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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. 
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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). 
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(a) RCH=CH-COC1 + Rl-NHZ + RCH=CHCO?;HR1 

I. R = H, Ri = --Cas 
11. R H, RI  = p-CH3--Ce"- 

111. R = H, Ri = -CH(COzCzHs)* 
IV. R = H, Ri = -CHzCOzC*H6 

COzCzHj 
I 

COzEt 
I 

(c) R3-bH + RCH=CH-COKHRI --+ R3C-CHR-CHXONHRi 
I 1 

COzEt COZCZHI 
X. R = H, Ri = -C&, R3 = -CzHs 

XI. R H, R1 = -CeH5, RS = -NHCOCH3 
XII. R = H, Ri = 4&, R3 = XHCOOCHzCcHs 

Fig. 1. Synthesis of amino acid isomers and analogs, using N-substituted acrylamides 

obtained diethyl cinnamamidomalonatei4 (VI), C16H19?i05, 

yield 91%, m.p. 92-94'. 
A m i n e  adducts. 8-Benzylaminopropionanilide hydrochloride 

(VII). A solution of 7.4 g. of I (0.05 mole) and 10.9 g. of 
benzylamine (0.10 mole) in 25 ml. of anhydrous ethanol was 
placed in a stoppered flask a t  room temperature for 2 days 
with occasional shaking. The solution was then transferred 
to an evaporating dish and the alcohol evaporated on a hot 
water bath, the residual red viscous oil was taken up in 
ether, washed with ten 10-ml. portions of water to remove 
excess benzylamine, and dried over sodium sulfate. To the 
dried ethereal solution was added 0.05 mole hydrogen 
chloride dissolved in 16 ml. of ethanol; the flocculent pre- 
cipitate which formed was augmented by allowing the solu- 
tion to stand overnight in the refrigerator. The crude yield 
of crystals was 13.5 g., 93%. Recrystallized from water, the 
product melted 260-261 '. 

Anal .  Calcd. for C1~H1~N~0C14?H~0:  N, 8.57. Found: N, 
8.55,8.63. 

Diethyl 8-henzylaminopropionamidomnlonate (VIII). A 
solution of 2.29 g. of I11 (0.01 mole), 1.17 g. of benzylamine 
(0.011 mole) in 10 ml. of absolute ethanol, in a stoppered 
flask was shaken intermittently; after 5 hr. I11 had all dis- 
solved; after 48 hr. the ethanol and excess benzylamine were 
removed under reduced pressure. As the residual product 
was low melting, it was converted to the hydrochloride; 
yield, practically quantitative; m.p. 238-239'. 

Anal .  Calctl. for Ci7HZ5N20bC1: N, 7.51. Found: N, 7.46, 
7.66. 

Ethyl P-benziila?nanopropionamidoaeetate hydrochloride (IX). 
A solution of 1.6 g. of IV (0.01 mole) and 1.17 g. of benzyl- 
amine (0.001 mole) in 4 ml. of absolute ethanol was allowed 
to stand at room temperature for 24 hr. To this was added 
0.365 g. hydrogen (chloride (0.01 mole) in dry ethanol; on 
cooling a crystalline precipitate formed; a second crop was 
obtained by adding ether to the mother liquors; the com- 
bined products were recrystallized from ethanol, obtained 
2.0 g., yield (36.5'%, m.p. 197-198.5'. This product mas a 
hemihydrate. 

S, 9.04,9.02. 
Anal .  Calcd. for C14HZ1N203C1.1/~ HzO: K, 9.04. Found: 

The melted salt, on cooling solidified without apparent 
decomposition and remelted at  173-175", and is very 
hygroscopic; this is presumably the anhydrous salt. 

(14) Anal .  Calcd.: C, 62.94; H, 6.36; S, 4.58. Found: 
C, 63.39; H, 6.31; N, 4.76. 

Michael additions. 4,4-Dicarbethoxycaproanilide (X). To a 
stirred solution of sodium ethoxide, prepared from 0.077 g. 
of sodium (0.0033 g.-atom) in 30 ml. of anhydrous ethanol 
nTas added 3.76 g. of diethyl ethylmalonate (0.02 mole); 
then was added 2.94 g. of I (0.02 mole). The solution was 
warmed for 5 hr. to 70-80" and then allowed to stand at 
room temperature for 4 days; the solution W:LS transferred 
to an evaporating dish, by addition of acetic acid the pH 
was adjusted to 6, and the ethanol evaporated in a current 
of air. The crude product crystallized partially, the crystals 
were removed, weighing 5.2 g., 77.57,; recrystallized from 
ethanol-water, m.p. 89". 

Anal .  Calcd. for C1aH&OS: N, 4.17. Found: N, 3.98,3.99. 
4-Acetamido-4,~-dicarbethoxybutyroanilide (XI). To a 

stirred solution of 0.080 g. sodium (0.0035 g.-atom) in 40 ml. 
of ethanol was added 4.5 g. of diethyl acetamidomalonate 
(0.0275 mole); when solution was complete there was added 
3.65 g. of I (0.0275 mole). After 30 min. of intermittent 
stirring solution was complete. The container was stoppered 
and sealed ni th  paraffin and allowed to stand for 2 days, a t  
which time there was a solid mass of crystals. The product 
was transferred to an evaporating dish, neutralized with 
acetic acid (3 drops), and the ethanol evaporated in stream 
of air. The resulting solid, crystallized from dilute ethanol, 
weighed 4.1 g., yield, 40aJ0, and melted 143". 

Anal .  Calcd. for C~~RZ&ZO~: N, 7.69. Found: S, 7.i7, 
7.42. 
4-Carbobenzyloxyamido-~,~-dicarbethoxybut yroanilide (XI1 ). 

To a solution of 0.80 g. of sodium (0.0035 g.-atom) in 30 ml. 
anhydrous ethanol was added 6.18 g. diethyl carbohenz:l- 
oxyaminomalonate12 (0.02 mole), follom-ed liy 2.94 g. of I 
(0.02 mole); the container was stoppered, sraled with 
paraffin, and allowed to stand a t  room temprrstiire for :L 
week. The reaction mixture developed a red color. The solu- 
tion was then transferred to an evaporating tlirh, neutrwl- 
ized with acetic acid (3 drops), and the alrohol removed 
in a stream of air. The red-brown residue was crystallized 
several times from dilute ethanol, affording 7 . i  g. of color- 
less crystals, yield 85%, m.p. 99-100". 

Anat. Calcd. for C24H28N201: N, 6.14. Foii~id: K, 5.93, 
6.14. 

Ethyl cinnamamidoglycine (XIII) by  decarbethoxylatzon of 
VI .  Acrylamidomalonic esters, containing within a single 
molecule all the requisite functional groups to  undergo the 
hlichael reaction, were examined for possible Itvrrolidone 
formation,16 perhaps, according to a scheme that may be 
indicated as follows: 
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R--C‘ HE C H l1-C H-CHZ 
1 1  

‘ C  co C,H,OOC 1 ( a t a ~ i t i c  
C ?H500C, 

CH CO bdip 
C2H500C’ \N/ C2H500C’ \y/ 

I 
H H 

Accordingly a solution was prepared from 0.023 g. of sodium 
(0.001 $.-atom) in 250 ml. of anhydrous ethanol, and to this 
was added 2.73 g. of VI (0.009 mole); the container was 
fitted with a reflux condenser with calcium chloride tube a t  
the upper opening. The solution was refluxed for 12 hr.; it 
was then neutralized with acetic acid, the first portion of 
ethanol was removed by distillation, and the final portion 
was alloi\--ed to evaporate a t  room temperature. The product, 
weighing 2.0 g., crystallized first from dilute ethanol and then 
from benzene-petroleum ether (b.p. 30-60°), melted at  
107-10S”. The expected pyrrolidinone melts 96-98’.15 The 
product still gave a positive test for ethylenic bond; molecu- 
lar might deterniination gave values of 220-230. 

Anal. Calcd. for C1?HIsYOJ, m.n-., 233: C, 66.95; HI 6.44; 
X, 6.01. Found: C ,  66.98, 66.89; HI 6.35, 6.40; N, 5.86, 5.94. 

d n  a ithentic sample of ethyl cinnamamidoacetate was 
prepare, 1 from cinnamyl chloride and ethyl glgcinate, m.p. 
109” ; the melting point when mixed with product obtained 
was not depressed. 

Such decarbethosylation probably proceeds by the same 
mechanism by which diethyl diphenylmalonate and diethyl 
phenylethylmalonate form ethyl diphenylacetate and ethyl 
a-phenylbutyrate, respectively, when heated in an alcoholic 
solution containing an equivalent of sodium ethoxide.l6 

MEDICAL COLLEGE OF VIRGIKIA 
RICHIIIOAD, S‘a. 

(15) 12. H. Cocolas and W. 11. Hartung, J .  Am. Chem. 

(16) 4. C. Cope and S. 31. McElvain, J .  -4m. Chem. Soc., 
Soc., 79,, 5203 (1957). 

54,4319 (1932). 

1 -Alkyl-3- (a,a,a- trifluorotolylsulfonyl)ureas 

HARRY L. YALE ASD FRANCIS SOWINSKI 

Received Apri l  6,  1960 

We are reporting the preparation of a group 
of 1-dkyl-3- ( a ,  a ,  a-trifluorotolylsulfonyl) ureas (I). 
These compounds are now being evaluated for 
hypoglycemic activity. 

0 
I 1  0 SO, -NH- C-KHR 

3’ 
I c F3 

The literature on the procedures which may be 
employed for the synthesis of compounds like I 
has been reviewed recently.2atb In our approach, 
the a,a,a-trifluoro-o- and -m-tolyl derivatives 
were prepared as shown in Chart I. The synthe- 

(1) The role of the trifluoromethyl group in medicinal 
chemistry has been reviewed by H. L. Yale, J. Med. Phar7n. 
Chem., 1,121 (1959). 

(2a) 13. R. Caseady, C. Ainsworth, N. R. Easton, M. 
Livesey, &I. V. Sigd, Jr., and E. Van Heyningen, J .  Org. 
Chem., 23, 923 (1958); (b)  F. J. Marshall and M. V. Sigal, 
Jr . ,  J .  Org. Chem., 23, 927 (1958). 

-__ 

Chart I 
HCJ 

so2 

HOhO XHa 
0- and m-F3C-C6H4NH2 __f ArS02C:1 -+ 

RNHz -+ 0- and m-F,C-C6H4S02NHCOKHIt 

sis of the p-derivative differed only in the proce- 
dures used for the preparation of the interme- 
diate (a,a,a - trifluoro - p - toly1)sulfonamide 
(Chart I1 A,B) 

Chart I1 

1. HONO 

3. NaOH 
F3C--@03H 2. H3P02 + p-F3C-CRH4S03Na 

2 Steps as 
in (I) above 

(1) HOXO 
(2) Hip02 ClSOaH 

(3) NaOH 
- p-F3C-C6H4S03Na - 

p-F3C--CsH4S02CI 
I NHa 

Kracker and Herrlein3a have reported that one 
mole each of a, a )  a-trifluoro-m-toluidine and chloro- 
sulfonic acid in o-dichlorobenzene at  180” gave 
4 - amino - a,a,a - trifluoro - o - toluenesulfoiiic acid. 
Similarly, Zitscher and K e h l e r ~ ~ ~  stated that a,a,a- 
trifluoro-m-acetotoluidide and an excess of fuming 
sulfuric acid in tetrachloroethane at  145” gave 
4-acetamido-a,a1a-trifluoro-o-toluenesulfonic acid. 
Neither group of workers provided proof for their 
structural assignments. We have repeated4 the 
procedure described by Kracker and Herrlein 
and obtained an amino-a,a,a-trifluorotoluenesul- 
fonic acid whose infrared spectrum was identical 
with that obtained from the 2-amino-a,a1a- 

(3a) H. Kracker and F. Herrlein, U.S. Patent 2,119,882, 
June 7, 1938; (b) A. Zitscher and H. Kehlen, U. S. Patent 
2,141,893, Dec. 27,1938. 

(4) This experiment was carried out by Dr. W. B. 
RlcDowell of the Chemical Developmemt Section, Squibb 
Institute lor Medical Research. 


