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N,N‘-Dioxide 

The synthesis of macrocyclic ligands 3, 4, and 7 for alkyltin trichloride (RSnC1,) encapsulation is described. 
Key reactions were the condensation of p-MeOCH2C6H4MgBr with 6,6’-dibromo-2,2’-bipyridine, ring closures 
in dimethylformamide containing Cs2C03, and oxidation of a bipyridyl precursor (1) to its N,N’-dioxide with 
buffered aqueous HzOz in AcOH. The preparation of 4,4’-di-tert-butyl-2,2’-bipyridine 1,l’-dioxide (8) is also 
reported. The affinity of 8 for MeSnCl, was greater than that of 4-tert-butylpyridine 1-oxide, while the affinity 
of 7 was less than that of 5. However, 7 was a better inhibitor of the BuSnC1,-catalyzed degradation of 
trans-4-chloro-5-decene than 5. The ability of the ligands to bind RSnC1, is evaluated in light of earlier work 
on organotin chloride-Lewis base interactions, and the relevance of the experiments to the design of additives 
for alkyltin trithiolate stabilizers for poly(viny1 chloride) is considered. 

Monoalkyltin(1V) thiolates (RSII(SR’)~) are effective 
short-term color stabilizers’ for poly(viny1 chloride) (PVC). 
This may be attributed to their ability to convert allylic 
and tertiary chloride moieties at  defect sites on the poly- 
mer into much more stable alkyl sulfide groups, thereby 
preventing dehydrochlorination reactions that lead to the 
unwanted formation of colored polyene chains. Unfortu- 
nately, the byproducts of the stabilization process include 
Lewis acidic monoorganotin trichlorides (RSnCl,), which 
catalyze2 the very dehydrochlorinations that are supposed 
to be prevented by the stabilizers. Because of this serious 
disadvantage, RSn(SR’), stabilizers are of limited utility2 
in commercial PVC. 

Model reactions for both the stabilization3 and dehy- 
dro~hlorination~ processes have recently been described, 

CP SR’ 
RSnISR‘), I 

STABILIZATION REACTION 

DEHYDROCHLORINATION REACTION 

and the mechanisms seem to involve coordination of the 
chloride leaving group to the tin atom. It was demon- 
strated4 that weak Lewis bases, which form complexes with 
RSnCl,, retard the RSnCl,-promoted elimination of HC1 
from an allylic chloride in nonpolar media, with a direct 
correlation between the effectiveness of the base as an 
inhibitor of dehydrochlorination and the affinity of the 

(1) Brecker, L. R. Pure Appl. Chem. 1981,53, 577-82. 
(2) Rockett, B. W.; Hadlington, M.; Poyner, W. R. J. Appl. Polym. Sci. 

1974,18, 745-52. Van Hoang, T.; Michel, A.; Guyot, A. Polym. Degra- 
dation Stab. 1980-1981, 3, 137-44. 

(3) Katz, H. E.: Starnes, W. H., Jr. J. Org. Chem. 1984,49, 2758-61. 
(4) Katz, H. E.; Starnes, W. H., Jr. Macromolecules 1984,17, 2241-3. 

base for the tin atom in solution. In addition, the model 
stabilization reaction was found to occur even in the 
presence of the Lewis bases. Therefore, it was proposed 
that a PVC stabilizer formulation containing RSn(SR’), 
and a Lewis base might forestall the degradation of PVC 
over a longer time than would the thiolate alone. 

Among the Lewis bases considered, pyridine N-oxide 
was the superior inhibitor of allylic chloride degradation 
and also the strongest complexing agent for RSnC13. It 
was therefore of interest to investigate the RSnC13-com- 
plexing behavior of pyridine N-oxide groups when incor- 
porated into chelating and macrocyclic ligands. If chelating 
ligands were to exhibit stronger RSnC13 affinities than 
monodentate ligands, the former would be expected to act 
as improved dehydrochlorination inhibitors based on 
previous ~ t u d i e s . ~  Macrocyclic ligands might further 
deactivate RSnCl, by sterically blocking access of the labile 
substrate to the catalytically important orbitals on the tin 
atom. 

In this paper, we report full experimental details of the 
synthesis of novel chelating and macrocyclic ligands for 
RSnC1,. The ability of the ligands to bind RSnC13 is 
evaluated in light of earlier work on organotin chloride- 
Lewis base interactions, and the action of a macrocyclic 
bipyridine N,N‘-dioxide as an inhibitor of RSnCl,-cata- 
lyzed allylic chloride degradation is briefly considered. 
Some of the synthetic methodology has been reported in 
a preliminary comm~nication.~ 

Results 
The synthesis of the bipyridine cycles is outlined in 

Schemes I and 11. The Grignard reagent6 from 1- 
bromo-4-(methoxymethyl)benzene was coupled to 6,6’- 
dibromo-2,2‘-bipyridine7 with (PPh3)2NiC12 to obtain di- 

(5 )  Katz, H. E. Tetrahedron Lett. 1984, 25, 4905-8. 
(6) Forrester, A. R.: Henderson, J.: Hepburn, S. P. J. Chem. Soc., 

Perkin Trans. 1 1981, 1165-72. 
(7) Parks, J. E.; Wagner, B. E.; Holm, R. H. J. Organomet. Chem. - 

1973,56,53-66. 
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ether 1. Although the yield was moderate (34% on a 
3.2-mmol scale), the only purification required was a 
trituration. Rigorously dry catalyst and efficient me- 
chanical stirring were essential for the reaction to proceed. 

The benzyl methyl ether linkages of 1 were converted 
to benzyl bromide groups with a saturated solution of HBr 
in AcOH. An alternative means of preparing 2 was first 
to synthesize 6,6’-bis(ptoly1)-2,2‘-bipyridine from p -  
CH3C6H4MgBr analogous to the synthesis of 1 and then 
to treat the adduct with N-bromosuccinimide in CC14 
under irradiation. This method proved inferior due to the 
irreproducibility of the radical bromination and the dif- 
ficulty in separating 2 from contaminants which contained 
CH, and CHBr2 groups. 

Three bridging reagents were employed in attempts to 
cyclize 2. One was the commercially available 4,4’-iso- 

u 

5 

Br Br 

2 

Br Br 

6 

propylidenebis(pheno1) (”Bisphenol A”). The other two 
were synthesized from 2,6-naphthalenedicarboxylic acid; 
reduction of the diacid with BH3.(CH2)40 gave 2,6- 
naphthalenedimethano1,8 which was converted to the 
corresponding dithiolg by the actionlo of thiourea in 48% 
aqueous HBr, followed by alkaline hydrolysis in 50% 
aqueous EtOH (1 h, reflux). The two diols, when caused 
to react with 2 in (CH2)40 at reflux using NaH as base 
under high dilution conditions, each produced macrocyclic 
products in 51% yields that were not improved when 
dimethylformamide or N-methylpyrrolidinone was present. 
Gel permeation chromatography suggested that these trace 
products may have been cyclic dimers (bis[bipyridines]). 
On the other hand, the diphenol and the dithiol suffered 
deprotonation by Cs2C03 in dimethylformamide and were 
cyclized with 2 according to the conditions of Kellogg” to 
obtain 3 and 4 in respectable yields. 

Because of the poor solubility of 2 in CH2C12 or AcOH 
and the tendency of the bipyridine cycles to suffer oxi- 
dative degradation, the conversion of the bipyridine unit 
to the NJV-dioxide (for the synthesis of 7) was best ac- 
complished on 1. Hydrogen peroxide in buffered aqueous 
AcOH at 60 “C proved to be a milder and more selective 
reagent for the conversion of 1 to 5 than H202/AcOH at  
100 OC12 or m-chloroperbenzoic acid13 in CH,Cl,; the latter 
reagents promoted the decomposition of 1. The peracid 
did, however, cleanly convert 4,4’-di-tert-butyl-2,2’-bi- 
pyri&ne14 to its NJV-dioxide (8). Macrocyclic bipyridine 
dioxide 7 was obtained from 5 with the same series of 
reagents and conditions as for the preparation of 3 from 
2, in a yield comparable to the bipyridine cyclizations. 

The formation of complexes between the bipyridine 
dioxides (and 4-tert-butylpyridine N-oxide) and MeSnCl, 

(8) This compound had been synthesized in three steps from 2,6-di- 
methylnaphthalene. Ando, T.; Nakagawa, M. Bull. Chem. SOC. Jpn. 1967, 

(9) Haenel, M.; Staab, H. A. Chem. Ber. 1973, 106, 2203-16. 
(10) Frank, R. L.; Smith, P. V. J. Am. Chem. SOC. 1946,68, 2103-4. 
(11) Kruizinga, W. H.; Kellogg, R. M. J. Am. Chem. SOC. 1981, 103, 

5185-9. Buter, J.; Kellogg, R. M. J. Org. Chem. 1981, 46, 4481-5. 
Vriesema, B. K.; Buter, J.; Kellogg, R. M. J. Org. Chem. 1984,49, 110-13. 

(12) Haginiwa, J. J. Pharm. SOC. Jpn. 1955, 75, 731-3. 
(13) Wenkert, D.; Woodward, R. B. J. Org. Chem. 1983, 48, 283-9. 
(14) Belser, P.; von Zelewsky, A. Helu. Chim. Acta 1980,63,1675-702. 

40,363-70. 
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Table I. Changes in Selected 'H NMR Chemical Shifts of Ligands and MeSnCll upon Complexation at 30 "C 
ligand solv concma M Drotons G(free) 6(comDlexed) 

8 CD3CN 0.021 t-Bu 1.334 1.435 
H-3 7.48 7.97 
H-6 8.11 8.57 
CH3Sn 1.73 1.24 

H-3,5 7.32 7.69 
H-2,6 8.01 8.51 
CH3Sn 1.73 1.05 

5 5050 CDBCN-CDCl3 0.010 OCH3 3.386 3.354 
CHZO 4.493 4.501 
PYr-H 7.48' 7.95' 
CH,Sn 1.73 0.321d 

7 50:50 CDSCN-CDCI, 0.010 C(CHJ2 1.508 1.476 
CHzO 5.187d 5.26e 
ArH, 7.53g 7.57d 
PYr-H 7.5c 8.le 
CH,Sn 1.73 0.5e 

9 CDSCN 0.041b t-Bu 1.296 1.356 

Concentration of ligand and of MeSnC13 (for G(comp1exed)) in the sample solution. Concentration of MeSnC13 is 0.021 M. Center of 
broad. /Phenyls adjacent to pyridine rings. gAB quartet. The splitting between the two halves of the multiplet. dSharp singlet. 

quartet vs. MeSnC1, concentration is plotted in Figure 1. 

Table 11. Chemical Shifts of Ligands (I  Equiv Each) in 
Competition for 1 Equiv of MeSnClsn at 30 "C 

I 

0 201 ligands chem shifts (assignmts) I 

8 and 9:b 8 1.432 (t-Bu), 7.97 (H-3) 5 015r 9' 1.304 (t-Bu) a 
5 and 7:d  5 3.356 (OCH3), 4.500 (CH,O) 2 1 .  

7 1.514 (C(CH3)J, 5.195e (CHzO), 7.5d (ArH) C l O C  

aSolvents and concentrations same as Table I. b6(CH3Sn) is 
1.21 ppm. 2 equiv of 9. G(CH,Sn) is 0.323 ppm (sharp singlet). 3 051 

I e Not broadened. f AB quartet. 

was observed by 'H NMR. Table I lists the more im- 
portant chemical shift changes which are observed when 
2 equiv of N-oxide functionality interact with 1 equiv of 
tin compound. Since some of these changes were pro- 
nounced enough to allow the observation of one complexed 
oxide in the presence of a different, uncomplexed oxide, 
it was possible to perform two "competition" experiments 
(Table 11). I t  appears that 8 has a stronger affinity for 
the tin compound than does 9 and that 5 forms a more 
stable complex than 7. The stoichiometry of the complex 
with 7 (1:l) was verified by titration (Figure 1). The 
CH,Sn, CH3C, and CHzO 'H NMR signals in the complex 
were extremely broad, indicative of a possible isomeric 
mixture. This broadening was less apparent at 70 "C than 
a t  30 "C. 

t 
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Figure 1. Chemical shift difference between the two pairs of 
chemically nonequivalent pyridylphenyl protons in 7 (0.013 M 
in 5050 CD3CN-CDCl,, v/v) as a function of the number of 
equivalents of added MeSnCl,, at 30 "C. 
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Figure 2. Percent conversion to diene of trans-4-chloro-5-decene 
catalyzed by BuSnCl, in CBDSC1 at 100 "C as a function of time. 

neous solutions were not obtained. 

Discussion 
The synthesis of macrocycles incorporating 6,6'-disub- 

recent reports.15 Two issues which arise in planning 
syntheses of these macrocycles are the functionalization 
of the bipyridines at  the 6,6'-positions and the actual 
closure of the rings. The method described here for in- 

The inhibitory effect Of and upon the BuSnC13- stituted 2,2'-bipyridines has been the subject of several catalyzed4 elimination of HCl from trans-4-chloro-5-decene 
(lo) in C6D5C1 at loo "' was Observed by lH NMR* The 
data, plotted in Figure 2, were calculated from the relative 
integrals of the chloroallylic and olefinic proton signals in 
the NMR mectra of the reaction mixtures. Unfortunatelv. 
the BuSndl, complex of 8 precipitated under these coil 

(15) Newkome, G. R.; Kiefer, G. E.; Puckett, W. E.; Vreeland, T. J .  
Org. Chem. 1983,48, 5112-4. Newkome, G. R.; Pappalardo, S.; Gupta, 
V. K.: Fronczek. F. R. J. Ore. Chem. 1983, 48, 4848-51 and references 

ditions; therefore not be tested as an inhibitor* 
Attempts were made to carry out these experiments under 
the milder conditions of an earlier s t ~ d y , ~  but homoge- therein. 



Bipyridine Dioxide Complexation of Alkyltin Trichlorides 

troducing aryl substituents onto the 6,6’-positions of the 
bipyridine starting material is related to the procedure of 
Dietrich-Buchecker et a1.,16 who employed PhLi and 
2,2’-bipyridine in a direct condensation reaction. In their 
case, 6,6’-dipheny1-2,2’-bipyridine was obtained in 35% 
yield on a 2-mmol scale following oxidation and chroma- 
tography of the reaction mixture. The present method 
requires the prior preparation7 of 6,6’-dibromo-2,2’-bi- 
pyridine but gives the desired product in a comparable 
yield with an extremely simple workup. When the aryl- 
lithium methodology was employed with 1 , l O -  
phenanthroline, macrocycle precursors were obtained 
which functioned as bis nucleophiles in the subsequent ring 
closures.” Compound 2, on the other hand, is a bis 
electrophile. 

It is not clear why the attempted cyclizations of the diols 
with 2 using NaH in (CHJ40 were unsuccessful. Perhaps 
the dianions of the diols were aggregated or insoluble under 
the reaction conditions. I t  is also possible that the lack 
of a polyether or polyamine structure in the target mac- 
rocycles prevented Na+ from acting as a template. Cesi- 
um(+) in dimethylformamide is often a more effective 
counterion than Naf in promoting macrocyclization re- 
actions,’l and 3 ,4 ,  and 7 were successfully synthesized by 
using Cs2C03 in dimethylformamide. These cycles are 
much more rigid than previously reported15 macrocyclic 
bipyridines. Analogous macrocyclic bipyridine dioxides 
have not yet been studied. 

I t  would have been desirable to synthesize 7 directly 
from 3 by oxidation. Unfortunately, despite the successful 
employment of Hz02/AcOH/Hz0 at  100 OC12 and of m- 
chloroperbenzoic acid1, in CHC1, in the preparation of 
unhindered bipyridine N,N‘-dioxides, neither reagent 
cleanly oxidized 3 to its dioxide. Indeed, the bis N-oxide 
7 could only be obtained via 5 by using unusually mild 
oxidation conditions to prepare 5 from 1. 

The complexation of organotin chlorides by Lewis bases, 
including pyridine N-oxides, has been thoroughly ex- 
plored.’* The chelation of di- and triorganotin species with 
2,2’-bipyridine NJV-dioxide has been post~lated,’~ though 
not proven. The present investigation marks the first 
observation of the interaction of a monoorganotin tri- 
chloride with bipyridine dioxides. This interaction is re- 
sponsible for the chemical shift changes listed in Table I. 
The resonances of the pyridyl protons are moved 0.4-0.7 
ppm downfield upon complexation, reflecting the reduced 
electron density in the heterocyclic rings upon coordination 
of the N-oxide groups to MeSnCl,. The small downfield 
shifts of the tert-butyl protons in 8 and 9 are probably due 
to this change in electron density as well. Electron do- 
nation to the tin compound is also reflected in the upfield 
shifts of the CH,Sn protons. Shielding of the complexed 
CH,Sn group by aromatic residues in the binders may 
contribute to this upfield shift as well. On the other hand, 
the smaller changes in the proton shifts of the more remote 
groups in 5 and 7 are more likely caused by conformational 
changes induced by the methyl and chloro groups on the 
tin. 

(16) Dietrich-Buchecker, C. 0.; Marnot, P. A.; Sauvage, J. P. Tetra- 

(17) Dietrich-Buchecker, C. 0.; Sauvage, J. P. Tetrahedron Lett. 1983, 

(18) Petrosyan, V. S.; Yashina, N. S.; Reutov, 0. A. Adu. Oganomet. 
Chem. 1976, 14, 63-96. Das, V. G. K. J .  Inorg. Nucl. Chem. 1976, 38, 
1241-7. Liengme, B. V.; Randall, R. S.; Sams, J. R. Can. J.  Chem. 1972, 
50,3212-22. Kawasaki, Y.; Hori, M.; Uenaka, K. Bull. Chem. SOC. Jpn. 

(19) Das, V. G. K. Inorg. Nucl. Chem. Lett. 1973, 9, 155-60. The 
complexes under study were too insoluble to characterize spectroscopi- 
cally in solution. 

hedron Lett. 1982,23, 5291-4. 

24, 5091-4. 

1967,40, 2463-7. 
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Table I1 lists chemical shifts for the assignable protons 
in two experiments where 1 equiv of MeSnCl, was mixed 
with a stoichiometric amount of each of two competing 
ligands. The data, when compared with those of Table I, 
indicate which of the ligands in each pair is complexed and 
which is not, consequently pointing out which ligand has 
a greater affinity for the tin compound. Bidentate ligand 
8 forms a more stable complex than does 9; the free energy 
difference is at least 2 kcal/mol.zO This is simple but 
strong evidence for 8 acting as a chelating agent rather 
than as a bridging ligand, since one would not expect a 
polymeric, bridged complex to be thermodynamically fa- 
vored over a monomeric complex with two unhindered 
pyridine N-oxide ligands. Although this experimental 
result may seem predictable, an earlier experimentz1 re- 
vealed that Bu2SnC12 formed a bridged, polymeric complex 
with the potentially chelating 1,2-bis(diphenyl- 
phosphino)ethane. 

The competition experiment involving 5 and 7 showed 
that 5 is a decidedly stronger ligand for MeSnCl, than is 
7. Examination of CPK models reveals little or no dif- 
ference in strain or entropy loss between 5 and 7 forming 
bridged complexes with MeSnCl,, whereas the chelated 
complex of 7 is somewhat strained and rigidified relative 
to the chelate complex of 5 ,  due to the snug fit of MeSnCl, 
inside the enforced cavity of 7. It is not surprising, 
therefore, that 7 shows weaker affinity for MeSnCl, than 
does 5 (Table 11). The fact that 7-MeSnC13 is a 1:l complex 
which is ~oluble’~  in CD3CN is further evidence for a 
nonbridged structure. Except for the complexes of 3 and 
4 with MeSnCl,, the encapsulation of tin compounds by 
macrocyclic ligands had never been demonstrated, al- 
though bridged complexes of tin chlorides have been re- 
portedz2 where the ligands happened to be attached to 
macrocycles. 

Despite the demonstrated4 correlation between the af- 
finity of a ligand for RSnC13 and its effectiveness as an 
inhibitor of tin-catalyzed dehydrochlorination of allylic 
chlorides, 7 is actually a slightly better inhibitor of the 
B~SnCl,-promoted~~ dehydrochlorination of 10 than is 5 
(Figure 2). The time needed to reach 40% degradation 
increased from 12 min to 33 min to 55 min in the presence 
of no additive, 5,  and 7, respectively. The lesser accessi- 
bility of the tin atom in 7mBuSnC1, to the allylic chloride 
outweighs the presumed lower stability of 7.BuSnC1, 
compared to 5-BuSnC13. Unfortunately, the actual dif- 
ferences in degradation rates are small and might have 
appeared larger if the reaction could have been run under 
milder conditions. However, the observation of any benefit 
a t  all from 7 vs. 5 is further evidence of a nonbridged, 
encapsulated structure for 7.RSnC1, complexes and raises 
the possibility of designing more practical dehydrochlo- 
rination inhibitors (PVC stabilizer additives) which operate 
by blocking access of labile chloride groups to electrophilic 
tin atoms, as well as by neutralizing the tin catalysts 
through Lewis base-Lewis acid interactions. 

(20) The differences between corresponding data in Tables I and I1 
are of the same order as the experimental error. Although these differ- 
ences may be used to calculate an equilibrium constant for the reaction 
MeSnC13.(9), + 8 == MeSnC13.(8) + 2(9) of -20, the resulting AGO is a 
lower limit at best. 

(21) Harrison, P. G.; Sharpe, N. W.; Pelizzi, C.; Pelizzi, G.; Tarasconi, 
P. J .  Chem. SOC., Dalton Trans. 1983, 921-6. 

(22) Valle, G.; Cassol, A,; Russo, U. Inorg. Chim. Acta 1984,82, 81-4. 
Cusack, P. A.; Patel, B. N.; Smith, P. J.; Allen, D. W.; Nowell, I. W. J .  
Chem. SOC., Dalton Trans. 1984, 1239-43. Smith, P. J.; Patel, B. N. J .  
Organomet. Chem. 1983,243, C73-4. Martin, J.; Robert, J. B. Nouo. J .  

(23) Under the reaction conditions, it is possible that some of the 
RSnC13 disproportionates to other catalytically active tin species, which 
also may be complexed and deactivated by 5 and 7. 

Chim. 1980,4, 515-21. 
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Macrocycles 3, 4, and 7 were designed with a narrow 
purpose i n  mind ,  namely,  to illustrate a concept i n  the 
formulat ion of addi t ives  to PVC stabilizers ( though not 
as actual  addi t ives  themselves). However, the s t ruc ture  
of the cycles deserves more general comment. Compounds 
3, 4, and 7 are among the more rigid of a small class of 
macrocycles whose ligating groups lie on  one side of a 
well-defined cavity which can accommodate a chelated 
metal atom and also several additional ligands a t tached  
to the metal. It is possible to construct analogs of 3,4,  and 
7 that are binders of metal complexes i n  which the ligands 
accompanying the metal are forced to interact with groups 
on the framework of the binder. Thus, the compounds 
discussed here might  lead to the design and synthesis of 
new organometallic compounds in which both the metals 
and the ligands display unusual reactivity. 

Experimental Section 
General Data. Ethyl ether and (CH2)40 were distilled from 

Na-benzophenone ketyl. Dimethylformamide (Burdick and 
Jackson “high purity”) was stored over molecular sieves. The 
routine alkylation of 4-bromobenzyl alcohol (MeI/NaH/ (CH2)40) 
was carried out to obtain l-bromo-4-(methoxymethyl)benzene in 
quantitative yield. The starting material 6,6’-dibromo-2,2’-bi- 
pyridine was prepared by Michigan State University Synthesis 
Laboratory; other starting materials were commercially available 
reagent grade. Solutions of crude organic products were dried 
with MgSO., during workup procedures. Silica gel for column 
chromatography was E. Merck, particle size 63-200 pm; TLC 
plates were E. Merck silica gel 60 F-254. Values of R, are ap- 
proximate and were obtained in solvent mixtures prepared on 
a v/v basis by observation of TLC plates under a UV lamp. 
Melting points are uncorrected. 

Nuclear magnetic resonance spectra were obtained on a JEOL 
FX9OQ FT spectrometer containing a variable-temperature probe 
and are reported in parts per million vs. Me4Si. The positions 
of some AB quartets were assigned by homonuclear decoupling. 
Deuteriochloroform was dried over K2C03, and CD3CN was 
distilled from PZOp Mass spectra (MS) are listed as m/e  (relative 
intensity). Elemental analyses were performed by Galbraith 
Laboratories, Knoxville, TN; samples for analysis were dried at  
110 OC under vacuum. Macrocyclic compounds were analyzed 
by gel permeation chromatography (Altex p-spherogel column, 
10-pm pore size, 8-mm inner diameter, 30 cm long) and gave single 
peaks in positions that were consistent with the assigned structures 
of the compounds. 

6,6’-Bis( 4- (met hoxymet hyl) phenyl)-2,2’-bipyridine ( 1). A 
slurry of 6,6’-dibromo-2,2’-dipyridine7 (5.3 g, 17 mmol) and 
(PPh,),NiCl2 (1.1 g) in 700 mL of EbO was mechanically stirred 
and heated at  reflux for 15 min under Ar. The Grignard reagente 
formed from l-bromo-4-(methoxymethyl)benzene (10.3 g, 51 
mmol) and excess Mg (Alfa resublimed chips) in 50 mL of 
(CH2)40, and 50 mL of EbO was added to the heated slurry over 
10 min. The mixture was stirred and heated for an additional 
75 min, allowed to cool, and then decanted into 150 mL of dilute 
aqueous NH4C1. The organic layer was washed with 150 mL of 
concentrated aqueous NaC1, dried, filtered, and concentrated to 
a solid. The solid was suspended in 50 mL of MeOH, and the 
suspension heated to reflux and then cooled to -15 OC, yielding 
1.6 g (24%) of yellow crystals: mp 166-169 OC; R, 0.1 (CH2C12); 
‘H NMR (CDC13) 6 3.39 (s,6, OCH3), 4.50 (s, 4, CH20), 7.45 (d ,  
4, J = 8.5 Hz, Ph-H), 7.78 (m,  4, pyr-H), 8.12 (d ,  4, J = 8.5 Hz, 
Ph-H), 8.55 (d of d,  2, J1 = 7 Hz, J2 = 1.8 Hz, pyr-H); 13C NMR 
6 58.08,74.35,119.49,120.17, 126.92,127.95,137.54, 138.72, 139.02, 
155.87, 155.94; MS, mie (relative intensity) 396 (98, M’), 381 (48), 
365 (100). Anal. Calcd for CzsHl2N2O2: C, 78.76; H, 6.10; N, 7.07. 
Found: C, 78.58; H, 6.12; N, 6.90. A run utilizing 3.2 mmol of 
dibromide resulted in a yield of 34%. 
6,6’-Bis(4-(bromomethyl)phenyl)-2,2’-bipyridine (2). A 

solution of 1 (0.58 g) in 35 mL of AcOH was saturated with gaseous 
HBr with ice-bath cooling. The solution was capped with a 
CaC12-filled drying tube and stirred 48 h at  ambient temperature. 
The solution was cautiously poured into a 2-L flask containing 
300 mL of H 2 0  and 200 mL of CHPC12. The aqueous layer was 

Katz 

made basic (pH 9) by the careful addition of Na2C03 in small 
portions with swirling. The contents of the flask were transferred 
to a separatory funnel, and the suspension that comprised the 
lower layer was removed and concentrated, leaving solid, crude 
product in nearly quantitative recovery. Recrystallization of the 
solid from 25 mL of ClCH2CH2C1 gave 0.48 g (66%) of 2 as white 
plates: mp 237-238 OC; ‘H NMR (CDC1, dilute) b 4.58 (s, 4, 
CH2Br), 7.54 (d, 4, J = 8.4 Hz, Ph-H), 7.85 (m,  4, pyr-H), 8.15 
(d ,  4, J = 8.4 Hz, Ph-H), 8.59 (d ,  2, J = 8 Hz, pyr-H); 13C NMR 
(50 “e) 33.1, 119.8, 120.4, 127.4, 129.5, 137.7, 138.6, 139.7, 155.8, 
156.1; MS (79Br), m/e  (relative intensity) 492 (10, M’), 413 (100), 
334 (55) ,  167 (35). Anal. Calcd for C24H18Br2N2: C, 58.32; H, 
3.67; Br, 32.34; N, 5.67. Found: C, 58.44; H, 3.73; N, 5.57; Br, 
32.10. 
22,22-Dimethyl-17,27-dioxa-40,4 l - d i a z a h e p t a c y c l o -  

[ 27.2.2.212,’5.218,21.223,26. 1 2,6. l 7 q  hentetraconta-2,4,6 (4 1) ,7,9,11- 
(40),12,14,18,20,23,25,29,31,32,34,36,38-octadecaene (3). A 
mixture of 2 (200 mg, 0.40 mmol) and 4,4’-(2-propylidene)bis- 
(phenol) (92 mg, 0.40 mmol) was dissolved in 15 mL of (CHJ40 
and 85 mL of dimethylformamide with gentle heating. This 
solution was added by syringe pump over 40 h to a suspension 
of Cs2C03 (530 mg) in 400 mL of dimethylformamide a t  60 “C 
with stirring under Ar. After 48 h of additional stirring and 
heating, the solvents were distilled a t  55 OC/O.7 kPa, leaving a 
residue which was taken up in 150 mL of CHzClz and 50 mL of 
H20. The organic layer was washed with 2 X 100 mL of H 2 0  and 
100 mL of concentrated aqueous NaC1, dried, filtered, and con- 
centrated to a semisolid. This was dissolved in a minimal amount 
of hot CICHzCHzCl and chromatographed on 5 g of silica gel, 
eluting with CH2C12, to yield 82 mg (36%) of 3 as a hard white 

6, CH,), 5.26 (s, 4, CH20), 6.75 and 7.11 (AB q,  8, J = 8.8 Hz, 
PhCPh), 7.35 and 7.83 (AB q,  8, J = 8.0 Hz, pyr-Ph-H), 7.8 (m ,  
6, pyr-H); 13C NMR 6 30.2, 41.1, 69.5, 115.1, 120.0, 120.2, 126.5, 
127.3, 127.8, 137.3, 138.3, 139.4, 143.0, 155.9, 156.3, 158.5; MS, 
m/e  (relative intensity) 560 (23, M’), 545 (50), 426 (281, 334 (66), 
167 (100). Anal. Calcd for C39H32N202: C, 83.54; H, 5.75; N, 5.00. 
Found: C, 83.84; H,  6.00; N, 4.82. 

2,6-( Met hanot hiomet hano[ 1,4]benzeno[ 2,6]pyridino[ 2,6]- 
pyridine[ 1,4]benzenomethanothomethano)naphthalene (4). 
Separate solutions of 2 (185 mg, 0.38 mmol) in 10 mL of (CH2)40 
and 40 mL of dimethylformamide and 2,6-bis(mercapto- 
methyl)naphthaleneg (82 mg, 0.37 mmol) in 50 mL of di- 
methylformamide were added simultaneously by syringe pump 
to a stirred suspension of Cs2C03 (490 mg) in 200 mL of di- 
methylformamide a t  40-45 OC under Ar over 1.2 h. After 1.5 h 
of additional stirring and heating, the cloudy white suspension 
was concentrated at reduced pressure. The residual solids were 
taken up in 100 mL each of H 2 0  and CH2C12, dried, filtered, and 
concentrated to a semisolid that was dissolved in a small amount 
of hot C1CH2CH2C1 and loaded onto a column of 3 g of silica gel. 
The column was eluted with 25 mL of CHzC12 followed by 1% 
EtOAc in CH2C12. The band from 10 to 36 mL total elution gave 
4 (62 mg, 30%) as a white solid. This nearly pure product was 
recrystallized from CICHzCHzCl to obtain analytically pure 4 (45 
mg, 22%): mp 240 “C (with prior darkening); R, 0.8 (10:90 Et- 
OAc/CH&); ‘H NMR (CDC13) 6 3.831, 3.861 (2 s, 8, CH2SCH2), 
7.03 (d, 4, J = 8.2 Hz, Ph-H), 7.2 (m, 2,P-Np-H), 7.6 (m, 6, pyr-H), 
7.81 (s, 2, a-Np-H), 7.81 (m ,  2, a-Np-H), 8.10 (d ,  4, J = 8.2 Hz, 

128.0, 129.4, 132.2, 135.8, 137.5, 138.0, 139.5, 155.6, 157.0; MS, 
mle (relative intensity) 552 (24, M’), 519 (38), 398 (75), 155 (100). 
Anal. Calcd for C36H28N2SZ: C, 78.22; H, 5.11; N, 5.07; s, 11.60. 
Found: C, 77.87; H, 5.12; N, 4.95; S, 11.54. 

6,6’-Bis(4-(methoxymethyl)phenyl)-2,2’-bipyridine 1,l’- 
Dioxide (5). Compound 1 (500 mg) was stirred with 25 mL of 
AcOK, 5 mL of 30% aqueous HzOz, and NaOAe3HzO (4 g) for 
48 h at  60 “C. The mixture was poured into 100 mL of CH2C12 
and 100 mL of H 2 0  and brought to pH 9 with Na2C03. The 
organic layer was dried, filtered, and concentrated. Chroma- 
tography of the residue on 15 g of silica gel, loading in CH2C12, 
and then eluting with 100 mL of EtOAc followed by 200 mL of 
10:90 EtOH/EtOAc gave 5 (220 mg, 41%) from the latter eluate 
as a light yellow amorphous material: Rf 0.06 [EtOAc); ‘H NMR 
(CDCl,) 6 3.40 (s, 6, OCH,), 4.51 (s, 4, CH20), 7.42 and 7.85 (AB 
q,  8, J = 8.1 Hz, Ph-H), 7.5 (m ,  6, pyr-H); MS, m/e  (relative 

foam: R/ 0.4 (1090 EtOAc/CH2Cl2); ‘H NMR (CDClJ 6 1.64 (s, 

Ph-H); I3C NMR b 36.14,36.83, 119.3, 119.6, 127.1, 127.2, 127.4, 
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intensity) 428 (50, M'), 412 (99), 411 (lOO), 396 (78 ,  381 (85), 
365 (80). Anal. Calcd for C&aNzO4: C, 72.88; H, 5.65; N, 6.54. 
Found: C, 72.79; H, 5.66; N, 6.29. 
22,22-Dimethyl-17,27-dioxa-40,41-diazaheptacyclo- 

[27.2.2.212~'6.218~21.2z3~~,lz~6.l'~11]hentetraconta-2,4,6(4l),7,9,1 1- 
(40),12,14,18,20,23,25,29,31,32,34,36,38-octadecaene 40,41-Di- 
oxide (7). Diether dioxide 5 was converted to the dibromide 6 
by using the procedure described for 2. The crude product, 
isolated in 94% yield, was used without purification. The cy- 
clization of 6 to form 7 was carried out in a manner analogous 
to the preparation of 3, except the dibromidebis(pheno1) solution 
did not contain (CH2)4O. Chromatographic purification was 
accomplished by eluting the product from the silica gel column 
with 0-10% EtOH in EtOAc. The yield from 225 mg of 6 was 
59 mg (23%) of light yellow solid, which was the monohydrate 
of 7: mp 160-290 "C (gradual decomposition); 'H NMR (5050 

7.01 (AB q, 8, J = 8.8 Hz, PhCPh), 7.5 (m, 14, ArH); MS, m/e 
(relative intensity) 592 (25, M'), 577 (30) , 545 (451, 320 (loo), 
212 (55), 166 (95). Anal. Calcd for C39H32N204-H20: C, 76.70; 
H, 5.61; N, 4.59. Found C, 76.92; H, 5.60; N, 4.62. The 'H NMR 
spectrum recorded in CDC13 displayed an AB quartet a t  5.12 and 
5.20 ppm (J = 14 Hz) for the CHz protons. 

4,4'-Bis( l,l-dimethylethy1)-2,2'-bipyridine 1,l'-Dioxide (8). 
A solution of 4,4'-di-tert-b~tyl-2,2'-bipyridine'~ (1.0 g, 3.7 mmol) 
and m-chloroperbenzoic acid (2.6 g, 15 mmol) in 30 mL of CHzC12 
was stirred for 48 h a t  ambient temperature, diluted to 50 mL 
with CHZCl2 and washed with 50 mL of aqueous NaZCO3. The 
washings were extracted with 50 mL of CHzCl2, and the combined 
organic layers were washed with 50 mL of additional Na2CO3 
solution, dried, filtered, and concentrated to a yellow foam. This 
foam was chromatographed on 20 g of neutral alumina (Fisher, 
activity 1,80-200 mesh), eluting with 04% MeOH in CHzCl2, 
to yield 0.88 g (78%) of 8 as a foam: 'H NMR (CDCl,) 6 1.38 (s, 

2, J1 = 3 Hz, H-3,3'), 8.20 (d, 2, Jz = 7 Hz, H-6,6'). Anal. Calcd 
for C18Hz4N202: C, 71.97; H, 8.05; N, 9.33. Found: C, 72.01; H, 
8.03; N, 9.28. 

CD3CN-CDC13, V/v) 6 1.51 (9, 6, CH3), 5.18 ( ~ , 4 ,  CHZO), 6.67 and 

18, CH3), 7.29 (d of d ,  2 ,J i  = 3 Hz, J2 = 7 Hz, H-5,5'), 7.60 (d, 

MeSnC13 Complex Formation wi th  5, 7, 8, a n d  9. Stock 
solutions of 2.00-mL total volume were prepared of each of the 
ligands and also of MeSnC13 (handled in an N2-filled glovebag), 
in CD3CN or 5050 CDC13-CD3CN (v/v). Aliquots of the stock 
solutions were combined to obtain experimental solutions of the 
compositions listed in Table I. The 90-MHz 'H NMR spectra 
of the experimental solutions were recorded and were independent 
of the order in which the component stock solutions were in- 
troduced. No solid precipitation was observed. 

Dehydrochlorination of 10 i n  the  Presence of 5 a n d  7. 
Reactant solutions consisting of 10 (14.0 fiL, 12.7 mg, 0.073 mmol), 
BuSnCl, (2.7 &, 4.5 mg, 0.016 mmol), and C&C1(0.40 mL) were 
prepared. Some of the solutions also contained 5 (7.4 mg, 0.017 
mmol) or 7 (10.3 mg, 0.017 mmol), and these solutions were made 
homogeneous by gentle heating before the addition of 10 or 
BuSnCla. The reactant solutions were heated to 100 "C as quickly 
as possible (<5 min) in the probe of the NMR spectrometer, after 
which spectra were recorded a t  10-min intervals. Conversion of 
the allylic chloride (2 olefinic H, 1 chloroallylic H) to a conjugated 
diene (4 olefinic H) was monitored by the increase in the ratio 
of olefinic to chloroallylic protons. Compounds 5 and 7 did not 
appear to decompose during the experiments. 
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Four different classes of phosphate esters derived from enols, phenols, carbinols, and oximes have been shown 
to undergo intramolecular rearrangements assisted by a neighboring nitrogen. The unexpected products from 
these rearrangements have been characterized by spectral methods, especially '3c NMR. Rearrangements involving 
the 0-ethyl S-propyl thiophosphate group have led to particularly interesting results. 

The reaction of phosphate esters with acetylcholin- 
esterase is an important biological process in insect control. 
In this process, the imidazole group of histidine is assumed 
to be responsible for activation of the serine hydroxyl, 
which in turn displaces a ligand of the phosphate insec- 
ticide.la An analogous rate acceleration by neighboring 
amide or amine functionalities in phosphate ester hy- 

Scheme I 
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drolysis has been documented by several i vestigators.Ibf 
The implications of this type of intramolecular interaction 
on the preparation, stability, and biological activity of 
potential organophosphate insecticides containing a distal 
nitrogen have not been addressed. 

0 1985 American Chemical Society 


