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Reactiona of hydrazinoethanol (3a) and hydrazinoethyl hydrogen sulfate (3b) with phenyl isotbiocyanate 
take place at  the substituted nitrogen atom. The corresponding monophenylthiocarbamoyl derivatives undergo 
ring closure to 6 in hydrochloric acid and 1 A' sodium hydroxide, respectively. The N,N'-bis(pheny1thiocar- 
bamoyl) derivative of 3b is converted into 7 in alkaline medium, whereas that of 3a is transformed into 6 and 9 
(a or b) in acid medium. Monothiocarbamoylation of 3b with o-methoxycarbonylphenyl isothiocyanat,e occurs a t  
the unsubst ituted nitrogen atom, yielding 1 la upon cyclization in HC1. Monophenylcarbamoylation of 3a or 
3b takes place a t  the substituted nitrogen atom. The reaction of 3a with a molar excess of phenyl isocyanate 
affords the N,N'-bis(phenylcarbamoy1) derivative. The reaction of 3b, however, appears to afford mixtures of 
mono- and N,N'-bis(phenylcarbamoy1) derivatives; cyclization in 1 N NaOH yields 14 and 15, respectively. 

Previous papers in this series have reported that the 
K-thiocarbamoyl derivatives of 2-aminoethyl and 3- 
aminopropyl alcohols3 or their o r thopho~phate~ ,~  and 
sulfat,e mon~esters~s-~ undergo ring closure to yield 
heterocyclic bases containing either endo- (la) or 
exocyclic (lb) C=N double bonds. 

N-Arylcarbamoyl aminoethyl or aminopropyl sulfate 
monoesters also undergo ring closure to yield five- or 
six-membered cyclic ureas 2.' 

2 

Therefore, i t  was of further interest to extend these 
reactions to hydrazinoethanol (3a) and its sulfate 
monoester (3b).8 

Results and Discussion 

Thiocarbamoylation of Hydrazinoethanol (3a) and 
Hydrazinoethyl Hydrogen Sulfate (3b).-The reaction 
of 3a with an equimolar amount of phenyl isothio- 
cyanate in dioxane occurs a t  the substituted nitrogen 
atom producing 4 in SG% yield. In  the presence of a 
molar excess of reagent 3a is converted into the N,N'- 
bis(thiocarbamoy1) derivative 5 in 80% yield. 

(1) For the previous paper in this series, see E. Cherbuliez, 0. Espejo, 
B. Willhalm, and J. Rabinowitz, Helu. Chim. Acta, 61, 241 (1968). 

(2) National Academy of Sciences-National Aeronautics and  Space 
Administration-Senior Research Associate. 

(3) E. Cherbuliez, Br. 13aehler, H. Jindrs, G. Weber, G. Wyss, and 
J. Rabinowitz. ibid., 48, 1069 (1965). 

(4) E. Cherbuliez, Br. Baehler, S. Jaccard, H. Jindra, G. Weber, G. Wyss, 
and J. Rabinowitz, ib id . ,  49, 807 (1966). 

(5 )  E. Cherbuliez, Br. Baehler, 0. Espejo, S. Jaccard, H. Jindra, and 
J. Rabinowitz, ibid. ,  49, 2408 (1966). 
(6) E. Cherbuliez, Br. Baehler, 0. Espejo, H. Jindra, B. Willhalm, and 

J. Rabinowitz, ibid., 60, 334. (1966). 
(7) E. Cherbuliez, S. Jaccard, H. Jindra, F. Tissot, and J. Rabinowitz, 

ibid., 49, 2400 (1966). 
(8 )  E. Cherbuliez, 0. Espejo, H. Jindra, and J. Rabinowitz, ibid., SO, 2019 

(1967). 
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C T J = N - C &  

6 

Equimolar amounts of hydrazinoethyl hydrogen 
sulfate (3b) and phenyl isothiocyanate are allowed to  
react in aqueous dioxane in the presence of an equiv- 
alent quantity of sodium hydroxide. When the crude 
derivative is isolated and treated with 1 N sodium 
hydroxide, 3-amino-2-(phenylimino) thiazolidine (6) is 

obtained in 30% yield as the only cyclic product. In  
its high resolution mass spectrum, major fragments, 
C9HloN2S+ and CgHsNzS+, corresponding to loss of 
NH and NH2 from the molecular ion, are consistent 
with the five-membered heterocyclic structure. Com- 
pound 6 is also obtained in 2G% yield by warming 4 
overnight in concentrated hydrochloric acid. 

Treatment of 3b with a molar or greater excess of 
phenyl isothiocyanate in alkaline aqueous dioxane 
(pH 8.5-9.0), followed by warming overnight a t  40" , 
produces 3-(N-phenylthiocarbamoylamino)-2-(phenyl- 
imino) thiazolidine (7) in 38% yield. Mass spectral 
and nmr data make it possible to distinguish between 7 
and alternative structures 8a and 8b (Scheme I). 

SCHEME I 
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The nmr spectrum of 7 contains a two-proton, DzO- 
exchangeable singlet a t  S 9.86. The assignment of this 
singlet to the protons of the thiourea group is supported 
by the analogous assignment of a signal a t  6 9.50 in the 
nmr spectrum of 5. Protons bound to nitrogen in 8a 
and 8b would be expected to give rise to two  singlet^.^ 
Furthermore, the high resolution mass spectrum of 7 
contains major fragments, CgH1oNzS+ and CaHgNzS+, 
which are difficult to reconcile with 8a or 8b, but are 
consistent with the proposed structure. These two 
fragments appear as major ions in the mass spectrum 
of 6.  

Two products are isolated after 5 (or the crude 
mixture resulting from reaction of 3a with a molar 
excess of phenyl isothiocyanate) is heated overnight in 
concentrated hydrochloric acid. In  addition to 6 
obtained in 18% yield, a second compound obtained in 
13% yield is assigned structure 9 (a or b, Scheme 11). 

SCHEME I1 
tl+ 

i 4 7 - 6  

A clearcut choice bletween the tautomeric structures 
cannot be made with available data. 

Acid-catalyzed cyclization of 5 apparently proceeds 
by two paths involving either one or the other sulfur 
atom (Scheme 11). Either path a (displacement of water 
gives rise to 7 and ultimately 6 by hydrolysis of the 
thiocarbamoyl group) or path b (the displacement of 
hydrogen sulfide furnishes 9a or b). 

Treatment of 3b with an equimolar amount of o- 
methoxycarbonylphenyl isothiocyanate yields a crude 
product whose infrared (ir) spectrum contains a broad 
band at  1675 cm-l, .which is suggestive of a 2-thiono-4- 
tetrahydroquinazolinone structure 10. lo 

10 

Refluxing the crude product overnight in hydrochloric 
acid converts it in 26% over-all yield into what appears 
to be either l l a  or l lb .  The absence of major frag- (y? (;NW-+J C02H 

H 

1 I 13 l i b  

ments in the mass ,spectrum corresponding to loss of 
N H  and NHZ from the molecular ion, which was 

(9) The proton on the amino nitrogen of 8a and 8b would be expected to 
appear at higher field (6 < 9.0) since a similar proton in 0 appears at 6 8.25. 

(10) E. Cherbuliez. B. U'illhalm, 0. Espejo, 9. Jaccard. and J. Rabino- 
witz, Helo. Chirn. Acta, SO, 1440 (1987). 

observed in the spectra of 6 and 7, supports the six- 
membered heterocyclic structure. Of particular signif- 
icance in the nmr spectrum is a triplet a t  6 6.03 ( J  = 
5.0 He) assigned to an amino proton adjacent to  a 
methylene group. With the available data it is not 
possible to make a definite choice between structures 
l l a  and l lb .  However, the ultraviolet (uv) spectrum 
with maxima at  222 and 310 mp is identical with that of 
2 - (o-carboxyphenylamino)-5,6-dihydro-4H-1,3-thia- 
zinelo and suggests the structure l l a  containing an 
endocyclic CN double bond. 

A probable pathway for formation of Ila or b is 
presented in Scheme 111. Thiocarbamoylation of 3b 

SCHEME I11 

L IO 

at  the unsubstituted nitrogen followed by intramolec- 
ular acylation produces 10. Treatment of 10 with 
refluxing hydrochloric acid yields l l a  or b through ring 
closure and hydrolysis of the lactam function. 

Monothiocarbamoylation of hydrazinoethyl deriv- 
atives with phenyl isothiocyanate apparently takes 
place at  the substituted nitrogen atom. Similar 
results have been reported for methyl- and isopropyl- 
hydrazine." I n  direct contrast, the reaction of 
hydrazinoethyl sulfate (3b) with o-methoxycarbonyl- 
phenyl isothiocyanate involves the unsubstituted nitro- 
gen atom. The probable and simplest explanation is 
that the proximity of the o-methoxycarbonyl to the iso- 
thiocyanate group may well cause sufficient steric crowd- 
ing in the transition state for thiocarbamoylation that 
reaction at  the unsubstituted nitrogen atom is pre- 
ferred. l2  

Mono- and di-N,N alkylations of monosubstituted 
hydrazines (H2SNHR) with organic halides and 
sulfates are known to take place at  the substituted 
nitrogen atom. Only in the case of severe steric 
crowding (e.g., triphenylmethylation of triphenyl- 
methylhydrazine) is alkylation at  the unsubstituted 
nitrogen atom preferred. l 1  Acylation, however, is 
much more sensitive to steric effects. Reactions with 
anhydrides occur primarily a t  the substituted nitrogen 
atom, whereas reactions with esters and acid chlorides 
take place at  either or both nitrogen atoms." These 
observations, coupled with our results, suggest that the 
sensitivity to steric crowding in the transition state for 
thiocarbamoylation lies between those for alkylation 
and acylation. 

Phenylcarbamoylation of Hydrazinoethanol (3a) and 
Hydrazinoethyl Hydrogen Sulfate (3b) .-The reaction 
of 3a with an equimolar amount of phenyl isocyanate 

(11) P. A. S. Smith, "Nitrogen Compounds." Vol. 11, TV. A. Benjamin, 
Inc., New York-Amsterdam, 1966, Chapter 9 ,  pp 119-201. 

(12) Acylation of hydrazinoethanol (Sa) with methyl benzoate required 
elevated temperaturea, thua excluding the possibility of an initial acL-lation 
of Sb with o-methoxycarbonylphenyl isothiocyanate. 
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in dioxane produces 12 in 79y0 yield. Reaction with a 
molar excess of reagent furnishes 13 in 90% yield. 

HN __ N-CH2CH2OH 
C H NCO CgHgYCO 

30 L L  v ~ N N - C ~ ~ C H ~ O H  - 
I I 

C H NH-C=O O=C-NNHCgHg C6H5PrH - C =Cb 6 5  

12 13 

Reactions of 3b n-ith varying amounts of phenyl 
isocyanate are carried out in aqueous dioxane contain- 
ing an amount of sodium hydroxide equivalent to that 
of 3b. The crude carbamoyl sulfates, after treatment 
with 1 N sodium hydroxide, furnish mixtures of 3- 
amino-1-phenyl-2-imidaeolidinone (14) and 3-(N- 
phenyl-carbamoylamino) - 1 -phenyl-2-imidazolidinone 
(15) as the major products in total yields ranging from 
25 to 50% (Scheme IV). 

SCHEME 117 
"'2 "2 
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The ir spectrum with carbonyl nbsorptioii a t  1715 
em-' and the high resolution mass spectrum with major 
fragments C9HloN,O + and C9H9S20 +, corresponding to 
loss of NH and KH:! from the molecular ion, are clearly 
characteristic of 14. When acetone is used as a solvent 
in the isolation of 1.4, the Schiff base 3-isopropyliden- 
amino-1-phenyl-2-imidazolidinone (16) is obtained 
(Scheme IV). 

Structure 15 is consistent with strong bands in its ir 
spectrum a t  1720 and 1642 cm-' which are char- 
acteristic of a carbonyl group in five-membered cyclic 
and open ureas, re~pectively.'~ Xajor fragments in the 
high resolution mass spectrum, C s H d 2 0 +  and CgHs- 
il-ZO+, correspond to loss of C6HjKHCOln; and CeHb- 
KHCONH from the molecular ion or NH and NH2 
from the most abundant ion C9Hllr\r30+. 

The reaction between equimolar quantities of 3b 
and phenyl isocyanate followed by cyclization of the 
crude product furnishes a 50% combined yield of 14 
and 15, in which 15 aomprises 15yc of the total mixture. 
Apparently, the reaction of the monophenylcarbamoyl 
derivative of 3b with a second molecule of reagent a t  
the unsubstituted nitrogen atom can compete with 
monophenylcarbamoylation of unreacted 3b at the 
substituted nitrogen atom. Phenylcarbamoylation of 

(13 )  K. Nakanishi. "Infrared Absorption Spectroscopy-Practical." 
Holden-Day, Inc., San Francisco, Calif., and Kankodo Co., Ltd., Tokyo, 
1962, p 116. 

3b somehow enhances the reactivity of the unsub- 
stituted nitrogen atom to phenyl isocyanate. 

Exclusive N,N' diderivatieation using large excesses 
of phenyl isocyanate cannot be achieved owing to 
facile reaction of the reagent with water. Mixtures of 
14 and 15 are produced with 15 predominating. 

Like monophenylthiocarbamoylation, monophenyl- 
carbamoylation of hydraxinoethyl derivatives takes 
place at  the substituted nitrogen atom. These obser- 
vations are similar to those made in reactions of methyl 
and isopropyl hydrazine with phenyl isocyanate and 
cyanic acid. l 1  

Experimental Section 
Materials.-Hydrazinoethanol, phenyl isothiocyanate, and 

phenyl isocyanate were used as obtained commercially. Hydra- 
zinoet'hyl hydrogen sulfate was prepared from equimolecular 
amounts of hydrazinoethanol and concentrated sulfuric acid.8 
o-Methoxycarbonylphenyl isothiocyanate was prepared from 
methyl anthranilate and thiophosgene. l4 

Spectroscopic Data.-Melting points are uncorrected. Ir 
spectra were measured on a Perkin-Elmer 521 grating ir spec- 
trometer. Uv spectra were obtained on a Cary 14 recording 
spectrophotometer. Unless otherwise specified, nmr spectra 
were recorded with an HR-100 Varian spectrometer with dimethyl 
sulfoxide-& as solvent and capillary tetramethylsilane as internal 
standard. All mass spectra were obtained on a Consolidated 
Electrodynamics Corp. Model 21-llOB high resolution mass 
spectrograph. 1s 

Thiocarbamoylation of Hydrazinoethanol (3a) and Hydrazino- 
ethyl Hydrogen Sulfate (3b). N-Phenyl-N'-hydroxyethyl-N'- 
aminothiourea (4).-A solution of 13.5 g (0.1 mol) of phenyl 
isothiocyanate in 30 ml of dioxane was added to 7.6 g (0.1 mol) of 
hydrazinoethanol in 50 ml of dioxane and stirred overnight a t  
30'. The dioxane was evaporated and the residue was stirred 
with 75 ml of anhydrous ether to bring about crystallization. 
The solid was filtered and dried under vacuum. The filtrate was 
evaporated to dryness and t,reated again with ether, affording a 
second crop of material for a total of 18.2 g (86%) of the thiourea 
4: mp 84-85"; ir (KBr) 3220 (XH) and 3340 em-' (OH); 
nmr 6 10.00 (s, 1, NH), 7.27 (m, 5, CeHs), 5.04 (s, 2 ,  NH,), 4.78 

3.70 pprn (t, 2 ,  J = 5.9 Hz, CH1O); inaw spectrum16 (70 elr)- 
211 (6.5), 193 (0.8), 177 (l.O), 167 ( 2 . 5 ) ,  1.35 (100) 119 ( l . l ) ,  
103 (7.3), 93 (17), 77 (74). 

2tlnal. Calcd for C9H13N30S: C ,51.10; H, 6.18; N ,  19.8; 
I;, 15.2. Found: C, 51.10; H, 6.43; ?;, 19.7; S, 15.1. 

N,N'-Bis(phenylthiocarbamoy1)hydrazinoethanol (~) . -SO~U- 
tions of 13.5 g (0.1 mol) of phenyl isothiocyanate in 30 nil of 
dioxane and 3.8 g (0.05 mol) of hydrazinoethanol in 50 ml of 
dioxane were treated as in the preparation of 4 to yield 13.8 g 
(8OyG) of 5 :  mp 114-117'; ir (KBr) 3230 ( S H )  and 3350 cm-l 
(OH); nmr 6 10.03 (s, 1, XH), 9.62 (s, 1, YH),  9.50 (s, 1, NH), 
7.31 (m, 10; ZCEHs), 4.30 (s, 1, OH), and 3.68 ppm (m, 4, 
YCH,CH,O); mass spectrum's (70 ev)-t'he molecular ion could 
not be observed even under mildest volatilization conditions 
(temperature of sample <140°) because of the elimination of H,S 
and the formation of compound 9a or b, the resulting spectrum 
being identical in every respect with that of 9a or b.  

Anal. Calcd for CleHlaN4OS,~: C, 55.20; 13, 5.23; N ,  16.2; 
S, 18.5. Found: C, 55.60; H, 5.54; S,  16.4; 8, 17.7. 
3-Amino-2-(phenylimino)thiazolidine ( 6 ) .  A. From Treatment 

of 4 with Concentrated Hydrochloric Acid.-A solution of 2.11 g 
(0.01 mol) of 4 in 15 ml of concentrated hydrochloric acid was 

(t ,  1, J = 5.0 Hz, CHzOH), 4.06 (t, 2, J = 5.7 Hz, CHzN), 

(14) J. C. Howard and G. Klein, J. Org. Chem., 27, 3701 (1963). 
(15) Accurate mass determinations were made from measurements of line 

positions on ion-detecting photoplates. Relative ion abundance was mea- 
sured from lair resolution scans with an electron muitiplier detector. Where 
elemental compositions are not reported, only the lo r r  resolution spectrum 
was obtained. For high resolution spectra, me list, in addition to  the  com- 
position and relative intensity, t he  difference in millimass units between the 
found inass and the  exact mass calculated lor an ion of t he  listed composi- 
tion. As an example. the molecular ion of 14 has the composition CsHllNaO 
and is the most intense peak in the spectrum; its found mass exceeds that  of 
the calculated mass by 0.5 millimass units: thus, this ion is reported as 
C ~ H I I N S O  (100) 0.5. I n  general, we list the most abundant ion in each 14- 
mass unit interval (2  + 1411 < nominal mass 5 16 4- 1-in). 
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heated overnight, (loo'), diluted with water to 60 ml, filtered, 
and neutralized with concentrated sodium hydroxide in an ice 
bath. The oil that sepsxated was washed with cold water and dis- 
solved in a few drops of methanol. Water was added until tur- 
bidity persisted. I11 a few days, 0.5 g (26%) of crystalline 6 was 
obtained: mp 86-882; ir (KBr) 1618 (C=N) and 3420 and 
3280 em-' (NH2); uv max 250 mp ( e  9980); nmr S 7.08 (m, 5 ,  
C&) 4.66 (s 2, NHn),  3.54 (t ,  2, J = 7.0 Hz, CH2N), and 3.10 
ppm ( t ,  2, J = 7.0 Hz, CH2S); mass spectruml5 (70 eV)- 
CgHllN3S (85) 0.0, C&I1oNzS (2.7) -1.3, CgHgNZS (3.0) -0.4, 
C7H7N3 (2.0) 0.5, CsHsN3 (5.5) 0.0, C7HsNS (27) -0.8, C7HBN2 
(5.1) -0.2, C7H& (16:t -0.8, CsHsN ( 5 . 5 )  0.1, CON:, (100) 0.8. 

Anal. Calcd for C~EIIIX?;~S: C, 56.0; H, 5.75; S ,  21.8; S, 
16.6. Found: C, 55.9; H ,  5.74; 5,  21.2; S, 16.0. 

B. From Treatment of the Monophenylthiocarbamoyl Deriva- 
tive of 3b with 1 iT Sodium Hydroxide.-To a solut.ion of 1.42 g 
(0.01 mol) of 3b in 40 ml of 50% aqueous dioxane adjusted to 
pH 8.5-9.0 wit,h 1 S sodium hydroxide was added 1.35 g (0.01 
mol) of phenyl isothiocyanate in 10 ml of dioxane. The pH was 
maintained at 8.5-9.0 by the addition of 1 N sodium hydroxide 
to a total of 10 ml (including the amount added initially). After 
stirring overnight,, the solution was evaporated to dryness. The 
phenylthiocarbamoyl derivative of 5b was dissolved in mebhanol 
and filtered. The filtrate was again evaporated to dryness and 
the residue was washed with ether, dried, and stirred with 20 ml 
of 1 A' sodium hydrox!.de. The precipitate was collected after 
a few hours, washed with a small quantity of cold water, and 
dried yielding 0.5 g (267;) of 6 .  Additional material (0.2 to 0.3 g) 
may be obtained by extracting the aqueous alkaline solution with 
chloroform. 

3-( N-Phenylthiocarbamoylamino)-2-(phenylimino)thiazolidine 
(7).-To a solut,ion of 1.92 10.01 mol) 3b in 30 ml of water and 
20 ml of dioxane at, pII 8.5-9.0 was added a solution of 5.4 g 
(0.04 mole) of phenyl isothiocyanate in 20 ml of dioxane with t~he 
pH maint,ained by the simultaneous addition of 1 L'V sodium 
hydroxide. After addition of the isothiocyanate and at  least 
20 ml of the base, the temperature was raised to 40". The pH 
was adjusted if necessary and the reaction continued overnight. 
Dilution with 40 rnl of water afforded a precipitate which after 
recrystallization from melhanol yielded 1.25 g (38%) of 7:  
nip 503-206"; i r  (KBr) 1600 ( C = S )  and 3150 cn- '  (NH) ;  
uv mas (!Is5r; C?FI>OH) 250 mp ( E  27,200); nmr 6 9.SG (s, 2 ,  
HKCSNH), 7.44 (m, 10, 2 C&), 4.15 (t ,  2 ,  J = 7.0 Hx, 
CH,N), arid 3.85 pprn (I,, 5. J = 7.0 H z ,  CHzS); mass spectrum16 
(70 e\)--32X (O.t;),  295 (3.2) 261 (0.9) 236 (1.1), 218 ( l . O ) ,  
210 (0"9), C9IIilN3$ (91) -0.4 C:~JIION$ (3.7) -0.4, CsIIgS%S 
(4.6) 0.7, 162 (1.71, C,II;NS (2.4) 0.0, C'7HaSS (62) -0.4, 
C7H6Ni (6.2) -0.5, ($€IBN (14) 0.2, C16H7N (27) 0.1, CsHi 
(100) --0.6. 

Anal. Calcd for ClafI&4Sr: C, 58.5; H, 4.91; N, 17.0; 
S, 19.6. Found: C, 58.5; H ,  5.11; N, 16.8; S, 19.4. 
2,5-Diphenylimino-3-liydroxyethyl- 1,3,4-thiadiazolidine (sa) .- 

Solutions of 0.76 g (0.01 mol) of hydrazinoethanol (3a) in 20 ml 
of dioxane and 2.7 g (0.02 mol) of phenyl isothiocyanate in 20 
ml of dioxane were s'lowly mixed a t  room temperature and 
stirred overnight.. The solvent was evaporated and the residue 
(crude 5 )  was heated (100') overnight with 40 ml of concentrated 
hydrochloric acid. (Alternatively, 5 can be treated directly 
n-ith concentrated acid, but, it is not necessary to isolate pure 5 
t,o convert it into 9a or b.) Dilution of the reaction mixture to 
200 ml with water yielded a precipitate which after recrystalliza- 
tion in boiling ethanol furnished 0.4 g (13%) of 9a or b: mp 
164-165"; ir (KBr) 1618 (C=X), 1600 (C=N), 3300 (OH), and 
3140 em-1 (NH);  uv max (9574 C2H50H) 232 mp ( e  16,300) and 
257 (1!),750); nmr 6 8.25 (s, 1, NH), 7.40 (m, 10, 2C6HS), 4.72 

3.69 ppm (t, 2, ,I = 6.0 Hz; CH2Oj; mass spectrum16 (70 
~~)--(>,,HI~P~'~OS (9.8) 0.7, CleH14x4S (0.7) 2.3, C15H13?;4S (0.6) 

(t, 1, J = 5.7 Tlz;  CHtOH), 4.03 (t,  2, J = 6.0 Hz,  CHzS), 

-0.5, CuH12NIS (24) 1.2 CiiHioPIIaS (0.4) -1.0, CirHuNc 
(2.5) 0.5, C13H10N3 (1.7) 0.2, CL3HliN2 (3.9) -1.4, Ci3HsN (2.2) 

C7HsSS (8.0) -0.5, C ~ H ~ Y P  (29) 0.1, C7HsK (12) 0.3, CsH6N 
(13) - 1 .O, esH5 (100) O.O. 

-0.8, C12HSN (1.4) O.!;, CTHsN,S (2.9) 1.2, CsHsN3 ( 2 . 2 ) ,  0.2, 

Anal. Calcd for Cl,iHlsN40S: C, 61.3; H, 5.20; E, 17.9; 
S, 10.3. Found: C, 61.3; H,  5.40; N, 17.6; S, 11.1. 

When the aqueous filtrate above was neutralized with con- 
cent'rated sodium hydroxide and cooled an oil was formed. The 
oil was washed several times with cold water, dissolved in 
methanol, andfiltered. Water was addeduntil turbidity persisted. 
Precipitation of 0.3 g (16:z) of 6 occurred in a few days. 

2-(o-Carboxyphenylamino)-S,6-dihydro-4H- 1,3,4-thiadiazine 
(lla).-Solutions of 3.84 g (0.02 mol) of 3b in 100 ml of 50c0 
aqueous dioxane (pH 8.5-9.0) and of 3.95 g (0.02 mol) of o- 
methoxycarbonylphenyl isothiocyanate in 10 ml of dioxane were 
treated as in synthesis I3 of 6 .  The residue [ir (KBr) 1675 
em-' (C=O)] obtained after evaporation of the aqueous dioxane 
was refluxed overnight in 100 ml of 1 S hydrochloric acid. The 
mixture was evaporated to dryness, the residue was neutralized 
with 2 A' sodium hydroxide, and the alkaline solution was filtered. 
When the filtrat,e w&$ acidified with hydrochloric acid, a pasty 
precipit'ate formed which after crystallization from 50 ml of hot 
methanol yielded 0.62 g (26C0) of l l a  or b: mp 185-186"; ir 
(KBr) 1660 (C-N) 1720, (C=O), 3310 (NH), and 3450 cm-l 
(OH); uv inax (95% C2H5013) 2'22 mp (c  59,100) and 311 
(4850); nnir S 11.52 ( s ,  1, COtH or NH), 7.60 (rn, 4, CBH4), 
6.03 (t ,  1, J = 5.0 Hz, KHCIlr), 3.30 (s, 1, COZH or NH and 
HDO), 3.11 (t ,  2, J = 6.5 H z ,  CH??;), and 2.90 ppm (t, 2, 
J = 6.5 Hz, CHtS); mass spectrum15 (70 eV)--Cl~HI1N3OtS 
(1.0) 0.9, C1oHgN302 (0.9) 0.4, C9HsN3Or (38) -0.4, CaH7N302 
(6 .7)  -0.1, CsH7NrOr (100) 0.4, CsHrSO2 (6s) -0.5, C ~ H ~ N Z O  
(1.7) 0.3, C7HsNO (34) -0.8, CeHrXO (3.1) -0.7, C6H40 (33) 
-0.4, CsHe?iS (7.7) -1.3. 

Anal. Calcd for CIOHIIN~O~S: C, 50.7; H,  4.65; N,  17.7; 
S, 13.5. Found: C, 50.9; H,  4.59; H, 17.2; S, 13.0. 

Phenylcarbamoylation of Hydrazinoethanol (3a) and Hydra- 
zinoethyl Hydrogen Sulfate (3b). N-Phenyl-N'-hydroxyethyl- 
N'-aminourea (12).--,4 solution of 2.38 g (0.02 mol) of phenyl 
isocyanate in 20 ml of dioxane was added to 1.52 g (0.02 mol) 
Sa dissolved in 20 ml of dioxane and stirred overnight. The 
solvent was evaporated and the residue was dissolved in a mini- 
mum amount of acet.one. The crystalline product obtained upon 
addition of anhydrous ether was removed by filtration and the 
filtrate was evaporated to dryness. A second crop of crystals was 
obtained when the residue was treated as before, bringing the total 
yield of 12 to 3.10 g (79%): mp 112-113"; ir (KRr 1645 (C=Oj, 
3310 (NH), and 3400 crn-1 (OH); nrnr 6 8.90 ( 5 ,  1, NH), 7.20 
(m, 5, CeHs), 4.65 (s, 2, NH2), 4.60 (T,  1, J = 5.0 Hz, CH,OH), 
a i d  3.50 ppm (m, 4, SCHzCH20);  mass hpectrum16 (70 eV)- 
C91I13N302 (18) -0.5, C711aO (13) -0.9, CsH7N (6.9) -0.5, 
C2H:NZO (55) -0.4, C:Hj (6.7) -0.7, CHjPi? (100) -0.3. 

Anal. C a l d  for C&FIl3? i30y:  C, 5 3 . 2 ;  H, 6 . 7 2 ;  N, 21.6. 
Found: C, 55.6; I T ,  6.73; Tu', 21.7. 
N,N'-Bis(phenylcarbamoy1)hydrazinoethanol (13) .-A solut~ioti 

of 7.14 g (0.06 mol) of phenyl isocyrtnate in 40 ml of dioxane was 
added to  2.28 g (0.03 mol) of 3a dissolved in 20 ml of dioxane ant1 
stirred overnight. The solut,ion was coiicent,ratetl and anhytlrous 
ether Wac added t , ~  cauie precipitation of 13. A second c'rc)p 
wa.5 otitained by reducing the volume w i t 1  adding etmher as 
before, bringing the total yield of 13 to 8.5 g (9076): mp 180- 
182'; ir (KBr) 1670 (C==O), 1657 (C=O), 3300 (NH), and 3400 
cm-l (OH); nmr 6 8.92 (s, 1, NH), 8.78 (s, 1, XH), 8.10 (s, 1 ,  
NH), 7.17 (m, 10, 2C&), 4.80 (t ,  1, J = 5.0 Hz, CH2OH), and 
3.48 ppm (m, 4, NCH2CH20); mass spect'rum15 (70 evj- 
ClsHisN4Oa (3.1) - 1.7, C10HiiN303 (2.8) -0.6, CioHsN30~ 
(0.8) -1.1, CgH13N302 (9.5) -1.6 CsHiiN30 (10) 0.5, C ~ H I O ? ; ~ ~  
(13) -0.7, C7HSN2 (3.0) -0.5, C7H5SO (65) -1.0, C7H7N 
(2.0) -0.1, CsH7N (100) -1.3, CsHj (35) -1.3. 

Anal. Calcd for C16Hl8N403: C, 61.0; H, 5.78; N, 17.8. 
Found: C, 61.5; H, 5.84; N, 17.5. 

3-Amino-1-phenyl-2-imidazolidinone (14) and J-(N-Phenyl- 
carbamoylamino)-l-phenyl-2-imidazolidinone (15).-A solution 
of 1.92 g (0.01 mol) of 3b in 3-4 ml of water was brought to pH 
8.5-9.0 with 10 ml of 1 N sodium hydroxide and diluted with 
13 ml of dioxane. A solution of 1.19 g (0.01 mol) of phenyl iso- 
cyanate in 10 ml of dioxane was added and stirred for 5 hr. The 
reaction mixture was then diluted to 75 ml with water and allowed 
to stir an additional 1 hr. Diphenylurea (0.151 g, 0.8 mniol) was 
removed by filtration and the filtrate was extracted twice with 
30-ml portions of chloroform. The aqueous solution was evapo- 
rated giving carbamoylated sodium hydrazinoethyl sulfate as an 
amorphous, hygroscopic solid. The crude salt was dissolved in 
25 ml of 1 iV sodium hydroxide and warmed 3 hr a t  55" during 
which time gas evolved and a solid precipitated. The solid was 
filtered and the filtrate (A)  was set aside. According to Clc on 
silica gel Gf (methylene chloride:methnnol, 24: l ) ,  the solid 
consisted of only two components. The solid was dissolved 
in hot methanol, filt,ered, and cooled, producing 0.223 g (Sr;) 
(based on 3b) of 15: mp 254-256O dec; ir (KBr) 1720 (cyclic 
C=O), 1642 (C=O), and 3310 c~n-1 (XI%); iiv max (CI&OII) 
242 mp ( e  2900), and 270 and 250 (shoulders); nmr 6 S.76 



376 RAMIREZ AND TELEFUS The Journal of Organic Chemistry 

(s, 1, XH), 8.24 (s, I ,  KH),  7.22 (m, 10, 2CsH5), and 3.56 ppm 
(m, 4, NCH2CH2K); mass spectrum15 (70 ~ ~ ) - C I & , N &  
(3.3) 0.2, CiaHgx302 (7.8) 0.2, CgHliN30 (100) -1.1, C9HjoN20 
(17) -0.2, CgHgN’nO (2.4) -0.2, CiHioNS (1.8) 0.2, CsH7Ni 
(3.7) -1.3, c7&x0 (71) 0.0, c,H& (27) -1.5, csH5x (34) 
-0.8, CsH5 (30) -1.5. 

Anal. Calcd for ClGHJJC02: C, 64.9; H, 5.43; X, 18.9. 
Found: C, 64.7; H ,  5.38; N, 19.2. 

The mother liquors (B) from crystallization of 15 were evapo- 
rated to dryness; the resulting solid was redissolved in a mini- 
mum of cold chloroform and preparatively chromatographed as 
above. The major band (Rr 0.31) was eluted from the plates 
with methanol in the usual manner yielding 0.213 g of 14, mp 
120-122O. 

The basic aqueous filtrate above (A)  was extracted twice with 
25 rnl of chloroform. After drying (anhydrous sodium sulfate) 
and filtering, the chloroform extract was evaporated to dryness. 
The residue was recrystallized from chloroform-hexane, yielding 
0.530 g of 14. The total yield of 14 from A and B was 0.743 g 
(42%): nip 120-122”; ir (KBr) 1715 (C=O) and 3350 cm-l 
(KHS); uv max (CH.,OH) 246 mp (E 18,500); nmr (DCC13) 
6 7.33 im, 5 ,  C6H5), 4.00 (s, 2, NHs), and 3.62 ppm (m, 4, 
NCH,CH&); mass s:pectrum16 (70 eT)-C,H11S30 (100) 0.5, 
CgHloY20 (4.3) -1.0, CgHgNz0 (4.8) -4.0, C7HiXz (3.2) 0.0, 
C7H5xO (18) -0.3, C7H7N (30) -0.1, CeH5N (23) -0.5, CsHj 
(90) -1.3. 

Ana/ .  Calcd for C8HllN30: C, 61.0; H, 6.26; S,  23.7. 
Found: C, 60.5; H,  6.32; Tu’, 22.2. 

3-Isopropylidenamino-I-phenyl-2-imidazolidinone (16). A.- 
In a separate experiment involving equimolar amounts of phenyl- 

isocyanate and hydrazinoethyl hydrogen sulfate executed as 
above, mother liquors (B) were evaporated to dryness and the 
residue was dissolved in acetone and chromatographed as above, 
giving rise to several bands. Eluting the major band with acetone 
and evaporating the solvent produces a solid that, after recrystal- 
lization from carbon tetrachloride-hexane, afforded 0.221 g 
(lOyc) of 16: mp 54-56’; ir (KBr) 1725 (C=O) and 1650 
cm-l (C=N); uv max (CHIOH) 248 mp (E 4500); nmr (CCl,) 6 
7.16 (m, 5,  CSHs), 3.52 (s, 4, NCHLXLN), 1.84 ( 3 ,  3, CHa), and 
1.96 ppm (s, 3, CH,); mass spectrum16 (70 ev)-217 (loo), 
202 (7.8), 175 (27), 161 (7.3), 147 (6.9), 133 (4.7), 118 (34), 
106 (61), 91 (47), 77 (64). 

Anal. Calcd for C12Hl&i30: C, 66.3; H, 6.96; N, 19.3. 
Found: C, 66.6; H, 6.89; N, 19.3. 

B.-In 2 ml of acetone 51 mg (0.3 mmol) of 14 was dissolved 
and allowed to stand for 1.5 hr. The acetone was removed and 
the residue ww dissolved in chloroform. Preparative tlc of the 
mixture yielded 23 mg (40Tc) of 16. 
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A new reaction leading to 5-acyl-2-oxa~olin-4-ones and to the corresponding hydrolysis products, p-keto-a- 
hydroxy acid amides, is described. The reaction involves two steps: (1) the formation of a 2,2,2-trialkoxy-2,2- 
dihydro-1,3,2-dioxaphospholerie from a trialkyl phosphite and an a-dicarbonyl compound and (2) the reaction 
of the phospholene with an acylisocyanate to yield the oxazolone and a trialkyl phosphate. 

The 2-oxazolin-5-ones (“5-oxazolones” or azlactones2) 
(1) have been extensively investigated because of their 
application in the synthesis of a-amino acids. However, 
the 2-oxazolin-4-ones (2) have received little atten- 
tion13+ in spite of their potential use in the synthesis of 
a-hydroxy acid amides. 
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This paper describes a new reaction whose net effect 
is to convert an a-dicarbonyl compound (3) and an 
a c y l i s ~ c y a n a t e ~ ~ ~  (4) into a .5-acy~-2-oxazolin-4-one (6) , 
the precursor of a P-keto-a-hydroxy acid amide (8). 
The reagent employed in this reductive condensation 
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