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benzene (400 ml) and the (crude products collected by filtration. 
These products were crystallized from acetonitrile-ethanol. C, 85.5; H, 6.4; N, 7.4. 
The unreacted starting materials precipitated first and the desired 
adducts were recovered from the mother liquors by crystalliza- 
tion. The yields, reaction times, and analyses are listed in 
Table I. 

Decomposition of 111 to N-Benzylideneanihe (1x1 .-The 
adduct111 (2.0g) wassublimedat 190'(0.1 mm). Thesublimate 
was crystallized from hexane to yield N-benzylideneaniline, mp 
43-44', identical in every 'way with an authentic sample. 

Anal. Calcd for ClaHI1N: C, 86.2; H ,  6.1; N, 7 . 7 .  Found: 

Registry No*-III, 13144-99-5; IV, 13168-31-5; IV 
diacetyl derivative, 13145-00-1; V, 603-40-7; V diacetyl 
derivative, 13145-01-2; VI, 13145-02-3; VII, 602-56-2; 
IX, 538-51-2 ; ~ , 4 ~ ~ ~ ~ a m ~ n o - 4 ~ ~ ~ c ~ ~ o r o ~ r ~ p ~ e n y ~ m e ~ ~ a n e ,  

13145-09-0. 
13145-08-9 ; 4,4'-diamin"4''-ch10rotripheny1methane, 
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The catalytic effect of methyl-substituted pyridines and quinolines on the reaction between phenyl glycidyl 
ether and benzoic acid in xylene was studied a t  various temperatures and comparative catalytic coefficients were 
evaluated for these catalysts. The reaction rates decrease from pyridine to 2-picoline1 from 2-picoline to 2,6- 
lutidine, and from quinoline to 2-methylquinoline. Introduction of a methyl group into the 3 or 4 position of 
pyridine increases the rate, while substitution in the 2 position decreases the rate. This should be due to a steric 
hindrance, which does not seem to be additive, of larger size than in the reaction of methyl iodide with 2-alkyl- 
pyridines and of smaller size than in the reaction of boron trifluoride with these bases. A deviation from a 
linearity between the rates and the pK, values can be interpreted neither by a nucleophilicity of the pyridines, 
by an electrophilicity of their conjugated acids, nor by a linear combination of these two factors. This hindrance 
might be related to steric strains primarily in the activated complex and secondly in molecular addition com- 
pounds in the reaction process. 

Pyridine catalyzes the solvolyses of acetic anhy- 
dride'-3 and tetramethylphosphorodiamidic ~h lo r ide ,~  
whereas 2-picoline and 2,4- and 2,6-lutidines, which are 
stronger bases, have no effect on those reactions. This 
phenomenon has been ascribed to steric requirement 
of nucleophilic attack by the bases on the electrophiles. 
Subjection to steric hindrance is one of the criteria 
which might be considered to characterize nucleo- 
philic as opposed to general base catalysis. 

Recently, however, some reactions which are con- 
sidered to proceed by general base or acid catalysis are 
found to be subjected to steric hindrance. Gutsche 
and his co-workers5 have found that the aldol con- 
densation is promoted by pyridine but hardly by 2,6- 
lutidine. Covitz and Westheimer4 have shown that 
the hydrolysis of methyl ethylene phosphate, muta- 
rotation of glucose, and inversion of menthone are 
dependent on steric requirement by substituted pyr- 
idines used as catalyst. 

Pritchard and Long6 examined the nucleophilic 
activity of various hindered amines toward propylene 
oxide in buffered aqueous solutions, while Swain7 
showed that "specific oxonium ion catalysis" for 
ethylene oxide reactions is observed only at  so low 
buffer concentrations that neither the undissociated 
buffer acid nor the buffer base participates detectably. 

In a previous papertti we suggested and discussed that 
a hydrogen-bonded complex (111) of a tertiary amine (I) 

(1) (a) S. L. Bafna and V. Gold, J .  Chem. Soc., 1406 (1953); (b) V. Gold 
and E.  G .  Jefferson, {bid. ,  1409 (1953): ( 0 )  V. Gold and E. G .  Jefferson, ibid., 
1416 (1953). 
(2) A. R. Butler and V. Gold, ibid., 4362 (1961). 
(3) S. L. Johnson, J .  Phys.  'Chem., 87, 495 (1963). 
(4) F. Covits and F. H. Weetheimer, J .  Am. Chem. Soc., 85,  1773 (1963). 
(5) C. D Gutsche and R.  S. Buriks, ibid., 84, 3775 (1962). 
(6) J. G. Pritchard and F. A .  Long, {bid., 19, 2365 (1957). 
(7) C. G .  Swain, ibid., 1 4 ,  4108 (1952). 
(8) H. Kakiuchi and Y. Tanaka, J .  Org. Chem., 81, 1559 (1966). 
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111 + Ce,HcOCH*CHCHz 

'd 
IV 

V L  I +  

and benzoic acid (11) would play an important role 
for the tertiary amine catalyzed reaction of phenyl 
glycidyl ether (IV) and benzoic acid (see Scheme I). 
If an activated complex or a transition species is of the 
type V in Scheme I, its stability may be affected by 
steric requirement. 

SCHEME I 

NR, + CGH5COOH [C6H5CO(IH.-N€&] (1) 

I11 

C6H,COOCH$H(OH)CH,OC6H, (3) 

VI 

Because an appropriate choice of substituents and 
their position permits one to vary, simultaneously or in- 
dependently, both the donor tendency of the N-ring 
atom and the steric requirements of the molecule, sub- 
stituted pyridines appear to be especially suited to the 
investigation of the factors which influence the stereo- 
chemistry of the transition-state species or the activated 
complex. This paper reports a catalytic effect of the 
pyridines on the reaction of phenyl glycidyl ether (PGE) 
and benzoic acid (BA) in xylene. 

Experimental Section 
Materials.-Reagent grade PGE was dried over calcium 

hydride for several days and distilled a t  reduced pressure. 
The fraction boiling a t  103' (6 mm) was collected for use. Re- 
agent grade benzoic acid was recrystallized from its aqueous 
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TABLE I 
THIRD-ORDER RATE CONSTANTS AT VARIOUS TEMPERATURES, ARRHENIUS PARAMETERS, AND 

HEAT AND ENTROPY OF ACTIVATION FOR REACTION OF PGE AND BA IN XYLENE' 
v k "  X 108, 1.* mole-: a e c - L - ,  EA, AS*l&S, AH*nw, AG*;w, P& 

Base 96' 1080 1 1 8 O  kcal/mole Log A eu koal/mole kcal/mole (25') 

Isoquinoline 8.71 17.8 31.3 16.5 7.76 -27.0 15.3 23.3 5.46b 
3-Picoline 7.25 15.0 27.3 17.0 7.97 -26.0 15.8 23.5 5.68" 
&Picoline 6.78 14.2 25.8 17.1 7.97 -26.0 15.9 23.6 6.02c 
Pyridine 6.27 12.9 24.0 17.1 8.01 -25.8 15.9 23.6 5. 17c 
2,4-Lutidine 5.72 12.1 21.9 17.3 8.05 -25.6 16.1 23.7 6.  7gd 
2-Picoline 5.23 11.0 21.0 17.7 8.25 -24.7 16.5 23.9 5.97c 
PMethylquinoline 4.80 10.3 17.3 17.8 8.27 -24.6 16.6 23.9 5.20' 
Quinoline 4.23 9.24 17.2 18.1 8.38 -24.1 16.9 24.1 4.806 
2-Methylquinoline 2.76 6.48 12.9 19.8 9.22 -20.2 18.6 24.0 5.42O 
2,6-Lutidine 1.87 4.70 9.44 20.6 9.52 -18.8 19.4 25.0 6.  75C*d 

a The initial concentrations of PGE, BA, and the amine are 0.500, 0.500, and 0.0200 M ,  respectively. A. Albert and J. N. Phillips, 
J .  Chem. Soc., 1294 (1956). Reference 14b. Reference 14c. Reference 14d. 
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sample were determined by the direct neutralization methodl1JP 
and by the method of Durbetaki.13 The initial concentrations 
of PGE, BA, and the amine were 5.00 x 10-1, 5.00 X 10-1, and 
0.5-2.0 X IO-1 M ,  respectively. The temperature of the re- 
action mixtures was kept in as constant as = ! = 0 . 2 O .  

Results 

The product (VI) was produced in yield of SO-SO% of 
theoretical and the disappearance of benzoic acid was 
completely accounted for by the appearance of ester 
and hydroxyl groups by infrared spectrum analysis. 
As in the previous paper,* the reaction of PGE and BA 
in the presence of pyridines, quinolines, or isoquinoline 
a t  various temperatures was in good agreement with 
second-order kinetics. 

The order of reaction with respect to the tertiary 
amine was determined through a series of experiments 
with varied concentrations of the amine (0-2.00 X 

M )  and with constant initial concentrations of 
PGE and BA (5.00 X lo-' M ) .  The various values 
of the rate constant k were plotted against the con- 
centrations of the amine, and a straight line was ob- 
tained as shown in Figure 1. This shows that the ob- 

[Amine], 10-1 M .  

Figure 1.-Effect of initial concentration of pyridines [amine] 
on the observed second-order rate constant kz in the reaction of 
PGE and BA in xylene a t  108' (the initial concentrations of 
PGE and BA are 5.00 X lo-' Jf): 1, isoquinoline; 11, Pyridine; 
111, 2-picoline; IV, quinoline; V, 2-methylquinoline; VI, 2,6- 
lutidine. 

served second-order rate constant k was expressed as 

k = k"[amine] + k' (4) 

where k" is the third-order rate constant, k' is the 
second-order rate constant a t  the zero concentration 
of the catalyst, and [amine] is the initial concentration 
of the amine. In  Table I are shown the rate constants 

solution and dried over phosphorus pentoxide. The pyridines, 
quinolines, and isoquinoline were all reagent grade and purified 
before use. 2,g-Lutidine and 2- and 3-picolines were purified 
by the procedure of Butler and Gold1" and the others were distilled 
after refluxing with barium oxide.# Xylene (mixed isomer) was 
shaken successively with sulfuric acid and aqueous sodium bi- 
carbonate solution, dried with calcium chloride, and then frac- 
tionally distilled. The fraction boiling at 137-139" wm collected 
for use. 

Reaction Procedure.-Reaction apparatus, procedure, and 
analytical methods of epoxide and acid for kinetic measurements 
have been described in previous papers.8#10 A reaction flask 
containing BA and the solvent was heated to a desired tempera- 
ture and to this were added solutions of PGE and of an amine 
preheated to the same temperature. The time was measured 
from the moment of mixing an amine in all cases. The reaction 
mixtures were stirred by bubbling dry nitrogen gas and for analy- 
sis the aliquots (3  or 4 ml) of the reaction mixtures were taken out 
a t  convenient intervals. The acid and epoxy contents of the 

(9) R. G. Pearson and F. V. Williams, J .  Am. Chsm. Soc., 76, 3073 (1953). 
(10) H. Kakiuohi and Y. Tsnaka, Kobumhi Kopaku, 90, 619 (1963). 

at  various temperatures, the activation energies, and 
the frequency factors of this reaction using substituted 
pyridines as catalyst. The rate constants of 2- and 
2,6-substituted pyridines are especially lower and their 
activation energies and frequency factors are corre- 
spondingly larger than the others. 

The Arrhenius parameters and the enthalpies and 
the entropies of activation are obtained from eq 5-7 

k = ( K T / h )  exp[(As*/R) - (AH*/RZ')] (5)  

AH* = E A  + ( ~ n *  - i jRT (6) 

AG* = AH* - TAS* (7) 

(11) J. Mitchell, Jr., B. A. Montague, and R. H. Kinsey, "Organic 
Analysia," Vol. 3, J. Mitchell, Jr., I. M. Kolthoff, E. S. Proskauer, and 
A. Weisaberger, Ed., Intereoienoe Publishers, Inc., New York, N. Y., 1956, 
P 1. 

(12) E. R. Bishop, E. B. Kittredge, and J. H. Hildebrand, J .  Am.  Chem. 
Soc., 44, 135 (1922). 

(13) A. J. Durbetaki, Anal. Chem., 48, 2000 (1956). 
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where k ,  K, h, R, and T are the observed rate constant 
(in this case, k”), Bolitzmann’s constant, Planck’s con- 
stant, the gas constant, and the absolute temperature, 
respectively, and AH*, AS*, AG*, and An* are the 
enthalpy, entropy, Gibbs free energy of activation, and 
the change of moles in activation, defined as the number 
of molecules of the activated complex minus the number 
of molecules of reactants, respectively. The parameters, 
enthalpies, and entropies appear in col7-9, Table I. 

The rate constants measured for over-all reaction 
are all accurate to =t3% or better by the agreement 
between duplicate determinations. These uncertain- 
ties of ~ 3 %  in the rate constants correspond to un- 
certainties in E A  and AH* of 0.4-0.5% kcal/mole, in 
log A of 0.3 units, and in A S  of 0.9 units. In  spite 
of the above uncertain ties, some effects of substituents 
of pyridines and quinolines are observed significantly. 

The data in Table I reveal that there are no signifi- 
cant differences in the activation energies or frequency 
terms between the reactions with 3-picoline (EA 17.0, 
log A = 7.97) and with 4-picoline (EA 17.1, log A = 
7.97). The similar identity of these quantities has 
been retained in the reaction of alkyl iodides with 3- 
or 4-monoalkylpyridines. 14a 

A methyl group in the 3 or 4 position of the pyridine 
nucleus causes an increase in rate of reaction with a 
decrease in the energy of activation (Table I). This 
might be attributed to  the increase in the strength of 
the base resulting from the introduction of the methyl 
group. The introduction of methyl groups in the 2 
and/or 6 positions also results in an increase in the 
basicity. 2-Picoline (pK, 5.97) is stronger than 3- 
picoline (pK, 5.68) and is almost as strong as 4-picoline 
(pK, 6.02);14b 2,ti-lutidine (pK, 6.75) is stronger than 
3- and &picolines and as strong as 2,4-lutidine (pKa 
6.79) ;14c 4-methylquinoline (pKa 5.20) is almost as 
strong as pyridine (pKa 5.17) and 2-methylquinoline 
(pK, 5-42) is stronger than quinoline (pKa 4.80) and 
4-methylquinoline and almost as strong as isoquinoline 
(pK, 5.46) Consequently, a similar increase in 
rate would be anticipated if the rate was proportional 
to the basicity of the vatalyst. Nevertheless, the rates 
of the reaction catalyzed by 2-picoline1 2-methyl- 
quinoline, or 2,6-lutidine are not larger but smaller 
than pyridine, quinoline, or 2,4-lutidine, respectively. 

-23 

-\; 2;x- 2,4-L - 25 24 !I 
- - 26 

I11 - 27 
I I 28 I 

, iQ 9 

Discussion 

Figure 2 shows plots of the activation energy or the 
logarithm of the rate constant for this reaction us. the 
basicity of the pyridines in water. Clearly, between 
the basicity and the catalytic efficiency, there is no 
single relationship which covers all the catalysts 
studied here. Similar deviations from a linear re- 
lationship between the rate data and the pKa values 
have been found for many other reaction~.~v~.’4 Failure 
to observe a linearity in our system should not be due 
to the difference in the solvents in the two reactions,14b 
but to  the difference in the steric requirements of these 

(14) (a) H. C. Brown and h. C@hn, J .  Am. Chem. Soc., 77, 1715 (1955); 
(b) H.  C. 13rown and X. R. Mihm, ibid. ,  77, 1723 (1955); (c) H.  C. Brown 
and D. Gintis, ibid. ,  76, 5387 (l956); (d) H. C. Brown, D. H. McDaniel, and 
0. Hafliger, “Determination of Organic Structures by Physical Methods,” 
Vol. 1, F. C. Nochod and W. D. Phillips, Ed., Acsdemic Press Inc., New 
York, N. Y . ,  1962. p 597; ( e )  H. C. Brown and R. H. Horowitz, J .  Am. Chern. 
Soc.. 77, 1733 (1955); ( f )  1%. C:. Brown and G. K. Barbaras, ibid., 68, 1137 
(1947); ( 8 )  H. C. Brown and R.. R .  Holmes, ibid., 77, 1727 (1955). 
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reactions, although a slight gap remains in the complete 
evaluation of the catalytic coefficients through lack of 
knowledge of the temperature dependence of basic 
dissociation constants. This reaction shows steric 
hindrance, determined kinetically, which exceeds that 
in the corresponding ionizations. If the transition- 
state species is of type V, the steric constraint in V 
should be greater than it is in the corresponding pyri- 
dinium ion; otherwise the steric retardation would not 
be noted. 

If this reaction proceeds according to Scheme I as 
mentioned beforela the observed over-all reaction con- 
stant k” (see eq 4) may be expressed as 

k” = k1kaka/[k,(ka + k d  + k3k5CIV1 ( 8 )  

Here, CIV is the concentration of PGE and the ki values 
(i = 1, 2, , , ., 5 )  are the rate constants for reactions 
1-3, respectively. It is difficult to interpret the values 
of k” in terms of any one particular interaction; Le., 
there should be some factors to deviate the plots of the 
rate data vs. the pKa values from a linearity. It can be 
considered, however, that this deviation is probably due 
to steric strains in the activated complex (V). The 
steric constraint in V may arise from the conflicting 
steric requirements of the bulky groups a t  the 2 and 6 
positions of the pyridines with the other part of the 
activated complex (V). Such steric strains are not 
important, presumably, in the reaction of these amines 
with BA (reaction 1 in Scheme I).14g115 The strains 
present in this reaction may be estimated with the same 
assumptions as Brown and Horowitz, l4e who evaluated 
the steric constraint in the reactions of the 2-alkyl- 
pyridines with boron trifluoride, methyl iodide, and 
methanesulfonic acid. Compared with pyridine, the 
activation energy of this reaction catalyzed by 2- 
picoline should be decreased by 0.1-0.2 kcal/mole which 
is caused from the polar effect of the methyl group 

(15) P. D. Bartlett, M. Rohe, and R. M. Stiles, z b d ,  76, 2349 (1954). 
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nearest to the nitrogen atom. As a matter of fact, a 
methyl group a t  the 2 position increased the activation 
energy by 0.6 kcal/mole compared with the unsub- 
stituted pyridine. This may be due to the steric 
strain in the transition-state species (V) of this reaction. 
These strains may be evaluated for 2-picoline, 0.6, from 
EA (2-picoline) - EA (4-picoline) ; 2,6-lutidine1 3.9, 
from E A  (2,Glutidine) - EA (2,4-lutidine) + 0.6; 
quinoline, 1.6, from EA (quinoline) - E A  (isoquinoline); 
2-methylquinoline, 3.6, from EA (2-methylquinoline) - 
E A  (4-methylquinoline) + 1.6 kcal/mole, where E A  
(substituted pyridines) are the activation energies of 
this reaction in the presence of substituted pyridines. 
The steric constraint in this reaction catalyzed by these 
bases is larger than that of methyl iodide with 2- 
alkylpyridines while smaller than that of boron tri- 
fluoride. 14e 

Additivities in the pKa values have been found for 
benzoic acid derivatives and the pyridine series.14bv16 
In  this reaction, the first methyl group at  the 2 position 
of pyridine brings about the increase of 0.6 kcal/mole 
in the activation energy and the second methyl groups 
a t  the 6 position of 2-picoline and at  the 2 position of 
quinoline result in increases of 3.3 and 2.0 kcal/mole, 
respectively. This fact shows that the steric strain 
in this reaction is clearly not additive. The dispersion 
in this reaction rate or in the activation energy shown 
in Figure 2 can be interpreted neither by a nucleo- 
philic activity of the pyridines, an electrophilic activity 
of their conjugate acids only, nor by a linear combina- 
tion of these two factors. It may be estimated by a 
higher order interaction term of them or by another 
factor beside them.I7 

The less active amines are those having a substituent 
in one or both of the positions adjacent to the hetero- 
cyclic nitrogen atom and this suggests steric influence 
on the mechanism of the catalysis. The view that the 
catalysis occurs uta some association between the hydro- 
gen-bonded complex (111) and the whole or part of the 
epoxide (IV), as shown in Scheme I, is supported by 
other steric hindrances of CY substituents on the rate 
and equilibria of association reaction of tertiary 

The stability of the transition-state 
species (V) would be probably affected by the molecular 
structure of the pyridine and this may well explain the 
catalytic efficiency in this reaction. 

Proton transfer from the hydrogen-bonded complex 
(111) to PGE (IV) through the activated complex or 
transition-state species (V) may be suggested from the 
fact that in aprotic solvents such as carbon tetrachloride 
or nitromethane a proton transfers from an acid to a 
base by forming a hydrogen bond involving additional 
molecules of the acid.22 For example, the addition of 
triethylamine to  an excess of acetic acid in carbon tetra- 
chloride leads to the formation of the solvated ion 
pair (C2H5)3N+OCOCH3-HOCOCH3, the structural 
formula for which is probably shown as VIIa.23 Addi- 

(16) J. Shorter and F. J. Stubbs, J. Chem. Soc., 1180 (1949). 
(17) J. E. Leffler and E. Grunwald, “Rates and Equilibria of Organic 

Reactions,” John Wiley and Sons, Inc.. New York, N. Y., 1963, Chapter 6. 
(18) R. J. Bruehlrnan and F. H. Verhoek, J .  A m .  Chem. SOC., 70,  1401 

(1948). 
(19) F. S. Long, J .  Chem. Soc., 2164 (1911). 
(20) J. W. Baker and W. S. Nathan, zbid., 519 (1935). 
(21) S. Buffagni, L. M. Vallarino, and J. V. Quagliano, J .  Inorg. Chem., 8 ,  

(22) E. S. Lewis and J. D. Allen, J .  Am.  Chem. Soc., 86, 2022 (1964). 
(23) G. M. Barrow and E. A. Yerger, ?bid., 76, 5211 (1954). 

480 (1964). 

VIIa 

tion of pyridine or 2,4-dinitroaniline to an excess of 
sulfuric acid in nitromethane leads to a reaction that is 
best represented by eq 9.24 The major product of the 

B + 3H804 BH+OSOaH-2H2SOd (9)  

addition reaction of a base B with sulfuric acid, shown 
by eq 9, is found to be an ion pair solvated by sulfuric 
acid rather than a pair of free ions, even though nitro- 
methane is a highly polar solvent. 

The structure of V can be suggested from a general 
discussion on the stereochemistry of the hydrogen 
b ~ n d . ~ ~ - ~ ~  Up to now there has been no general con- 
clusion to show whether the hydrogen bond would be 
rectilinear or not. It is generally assumed, however, 
that the hydrogen in the hydrogen bond will lie on a 
straight line joining the two bridged atoms if other 
constraining influences allow.28 This is supported by 
the many e ~ a m p l e s . ~ ~ ~ ~ ~ ~ ~ ~  

The evidence of crystal structures of three crystalline 
oximesa1 is conflicting on this point. Certain small 
molecules are found to  show such a multiplicity of hy- 
drogen bonding that chelate rings are formed contain- 
ing two hydrogen bonds, which may well, under such 
constraint, depart from linearity. A six-membered 
ring of this kind is exemplified in crystalline urea.32 
In an electron-diff raction study of crystalline boric 

the hydrogen atoms are found to be not collinear 
with the oxygens, but to be displaced from this position 
as a result of attraction toward two oxygen neighbors. 

A “shared” or “bifurcated” hydrogen bond such as 
that between VI1 and IX has been reported in the struc- 
ture of sulphamic di~yanodiamide,~~ racemic acid 
hydratela6 and a-iodic respectively. The struc- 

N 0 
O k  

0 

‘0 ‘** N ”. 0 
N( 

VI1 b VI11 Ix 
tural change in the pyridines used as catalyst for this 
reaction may result in a similar structural change in the 
hydrogen bond of V, whose stability therefore would be 
altered. Bifurcation of this kind would seem to be in- 
herently unstable; as such the structural alteration of 

(24) H. Van Looy and L. P. Hamrnett, ibid., 81, 3872 (1959). 
(25) L. Hunter, Progr. Slereochem., 1, 23 (1959). 
(26) G. C. Pimentel and A .  L. McClellan, “The Hydrogen Bond,” W. H. 

Freeman, Ed., San Francisco, Calif., 1960. 
(27) G. S. Hamrnond, ”Steric Effects in Organic Chemistry:’ M. S. 

Newrnan, Ed., John Wiley and Sons, Inc., New York, N.  Y., 1956. p 425. 
(28) N. V. Sidgwick, Ann. R e p f .  Progr.  Chem. (Chem. SOC. London), S O ,  

114 (1933). 
(29) E. G. Cox, M. V. Dougill, and G .  A.  Jeffrey, J .  Chem. Soc.. 4854 

(1952). 
(30) G. M. Bennett and B. Jones, ibid., 420 (1939). 
(31) (a) T.  K. Bierlein and E. C. Lingafelter, Acto Cryst.,  4, 450 (1951); 

(b) L. L. Marritt and E. Lauterrnan, ibid.. 5, 811 (1952); (c) B. Jeralev, 
Nature, 166, 741 (1950). 
(32) P. Vaughan and J. Donohue, Acto Cryst . ,  5, 530 (1952). 
(33) J.  M. Cowley, ibid., 6, 516 (1953). 
(34) F. A .  Kanda and A .  J. King, J .  A m .  Chem. Soc., 7 3 ,  2315 (1951). 
(35) E. W. Hughes, ibid., 63, 1258 (1940). 
(36) G. S. Parry, Acta Crust., 4, 131 (1951). 
(37) M. T. Rogers and L. Helrnholz, J .  A m .  Chem. Soc., 69, 278 (1941). 
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the hydrogen bond is considered to play an important 2,4-lutidine1 108-47-4; 2-picoline, 109-06-8; 4-methyl- 
role for the base-catallyzed reaction of PGE and BA. quinoline, 491-35-0; quinoline, 91-22-5; 2-methyl- 

quinoline, 91-63-4; 2,6-lutidine1 108-48-5. Registry No.-Benzoic acid, 6585-0; phenyl glycidyl 
ether, 122-60-1 ; isoquinoline, 119-65-3 ; 3-picoline, Acknowledgment.-The author is grateful to Mr. K. 
108-99-6; 4-picoline, 108-89-4; pyridine, 110-86-1 ; Tomizuka for his help with the manuscript. 

Synthesis and Chemistry of Thiazolo[3,2-~]pyridinium Compounds' 

C. K. BRADSHER AND J. E. BOLIEK 
Department of Chemistry, Duke University, Durham, North Carolina 87706 

Received February 14, 1967 

l-p-0xoethyl.pyridine-2-thiones may be cyclized in sulfuric acid to yield 2-substituted thiazolo[3,2-a]pyridin- 
ium salts. The environment about position '2 appears more shielded than that about position 3 as measured 
either by resonance of a ring proton or of the protons of an alkyl substituent at the position. The pK. values 
of the 2- and 3-carboxylic acids are the same, within experimental error. 

The thiazolo [3,2-a]pyridinium cation (11) was first 
synthesized2s3 by cyclization of a-(2-pyridylthio) ke- 

I I1 

tones and -aldehyde (I). This approach to the syn- 
thesis of the thiazolopyridinium system lends itself 
best to the preparation of monosubstituted derivatives 
with substituents a t  position 3 (11, R = H). In  
connection with our study of the nmr spectrum of the 
thiazolopyridinium system, there was a need for a 
method which would af'ford derivatives monosubstituted 
a t  position 2 (11, R' = H). 

The new synthesis is based upon an observation by 
Djerassi and Pettit4 that 2-bromo-1-phenacylpyridin- 
ium bromide (VI, R = CaH6) reacts with hydrosul- 
fide ion to  afford an excellent yield of l-phenacyl-2- 

RCOCH,Er 
V 

--- 
R 

111, R, = R, = R, = H 
IV 

Br- 

I KSH c 

VIII, R, = R2 = RJ = H 
X, R , = R ? = R s = H  IX 
XI 

(1) This investigation was eupported by Public Health Service Research 
Grant No. H-2170 of the National Institutes of Health. 

(2) F. S. Babichev and V. N.  Bubnovskaya, Ukr.  Kh im.  Zh . ,  SO, 848 
(1964); Chem. Abatr., 62, 1 7 6 6 ~  (1965). 

(3) (a) C. K. Bradsher and D. F. Lohr, Jr., Chem. Ind. (London), 1801 
(1964); (b) C. K. Bradsher and D. F. Lohr, Jr., J .  Heterocyclic Chem., 1, 27 
(1966). 

(4) C. Djerassi and G .  R .  F'ettit, J .  Am. Chem. Sac., 7S, 4470 (1954). 

pyridinethione (VIII, R = COHS). From an earlier 
observation5 that 1-phenacyl-2-pyridone may be cy- 
clized in sulfuric acid to yield the 2-phenyloxazolo- 
[3,2a]pyridinium cation, it appeared plausible that 1- 
phenacyl-2-pyridinethione (VIII, R = C6H5) might, 
under the same conditions, afford the 2-phenylthia- 
zolo [3,2-a]pyridinium (X, R = CBH5) cation. This 
prediction proved correct, for the new product had 
the expected composition, ultraviolet absorption, and 
infrared and nmr (only aromatic protons) spectra. 
Through use of a variety of bromomethyl ketones 
(V) and of bromopyridines (IV), it proved possible 
to prepare a variety of 2-substituted thiazolo [3,2-a]- 
pyridinium salts with either alkyl or aryl groups at  
position 2 as well as with methyl groups in the pyridine 
ring. In  no case was there evidence that any sig- 
nificant portion of the thione (IX) cyclized with the 
loss of hydrogen sulfide to afford the related oxazolo- 
[3,2-a]pyridinium salt. The mechanism of cyclization 
may be viewed as a protonation of the carbonyl oxygen 
atom (XII) followed by an attack of the highly nucleo- 
philic sulfur atom on the conjugate acid. The re- 
sulting carbinol (XIII) would be expected to dehy- 

R 

XI1 XI11 

drate readily in the concentrated acid. The results 
of the syntheses are summarized in Table I. 

An interesting observation reported earlieF was 
that the nmr spectrum of 2,3-dirnethylthiazolo [3,2-a]- 
pyridinium (11, R = R' = CH3) perchlorate showed, 
in addition to aromatic resonances, a single sharp 
singlet (at 6 2.80 ppm) corresponding to six protons. 
The methyl proton resonances of the 2-methyl and 3- 
methyl isomers (11, R = CHQ, R' = H, or 11, R = H, 
R' = CH3) differ and occur a t  6 2.84 and 2.946 ppm, 
respectively. A similar difference was shown by the 
methyl protons of the new 2- and 3-t-butyl derivatives 
(11, R = t-Bu, R' = H, and I1 ,R = H, R'  = t-Bu), 

(5) C. K. Bradsher and M. F. Zinn, J .  Heterocyclic Chem.. 1, 210 (1964). 
(6) We have not been able to reproduce the value of r 1.17 reported 

earliertb for the 3-methyl derivative. 


