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Regioselective Nucleophilic Addition of Organolithium Compounds to  
3- (4,4- D imethyloxazolin-2-yl) pyridi ne 

By Albert E. Hauck and Choo-Seng Giam," Department of Chemistry, Texas A €t M University, College 
Station,Texas 77843, U.S.A. 

The nucleophilic heteroaromatic addition reactions of 3-  (4,4-dimethyloxazolin-2-yl)pyridine (8) with organo- 
lithium compounds as nucleophilic reagents have been investigated. Strongly nucleophilic reagents have been 
observed to add preferentially to the y- rather than the cc-position of the pyridine ring. Stable crystalline 4- 
substituted 3- (4,4-dimethyloxazolin-2-yl) -1,4-dihydropyridine addition products have been isolated in good 
yields. Further, the dihydropyridines could be oxidized to the corresponding 3,4-disubstituted pyridines by a 
variety of oxidizing agents. Interesting oxidative dealkylations of the 4-t-butyl-l,4-dihydropyridine (9e) have been 
observed, and they may account for the anomalous ratio of aromatized products. 

ZIEGLER and Zeiser first reported that alkyl- and aryl- 
lithium compounds add to tlie a-position of tlie pyridine 
nucleus, followed by elimination of lithium liydride to 
give the corresponding cc-substituted pyridines. An 
addition-elimination mechanism was proposed and 
confirmed including tlie actual isolation and character- 
ization 3c of the reactive cs complex (1) (see Scheme 1). 

The mode of addition of organolitliium compounds to 
3-substituted pyridiries provides information on the 
steric and electronic effects of substituents upon the 
addition of these nucleophiles to  tlie pyridine nucleiis. 
Both electronic and steric factors influence the attack; 
however, the primary directive influence appears to be 

spectively. Other examples of 1,4-addition to tlie 
pyridine nucleus include the additions of triphenylsilyl- 
lithium and 2-lithio-2-alkyl-l,3-djthianes lo to pyridine. 
To date there have been no reports of tlie 1,4-addition of 
stronger nucleophilic organolitliium compounds, such 
as plienyl-lithium or alkyl-lithium to the 4-position of a 
3-substitut ed pyridine. 

The study of the nucleophilic heteroaromatic sub- 
stitution of pyridine derivatives by organolithiurn coni- 
pounds lias been limited mainly to pyridines with elec- 
tron-releasing substituents. While there have been 
studies of the reaction of Grignard or metallohydride 
reagents l1 with substituted pyridines containing elec- 

due to the inductive effect of the pyridine ring nitrogen 
atom rather than the s u b ~ t i t u e n t . ~ ' ~  Wlien a variety 
of 3-substituted pyridines 3-4,6 were treated with alkyl- 
and aryl-lithium conipounds, followed by oxidation and 
hydrolysis, the predominant mode of addition was found 
to be 1,2-, affording tlie 2,3-disubstituted pyridines (5). 
The minor mode of addition was 1,6- giving the corre- 
sponding 2,5-disubstituted pyridines (6) (Scheme 2). 

tron-witlidrawing substituents, only one example of 
the reaction of an organolitliium cornpound with 
an electronegatively substituted yyridinc has been 
r e p ~ r t e d . ~  

Q7e sought t o  extend tlic investigation of the reaction 
of organolithium compounds to pyridines containing 
electron-withdrawing substituents, such as pyridine-3- 

TABLE 1 
R' 4-Substituted 3-(4,4-ditnethyloxazolin-2-yl)-l,4- 

R diliydropyridines (9a-e) ; :h yields and elemental analyses 
Elemental analysis (%) 

Yo Found Required 
C H N  Compd. Yield" C H N 

QR - 0: + RIoR 0 
1 1 1 ,  H20 

( 4  1 ( 5 )  ( 6 )  (7 1 (9a) 78.6 75.3 7.05 10.75 75.76 7.13 11.01 
(9b) 69.3 69.0 8.25 14.3 68.72 8.39 14.57 
(9c) 78.6 72.1 9.25 12.0 71.76 9.46 11.95 SCHEME 2 

In spite of careful analysis, no products resulting from ('d) 74.2 71*95 9 .3  12.05 71.76 9.46 "*" (9e) 75.7 71.85 9.4 11.8 71.76 9.46 11.95 
a Yields are based oil 3-(4,4-dimethyloxazolin-2-yl)pyriditie. 1,4-addition ( 7 )  could be detected. 

There are a few reports of the addition of organolithiuin 
compounds to the 4-position of the pyridine nucleus, but carboxylic acid or its derivatives. Carboxylic acid 
they involved weaker nucleophilic reagents. Thus, functions can be converted into oxazoline derivatives 
benzyl-lithium reacted with 3-picoline and pyridine to  which are more appropriate because they are inert to 
give 4-benzyl-3-picoline and 4-ben~ylpyridine,~,~ re- organolithium reagents.l2 In  order to study the mode of 
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the nucleophilic addition, i .e. 1 ,2-, 1,4-, or 1,6-addition 
of organolithium compounds to nicotinic acid derivatives, 
we prepared 3-(4,4-dimethyloxazolin-2-yl)pyridine (8). 
We now report the unexpected alkylation and arylation at  
the 4-position of (8) by the more strongly nucleophilic 
organolithium compounds, and also the isolation of a 
group of stable 1,4-dihydropyridines. 

RESULTS AND DISCUSSION 

3-(4,4-Dimet hyloxazolin-2-y1)pyridine (8) was obtained 
by heating methyl nicotinate a t  reflux with 2-amino-2- 
methylpropan-1-01. When a solution of phenyl-lithium 
in diethyl etlier was added dropwise to  a solution of 
compound (8) in diethyl ether at room temperature a 
dark precipitate formed. When tetrahydrofuran (THF) 
was used as the solvent no precipitate was formed, but 
the reaction product was the same as that obtained in the 
ethereal solution. Hydrolysis of the reaction mixture 
gave a bright yellow precipitate, 3-(4,4-dimethyl- 
oxazolin-2-yl)-4-phenyl-l,4-dihydropyridine (9a). Simi- 
larly, treatment of ethereal solutions of compound 
(8) with other organolithium compounds, followed by 
hydrolysis, gave the corresponding dihydropyridines 
(9b-e) (Table 1). Structural assignments for these 
1,4-dihydropyridines are based on their IH and I3C 
n.m.r. spectra, u.v.-visible spectra, i.r. spectra, and their 
aromatization to the corresponding 3,4-disubstituted 
pyridines (10). 

The reaction of cornpound (8) in diethyl ether with 
t-butyl-lithium at 0 "C to  room temperature, followed by 
hydrolysis, gave good yields of the 4-t-butyl-1,4- 
clihydropyridine (9e) (76y0 isolated yield). 

Aliquots of a solution of t-butyl-lithium in n-pentane 
were added dropwise to solutions of compound (8) in 
THF at  -78 'C for 1 11 and warmed to  0 "C. Hydrolysis 
with saturated aqueous ammonium chloride afforded the 
6-t-butyl-1 ,B-dihydropyridiIie (1  1) .  Work-up of the 
mother liquors afforded the 4-t-I1utyl-l,4-cliliydropyr- 

( 8 )  

I 
H 

(101 
R' 

a ; Ph 
b ;  Me 

c ; Bun 
d ;Bus 

R : 4,4-el i rnethyloxazol in -2-yl 

e ; BU' 

SCHEME 3 

idine (9e). The total isolated yield of dihydropyridines 
was 88%. Tlie isomer ratio (9e) : (11) was 61 : 39 
indicating that 1,4-addition was again the predominant 
mode of attack. Meyers and Gabel had informed us 
that they had observed similar products but more (11) 

than (9e) in similar studies. This may be attributed to  
the preferential dealkylation of (9e) over (11) which is 
discussed later. 

The lH n.m.r. spectrum of 3-(4,4-dimethyloxazolin-2- 
yl)-4-t- butyl- 1 ,.l-dihydroyyridine (9e) is represent at  ive of 
those obtained for the other dihydropyridines (9). It 
showed a doublet of doublets a t  6 7.09 (1H) assigned to  
the pyridine 2-H, a complex multiplet a t  6 6.16 (1H) 
assigned to  the pyridine 6-H, a broad absorption at 
6 5.81 (1 W) assigned t o  the pyridine N-13, a doublet of 
doublets at 4.94 (1 H) assigned to the pyridine 5-H, an 
AX pattern a t  6 3.85 (2 H) assigned to the oxazoline 5-14, 
a doublet of doublets at 6 3.22 (1 H) assigned to  the pyr- 
idine 4-H, two singletsat 1.27 (3 H) and 1.26 (3 H) assigned 

H H  ii,NHLCI - w a t e r  H 
( 9 e )  ( 1 1  1 

1 
But 0" 

(10e) (12 1 

R = 4 , L  - dimethyloxazol in - 2 - y l  

SCHEME 4 

to  the geminal methyl groups at C-4 of the oxazolinc ring, 
and a singlet at 0.83 (9 13) assigned to  the t-butyl group. A 
summary of tlie lH n.m.r. chemical shifts of the pyridine- 
ring protons for all 1,4-diliydroyyridines (9) is given in 
Table 2. The deuterium-exchange experiments were 
particularly useful during the analysis of the lH n.1n.r. 
spectra of the dihydropyridines. The addition of 
deuterium oxide to  the sample eliminated coupling 
between the N-H and pyridine-ring protons a t  positions 
2, 5 ,  and 6. As expected for 1,4-dihydropyridines, 
with no substituent on the pyridine nitrogen,14 there was 
no long-range coupling between the N-I3 and pyridine- 
ring protons at position 4. 

The chemical shifts (Table 2) observed for 3-(4,4- 
dirnethyloxazolin-2-y1) -6-t- but yl-l,6-dihydropyi-idine 

TABLE 2 

1H N.m.r. chemical shifts a of the pyridine-ring protons of 
the substituted 3-(4,4-dimethyloxazolin-2-y1) - 1,4- and 
- 1, G-clihydropyridines 

( 9 4  
( W  
( 9 4  
(!Id) 
(9c) 5.81 7.00 3.22 4.94 6.16 

Compd. H- 1 H- 2 H-4 H-5 H-6 
5.75 7.08 4.74 4.94 6.18 

6.79 3.38 4.58 5.88 6.50 
6.56 6.85 3.33 4.55 5.92 
5.22 6.97 3.49 4.73 6.07 

5.09 4.50 ( 1  1) 4.71 7.3!1 6.42 
a In CDCI,, relative to TMS. 
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(11) indicate that the proton attached to the sp3 hybrid- 
ized carbon is located K to the pyridine-ring nitrogen 
atom.l5 The deuterium exchange experiments were 
also useful in elucidating the structure of compound (1 1 ) .  

Recently, 13C n.m.r. spectral analysis has become an 
important tool for the structural elucidation of NAD and 
NADH,16 as well as for distinguishing between 1,4- and 
1,6-dihydropyridines.17 Analysis of the 13C n.m.r. 
spectra of compounds (9a -e )  and (1 1) (Table 3) provided 
guod evidence for the 1 ,$-dihydr opyridine structures. 
The spectral assignments for these dihydropyiidines are 
in agreement with the chemical shifts reported for other 
dihydropyridine~.~~? l7 

TABLE 3 
N.m.r. chemical shifts a t  25.034 4 MHz of the pyridine- 
ring and oxazoline-ring carbons of the substituted 
3-(4,4-dimethyloxazolin-2-y1)- 1,4- and - 1,6-dihydro- 
pyridines 

Compd." C-2 C-3 C-4 C-5 C-6 C-2' C-4' C-5' 
(9a) 132.3 97.8 97.8 103.4 124.3 161.2 66.3 77.2 
(9b) 132.2 99.2 27.3 104.5 124.2 161.2 66.2 76.9 
(9c) b 132.7 99.8 36.7 104.6 124.0 162.5 66.6 77.8 
(9d) 135.6 99.9 103.1 125.2 162.1 67.4 78.3 
(9e) 134.0 95.9 42.0 99.8 126.4 163.1 66.3 77.3 
(11) 140.8 91.4 123.4 111.2 60.8 160.6 65.6 77.4 

In (CD,),SO, relative to SiMe,. In CDCI,, relative to  SiMe,. 
Not observed. 

Before the advent of n.m.r. spectroscopy, U.V. and 
visible spectroscopy was the most useful technique for 
the identification of dihydropyridines. For our pur- 
poses, it is still an impoItant diagnostic tool.18 Di- 
hydropyridines containing an electron-withdrawing sub- 
stituent a t  the three position display U.V. absorption 
spectra characteristic of the 1,2- and 1,4-, and 1,6- 
dihydropyridine chromophores. The extended dien- 
amine chromophores of 1,2-dihydropyridines absorb at  
longer wavelengths (>350 nm) than the corresponding 
1,4-isomers or the cross-conjugated 1,6-dihydropyridines. 
A band at 250-300 nm is frequently observed for 1,2- 
or 1,6-dihydropyridines and has been used to  distinguish 
these isomers from the 1,4-dihydropyridine. The exact 
wavelength of these absorption bands is dependent upon 
several factors,Ig including the nature of the 3- 
substituent, the presence of other substituents, the 
solvent, and the nature of the substitution at  the pyridine- 
ring nitrogen. 

Compounds (9a-e) all displayed one strong absorption 
between 300 and 360 nm characteristic of 1,4-dihydro- 
pyridines. However, compound (1 1) displayed two 
strong absorptions and a shoulder. The possibility of a 
1,2-dihydropyridine was ruled out, since none of the 
absorptions displayed by compound (1 1) was greater 
than 350 nm. Consequently, the spectrum of compound 
(11) was thought to arise from the 1,6-~1ihydropyridine 
chromophore. The u.v.-visible spectral data for these 
dihydropyridines is summarized in Table 4. 

As a whole, the lH and 13C n.m.r. spectra and u.v.- 
visible spectra unambiguously demonstrate that com- 
pounds (9a-e) are the 1,4-dihydropyridines and that 
compound (11) is the 1,6-isomer. The oxidation of 

TABLE 4 
U.v.-visible spectral data for compounds 

(9a-e) and (1  1) a 

Compd. Chromophore h,,,./nm 
1,4- 332 
1,4- 328 
1,4- 329 
1,4- 329 
1,4- 318 
1,6- 339 

277 
267 

( 9 4  
(9b) 
( 9c) 
(9d) 
( 9e) 
(11) 

Elmo1 1-1 cm-1 log E 

2 416 3.383 
9 257 3.967 
6 913 3.840 
9 205 3.964 
6 246 3.796 
9.832 3.977 

28 376 4.435 
32 298 4.509 

In absolute ethanol. Shoulder. 

these stable dihydropyridine addition products to the 
corresponding disubstituted pyidine derivatives pro- 
vides unequivocal structural proof. The stability of the 
1,4-dihydropyridines required that strong oxidizing 
agents be employed in these aromatizations. The 
resulting disubstituted pyridines were easily character- 
ized on the basis of their IH and 13C n.m.r. and i.r. 
spectra. 

Dihydropyridines (9a-c) were aromatized, by potas- 
sium permanganate in acetone 2o or 5% palladium on 
charcoal in toluene containing glacial acetic acid,2f to 
the desired 3,4-disubstituted pyridines (10a-c) . All 
the dihydropyridines were oxidized by 2,3-dichloro- 
5,6-dicyano-l,4-benzoquinone (DDQ) in benzene 22 to 
the corresponding disubstituted pyridines ; however, 
the aromatization of (9e) was accompanied by dealkyl- 
ative oxidation to give the oxazoline (8). Compounds 
(9b) and (9e) were oxidized with oxygen 23 while the 
1,6-dihydropyridine (1 1) in chloroform slowly aromatized 
in the air. The results of these aromatizations axe 
summarized in Table 5.  

The aromatization of dihydropyridines usually 
proceeds via dehydrogenation and occasionally by the 
loss of a substituent. Dealkylative oxidation is parti- 

Me 

t 

+ 
(13)  

(1Oe) + H+ 
SCHEME 5 
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TABLE 5 

Oxidation of compounds (9a-e) and (1  1) to the corresponding disubstituted pyridines 

Method 
A b  
B C  

C d  
A 
B 

c 
D '  
A 
B 
c 
C 
c 
D 
C 

yo Yield a 

41.3 
48.1 
50.3 
48.7 
27.5 

24.8 
52.3 
45.3 
44.6 
83.2 
55.3 
71.1 

19.4 
80.2 

Found 
c H 

76.2 6.35 

89.65 7.35 

72.5 8.65 

72.7 8.55 

72.25 8.9 

72.45 8.55 

Elemental analysis (yo) 
Required 

N C H 

11.05 76.17 6.39 

14.5 69.45 7.42 

12.15 72.38 8.68 

11.85 72.38 8.68 

11.9 72.38 8.68 

12.35 72.38 8.68 

N 

11.10 

14.72 

12.06 

12.06 

12.00 

12.06 
0 Yields are based on the starting dihydropyridines. KMn0,-acetone, 25 "C. 5y0 Palladium on carbon in tolucne-glacial 

acetic acid at reflux. DDQ in benzene, 25 "C. Oxygen, 25 OP 

cularly favoured when the substituent lost is capable of 
forming a stable carbonium ion assisted by relief of 
steric strain.24 Thus, we observed that oxidation of 
3- (4,4-dimet hyloxazolin-2-yl)-4-t-butyl- 1,4-dihydro- 
pyridine (9e) was often accompanied by loss of the t- 
butyl group (Table 6). The thermal oxidation of (9e) 
also resulted in a mixture of products (10) and (8). 

TABLE 6 
Oxidation of the dihydropyridine (9e) 

yo Yield 
Oxidation method a (10e) (8) 

A 90.2 
c 71.1 27.4 
n 19.4 79.5 
E "  12.1 85.9 

Sce 'Table 5. Yields are based on compound ( lee) .  
Thermal oxidation at 350 "C 

Examination of the space-filling molecular models 
representing the dihydropyridine (9e) and the 3,4- 
disubstituted pyridine (10e) indicates that  a large 
amount of steric hindrance is generated during the 
conversion of (9e) into (loe). Indeed, there can be 
practically no rotation about the single bonds between 
the substituents and the pyridine ring in (loe). Under 
the oxidation conditions the t-butyl cation, a relatively 
stable carbonium ion, can be lost and deprotonated to 
yield isobutene (15). Indeed, the dihydropyridine 
(9e) when pyrolysed 21* gave isobutene (15) (Scheme 5 ) .  
The dealky1atil.e oxidation of (9e) is facilitated by the 
loss of a stable carbonium ion (14) and the relief of steric 
strain to give compound (8) rather than (l0e). Thus, 
while there are more 4- than &substituted dihydro- 
pyridines, under certain oxidation conditions, the ratio 
of the 4- and 6-aromatized products can be reversed. 

ESP E R1 I\I E N TA L 

Eqztipmcnt avid MateviaZs.-All ni .p.s were taken on a 
Riichi melting-point apparatus and are uncorrected. 1.r. 
spectra were recorded using a Becknian IR-8 Spectrometer, 

* We thank Mr David Wisdom for carrying out the gas-phase 
pyrolysis of compound (9e) and for his helpful comments. 

and are reported as cm-l. U.v.-visible spectra were re- 
corded using a Cary 1 18C ultraviolet-visible syectrophoto- 
meter. All lH n.m.r. spectra were taken using either a 
Varian Model T-60 or a Varian Model HA-100 n.m.r. spectro- 
meter. All 13C n.m.r. spectra were taken using a JEOI, 
PFT 100 spectrometer equipped with a Nicolet 1080 Fourier 
Transform accessory. All solvent evaporations were done 
on a rotary evaporator. Analytical and preparative gas 
chromatographic (g.c.) analyses were done on a 10 f t  x 1.4 
in stainless steel 3"/, OV-1 on Gas Chroni Q (100/120) 
column unless noted otherwise. The gas chromatograph 
used was a Varian Aerograph Model 1520B equipped with a 
dual thermal conductivity detector. Elemental analyses 
were performed by the Center for Trace Characterization, 
Texas A & M University, College Station, Texas. 

All organolithiuni additions were carried out under 
nitrogen in a round-bottomed flask equipped with stirring 
bar, serum-capped addition funnel, nitrogen inlet, and an  
oil bubbler. Dietliyl ether and tetrahydrofurail ('L'HF) 
were heated over lithium aluminium hydride (LAH) for a 
period of time and distilled from LAH under nitrogen just 
prior to use. n-Butyl-lithium in n-hexane, s-butyl-lithium 
in cyclohexane, and methyl-lithium in diethyl ether were 
obtained froni Ventron. t-Butyl-lithium in n-pentane 
was obtained froni Aldrich or Ventron. Phenyl-lithium in 
diethyl ether was prepared from lithium wire and bromo- 
benzene, 

3- (4,4-DiunethyZoxazoZin-2-yZ)pyridine (8) .-Methyl nico- 
tinate (50 g, 365 niniol) and 2-amino-2-methylpropan- 1-01 
(49g, 548 minol) were heated a t  reflux for 2.5 h. The clear 
orange mixture was cooled and the methanol removed 
under aspiration. The excess of aniino-alcohol was removed 
by vacuum distillation (48-58 "C/ 1.55-1.8 Torr) . The 
crude oxazoline (8) was collected as a colourless liquid 
(100-123 "C/1.2-1.45 Torr). A brown-white solid re- 
mained in the distillation pot. The crude solid, nicotinic 
acid, was recrystallized from ethanol to give a white 
powder; purified yield 3.88 g (8.6%). m.p. 232-235 "C; 
mixed m.p. (undepressed) 231.5-234.5 "C. 

3-(4,4-Dimethyloxazolin-2-yl)pyridine (8) was fraction- 
ated through a 10-cni Vigreaux column to give a colourless 
liquid; isolated and purified yield 48.80 g (75.9%), b.p. 
89-91 "C (0.65 Torr); i.r. (neat) 2 971, 1644, 1355, 
1 032, and 812 cm-l; lH n.ii1.r. (CDC1,) 6 9.15 (d, J z ,  2.1 Hz, 
1 H, pyridine 2-H), 8.67 (dd, J4,6 2.1 Hz and J6,6 4.9 Hz, 

Throughout, ether refers to diethyl ether. 
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1 H, pyridine 6-H), 8 .20 (dt, J2,4 2.1 Hz,  J4,5 8 .3  Hz and 
J4.6 1.8 Hz, 1 H, pyridine 4-H), 7.30 (m, J4,5 8.3 Hz and 
J5.6 4.9 Hz, 1 H, pyridine 5-H), 4.10 (s, 2 H, oxazoline 5-H), 
and 1.30 (s, 6 H, oxazoline geminal CH,) (Found: C, 
67.9; H, 6.8; N, 15.65. C1,H,,N,O requires C, 68.16; H, 
6.86; N, 15.90%. 

pyridine (9a).--To a solution of compound (8) (4.0 g, 22.7 
mmol) in ether ( 2 5  nil) was added dropwise a solution of 
phenyl-lithium in ether ( 1 . 0 ~ ;  24 nil; 22.7 mniol) ; addition 
was complete after 10 niin. A dark brown solid was 
formed. The flask was shaken intermittently for 1 h a t  
room temperature. Hydrolysis with water (10 nil) 
afforded a yellow solid. The solid was filtered off ancl 
washed with ether ( 2  x 5 ml). The basic aqueous layer 
was extracted with ether (8 x 10 nil). The combined ether 
extracts were dried (Na,SO,). The solvent was removed 
in vacuo, leaving an orange solid. The crude product 
obtained, (<la), was recrystallized from benzene to give a 
white powder, yield 4.54 g (78.60/,); n1.p. 184-186 "C 
(C,H,), 169-172 "C (subl.); i.r. (KBr) 2 946, 1 661, 1 597, 
1 241, and 1 163 ct1i-l. 

3- (4,4-L)inzeth3/loxazolin- 2-yl) -4-methyl- 1,4-di/iydropyvidine 
(9b).---To a solution of (8) (2 .0  g, 11.3 mmol) in ether (25 
nil) was added dropwise a solution of metl~yl-littiiuni in 
ether (2.031; 5 .7  nil; 11.3 mmol) .  Addition was complete 
after 10 mill. Tlie red-brown solution was stirred a t  rooni 
temperature for 1 h. Hydrolysis with water afforded a 
yellow solution. 'Jhe ether layer was separated. The basic 
aqueous layer was extracted with ether ( 3  x 10 nil) arid 
the combined etlicr layers were dried (Na,SO,) . 'The 
solvent was removed in i i a c z ~ ,  leaving a yellow solicl. The 
crude product obtained, (!)b), was sublimed to give white 
granules: isolated yield 1.51 g (69.3%,); m.p. 139-141 "C; 
i.r. (KHr) 2 962, 1 616, 1 602, 1 249, and Z 169 c11i-l. 

3-(4 ,4-L>i tne thy lox~~~o~in-~-~~Z)-P-n-b~~~yl -  1,4-dihydropyr- 
idine (9c).--Similarly, a solution of compound (8) (2 .0  g, 
11.3 mriiol) in ether (25 ml) was treated with a solution of 
n-butyl-lithium in 11-hexane ( 2 . 0 ~ ;  6.7 ml; 11.3 mniol). 
Hydrolysis with water (10 nil), and work-up, vide supva, 
afforded a yellow solid. The crude product obtained, 
(Sc), was recrystallized from benzene ancl then linearly sub- 
limed to give a white powder; isolated yield 2.08 g (78.50/,), 
n1.p. 122--123 "C; i.r. (KBr) 2 964, 1 670, 1 605, 1 245, and 
1 170 cm-l. 

pyridine (9d).--As described above, compound (8) (5.54 g, 
3 1.46 minol) in ether ant1 s-butyl-lithium in cyclohesane 
( 1 . 2 ~ 1 ;  26.5 nil, 31.5 mniol) followed by hydrolysis with 
water (10 nil) afforded a white sulicl ~ h i c h  was filtered off 
and washed with ether (2  x 10 nil). Tlic crude product 
obtained, (Scl), was recrystallized from benzene and linearly 
subliniecl to give white granules; isolated yield 5.47 g 
(74.2%), n1.p. 118 -120 "C; i.r. (KBr) 2 962, 1 671, 1 602, 
1 241, and 1 174 c1-n-l. 

3- (4,4- I ) i i n e t l i ~ l l o x a - . o l i ~ i - ~ - ~ ~ )  -4-t-butyl- 1,4-dil~ydvo&~~ridi1ze 
(9e).-To a solution of compound (8) (5.37 g, 30.4 nimol) in 
ether (25 nil) stirred a t  0 "C was addecl dropwise a solution 
of t-butyl-lithium in n-pentane (1.331; 23.6 1111; 30.4 
mniol). Aclctition was complete after 10 niin. Tlie 
mixture was stirred at 0 "C for 30 niin. 'The orange-brown 
suspension was warmed to room teriiperature for 1 h.  
Hydrolysis with water (10 nil) afforded a bright yellow 
solid which was filtered off and waslied with ether (3  x 10 
inl). The crude product obtained, (9e), was linearly 

3- (4,4-Dinzethyloxazolin-2-y1) -4-phe~zyl- 1,4-dihydro- 

3-( 4,4- L)i~?zetliyZoxa,~.ol~n-~-~~Z) -4-s-bzttyl- 1,4-dihydro- 

sublimed to give white granules; isolated yield 5.37 g 
(75.7y0),  m.p. 147-149 " C ;  i.r. (KBr) 2 958, 1658,  1602 ,  
1 247, and 1 162 cm-l. 

fiyridine (ll).-To a solution of compound (8) (2.40 g, 13.6 
mmol) in T H F  cooled to  -78 "C was added dropwise a 
solution of t-butyl-lithium in n-pentane ( 1 . 3 ~  ; 10.5 ml, 
13.6 nimol). Addition was complete after 8 min. The 
yellow solution was stirred at -78 "C for 1 11 and then 
warmed to 0 "C. Hydrolysis with a saturated ammonium 
chloride solution (10 nil) afforded a white solid which was 
filtered off. The crude product obtained, (1 l ) ,  was linearly 
sublimed to give white flakes; isolated yield 1.10 g (34.5%), 
1n.p. 117-119 "C; i.r. (KBr) 2 958, 1647 ,  1605 ,  1245,  
and 1 191 cn-l  (Found: C, 71.4; H, 9.35; N, 11.85. 
Cl,H,2N,0 requires C, 71.76; H, 9.46; N, 11.9Eiy0). 

The THF layer was separated from the basic aqueous 
layer. The aqueous layer was extracted with ether (2 x 10 
nil) and the combined ether and THF layers were dried 
(Na,SO,). The solvents were removed in vacuo leaving a 
bright yellow solid. The crude solid obtained, (9e), was 
linearly sublimed to give white granules; isolated yield 
1.70 g (53.3%). 

General I'voceduve for Potassium Permanganate Oxidation 
of Dikydvo-pyridines (9a-c) .-A solution o f  the dihydro- 
pyridine in acetone (50 ml) was treated with a mixture of 
potassium permanganate (5 g) in acetone (100 nil). The 
addition was terminated when the purple colour remained. 
The excess of potassium pernianganate was reduced by 
stirring with isopropyl alcohol. The brown precipitate 
was filtered off and the filtercake was washed with acetone 
(5  x 10 mi). The solvent mas renioved in uacuo from the 
filtrate and the residues were subjected to preparative 
t.1.c. on silica gel (ethyl acetate) or filtration through a 
neutral aluniina column (ethyl acetate). Boiling and/or 
melting points, yields, i.r., and lH n.Ii1.r. data are given 
below. 

3-( 4,4-L~ivnet~iyloxazoZin-2-y2)-4-~henyl~yri~~i~e ( 10a), b.p. 
75-88 "C (0.025 Torr), 1n.p. 8 3 . 5 - 4 5  "C; 41.30,; yield; 
i.r. (KBr) 2 974, 1 652, 1 777 ,  1 088, and 1 034ciii-l; 'H n.1n.r. 
(CL)CI,) S 8.92 ( s ,  1 H,  pyridine 2-H), 8.68 (d, J5,r, 5.8  Hz, 
1 H, pyridine 6-H), 7.40 (s, 5 H, phenyl H), 7.29 (d, J 5 , ,  

5.8 Hz, 1 H, pyricline 5-H), 3.84 (s, 2 H, oxazoline 5-H), and 
1.30 (s, Ci H, oxazoline geininal CH,). 

3- (4,4- niM.iethyloxaaolin-2-yl) -4-met1ayl)yridzne ( 1 Ob), b.p. 
70 --71 "C (0.10 Torr); 48.7%; i.r. (neat) 2 971, 1 644, 
1 192, 1 080, and 1 041 cm-'; lH n.m.r. (CDCl,) 6 8.94 (s, 1 H, 
pyricline 2-H), 8.45 ((1, J 5 , 0  5 . 0  I-Iz, 1 H, ppridine 6-H), 
7.0!1 (d, J 5 s c  5 .0  Hz, 1 H, pyridine 5-H), 4.05 (s, 2 H, osazo- 
line 5-H),  2.58 (s, 3 13, CH,), and 1.37 (s, 6 H, oxazoline 
geniinal CH,). 

4-n-Buty1-3- (~,4-diinefILylo,un,-olin-2-yl)pyvidi?ze ( 1  Oc), b.p.  
49.5 "C (0.015 Torr); 46 .3%;  i.r. (neat) 2 959, 1644 ,  
1 309, 1 074, ant1 1 032 cm l; lH i1.m.r. (CnCl,) 8 8.93 (s, 1 
H, pyridine 2-H), 8.48 ((1, J 5 , ,  5.0 Hz, 111, pyridine, 6-H), 
7.10 (cl, J5 , ,  5.0 H z ,  1 H, pyridine 5-H), 4.02 (s, 2 H ,  oxazo- 
line 5-H), 2.99br (t, 2 H, CHJ ,  1.48 (ciii, 4 H, CH,CH,), 
1.34 (s, ci H, oxnzoline geminal CH,), atrid O.9lbr (t, 3 I-I, 
CH,) . 

General I'vocedure for 6 (x Palladiion on Carbon Oxidatiovl 
of Uihydrofiyvidines (9a-c) .-A mixture of the dihydro- 
pyridine and 5% palladium on carbon (36.3 : 1,  nimol : mg) 
was covered with toluene and glacial acetic acid (mmol 
dihydropyritline : 1111 acid, 1.2 : 1 ) .  'The mixture was 
heated at reflux and filtered hot. The resulting solution 

3-(4,4-Dimethyloxazolin-2-y1) -6-t-butyl- 1,6-dihydro- 
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was washed with water (3 x 5 ml), 10% NaHCO, (3 x 5 
ml), and water ( 3  x 5 ml). The organic layer was dried 
(Na,SO,) and the solvent was removed in vacuo. The 
residues were subjected to filtration through a neutral 
alumina column (ethyl acetate). Each product was 
characterized by a combination of spectral (i.r. and lH 
and 13C n.m.r.) data. The periods of reflux and yields 
are given below. 

3-(4,4-Dimethyloxazolin-2-yl)-4-phenyLfi~~ridine (1 Oa), 48 
h ;  48.1% yield. 

3- (4,4- Dimethyioxazolin-2-yl)-4-nzethylfiyridine ( 1 Ob) , 42 h ; 
27.5% yield. 

4-n-Butyl-3-(4,4-dinzethyloxazolin-2-yL)pyridine ( lOc), 36 h ; 
44.6% yield. 

General Procedure for DDQ Oxidation of DihydvopyYidines 
(9a-e) and (1 I )  .-A suspension of the dihydropyridine 
(1.0 niol equiv.) in benzene was treated with DDQ (1.0 niol 
equiv.) and the mixture was stirred a t  room temperature; 
i t  was then filtered though  a neutral alumina column 
(ethyl acetate). The products were purified by filtration 
through a neutral alumina column or preparative g.c. 
Each product was characterized by a combination of spectral 
(i.r. and lH and 13C n.m.r.) data. The reaction periods, 
methods of purification, and yields are given below: 

3-(4,4-L)imethyloxazolin-2-yl)-4-phenyL~y~idine (1 Oa), 3 h, 
column, 50.3% yield. 

3-(4,4-Dimethyloxaxolin-2-yl)-4-rtzelhyl~yridzne (lob) , 1 h, 
column, 24.8% yield. 

4-ut-ButyZ-3-(4,4-dirnethyZoxazolin-2-yZ)pyridine (1Oc) , 4.5 h, 
column, 83.2% yield. 

4-s-ButyZ-3-(4,4-dimethyloxazolin-2-yZ)pyridine ( 1 Od) , 2 h ; 
gx., 5 f t  x 1/4 in 10% F F A P  on G0/80 Chrom W, room 
temp. (170 "C, 60 ml/min) 28 min; 49-50 "C (0.015 Torr); 
55.37' yield; i.r. (neat) 2 972, 1641, 1 192, 1089, antl 
1 032 cm-l; IH n.ii1.r. (C,DCl,) 8 8.86 (s, 1 H, pyritline %H), 
8.53 (d, J 5 , 6  5.9 Hz, 1 HI pyridine 6-H), 7.18 ((1, J5,6  5 .9  Hz,  
1 H ,  pyridine 5-H). 4.04 (s, 2 H, oxazoline 5-H), 3.68 (sextet, 
1 HI CH), 1.60 (cm, 2 H, CH,), 1.32 (s ,  G H, oxazoline 
geminal CH,), 1.23 (d, 3 H, CH,), and 0.83 (t, 3 H, CH,). 

4-t-Butyl-3-( 4,4-dimetlzyloxazolin-2-yl)fi~~~idi~ze (10e) , 30 
Inin; g.c., 10 f t  >; 1/4 in 3% OV-1 on lOO/l20 Gas Chroin Q, 
150 "C, 60 ml/min; 98.1y0 yield of two products. 
(8): room temp. 4 min 42 s; 27.4%. 
(loe):  room temp. 13 min 22 s ;  71.1?;, i.r. (neat) 

2 972, 1 664, 1 587, 1 188, antl 1040 cni-l; lH n.m.1-. (CDCI,) 
8 8.53 (d, J 5 , 6  5.8 Hz, 1 H, pyridine 6-H), 8.51 (s, 1 13, 
pyridine 2-H), 7.33 (cl, J S n 6  5.8 Hz, 1 H, pyridine 5-H), 
4.13 (s, 2 H, oxazoline 5-H), 1.42 ( s ,  15 HI oxazoline gerninal 
CH, and t-butyl CH,). 

2-t -Butyl-5-(4,4-dinzethyloxaxolin-2-yl)pyridine (12), 30 
min; linear sublimation; 58-59 "C; 80.2./, yield; i.r. 
(KBr) 2 971, 1649, 1 130, 1069, and 1015; lH n.1n.r. 
(CDCI,) 6 9.07 (d, J z , 4  2.3 Hz, 1 H, pyridine 6-H), 8.12 
(dd, 2.3 H z  and JSs4 8.5 Hz, 1 H, pyridine 4-H), 7.32 
(d, J3,4 8.5 Hz, 1 H, pyridine 3-H), 4.06 ( s ,  2 H, oxazoline 
5-H), 1.36 (s, 15 11, oxazoline geminal CH, and t-butyl CH,). 

Reaction of 3-(4,4-Dinzethyloxazoli~z-2-yl)-4-.wlet~yl-l,~-~i- 
hydyopyridine (91)) with Oxygen. A solution of compound 
(9b) (2.06 g, 10.7 tnmol) in benzene (75 nil) was stirred a t  
room temperature. Oxygen was bubbled through the 
solution for 10 h .  The mixture was then filtered through 
a 2 x 10 cm neutral alumina column (ethyl acetate). 
The solvents were removed in vacuo; isolated yield 1.07 g 

Reaction of 3-(4,4-DimethyZoxazolin-2-yl)-4-t-butyl-l,4-di- 
(52.3%). 

hydropyridine (9e) with Oxygen.-A suspension of compound 
(9e) (23.4 mg, 0.1 mmol) in chloroform (2 ml) was treated 
with oxygen a t  room temperature. The reaction was 
monitored by lH n.m.r. spectroscopy. There was no 
change in the spectrum after 1, 3, or 8 h. After 17, 24, and 
32 h the spectrum indicated a mixture of aromatic com- 
pounds. The solvent was removed in vacuo leaving a 
yellow oil, 23.2 mg (99.9%). 

A quantitative analysis of the residue by g.c. (3% OV-1, 
179 "C, 50 ml/min) gave 14.0 mg (79.5%) of conipound 
(8) (room temp. 2 min 30 s) and 4.5 mg (19.4%) of (loe) 
(room temp. 5 min 20 s), respectively. 

Thermal  Oxidation of 3-(4,4-Dimethyloxazolin-2-yl)-4-t- 
butyl- 1,4-dihydropyridine (9e) .-A test tube containing 
(9e) (35.2 mg, 0.15 mmol) was heated in a sand-bath at 
350 "C for 10 min. The mixture was cooled giving a yellow 
oil, 34.4 mg (98.7%). 
h quantitative analysis of the residue by g.c. (3% OV-1, 

180 "C, 50 ml/min) gave 22.7 mg (85.9%) of compound (8) 
(room temp. 2 min 26 s) and 4.2 mg (12.1%) of compound 
(l0e) (e.r. 5 min 21 s), respectively. 
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