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(CDC13) 6 170.9, 158.5, 155.8, 154.1, 142.6,107.8,71.7,70.8, 70.3, 
70.2,69.9,58.8,46.0,39.5; FABMS m / e  971 (M+ + 1); HRhrIs calcd 
for C12H79N6019 971.5400, found 971.5367. 

a-[N-[2-[ 1-[2-0xo-4-[ (triphenylmethyl)amino]pyrimidi- 
nyl]~thyl]amino]-o(metho.ymethyl)~oly(ethylene glycol) 
(36). Compound 21 (1.19 g, 3.01 "01) was reacted with com- 
pound 26 as deadbed for compound 27 above, except that benzene 
was used as the solvent. The crude material was purified by 
column chromatography using 5% MeOH/CHC13 as the eluent 
to provide 36 (2.65 g, 75.2%): Rf = 0.48 (system B); 'H NMR 
(CDC13) 6 3.38 (3 H, 8, CH30), 3.53-3.72 (64 H, m, CHzO, 

(1 H, d, J = 7.3 Hz, O , 7 . 0 3  (1 H, d, J = 7.3 Hz, 0 , 7 . 2 3 - 7 . 3 7  
(15 H, m, Trm, 7.51 (1 H, t, CONH); 'gC NMR (CDClJ 6 170.6, 
165.3,155.7,146.7,143.6,128.5,128.1,127.4,94.1,71.7,71.0,70.8, 
70.7,70.6,70.3, 70.0,58.8,48.8, 37.8; CIMS m / e  1174 (*n X 44 
amu) (M+ + 1); HRMS calcd for C&,N409 1173.6434, found 
1173.6430. 

a-[N-[2-[ 1-(4-Amino-2-oxopyrimidinyl)]ethyl]amino]-o 
(methoxymethyl)poly(ethylene glycol) (37). Compound 36 
(2.29 g, 1.95 "01) was dissolved in trifluoroacetic acid (25 mL) 
and the solution brought to reflux for exactly 30 min. The solvent 
was then removed in vacuo. Sodium hydroxide (0.5 N in MeOH) 
was then added to a solution of the reaidue in MeOH until neutral 
and the solvent again removed on a rotary evaporator. The crude 
material was purified by column chromatography using 20% 
MeOH/CHC13 as eluent to provide 37 (1.79 g, 98.6%): Rf = 0.59 
(20% MeOH/CHC13); 'H NMR (CDC13) 6 3.16 (3 H, a, CH30), 
3.33-3.42 (64 H, m, CH20, CH2CHzNHCO), 3.70 (2 HI t, 
CHzCH2NHCO), 5.67 (1 H, d, J = 7.1 Hz, C6H), 6.62 (2 H, br s, 
NHJ, 7.04 (1 H, d, J = 7.1 Hz, C6H), 7.61 (1 H, t, CONH); I3C 

CH&HZNHCO), 3.86 (2 H, t, J = 6.1 Hz, CHZCHZNHCO), 4.99 

NMR (CDC1,q) 6 170.3,165.9, 156.4,145.3,94.1,71.4,70.6,70.0, 

69.7,58.5,48.5, 37.8; FABMS m / e  929 (M+ + 1); HRMS calcd 
for C41H78N401& 969.4897, found 969.4877. 

Determination of Binding Constants. For the dimerization 
study of 29, 15 samples of DMSO-d6 solutions of various con- 
centrations (0.0174.090 M) were prepared and the chemical shifts 
of the NLH, CLNHz, and C'-NHZ protons of 29 recorded using 
a Nicolet "-360 NMR (360 MHz) at 23 "C. For the titration 
of 35 with 37, six separate aliquots (locrZ00 pL) of a 0.53 M 
DMSO-d6 solution of 37 were added to a 0.086 M solution (600 

protons recorded as a function of relative nucleobaee concen- 
tration. Data reduction was then effected using standard 
Scatchard plots?' Because of the low chemical shift (Ab) vduea 
involved, the errors are considered to be significantly larger 
(<f20%) than might otherwise be expected for this sort of 
measurement and analysis. 
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A series of crown ether-like macrocyclic compounds 3 containing the 2,6-dibenzyl-4-nitrophenol substructure 
have been prepared by cyclization reactions of disalicylideneacetone 4 with ditmylah 7 of oligoethylene glycols, 
followed by hydrogenation and double aldol condensation with nitromalondialdehyde. These compounds may 
be regarded as a section of a 1,3-crowned calix[4]arene. X-ray d y s b  of two examples shows, however, 
that the three phenohc unita linked via +methylene group adopt a conformation different to the all& conformation 
found in &[4]arenea The reaction of the nitrophenyl acetates derived from 3 and from suitable model compounds 
with ethoxide in ethanol was studied kinetically. This reaction is accelerated by the addition of SrBrz and BaBrz 
in all cases, indicating that the metal ion is bound more strongly to the transition state than to the initial state. 
Ekpecially high acceleration factors (up to 700 in the case of 1Oe) were observed for cyclic and open-chain compounds 
with longer flexible oligoethylene oxide chains, which means that only in these casea do the ether oxygens contribute 
effectively to the binding of the metal ion in the transition state. 

In recent studies'-3 of the effect of metal ions on acyl 
transfer reactions from aryl acetates to methoxide ion it 
was reported that alkali and alkaline-earth metal ions more 
or less f d y  held in the proximity of the acetoxy group 
by strategically placed poiyether chains, such as those in 
1 and 2 (Chart I), greatly enhance reaction rates. The 
results, which were discussed in terms of differential 

Chart I 

$03 0 O A c O  @OCH,CH,),OCH, 

1 (n=2-6)  2 

w 
'Germany. 
f Italy. 
#The Netherlands. 

binding of metal ions to transition state and reactant state, 
pointed to a selective transition-state stabilization resulting 
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from a favorable combination of interactions of the metal 
ion both with the negative charge developing at the car- 
bonyl oxygen (electrophilic catalysis) and the oxygen atoms 
of the polyether chains. Since it was felt such studies have 
the potential of providing useful insight into homogeneous 
catalysis by metal ions, as well as bearing upon the im- 
portant question of the relationship between binding and 
catalysis,' we were prompted to extand our investigations 
to additional reacting systems, with the underlying idea 
that rate-enhancing effects of metal ions should be very 
sensitive to the mutual distance of the ester group un- 
dergoing nucleophilic attack and the proximal arrangement 
of donor atoms. We therefore synthesized a series of crown 
ether compounds 3 with an "inwards oriented" phenolic 
hydroxyls and studied the reactivity of their acetates. 
These compounds may be regarded as possessing a section 
of a "calix crown"lG i.e., a calix[4]arene molecule in which 
two opposite phenolic oxygen functions are connected by 
an oligoethylene oxide bridge. In this paper we report the 
syntheses of the crown ether phenols 3 and a kinetic in- 
vestigation of the effect of barium and strontium ions on 
the reactions of their acetates 10 with ethoxide ion in 
ethanoL For comparison purposes, a series of acyclic model 
compounds was also considered. 

Results 
Synthesis. Various trinuclear phenolic oligomers with 

a nitrophenol unit in the middle have been synthesized.73 
However, they cannot be used as educta for the synthesis 
of 3, since the phenolic hydroxyl group of this nitrophenol 
unit should require selective protection during the cycli- 
zation step. We therefore thought of a strategy which 
creates the nitrophenol unit after the crown ether cycle 
has been formed. This can be done by double aldol con- 
densation of a suitable ketone with nitromalondialdehyde, 
a reaction which also was used for the synthesis of hem- 
ispherands containing a p-nitrophenol unit.s 

The ketone structure needed for the synthesis of 3 is that 
of a 1,5-diphenylpentan-3-one, which can be easily ob- 
tained by aldol condensation of acetone with a benz- 
aldehyde and subsequent selective hydrogenation of the 
carbon-carbon double bonds. In fact, the model com- 
pounds 13a,b were easily obtained in high overall yields 
(nearly quantitative yield for the condensation step with 
nitromalondialdehyde) starting with 0- or p-methoxy- 
benzaldehyde. 

In a similar way condensation of salicylaldehyde with 
acetone and hydrogenation of the disalicylideneacetone 4 
should yield a diphenolic compound 5 suitable for cycli- 
zation with the ditosylate of an oligoethylene glycol 7. 

(1) Cacciapaglia, R.; Lucenta, 5.; Mandolini, L.; van Doom, A. R.; 
Reinhoudt, D. N.; Verboom, W. Tetrahedron 1989,45,6293. 

(2) Ercolani, G.; Mandolini, L. J. Am. Chem. SOC. 1990, 212, 423. 
(3) Cacciapaglia, R.; van Doom, A. R.; Mandolini, L.; Reiihoudt, D. 

N.; Verboom, W. J. Am. Chem. SOC., in prese. 
(4) Fersht, A. Enzyme Structure and Mechanism, 2nd ad.; Freeman 

W. H. and Company: New York, 1986, Chapter 12. 
(5)  For further examples of crown ethers containing a p-nitrophenol 

unit see for inetauce: (a) Brown, C. M.; Fergueon, G.; McKervey, M. A.; 
Mulholland, D. L.; O%onnor, T.; Parvez, M. J. Am. Chem. SOC. 1985,107, 
2703. (b) Fergueon, G.; Kaitner, B.; Browne, C. M.; McKervey, M. A. J. 
Chem. SOC., Perkin Tram. 2 1988, 1725. 

(6) Ghidini, E.; Ugozzoli, F.; Ungaro, R.; Harkema, S.; El-Fadl, A. A.; 
Rehhoudt, D. N. J. Am. Chem. SOC. 1990,112,6979 and references cited 
there. 

(7) Bijhmer, V.; Deveaux, J.; Kbumerer, H. Makromol. Chem. 1976, 
177.1746. 

(8) Bijhmer, V.; Lotz, W.; Pachta, J.; Tiithd, S.  Makromol. Chem. 
1981,182,2671. 

(9) Dijhtra, P. J.; Skowroneka-Ptaeineka, M.; Reinhoudt, D. N.; den 
Hertog, H. J.; van Eerden, J.; Harkema, S.; de Zeeuw, D. J. Org. Chem. 
1987,52,4913. 
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According to Mora and Szeki,l0 4 and 5 have the structure 
of a cyclic hemiketal (e.g. 6 instead of 5). In fact, all 
attempts to cyclize the saturated ketone (which were un- 
dertaken in the hope that the open-chain compound 5 
probably present in equilibrium with 6 could be trapped) 
failed. The NMR spectra of 4, however, show no indication 
of the presence of significant amounts of cyclic product, 
and the reaction of 4 with ditosylates 7 gave the cyclic 
compounds 8 from which the further compounds were 
obtained as indicated in Scheme I. 

Several conditions were checked for the cyclization of 
4 with 7. By far the best results were obtained in aceto- 
nitrile in the presence of CsF." Crown ethers 8 were 
isolated by flash chromatography in yields of 29% to 67% 
for the analytically pure compounds. No indication for 
the formation of a cyclic dimer was found not even for the 
shortest ditosylate 7a. In a similar way the open-chain 
compound 110 was prepared by reaction of 4 with the 
tosylate of triethyleneglycol monomethyl ether. 

Hydrogenation of compounds 8 and 11 was performed 
at room temperature and normal pressure using Raney 
nickel as a catalyst, which has been deactivated by 
treatment with dilute acetic acid. Nevertheless, reduction 
of the keto group must be considered as a side reaction, 
and the secondary alcohol was isolated as byproduct (24%) 
in the case of 9b, reducing its yield to 48%. In the other 

(10) Mora, P. T.; Szeki, T. J. Am. Chem. SOC. 1950, 72,3009. 
(11) W i o u d t ,  D. N.; de Jong, F.; Tomaeeen, H. P. M. Tetrahedron 

Lett. 1979, 2067. 



828 J. Org. Chem., Vol. 57, No. 3, 1992 

Chart I1 
R O R  

R* Re f i  R e  

11 12 

Kraft et al. 

R OH R 

R' R* R* R' 

13 14 

NO2 

OCH, H (OCH2CH2),0CH3 

OCH, H 

cases the yield of the desired saturated ketone was in the 
range of 63-77 % . 

Condensation with the sodium salt of nitromalondi- 
aldehyde was performed in boiling methanol with sodium 
ethoxide as base. On cooling, the sodium salt of 3 often 
crystallized out of the reaction mixture. It was easily 
converted to the free nitrophenol by treatment with dilute 
hydrochloric acid. In those cases where the sodium salt 
remained in solution, the nitrophenol could be precipitated 
(almost in pure form) by acidification. Yields of the ni- 
trophenol crown ethers were practically quantitative. 

The acetates 10 were easily obtained by reaction of 3 
with acetic anhydride in pyridine at room temperature. It 
is interesting to note that for n = 1 and n = 2 the ester 
group obviously cannot pass through the annulus, since 
in the 'H NMR spectrum the benzylic methylene protons 
appear as an AB quartet. 
Similar to the cyclic compounds, the linear analogues 

13c (54%) and its acetate 14c (88%) were obtained 
starting with disalicylideneacetone 4 and the tosylate of 
triethylene glycol monomethyl ether via the linear ketones 
llc (46%) and 12c (89%; 10% of the secondary alcohol 
as byproduct). 

X-ray Structures. The structures of two cyclic com- 
pounds 3c and 3e were further confirmed by X-ray 
analysis. Figure 1 shows their molecular conformation in 
the crystalline state (in the case of 3c from two crystal- 
1ographicaUy independent molecules, with slight3y different 
conformations, only one is shown). As normally found in 
flexible molecules, bond distances and bond angles are 
close to usual values (see the supplementary material). 
The interesting conformational aspect of these molecules 
is the mutual arrangement of the three phenolic units in 
comparison with 1,3-&crowns, which would be obtained 
by connecting the phenyl ether rings in ortho position via 
an additional phenolic unit. According to a proposal by 
Ugozzoli,'2 the conformation of a calixarene is unequivo- 
cally described by pairs of torsion angles for the Ar-CH2- 
bonds. The usual cone conformation is then characterized 
by pairs of angles with alternating sign, while a distortion 
of the "ideal" 4-fold symmetry is indicated by torsion an- 
gles deviating from 90°. Thus, for tert-butylcalixcrown-5 
the following angles were founds 110, -61; 66, -121; 116, 
-68; 70, -112 (which are expressed, involving the carbon 
atoms carrying the phenolic oxygen). The corresponding 

(12) Ugorczoli, F., privata communication, lecture at the workshop on 
caliienee and related compounds, August 2&30,1991, Mainz. 

U 
Figure 1. Molecular conformation of crown ethers 3c (top) and 
38 (bottom). 

values for 3c are 91.3, -161.9; -103.6,87.7 for the molecule 
shown in Figure la  and 89.1, -163.4; -79.0,102.8 for the 
second molecule, while for 3e the following values were 
found: -66.7, 134.4; -84.5, 162.8. There is not only a 
stronger deviation from 90" than in calixcrowns, with one 
of the torsion angles coming close to 180° in both com- 
pounds, but there is also a deviation from the alternating 
sequence of plus/minus in the case of 3c, which meam that 
the three phenolic units are arranged in a zigzag like 
manner. The higher conformational freedom expressed 
by these findings must be considered also when the resulta 
of the kinetic studies are compared with calixcrowns. 
While the hydroxyl group of the nitrophenol unit in 3c 
forms an intramolecular hydrogen bond to the phenol ether 
oxygen of the adjacent phenolic unit (like in calixcrowns) 
it forms a hydrogen bond to a water molecule included in 
the cavity of the macrocycle 38. This water molecule in 
turn is hydrogen bonded to two oxygen atoms of the 
polyether chain. 

Kinetics. Acetyl transfer reactions to ethoxide ion from 
the p-N02-aryl esters 14a-q lob-, and p-nitrophenyl- 
acetate were carried out in EtOH solution at 26.0 "C. The 
reaction progress was monitored spectrophotometrically 
following the increase of the p-nitroaryl oxide absorption. 
Very dilute solutions of the p-N02-aryl esters (0.03 mM) 
were reacted with a large excess of ethoxide ion (1-10 mM). 
In all cases the reactions proceeded quantitatively, and 
clean first-order behavior was observed up to high con- 
versions. A fmt series of experiments was carried out using 
tetramethylammonium ethoxide as reference reactant. 
Observed pseudo-first-order rate constants, hob, were 
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Figure 2. Plots of kok [s-'] v8 concentration [MI of metal-bound ethoxide for the acyl transfer reactions of p-nitrophenylacetate (a), 
14b (b), 14a (c), 10b (d), 1Oc (e), 1Od (f), 1Oe (g), and 140 (h) in EtOH at 25 OC. The curves in f, g, and h are plots of eq 4. 

translated into second-order rate constants, k,, that were 
taken to represent free ethoxide reactivity.13 A second 
series of experiments was carried out in the presence of 
the alkaline-earth metal ions Sr2+ and Ba2+. The sources 
were SrBrz and BaBr, Solutions for kinetic measurements 
were prepared by mixing equimolar amounts of EtONMe4 
and metal bromide. The exact nature of the species in 
solution is unknown, but the fact that kob varies in a 
strictly linear manner with base concentration in the re- 
action of the model compound p-nitrophenylacetate 
(Figure 2a) may be taken as evidence that the ethoxide ion 
is completely bound to the metal ion in the investigated 
concentration range, according to the conventional for- 
mulation of eq 1. 

EtONMe4 + MBrz - EtOMBr + Me4NBr (1) 
Consistent with this conclusion are experiments where 

the reaction rate turned out to be insensitive to the amount 
of added metal salt in stoichiometric ex- over EtONMe& 
As an example, the rate constant kob = 4.47 s-l, obtained 
upon treatment of p-nitrophenylacetate with a solution 
where [EtONMe4] = [BaBrz] = 6.7 X M, was prac- 
t i d y  coincident with the value 4.20 s-l obtained when the 
concentration of added BaBrz was increased to 1.1 x 
M, the concentration of EtONMe4 being equal. In the 
MeO-/MeOH base/solvent system used in previous stud- 
ied$ association of Ba2+ and S P  with MeO- was far from 
being complete and had to be taken into account for 
quantitative treatment of rate data. In contrast, the 

(13) Buncel, E.; DUM, E. J.; van Truong, Ng.; Bannard, R. A. B.; 
Purdon, J. G. Tetrahedron Lett. 1990,31, 6513. 

Table I. Rate Data for Acetyl Transfer Reactions from a 
Serier of p-Nitrophenyl Acetates to Ethoxide Ion in 

EtOH at 25 O C  
EtOSrBr EtOBaBr 

k0 k M  k M  
substrate (M-' 8-l) (M-' 8-l) k M / k o  (M-l E-') kM/ko  

acetate 
p-nitrophenyl- 94.9 7.56 X lOa 7.97 6.63 X 102 6.99 

14a 0.112 2.78 24.8 2.07 18.5 
14b 0.342 3.44 10.1 2.65 7.75 
10b 0.177 2.96 16.7 2.50 14.1 
1Oe 0.111 1.58 14.2 1.68 15.1 
10d 7.12 X 3.32" 46.6 6.5W 91.3 
1Oe 6.99 X 17.4" 249 48.3O 691 

188 lac 8.23 X 23.W 279 16.5" 

"Calculated a~ k ,  Ks (from Table 11). 

EtO-/EtOH base/solvent system lends itself to a much 
simpler kinetic treatment as the metal-bound ethoxide 
species can be treated as an in situ generated reactant, 
whose concentration is simply equal to the concentration 
of added EtONMe4 (and metal salt). 

Plots of kob vs concentration of metal-bound, ethoxide 
for reactions of the model compounds 14a and 14b and the 
ring compounds 10b and 1Oc are shown in Figures 2b-e. 
It is apparent that these plots also are strictly linear, 
showing that the given reactions closely follow second- 
order kinetics according to eq 2, where S denotes a p- 
N02-aryl ester. The results are summarized in Table I. 

u = kMIEtOMBr][S] (2) 
On the other hand, the corresponding plots for the ring 
compounds 1Od and lOe, and for the open chain crown 
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Table 11. Kinetic Parameters for substrater Exhibiting 
Saturation Kinetics 
EtOSrBr EtOBaBr 

substrata KS (M-') kat (8-l) Ks (M-1) kat 
1Od 12 0.28 20 0.32 
10e 11 1.6 23 2.1 
14c 39 0.59 25 0.62 

analogue 14c shown in Figure B-h exhibit slightly negative 
curvatures (downwards drifta). These may be taken as 
being diagnostic of weak but appreciable associations be- 
tween the reactants. Therefore, the data have been ana- 
lyzed on the basis of the mechanism in eq 3, where the 
substrate S associates in a reversible fast step with the 
ethoxide-bound metal species to give what might be called 
a ternary complex (substrate + ethoxide + metal ion), 
which decomposes in a slow monomolecular step into 
products. Equations 3a,b lead to eq 4, which has the same 

S + EtOMBr S-EtOMBr (34 

(3b) SDEtOMBr - products 
form as the Michaelis-Menten equation (with K,  = KM-l). 

kmt 

k,,K,[EtOMBr] 
kobs = 1 + K,[EtOMBr] (4) 

Initial values of the kat and K,  parameters, obtained 
from double reciprocal (Lineweaver-Burk) plots, were 
further refined by a nonlinear leasbsquares procedure to 
give the best fit to eq 4. The optimized parameters are 
listed in Table 11. 

It is worth noting that in the low concentration region, 
i.e., when KJEtOMBr] << 1, eq 4 reduces to the form of 
eq 5, which shows that when there is negligible formation 
of the ternary complex, the reactions follow second-order 
kinetics. Given the low values of the K,  quantities, this 

condition is practically met in the kinetic runs where 
[EtOMBr] = 1 mM. On the other hand, whenever K ,  < 
10 M-' the denominator of eq 4 is indistinguishable from 
unity in the whole concentration range, as clearly shown 
by the rate profiles for the strontium reactions of 1Od and 
1Oe (Figure 21, where the curvature is hardly noticeable 
on account of the fact that the pertinent K, values (Table 
11) are close to the lower detection limit. 

It seems very unlikely that the fact that some of the 
compounds of the series under examination follow a certain 
kinetic equation, whereas the others follow a different 
equation, is the result of a mechanistic change occurring 
along the series. We assume, therefore, that the mecha- 
nism of eq 3 conveniently applies also to the substrates 
exhibiting linear rate profiles, the ternary complex being 
a common intermediate. Whereas the reactions of p -  
nitrophenylacetate and 14b, like any bimolecuLv reaction 
in solution, may be viewed as proceeding through some- 
thing of the nature of an inherently unstable encounter 
complex (K, << the presence of an increasing number 
of oxygen donors increases the stability of the associated 
species up to the point that a true complex accumulates 
to such an extent as to affect the kinetics. An important 
consequence of this view is that the k,,K, products de- 
termined for the substrates exhibiting nonlinear rate 
profiles (Table I) have the same meaning as the kM 
quantities determined for the other substrates and can be 

hob = k,,K,[EtOMBr] (5) 

Chart 111 

used for a meaningful comparison of reactivity throughout 
the series under subsaturating conditions. 

Discussion 
The first observation made is that addition of the al- 

kaline-earth metal bromides causes significant rate ac- 
celerations in all of the studied reactions, as shown by the 
k M / k o  values listed in Table I. With some of the sub- 
strates, barium ion is more effective than strontium ion, 
and the reverse holds for the others, but no explanation 
for that curious inversion can be offered. The magnitude 
of the observed rate enhancements ranges from 1 order of 
magnitude, or nearly so, with the model compounds p- 
nitrophenylacetate and 14b, to a remarkable 700-fold in 
the barium reaction of 1Oe. It is thus apparent that the 
metal-bound ethoxide is much more reactive than free 
ethoxide, in contrast with the widespread belief that naked 
anions are more reactive than metal bound anions.ls In 
fact, the rule holds for nucleophilic substitutions at satu- 
rated carbods but can fail for nucleophilic additions to 
carbonyl1P2 and pho~phoryl'~ groups. 

The guiding mechanistic concept is that the metal ion, 
strongly bonded to ethoxide ion in the initial state, be- 
comes increasingly bonded to the carbonyl oxygen during 
the activation process, as a result of the negative charge 
being transferred from the incoming nucleophile to the 
carbonyl oxygen itself. Clearly, a strong interaction be- 
tween the metal ion and the carbonyl oxygen in the initial 
state is not a necessary prerequisite for the metal ion to 
act as an effxient electrophilic catalyst. What is important 
is that, according to transition-state theory, the metal ion 
interacts with the transition state more strongly than with 
the initial state. This condition is clearly fulfilled in the 
reaction series under investigation. The picture which 
emerges is one where the rate-determining tetrahedral 
intermediate is attained via a transition state where the 
metal ion is chelated through coordination to both the 
ethoxide oxygen and the carbonyl oxygen? as schematically 
depicted in Chart 111, and where this chelate interaction 
is stronger than the initial state cation-anion interaction. 
The presence of additional donor atoms close to the re- 
action zone provides additional stabilization of the tran- 
sition state through coordinative interactions with the 
metal ion. This is clearly shown, for example, by the fact 
that 14a, where the two OCH, donors are closer to the 
acetoxy group, displays rate enhancements significantly 
larger than those of the para isomer. The k ~ / k ,  values 
listed in Table I show a general tendency to increase on 
increasing the number of oxygen atoms, but flexibility of 
the polyether chain is also important, as suggested by the 
fact that the two methoxy group in 14a are more effective 
than the 4-oxygen and 5-oxygen bridges in 10b and lOc, 
respectively. As suggested by CPK molecular models, the 
polyether bridges of the conformationally rigid macrocyclea 
10b and 10c are inaccessible for coordination to a metal 
bound to the reaction zone, but a more favorable situation 
is apparent in the more flexible macrocycles lod and lb, 
as well as in their open-chain analogue 14c. 

(14) w i d  values estimated for the equilibriGconsGta of com- 
plexes due to random association are in the order of 0.1-1 M-l. See: 
Connors, K. A. Binding Constants; Wiley: New York, 1987; p 89. 

(16) Lefour, J.-M.; Loupy, A. Tetrahedron 1978,34,2697. 
(16) Gordon, J. E. The Organic Chemistry of Electrolyte Solutions; 

Wiley: New York, 1975; pp 466-469. 
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It is highly significant that the magnitude of the ob- 
served rate enhancements upon addition of the alkaline- 
earth metal salts is similar for p-nitrophenylacetate and 
14b, in spite of the fact that the latter is nearly 300 times 
less reactive than the former. It would appear, therefore, 
that the significant steric effect of the bulky o-benzyl 
groups does not alter to a significant extent the charge 
distxibution in the transition state. As a consequence, the 
observed variations of the kM/k, vaues are solely due to 
additional stabilization of the transition state resulting 
from binding of the metal ion with (at least some of) the 
ether oxygens. 

Since kM refers to the unaasociated reactants, the kM/k, 
values show that there is some stabilization of the tran- 
sition state but are uninformative as to whether such 
stabilization is stronger in the reactant state complex 
(S-EtOMBr) or in the transition state complex 
(SEtOMB6).4 But the data listed in Table II clearly show 
that the additional binding energy available in 1Oe and 14c 
as compared to 1Od is realized much more efficiently in 
the transition state. In other words, variations of k,& 
are mainly due to variations of kat and only to a minor 
extent to variations of K,. In the language of the enzyme 
kineticist, the metal ions display a greater complementarity 
to the transition state than to the reactant state. 

The substrate for which the utilization of binding energy 
in catalysis is at a maximum is lOe, as shown by the 
pertinent k,, values, which are the highest in the lot. 

Conclusions 
We have shown that acyl transfer reactions from p- 

nitroarylacetatea to ethoxide ion are subject to significant 
accelerations upon addition of barium and strontium ions, 
which specifically stabilize the transition state via two 
major modes of interaction. One is due to electrostatic 
attraction of the metal ion by the negative charge being 
transferred from the ethoxide oxygen to the carbonyl ox- 
ygen. The other results from additional binding energy 
which is made available by the proximal oxygen donors 
through coordination of the metal ion. What is highly 
significant is that during the activation process cation 
binding enhancement results from either mode of inter- 
action. In other words, barium and strontium ions function 
as electrophilic catalysts with all  of the substrates inves- 
tigated, but their efficiency is much greater for those 
substrates having a multidentate ligand structure, such as 
1M,e and 14c. These are very weak binders as such, but 
the altered substrates in the transition state behave as 
strong ligands, thus providing an illustration of the well- 
established, but not intuitively obvious, notion that strong 
binding in the reactant state is not an important compo- 
nent of ~a ta lys i s .~  

Experimental Section 
General Methods. Melting pointa are u n c o r r d .  'H NMR 

and 'aC NMR spectra were recorded in CDC13 with Me,Si as 
internal standard. An unambiguous assignment of all individual 
signals in the 'H NMR spectra was not possible in all cases. The 
'BC NMR data are summarized in the supplementary material 
(the assignment of '9c NMR data for aromatic carbon atom was 
calculated on the basis of increment tables"). IR spectra were 
obtained from KBr pelleta. 

Starting Materials. Disalicylideneacetone 4,'O pentaethylene 
glycol,"'g hexaethylene the oligoethylene glycol ditcsylatea 
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7 (n = 1-3),m 7 (n = 4, 5),'8 triethyleneglycol monomethyl ether 
to~ylate,2~ and 2-nitromalondialdehyde sodium salt22 were pre- 
pared according to the literature cited. Ketones lla (1,bbis- 
(2/-methoxyphenyl)-1,4pentadien-3-one) and 1 lb (l,bbb(4/- 
methoxyphenyl)-l,dpentadien-3-one) were obtained by aldol 
condensation of o- and p-methoxybenzaldehyde with acetone in 
methanol in yields of 8046%. (lla, mp 120-121 "C; llb, mp 
126 OC (126.5-127 oC)zs.) The saturated ketones 12a (1,bbis- 
(2'-methoxyphenyl)pentan-3-one) and 12b (l,bbi~(4~-methoxy- 
phenyl)pentan-3-one) were prepared by hydrogenation of lla and 
llb in ethanol, using Raney nickel as a catalyst, in yields of 
60-78%. (12a, mp 87-89 O C ;  12b, mp 53.5 OC (54-55 oC)u.) 

Acetonitrile was dried over molecular sieves (4 A). CsF was 
dried for 1 h at 100 OC in a vacuum oven before use. The ma- 
crocyclization reactions were carried out in a dry nitrogen at- 
mosphere. The chromatographic separations were performed on 
silica gel 60 (SiOJ, E. Merck, particle size 0.0404.063 mm, 70-230 
mesh ASTM. 

General P d u r e  for the Preparation of Compounds 8. 
CaF (19 g, 0.125 mol) was added to a solution of diealicylidene- 
acetone 4 (6.66 g, 0.025 mol) in dry acetonitrile (600 mL). The 
mixture was stirred for 1 h at 40-45 "C. Then a solution of the 
corresponding oligoethylene glycol dihylate 7 (0.025 mol) in 
acetonitrile (400 mL) waa added dropwise to the refluxbg mixture 
over a 4 h  period (in the m e  of 8e over a 24h period). The 
reactionmixtureweerefluxedfor W handthen cooled tomom 
temperature. After filtration by suction the solvent was evapo- 
rated under reduced pressure and the residue dried on a vacu- 
um-line. Flash column chromatography (CHClJ of the crude 
producta afforded the pure compounds 8, which in some cases 
were additionally recrystallized. 
8,9:16,16-Diben~o-l,4,7-trioxacyclohexadeca-8,10,13,1~- 

tetraen-12-one (Sa): yellow needles from ethanol (67%); mp 

ArCH), 7.54 (dd, 3J = 7.8 Hz, 2 H, ArH), 7.53 (d, J = 16.5 Hz, 
2 H, CHCO), 7.33 (dt, 3J = 7.9 Hz, 2 H, ArH), 7.02 (br t, 3J = 
7.6 Hz, 2 H, ArH), 6.97 (br d, 3J = 8.2 Hz, 2 H, ArH), 4.32-4.28 
(m, 4 H, CH2), 3.92-3.88 (m, 4 H, CH2); MS m/z 336 (M+, 34). 
Anal. Calcd for C21HmO4: C, 74.97; H, 6.00. Found C, 74.92; 
H, 6.01. 
11,12:18,l9-Dibenzo-l,4,7,lO-tetraoxacyclononadeca- 

11,13,16,18-tetraen-l~-one (8b): yellow needles from aqueous 
acetone (63%); mp 98.5-100 OC; 'H NMR (200 MHz) 6 7.78 (d, 
J = 16.0 Hz, 2 H, ArCH), 7.53 (d, J = 16.0 Hz, 2 H, CHCO), 7.46 
(ad, 8J = 7.6 Hz, 2 H, ArH), 7.30 (br t, 3J = 8.1 Hz, 2 H, ArH), 
6.97 (br t, 3J = 8.0 Hz, 2 H, ArH), 6.88 (br d, 3J = 8.2 Hz, 2 H, 
ArH), 4.24-4.19 (m, 4 H, ArOCH,CH,), 3.97-3.93 (m, 4 H, 
ArOCH2CH2), 3.78 (e, 4 H, OCH2CH20); MS m/z 380 (M+, 2). 
Anal. Calcd for CzsHu05: C, 72.60, H, 6.36. Found C, 72.51; 
H, 6.36. 
14,16:21,22-Dibenzo-1,4,7,lO,l3-pentaoxacyclodocosa- 

14,16,19,2l-tetraen-l&one (8c): yellow solid (29%); mp 94-96 
"C; 'H NMR (200 M H z )  6 7.89 (d, J = 16.1 Hz, 2 H, ArCH), 7.51 
(br d, 3J = 7.6 Hz, 2 H, ArH), 7.33 (br t, 3J = 7.7 Hz, 2 H, ArH), 
7.23 (d, J = 16.1 Hz, 2 H, CHCO), 6.99 (br t, 3J = 7.5 Hz, 2 H, 
ArH), 6.93 (br d, 3J = 8.1 Hz, 2 H, ArH), 4.27-4.22 (m, 4 H, 
ArOCH2CHJ, 3.95-3.90 (m, 4 H, ArOCH&H,), 3.73-3.59 (m, 8 
H, OCH2CH20); MS m/z 424 (M+, 7). 
17,1824,25-Dibenzo-1,4,7,10,13,16-hexao~cyc1opentacoaa- 

17,19,22,24-Mraen-21-0ne (8d): yellow solid (30%); mp 103-106 
"C; 'H NMR (200 MHz) 6 8.10 (d, J = 16.0 Hz, 2 H, ArCH), 7.59 
(dd, 3J = 7.6 Hz, 2 H, ArH), 7.33 (br t, 3J = 8.1 Hz, 2 H, ArH), 
7.13 (d, J = 16.1 Hz, 2 H, CHCO), 6.97 (br t, 3J = 7.4 Hz, 2 H, 
ArH), 6.90 (br d, 3J = 8.3 Hz, 2 H, ArH), 4.22-4.18 (m, 4 H, 
ArOCH2CH2), 3.93-3.89 (m, 4 H, ArOCH2CH2), 3.76-3.60 (m, 8 
H, OCH2CH20), 3.68 (s,4 H, OCH2CH20); MS m / z  468 (M', 92). 
20,21:27,28-Dibenzo- 1,4,7,10,13,16,19-heptaoxacyclo- 

octacoea-20~2,26,2?-tetraen-24-one (Se): yellow solid (48%); 
mp 87 OC; 'H NMR (200 MHz) 6 8.06 (d, J = 16.1 Hz, 2 H, ArCH), 

161-164 "C; 'H NMR (200 MHz) S 8.02 (d, J 16.4 Hz, 2 H, 

(17) Kalinowelri, H. 0.; Berger, S.; Braun, S. lsC NMR-Spektroskopie; 

(18) Newcomb, M.; Moore, S. S.; Cram, D. J. J. Am. Chem. SOC. 1977, 

(19) Kreapan, C. G. J .  Org. Chem. 1974,39,2351. 

Thieme: Stuttgart, 1984. 

99,6405. 

(20) Dale, J.; Krietianeen, P. 0. Acta Chem. Scand. 1977,26, 1471. 
(21) In accordance to literature procedure in ref 19. 
(22) Fanta, P. E. Org. Synth. Rabjohn, N., Ed.; Wiley-Intemiencee: 

(23) Zincke, T.; Mllhlhausen, G. Ber. Dtech. Chem. Gee. 1903,36,131. 
(24) Straw, F.; Grindel, H. Liebigs Ann. Chem. 1924,439, 305. 

New York, 1963; Coll. Vol. IV, p 844. 
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7.59 (dd, 3J = 7.7 Hz, 2 H, ArH), 7.32 (br t, 3J = 8.3 Hz, 2 H, ArH), 
7.18 (d, J = 16.1 Hz, 2 H, CHCO), 6.97 (br t, 3J = 7.5 Hz, 2 H, 
ArH), 6.91 (br d, 3J = 8.5 Hz, 2 H, ArH), 4.23-4.19 (m, 4 H, 
ArOCH2CH2), 3.95-3.91 (m, 4 H,ArOCHzCH2),3.76-3.60 (m,8 
H, OCHzCH20), 3.58 (s,8 H, OCHzCH20); MS m/z 512 (M+, 53). 
1&Bis(2’-( 1,4,7,10-tetraoxaundecanyl)phenyl)-l,4-penta- 

dien-)-one (llc). By analogy to the syntheses of compounds 8 
a solution of triethylene glycol monomethyl ether hy la t e  (22.3 
g, 0.07 mol) in acetonitrile (200 mL) was added to a mixture of 
disalicylideneacetone 4 (7.98 g, 0.03 mol) in dry acetonitrile (500 
mL) and NaH (2.59 g, 0.09 mol; 80% in paraffii). Conditions 
and working up were as described for compounds 8. Flash column 
chromatography (petroleum ether/ethyl acetate, 1/51 of the crude 
product afforded a yellow oil (a%), which was pure enough for 
the following reaction step. Some impurities are detected in the 
‘H NMR: ‘H NMR (200 MHz)  6 8.05 (d, J = 16.1 Hz, 2 H, ArCH), 
7.60 (br d, 3J = 7.6 Hz, 2 H, ArH), 7.33 (br t, 3J = 7.8 Hz, 2 H, 
ArH), 7.17 (d, J = 16.1 Hz, 2 H, CHCO), 6.98 (br t, 3J = 7.5 Hz, 
2 H, ArH), 6.93 (br d, 3J = 8.2 Hz, 2 H, ArH), 4.24-3.33 (m, 24 

General Procedure for the Preparation of Compounds 9. 
Compound 8 (5 mmol) was dissolved in acetone (80 mL) in the 
case of 8a and 8b or methanol (200 mL) in the case of &-d and 
hydrogenated at 15-30 OC in the presence of 1 tep of h e y  nickel 
(which was slightly deactivated by washing with 5% acetic acid 
(3 x 30 mL). The Hz consumption was monitored and the reaction 
was complete after 0.5-3 h. After filtration the solvent was 
evaporated under reduced pressure. The crude white products 
were purified by recrystallization in the case of 9a and 9b and 
flash column chromatography (CHC13/acetone, 10/1) in the case 
of 9c-d. In addition to 9c,24% of the corresponding secondary 
alcohol was isolated, in which the keto group is reduced to the 
alcohol function. 
8,9 lS,16-Dibenzo-l,4,7-trioxacyclohexadeca-8,1S-dien-12- 

one (9a): white crystals from acetone (63%); mp 125-126 “C; 
‘H NMR (200 MHz) 6 7.22-7.13 (m, 4 H, ArH), 6.91-6.79 (m, 4 
H, ArH), 4.19-4.15 (m, 4 H, ArOCHzCH2), 3.94-3.87 (m, 4 H, 
ArOCHzCH.J, 2.96-2.76 (m, 8 H, ArCHzCHz); MS m/z 340 (M+, 
42). Anal. Calcd for CnHu04: C, 74.08; H, 7.11. Found C, 73.70; 
H, 6.99. 

1 1,12: 18,19Dibenm- 1,4,7,1O-tetraoxacyclononadeca-l1,18- 
dien-lS-one (9b): white crystals from acetone (64%); mp 126128 
OC; ‘H NMR (200 MHz)  6 7.16-7.11 (m, 4 H, ArH), 6.89-6.77 (m, 
4 H, ArH), 4.15-4.11 (m, 4 H, ArOCH2CHz), 3.88-3.84 (m, 4 H, 
ArOCH2CHz), 3.75 (8,  4 H, OCH2CH20), 2.87-2.77 (m, 8 H, 
ArCHzCH2); MS m/z 384 (M+, 96). Anal. Calcd for Cz3H%Os: 
C, 71.84; H, 7.34. Found: C, 71.76; H, 7.13. 
14,15:2 1,22-Dibenzo- 1,4,7,10,13-pentaoxacyclodocosa- 

14fl-dien-18-one (9c): white powder (48%); mp 55-57 OC; ‘H 
NMR (200 MHz) 6 7.17-7.10 (m, 4 H, ArH), 6.88-6.74 (m, 4 H, 
ArH), 4.11-4.07 (m, 4 H, ArOCH2CHz), 3.85-3.78 (m, 4 H, 
ArOCHzCH2), 3.68 (br 8 , 8  H, OCH2CHz0), 2.90-2.84 (m, 4 H, 
ArCH2CH2), 2.75-2.68 (m, 4 H, ArCHzCH2); MS m/z 428 (M+, 
2). 
As a side product, the corresponding secondary alcohol was 

obtained 
14,1521,22-Dibenm-1,4,7,10,13-pentaoxa- 18-hydroxycyclo- 

docosa-l4,2l-diene: white powder (24%); mp 69.5-71 OC; MS 
m/z 430 (M+, 2). 
17,18:24,2&Dibenzo-1,4,7,lO,l3,16-hexaoxacyclopentacosa- 

17f4-dien-Zl-one (9d): white powder (77%); mp 60-61.5 O C ;  

‘H NMR (200 MHz) S 7.19-7.10 (m, 4 H, ArH), 6.89-6.77 (m, 4 
H, ArH), 4.13-4.08 (m, 4 H, ArOCH2CH2), 3.86-3.82 (m, 4 H, 
ArOCHzCH2), 3.72-3.67 (m, 8 H, OCHzCH20), 3.64 (8, 4 H, 
OCH~CHZO), 2.93-2.85 (m, 4 H, ArCH,CHz), 2.76-2.69 (m, 4 H, 
ArCH2CH.J; MS m/z  472 (M+, 8). Anal. Calcd for C,HwO7: C, 
68.61; H, 7.68. Found: C, 68.61; H, 7.76. 
20,21:27,28-Dibenzo-1,4,7,10,13,16,19-heptaoxacyc~o- 

octacosa-20f7-dien-24-one (9e): colorless oil (70%); ‘H NMR 
(200 MHz) 6 7.18-7.08 (m, 4 H, ArH), 6.87-6.77 (m, 4 H, ArH), 
4.12-4.08 (m, 4 H, ArOCHzCH.J, 3.86-3.81 (m, 4 H, ArOCH2CH.J, 
3.71-3.64 (m, 8 H, OCH2CH20), 3.61 (br s , 8  H, OCH2CHz0), 
2.91-2.83 (m, 4 H, ArCH2CH2), 2.75-2.67 (m, 4 H, ArCHzCH2); 
MS mlz 516 (M+, 21). 
l,S-Bis(zl-( 1,4,7,l0-tetraoxaundeu1nyl)phenyl)pentan-3-0ne 

(12c). Compound llc (5.3 g, 9.5 mmol) dissolved in methanol 

H, CH,CHZ), 3.33 (8, 6 H, CH3). 

Kraft et al. 

(500 mL) was hydrogenated for 5 h at 20 OC under the conditions 
described for compounds 9. After filtration the solvent was 
evaporated under reduced pressure. The crude white residue 
contained in addition to the desired product 12c the corresponding 
secondary alcohol. Separation by flash column chromatography 
(CHCl,/acetone, 6/1) afforded the pure compounds. 
12c: colorless oil (89%); IR 1710 (Ca) cm-’; ‘H NMR (200 

MHz) 6 7.18-7.07 (m, 4 H, ArH), 6.88-6.78 (m, 4 H, ArH), 
4.14-4.08 (m, 4 H, ArOCHzCH.J, 3.86-3.81 (m, 4 H, ArOCHzCH2), 
3.7e3.48 (m, 16 H, OCH2CH20), 3.36 (8,  6 H, CH& 2.91-2.82 
(m, 4 H, ArCH2CHz), 2.73-2.67 (m, 4 H, ArCH2CH.J. 

A side product, the corresponding secondary alcohol, was 
isolated: 
l,S-Bis(t’-( 1,4,7,10-tetraoxaundecanyl)phenyl)-3- 

hydroxypentane: colorless oil (10%); IR 3490 (OH) cm-’. 
General Procedure for the Preparation of Compounds 3. 

The cyclic ketone 9 (3 m o l )  was dissolved in hot methanol (15 
mL), 2-nitromalondialdehyde sodium salt (0.83 g, 6 mmol) was 
added, and a solution of Na (0.35 g, 0.015 mol) in ethanol (6.4 
g) was dropped slowly to the boiling mixture. After 20 h under 
reflux the reaction mixture was fiitered hot (with suction), the 
solvent was evaporated under reduced pressure, and the reaidue 
was taken up in water/methanol. Neutralization with diluted 
HCl afforded a precipitate which, in the case of 38, was recrys- 
tallized from aqueous ethanoL In all the other casea the mixture 
was extracted with CHCl,, and the organic phase was washed with 
water and dried over MgSO,. After evaporation of the solvent 
the crude product was purified by flash column chromatography 
(CHC13) in the case of 3a and 3c and by recrystallization in the 
case of 3b and 3d. 

2f’-Hydroxy-S’’-nitro-8,91 1,131S,16-tribenzo-1,4,7-trioxa- 
cyclohexadeca-8,1 l,l&triene (3a): pale yellow cottonliks fibers 
from methanol (72%); mp 213-214 “C; ‘H NMR (200 MHz) 6 8.00 
(s,3 H, OH, ArH), 7.31 (dd, 3J = 7.4 Hz, 2 H, ArH), 7.18 (dt, 3J 
= 8.0 Hz, 2 H, ArH), 6.93 (br t, 3J = 7.2 Hz, 2 H, ArH), 6.82 (br 
d, 3J = 8.2 Hz, 2 H, ArH), 4.31-4.28 (m, 4 H, ArOCHzCH.J, 3.94 
(s,4 H, ArCH&), 3.89-3.86 (m, 4 H, ArOCHzCH.J; MS m/z 421 
(M+, 100). 
2”-Hydroxy-Sff-nitro- 11,12:14,16: 18,lg-tribenzo- 1,4,7,10- 

tetraoxacyclononadeoa-1 l,l4,l&triene (3b): white cottonlike 
fibers from methanol (72%); mp 179-181 “C; ‘H NMR (200 MHz) 
6 8.02 (8, 1 H, OH), 7.99 (8,  2 H, ArH), 7.23 (br d, 3J = 6.7 Hz, 
2 H, ArH), 7.18 (br t, 3J = 6.6 Hz, 2 H, ArH), 6.92 (br t, 3J = 8.1 
Hz, 2 H, ArH), 6.85 (br d, 35 = 8.2 Hz, 2 H, ArH), 4.19-4.16 (m, 
4 H, ArOCH2CHz), 4.00 (s,4 H, ArCH2Ar), 3.89-3.84 (m, 4 H, 
ArOCH2CH.J, 3.84 (s,4 H, OCH2CH2O); MS m/z 465 (M+, 69). 
Anal. Calcd for CzsHmNO7: C, 67.07; H, 5.85; N, 3.01. Found 
C, 66.82; H, 5.68; N, 3.21. 
2f’-Hydroxy-Sff-nitrl4,l5:l7,192lf2-tribenzo-1,4,7,10,13- 

pentaoxacyclodocosa-l4,17fl-triene (3c): white powder (68%); 
mp 143-144 OC; ‘H NMR (200 MHz) 6 8.27 (e, 1 H, OH), 7.81 
(8, 2 H, ArH), 7.25-7.19 (m, 4 H, ArH), 6.96 (br t, 3J = 7.3 Hz, 
2 H, ArH), 6.87 (br d, 3J = 8.5 Hz, 2 H, ArH), 4.17-4.13 (m, 4 H, 
ArOCH2CH2), 4.02 (8,  4 H, ArCHZAr), 3.75-3.70 (m, 12 H, 
OCHzCH20); MS m/z 509 (M+, 100). AnaL Calcd for C&&1N08: 
C, 65.99; H, 6.14; N, 2.75. Found: C, 66.26; H, 6.22; N, 2.79. 
2”-Hydroxy-Sf’-nitro-17,18:20,22:24,2S-tribenzo- 

1,4,7,10,13,16-hexaoxacyclopentacosa- 17,20,24-triene (3d): 
white cottonlike fibers from aqueous methanol or ethanol (68%); 
mp 83-85 OC; ‘H NMR (200 MHz) 6 8.31 (8, 1 H, OH), 7.79 (8, 
2 H, ArH), 7.26-7.14 (m, 4 H, ArH), 6.97-6.86 (m, 4 H, ArH), 
4.184.14 (m, 4 H, ArOCH2CH.J, 4.02 (8,4 H, ASH&), 3.78-3.74 
(m, 4 H, ArOCH2CHz), 3.63 (br s, 12 H, OCH2CH20); MS m/z  
553 (M+, 21). Anal. Calcd for C&,NO,: C, 65.07; H, 6.38; N, 
2.53. Found C, 64.80, H, 6.52; N, 2.51. 
2”-Hydroxy-5”- ni t ro-20,2 1 : 23,25:27,28- t ri ben zo- 

1,4,7,10,13,16,19-heptaoxacyclooctacosa-2Of3f7-t~ene (3e): 
pale yellow crystals from aqueous ethanol (76%); mp 94-96 OC; 
‘H NMR (200 MHz) 6 8.64 (8, 1 H, OH), 7.81 (8, 2 H, ArH), 
7.25-7.09 (m, 4 H, ArH), 6.94-6.84 (m, 4 H, ArH), 4.16-4.12 (m, 
4 H, ArOCH2CH2), 4.03 (s, 4 H, ArCHzAr), 3.78-3.74 (m, 4 H, 
ArOCH2CHJ, 3.65-3.58 (m, 16 H, OCHzCH20); MS m/z 597 (M+, 
48). 
2,6-Bis(2’-methoxybenzyl)-4-nitrophenol(13a). A solution 

of Na (0.57 g, 25 “01) in ethanol (9 mL) was added to the boiling 
solution of compound 12a (1.49 g, 5 mmol) and 2-nitromalon- 
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dialdehyde sodium salt (1.39 g, 10 mmol) in methanol (25 mL). 
The mixture was heated under reflux for 20 h and filtered hot 
with suction. From the cooled fiitrate a yellow precipitate sep- 
arated which was stirred with dilute HCL The crude white product 
thus obtained was recrystallized from aqueous acetic acid to give 
white crystals (53%): mp 125-127 "C. AnaL Calcd for C&I,NO,: 
C, 69.64; H, 5.58; N, 3.69. Found C, 69.36; H, 5.79; N, 3.80. 
2,6-Bis(4'-methoxybenzyl)-4-nitrophenol(13b). The syn- 

the& was carried out as described for compound 13a: pale yellow 
needles from aqueous acetic acid (85%); mp 134.5-135 "C; 'H 
NMR (200 MHz) 6 7.96 (8, 2 H, ArH), 7.12 (d, J = 8.6 Hz, 4 H, 
ArH), 6.87 ( d , J  = 8.6 Hz, 4 H, ArH), 5.47 (s,1 H, ArOH), 3.95 
(s,4 H, ArCH&), 3.78 (8, 6 H, CHB). Anal. Calcd for CpH21N06: 
C, 69.64; H, 5.58; N, 3.69. Found C, 69.53; H, 5.62; N, 3.48. 

2,6-Bis(2'-( 1,4,7,10-tetraoxaundecanyl)benzyl)-4-nitro- 
phenol (13c). A solution of Na (0.21 g, 9 mmol) in ethanol (3.2 
mL) was dropped slowly into the boiling mixture of compound 
12c (1 g, 1.8 mmol) and 2-nitromalondialdehyde sodium salt (0.5 
g, 3.6 mmol) in methanol (9 mL). The reaction was carried out 
as described for compounds 3. The crude product wae purified 
by flash column chromatography (CHC13/acetone, l O / l ) :  yellow 
oil (54%); 'H NMR (200 MHz) 6 8.22 (8, 1 H, OH), 7.94 (8, 2 H, 
ArH), 7.23-7.08 (m, 4 H, ArH), 3.96 (s,4 H, ASH&), 4.20-3.47 
(m, 24 H, CH2CH2), 3.33 (e, 6 H, CH3). 

General Procedure for the Preparation of Compounds 10 
and 14. Acetic anhydride (14 mL) was added to a solution of 3 
or 13 (1 mmol) in dry pyridine (12 mL). The mixture was stirred 
overnight, poured on ice, and allowed to stand for several hours. 
In most cases a white solid could be filtered off by suction and 
dried on a vacuum line. In some mea an oil was formed and the 
crude product was obtained by extraction with CHC1, and the 
usual workup procedure. Purification was achieved by flash 
column chromatography in the case of 108 (CHCl,), 1Oc 
(CHC13/acetone, l O / l ) ,  and 14c (CHCl,/acetone, 6/1) and by 
recrystallization in the other cases. 

5"-Nit ro-8,9: 1 1,13: 15,16-triben zo- 1,4,7-t rioxacyclo- 
hexdeca-8,l l,lS-trien-l%-yl acetate (loa): white powder from 
benzene (70%); mp 259 "C; 'H NMR (200 MHz) 6 7.53 (8, 2 H, 
ArH), 7.34-7.22 (m, 4 H, ArH), 6.99 (br t, ,J = 7.3 Hz, 2 H, ArH), 
6.76 (br d, 3J = 8.0 Hz, 2 H, ArH), 4.30 (d, 2J = 15.3 Hz, 2 H, 
ArCH2Ar), 3.95-3.90 (m, 4 H, ArOCHzCHz), 3.80-3.60 (m, 4 H, 

H, CH,); MS m/z 463 (M+, 100). Anal. Calcd for CzsHzsN07: 
C, 67.36; H, 5.44; N, 3.02. Found C, 67.60; H, 5.57; N, 3.19. 
5"-Nitro-l1,1214,1618,19-tribenzo-l,4,7,lO-tetraoxacyclo- 

nonadeca-11,14,18-t-15-y1 acetate (lob): pale yellow, shining 
crystals from benzene/petroleum ether (80%); mp 156 "C; 'H 
NMR (200 MHz) S 7.49 (s,2 H, ArH), 7.35-7.20 (m, 4 H, ArH), 
6.99 (dt ,J = 7.3 Hz, 2 H, ArH), 6.88 (br d, ,J = 8.2 Hz, 2 H, ArH), 
4.19 (d, 2J = 16.2 Hz, 2 H, ArCH2Ar), 4.07-4.03 (m, 4 H, 
ArOCH2CH2), 3.74-3.70 (m, 4 H, ArOCH2CH2), 3.61 (d, 2J = 16.3 
Hz, 2 H, ASH&), 3.33 (br s,4 H, CHzCH20), 2.36 (s,3 H, CHB); 
MS m/z 507 (M+, 17). Anal. Calcd for C & a 0 8 :  C, 66.25; H, 
5.76; N, 2.76. Found C, 66.11; H, 5.77; N, 2.86. 
5"-Nitro-14,15:17,1921,22-tribenzo-1,4,7,10,13-pentaoxa- 

cyclodocosa-14,17,21-trien-18-yl acetate (1Oc): white powder 
(99%); mp 128-130 "C; 'H NMR (200 MHz) S 7.71 (a, 2 H, ArH), 
7.25 (dt, 3J = 9.1 Hz, 2 H, ArH), 7.11 (dd, 3J = 7.4 Hz, 2 H, ArH), 
6.93 (br t, 3J = 6.7 Hz, 2 H, ArH), 6.87 (br d, ,J = 8.4 Hz, 2 H, 
ArH), 4 .W.10 (m, 4 H, ArOCH2CH2), 3.92 (s,4 H, ArCH2Ar), 
3.763.68 (m, 4 H, ArOCHzCH2), 3.56-3.48 (m, 8 H, OCH2CH20), 
2.26 (8, 3 H, CH,); MS m/z 551 (M+, 11). Anal. Calcd for 

N, 2.55. 
5"-Nitro-17,18:20,2224,25-tribenzo- 1,4,7,10,13,16-hexaoxa- 

cyclopentacosa-l7,20,24-trien-21-yl acetate (10d): white 
powder from benzene/petroleum ether (61%); mp 112 "C; 'H 
NMR (200 MHz) 6 7.85 (s,2 H, ArH), 7.23 (dt, = 7.7 Hz, 2 H, 
ArH), 7.07 (dd, = 7.3 Hz, 2 
H, ArH), 6.85 (br d, = 7.5 Hz, 2 H, ArH), 4.10-4.06 (m, 4 H, 
ArOCH2CH2), 3.92 (8, 4 H, ArCH2Ar), 3.76-3.72 (m, 4 H, 
ArOCH2CH2), 3.58 (e, 4 H, OCH2CH20), 3.54 (br 8, 8 H, 
OCH2CHz), 2.28 (8, 3 H, CH,); MS m/z 595 (M+,6). 
5"-Nitro-20,21:23,2527,28-tribenzo-1,4,7,10,13,16,19-hepta- 

oxacyclooctacosa-20,23,27-trien-24-yl acetate (1Oe): white 
needlea from benzene (63%); mp 108-109 "C; 'H NMR (200 MHz) 

ArOCHZCHz), 3.43 (d, 'J = 15.3 Hz, 2 H, ArCH&), 2.45 (8, 3 

C&BNOD: C, 65.31; H, 6.03; N, 2.54. Found C, 65.32; H, 6.30; 

= 7.4 Hz, 2 H, ArH), 6.95 (dt, 
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6 7.86 (a, 2 H, ArH), 7.23 (dt, 3J = 7.9 Hz, 2 H, ArH), 7.08 (br 
d, ,J = 7.4 Hz, 2 H, ArH), 6.94-6.83 (m, 4 H, ArH), 4.10-4.06 (m, 
4 H, ArOCH2CH2), 3.91 (8,  4 H, ArCHzAr), 3.76-3.71 (m, 4 H, 
Ar0CH2CHJ, 3.58-3.57 (m, 16 H, OCHzCH20), 2.31 (a, 3 H, CHB); 
MS m/z 639 (M+, 5). 
2,6-Bis(2'-methoxyben~yl)-4-nitrophenylacetate (148): 

white crystals from toluene/petroleum ether (75%); mp 74-80 
OC;'HNMR(~~~MHZ)S~.~~(S,~H,A~H),~.%~.~~(~,~H, 
ArH), 7.05 (br d, ,J = 6.7 Hz, 2 H, ArH), 6.93-6.86 (m, 4 H, ArH), 
3.88 (e, 4 H, ArCH&), 3.77 (s,6 H, OCHB), 2.29 (e, 3 H, COCHB). 
Anal. Calcd for CuH,N06: C, 68.38; H, 5.50; N, 3.32. Found: 
C, 68.21; H, 5.43; N, 3.40. 

2,6-Bie(4'-met hoxybenzyl)-4-nitrophenylacetate (lab): 
white cryetals from petroleum ether (71%); mp 96-96 "C; 'H NMR 
(200 MHz) 6 7.83 (s,2 H, ArH), 7.06 (d, J = 8.5 Hz, 4 H, ArH), 
6.86 (d, J = 8.6 Hz, 4 H, ArH), 3.84 (s,4 H, ArCH&), 3.79 (e, 
6 H, OCH,), 2.24 (e, 3 H, COCH,). Anal. Calcd for CuH,N06: 
C, 68.38; H, 5.50; N, 3.32. Found C, 68.06, H, 5.48, N, 3.39. 

2,6-Bis(2'-( 1,4,7,lO-tetraoxaundecanyl)benzyl)-4-nitro- 
phenylacetate (14c): white oil (88%); 'H NMR (400 MHz) 6 
7.88 (s,2 H, ArH), 7.20 (br t, ,J = 7.5 Hz, 2 H, ArH), 7.03 (br d, 

= 7.4 Hz, 2 H, ArH), 6.89-6.84 (m, 4 H, ArH), 4.07 (br t, ,J 
= 4.7 Hz, 4 H, ArOCH2CH2), 3.87 (s,4 H, ASH&), 3.74 (br t, 

= 5.1 Hz, 4 H, ArOCHzCH2), 3.65-3.58 (m, 12 H, OCH2CH20), 
3.51-3.49 (m, 4 H, OCH2CH20), 3.33 (s,6 H, OCH,), 2.26 (8, 3 

X-ray Crystallography. The crystal structure of compound 
3c and 38 was determined by X-ray diffraction. 

Compound 3c. Crystal data: CwH31N08, monoclinic, space 
oup R1/n; a = 23.598 (2) A, b = 14.694 (2) A, c = 14.381 (2) x f l  = 93.07 (2)"; V = 4964 (3) A3; .Z = 8; d d c  = 1.36 g cm-,, 

= 0.94 cm-'. Reflections were measured at 125 (5) K in the w/2I? 
scan mode [3.0° < w < 25.0°], using graphite monochromated Mo 
Ka radiation [scan width ( w )  0.80 + 0.34 tan I?]. The structure 
was solved by direct methods% and refiied with full-matrix 
least-squares methods. A total of 4837 reflections with F,2 > 
3a(F09 was used in the refinement. The crystal structure containe 
two crystallographically independent molecules, one of which is 
shown in Figure 1. In both molecules the phenolic hydrogen atom 
is involved in hydrogen bonding to oxygen atom of the ring. The 
conformation of the two molecules is different in the non-hydrogen 
bonded part of the ring. The numbers of parameters refied was 
675 [scale factor, positional parameters, and anisotropic thermal 
parameters for the non-hydrogen atoms]. Hydrogen atom were 
put in calculated positions and were treated as riding atoms in 
the refinements with fued thermal parameters. The position of 
the phenolic hydrogens was found from a difference Fourier 
synthesis. Positions and thermal parameters of these atoms were 
refined. The final R factors were R = 5.2%, R, = 5.7%. All 
calculations were done with SDP.% 

Compound 38. Crystal data: C a H a O  o.H20, triclinic, space 

= 81.73 (4)", fl  = 79.94 (4)", y = 80.61 (4)"; V = 1604 (I) A3; Z 
= 2; dd = 1.28 g p = 0.90 cm-'. Reflections were measured 
at 293 (2) K in the w/28 scan mode [3.0° < w < 25.0°], using 
graphite monochromated Mo Ka radiation [scan width (0) 1.00 + 0.35 tan I?]. A total of 3570 reflections with F: > 3a(F,2) was 
used in the refinement. In the cavity of the macrocycle a water 
molecule was found, which accepts a hydrogen bond from the 
phenolic H atom and is hydrogen bonded to oxygen atoms of the 
ring. The crystal structure of compound 38 is shown in Figure 
1. The number of parameters refined was 562 [scale factor, 
extinction parameter, positional parameters and thermal param- 
eters (anisotropic for the non-hydrogen atom, isotropic for the 
hydrogens)]. The fial R factors were R = 4.5%, R, = 5.9%. 

Materials for Kinetic Measurements. Absolute ethanol 
(Erba RP), fractionally distilled over magnesium ethoxide and 
then over a n h y h  copper(lI) sulfate, was stored in an automatic 
burette under argon. Alkaline-earth metal bromides were from 
a previous investigation.' Ethanolic solutions of tetramethyl- 
ammonium ethoxide were prepared from a commercial sample 

H, COCHJ. 

group pi; a = 8.893 (2) A, b = 13.143 (5) A, c = 14.226 (5) A, a 

(26) Gennain, G., Main, P. & Woolfson, M. M. Acta Cryslallogr., Sect. 
A 1971, A27, 368. 

Inc.: College Station, TX, and Enraf-Nonius: Delft, 1983. 
(26) Structure Determination Package; Frenz, B. A. and Associatee 
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of Me4NOH.5Ha0 (Fluka). The water contained in the solid 
sample was removed by repeated azeotropic distillations with 
benzene under vacuuzal The residue was then repeatedly taken 
up with auhydrous ethanol, evaporated to dryneq and eventually 
dieeolved in a calculated amount of dry ethanol. AU operations 
were carried out under argon. pNitrophenylacetate (Fluka) was 
ueed without further purification. 

Kinetics. Rate measurementa were carried out by using either 
conventional or stopped flow spectrophotometry. Solutions were 
prepared and handled under argon to prevent contamination by 
atmoepheric carbon dioxide. The kinetic runs were startad by 
adding a calculated amount of an ethanolic solution of the p -  
NOraryl acetate to an ethanolic solution of base and added salt. 
On standing, a white crystalline material precipitated from the 
more ConCBntreted solutions of alkaline-earth metal bromides and 
Me,NOEt The nature of the solid material was not investigated. 
Solutions for kinetic rune were prepared immediately before use. 
Occasional checks showed strictly reproducible reaulta in all casea. 

Fitting of kob to eq 4 was carried out by a nonlinear least- 
quaree procedure.' 
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The electrochemical reductions of eight bis(toey1oxy)benzenoid compounds were studied as a method for the 
regioeelective cleavage of aryl tosylates. For the methyl bm(tosy1oxy)benzoate isomers, a strong preference was 
observed for cleavage of the tosyl group in conjugation with the electron-withdrawing eater moiety. Thus it was 
possible to selectively cleave h y l  groups to the ortho or para positions over b y 1  groups at the meta positions. 
The bis(tosy1oxy)anisole isomers displayed the opposite regioselectivity favoring cleavage of tosyl groups that 
were meta to the electron-donating methoxy substituent. The general electrochemid process for the reduction 
of aryl tosylates has been shown to be selective, high yielding, and reproducible on gram quantities. 

Introduction 
Background. The cleavage of arenesulfonates and 

sulfonamides by electrochemical reduction was originally 
observed in 1965,' and although it has been the subject of 
several studies: it has not found widespread application 
in synthesis as a deprotection method. The existing lit- 
erature can be organized into the following two categories: 
the selective cleavage of different areneaulfonyl derivatives 
from the same type of functional group and the selective 
cleavage of the same arenesulfonyl from two different 
functional groups. With respect to the former category, 
Merent ring substituents in the para poeition of both alkyl 
and aryl benzenesulfonates have been shown to have a 
dramatic effect on the half-wave p~tential .~ Selectivity 
in the electrochemical reduction of two differently sub- 
stituted benzenesulfonates was possible when the differ- 
ence between their half-wave potentials was sufficiently 

(1) Homer, L.; Neuman, N .  Chem. Ber. 1966,98, 1715, 3462. 
(2) For a general review, we: Homer, L.; Lund, H. In Organic EIec- 

tmchemistru, 2nd ed.; Baizer, M. M.; Lund, H., Ed.; Marcel Dekker: New 
York, 19a3; Chapter 22. 

L.; Schmitt, R. Phosphorus Sulfur 1982,13,189. 
(3) Homer, L.; Schmitt, R. Phosphorus Sulfur 1978,5,223. Homer, 
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large. The following trend among para substituents was 
observed going toward more negative Ell2 values: 

Et02C >> C1> CH3CONH > CH30 

The difference in El between the two extremes was ap- 
proximately 800 m4. The second category deals with 
selectivity between different functional groups protected 
with the same arenesulfonyl group. For example, the 
03-bie(tolueneaulfony1)-protected methyl ester of serine 
has been shown to be regiospecifically deprotectd at ox- 
ygen, preserving the toluene~ulfonamide.~ For the elec- 
trochemical cleavage of the tosyl group, the ease of S-X 
bond cleavage has been shown to decrease in the following 
sequence+ 
Ts-O-&> Ts-0-alkyl, Ts-NH-Wl> Ts-NH-alkyl> 

Ts-NH-CH(dkyl)-COOR 
Conspicuously missing from the existing literature is a 

study of the selective monocleavage of tosylated poly- 

(4) Main, H. L. s.: Medeiros, M. J.; Montenegro, M. I.; Court, D.; 

(6) Mairanovaky, V. G. Angew. Chem., Znt. Ed. Engl. 1978,15,281. 
Pletcher, D. J. Electroanal. Chem. 1984,164,347. 
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