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EXPERIMENTAL 

Happz~ric-carboxyl-C1~ acid. Glycine-l-C14 (3.48 mC./ 
mM.; 0.5 mC. total activity; 10.8 mg.) was dissolved in 
water, and diluted to 10 ml. in a 10-ml. volumetric flask. 
Five cubic centimeters of this solution was pipeted into a 
solution prepared by dissolving 5.4 g. of inactive glycine 
and 12.(i g. of sodium hydroxide in 75 ml. of water. Benzoyl 
chloride (10 g.; 8.5 ml.) was then added and the mixture 
shaken vigorously until solution of the benzoyl chloride 
was complete. The solution was then acidified, filtered with 
suction, washed with water, and pressed as free of water as 
possible The crude mixture was thoroughly mixed in the 
filter with two separate portions of ethyl ether and filtered. 
The yield of crude hippuric acid was 10 g. ('isyo). 

2-Phenyl-4-ethoxynzethylene-6-oxazolone-5-C14. The 10 g. 
of hippuric acid obtained in the preceding preparation was 
mixed a i th  10 g. of inactive hippuric acid, added to a flask 
containing 12 ml. of acetic anhydride and 20 ml. of ethyl 
orthoformate and treated as previously de~cribed.~" The 
yield of oxazolone was 5 g. (2270). 

2-Phenyloxazole-4-carboxylzc-carboxyl-C14 acid. The hydrol- 
ysis anct rearrangement of the oxazolone were carried out 
according to the procedure of Cornforth and Cook~on.~  
The yield of a 2-phenyloxazole-4-carboxylic acid was 1.2 g. 
(67%). 

Decarboxylation of 2-phenyloxazole-4-carboxylic-~arboxyl-C~~ 
acid. The acid was decarboxylated by distilling over copper- 
(11) oxide (bath temperature 270-280'). The carbon dioxide 
was absorbed in 0.2147 barium hydroxide solution. The pre- 
cipitated barium carbonate was isolated by filtration, washed 
successively with distilled water, acetone and ether, dried, 
and then counted. 

The oxazole distillate was dissolved in ether and washed 
with aqueous sodium bicarbonate. The ether solution was 
dried, the ether evaporated, and the residual 2-phenyl- 
oxazole counted. The melting point of the picrate was 115- 
116" and was undepressed when mixed with an authentic 
specimen. 
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Acetals have been reported to react in a free 
radical chain reaction induced by alkoxy radicals 
yielding hydrocarbons and carbonyl-containing 
compounds as the main products.2 The mechanism 
proposed to account for these products involves 

(1) Present address: Department of Chemistry, Univer- 

(2) L. P. Kuhn and C. Wellman, J .  Org. Chem., 22, 
sity of Kansas, Lawrence, Kan. 

774 (1956). 

the abstraction of a hydrogen atom from the carbon 
atom adjacent to the oxygen producing a free radi- 
cal, which undergoes decomposition into an alkyl 
radical and the carbonyl-containing compound. 

RzCOR' + RzC=O + R'. 
The investigation of 2-methoxytetrahydropyran 
(I) was undertaken to determine if this cyclic 
acetal could be rearranged to methyl valerate (11) 
via the following free radical chain sequence: 

I A. 
€3. + I + C:H:fCH2)+C02CH3 + A. 

I1 

The reaction of radical A- to form radical B. is the 
same type of elimination encountered in the re- 
action of Kuhn and Wellman. However, in the case 
of the cyclic radical A., the elimination reaction 
amounts to a rearrangement of the radical. 

Reactions in which di-t-butyl peroxide was 
thermally decomposed in the presence of 2-meth- 
oxytetrahydropyran have shown that rearrange- 
ment does in fact take place. Listed in Table I 
are the products obtained by heating 2-methoxy- 
tetrahydropyran with di-t-butyl peroxide a t  120- 
130". 

TABLE I 
PRODUCTS OBTAINED FROhl THE DECOMPOSITIOX O F  DI-f- 

BUTYL PEROXIDE I X  2-METHOXYTETRAHYDROPYRAN 

Moles 
Run la Run 2b 

t-Butyl alcohol 0.21 0.18 
Acetone trace trace 
Methane trace trace 
Methyl valerate 0 .12 0.13 
Residue 0.048 (m.n-. 412) (12.5g.) 

Recovered 
2-Methoxytetrahydropyran 0.08 0.25 
Di-t-butyl peroxide 0.03 0.017 

0.39 mole I, 0.15 mole di-t-butyl peroxide. ' 0.48 mole 
I, 0.12 mole di-t-butyl peroxide. 

The valerate ester mas detected by the appear- 
ance of a strong ester carbonyl absorption a t  5.76 
p in the infrared spectrum of the fraction collected 
a t  the boiling point of 2-methoxytetrahydropyran 
and methyl valerate (127"). The gas-liquid parti- 
tion chromatographic analysis of this fraction 
showed the presence of two components with 
retention times corresponding to methyl valerate 
and 2-methoxytetrahydropyran. Chemical evi- 
dence of a valerate ester was obtained by prepara- 
tion of the p-toluidide of valeric acid from the mix- 
ture. Conversion of the methyl ester to the n-butyl 
ester through an ester exchange reaction yielded 
n-butyl valerate which could be separated by distil- 
lation. 
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The molecular weight of the residue obtained in 
Run 1 was 412. This implies that there are 3.56 
methyl valerate or 2-methoxytetrahydropyran units 
per mole of residue. The formation of derivatives 
of succinic and tricarballylic acid esters by de- 
composition of peroxides in the presence of esters 
has been reported by Karasch, Jensen, and U r r ~ . ~  
This suggests that the residue in this reaction may 
well be formed by similar free radical reactions of 
methyl valerate leading to structures such as I I Ia  
and IIIb. The infrared spectrum of the residue of 

C3HjCHC02CHj CaH7CHC02CH3 

CsH:CHCO?CHj C H CC02CHd 
I 

CIH7CHCOzCH3 
IIIa I I Ib  

Run 1 xas very similar to  that of the radical 
coupliiig product obtained from the reaction of 
methyl valerate and di-t-butyl peroxide. This 
spectrum does, however, contain several absorption 
bands (9.25, 9.45, and 9.68 p )  which are similar 
in wave length, intensity ratio, and band shape to 
2-aKkyl substituted 2-methoxytet-rahydropyran. 
This suggests that part of the radical coupling 
reactions involve radical A. yielding structures 
such as IIIc and IIId in the residue. The molecular 

C3HTCHC02CHa 
I 

C,H,CHCO,CH, C ~ H T C C O ~ C H ~  

,+OCH, A O C H ,  
Lo Lo 

IIIC IIId 

weight of the residue indicates that tetramers and 
probably higher molecular weight coupling prod- 
ucts are also present. 

These products and their observed distribution 
can be satisfactorily accounted for by the following 
sequence of reactions : 

(3 )  M. H. ICarasch, E. V. Jensen, and W. H. Urry, J .  
O r g .  Chem., 10,386 (1945). 

6) 2 3  + IIIa 
7 )  (CH3)3CO., A. or B. + I I Ia  + 

(CH&COH or I or I1 + C3H7GCO2CH3 
I 

C3H76HC02CH3 
D. 

8) C. + D. + I I Ib  

8b) A. + C- --+ IIIc 
8 ~ )  A. + D. + IIId 

In  reactions leading to radical coupling products, 
a relationship exists between the amount of initiator 
and the amount of coupling products. The stoichi- 
ometry requires one mole of initiator per mole of 
dimeric product and an additional mole of initiator 
for each additional unit in the product. The residue 
in Run 1,0.047 mole of material with an average of 
3.56 units per molecule, requires 0.12 mole of initia- 
tor which is in agreement with the peroxide con- 
sumed in the reaction. 

The presence of radical B. in the reaction mix- 
ture was demonstrated by employing a terminal 
olefin, 1-octene, as the radical scavenger. Addition 
of radical E. to 1-octene would give the adduct 
radical which on chain transfer with I would yield 
methyl tridecanoate as the 1 : 1 addition product. 
9) B. + CBH~CH=CHZ + CsH13CH(CHe)jCOzCHa 

10) C~HI~CH(CH?)~COZCH~ + I --+ CizHzfiC02CH3 + A. 

The presence of methyl tridecanoate in the 1 : l  
addition product was confirmed by conversion of 
the ester to the p-toluidide. The infrared spectrum 
of the 1 : l  addition product, however, indicated 
the presence of an undetermined amount of ma- 
terial containing a tetrahydropyran ring. Although 
it has not been specifically identified, the appear- 
ance of absorption bands at 9.25, 9.45, and 9.68 p 
which are similar in wave length, intensity ratio, 
and band shape to those of a 2-alkyl-2-methoxy- 
tetrahydropyran, indicates that the material may 
be 2-octyl-2-methoxytetrahydropyran resulting 
from the addition of the unrearranged radical A. 
to the terminal olefin. 

EXPERIMENTAL4 

The 2-methoxvtetrahydropyran was prepared by a method 
described previously5 and distilled a t  63-64’ a t  85 mm.; 
n’,” 1.4227. The di-t-butyl peroxide (Shell Chemical Co.) m’as 
redistilled before using; b.p. 47’ a t  75 mm.; n’,” 1.3887. A 
10-foot column packed with Dow Corning 550 Silicone Fluid 
on Celite with helium as the carrier gas was used for the gas- 
liquid partition chromatographic analysis. 

(4) All melting points and boiling points are uncorrected. 
The author is indebted to Dr. W. J. Potts of the Spec- 
troscopy Laboratory of the Dow Chemiral Co. for aid in 
interpreting the infrared spectra. 

( 5 )  G. F. Wood and 1). If. Kramcr, .J. ‘1 in, Phetn. Soc., 
69,2248 (1947). 
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Reaction of 2-methoxytetrahydropyran with di-t-butyl per- 
oxide. A reaction mixture consisting of 46 g. (0.39 mole) of 
2methoxytetrahydropyan and 21.5 g. (0.15 mole) of di-t- 
butyl peroxide was heated at 120-125' for 44 hr. During 
the course of the heating, material boiling at 83-90' was 
distilled through an 8-inch Vigreux column as fast as i t  was 
formed. At the end of the heating period the reaction mix- 
ture was distilled through the same column and material 
boiling up to 120' was combined with the earlier cut. The 
combined fractions (21.0 9.) were analyzed by infrared as 
0.21 mole of t-butyl alcohol and 0.03 mole of unchanged di- 
t-butyl peroxide. The reaction mixture was further distilled 
until the pot temperature reached 200' yielding 23 g. of 
material boiling at 120-129'. Analysis of this fraction by 
gas-liquid partition chromatography showed two peaks, 
with retention times identical to Zmethoxytetrahydropyran 
and methyl valerate. Infrared analysis of the mixture showed 
a very strong ester carbonyl absorption a t  5.76 p. Both infra- 
red analysis and gas-liquid partition chromatography showed 
the ester content of the mixture to be 40%. The distillation 
residue amounting to  19.5 g. had a molecular weight of 412. 
The infrared spectrum of the residue showed it to consist 
mainly of a product similar to that obtained from the reac- 
tion of di-t-butyl peroxide and methyl valerate with addi- 
tional absorption bands a t  9.25, 9.45 and 9.68 p. 

p-Toluidide ofvaleric acid. A portion of the ester-containing 
mixture was added to the reaction mixture of ethylmag- 
nesium bromide and ptoluidine in ether. Hydrolysis yielded 
the p-toluidide of n-valeric acid which after recrystallization 
from dilute alcohol melted at 70'; reported6 m.p. 70". A 
mixed melting point with an authentic sample showed no 
depression. 

n-Butyl valerate. In  another reaction 56 g. (0.48 mole) of 
2-methoxytetrahydropyran and 17.5 g. (0.12 mole) of di- 
t-butyl peroxide were heated at 125-130' for 23 hr. During 
the course of the heating, 16.5 g. of material was distilled 
through an 8-inch Vigreux column at 82-85' which on 
infrared analysis proved to consist of 13.5 g. (0.18 moles) of 
t-butyl alcohol, a trace amount of acetone, and 2.5 g. of 
unchanged peroxide (0.017 mole). Further distillation a t  the 
end of the heating period yielded 42 g. of material boiling at 
126-128" leaving a high boiling residue (pot temperature 
210') amounting to 12.5 g. Infrared analysis of the distillate 
showed it to consist of 32% methyl valerate (0.13 mole) and 
the remainder, unchangcd 2-methoxytetrahydropyran. This 
mixture was refluxed for 6 hr. in 100 g. of n-butyl alcohol con- 
taining 0.025 g. of metallic sodium. During the course of 
the refluxing, 4.2 g .  of methyl alcohol (0.13 mole) were re- 
moved by distillation through an 8 inch Vigreux column. 
The unchanged n-butyl alcohol and 2-methoxytetrahgdro- 
pyran were removed by further distillation. The infrared 
spectrum of this mixture showed no ester carbonyl present. 
The remaining material was n-butyl valerate which distilled 
a t  119-121' at 104 mm. ( n y  1.4143) and amounted to 17 
g. (0.11 mole). The infrared spectrum of this material was 
identical with that of an authentic sample of n-butyl 
valerate. 

The reaction of 2-methoxytetrahydropyan and I-octene. 
Over a period of 24 hr. a solution consisting of 1-octcne 
(33.6 g., 0.30 mole) and di-t-butyl peroxide (8.8 g., 0.06 
mole) was slowly added to 2-methoxytetrahydropvran (150 
g . ,  1.29 moles) heated to reflux temperature (127'). On dis- 
tillation through an 8 inch Vigreux column, the reaction 
mixture yielded about 6 g .  of t-butyl alcohol and 124 g. of 
unchanged 2-methoxytetrahydropyran. The residue was 
distilled through a 12-inch Holamann column and yielded a 
fraction amounting to 6.0 g. (b.p. 90-110" a t  0.7 mm., n k  
1.4430) which on infrared examination was found to consist 
mainly of methyl tridecanoate. Absorptions at 9.25, 9.45, 
and 9.68 in the infrared spectrum of the sample indicate 

(6) R. I,. Shriner and R. C. Fuson, Identification of Organic 
Compounds, John Wiley and Sons, Inc., New York, N. Y., 

- 

1948, p. 222. 

the presence of a pyran ring but are different from those of 
2-methoxytetrahydropyran. Reaction of a portion of the 
1 : 1 addition product with the reaction mixture obtained 
from ethylmagnesium bromide and p-toluidine yielded the 
p-toluidide of n-tridecanoic acid; m.p. 87-88', reported' 
m.p. 87'. A high boiling residue amounting to 30 g. remained 
after distillation of the 1 : 1 addition product (pot tempera- 
ture 150'), presumably telomeric products. 

E. C. BRITTON RESEARCH LABORATORY 
THE Dow CHEMICAL Co. 
MIDLAND, MICH. 

(7) W. H. Urry and E. S. Huyser, J. Am. Chem. SOC., 75, 
4876 (1953). 
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Acrylamides, especially the N-substituted prod- 
ucts, appear as attractive reagents for the synthesis 
of isomers and analogs of amino acids and peptide- 
like compounds. The reactions which come under 
consideration may be summarized as in Fig. 1. 
Reactions of type (c) are adaptations of the hlIichael 
reaction4 and of type (b) have been employed by 
Mattocks and H a r t ~ n g . ~  

EXPERIMENTAL 

Acrylamides. By allowing acrylyl chloride6 to react with 
an appropriate amine, the following N-substitu tecl acryl- 
amides were obtained: Acrylanilide? (I), m.p. 105-106'; p- 
acrylotoluidideu (11), m.p. 140-141 "; diethyl acry1amiJo- 
malonate9 (111), C1oHJV05, yield 56%, m.p. 106-107"; ethyl 
acrylamidoacetatel" (IV); diethyl acrylamidottenzylmalo- 
natel1s1* (V), C1&?;0s, yield 62yc, m.p. 84-86'. 

From cinnamyl chloride13 and diethyl aminomalonate  vas 

(1) So. 21 in Amino Acid Series. For 50. 20 see L. Keela- 
kantan and W. H. Hartung, J .  Org. Chem., 24, 1943 (1959). 
Work done at the University of Xorth Carolina. 

(2) Supported in part by funds from the Sterling-Win- 
throp Research Foundation and in part by the American 
Foundation for Pharmaceutical Education. This assistance 
is gratefully acknowledged. Present address: Midwest Re- 
search Institute, Kansas City, Missouri. 

(3) Present address: Medical College of Virginia, Rich- - - 
mond, Virginia. 

14) Cf. C. S. Marvel and M. P. Stoddard. J .  Ora. Chem.. 
3,'198 i1938); J. R. Shekelton and C. D.'Lewis; J .  Am. 
Chem. SOC., 67,310 (1945). 

(5) A. M. Mattocks and IT. H. Hartung, J .  Am. Chem. 
Soc., 68,2018 (19-16). 

(6) Prepared by the procedure of H. C. Brown, J .  A m .  
Chem. SOC., 60, 1325 (1938), and C. H. Stempel, et nl., J .  
Am. Chem. SOC., 72, 2299 (1950), in yields of 7040%. 

(7) M. Moureu, Bull. SOC. chim. France [3] 421 (1893). 
(8) hl. Moureu, Bull. SOC. chim. France [3] 422 (1893). 
(9) Calcd.: N, 6.11. Found: N, 5.95, 6.13. 
(10) See under compound IX below. 
(11) Calcd.: N, 4.37. Found: N, 4.24, 4.14. 
(12) The intermediate is described by J. H. R. Beaujon 

(13) H. Meyer, Sitaber., Akad. Wiss. Wien, Math. 
and W. H. Hartung, J .  Am. Pharm. Assoc., 41,578 (1952). 

naturiv. KZ.AbtZZB;110,329 (1901). 


