
Overman et al. / Preparation of Substituted 2-Pyridones 141 

305-310, and references cited therein. The reaction is clean only when 
a phosphine is present. 

(7) Seybold, G. Angew. Chem., lnt. Ed. fngl. 1963, 2, 365-373. 
(8) Thiiranes are best prepared by allowing epoxides to react with isothiocy- 

anate ion. For a review of methods for preparing thiiranes, see the following: 
(a) Fokin, A. V.; Kolomiets, A. F. Russ. Chem. Rev. (Engl. Trans/.) 1975, 
44, 138-153. (b) Meyers. A. I.; Ford, M. E. Tetrahedron Lett. 1975, 
2861-2864. (c) Johnson, C. R.; Nakanishi, A,;  Nakanishi. N.; Tanaka, K. 
bid. 1975, 2865-2868. 

(10) (a) Pasto, D. J.; Johnson, C. R. "Organic Structure Determination"; Pren- 
tice-Hall: Englewood Cliffs, N.J., 1969; p 186. (b) Pihlaja, K.; Nikkila, A,; 
Neuvonen, K.; Keskinen, R. Acta Chem. Scand., Ser. A 1976, 30, 457- 
460. 

(1 1) (a) Farines, M.; Soulier, J. Bull. Soc. Chim. Fr. 1970,332-340. (b) Kingsbury, 
C. A.; Durham, D. L.; Hutton, R. J. Org. Chem. 1978, 43, 4696-4700. 

(1 2) 1,3-Oxathiolan-5-ones are also known to undergo slow cis-trens isomer- 
ization; see ref lob.  

(9) (a) Reference 3a, pp 65-89. (b) Reference 3b, pp 86-109. 

(13) Reference 3a, pp 163-168. 
(14) Mageswaran, S.; Sultanbawa, M. U. S. J. Chem. Soc., Perkin Trans. 1 1976, 

(15) Huisgen. R. J. Org. Chem. 1976, 47, 403-419. 
(16) Clarke, T. C.; Wendling, L. A,; Bergman, R. G. J. Am, Chem. SOC. 1975, 

97, 5638-5640; 1977, 99, 2740-2750, and references cited therein. 
(17) Prepared by the reaction of a-bromophenylacetic acid with sodium sulfide 

nonahydrate (Levene, P. A,; Mori, T.; Mikeska, L. A. J. Biochem. (Tokyo) 
1927, 75, 337-365) followed by reduction of the disulfide with zinc in acetic 
acid. See: Wardell, N. In "Chemistry of the Thiol Group", Patai, S., Ed.; 
Wiley: New York, 1974; Part 2, pp 220-229. 

(18) The error in chemical shifts and coupling constants is f0.12 Hz. 
(19) The cis compound has mp 77-78 'C and the trans has mp 53-54 OC. The 

'H NMR spectra agreed perfectly with the published assignments. See: 
Ketcham, R.: Shah, V. P. J. Org. Chem. 1963, 28, 229-230. 

(20) Literature boiling points are 84-86 (5 Torr) (cis) and 77-79 OC (2 Torr) 
(trans): Gottarelli, G.; Samori, 6.; Moretti, I.; Torre. G. J. Chem. Sm., Perkin 
Trans. 2 1977, 1105-1 1 1  1. 

884-890. 

Preparation of Substituted 2-Pyridones by Thermal 
Rearrangement of Propargylic Pyrrolidine Pseudoureas 

Larry E. Overman,*' Sadao Tsuboi, Jan P. ROOS, and Carry F. Taylor 
Contribution from the Department of Chemistry, University of California, 
Iruine. California 9271 7.  Received May 11, 1979 

Abstract: A new method for preparing 3,6-dialkyl- (and -diaryl-) 2-pyridones is reported (Scheme 11). Secondary propargylic 
alcohols are condensed with 1 -cyanopyrrolidine to yield pseudoureas 1, which are directly rearranged in refluxing xylene to 
afford 3,6-disubstituted 2-pyridones 2. This experimentally simple method is illustrated with nine examples, and the overall 
yields range from 12 to 79%. This method is most successful (overall yields of 58-79%) for the preparation of 2-pyridones with 
alkyl substituents at  Cg, and either hydrogen, alkyl, or aryl substitution a t  C3. When the terminal alkynic carbon of 1 is unsub- 
stituted or phenyl substituted, oxazoles 13-15 are isolated in addition to the corresponding 2-pyridones. Interruption of the 
thermal rearrangement of pseudourea 1 (R3 = Ph; R6 = t-Bu) a t  partial conversion results in the isolation of the (lZ,3E)-pyr- 
rolidine diene urea 16, which is converted to 2-pyridone 4 in >95% yield in refluxing xylene. The conversion of 16 - 4  is inhib- 
ited by added pyrro1idine;and is accompanied by amine exchange to give the piperidine diene urea 17 when carried out in the 
presence of piperidine. These experiments demonstrate the intermediacy of diene ureas and diene isocyanates in the propargyl- 
ic pseudourea to 2-pyridone transformation, and a detailed mechanism for this conversion is proposed (Scheme 111). 

The 2-pyridone (2( Iti)-pyridinone) ring is an important 
structural feature of a number of natural  product^.^,^ Examples 
are found in the lupinine, lupanine, sparteine, and matrine 
groups of quinolizidine  alkaloid^,^,^ pyridine alkaloids such as 
ricinine, and the antitumor agent camptothecin.5 

The 2-pyridone ring system has not lacked for attention by 
synthetic chemists.6 Syntheses which involve ring closures are 
particularly important, and three classical approaches of this 
type are  illustrated in Scheme I. The most widely employed 
method is A.6 Usually the ketoamide (or an equivalent) is 
constructed by C44' bond formation, and R3 is, thus, typi- 
cally* a carbanion stabilizing substituent. A second general 
approach involves lactamization of a 5-aminodienoic acid 
derivative (method B).6,9 A third general method involves C-C 
bond formation via Dieckmann- or aldol-type ring closures,6 
and C illustrates one common version of this method. The 
Dieckmann/aldol approach is well suited to preparing di- and 
tetrahydro derivatives, and has been widely employed in syn- 
theses of c a m p t ~ t h e c i n . ~ , ' ~  With existing methods, 2-pyridones 
substituted with electron-withdrawing groups (CN,  COOR, 
CONR2, NOz) a t  C3 are  particularly available,g while fewer 
general methods exist6%' l . I 2  for preparing 2-pyridones substi- 
tuted with alkyl (or aryl) substituents a t  C3 and c6. 

A new ring-forming construction of 2-pyridones, which lends 
itself to the preparation of derivatives with hydrocarbon sub- 
stituents a t  C3 and c6 ,  was reported by Eloy and Deryckere 
in 1970.13 In this method a 1,3-diene acyl azide is thermolyzed 
a t  high temperature (typically 240 "C) to give a substituted 
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2-pyridone, presumably via electrocyclic ring closure14 of a 
(1Z)- 1,3-diene isocyanate intermediate. Although this 2- 
pyridone synthesis has not been extensively explored,l33l4 it 
would appear limited mainly by the availability of the starting 
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Table I. Preparation of Substituted 2-Pyridones from Propargylic 
Alcohols 0 

rearrb isolated 
2-pyridone R3  R6 condn, h yield. %c 

3 
4 
5 
6 
7 
8 
9 

10 
11 

Me3C 
Ph 
Me 
n-C3H7 
H 
Me 
Et 
Ph 
Et 

12  68 (83) 
12 63 
24 79 
24 64 
72 58 
24 75 
20 46d 
24 29 (34) 
24 12 

~~ ~ 

(1 According to Scheme 11. A xylene solution (0.02-0.05 M)  of 
the crude pseudourea was heated at  reflux for the indicated time. 

Overall yield from propargylic alcohol of recrystallized 2-pyridone. 
Yields in parentheses are based on consumed alcohol. Rearrange- 
ment conducted at 0.01 M in the presence of 2 equiv of N,N-diiso- 
propylethylamine. 
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dienoic acid and the thermal stability of the substituents in- 
volved. 

In  1977 we reported15 that pyrrolidine pseudoureas16 of 
secondary propargylic alcohols undergo a complex rear- 
rangement when heated in xylene to give substituted 2-pyri- 
dones in good yield. In this paper we present the details of our 
investigations of this experimentally simple 2-pyridone syn- 
thesis. W e  also report experiments which establish the inter- 
mediacy of diene ureas and diene isocyanates in the propargylic 
pseudourea to 2-pyridone transformation. 

Results 
Scheme I1 illustrates the method. The results obtained with 

a representative group of nine secondary propargylic alcohols 
are  summarized in Table I. 

Preparation of Pyrrolidine Pse~doureas.~' In the majority 
of our experiments, pseudoureas 1 were prepared by the po- 
tassium alkoxide catalyzed reaction of a secondary propargylic 
alcohol and I -cyanopyrrolidine,18 following an inverse addition 
procedure we had previously reported.Ig This method (pro- 
cedure A in the Experimental Section) of pseudourea prepa- 
ration has proven reliable for large-scale preparations (>20 
mmol), but has failed (>50% of the starting alcohol was un- 
changed) on a number of occasions in smaller reactions. With 
an aim of finding a simpler and more reproducible procedure, 
we have examined in detail the reaction of l-phenyl-l- 
hexyn-3-01 and 1 -cyanopyrrolidine.20 Results are summarized 
in Table 11. Several points are  noteworthy: (1) Yields were 
similar with either normal or inverse addition. (2) Sodium 
hydride is the preferred catalyst, since the pseudourea prepared 
with this agent was less colored and was formed in slightly 
higher yield (entries 2 and 3). (3) The reaction is complete after 
4 h a t  room temperature, and the yield of pseudourea is un- 
changed after 20 h, but decreases thereafter (entries 3-8). (4) 

Ether is the preferred solvent since pseudoureas formed in ether 
were nearly colorless. ( 5 )  The condensation is best conducted 
in dilute solution (entries 1, 2, and 10). (6) Oxazoles and ox- 
azolines (vide infra) were formed in significant amounts if the 
condensation was conducted without solvent, or if an excess 
of acetic acid was used to quench the reaction. These experi- 
ments suggest that the preferred method f o r  preparingpyr- 
rolidine pseudoureas is to  employ sodium hydride and ether, 
follow the simpler normal addition procedure, and to quench 
the reaction carefully with 1 equio. (based on the catalyst) of 
acetic acid. Pyrrolidine pseudoureas of tertiary alcohols cannot 
be prepared in this manner, since the equilibrium for pseu- 
dourea formation is apparently ~ n f a v o r a b l e . ~ ~  

2-Pyridone Formation. Freshly prepared unpurified pseu- 
doureas were conveniently rearranged in  refluxing xylene to 
yield the crystalline 2-pyridone products (Table I). Thermal 
rearrangements were conducted in dilute solution (0.01 -0.05 
M )  in order to minimize polymerizationk4 of diene urea and 
diene isocyanate intermediates (vide infra). 

The 2-pyridione products were characterized by analytical 
and spectroscopic data, and in the cases of the known 2-pyri- 
dones 7,21 8,13 and by comparison with literature melting 
points. The best evidence that the new 2-pyridones have the 
assigned structures comes from I3C N M R  data, which are  
summarized in Table 111. Although 2-pyridone itself has been 
extensively studied by I3C N M R  techniques,22 the 13C N M R  
data summarized in Table 111 are apparently the first reported 
for substituted 2-pyridones. The substituent shifts23 observed 
for C3 and Cg are  entirely consistent with the assigned struc- 
tures, and shift comparisons within the group (e.g., between 
5 and 6) make structural assignments unambiguous. 

When the terminal alkynic carbon of pseudourea 1 was 
unsubstituted or phenyl substituted (R6 = H or Ph), oxazoles 
13-15 were isolated in addition to the corresponding 2-pyri- 
dones. Oxazoles 13-15 result from intramolecular addition 
of the imine nitrogen to the triple bond24,25 followed by tau- 
tomerization (eq 1). I n  the case of pseudourea 1 (R3 = R6 = 

w 12; R 3 =  R 6 =  Ph l3; R 3 =  R 6 =  Ph 

z 14; R 3 = E t ,  R6=Ph - 15; ~ 3 . ~ 1 ,  R ~ = H  

Ph), the intermediate 4-alkylidene-4,5-dihydrooxazole 12 (mp 
142-143 "C) was also isolated. Oxazoline 12 was characterized 
by IH N M R  absorptions for the vinylic hydrogen and Ha at  
6 5.1-5.4, a doublet (J = 5 Hz) for the benzyl methylene a t  6 
3.0, and by conversion to oxazole 13 upon treatment with silica 
gel. The Z stereochemistry that is assigned to the exocyclic 
double bond in 12 is consistent with our demonstration in a 
related series25 that intramolecular addition of the imine ni- 
trogen is not a unimolecular reaction and as  a result occurs in 
an antarafacial fashion. Intramolecular nucleophilic addition 
becomes the dominant process when the neat pseudoureas are 
heated, or in certain cases left a t  room temperature for several 
days. For example, crystalline 12 was deposited in 33% yield 
when pseudourea 1 (R3 = R6 = Ph) was stored a t  room tem- 
perature for 4 days. Pseudourea 1 (R3 = Et; R 6  = Ph) was 
similarly >60% decomposed when stored at  room temperature 
for 3 days, but could be successfully stored at  0 O C  in the 
presence of 1-5% of triethylamine as a dilute (0.5 M) solution 
in hexane. 

Since the conversion of a propargylic pseudourea to an al- 
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Table 11. The Reaction of 1 -Phenyl- 1 -hexyn-3-ol with I-Cyanopyrrolidine under a Variety of Base-Catalyzed Conditions" 

cat a I yst [ROHI addition reaction conditions,d pseudourea 
entry (equiv) solvent Mb modeC temp, "C (time, h) yield,' '70 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 

K H  (0.15) 
K H  (0.15) 
N a H  (0.15) 
N a H  (0.15) 
N a H  (0.15) 
N a H  (0.1 5 )  
N a H  (0.15) 
N a H  (0.1 5 )  
N a H  (0.15) 
KH (0.15) 

T H F  
T H F  
T H  F 
T H F  
T H  F 
T H  F 
T H F  
T H F  

none 
Et20 

1 .o 
0.25 
0.25 
0.25 
0.25 
0.25 
0.25 
0.25 
0.25 
neat 

I 
I 
1 
I 
N 
N 
N 
N 
N 
I 

25 (20) 
25 (20) 
25 (20) 
25 (48) 

0 (0.5) 
25 (1) 
25 (4) 
25 (20) 
25 (20) 
25 (20) 

63-7O.f 
76 
84 
72 
20 
70 
89 

85 
<35h 

8 1 -9Og 

~ ~ ~~~~~~ ~~~~~~~~~~~~~ 

" Reactions were conducted on a 10-mmol scale. Final concentration of the starting alcohol in the reaction mixture after the addition with 
1 -cyanopyrroiidine was completed. Unless otherwise noted, the alcohol and 1-cyanopyrrolidine in equal volumes of the indicated solvent were 
mixed. Normal (N)  or inverse (I) addition. Normal addition means I-cyanopyrrolidine was added to the alcohol-alkoxide solution. Addition 
was carried out within 5 min at  -5 OC. The reaction mixture was maintained as indicated and then quenched by adding 0.1 5 equiv of acetic 
acid. e By ' H  N M R  integration of the pseudourea methine hydrogen and the C6H5 hydrogens. f Range of three preparations. g Range of five 
preparations. No starting alcohol remained. The corresponding oxazole and oxazoline were apparent in the * H  N M R .  

Table 111. 13C N M R  Spectra of Substituted 2-Pyrridones" 

I3C NMR 
2-pyridone R3 R6 c2 c3 c4 c5 c6 other 

H H 162.3 119.8 140.8 104.8 135.2 from ref 22b 
3 Me3C Me3C 164.2 131.1 135.5 100.9 154.3 28.6,29.1, 34.5 
4 Ph Me3C 163.5 127.9 139.1 101.7 156.3 29.0, 34.9, 127.3, 127.9, 128.4, 136.8 
5 Me C3H7 165.9 125.5 139.1 104.8 147.2 13.6, 16.1, 22.1, 34.9 
6 C3H7 C3H7 165.6 131.1 137.4 104.7 147.3 12.9, 13.7, 22.3,23.1, 31.0, 32.7 

8 Me Me 165.6 125.4 139.2 105.5 142.6 16.1, 18.8 
9 Et Ph 164.9 133.8 137.2 104.5 144.0 12.8, 23.3, 126.5, 129.1, 129.6, 137.2 

11 Et H 165.1 135.0 137.2 106.8 131.8 12.6, 23.2 

7 H 2-C3H7 166.0 117.0 141.9 102.3 156.0 21.7, 32.1 

Me H 165.7 129.4 139.1 106.8 132.2 16.1 
~ 

In CDC13; chemical shifts are given in parts per million from internal Me4Si; assignments are consistent with the multiplicities observed 
in off-resonance decoupled spectra. 

kylidenedihydrooxazole (eq 1) involves formation of a new 
C-H bond, we explored the extent to which the yield of 2- 
pyridone 9 could be increased by reaction conditions that re- 
duce the concentration of proton acids. Results are summarized 
in Table IV. The yield of 2-pyridone 9 was improved by con- 
ducting the rearrangement a t  0.01 M, but was unaffected by 
the presence of minor amounts of 1-phenyl-1-hexyn-3-01 in the 
starting pseudourea sample. The yield of 9 was also slightly 
improved by conducting the reaction in the presence of 2-4 
equiv of N,N-diisopropylethylamine. Under the best condi- 
tions, 2-pyridone 9 was isolated in 54% yield. 

As a general procedure for  2-pyridone synthesis, we suggest 
that freshly prepared crude pseudoureas be employed, and 
that the solution thermolysis be conducted as dilute as pos- 
sible. 

Isolation of Diene Urea Intermediates. When the thermal 
rearrangement (xylene, 140 "C) of pseudourea 1 (R3 = Ph; 
R6 = t -Bu)  was terminated after 5 h, diene urea 16 (mp 

NH 

ry 16, X = N 3  

-d 17, X = N 3  

LO,  x =  cc13 

H 

4 
c 

142-143 "C) was isolated in 5% yield, in addition to 2-pyridone 
4 (59% yield). The stereochemical assignment for 16 follows 
from 'H N M R  paramagnetic shift experiments, which resulted 
in the largest induced shift for the central vinylic hydrogen, and 
resolved the vinylic coupling constants ( J  = 16 and 10 Hz). 
When this rearrangement was conducted a t  110 OC and was 
monitored by 'H N M R  (benzene-ds), the formation of diene 
urea 16 was observed to reach a maximum of ca. 60% a t  28 h, 
and decrease thereafter. When diene urea 16 was heated a t  
reflux in xylene for 7 h, it was converted t o  2-pyridone 4 in 
>95% yield. Diene ureas 18 and 19 (stereochemistry not de- 

- 

21 
Y 19 18 

N 

termined, but presumably 1Z,3E) were also isolated in small 
amounts when thermal rearrangements of pseudoureas 1 (R3 
= H; R6 = 2-C3H7, and R3 = Et; R6 = H, respectively) were 
conducted in refluxing xylene as described in Table I .  

In order to explore the possible intermediacy of diene iso- 
cyanates in the diene urea to 2-pyridone conversion, diene urea 
16 was heated a t  reflux in xylene in the presence of 5 equiv of 
piperidine. Termination of this reaction after 2 h resulted in 
the isolation of the piperidine diene urea 17 (1 7%) in addition 
to recovered 16 (37%) and 2-pyridone 4 (25%). In order to 
establish that the process which resulted in amine exchange 
was on the diene urea to 2-pyridone pathway, the conversion 
of 16 + 4 was examined in the presence of pyrrolidine. The 
results summarized in Figure 1 show that added pyrrolidine 
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Figure 1. The rate of formation of 2-pyridone 4 from diene urea 16 in 
benzene46 at 140.0 "C in  the absence and i n  the presence of added p y -  
rolidine; initial diene concentration = 0.19 M (contained 15% of 4) for all 
runs: ( 0 )  no additives; (0) contained chlorobenzene (0.20 M); (A) con- 
tained pyrrolidine (0.1 I M); (.) contained pyrrolidine (0.23 M).  

significantly reduces the rate of formation of 2-pyridone 4. This 
rate retardation is not a bulk medium effect, since chloro- 
benzene (whose dielectric constant is similar to that of pyrro- 
lidine)26 produced no effect a t  the same concentration level. 
Inhibition by pyrrolidine was also apparent in reactions con- 
ducted in the absence of added pyrrolidine, since these reac- 
tions yielded first-order kinetic plots with pronounced down- 
ward curvature. 

That both the acyl substituent and diene stereochemistry 
are important for the facile conversion of diene urea 16 to 2- 
pyridone 4 is apparent in the following observations. Diene 
trichloroacetamide 2027 afforded no trace of pyridone 4 when 
heated at  reflux in xylene for 72 h, and the (1E,3E)-diene urea 
2128 was converted only slowly (< 10% after 19 h, 60% after 
1 week) to 3-methyl-2-pyridone. 

Discussion 
Mechanism. The results reported here, together with pre- 

vious studies in our l a b ~ r a t o r y , ~ ~ ~ ~ ~ , ~ ~  allow the mechanism for 
the complex transformation of a propargylic pseudourea to a 
substituted 2-pyridone to be specified in detail (Scheme 111). 
The conversion is initiated by [3,3]-sigmatropic rearrange- 
mentI9 of pseudourea 1 to yield allene 22. Subsequent tau- 
tomerization produces the (1Z,3E)-diene urea 24. The kinetic 
preference which is observed in this, and related  reaction^,^^^^^ 
for forming the diene with the Z configuration about the 
1,2-double bond is attributed to the second tautomerization 
(23 -* 24) occurring via a [1,5]-sigmatropic hydrogen mi- 
gration. The cis a,P-unsaturated N-acylimine 23 is either the 
highly favored kinetic tautomer of 22 (preferential protonation 
at  C2 cis to the C3 hydrogen) or is in rapid equilibrium with the 
corresponding trans isomer.29 Reversible elimination of pyr- 
rolidine from 24 affords diene isocyanate 25, which undergoes 
electrocyclic ring c10sure13,14,30 to yield ultimately 2-pyridone 
2. 

The mechanism of Scheme 111 is supported by our isolation 
of the ( lZ,3E)-diene urea 16, and the demonstration that it 
was converted to the corresponding 2-pyridone in nearly 
quantitative yield under the solution thermolysis conditions. 
Although diene isocyanates have not been directly observed 
or i ~ o l a t e d , ~ '  their intervention is strongly implicated by the 
amine exchange which was observed when the conversion of 
diene urea 16 to 2-pyridone 4 was conducted in the presence 
of piperidine. The observation that pyrrolidine is a competitive 

Table IV.  Isolated Yield of  2-Pyridone 9 from Thermal 
Rearrangement of Pseudourea 1 ( R 3  = Et; R6 = Ph) under 
Various Reaction Conditions 

starting pseudourea isolated 
puritj, concn. yield, 

% M additives % b  

>95" 0.05 3 3  
>95' 0.01 4 5 d  

87 0.01 48 
>95c 0.01 2 equiv of i-Pr2NEt 5 3 d  
>95" 0.01 4 equiv of i-PrzNEt 54 

85 0.01 0.05 equiv of bis- 383 
(trimethylsilylacetamide) 

Thermal rearrangements were conducted in refluxing xylene for 
20 h .  Isolation procedure was identical for all reactions. c Chro- 
matographically h o m o g e n e o ~ s . ~ ~  Contained no starting alcohol by 
' H  NMR analysis. Average of two experiments. e Yield is corrected 
for the purity of the starting pseudourea. 

0 

9 2 2  
N 

inhibitor for the 16 -* 4 conversion is consistent with capture 
of the diene isocyanate by pyrrolidine to re-form 16, and 
demonstrates conclusively that the diene isocyanate is an in- 
termediate on the 2-pyridone-forming reaction pathway. 

It is interesting to note that the success of the 2-pyridone 
synthesis reported here stems in large part from the fact that 
diene urea 24 is an excellent source of the critical diene iso- 
cyanate 25. Thermal cracking3' of diene urea 24 provides 25 
in a low steady-state concentration, thus favoring unimolecular 
electrocyclic ring closure rather than a polymerization pathway 
for this reactive intermediate, and the stereochemistry of 24 
assures that 25 will be produced with the 1Z stereochemistry 
required for electrocyclic ring closure. 

Synthetic Applications. The method reported here allows 
the 2-pyridone ring to be assembled in a simple fashion from 
aldehyde, alkyne, and cyanamine components (eq 2 ) .  As an 

H 

example, 3-methyl-6-propyl-2-pyridone (5) was prepared from 
4-octyn-3-01 (derived from32 propanal and 1 -1ithio- 1-pentyne) 
in 78% yield, a 71% overall yield from propanal. With this 
method a variety of 3,6-dialkyl- (and -aryl-) 2-pyridones can 
be prepared in moderate to excellent yield in an experimentally 
simple fashion. This synthesis is highest yielding for the 
preparation of 2-pyridones with alkyl substituents (either 
primary, secondary, or tertiary) a t  Cb, and either hydrogen, 
alkyl, or aryl substitution at  C,. It is significant that the pro- 
pargylic pyrrolidine pseudourea to 2-pyridone conversion oc- 
curs readily in refluxing xylene, which is 100 OC below the 
temperatures reported'3,14 for 2-pyridone syntheses that in- 
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volve thermal rearrangements of diene acyl azides. Whether 
the propargylic pseudourea method or the diene acyl azide 
method'3.14 for preparing 2-pyridones substituted with alkyl 
(or aryl) substituents a t  c3 and c.5 is preferred for a specific 
case will depend primarily on the availability of the starting 
propargylic alcohol or dienoic acid. 

The competing formation of oxazoles, which is responsible 
for the lower yields of 2-pyridones when R6 = H or Ph, should 
be subject to experimental control. For example, one would 
predictzsgz7 that reducing the basicity of the imine nitrogen 
should reduce complications from competing intramolecular 
addition pathways. Experiments of this type, which are aimed 
a t  optimizing the X substituent of Scheme 111, are con- 

Experimental Section34 
I-Cyanopyrrolidine.'" The following improved procedure was 

employed. A solution of pyrrolidine (35.5 g, 0.5 mol) and 100 mL of 
anhydrous ether was stirred rapidly and cooled to 0 "C. A solution of 
cyanogen bromide (26.5 g, 0.25 mol, freshly distilled, bp 60-62 "C) 
and IO0 mL of anhydrous ether was added dropwise over 90 niin, and 
the reaction mixture was allowed to warm to room temperature. The 
mixture was stirred at  room temperature for 2 h, the two layers which 
resulted were separated by decantation, and the lower layer (con- 
taining impure pyrrolidine hydrobromide) was extracted with 50 mL 
of ether. The ethereal extracts were concentrated and distilled (10-cm 
Vigreux column) giving 17.2 g (7 I % )  of pure I-cyanopyrrolidine: bp 
42-44 OC (0.33 mm); 1R (film) 2220 ( C e N ) ,  1 2 8 0 , 1 1 2 0 ~ m - ~ ;  ' H  
K M R  (CC14) 6 3.1-3.5 (m, NCH2), 1.7-2.0 (m, NCH2CH2). 

Impure samples of 1 -cyanopyrrolidine show absorption in the in- 
frared a t  3430-3700 cm-l and are nor suitable for use in pseudourea 
synthesis. 

Preparation of Pyrrolidine Pseudoureas. Representative procedures 
are detailed below. It is essential that pure 1-cyanopyrrolidine and 
dry alcohols be used in these preparations. The procedure of choice 
will depend on the specific propargylic alcohol. We feel that procedure 
E is preferred and should be examined initially. Procedure A was 
utilized for most of the pseudoureas prepared in this study. The hy- 
drolytic and thermal instabilities of pyrrolidine pseudoureas make 
them difficult to purify, although they can be chromatographed on 
silica gel if IO-25% of Et3N is added to the eluant.36 Some propargylic 
pseudoureas also decompose within hours a t  room temperature. For 
these reasons we suggest that crude pseudoureas be used immediately 
for the thermal rearrangement step. 

Method A. Inverse Addition/KH/THF. 4-Octyn-3-yl I-Pyrroli- 
dinecarboximidate (1,  R3 = Me; R6 = n-C3H7). A dry 25-mL round- 
bottomed flask was flushed with N2. charged with 4-octyn-3-01 (2.52 
g, 20 mmol, dried over activated 4-A molecular sieves) and 10 mL of 
THF,  and cooled to below 0 OC in an ice-salt bath. Potassium hydride 
(0.46 mL, a 24.8% suspension in mineral oil, 3.0 mmol) was carefully 
added via syringe, and the resulting alcohol-alkoxide solution was then 
added dropwise (double-needle transfer) to a solution of l-cyano- 
pyrrolidine (1.92 g, 20 mmol) in 10 mL of T H F  a t  -5 to -10 OC. 
Addition was complete in 15 min, and the solution was allowed to 
warm to room temperature. After 20 h the solution was concentrated, 
hexane (50 mL, containing 3 mmol of acetic acid) was added, the 
mixture was shaken for 30 s, and a small amount of insoluble residue 
was removed by filtration through Celite. Concentration yielded 4.51 
g of the crude pseudourea as a light yellow oil. Pseudourea 1 (R3 = 
Me; R6 = n-C3H7) showed characteristic absorptions in the I R  (film) 
at  3350 (N-H), 1620 (C=N), and 1040 (C-0-C) cm-I, and in 
the ' H  N M R  spectrum (CDCI3) for the C3 methine hydrogen (6 5.1, 
m) and the N H  hydrogen (6 4.5, s) .  The ' H  N M R  spectrum also in- 
dicated that this sample was contaminated with less than 10% of the 
starting alcohol (6 4.1, m, CHOH) .  

Method B. Normal Addition/NaH/Ether. I-Phenyl-1-hexyn-3-yI 
I-Pyrrolidinecarboximidate (1, R3 = Et; R6 = Ph). A dry 50-mL 
round-bottomed flask was flushed with N2, charged with NaH (63 
mg, a 57% suspension in oil, 1.5 inmol), and cooled to 0 OC. A solution 
of 1-phenyl-1-hexyn-3-01 (1.74 g, 10 mmol, dried over activated 4-A 
molecular sieves) in 20 mL of ether was added dropwise over 10-1 5 
min. The reaction mixture was stirred for 1 h a t  room temperature, 
and then cooled to 0 "C in an ice-salt bath, and treated dropwise with 
1-cyanopyrrolidine (0.96 g, 0.92 mL, 10 mmol). Addition was com- 
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plete within 10 min, and the solution was allowed to warm to room 
temperature. After 20 h, the solution was rapidly concentrated at room 
temperature, and 10 mL of hexane and a magnetic stirring bar were 
added, The hexane solution was stirred rapidly and was treated 
dropwise with 20 mL of a 0.075 M solution of acetic acid in hexane. 
A change in color from dark yellow to bright yellow was apparent 
when 1 equiv of acid had been added, and the addition was terminated 
at  this point, Filtration through Celite removed a small amount of 
insoluble material, and concentration yielded 2.63 g of crude pseu- 
dourea 1 (R3 = Et; R6 = Ph) as a light yellow liquid: IR (film) 3350 
(N--H), 1620 (C=N), 1050 (C-0-C) cm-'; ' H  N M R  (CC14) 
6 7.0-7.7 (m,  C&), 5.7 (br t, J = 7 Hz, CHOR) ,  4.7 (s, N H ) ,  
2.8-3.4 (m, NCH2). The IH N M R  spectrum indicated that this 
sample was contaminated with 15% of the starting alcohol (6 4.4, t, 
CHOH) ,  but was free of contaminating oxazoline (characteristic 
aromatic absorptions at  6 7.5-7.9, see 12) and oxazole 14 (charac- 
teristic t,  6 2.26). This sample was >60% decomposed when stored 
as the neat liquid for 3 days at  room temperature. Storage of this 
pseudourea in a refrigerator (-5 "C) as a 0.5 M solution in 95:5 
hexane-triethylamine for 2 weeks, however, resulted in no decom- 
position. 

Pseudourea 1 (R3 = Et; R6 = Ph) could be purified by chroma- 
tography on silica using a 70:15:15 mixture of hexane-trieth- 
ylamine-ethyl acetate as eluant. With this eluant the T L C  behavior 
was as follows: I -phenyl-l -hexyn-3-ol (RJ 0.47), 1-cyanopyrrolidine 
(RyO.37), pseudourea ( R ~ 0 . 3 ) .  

Preparation of 2-Pyridones by Thermal Rearrangement of Pro- 
pargylic Pyrrolidine Pseudoureas. 6-Propyl-3-methyl-2( 1 H)-pyridi- 
none (5). A 2.25-g portion of crude pseudourea 1 (R3 = Me; R6 = 
n-C3H7; prepared from 4-octyn-3-01 as described above) was dissolved 
in 300 mL of xylene, the air was replaced with N2,35 and the solution 
was heated at  reflux under a N2 atmosphere for 24 h. The reaction 
mixture was allowed to cool to room temperature, and 39 mg (0.34 
mmol) of 1-pyrrolidinecarboxamide (mp 210-213 0C)37 was isolated 
by filtration. The concentrated filtrate was purified by chromatog- 
raphy on silica gel (100 g, 10: 1 to 1 : 1 hexane-acetone) to yield three 
fractions: an early fraction (0.14 g) that was mineral oil; an inter- 
mediate fraction (0.21 g) that was a mixture of 2-pyridone 5, 4- 
octyn-3-01, and two unknown components; and a third crystalline 
fraction that yielded 1.04 g (69%) of pure 5, mp 58-60 OC. An addi- 
tional 155 mg (10%) of 5 (pure by 'H N M R )  was isolated from the 
second fraction by bulb-to-bulb distillation. Two recrystallizations 
from pentane afforded an analytical sample of 5: mp 60-61 "C; IR 
(KBr) 3400 (N-H), 1640 (C=O), 1580, 1470, 1170, 1020, 800 
cm-'; IH N M R  (CDC13) 6 13.6 (br s, N H ) ,  7.22 (dq, J = 7, 1 Hz, 
C4 H),  5.85 (d, J = 7 Hz, CS  H),  2.50 (unsymm t, J = 7 Hz, 
CH2CH2CH3). 2.05 (s, CH3), 2.0-2.7 (m,  CH2CH2CH3), 0.94 
(unsymm t, J = 7 Hz, CH2CH3); mass spectrum, m/z (re1 intensity) 
151 (36), 136 (20), 123 ( loo) ,  105 (12),94 (37). Anal. ( C ~ H I ~ N O )  
C,  H, N. 

3,6-Di-tert-butyl-2(lH)-pyridinone (3). In a similar manner the 
crude pseudourea (prepared by procedure A, contained 25% starting 
alcohol by ' H  N M R )  formed from 0.91 g (5.0 mmol) of 2,2,7,7-tet- 
ramethyl-5-octyn-4-01 was heated a t  reflux in 150 mL of xylene for 
3 days. The reaction mixture was cooled to room temperature, and 
458 mg (44%) of 2-pyridone 3, mp 273-275 OC, was isolated by fil- 
tration. An additional 244 mg of 3 (mp 273 OC, total yield 68%) was 
obtained from the concentrated filtrate by trituration with hot hexane. 
Bulb-to-bulb distillation (80 OC, 0.01 mm) of the hexane-soluble 
material resulted in the isolation of 167 mg (18% recovery) of 
2,2,7,7-tetramethyl-5-octyn-4-ol. An analytical sample of 3 was 
prepared by recrystallization from benzene: mp 273 OC; I R  (KBr) 
3400 and 3230 and 3120 (N-H), 1625 (C=O), 1610, 1060,932 
cm-l; IH N M R  (CDCI3) 6 13.3 (br s, NH), 7.25 (d, J = 7 Hz, C4 H),  
5.96 (d, J = 7 Hz, CS  H),  I .32 (s, two C(CH3)3). Anal. ( C ~ ~ H ~ I N O )  
C,  H ,  N.  

6-tert-Butyl-3-phenyl-2( 1H)-pyridinone (4). In a similar manner 
the crude pseudourea (1.66 g, prepared by procedure A, contained 
15% starting alcohol by ' H  N M R )  formed from 1.01 g (5.0 mmol) 
of 5,5-dimethyl-l-phenyI-3-hexyn-2-ol was heated at  reflux in 150 
mL of xylene for 12 h. Concentration and trituration with cold hexane 
afforded 719 mg (63%) of 2-pyridone 4, mp 217-218 OC. One re- 
crystallization from benzene-acetone (1:2) afforded an analytical 
sample: mp 217-218 OC; IR (KBr)  3400 (N-H), 1630 (C=O), 
1460, 1380,900,780,750,690 cm-'; IH N M R  (CDC13) 6 12.3 (br 
s, NH) ,  7.7-7.9 (m, phenyl H),  7.56 ( d , J  = 7 Hz, Cq H),  7.2-7.5 (m, 
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phenyl H),  6.20 (d, J = 7 Hz, CS H),  1.33 (s, C(CH3)3); mass spec- 
trum m/z (re1 intensity) 227.131 (99) (Cl~H17NOrequires 227,131). 
212 ( I O O ) ,  194 ( I  I ) ,  185 (32). Anal. ( C I ~ H ~ ~ N O )  C, H,  N.  

3,6-Dipropyl-2(1 H)-pyridinone (6). In a similar manner the crude 
pseudourea (5.50 g, prepared by procedure A, contained 15% starting 
alcohol by IH N M R )  formed from 3.08 g (20 mmol) of 6-decyn-5-01 
was heated at  reflux in 1 L of xylene for 24 h .  Concentration and 
trituration with cold benzene yielded 110 mg (0.96 mmol) of I-pyr- 
rol idine~arboxamide~~ (mp 209-21 2 "C).  Purification of the con- 
centrated filtrate by chromatography on silica gel (9: 1 hexane-ace- 
tone) afforded 2.30 g (64%) of 2-pyridone 6, a light yellow oil which 
was homogeneous by TLC (Rf  0.6; 3:1 hexane-acetone). Bulb-to-bulb 
distillation ( 1  50 "C, 0.02 mm) and recrystallization from hexane at 
-10 "C yielded an analytical specimen: mp 41 -41.5 "C; IR (Nujol) 
3400 (N-H), 1640 (C=O), 1575, 1155, 1050,960,800 cm-I; ' H  
NMR (CDCI3) 6 13.3 (br s, NH) ,  7.10 (br d, J = 6 Hz,38 C4 H), 5.82 
(d, J = 8 H Z , ~ ~  Cs H),  2.1-2.7 (m, C H Z C H ~ C H ~ ) ,  0.7-2.0 (m,  
CH2CH3); mass spectrum nz/z (re1 intensity) 179.129 (77) 
(CI1Hl7NO requires 179.131), 164 (74), 137 (loo), 122 (29). Anal. 
( C I I H I ~ N O )  C, H, N.  

6-Isopropyl-2( 1 I$-pyridinone (7) and N-[ (E)-2-Methyl-2,4-hexa- 
dien-3-yl]-l-pyrrolidinecarboxamide (18). I n  a similar manner the 
crude pseudourea (1.05 g, prepared by procedure A, contained 6% 
starting alcohol by ' H  N M R )  formed from 0.56 g (5.0 mmol) of 5- 
methyl-3-hexyn-2-01 was heated at reflux in 150 mL of xylene. ' H  
N MR analysis after 24 h indicated the presence of diene protons; so 
reflux was continued for 3 days. Concentration afforded a solid (mp 
119-128 "C) that was recrystallized from hexane-acetone (3 : l )  to 
yield 0.364 g (53%) of pure 2-pyridone 7, mp 129-131 "C (lit.2i 
129- I30 "C). Purification of the recrystallization residues by a 
combination of dry column chromatography (aluminum oxide, ethyl 
acetate) and preparative TLC (silica gel, 2:3 hexane-ethyl acetate) 
yielded an additional 36 mg (5%) of 7 (mp 129-131 "C, 58% total 
yield) and 47 mg (4.5%) of A'-[(E)-2-methyl-2,4-hexadien-3-yl]-l - 
pyrrolidinecarboxamide (18): mp 125- I27 OC (after recrystallization 
from 3:1 hexane-acetone); IR (KBr) 3280 (N--H), 1636 (C=O), 
1510,1393,960((E)-HC=CH)cm-'; 'HNMR(CDCI3)66 .41  (d, 
J = 15 Hz, C4  H) ,  5.60 (dq, J = 15, 6.6 Hz, Cs H),  5.0 (br s, NH) ,  
3.41 (m, NCH2), I .86 (s, CH3), I .76 (s, CH3); mass spectrum tn/z 
(re1 intensity) 208.157 (46) (C12H2oN20 requires 208.158). 193 (25), 
110 (32), 98 (96), 70 (66), 56 (100). 

3,6-Diphenyl-2(1H)-pyridinone (IO), S-(Phenylmethyl)-4-(phenyl- 
methylene)-2-( l-pyrrolidinyl)-4,S-dihydrooxazole (12), and 4,5-Bis- 
(phenylmethyl)-2-(l-pyrrolidinyl)oxazole (13). Following procedure 
A, but using NaH instead of KH as the base catalyst, 2.22 g (10 
mmol) of I ,4-diphenyl-3-butyn-2-01 was converted to 3.3 g of the crude 
pseudourea 1 (R3 = R6 = Ph, contained 15% of the starting alcohol 
by ' H  N M R ) .  This pseudourea was not stable when stored at 25 "C 
and the neat liquid developed a noticeable precipitate within a few 
hours. Filtration of this mixture after 4 days, followed by washing with 
ether, yielded 1.01 g (33%) of the alkylidenedihydrooxazole (12), mp 
141-143 "C. Recrystallization from hexane-acetone ( I : ] )  yielded 
an analytical specimen of 12: mp 142-143 "C; IR (KBr) 1680 
(C=N), 1603, 1420, 730, 720, 690 cm-I; IH N M R  (CDCI3) 6 
6.9-8.0 (m, phenyl H) ,  5.1-5.4 (m, Cs  H and =CH), 3.2-3.7 (m, 
NCHz), 3.0 (d, J = 6 Hz, CH2 Ph), 1.6-2.1 (m NCH2CH2). Anal. 
(C2iHzzNzO) C,  H ,  N .  

Concentration of the filtrate described above afforded a light yellow 
liquid (1.13g),which wasshown by IH NMRanaIysis t obea  1.5:4:4.5 
mixture of 12,1,4-diphenyl-3-butyn-2-ol, and oxazole 13. Adsorption 
of 203 mg of 12 on silica gel and, after 4 days, elution with acetone 
afforded 180 mg (89%) of oxazole 13, a colorless liquid, 90% pure by 
IH N M R .  Dry column chromatography of a sample of comparable 
material (silica gel, 9: 1 hexane-acetone) afforded an analytical 
specimen of oxazole 13: colorless liquid; JR (film) 1670. 1625, 1500, 
1460, 1410,930 cm-'; ' H  N M R  (CDCI,) d 7.25 (s, C ~ H S ) ,  7.20 (s, 
C6H5), 3.65 (s, two CHZPh), 3.1-3.6 (m, NCH2), 1.6-2.0 (m. 
NCH2CH2); mass spectrum m/z (re1 intensity) 318.174 (100) 
(C2lH22N2Orequires318.173),241 (18),227 (13), 131 (17),98(21),  
91 (27). 

I n  a similar manner, 1 . I  1 g (5 mmol) of 1,4-diphenyl-3-butyn-2-01 
was converted to the crude pseudourea 1 (R3 = R6 = Ph). In an at- 
tempt to reduce the formation of alkylidenedihydrooxazole 12, this 
material was immediately dissolved in 180 mL of xylene and heated 
at  reflux for 22 h. The reaction mixture was cooled to room temper- 
ature and 360 mg (29%) of 2-pyridone 10, mp 258-260 "C (lit.Iza 

260-261 "C), was isolated by filtration. Separation of the concen- 
trated filtrate by chromatography on silica gel (100 g, 1O:l hexane- 
acetone) afforded 61 3 mg (39%) of oxazole 13 (pure by TLC) and 1 10 
mg (0.5 mmol) of  recovered 1,4-diphenyl-3-butyn-2-01. 

3-Ethyl-2(1 H)-pyridinone ( 1  I), 4-Methyl-5-propyl-2-( I-pyrroli- 
dinyl)oxazole (15), and N-( 1,3-Hexadienyl)-l -pyrrolidinecarboxamide 
(19). In  a similar manner the crude pseudourea (prepared by procedure 
B,  contained <5% starting alcohol by ' H  N M R )  formed from 0.98 
g (10 mmol) of I-hexyn-3-01 was immediately dissolved in 300 mL 
of xylene and heated at reflux for 24 h. Concentration and trituration 
wi th  cold benzene yielded 263 mg (2.3 mmol) of I-pyrrolidinecar- 
boxamide. The concentrated filtrate was purified by chromatography 
on silica gel (60 g, 5: 1 to 1: 1 hexane-acetone) to yield four fractions. 
An early fraction contained mineral oil. A second fraction yielded 610 
mg (31%) of oxazole IS, a colorless liquid (Rf0 .7 ,  1:1 hexane-ace- 
tone). A sample of comparable material was purified by high-per- 
formance liquid chromatography (w-Porasil, 1 : 1 hexane-ethyl ace- 
tate) to give an analytical specimen: 1R (film) 1670, 1610, 1400, 1200, 
920 cm-l; ' H  NMR (CDC13) 6 3.2-3.6 (m, NCH2), 2.43 (t, J = 6 
Hz, C H ~ C H Z C H ~ ) ,  1.98 (s,CH3), 1.7-2.2 (m,NCH2CH2), 1.1-1.7 
(m, CH2 CH2CH3), 0.93 (t, J = 6 Hz, CH3CH2); mass spectrum m/z 
(re1 intensity) 194.142 (15) (CllH18N20 requires 194.142), 165 
( I O O ) ,  123 (8). 

A third fraction yielded 119 mg (6%) of the sensitive diene 19 
(stereochemistry unknown but probably 12 ,3E) :  mp 120-1 30 "C; 
TLC (Rf 0.2, trace impurity Ry0.0,3:1 hexane-acetone); 1R (KBr) 
3400 and 3200 (N-H), 1660 and 1640 and 1610 (C=O), 1490, 
1360, 970 ((E)-CH=CH), 750 an - ' ;  ' H  N M R  (CDC13) 6 4.8-6.9 
(m,  vinylic H and NH) ,  3.0-3.5 (m,  NCH2) ,  I .5-2.4 (m, CH3CH2 
and NCH2CH2). and I .01 (t, J = 6 Hz, CH3); mass spectrum m/z 
(re1 intensity) 194 (8). 98 (78), 55 (100). Attempted recrystallization 
of a sample of comparable material was unsuccessful and resulted in 
polymerization. 

A fourth fraction yielded 145 nig (12%) of 2-pyridone 11, mp 
120-1 21 0C.39 Recrystallization from hexane-acetone (4:l) afforded 
an analytical specimen: mp 121-121.5 "C; IR (KBr) 3400 (N-H), 
1646 (C=O), 1618,1570,1480, and 770 cm-l; 'H  N M R  (CDCI3) 
6 7.32 (two d,  J = 7 Hz, CJ H and C6 H) ,  6.24 (t,  J = 7 Hz, C5 H), 
2.50 (q, J = 7.2 Hz, CH2CH3), 1.17 (t, J = 7.2 Hz, CH3). Anal. 

3-Ethyl-6-phenyl-2( 1 H)-pyridinone (9) and 4-(Phenylmethyl)-S- 
propyl-2-(l-pyrrolidinyl)oxazole (14). In a similar manner a sample 
of the crude pseudourea (200 mg, prepared as detailed above by 
procedure B, contained 13% starting alcohol by IH N M R )  prepared 
from I-phenyl-I-hexyn-3-01 was heated at reflux in 75 ml, of xylene 
for 20 h. Concentration afforded a semisolid, which was washed with 
hot hexane (2  X 5 mL). The residue was dissolved in hot acetone and 
filtered through a short plug of silica gel (0.5 g) using 10 mL of hot 
acetone as the eluant. Concentration and successive trituration with 
5 mL of 5:l hexane-acetone and 5 mL of hexane afforded 60.8 mg 
(45%) of pure 2-pyridone 9 as a white insoluble residue, mp 164-165 
"C. One recrystallization from CHC13 yielded an analytical specimen: 
mp 164-166 "C; IR (Nujol) 3260 and 3400 (N-H), 1640 (C=N), 
1610, 1170cm-I; IH NMR (CDC13) 7.6-8.0 (m, phenyl H), 7.52 (d, 
J = 6 Hz, Cq H), 7.2-7.5 (m,  phenyl H), 6.52 (d, J = 6 Hz, Cs H),  
2.52 (q, J = 7 Hz, CH2CH3), 1.20 (t. J = 7 Hz, CH3). Anal. 
( C I ~ H I ~ N O ) ,  C, H, N. 

Chromatography (silica gel, 1 : I O  to 1:1 ether-hexane) of the con- 
centrated hexane triturate from a comparable preparation that em- 
ployed 175 mg of the crude starting pseudourea yielded 66 mg (38%) 
of oxazole 14 as a yellow oil, ca. 90% pure by IH NMR.  An analytical 
specimen was obtained by preparative TLC (silica gel, 1:1 ether- 
hexane): a light yellow oil: IR (film) 1660, 1610, 1400, 750 cm-'; 'H 
N M R  (CDC13) 6 7.2 (s, phenyl), 3.60 (s, CHlPh),  2.9-3.5 (m, 
NCHI) ,  2.26 (unsymm t, J = 7 Hz, CHzCH2CH3). Table IV sum- 
marizes the results obtained when pseudourea 1 (R3 = Et; R6 = Ph) 
was thermolyzed on a 200-mg scale under various reaction conditions. 
2-Pyridone 9 (mp 164-1 66 "C) was isolated by the procedure detailed 
above. 
N-[(3Z,5E)-2,2-Dimethyl-6-phenyl-3,5-hexadien-3-yl]-l-pyrroli- 

dinecarboxamide (16). Isolation from Thermal Rearrangement at 100 
"C in Decalin. A solution of 2.37 g (8.0 mmol, contained 15% starting 
alcohol by IH N M R )  of crude pseudourea 1 (R3 = Ph; R6 = t-Bu) 
and 100 mL of decalin was heated in an oil bath at 100 f 10 "C for 
11 h. The reaction mixture was cooled to room temperature and 425 
mg of a crystalline solid (mp 204-208 "C) was isolated @y filtration. 

(C7HgNO) C,  H, N .  
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Partitioning of this material between hot benzene and water ( I : 1 )  
resulted in the isolation of 38 I mg (21%) of 2-pyridone 4 (R/0.5. 2.1 
hexane-acetone) from the benzene layer and 35 mg of I-pyrroli- 
dinecarboxamide from the aqueous layer. Concentration (ca. 50 "C, 
0.2 mm) of the decalin filtrate afforded 1.76 g of a pale brown semi- 
solid material which yielded 784 mg (33%) of diene 16 as a white 
crystalline material, mp 140-142 "C, upon trituration with hexane. 
An additional 95 mg of impure diene 16 (mp 130-135 "C) and 260 
mg ( 1.3 mmol) of 5.5-dimethyl-I -phenyl-3-hexyn-2-ol was obtained 
by dry column chromatography (4: 1 hexane-acetone) of the triturate. 
Two recrystallizations from 4:l hexane-acetone afforded an analytical 
specimen of diene 1 6  mp 142-143 "C; T L C  Rj- 0.4. 2:l hexane- 
acetone; IR (KBr) 3330 (N-H), 1650 (C=O), 1600, 1470, 960 
((E)-CH=CH),  740, 690 cm-I; ' H  N M R  (CDCI?) 6 7.1-7.5 (m, 
C6H5), 6.88 (apparent dd, J = 9.5, 16 Hz, Cs H), 6.50 id, J = 16 Hz, 

NCH2), 1.7-2.1 (m, N C H Z C H ~ ) ,  and 1.16 (s, C(CH3)3). Anal. 

The stereochemistry assigned for 16 was consistent with the results 
of ' H  N M R  experiments, which were conducted in the presence of 
europium tris(2,2,6,6-tetramethylheptanedionate), and yielded the 
following observed shifts (ppm mol-' mol-'): 3.3 for Cq H ,  7.5 for 
Cs H ,  1.2 for Cg H.  

Diene urea 16 was also isolated in  5% yield when the thermolysis 
of pseudourea 1 (R3 = Ph; R6 = t -Bu)  was conducted for 5 h i n  re- 
fluxing xylene. 

Conversion of Diene Urea 16 to 2-Pyridone 4. A solution of diene 
urea 16 ( I  14 mg, 0.38 nimol) and 5 mL of xylene was heated at reflux, 
and the reaction was monitored by TLC. After 6.5 h 16 was no longer 
detectable. Concentration afforded 85 mg (99%) of nearly pure 2- 
pyridone 4, nip 2 15-21 7 "C. Recrystallization from 1: 1 hexane- 
acetone yielded 71 mg (82%) of pure4, mp 217-218 "C. 

Conversion of Diene Urea 16 to 2-Pyridone 4 in the Presence of 
Piperidine. Trapping of the Diene Isocyanate Intermediate to Give 
Diene Urea 17. A solution of diene urea 16 (1 29 mg, 0.43 mmol), pi- 
peridine (204 mg, 2.4 mmol), and 6 tnL of xylene was heated at reflux 
for 2 h. Concentration afforded 130 mg of solid material. The IH 
N M R  spectrum indicated that this material was a 32:43:25 mixture 
of starting diene urea 16,2-pyridone 4, and the piperidine diene urea 
17. The characteristic features of this spectrum are the tert-butyl 
singlets at  6 1.37 due to 2-pyridone 4, and at 6 1.15 due to diene ureas 
16 and 17, and the multiplet at  6 1.4- 1.7, which arises from the six 
hydrogens at  C3 and Cq of the piperidine ring of diene 17. Recrys- 
tallization of the crude product from acetone afforded 14 mg (0.062 
mmol) of 2-pyridone 4, mp 217-219 "C. The concentrated filtrate was 
purified by chromatography on silica gel (ca. 10 g, 7:l hexane-ethyl 
acetate) to yield three fractions. The first fraction yielded I O  mg 
(0.044 "01) of 4, mp 215-218 "C. An intermediate fraction (37 mg) 
was a 65:35 mixture ( 'H  N M R  analysis) of diene urea 17 (0.085 
mmol) and 2-pyridone 4 (0.046 mmol). A third semisolid fraction was 
chromatographically homogeneous diene urea 16 (45 mg, 0.15 1 
mmol). 

The second fraction was purified by high-performance LC ( H -  
Porasil, 5: I hexane-ethyl acetate) to afford an analytical specimen 
of N-(2,2-dimethyl-6-phenyl-3,5-hexadien-3-yl)-l-piperidinecar- 
boxamide (17): an oil; an apparent mixture of stereoisomers by 
high-performance LC; IR (film) 3340 (N-H), 1650, 1640, 1510, 
960 ((E)-CH=CH), 750, 690 cm-l; 'H N M R  (CDClI) 6 7.2-7.6 
(m, C&5), 5.9-7.1 (m,  vinylic H),  5.3 (br s, N H ) ,  3.1-3.6 (m, 
NCHz),  1.4-1.7 (m, piperidine C3H and CqH), 1 . I  3 (s, C(CH3)3); 
mass spectrum m/z (re1 intensity) 312.220 (55) (CzoHzsNlO required 
312.220), 227 (25), 221 (16), 212 (1 I ) ,  200 (19), I84 ( 1  I ) ,  I44 (14), 
112(100) ,84(17) .  

Conversion of N-[( 1 E,3E)-1,3-Pentadienyl]-l-pyrrolidinecarbox- 
amide (21) to 3-Methyl-2-pyridone. A solution of (E.E)-diene 2 lZ8  
(720 mg, 4.0 mmol), ca. 20 mg of 4-tert-butylcatechol, and 160 mL 
of xylene was heated at  reflux. The reaction was monitored by T L C  
and ' H  NMR.  The 'H N M R  spectrum indicated that there was < 10% 
conversion to 3-methyl-2-pyridone after 19 h, and TLC analysis after 
43 h indicated only slight conversion. The reaction was terminated 
after 1 week, and the reaction mixture purified by chromatography 
on silica gel (hexane-acetone) to afford 269 mg (62%) of 3-methyl- 
2-pyridone, mp I40 OC (lit4O 140 "C). 

Kinetic Study of the Conversion of Diene IJrea 16 to 2-Pyridone 4. 
Competitive Inhibition by Pyrrolidine. Reactions were conducted at  
140.0 f 0.1 O C  in sealed, degassed N M R  tubes. Reactions were fol- 

c6 H),  6.12 (d, J = 9.5 Hz,  CJ H),  5.24 (br S, N H ) ,  3.3-3.6 (m,  

( C ~ ~ H ~ ~ N Z O )  c, H, h'. 

lowed by removing the tubes from a constant temperature oil bath a t  
the indicated times and recording the IH  N M R  spectrum a t  room 
temperature. Trioxane (0.035 hl, 6 4.7) was employed as an internal 
standard. The data summarized in Figure 1 were obtained by moni- 
toring the increase in the Cs proton (d, 6 6.2) of 2-pyridone 4 as a 
function of time. Qualitatively similar results were obtained by 
monitoring the decrease in the vinylic protons of diene 16. 
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Abstract: The thiol-functionalized surfactant N-n-cetyl-N,N-dimethyl-N-(4-thioethy1)ammonium chloride, 4 (1  6-SH), was 
synthesized. Under micellar conditions a t  pH 7, excess micellar 16-SH cleaved p-nitrophenyl acetate (PNPA) with k$"'ax = 
2.16 s-l (corresponding to k,,, = 144 L/mol.s) and the formation of 16-SAC. Corresponding data forp-nitrophenyl hexanoate 
(PNPH)  were 6.68 s-l and 1037 L/mol.s, respectively. S N ~  reactions between 16-SH and iodoacetamide were also examined; 
at  pH 7, excess micellar 16-SH gave k$max = 1.68 s-' and k,,, = 44.8 L/mol.s. Relative to suitable model reactions with thio- 
choline, micellar kinetic advantages for 16-SH reactions at  pH 7 were 251 (PNPA),  2820 (PNPH),  and 32 (iodoacetamide); 
at  pH 8, the PNPA cleavage exhibited a micellar advantage of 485. The origins of these catalytic factors are discussed, and the 
esterolytic reactivity of 16-SH is compared with that of other functional surfactants. Deacetylation of 16-SAC is also exam- 
ined 

Strong interest in the use of functional surfactant micelles 
as esterolytic reagents,2 coupled with the high nucleophilicity 
of thiolate anions and the appreciable acidity of thiols, has 
focused attention on the synthesis and properties of thiol sur- 
factants. The micellar reactivity of these reagents is both in- 
trinsically interesting and related to the properties of the cys- 
teine proteinases papain, ficin, and stem b r ~ m e l a i n . ~  

Surfactant derivatives of cysteine have been prepared by 
Heitmann Moss et al. (2) ,5  and Murakami (3).6 A simpler 

n - ~ , l ~ * i ~ ~ ~ ~ ~ ~ ~ ~ ~ - ( ~ +  1 

I 
CH,SH 
1 

CH-SH 
2 

n-ClbH ,,NHCOCHNHCOCHICH,N(CI-I,), Br- 
+ 

I 
CH,SH 

3 

n-C1BH,,N(CH,)?CHFH?SH C1- 
+ 

4 (16-SH) 

OO02-7863/80/ I502-0754$01 .OO/O 

and somewhat more reactive thiol surfactant is the long-chain 
thiocholine derivative, 4, prepared in our laboratory7 and, in- 
dependently, by Tonellato (Br- form).8 In this report, we 
provide full details of the preparation of 4, its esterolytic re- 
activity toward p-nitrophenyl acetate (PNPA) and p-nitro- 
phenyl hexanoate (PNPH),  and its s N 2  reactions with iodo- 
acetamide. Additionally, we discuss the comparative reac- 
tivities of surfactants 1-4 and of such "comicellar" reagents 
as alkane thiols,' coenzyme A,In and glutathione,In each sol- 
ubilized in micellar alkyltrimethylammonium bromide solu- 
tions. 

Results 
Synthesis. Choline surfactant 5 (16-OH) was converted to 

its triflate derivative with triflic anhydride in CHzCIz/pyridine. 
Self-phase-transfer catalytic conversion" of the triflate to 6 
( 1  6-SAc, X = OTf) was achieved'by stirring the CH2C12 SO- 
lution with excess aqueous sodium thioacetate. Ion exchange 
of 6 to its water-soluble chloride form, followed by deprotection 
with deoxygenated 3 N aqueous HCI, lyophilization, and re- 
crystallization from CH2Cl2/ether, gave 4 (16-SH). Spec- 
troscopic properties of 4 and its precursors appear in the Ex- 
perimental Section. 

n-C,6H33~(CH3)2CH2CH2oH Br- 

n-C,6H33~(CH3)2CH2CH*scocH3 X- 
5 (16-OH) 

6 ( 16-SAc) 
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