occur [H(N6B)A...O(2) 2.257(9) A, N(6)A-H(N6B)A... 
O(2) 134.3(7)' and H ( N 6 B ) A . . . 0 ( 3 )  2.41 (1) A, N(6)A- 
H(N6B)A . .  O(3) 149.7(7)"]. This hydrogen-bonding scheme is 
also accompanied by the TI  stacking of both of the aromatic rings 
of the metalloreceptor with the fused aromatic ring system of the 
adenine substrate (dihedral angles of 9.08 and 13.44'). This 
receptor containing the meta aromatic spacing units does not 
appear to allow all three interaction types to  optimize as well as 
the pura compound. This is clearly illustrated by the two views 
shown in Figure 8. 

Scheme 6 shows that guanine has only two potential pairs of 
metal-coordination and hydrogen-bonding sites. Mode D in- 
volves N(3) and N(2), while E makes use of N(7) and N(2). In  
our attempts to grow X-ray quality crystals of 15, crystals of a 
complex 15 b, containing an N(9)-substituted .BF, adduct of 
guanine, were isolatcd. Although the source of the BF, group 
must certainly be the BF, anion of the metalloreceptor, at- 
tempts to rationally synthesize this side product and determine 
the mechanism of formation have been unsuccessful to datc. A 
perspective ORTEP drawing of 15b, in which the guanine 
derivative is bound to the Pd centre in receptor 3, is shown in 
Figure 9, and some relevant bonding parameters are listed in 
Table 10. 

The receptor binding site truns to the Pd-C bond is occupied 
by the N(7) atom of the five-membered aromatic ring. This 
orients the amino group on the opposite side of the six-mem- 
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Figure X. TNCI biew ofcomplex 14. Lclt: parallel stacking ( 9  3.5 A)  of the adenine 
substrate between the m-:iromatic apiicing units of the inetallorcceptov. Right: "off- 
XI" nature ol'the n itacking bet\reen the Pd-bound adenine suhrtrate (rhaded) and 
the !PI-aromatic spacing units of  the inctallorcccptor. 

I-ipui-e 9, X-ray structure or complex 15h showing the atom numbering jchemc. 
Thc  guaiiinc derikative interacts \iith thc metalloreceptor as fdlows: I )  direct (T 

donalion to the Pd centre through N(7)G. 2) ?i stacking of the planar. electron-poor 
haw between the clectron-rich ;irom;itic iiiiits and 3) hydrogen bonding of the 
peripheral ~tniiio ~i-ot ip. N(l )G .  10 cro\&ii ether oxygeiis at the basc of the niacro- 
cycic [N(2)G . 0 ( 2 )  . X l h ( l )  .& N(2)G . O(3) 2.87(1) .&I. 

hercd ring towards the polyether chain of the receptor, and a 
pair of intramolecular bifurcated hydrogcn bonds occur 
[H(N2B)G. . . 0 (2 )  2.479(9) A, N(2)G-H(N2B)G.. .0(2) 
128.5(6) and H(N2B)G...0(3) 2.140(8)& N(2)G- 
H ( N  2B)G...0(3) 132.9(6)']. This hydrogen-bonding scheme 
is accompanicd by the n. stacking of hoth of the aromatic rings 
of the metalloreceptor with the fused aromatic ring system of 

Table 10 Selected 
RF,)][BF,]. CHCI, 

bond lengths (A )  and angles ( ) for [Pd(l)(guanine 
(15b). 

Pd - C(1) 
Pd - N(7)G 
S( I ) -C( 7) 
S(2)- C(27) 
O(I)-C[12) 
0 ( 2 ) - C (  16) 
O(3)-  c y 1 x j  
O(4) ~~ C(20) 
0(6)G- C(6)G 
N(7)G C(X)G 
N(I)G C(2)G 
N(3)G- C(4)G 
N(9)G-C(X)G 
C(?)-C(?X) 
C(Xi -C(9) 
C(17) C(I8) 
C(5)G ~~ C(4)G 
C(5)Cr- ('(6)G 

S( l  )-Pd-S(?) 
S( 1)-Pd-C( 1 j 
S(2)-Pd-C( I )  
C(7)-S( I )-C(X) 
C( 12)-0( 1 )-C(15) 
C(IX)-0(3)-C(19) 
C(S)G-N(7)G-C(X)G 
C(2)G-N(3)G-C(4)G 
S(l ) -C(7)-C(6)  
0(1 )-C(I S)-C( 16) 
0(2)-C(17)-C(IX) 
0(3)-C(19)-C(20) 
S(2)-C(27)-C(24) 
N(7jG-C(5)G-C(6jG 
C(6 ) G C (  5)G-C(4)G 
N( I)GC'(?)G-N(3)G 
N(3)G-C(2)GN(?)G 
N(3)C-C(4)G-C(5)G 
N(7)G-C(X)G-N(9)G 

2.297(3) 
2.153(7) 
1 .X4( I )  
1.82(1) 
1.36( 1 )  
1.41(1) 
1.34(2) 
1.40(1) 

1.31(1) 
I % (  I )  

13h i I )  
1.38(1) 
1.37(3) 
I 53(1) 
1.50(1) 
1.47 (2) 
1 . % ( I )  
1.38 (1) 

lhX.6(1) 
84.5(3) 
84 9(3) 

100 9 ( 5 )  
117.5(8) 
116(1) 
106.1 ( R )  
120.1 (X) 
106.1 (7) 
IOX.4(9) 
116(1) 
112(1) 
113.3(8) 
131.6(9) 
123(1) 
I l X ( 1 )  
122(1) 
120.6(9) 
l l3.5(9) 

Pd 3 2 )  
Pd C(1) 
S( 1)- C(8) 
S(2)- C(28) 
O(1) C(15) 
O(2) C(17) 
O(3)  -C( 19) 
0(4)-C(21) 
N(7)G C(5)G 
N(t)G-C(6)G 
N(3)G-C(2)G 
N(9)G C(4)Ci 
N(2)G -C(2)G 
C(6)-C(7) 
C(1 S)-C( 1 6) 
C( 19) --C(20) 
C(24)-C(27) 

S( 1 )-Pd-N(7)G 
S(2)-Pd-N(7)G 
N(7)G-Pd-C(1) 
C(27)-S(2)-C(2X) 
C(16)-0(2)-C(I 7) 
C(20)-0(4)-C(21) 
C(?)G-N(l )G-C(6)G 
C(4)G-N(9)G-C(8)G 
b(l  )-C(X)-C(Y) 
0(2)-C(16)-C(15) 
0(3)-C(18)-C(17) 
0(4)-C(20)-C( 19) 
S(2i-C(2X)-C(Z) 
N(7)G-C(S)G-C(4)G 
0(6)G-C(6)G-N( l)G 
N( I)G-C(6)G-C(5)G 
N(1 )G-C(2)G-N(2)G 
N(3iG-C(4)GN[YiG 
N(Y)G-C(4jG-C( 5)G 

2.294(3) 
2.00(1) 
I.Y3(1) 
1.81 (1)  
1.44(1) 
1.31 (2) 
1.41 (1) 
1.39(1) 
1.39( 1) 
1.42 (1) 
1.32(1)  
l.34(1) 
1.32(1) 
1.47(1) 
1.49(1) 
1.51 (2) 
1.50(1) 

9X.4(2) 
9?.3(2) 

177.1 (4) 
98.9(5) 

116il) 
l lX(1) 
126.1 (9) 
103.5 ( X  1 
11 1.6(8) 
IlO(1) 
113(1) 
lOX(1) 
109.9(X) 
105 6(X) 
117(1) 
112.0(9) 
122(1) 
128.3(9) 
11 1.0(9) 

guanine (dihedral angles are 1.90 and 2.97'-). The orientation of 
the aromatic rings in this stacking interaction is clearly illustrat- 
ed in Figure 10, and the binding mode corresponds to E in 

Figure 10. Twoviewa ofcomplex 15b. Left: parallel stackmg(=3.5 A) of the  gua- 
nine derivative between the p-avoinatic spacing unity of the metalloreceptor. Right: 
"off-set" nature of the x stacking bctween the Pd-bound guanine derivative (shad- 
ed) a n d  tlic (,-aromatic spaciiif units of the metalloreceptor. 
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Scheme 6. The overall "fit" of guanine into this metalloreceptor 
is quitc impressive, with all three types of interactions exhibiting 
nearly ideal interaction parameters. 

Conclusion 

The inetalloreceptors studied in this work were designed to em- 
ploy the complimentary interactions of metal coordination, hy- 
drogen bonding and TC stacking. It is evident from NMR spec- 
troscopic studies that all three of these interactions can occur in 
solution. The solid state structures presented allow an examina- 
tion of the separate components and an evaluation of how the 
interactions operate in concert in a molecular recognition event. 

Experimental Section 

All starting materials---triethylene glycol di-p-tosylate, 4-hydroxybenzyl alco- 
hol. 3-hydroxybenzyl alcohol. m-xylene-cr,r'-dithiol, p-aminopyridine (pap), 
m-aminopyridine (map), pyridine (py), guanine, adenine, deutcrated solvcnts 
and anhydrous N,N'-dimethylformamidc (DMF)---wcrc purchased from 
Aldrich Chemicals. All rcactions wcrc pcrformcd under an atmosphcrc of 
N,(g) using standard Schlenk or dry-box techniques, and all solvents and 
liquid starting materials were dried and degassed prior to use. 'H  and " C  
NMR spectra were recorded on a Brukcr AC300 spectrometer locked to the 
deuterated solvcnt at 300.1 and 75.5 MHz rcspcctivcly, and infrared spectra 
wcrc recorded on a Nicolet 5 DX or BOMEM Michelson 100 FTIR spectrom- 
ctcr. LSIMS data wcrc obtained on a Kratos Profilc mass spcctromcter. 
Elemental analyses were performed by Canadian Microanalytical Service. 
Delta, British Columbia. 

Triethylene glycol di-p-hydroxyhenzyl ether: 4-Hydroxyben~yl alcohol (10.8 g, 
87.0 mniol) was added to a solution of Na (2.00 g ,  87.0 mniol) dissolved in 
anhydrous ethanol (200 mL). Triethylene glycol di-p-tosylate (19.9 g, 
43.5 mmol) was added slowly, and the solution refluxed for 22 h. The result- 
ing mixture was filtered to remove sodium tosylate, and the solvent removed 
in vacuo. The resulting solid residue was extracted with CH,CI, (100 mL) ,  
and this organic fraction extracted with H,O (2 x 50 mL) and then dried over 
anhydrous MgSO,. After filtration and removal of solvent. the crude product 
was isolated and rccrystallizcd from CH,CI,. Yicld 11.5 g (73 %,). 'H NMR 
(CDCI,): 6 =7.23(d,4H,  J =  8.3 H ~ , A r ) , 6 . 8 7 ( d , 4 H ,  J =  8.3 Hz,Ar),4.57 
(s, 4H. Bz), 4.10 (t, 4H,  .I = 4.7 Hz, ArOCH,), 3.84 (t, 4H.  J = 4.7Hz, 
OCH,), 3.73 (s, 4H,  OCH,), 1.77 (brs, 2H,  OH).  I3C{'H) NMR (CDC1,): 
6 =158.53, 133.43, 128.68, 114.83 (Ar), 70.99, 69.90, 67.61 (OCH,), 65.10 
(Bz). Anal. calcd for C,,H,,O,: C 66.27; H 7.24. Found: C 66.20; H 7.19. 

Triethylene glycol di-rn-hydroxyhenzyl ether: The same procedure was em- 
ployed as described for triethylene glycol di-p-hydroxybenzyl ether. except 
that 3-hydroxybenzyl alcohol was substituted for 4-hydroxybenzyl alcohol. 
Yield 16.13 g (93%). ' H N M R  (CDCI,): 6 =7.21 -6.79 (m, 8H,  Ar), 4.59 (s, 
4H,  Bz), 4.09 (t. 4H,  .I = 4.8 Hz. OCH,), 3.83 (t, 4 H ,  J = 4.8 H7, OCH,), 
3.72 ( s ,  4H,  OCH,): I.'C{'H) NMR (CDCI,): 6 =155.95, 135.97, 129.96, 
119.30, 114.71, 113.89 (Ar), 71.00, 69.91, 67.59 (OCH,), 64.99 (Bz), Anal. 
calcd for C,,H,,O,: C 66.27; H 7.24. Found: C 66.22; H 7.19. 

Triethylene glycol di-p-chlorohenzyl ether: A solution of SOCl, (1.97 g, 
16.6 mmol) in CH,CI, (50 mL) was added ii solution of triethylene glycol 
di-p-hydroxybenzyl ether (3.00 g, 8.28 mmol) and pyridine (1.31 g. 
16.6 mmol) in CH,CI, (50 mL). The addition was performed over a period 
of 3 h, and thc solution was allowed to stir for 11 further 22 11. The volume of 
the CH,CI, solution was reduced to 50 mL and then extracted with H,O 
(2 x 50 mL) and 0.1 M NaOH ( 2  x SO mL). The organic fraction was then 
dried over anhydrous MgSO,. After filtration and removal of the solvent, the 
crude solid was recrystallized from CH,CI,. Yicld 2.02 g (61 %). 'H NMR 
(CDCI,):6=7.27(d,4H,J=8.6Hz,Ar),h.X6(d,4H,J=8.6Hz,Ar),4.53 
( s ,  4H, Bz),4.10(t, 4H.  J = 4.8 Hz, OCH,). 3 .X4(t ,4H,J  = 4.8 Hz, OCH,), 
3.73 (s, 4H, OCH,). I3Cj iH)  NMR (CDCI,): 6 =158.84, 129.99, 129.65, 
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114.79 (Ar), 70.85 (OCH,), 69.69 (OCH,), 67.46 (OCH,), 46.23 (Hz). Anal. 
calcd for C2,H,,C1,0,: C 60.14; H 6.07. Found: C 60.09: H 6.00. 

Triethylene glycol di-rn-chlorobenzyl ether: The same procedure was employed 
as described for triethylene glycol di-p-chlorobenzyl cthcr, except that tri- 
ethylene glycol di-m-hydroxybenryl ether was substituted for tricthylene gly- 
col di-p-liydroxyheiizyl ether. Yield 0.23 g (84%).  'H  NMR (CDCI,): 
6=7.22-6.85(m,8H,Ar).4.51(s,4H,Uz).4.11(t,4H,J=4.XH~,OCH,), 
3.84 it, 4H,  J = 4.8 Hz, OCH,), 3.73 (s, 4 H ,  OCH,). 13C[lH) NMR (CD- 
CIJ: d =159.12, 138.Y7, 12Y.85. 121.10. 114.93. 114.81 (Ar). 71.00. 69.87. 
67.58 (OCH,). 46.29 (Bz). Anal. calcd for C2,H,,CI,0,: C' 60.14: H 6.07. 
Found: C 60.11: H 6.02. 

Thiacyclophane ( 1 ) :  Cesium carbonate (7.65 g, 23.4 mmol) WIS suspended i n  
D M F  (400 mL) under an atmospherc of N, (g) .  To this mixture was added 
triethylene glycol di-p-chlorobencyl ether (4.69 g, 1 1.7 mmol) and rwxylene- 
r,r'-dithiol (2.00g, 11.7 mmol) in D M F  (200inL). The addition was pel-- 
forincd over a period of 48 h with the reaction temperature maintaincd at 
55-60 C. After addition, thc D M F  was removed under vacuum and the 
resulting solid rcsiduc extracted with CH,CI, (150 mL).  This CH2C12 soh- 
lion was extractzd with H,O (1 x 50 mL) and 0.1 M NaOH (2 x 50 mL), and 
then the organic fi-actions were dried over anhydrous MgSO,. After filtration 
and removal of the solvent, the crude product was recrystallized from 
CH,Cl,/ethanol. Yield 2.69g (46%). ' H N M R  (CDCI,): 6 =7.30 (s. 3 H, 
Ar), 7.12(d. 4 H , J  = 8.4 Hz,p-Ar), 6.83(s, 1 H, Ar), 6.80(d,4H, J = 8.4 Hz, 
p-Ar), 4.08 (t, 4 H ,  J = 4.6 Hz, OCH,), 3.88 ( t , 4H.  J = 4.6 Hz. OCH?). 3.74 
( s ,4H.  OCH,), 3.51 ( s ,4H,  Bz), 3.49 (s, 4 H ,  BL). I3C( 'H) NMR (CDCI,): 
6 =157.87. 137.83, 130.27, 130.02, 129.08. 127.50. 114.73 (Ar). 70.97, 69.72, 
67.59 (OCH,), 34.82. 34.49 (Bz). Anal. calcd for C,,H,,0,S2: C 67.70: H 
6.51. Found: C 67.57; H 6.44. 

Thiacyclophane (2): The same proccdure as described for 1 was employed. 
except tricthylcnc glycol di-rn-chlorobenryl ether was substituted for tri- 
ethylene glycol di-p-chlorobenzyl ether. Yield 2.53 g (44%).  'H NMR (CD- 
CIJ: 6 =7.24-6.76 (in, 12H. Ar), 4.05 ( t ,  4 H ,  .I = 4.6 H7. OCH?). 3.82 ( t ,  
4H ,  .I = 4.6 Hz, OCH,), 3.72 (s. 4 H ,  OCH,), 3.58 (s. 8 H .  Bz). "C( 'H) 
NMR (CDCI,): 6 =158.85, 139.53, 3X.11. 129.60. 129.44. 128.76, 127.60. 
121.42, 115.17: 113.46 (Ar), 70.98. 69.82. 67.46 (OCH,). 35.86. 35.67 (Bz). 
Anal. calcd for C,,H,,O,S,: C 67.70; H 6 51. Found: C 67.60: H 6.41. 

IPd(l)(MeCN)IIBF,] (3): Thiacyclophane 1 (0.28 g, 5.6 mmol) was dissolved 
in acetonitrile (60mL) and heatcd to reflux. To this solution was added 
[Pd(MeCN),][BF,], (250 mg, 5.6 mmol) in acetonitrile (10 mL) .  The resulting 
solution was stirred and refluxed for a further 22 h. The acetonitrile was 
removed and the resulting solid residue recrystallized from CH,Cl,lacetoni- 
trile. Yield 250mg (76%). ' H N M R  (CDCI,): 6 =7.35 (d. 4H.  J = 8.6 H7. 
p-Ar). 6.92 (m, 3H. Pd-Ar), 6.87 (d, 4H. .I = 8.6 H7, p-Ar)? 4.31 (hrs,  8H.  
B ~ ) , 4 . 1 1  ( t , 4 H , . J = 4 . 1  Hz,OCH,), 3 .77(t .4H.  J = 4 . 1  Hz,OCH,) .  3.61 
(s, 4 H ,  OCH,). Anal. calcd for C,oH,,HF,NO,PdS,: C 49.36: H 4.70. 
Found: C 49.14: H 4.52. 

[Pd(2)(MeCN)I[BF41 (4): The same procedure as described lor 3 was eni- 
ployed cxccpt 2 was used in place of 1. Yield 290 nig (88%). ' H N M R  
(CDCI,): d=7.26-6.85 (m, I I H ,  Ar), 4.30 (s, 8H.  Bz). 4.18 (t. 4H. 
.I = 4.0 Hz. OCH,). 3.82 (t, 4 H ,  J = 4.0 Hz, OCH,). 3.66 (s. 4H.  OCH,). 
Anal. calcd for C,oH,,BF'4N04PdS,: C 49.16; H 4.70. Found: C 49.19; H 
4.61. 

IPd(l)(pap)][BF,I (5): Complex 3 (25.0 mg, 0.034 mmol) and p-aminopyridine 
(pap) (3.2 ing, 0.034 mmol) were added to acetonitrile ( 5  mL) and stirred for 
24 h. The solvent was evaporated and the resulting solid residue recrystallized 
from CHCl,!acetonitrile. Yield 24.9 mg (93 %'). ' H  NMR (CDCI,): d =7.03 
(m. 3 H ,  Pd-Ar), 6.99 (d, 4H,  J = 8.5 Hz. p-Ar), 6.74 (d, 2H.  J =  6.4 Hz. 
pap-Ar), 6.45 (d. 4H,  J = 8.5 Hz, p-Ar). 5.91 (d. 2H,  .I = 6.4 Hz. pap-Ar). 
5.39 (s, 2H. NH,), 4.49 (s, 4H,  Bz). 4.24 (s, 4H,  Bz), 3.99 (1. 4H.  ArOCH,). 
3.77 (t. 4 H ,  OCH,). 3.71 (s, 4H. OCH,). Anal. calcd for 
C,,H,,BF,N,O,PdS,: C 50.62: H 4.77. Found: C 50.55: H 4.70. 

IPd(l)(map)llBF,l (6): The same procedure a s  dcscribed for 5 was employed 
except that m-aminopyridine (map) was subbtituted for p-uminopyridinc. 
Yield 25.1 mg (94'/0). ' H N M R  (CDCI,): S = 7.44 (s, 1 H,  map-Ar). 7.41 (d. 
4H,  J = 8.6 Hz.p-Ar), 7.41 (s, 1 H, map-Ar), 7.01 (m, 2H,  map-Ar). 6.94 (m. 
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3H. Pd- Ar), 6.89 (d. 4 H . p A r ) .  4.51 (brs ,  2H,  NH,), 4.35 (s, XH, BL), 4.10 
(s. JH.  OCH,). 3.74 (m, 4H,  OCH,), 3.56 (s. 4 H ,  OCH,). Anal. calcd for 
C,jll,,BF4N,0,PdS,: C 50.62; H 4.77. Found: C 50.47; H 4.68. 

1Pd(2)(pap)llBF41 (7): 'The samc proccdure as described for 5 was employed 
except that 4 was substituted for 3. Yield 26.5 mg (10O0L1). ' H N M K  (CD- 
Cl,): 6 =7.16 (in. 2H,  m-Ar), 7.10 (d, 2H. . I =  6.3 Hz, pap), 7.05 (in, 3H,  
Pd- Ar). 6.84 (d, 2H,  nz-Ar), 6.69 (d, 2H,  rmAr). 6.62 (s, 2H,  m-Ar), 6.27 (d. 
2H. J = 6.3 Hz, pap), 5.28 (s, 2H,  NH,), 4.49 (s, 4H. Bz), 4.21 (s, 4 H ,  Bz), 
4 05 ( t , 4H,  OCH,), 3.79(t.4H, OCH,), 3.72 ( s ,4H,  OCH,). Anal. cdcd for 
C,3H,7BF4N,041'dS,: C 50.62; H 4.77. Found: C 50.50; H 4.66. 

IPd(2)(rnap)jlBF4] (8): I'he same procedure as described for 6 was employed 
except that 4 was substituted for 3. Yield 24.8 nig (93%). ' H  NMR (CDCI,): 
5 =7.08 (in. 2H. ninp), 6.99 ( in ,  3H ,  Pd Ar), 6.96-6.55 (in, 10H. ni-Ar, 
niap), 4.45 (s, 2H. NH,). 4.25 (s, XH, Bz), 4.05 (s, 4H,  OCH,), 3.72 (s, 4H,  
OCH,). 3.52 (s, 4 H, OCH,). Anal. calcd for C33H,7BF4N,04PdS,: C 50.62; 
H 4.77. Found: C 50.58: H 4.75. 

1,3-Bis(rt-butylthiomethyl)benzene (9): tr-Butanethioi (3.1 5 g, 38 mmol) was 
added to anhydrous ethaiiol (100 mL). i n  which Na metal (0.87 g, 38 mmol) 
had been dissolved. This mixturc was stirt-cd for 4 11. r,a'-Dibromo-m-xylene 
(5.00 g. 19 mmol) was added and the reaction mixture stirred for :t further 4 h. 
The ethanol was removed arid the resulting pale yellow oil extracted with 
CHLCIZ ( S O  niL). The organic solution was washed with water (2 x 50 iiiL) 

and then dried over anhydrous MgSO,. Removal of the CH,CI, gave a clear 
colourlcss oil. Yield 5.08 g, (95%). 'H NMR (CDCI,): 6 =7.24 7.14 (in, 
JH.Ar) , .1 .66(s ,4H,  Bz),2.3X(t,4H.SCH2), 1 .52(qnt .4H,CH2),  1.33(sxt, 
4H.  CH,), 0.86 (t, 6H,  CH,). Anal. calcd for C,,H,,S,: C 68.01; H 9.29. 
Foulid: C 67.92: l i  9.22. 

[Pd(9)(MeCN)l[BF41 (10): [Pd(MeCN),][BF,], (513 mg, 1 . I 5  mmol) and 9 
(326mg. 1.15 iiimol) were combined in MeCN (50mL) and the mixture 
stirred for 8 h. Thc solution turned form orange to bright yellow in colour. 
Lhethyl ether (40 mL) was added and the resulting yellow precipitate isolated 
by filtration. Yield 344mg (58%). ' H N M R  (CDCI,): d =7.09 (in, 311, 
Pd Ar), 4.13 (br. s, 4H.  Br), 3.25 (t. 4H.  SCH,), 2.26 (s. 3 H ,  MeCN). 1.77 
(qnt. 4H,  CH,), 1.46 (sxt, 4H,  CH,). 0.90 (1. 6H. CH,). Anal. calcd for 
Ci,HI,BF,NPdS2: C 41.91; H 5.48. Found: C 41.77; H 5.39. 

IPd(Y)(pap)l[BF,I (11 ) :  10 (21.2 mg, 0.011 rnmol) and p-aminopyridine (pap) 
(3.9 mg, 0.041 mmol) were added to acetonitrile (10 mL) and stirred for 24 h. 
The solvent was evaporated and the resulting wlid residue recrystallized from 
MeCN. Yield 23.1 mg (99%).  'HNMK (CD,CN): 6 = 8.04 (d, 2H,  
.I = 5.6 Hz, pap-Ar), 6.99 (m, 3H, Pd- Ar), 6.64 (d,  2H,  J = 5.6 Hz, pap- 
Ar). 5.14 (s, 2H,  NH,), 4.33 (s, 4H, Bz). 2.89 (s. 4H,  SCH,), 1.61 (5, 4H,  
CH,), 1.30 (in. 4H. CH,), 0.86 (in, 6 H ,  CH,). Anal. calcd for 
CLoH3,BF,N,PdS,: C 43.13; H 5.62. Found: C 42.99; H 5.57. 

~l'd(Y)(inap)/~BF.,l (12): Compound 10 (31.3 mg. 0.061 nimol) and r)i- 
aininopyridinc (niap) (5.7 mg. 0.061 rnmol) were added to acctonitrilc 
(10 mL) and stirred for 24 h. The solvent was evaporated and the resulting 
solid residue recrystalli7ed from MeCN. Yield 33.7 mg (97%). 'H NMR 
(CL),CN): 5 = 8.04 (s, 1 H, map-Ar), 7.88 (d, 1 H, map-Ar), 7.16 (m, 2H. 
map-Ar), 7.00 (m. 3H,  Pd--Ar), 4.72 (s, 2H. NH,), 4.32 (s, 4H,  Rz), 2.90 (s, 
4H.SCH2).  I.6O(s,4H,CH,),1.29(in,4H,CH,).0.79(m,6H,CH,).Anal. 
calctl for C,,H,,BF,N,PdS,: C 43.11: H 5.62. Found: C 43.00; H 5.51. 

IPd(l)(adenine)llBF,I (13): Compound 3 (25.0 mg, 0.034 mmol) and adenine 
(4 6 mg. 0.034 mmol) were stirred in MeCN ( 5  mL) and CH,OH (5 inL) for 
24 h. The solvent? were removed in vuczio to yield a light yellow solid. The 
solid w a s  washed with diethyl ether ( 5  mL) and recrystallized from MeCN,'di- 
ethql ether. Yield 22.1 mg (79%). ' H N M R  (CD,CN): 6 =10.40 (s, I H ,  
N H ) ,  7.95 (s, 1 H. H(8A)). 7.73 (s, 1 H. H(2A)), 7.04 (m, 3 H ,  Pd+Ar), 6.74 
(d. J H ,  . J = 7 . 9 H r ,  p A r ) ,  6.19 (hrs, 2H,  NH,), 6.01 (d,  4H,  J=7.Y H7, 
p-Ar).4.55 (brs ,4H.  Bz).4.24(s,4H, B z ) , ~  85(1n. 12H,OCH,). Anal calcd 
for- C',,H,,B~~NiO,PdSZ: C 40.81: H 3.80. Found: C 40.64: H 3.68. 

IPd(2)(adenine)J[BF4~ (14): Compound 4 (25.0 mg, 0.034 mmol) and adenine 
(4.6 mg, 0.034 mniol) were stiri-ed in MeCN ( 5  ml.) and CH,OH ( 5  mL) for 
24 h The solution was filtered to remove ii small amount of unreacted 
adenine and the product precipitated by the addition ofdiethyl ether (10 mL) 

The solid was washed with dicthyl ether ( 5  mL) and recrystallized by slow 
evaporation of a MeCN solution of the compound. Yield 22.4nig (80%).  

H(2A)). 7.02 (m. 3H. Pd - Ar), 6.74(d, 4H. J = 8.0 Hz, p A r ) .  6 19 (brs. 2H. 
NH,), 6.01 (d, 4H,  J = 8.0 Hz, p-Ar), 4.55 (brs. 4 H ,  BL). 4.24 (s. 4H,  Bz). 
3.85 (in, 12H. OCH,). Anal. calcd for C,,H,,BF,N,O,PdS,: C 40.81; H 
3.80. Found: C 40.57: H 3.70. 

I H  N M R ( C D , C N ) : ( ~  =10.39(S, i  H.NH).~.~S(~,IH,H(XA)).~.~~(~,~H. 

IPd(l)(guanine)llBF,I (15a): Compound 3 (25.0 mg, 0.034 mmol) was dis- 
solved in McCN ( 5  mL). and guanine (5.2 mg, 0.034 mmol) in CH,OH 
( 5  niL) was added with stirring. After 24 h. an off-white solid was isolated by 
filtration. Yield 18.6 mg (65%).  ' H N M R  (CDCI,): B = 9.81 (s. 1 H. N H ) .  
8.59 (s, 3 l i ,  NH),  7.23 (d, 4H. J = 8.3 Hr. p A r ;  overlap with 1 H, H(8)G), 
7.01 (in, 3H. Pd-Ar), 6.38 (d, 4H. J = 8.3 Hz,p-Ar). 5.67 (s. 2H,  NH,), 4.31 
(s. XH, B?), 4.12 (s.4H. ArOCH,), 3.78 (s, 4H,  OCH,), 3.62 (s. 4H. OCII,). 
Anal. calcd for C,,H,,BF,N,O,PdS,: C 40.03; H 3.73. Found: C 40.24: H 
3.66. 

IPd(l)(puaninc-BF,)IIBF,1(1Sb): A solution of3  (0.8 mL, 0.01 st) w 
cd for 15 inin with a 10-fold excess of solid guanine and the mixture filtered. 
The wlvent was evaporated and the rcsulting solid residue iredissolved in a 
1 : I  solution of CHCI,/MeCN. After approximately onr week. several small 
crystals of thc product were isolated and used in a single-crystal X-ray diffrac- 
tion study. Not cnough malcrial was isolated to obtain reliable NMR spectra. 
Attempts to 1-epeat this proccdurc to obtain more inaterial for further spectro- 
scopic analysis have not been successful to date. 

IPd(2)(guanine)lIBF41 (16): Compound 4 (25.0 mg, 0.034 mmol) and guanine 
(5.2 mg, 0.034 mmol) were stirred in MeCN ( 5  mL) and CH,OH ( S  rnL) for 
24 h. The resulting precipitate was washed with diethyl ether (5 mL) and 
rccrystalhzcd from MeCNrdiethyl ether. Yield 17.6 iiig (62'%,). 'H NMR 
(CDCI,): d = 1 1 . 1 3  (s. 1H.  NH) ,  9.68 (s, 1H. NH).  7.50 (5, IH ,  H8G). 
7.19-6.84 (m. 3H,  Pd-Ar; XH, m-Ar), 5.29 (s, 2H. NH,). 4.48 (s, 4 H ,  Bz), 
4.2X (s. 4 H ,  R7), 3.95 (s, 4H.  ArOCH,), 3.82 (s, 4H,  OCH,), 3.68 (s. 4H. 
OCH,). Anal. calcd for C,,H,,BF,N,O,PdS,. C 40.03; H 3.73. Found: C 
39.87: H 3.58. 

X-ray structure analyses: Colorless crystals of 1 were grown by slow evapora- 
tion of a CH,Cl, solution of the conipound. Yellow to yellow-orangc crystals 
of3. 5 and 7 wcrc grown by vapour diffusion ofdiethyl ether into an acetoni- 
trile solution of the complex. Orange crystals of 13 and 14 were obtained by 
vapour diffusion of diethyl ether into an acetonitrile solution of the complex. 
Orange-1-ed crystals of 15b-CHCI, were isolated by slow evaporation of a 
CHCI, solution of 1Sa during an attempted recrystallization of that complex. 
Diffraction experiments were performed on a four-circle Kigaku AFC 6S or 
AFC 5R (15b.CHC1, only) diffractoineter with graphite-monochromatizcd 
Mo,, radiation. The unit cell constants and orientation matrices for data 
collection were obtained from 25 centred reflections (1  5 < 20 < 35 ).  Machine 
parameters, crystal data. and data collection parameters are summarized in 
Tahles 2, 7 and S-l (deposited at CCDC). The intensities of three standard 
reflections wet-e recorded every 150 rcflcctioiis and showed no st;itistically 
significant changes over the duration of the data collectmiis. The intensity 
data wei-e collecled using the ro-20 scan technique, in four shells (20< 30. 40, 
45, and 5 0 ' ) .  Absorption coefficients were calculated and corrections applied 
to the data. The data were processed using the TEXSAN software""' packnge 
running on an SGI Challenge XL computer. For I ,  the positions of the sulfur 
atoms were determined by direct methods from the E-map with highest 
figure-of-merit, while for the metal complexes the position of thc palladium 
atom wiis determined by conventional Patterson incthods. For each com- 
pound the remaining non-hydrogen atoms were located from a series of 
difference Fourier map calculations. Refinements were carricd out by using 
full-matrix least-squares techniques on F by minimizing the function 
I i v ( F ,  - FJ2. where 11' = 1 ;o'($,) and F;, and are the observed and c;ilculat- 
cd structurc factors. Atomic scattering factors"" aiid anomalous dispersion 
tei-insL1" wrie taken from the usual sources. In the final cycles ofrcfincment. 
all non-H atoms were assigned anisotropic thermal parameters except for the 
cai-hon iitotiis i n  7 and 1Sb. Fixed H atom coiakributions wei-e iticluded with 
c' H distances of 0.95 and tliernial pal-amctcrs 1.2 iitncs thc isotropic 
thcrmal pelnmeter of the bonded C atoms. These H atoms wcrc not refined. 
hut all \slues were updated as refinement continued. Details of the data 
collection are summarized in Tables 1 aiid 7, and selected bonding parameters 
are li,tetl i i i  Tables 2. 3, 5. 6. and 8- 10."5' 
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