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the pH values were determined, and the spectra were measured 
on a Beckman DK 2 recording spectrophotometer a t  room tem- 
perature in 1-cm. silica cells. 

2-Hydroxy-d,4'-dimethoxychalcone (XIII).-( a)  The chalcone 
SI11 was synthesized by the following modification of Robinson's 
procedure.21 A solution of potassium hydroxide (11.5 g.) in 
the minimum quantity of water was added to a solution of o- 
vanillin ( i . 6  9.) and p-methoxyacetophenone (8.3 g.) in ethanol 
(40 nil.). After 20 hr., water (250 ml.) and glacial acetic acid 
(3.5 ml.) were added. The yellow product was collected and 
recrystallized from acetone-methanol. The chalcone XI11 
separated as yellow, glisteningplates, m.p. 141-142". 

A n a l .  Calcd. for C17H1604: C, 71.8; H, 5.67; 2 MeO-, 21.8. 
Found: C, 71.7; H,5.58; Me0-,21.7. 

Acetylation of the chalcone (0.5 g.) in acetic anhydride ( 5  ml.) 
and pyridine (6 drops) gave 2-acetoxy-3,4'-dimethoxychalcone 
which separated from methanol as very pale yellow prisms, 
n1.p. 111'. 

A n a l .  Calcd. for C19H1800: C, 69.9; H, 5 .56;  2 MeO-, 19.0. 
Found: C,70.1; H,5.50; MeO-, 18.9. 

(ti) 8,4'-Dimethoxyflavylium chloride** was crystallized as 
orange needles from glacial acetic acid by the addition of ether. 
Aqueous citrir acid-sodium phosphate buffer solution (pH 5.4, 
300 ml.) was added to a solution of the flavylium salt (4.0 g.) 
in warm methanol (300 ml.). The cloudy, warm solution was 
allowed to cool slowly. The yellow crystalline product was col- 
lected and recrystallized from acetone-methanol. Yellow plates, 
m.p.  141-142', undepressed on admixture ni th  the synthetic 
chalcone XIII, were obtained (3.0 g.). 

.2nal. C ,  71.8; H,  5.67; 2 MeO-, 21.8. 
Found: 

The acetate of the product, prepared as above, separated from 

Calcd. for C17HI604: 
C,  71.8; H, 5.62; MeO-, 21.8. 

('21) R. Robirson. 11. G. Crabtree. C .  K. Das, U'. Laason,  R. W. Lunt.  

(22)  D. 4 .  Collins. F. Hawor th ,  I<. Iaarasena. and  -4. Robertson, ibid., 
1'. €1. Roberts. a r d  P. N. Williams. J .  Chem. SOC., 125, 207 (1924). 

1876 (19.50). 

methanol as pale yellow prisms, m.p. and m.m.p. with 2- 
acetoxy-3,4'-dimethoxychalcone, 11 1 '. 

2,2 '-Dihydroxy-3-methoxychalcone (XV).-( a) Aqueous potas- 
sium hydroxide (<!Ox,, 10 ml.) was added to a solution of o- 
hydroxyacetophenone (7.0 g.) and o-vanillin ( 7 . 5  g.) in ethanol 
(25 nil.). The mixture was heated under reflux for 1 hr. and 
acidified with dilute acetic acid (300 ml.). The yellow product 
solidified when the aqueous suspension was washed with a little 
petroleum ether and ether. It crystallized from methanol as 
golden yellow, prismatic needles, m.p. 1i9-180°, which gave an 
intense brown color with ferric chloride in ethanol (1.65 g.), 

,4naZ. Calcd. for C,6HI,0,i: C, 71.1; H, 5 .22;  MeO-, 11.5. 
Found: 

The chalcone (0.2 g.), acetic anhydride (2.0 nil.) and pyridine 
(4 drops) were allowed t'o react for 10 min. a t  room temperature. 
Water was added and the solid product was collected. Recrptal- 
lized from acetone-methanol, 2'-hydroxy-2-acetoxy-3-methoxp- 
chalcone (XI-I) separated as yellow prisms, m.p.  164-165". 
In  methanolic ferric chloride the acetate gave an intense brown 
color. 

Anal.  Calcd. for clSH16O~: C, 69.2; H, 5.16; 1 MeO-, 9.9.  
Found: C,69.1; H ,  5.13; MeO-, 10.5. 

(b)  8-Methoxy-2'-hydroxyflavylium chlorideI4 (8.0 g.) was 
added to boiling 0.1 M aqueous citric acid (500 ml.). The 
mixture was heated for 5 min., cooled, and filtered. The yellow 
product crystallized from acetone-methanol as yellow needlrs. 
m.p. 179-180", undepressed on admixture with the synthetic 
chalcone (4.6 g.). 

A n a l .  Calcd. for CI6Hl4O4: C,  71.1; H, 5 . 2 2 ;  1 bfeO-, 11.5. 
Found: C,70.9; H,5.21; MeO-, 12.0. 

Monoacetylation of t,he product, as described above, gave an 
acetate, m.p. and m.m.p. with 2'-hydrosy-2-wcetor;y-3'- 
methoxychalcone, 164-165'. With methanolic ferric chloride 
the acetate gave an intense brown color. 

C, 71.2; H,  5.25;  MeO-, 11.8. 

Acknowledgment.-The author is indebted to  L. 
M. White and Miss G. Secor for the elemental analyses. 
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In the presencc of a basic catal? st, propargyl alcohols arid propargylaminre relict with is,(ymict.js to  give 1- 
methylene-2-oxazolidinones ( IV)  and 4-methylene-2-imidazolidinones (VIII), respectivel? , The expected ope':- 
c-hain urethanes (111) and ureas (VI I )  are obtained readily in the absence of base. The cyclizations are examples 
of especially easy intramolecular nucleophilic additions to C=C. 

The reaction of aii ethynylcarbinol (I) and an iso- 
cyanate (11) in the presence of a catalytic quantity of a 
base does not stop with the formation of a urethane 
(111), but proceeds to give a 4-methylene-2-oxazol- 
idinone (IT) by intramolecular X-H addition to the 
triple bond. In  the absence of a basic catalyst, the 
expected urethane (111) is formed; the cyclization of 
I11 to IV occurs smoothly on treatment with sodium 
methoxide. This cyclizatioii reaction was very recently 
reported in two brief n0tes.I * 

In this publication we wish to report our work re- 
lating to the synthesis of -2-methyleiie-2-oxazolidiiiones, 
as well as aiialogous cyclixatioris of propargylureas 
and propargyl N-phenylthiocarbamate. Reactions of 
this type represent especially easy intramolecular 
nucleophilic additions to C=C, which might be 
formulated most generally as 

(1) K. Sisido, I<. Hithunka, 11. Tuda, and €1. Nozaki, J .  UFO. Cham.. 27, 

( 2 )  K. R. Easton, I). R. Cassady, and R. D. Ilillard, ibid., 27, 2927 
26ti:J ilYti2). 

(19621. 

\ C-C=C- (base) \ C-C=CH- 

'X (4 z -+ I 

Y 9 

Although urethanes can be obtained from tertiary 
alcohols only with great difficulty owing to facile de- 
hydration to give an olefin and a urea, it has been shown 
that tertiary ethynylcarbinols undergo addition to 
isocyanates to afford t'he corresponding 
Carbamic acid esters have been synthesized from terti 
ary ethynylcarbinols by reaction with an alkali-metal 
cyanate and trichloroacetic acid.4 

The 4-methylene-2-oxazolidirioiies (IT), descrihed 
in Table I, were prepared by treatment of an ethyiiyl- 
carbinol wit'h an isocyaiiat,e and a catalytic amount of 
sodium mcthoxide. The structure 11- was assigned on 

(3)  H. Ensslin and K. LIeier, U. S.  Patent 2,798,885 11957). 
'4) G .  Jlarshall ,  J. H. Barnes, and P. A .  RIcCrea, E. S. Patent 2,814,637 

(19i7).  
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TABLE I 
4-METHYLENE-2-OXAZOLIDINONES 

0 

0-4-N--K.3 
I I 
I 

R1-C- C=CHz 

R* 

Com- 
pound R1 R l  R'  

IVa CHI CHB CeH6 

IVg CH3 CH3 C2H5 
IVh CH3 CzHs C2H5 

Reaction 
solvent 

N-Methyl- 
pyrrolidone 
N-Methyl- 

p yrrolidone 
Ether 

Cyclohexane 

Ether 
Ether 

Ether 
Ether 

Approx. 
yield, 

% 
90 

30-50 

70 

90 

GO 
50 

70 
60 

Crystal- 
lization 
solvent 

Ethanol 

Ethanol 

Chloro- 
form 
Isooctane 
Pet. ether 
(30-600) 
Ether 
1,2-Dimeth- 
oxyethane 

-f 

-0 

X p . ,  
"C. 

130-133b 

166-168' 

94-97d 

87-89 

112-1196 
134-1 35 

----Sl0 c- -yo €1-- -% s- --AIol. 1\t.-- 
Calad. Found Calcd. round Calcd. Found Calcd. Found' 

T O  9 71 0 G 45 6 67 6 90 7 14 203 204 

74.1 73.8 7.12 7.05 5.77 5 .61  243 243 

68.6  68 .4  5.18 5.04 8 .00  8 15 175 177 

61.9 61.9 8 .38  8 .45  9 .03  9 .02  - - 
63.9 63.4 8 .87  8.86 8 .28  8.43 - - 

a Ebullioscopic in acetone. 
Reported,' m.p. 97-98'. 

bReported,2 m.p. 94-95". We believe this reported m.p. to be in error. e Reported,' m.p. 167-1675'. 
9 Purified by e Reported,2 m.p. 121-122'. fPurified by distillation, b.p. 72-74' (0.3-0.6 mm.), n2% 1.4631. 

distillation, b.p. 87-91' (1.2-1.5 mm.), n% 1.4653. 

H 
0 

the basis of analytical and infrared data. Character- 
istic infrared absorption bands were observed a t  1775- 

and 830-820 cm.-'. The regions 3600-3100 and 2200- 
2000 cm.-l were devoid of significant absorption. I n  
contrast, several urethanes (111), synthesized for com- 
parison, exhibited the following infrared absorption 
pattern: 3460-3400 (N-H), 3330-3300 (=C-H), 
2140-2100 (C=C), 1740 (C=O), and 1585 cm.-l 
(-CONH-). Although IVa and IYb did not undergo 
hydrogenstion over a platinum oxide catalyst a t  room 
temperatlire under atmospheric pressure, they did ab- 
sorb one mole of bromine readily. The addition of 
bromine to IIIa (R1=R2=CH3; R3=C&) and I I Ib  
(R',R2= - (CH2)6-; R3=C6H6) was sluggish; how- 
ever, the amount absorbed approached two moles. 
Quantitative hydrogenation of IIIa proceeded smoothly. 

The structure of the major product of the base- 
catalyzed reaction of propargyl alcohol and phenyl 
isocyana te was shown to be 4-methylene-3-phenyl-2- 
oxazolidinone (Il'c) by infrared and n.m.r. spectros- 
copy.5 I t s  infrared spectrum showed a pattern iden- 
tical with the other 4-methylene-2-oxazolidinones (IV) 
(1770, 1680, 1635, and 820 cm.-l>. Unequivocal 
confirmation of the position of the double bond in 
Il'c was obtained from its n.m.r. spectrum, which dis- 

1760 (C=O), 1695-1680, 1658-1635 (>C=CHJ, 

(6) In  view of the  ease with which we were able t o  isolate IVc as the  
major product, it w&s surprising t o  note t h a t  Sisido, et aZ.,1 found this 
product i n  one experiment. hut could not isolate i t  in numerous experlments 
subsequently performed. 

played a band at r 2.77 and two multiplets a t  r 6.08 
and r 5.92, with intensity ratios of 5:2:2, respectively. 
The reaction afforded, in addition, small amounts of two 
other products, both isomeric with IT'c, propargyl N -  
phenylcarbamate (IIIc) and 4-methyl-3-phenyl-4-ox- 
azolin-2-one (V). The n.m.r. spectrum of V displayed 
a doublet at r 8.25, a quartet a t  r 3.33, and a multiplet 
at r 2.77, with intensity ratios of 3 : 1 : 5 ,  respectively. 
The olefinic carbon-carbon stretching frequency in the 
infrared spectrum of V appeared a t  1670 cm.-l; the 
carbonyl group absorbed a t  1760 cm.-'; the regions 
1680-1695 and 800-900 cm.-' were devoid of significant 
absorption. 

The carhamat,es IIId (R1 = CH3, R2 = C2t15) and IIIe 
(R1, RP = -(CH2),-) did not undergo cyclization when 
treated with a catalytic amount of sodium methoxidr. 
With a stoichiometric amount of base, cleavage oc- 
curred to the corresponding ethynylcarbinol and pre- 
sumably cyanate. 
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0 The n.m.r. spectrum of IX contained multiplets 
O-A--NH2 I 

I 

OH 

1 

centered a t  r 5.17, r 4.97, and r 2.83, with intensity 
ratios of approximately 2 : 2 : 2, respectively; while X 
produced two quadruplets a t  r 6.00 and r 5.73 and two 
multiplets a t  r 4.95 and r 2.62, with intensity ratios of 

R'-A-cd2H + R1-b-c-CH -I- NaNCO+ CHzOH 

R2 112 
IIId, I I Ie  approximately 1 : 1 : 2 :  5 ,  respectively. Minor absorp- 

tion appeared in the CH3 region in each spectrum (at 
7 8.17 for X and r 8.33 for IX), attributable to the 
presence of small amounts of the corresponding isomers 
havillg an interrlal double bond. 

ProPargYlic ureas (T'II) were converted to 4-methYl- 
ene-2-imidazolidinones (YIII) 011 contact with base. 
The ureas (S'II) mere synthesized from a 3-alkylamino- 
1-butyne (lrI) and an isocyanate. When the latter 
condensation was conducted in the presence of sodium 
methoxide, the cyclic product T'III was obtained di- 
rce tly . 

R' 

Experimental' 
N.m.r. and Infrared Spectra.-The n.m.r. spectra were dc- 

termined at 60 hIc. with a T'arian HR-60 spc~tronic~ter. I)t.uterio- 

Rl 0 R1 0 
'KH \ S-&-SHR2--p Nn OC! Ia\ _U-&-y-n2 

I / *  

I 

VI I VI1 VI11 

CHr-CH-C=CH+R2XCO + I 
CH3-CH-C-CH CH3--CH--C=CT& 

t L NaOCHa J 

VIIa, VIIIa. R1 = e, R2 = p-ClC&- 
VIIb,VIIIb. R' = CHI CH3 

I I 
CH3-C-CHz-C-, R2 =p-ClC,jTII- 

AH3 AH1 
VIIIC. R' = CH3 CH, 

CHs--d-cH2--d-, R2 = 2,5-Cl,CsH,- 
I I 

CH3 CHI 

The structural assiguments for the ureas (VII) and chloroform was employed as the solvent and tetramethylsilane 
the 4-methylene-2-imidaaolidinones (VIII) mere based served as the standard* 

The infrared spectra were obtained with a Perkin-Elmer, Model on infrared spectral data and elemental analyses. 21, spectrophotometer. Except where indicated otherwise, the 
compounds were scanned differentially in chloroform solution 

butyne (VIb) and 3-hydroxy-3-methyl-1-pentyne (I. (0.1 g. compound/0.5 ml. CHCla). Matched 0.05". cells 
XI= CH3, R?=  C2Hr) resisted reaction with phenyl (YaCl) were used. 

1 ,I-Dimethyl-2-propynyl N-phenylcarbamate (IIIa).-To a isothiocJ'anate* solution of 16.8 g. (0.20 mole) of 2-hydroxy-2-methyl-3-butyne in 
disulfide as has been reported by Batty and Weedon' 50 ml. of AT-methylpyrrolidone was added 25.0 g. (0.21 mole) 
for certain less hindered 3-alkylamino-1-butynes. of phenyl isocyanate a t  a rate such that the t.emperature of the 

reaction mixture remained between 25 and 30". The addition 
required about 3 hr. The mixture was stirred a t  room tempera- 
ture for several hours and then was poured onto 200 g. of crushed 
ice. The product was extracted with ether and the ether solution 

CH3-CH-C~CH + CS2 + XaOH+ CH3-CH-C=CHz was dried over anhydrous sodium sulfate. The ether was re- 
moved and the crude crystalline product (41 g.) was recrystal- 

A smooth reaction was observed, however, with lized from petroleum ether (30-60"), m.p. 102-103'; reported,E 
propargyl alcohol and phenyl isothiocyanate. Two m.P. 101-101.5'. An acetylenic hydrogen analysis by the 
isomeric products, presumably IX and X, were isolated method of Barnes and Mohin ig  showed 0.20 g./meq. (calcd., 

0.20 g./meq.). 4 n  ethanolic solution (25 ml.) containing 2.0 g. 
(0.00985 mole) of I I Ia  absorbed 0.0183 mole of hydrogen over a in 46 and 16% yield, respectively. 
platinum oxide catalyst (0.05 g.) a t  room temperature under 

HC-C-CH2-0H + C6HsxcS -+ atmospheric pressure. 
In  a manner similar t o  that described above, propargyl N -  

phenylcarbamate (IIIc) was prepared from propargyl alcohol and 
S phenyl isocyanate in an almost quantitative yield. Ether served 
/I as the reaction solvent; the product was purified by recrystalliza- c tion from an ether-petroleum ether (30-60") mixture, m.p. 61- 

63"; reported,'O m.p. 62-63'. 
I-Ethynylcyclohexyl N-phenylcarbamate (IIIb) was s p t h e -  

sized in a similar manner from phenyl isocyanate and l-ethyl- 
cyclohexanol, m.p. 94-96' [from petroleum ether (30-60")l; 
reported,I1 m.p. 94-96'. 

Cyclization of 1, I-Dimethyl-2-propynyl N-Phenylcarbamate 
(1IIa)a-A Solution of 5.0 g. (0.025 mole) of I I Ia  and 0.08 g .  
(0.0015 mole) of sodium methoxide in 10 ml. of N-methylpyrroli- 

Even under forcing conditions, 3-t-octYlamino-l- 

The amine 'Ib did not add to 

R S 
II \ 

I 
R-Y-C-S S H  

I /  

NaOCH3 

CsH5 
I 

' '-c6Hj 

+ CH~-C=CH~ 

The structural assignments, though not unequivocal, 
were based on infrared, analytical and n.m,r, data. 
Both infrared spectra were devoid of C r C H ,  K-H, 

' I  
I X  X 

d 's 
I 

and S-H absorptions' The lower 'Om- 
pound, IX, was shown to be the stronger base by poten- (7) All melting points and boiling points are uncorrected. 

(8) W. G .  Young and I. D. Webb. J .  Am. Chem. 9oc..  73. 780 (1951). 
tiometric titration with perchloric acid in acetic acid. (9) L. Barnes and L. J. Molinini, Anal. Chen . .  !27, 1025 (1955). 

(10) R. Lespieau. Bull. a m .  chin .  France, (4) 3, 640 (1908). 
(11) K. Junkmann and H. Pfeiffer, U. S. Patent  2,816,910 (1957). 16) W. Batty and  B. C. L. Weedon, J. Chem. SOC., 786 (1949). 
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done was stirred at  70-75" for 2.5 hr. The red solution was kept 
a t  room temperature for several hours and then was poured into 
50 nil. of cold water. The product, .i,5-~linirthyl-l-nletliylene-3- 
phenyl-2--cixazolidinone (IYn), ~ 2 , s  collected on a filtcr and re- 
crystallized from 95'); ethanol, n1.p. 130-133" (see Table I ,  
footnote 6 ) ;  yield 4.4 g. (8x0;; ). 

Direct Synthesis of the 4-Methylene-2-oxazolidinones (IV).- 
The following general procedure was used for the synthesis of 
the compounds described in Table I. The isocyanate was added 
slowly to a sctlution of the ethynylcarbinol and a catalytic amount 
of sodium methoxide (ca. 5 mole ( { )  in the reaction solvent 
at  0-30". The mixture was stirred a t  room temperature for 
several hours and then was added to an ice-water mixture con- 
taining just enough sulfuric acid to neutralize the base. The 
product was extracted with ether and the ether solution was 
dried over anhydrous sodium sulfate. The crude product, ob- 
tained on removal of the ether, was generally found to be of 
high purity by infrared examination and melting point determi- 
nation. 11-g and I\-h were purified by dist,illation; t,he other 
compounds were recrystallized. 

Base-catalyzed Reaction of Phenyl Isocyanate and Propargyl 
Alcohol.-During a period of 4.5 hr., 119 g. (1.0 mole) of phenyl 
isocyanate was added to a solution of 56 g.  (1.0 mole) of pro- 
pargyl alcohol and 1.8 g.  of sodium methoxide in 300 ml. of diethyl 
vthrr while the temperature was maintained at  25-33', After 
the mixture was heated under gentle reflux for 8 hr., the dark 
ether solution was decanted from a large quantity of crystalline 
solid which had precipitated. 

The solid, which proved to be the major product, 4-methylene- 
3-pheny1-2-oxazolidinone (IVc), was recrystallized from a chloro- 
form-isooet:tne mixture; yield, 122 g. (See Table I) .  From the 
dark ether solution an oily mixture was obtained. I ts  infrared 
spectrum showed the presence of propargyl .\;-phenylcarbamate 
(II Ic) .  From the oil, 4-methyl-3-phenyl-4-oxazolin-2-one (7') 
was isolated by distillation, b.p. 135-140" (0.35 mm.),  n Z s ~  
l..5,583 (uncor.). On standing, the compound solidified. It 
was purified by recrystallization from an ether-petroleum ether 
(30-60') mixture, m.p.  57-58"; report,ed,l m.p. 97.5-98".12 

.4~tal. Calcd. for CloH,02S (I-): C, 68.6; H, 5.18: N ,  
S.OO; mol. wt., 175.2. Found: C, 68.5; H, 5.01; 1, 8.09; 
niol. n t . ,  (ebullioscopic in acet,one), 176. 

Bromination of IIIa, IIIb, IVa, and 1Vb.-A weighed quantity of 
the unsaturated compound was dissolved in chloroform. The 
solut,ion was titrated with a standardized solution of bromine in 
chloroform to the appearance of a permanent yellow color. 
Ilificulty  vas encountered with the propynyl compounds, I I I a  
and IIIb,  owing to the appearance of a precipitate during the 
titration. 
Br2/mole): IIIa,  1.i1; I I Ib ,  1.94; IT-a, 1.00; IVb,  0.90. 

Attempted Cyclizations of 1-Ethyl-1-methyl-2-propynyl Carba- 
mate (IIId) and 1-Ethynylcyclohexyl Carbamate (IIIe).-The 
carbamates IIId and IIIe were prepared by the method of Mar- 
shall, Barnes, and McCrea.' A solution of 20.6 g. of I I Id  (m.p. 
66-57'; reported,J m.p. 53.5-55') and 0.1 g. of sodium methox- 
ide in 40 nil. of :\-niethylpyrrolidone was stirred for 8 hr. a t  60- 
70". The mixture was poured into water and the product was 
extracted with ether. An infrared spectrum of the oil (16.1 g.), 
obtained from the ether solution, showed it to be mainly starting 
mat,erial. 

A mixture of 0.12 mole of I I Id  and 0.12 mole of sodium meth- 
oxide in 50 ml. of ether was stirred a t  30-35" for 1 hr. and then 
was allowed to remain a t  room temperature overnight. The 
slurry was poured into 200 ml. of cold water and the system was 
neutralized with l0so sulfuric acid. The liquid product (8.5 g.) 
was extracted with ether and the solution was distilled. Thus, 

) of 3-hydroxy-3-methyl-1-pentyne (b.p. 31-36' 
D 1.4282) and 2 .5  g. (l5Yc) of starting material, 

I I Id ,  were obtained. Both compounds were identified by their 
infrared spectra. 

Similarly, treatment of 5.0 g. of the carbamat'e IIIe (m.p. 
94-95O; reported," m.p, 94-96") with 1.6 g. of sodium meth- 
oxide afforded 3.6 g. of an oil which consisted mainly of l-ethynyl- 
cyclohexanol. 

3-t-Octylamino- 1 -butyne (VI b ) and 3-C yclohexylamino- 1 - 
butyne (VIa).13-A mixture of 50 g. (0.39 mole) of t-octylamine 

The following results n-ere obtained (compound, mol 

(12) Both the melting point and the infrared bands, which Sisido, et al.,' 
Their n.ii1.r. data ,  however, ro- give for V, correspond t o  our  data  for IVc.  

incrde wi th  ours. 
( 1 3 )  C Gardner, ,J. D Rose, V. Kerrrgan, and B. C. I,, Wwdon,  J .  Chem. 

Soc. ,  780 (1949). 

(b.p. 137-143"), 50 g. of freshly distilled 1,2-dimethoxyethane and 
g. (0.03 mole) of cuprous chloride WNS trcatcd Mith acetyI(Lnv 

under 400-430-p.s.i. pressure in  a magnetirall~ stirred autoclavr. 
During a period of 26 hr. a t  110-120", 16 g. (0.615 mole) of 
acetylene was adsorbed. Distillation afforded, in addition to 
3.0 g. (5 .8 '1~)  of t-octylamine, 47.4 g. (67.27c) of pure 3-t-octyl- 
amino-1-butyne (VIb) b.p. 66" (4.0-4.5 mm.), n Z 5 ~  1.4432. 
The infrared spectrum (liquid) showed absorption bands at 3320 
(sCH), 2990 (C-H), 2105 (CEC), 1475 (CH,), 1380, and 1370 
cm.-l (C-CH,). Apparently, the iT-H :hsorption w:ts too 
u-eak to be observed. 

In an analogous manner, 3-cyclohexylamino-I-butyne (VIa) 
was prepared, b.p. 74-77"( 10-12 mm.). The compound solidi- 
fied a t  room temperature; reported,13 b.p. 82-85' (17 mm.),  
60" ( 5  mm.),  m.p. 43-44". 

S-C yclohexyl-4-( 1 -methyl-2-propyn y1)-A''-p-chlorophenylurea 
(VIIa).-A solution of 17 g. (0.11 mole) of p-chlorophenyl iso- 
cyanate in 30 ml. of ether was added to 13.8 g. (0.11 mole) of 
3-cyclohexylamino-1-butyne (VIa) during a period of 0.75 hr. a t  
25-35', An additional 300 ml. of ether was added to the gelati- 
nous slurry and the heterogeneous mixture was stirred at  room 
temperature for 5 hr. From the reaction mixture 11 g. of color- 
less crystalline product was removed directly by filtration. An 
additional 20 g. of crude solid was obtained from the ether solu- 
tion. Purification was effected by recrystallization from an 
ether-petroleum ether (30-60") mixture, m.p. 107-109", yield 
18.6 g. (60%). 

Anal. Calcd. for Cl,H?10S2C1: C, 66.9; H, 6.90; E, 9.18; 
C1, 11.65. Found: C,O7.0; H, 6.95; ?;,8.98; C1, 11.62. 

Infrared absorptions: 3375 (X-H), 3290 (sCH), 1663 
(C=O), 1600 and 1497 (aromatic C=C), and 1530 cm.+ 

5-Methyl-4-methylene-3-p-chlorophenyl-l-cyclohexyl-2-imid- 
azolidinone (VIIIa).-A solution of 5.0 g. (0.012 mole) of the urea 
VIIa in 20 ml. of ,Y-methylpyrrolidone was treated with a few 
milligrams of sodium methoxide. An exothermic reaction 
which carried the temperature to 50" was observed. The red 
solution was heated at  50-60" for 4 hr., and then was poured into 
an ice-water mixture. The product was extracted mith ether 
and the ether solution was dried over anhydrous sodium sulfate. 
An oil (5 .0 9.) remained after removal of the ether. The product 
YIIIa was purified by crystallization from an ether-petroleum 
ether (30-60") mixture, m.p. 147-151", yield 2.6 g. ( 5 2 % ) .  

Anal. Calcd. for C17H210N2C1: C, 66.9; H, 6.90; X, 9.18; 
C1, 11.65. Found: C, 66.9; H, 7.10; R, 9.05; C1, 11.62. 

Infrared absorptions: 1690 (C=O), 1660 (>C=CH?) 
1600 and 1500 cm.-' (aromatic C=C). The strong sharp bands 
at 3375, 3290, and 1530 cm.-l, present in the spectrum of VIIa, 
were conipletely absent in the spectrum of VIIIa. 

N-t-Octyl-LV-( 1-methyl-Z-propynyl)-S '-p-chlorophenylurea 
(VIIb).-3-t-Octylamino-l-butyne (0.055 mole) was treated with 
p-chlorophenyl isocyanate (0.055 mole) in ether. Purification of 
the product, VIIb, was effected by recrystallization from petro- 
leum ether (30-60"), m.p. 67-69' yield 13 g. (70%). 

Anal. Calcd. for ClgH2,NnOCl: C, 68.1; H, 8.11; X, 8.36; 
C1, 10.6. Found: C, 67.9; H ,  8.17; N, 8.06; C1, 10.6. 

The infrared spectrum of VIIb was very similar to  that of 
VIIa. 
5-Methyl-4-methylene-3-p-chlorophenyl-1-t-octyl-2-imidazol~di- 

none (VIIIb).-The cyclization of VIIb was conducted exactly &9 
described for S-IIa. The product VIIIb was recrystallized from 
petroleum ether (30-60"), m.p. 124-127". 

Anal. Calcd. for C1,HZ7X;20C1: C, 68.1; H, 8.11; N, 8.36; 
C1, 10.6; mol. wt. 334. Found: C, 68.0; H, 8.20; iT, 8.20; 
C1, 10.6; mol. at .  (ebullioscopic in acetone), 328. 

Infrared absorptions: 1690 (C=O), 1655 (:C=CH2), 1600' 
and 1500 cm.-l (aromatic C=C). 

VIIIb was also prepared directly from 3-t-octylamino-1-butyne 
(VIb) (21 g.; 0.116 mole), p-chlorophenyl isocyanate (18 g.; 
0.116 mole) and sodium methoxide (1.0 g.; 0.018 mole) in ether 
solution. From the crude oily product (26.3 8.) there was oh- 
tained 8.0 g. (38.1Yo) of unchanged VIIb by distillation. Re- 
crystallization of the distillation residue from an ether petroleum 
ether (30-60') mixture afforded 12.5 g. (32%) of VIIIb, m.p. 
119-126". I ta  infrared spectrum was identical with the spec- 
trum of the analytic sample of VIIIb described above. 

5-M ethyl-4-methylene-3-( 2,s-dichloropheny1)- l-t-octyl-2- 
imidazolidinone (VIIIc).-This compound was prepared directly 
from 3-f-octylnmino-1 -hutyne, 2,,5-dichloro~lien3.1 isocyanate ttnd 

(-CONH-). 



A P R I L ,  1963 SYSTATIX. I11 995 

sodium methoxitie, m.p. 84-86", yield 25%. The infrared spec- 
trum of VIIIc was essentially similar to  those of VIIIa and VIIIb. 

Base-catalyzed Reaction of Propargyl Alcohol with Phenyl 
1sothiocyana.te.--During a period of 1.8 hr., a solution of 13.5 g.  
( 0 . 1  mole) of phenyl isothiocyanate in 15 nil. of ether was added 
to a solution of 5.6 g .  (0.1 mole) of propargyl alcohol and 0.1 g. 
of  sodinni niethoside in 50 ml. of nnliydrous ether. Periodic 
cooling \vas needed to  maintain the reaction temperature a t  
2,530O during addition. '1 lie mixture was stirred at room t,em- 
perature for 2 days and then was added to 200 g.  of water. 
The organic layer was dried over anhydrous sodium sulfate. 
An oil (15.5 g.) remained when the ether was removed. The 
products I S  and X were separated by fractional crystallization 
from an ether-petroleum ether (30-80") mixture. First there was 
obtained 3.0 g.(16%,) of X which was purified by recrystalliza- 
tion from diethyl ether, m.p.  109-110°. 

Anal. Calcd. for CIoHsOSN: C, 62.9; H, 4.71; S ,  7.34; 
S, 16.75; mol. wt.  191. Found: C, 62.8; H ,  4.76; PI', 7.47; 
S, 16.66; mol. wt. (ebullioscopic in acetone), 195. 

Infrared absorptions: 1660 (:C=CH2), 1600 and 1500 
(aromatic C=C), 3455 (CH,), 1400, 1340, 1165, 840 (:C=CH*) 
692 cm .-I (monosubstituted benzene). 

I S  was then isolated and purified by recrystallization from an 
etlier-petroleum ether (30-60') mixture, m.p.  45-47'. 

A n d .  Cdcd.  for CI( ,H90SS:  C, 62.9; H ,  4.71; K, 7.34; 

S, 16.75; mol. w t . ,  191. Found: C, 62.4; H ,  4.81); K, T4.7; 
S, 16.41; mol. wt. (ebullioscopic in acetone), 200. 

Infrared absorptions: 1675 ( C = S ) ,  1 ti30 (:C=C&) 
1600, and 1500 (aromatic C=C), 1455 (CH,), 1.100, 1340, 1115, 
1040, 875 (:C=CH?), 695 Pm.-l (monosubstituted benzene). 

A 0.20-g. sample of IS and S was titrated potentionietrically 
(crystal violet indicator also used) xi th  0.1 '1 perchloric acid in 
glacial acetic acid.Id Compound IX  required 8.1 ml. (Found, 
4.1 meq./g.; Calcd., 5.2 meg./g.); compound S took less than 
0.5 ml. 
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The preparation of mycosamine, the amino sugar component of nystatin and several other polyenic antifungal 
Periodate degradation has shown that mycosamine is a antibiotics, and of various derivatives is described. 

3,6-dideoxy-3-amino-hexose belonging to the D-series. 

In a preliminary communication1 we have briefly 
presented the evidence which has let us assign structure 
I to mycosamine, the amino sugar obtained by hydroly- 
sis of the antifungal antibiotics, nystatin and ampho- 
tericin R.* The present paper describes in detail the 

I. 
11. 

111. 
I\-. 

T'II. 
\-111. 

R = R ' = H  
R = H, R '  = COCH, 
R = H, R' = COOCH&sH, 
R = CH,, R '  = COCHI 
R 
R CH,, R '  = CzH, 

CH,, R' = H + IlCl 

procedures used for the hydrolysis of nystatin, the iso- 
lation of the amino sugar, the preparation of its deriva- 
tives, and the degradation reactions by which its struc- 
ture was established. The elucidation of its stereo- 
chemistry, as that of 3,6-dideoxy-3-amino-~-manno- 
pyranose, by degradative means and its synthesis have 
been reported ~ e p a r a t e l y . ~ , ~  

Hydrolytic cleavage of amino sugar glycosides 
usually requires more vigorous conditions than that of 
ordinary glycosides because of the presence in the former 
of the positively charged amino group which shields the 
glycosidic linkage from the approach of the proton.s 

(1) D. R. Walters, J .  D. Dutcher, and 0. Wintersteiner, J. A m .  Chem. 
Soc. ,  79, 5076 (1957). 

(2) .J. D. Dutcher, M. B. Young, J. H. Sherman, W. E. Hibbits, and D.  R. 
Walters, "Antibiotics Annual, 1956-19;27," Medical Encyolopedie, Inc., 
New York, N. Y., 1957, p. 866. 

(3)  X I .  H. van Paltza, J. Reid, ,J. D. DiitchPr, and 0. Wintersteiner, J. 
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(4)  XI, H. van Saltza, . J .  D. Dutcher, .T. Reid, and 0. Wintersteiner, J. 
O r g .  Chem., 28, 999 (1903). 

( A )  P. W, Kent and 11. W, R'hitPhouse, "Biochemistry of the Amino 
Sugars," Acailrmic €'rem, Inc, ,  Sew Tork ,  S, T,# I%:, p. 233. 

Conversion of the amino group to the neutral amido 
group by acylation restores normal susceptibility to 
hydrolysis to the glycosidic linkage.6 Thus the cleav- 
age of nystatin into mycosamine and aglycone was ini- 
tially achieved by acetolysis (acetic acid, acetic anhy- 
dride, sulfuric acid), and the amino sugar moiety was 
isolated as the polyacetate. Subsequently, however, it 
was found that mycosamine could be cleaved from the 
nystatin molecule by vigorous aqueous acid hydrolysis 
or by methanolysis. It was possible in this manner to 
obtain mycosamine in the form of its hydrochloride or 
as the a-methyl glycoside hydrochloride. All these 
measures resulted in extensive degradation of the agly- 
cone portion. 

The analyses of several crystalline derivatives of 
mycosamine established the composition of the base 
as C6H1,N04. Yo methoxy or S-methyl groups mere 
present. One C-methyl group was demonstrable by 
the Kuhn-Roth determination, as well as by a positive 
iodoform reaction. Since in nystatin, as well as in 
mycosamine itself, the nitrogen atom is basic and reacts 
with ninhydrin, it must be present as a primary amino 
group. The observation that mycosamine is weakly but 
definitely reducing towards Tollen's and Fehling's rea- 
gents and gives a positive Morgan-Elson reaction indi- 
cated that it probably was a 6-deoxyaminoaldohexose. 
The absence of any absorption bands in the carbonyl 
region of the infrared spectrum suggested that a pyra- 
nose or furanose ring was present. 

(6) K. L. Rinehart, Jr., P. W. K. Woo, A. D. Argoudelis, and A. hI. 
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