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m--a-Carbamoylaminc+y-butyrolactonc was synthcsizcd and transformed into S-(j%hydroxy- 
ethyl)- and 5-#3-brcmccthyl)hydantoins. NCarbamoyl- and N-acylhomoscnne were found IO 

&ergo lactonization ‘in prcferena: to the formation of the corresponding hydantoin or azlacfom 
rcspecfivcly. 

DURING work on a synthesis of mcthionine Livak er al.’ treated homoserine with 
potassium cyanate and hydrobromic acid to obtain 5-(B-bromoethyl) hydantoin. 
‘fhey assumed that the reaction proceeds through a-carbamoylamino-y-hydroxy- 
butyric acid which undergoes direct cyclization to 5-(&hydroxyethyl)hydantoin and 
subsequent substitution of the OH group by bromine to yield 5-(/I-bromoethyl) 
hydantoin, a key substance in preparation of y-functional-z-amino acids.‘** We 
elucidated the course of the reaction by the synthesis of a-carbamoylamino- and 
a-phcnylcarbamoylamino_y-butyrolactones (Ia, b). a-Carbamoylamino-y-butyro- 
lactonc was cleaved by alkali to the r-carbamoylamino-y-hydroxybutyric acid. The 
lactoniration which occurred on acidification was detected by the hydroxamic acid 
test. & keeping this acidic solution for 24 hr the hydroxamic test became negative 
and 5-(/l-hydroxyethyl) hydantoin (Ha) was isolated as the sole product. 

Treatment of homoserine with phenyl isocyanate and alkali yielded the sodium 
salt of N-phenylcarbamoylhomoserine which on acidification underwent lactoniration 
to N-phenylcarbamoylhomoserine lactone (lb) in an almost quantitative yield. 
a-Phenylcarbamoylamino-y-butyrolactone (Ib) was transformed to fphenyl-5(8- 
hydroxyethyl)hydantoin (Ilb) by short heating in water. 

This behaviour indicates that lactonization is the kinetically preferred cyclixation 
of acarbamoylamino-y-hydroxybutyric acid. Additional support for this preference 
was obtained by comparing the behaviour of a-carbamoylamino-y-butyrolactone (Ia) 
and 5-(&hydroxyethyl)hydantoin (IIa) on treatment with concentrated hydrobromic 
acid. We found that the lactone (Ia) was converted to 5-(/l-bromoethyl) hydantoin 
(IIIa) much faster than the 5-@hydroxyethyl)hydantoin. In view of this finding the 
relatively easy conversion of the intermediary N-carbamoylhomoserine with con- 
centrated hydrobromic acid, described by Livak,’ can now be satisfactorily explained 
as proceeding via lactoniration of a-carbamoylamino-T-hydroxybutyric acid and 
subsequent formation of a-carbaxnoylamino-y-bromobutyric acid. 

1 J. E. Livak, L C. Britton, J. C. Van&r We& and M. F. Murray.I. Am. Chcm. SW. 67,2218 (1%~). 
a D. D. ply&g and 11. E. <7hristcnscn, 1. Am. Chem. &c. m9, 1222 (lQS7). 
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In the transformation of a-carbamoylamino-y-butyrolactone (Ia) to 5#-hydroxy- 
ethyl)hydantoin (Ha) the CO group of the internal ester reacted with the amidic 
NH, group of the a-carbamoylamine. This hydantoin derivative was also prepared 
by the cyclization of N-benyloxycarbonylhomoseryl amide, through basic catalysis. 
However in this case the ureidic carbonyl group reacted with the amidic NH, group. 

HOCH,CH,CHCONH, OEl HOCH,CH,CH--CO 
I t I I 

NHCOOCH,Ph NHCONH 

Substitution of the /I-OH group by bromine occurred upon treatment of the hydroxy- 
hydantoin (IIa) obtained, with concentrated hydrobromic acid. 5-@Bromoethyl)- 
hydantoin was also prepared by the cyclization of N-benzyloxycarbonylhomoseryl 
amide by basic catalysis, without isolation of the hydroxyhydantoin and subsequent 
treatment with hydrobromic acid. In the same way a-carbamoylamino-y-butyro- 
lactone gave a better yield of 5-(B-bromoethyl)hydantoin, even at room temperature. 

The greater stability of hydantoin, substituted at N-3 and G5,a became evident by 
the rapid transformation of a-phenylcarbamoylamino-y-butyrolactone (lb) to 3- 
phenyl-5-@hydroxyethyl)hydantoin (IIb) even at room temperature. Thus treat- 
ment of homoserine lactone with phenyl isocyanate in dichloromethanc at room 
temperature led directly to the hydantoin (IIb). On treatment of hydantoin (IIb) with 
48% HBr 3-phenyl-5-(B-bromoethyl)hydantoin (IIIb) was obtained. 

* E. Ware. /. Am. Glum. Sm. 60.2653 (1938). 
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Ring closure to y-lactone was shown to be the preferred kinetic path even in the 
presence of amines (e.g. benxylamine or aniline); lactotition rather than amide 
formation occurred upon activation of the carboxylic group by N,N’dicyclohexyl- 
carbodiimide. 

The inertness of acarbamoylamino-y-lactams (V) to conversion to S-@-amino- 
ethyl) hydantoins (VI) was examined. 3-Carbamoylaminopyrrolidin-2-ones (V) were 
prepared from thecorresponding3-aminopyrrolidin-2-ones*(W). a-Carbamoylamino- 
y-lactams remained unaffected under conditions in which a-carbamoylamino- and 
a-N-phenylcarbamoylamino-y-butyrolactones (1a.b) were converted to the corre- 
sponding hydantoins (1Ia.b). 
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4 Y. Knobkr, E. Bonni and T. Sheradsky, J. 0~. Glum. 29, 1229 (1964). 
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Intramolecular dehydration of a-benzamido-y-hydroxybutyric acid might lead to 
a-benzamido-y-butyrolactone or to 2-phenyl-5-(&hydroxyethyl) isoxazolin-3-one; 
however, treatment with acetic anhydridP or with benzoyl chloride in pyridinl led 
exclusively to a-benxamido-y-butyrolactone. 

On heating N-benzoylhomoserine with aniline a-knzamido-N-phenyl-y-butyrol- 
actam was obtained via the y-lactone.’ 

HOCH,CH,C11COO1l 0 . -..c‘o PhN&O 
I ,t PhNH, - - j 

NllCOPh 
CH,C11,CH LH,CH,CH 

I 
NHCO CP~I TkHCOPh 

In the last reaction the tendency to lactonization rather than to other types of 
cyclization is further demonstrated. 

EXPFRIMENTAL 

(a) a-Amino-y-butyrolactonc hydrochloride’ (1.4 g. @Ol mok) was added to a soln of KNCO 
(a81 g. 0.01 mole) in water (2 ml). The soln was kept at room temp for 2 hr and then in the cold (0”) 
overnight. The precipitated product (Ia) was crystallized from a minimal quantity of water. The 
product (0.95 g. 66% yield). m.p. 158”; with FcCl, it gave a positive hydroxamic acid (est.’ (Found: 
C. 42.11; H, 5.51; N. 19.30. C,H,N,O, requires: C, 41.67; H. 5.59: N. 1944%.) 

(b) a-Amino-/-butyrolactonc hydrochloride (2.06 g. 0.015 mole, KNCO (6.1 g. Oa75 mok). 
EtN, (1.5 g. 0.015 mole) and AcOH (I.5 g. 0.025 mole) were added to CH,CI, (250 ml). The 
reaction mixture was refluxed gently with stirring for 3 hr. The crude product and the excess of 
salts wcrc filtered after cooling. The Anal product was obtained by scvcral extractions of the solid 
with hot acetone and evaporation in the cold under reduced press. The mother-liquor yielded an 
additional crop of the product. The total yield was 2 g (93%). m.p. 156”. (Found: C. 41.45; 
H. 5.77; N, 19.30x.) 

To a stirred soln of homosainc (11.9 g, 0.1 mole) in water (50 ml) were simultancoudy added 
phenyl isccyanatc (11 ml, 0.1 mole) and IN NaOH (99 ml. 0.099 mole) during ) hr. Additional 1N 
NaOH (50 ml, 0.05 mok) was added and the reaction mixture was stirmd at room tcmp for another 
4 hr. It was cooled, filtered and acidified to pH = 1 with 18% HCI. After standing at room tcmp 
for 2 hr and in the cold (0”) overnight, the product precipitated (21 g. 95% yield), m.p. 156“. (Found: 
C, 6007; H. 5.41; N, 1250. C,,H,,N,O, rquim: C, 5999; H, 5.49; N, 12*72%.) 

7)znsformarion of z-corbamoylomi~y-bulrolacIo~ (Ia) fo 5-@-hydroxycrhyI)hy&ntoin (lla) 

(a) A soln of acarbamoylamino-y-butyrolactone (144 g. 0.01 mole) in 100 ml of AcOH-water 
(1: 1) was heated at 90-100” for 4 hr and then left at room tcmp overnight. After evaporation of 
the soln in wcuo and crystallization of the residue from EtOH, 5-($hydroxyethyl)hydantoin (I.17 g, 
81% yield) was obtained, m.p. 178”. (Found: C, 42.05; H, 6.03; N. 19.10. C,H,N,O, rquim: 
C, 41.67: H. 5.59; N. 19.44x.) 

(b) The transformation of Ia to Ha was faster when Ia was dissolved in 12% HCl and treated as 
above. After 2 hr the hydroxamic acid test’ was negative and 5-(P-hydroxycthyl)hydantoin (1.3 g. 
9076 yield) was obtained, m.p. 178’. 

’ H. E. Carter and C. M. Stevens. /. Biol. C/tern. 133. 117 (1940). 
* H. E. Carter. P. Handler and C. M. Stevens, /. Eiol. Chcm. 138, 619 (1940). 
’ M. Frankcl, Y. Knoblcr and T. Shcradsky, /. Chum. Sot. 3642 (1959). 
6 A. I. Vogel Prucrical Oqanic Chrmisrry (3rd Edition) p. 1063. Longmans Green, New York, 

N.Y. (1956). 
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(c) When a-carbamoylamino-y-butyrotione was refluxcd in EtOH. in acetone or in water for 
4-S hr. IIa was obtained in yields of 60%. 70% and 77% respectively. 

Transformation of a-carbamoylamino-y-hydroxybntyric acid to ascubamoylamino-y-bnt~oiac~o~ 
la and to S-@-hy&oxyethy~ydunfoin (IIb) 

a-Carbamoylamino-y-butyrolactonc (0.144 g, Oal mok) was diarolvcd in 2N NaOH (1.5 ml). 
Tbc hydroxamic acid test was ncgtive. * The cookd soln was acidifkd to pH = 1 with 18% HCl 
and left at room temp. After 2 hr a positive test for hydroxamk acid was obtained. After 24 hr 
the colour test was negative again and 5@-hydroxyethyl) hydantoin was obtained (0.1 g. 69.4% 
yield), m.p. 176’. identified by mixed m.p., IR spectrum and elemental analysis 

Tr~formation of I-phmyI~rbomoybmino_y-hytoxybut~ic acid IO a-phenylcarbamoylamino-oylomtco-’/- 
bulyrolactone (Ib) 

a-Phcnylcarbamoylamiooy-butyrolactone (0.45 g, @002 mole) was diuolwzd in 2N NaOH 
(1.5 ml). The cooled soln was acidified to pH = 1 with 18% HCl and kft at room temp for 24 hr. 
The a-phcnylcarbamoylamin~~-butyrokctone (O-4 g, 90% yield) obtained .m.p. 156”. gave a positive 
test for hydroxamic acid.’ It was further identifkd by mixed m.p.. IR spectrum and elemental 
analysis. 

7?anrformarion of a-phmnylcarb~-b~~o~cto~ (Ib) IO 3-phenyf-S#-hydroxyethyf)- 
hydantoin (IIb). 

a-Phcnylcarbamoylamino_y-butyrolactoac (1.4 g. OG63 mok) in water (15 mI,) was rcfluxed for 
10 min. Upon cooling, IIb was obtained (l-2 g, 86% ykld). m.p. 110”. Found: N, 1290. Calc. for 
C,,H,,N,O,: N, 12.72x.) 

Tk~formotion of a-carbamoykzmino- y-butyrolactone to S-#Lbromoethyf)hy&ttoin (Illa) 

(a) z_Carbamoylamino-y-butyrolactonc (0.6 g, O-00416 mok) was dissolved in 48 % HBr (80 ml). 
The soln was heated for 2 hr at 9GlOO” (water-bath) and then evaporated IO dryness in wcuo. The 
residue was crystalliwi twice from EtOH. S-#I-Bromocthyl)hydantoin was obtained (O-6 g. 70% 
yield) m.p. 139-140”.L (Found: C. 2960; H. 3.20; N. 1360; Br, 3840. Calc. for C,H,BrN,O,: 
C, 29.00; H. 340; N, 13.53; Br, 38.590/) 

(b) z-Carbamoylamino-y-butyrokctone (@5 g. 0.00346 mole) was dissolvul in sat soln of HBr 
in AcOH (20 ml). The soln was left at room tcmp for 3 days and then evaporated to drymss at 
reduced press. The residue was crystallized twice from water and 5-(/l-bromocthyl)hydantoin was 
obtained (0.39 g, 54.4% yield). m.p. 135”. (Found: N, 13-l ; Br, 39tX)%.) 

Artempted transformorion of S-#?-hy&oxyethyl)hy&uoin (jla) to S-@bromoethyt)$&ntoin (IIIa) 
Ul loo” 

S-Q-Hydroxyethyl) hydantoin (0.4 g. OGO277 mole) was dissolved in 48 % HBr (60 ml) and treated 
as above. The starting compound, 5-(&hydroxycthyl)hydaotoin was recovered (@2 g, 50% yield), 
m.p. 172”. and identified by mixed m.p., IR spectrum and elemental analysis. 

5-#-Bromoethyl)hy&nro/n (HIa) 

Compound IIa (144 g. 0.01 mole) was heated for 4 hr in rcfluxing 48% HBr (80 ml). The soln 
was evaporated to drynw at rulucod press and the t&due was twia crystallizd from water and 
olx~ again from EtOH. The IIIa thus obtained (@12 g. 57% yield). melted at 138O.i (Found: N. 
13.2; Br. 38.8. Calc. for C,H,BrN,O,: N. 13.53; Br, 38.590,<.) 

Treatmenf of a-benzyloxycarbonylamino-y-hydroxybutyramti with tthanolic s&um ethoxick 

z-Bcnxyloxycarbonylamino+/-hydroxybutyramide’ (5 g. 0+02 mok) was dissolved in abs EtOH 
(500 ml) in which Na (046 g. @02 mole) had been dissolved. The soln was heated under reflux for 
50 hr and then divided into two equal parts: 

(a) After concentration at reduced press the cold soln was acidifkd with cone HCl (Congo-red). 
After filtration of the inorganic salt. the soln was evaporated to dryness at reduaxl press and the 

* T. Sheradsky. Y. Knoblcr and M. Frankcl. 1. Orx. Glum. 26, 1482 (1961). 
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residue was washed twice with EtOH and then crystahirzd from water. The product, 5#-hydroxy- 
ethyl)hydantoin(l~15g,8O~~ykld)mckcdat 178”, (Found: C.41.23; H.6.20; N, 19.20. Cakfor 
C,H,N,O,: C. 41.67; H, 5.59; N, 1944%) 

(b) The soln was evaporated to dryness at reduced press and the residue was dissolved in 48% 
HBr (50 ml). The soln was heated under retlux for 2 hr. The procodurewasrcpeatcd afterevaporation 
to dryness at reduced press. Tiu residue was crystallLud from water to obtain HIa. (062 g, 30% 
yield) m.p. 137”.* (Found: N, 13.20; Br, 39.10. Calc. for C,H,BrN,O,: N, 13.53; Br, 3859x.) 

To cold Chf (100 m.) were added with stirring, fi-amino-;hbutyrolactoe hydrochloride’ (1.65 g, 
GO12 mole); EtN, (1.2 g. 0.012 mole) and phcnyl isocyanatc (1.4 g. @012 mole). The stirred 
reaction mixture was kft at room tcmp for 3 hr. After filtration of the ppt containing triethylamine 
hydrochloride and N,N’-diphcnylurca, the chf soln was conocntrated to 50 ml in wcuo and some 
impurities were filtcrul off, then evaporated to dryness and the residue was twice crystallizd from 
A&Et-pet ether and once again from water. The product (085 g. 32% yield), m.p. 110” gave a 
negative hydroxamic test.’ The IR spcotrum showed no absorption for y-lactonc at 5.6s~. (Found: 
C, 59.7s; H, 544; N, 1260. CI,H,,N,OI requires: C, 59.98; H, 5.49; N, 12.72x.) 

3-Plrmyl-~-bromocrhyl)hydanroin (Glib) 

Comtxntnd Ilb (@2 g, 0409 mole) was heated for 4 hr under rcflux in 48% HBr (80 ml). After 
evaporation at reduced press, tho residue was crystallized twice from EtOH. The product (0.15 g, 
58.8% yield) melted at 108”. (Found: C. 47.33; H, 4.22; N, 9.90; Br, 27.65 C,,H,,BrN,O, 
requires: C, 4666; H, 3.91; N, 9.89; Br, 2822x.) 

3-Car&moykvnitwpyrroMin-2-one (Va) 

z,y-Diaminobutyric acid dihydrobromidet’ (551 g, @02 mok) was suspended in absolute EtOH 
(250 ml) and dry HBr was PasJod through the soln with gcntk heating for 4 hr. The soln was left 
overnight at room temp and then concentrated at reduced press. The proazdurc was repeated twia. 
To the semisolid residue was added cold McONa. prepared from Na (093 g) and McOH (70 ml). 
After IS min. exass of dry ether was added and the ptipitatcd inorganic salt was filtered off..” 
The filtrate was concentrated at reduced press and the residue was dissolved in a small quantity of 
water. KNCO (2 g, OQ24 mok) in water (3 ml) was added and the soln was acidified with AcOH 
and left at room tanp for 3 days. The solo was evaporate-d to drynczu and the residue was twice 
crystallired from EtOH. Compound Va (0.45 g, 16% overall ykld) was obtained, m.p. 220’. (Found: 
C, 41.23; H, 6.30; N, 28.95. C,H,N,O, requires: C, 41.95; H, 6.34; N. 29*3S%.) 

1-Bet+3-bcnramidopyrrolidin-2-o& (8.34 g. 0.0283 mole) was heated for 4 hr under reflux in 
12% HCI (210 ml). After mling. the precipitated bcnzoic acid was tihcrcd off and the filtrate was 
extracted with ether and concentrated at rcduozd press. The semisolid residue was d&otvcd in 
abs EtOH (250 ml) and dry HCI was passed through the soln with gentle heating for 4 hr. The 
soln was concentrated and the proccdurc was repeated twice. To the semisolid residue a cold soln of 
EtONa was added (1.32 g. Na in abs EtOH (50 ml)). After IS min. exass of dry ether was added and 
the precipitated inorganic salt was filtered off. The filtrate was conamtratcd at rcductd press and the 
semisolid was dissolved in a small quantity of water. KNCO (2.43 g. 0.03 mok) in water (4 ml) was 
added and the soln was acidified with A&H and left at room tcmp for 3 days. The soln was eva- 
porated at reduced press and the residue was crystallizd from EtOH. I-Bcnzyl-3-carbamoylamino- 
pyrrolidin-2-one thus obtained (3.12 g. 47% ovcrdl yield) melted at 212”. (Found: C. 61.37; H, 
660; N, 17.10. Cr,H,,N,O, rcquirca: C, 61.79; H. 6.48; N. 1841%) 

To a cold stirred soln of l-phenyl-3-aminopyrrolidin-2-one hydrochloride* (3.2 g. a015 mok) in 
water (7.5 ml) IN NaOH (I 5 ml. 0415 mole) and phenyl isocyanatc (1.8 ml. 0.016 mole) were added 
simultaneously. Additional 1N NaOH (7.5 ml, OXxI75 mole) was introduced and the reaction mixture 

t* Max Frankcl, Y. Knobkr and T. Shcradsky, Bull. Res. Count. Israel 7A. 173 (1958). 
I1 S. Wilkinson. 1. Chum. Sot. 104 (1951). 
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was s&es.+ for & hr, tbc ppt was filtered off aad washed x~eral tW with hot AcOEt. lb product 
(297 g. 46.7% ykld) melted at 220”. (Found: G 69.24; H, 5%; N, 14M), C,&N& requires: 
C, 69.14; H, 5.80; N, 14*23%.) 

a-~~d~~hy~xyb~ty~c acid%* (3 g, @I34 mok) was dissolved in A@ (30 ml) and beat& 
at 100” for 4 hr. After concentration at reduad pnss and addition of exasa of petrol ether, a- 
~~d~~-but~o~o~ was obtained (2.4 g, 87% yield), m.p. 142”? (Found: N, 7.10. Cak% 
for CrrWr;NOt : N, 6.83 %.) 

Reaction 01 a-km&&-y-h*oxybtiyic octf d bmmyl ~hldde fn p@kiM 

To a stirred cold soln of ~-~~id~~by~oxybut~ add (2.23 g. Oal m&e) in pyridine 
(20 ml), benzoyl chloride (1.4 g, GO1 mole) was added gradually. The reaction mixture was brought 
to room temp. stirred at room temp for 15 min and poured on a mixture of &water and HCI 
(O-03 mok). X&e soln was extracted with ether. The combii ether exlrrctJ were drkd with MgSO, 
and ~~~~ at reduad press. A&cr addition of benzeno-pet ether a aemisotid was obtained 
and was crystallized twice from AcOEt-petrdcum ether to ykld a-~~~t~~~ 
(0.5 g, 24*4yd, m.p. 14f.‘* (Found: N, 690. Cak. for CIIHlrNOI: N, 6.83x.1 

a-~id~~-hy~~xy~~c acid (067 g, 0003 mok) and aniline (2.4 g, 0.0257 mok) wu\) 
heated under r&x for 1 hr. Aliquotcr taken out after IO, 20 and 30 min shourd the prcaence of 
y-butyrolactonc by the hydroxamie test. After sn hr ether was added to the ~ookd reaction mixture 
and I-phcnyl-3-bcnnunidopyrrolidin-29ne (0.28 g, 33% ykld) m.p. 2iO*f precipitated. It was 
identifwxt by mixed m.p., IR spectrum and &mental analysis, The filtrate W(LS camntratcd 
Addition of pet. ether prccipiurted a mixture of the starting material and a-benzamido-y-botyro_ 
&tone, as determined by IR SW. This ppt WBS washed several times with ether to yield a- 
~id~~buty~a~one (O-25 g. 40% ykld) m.p. 143°.Sa (Found: N, 6.70. C&k. For C,,H,,NO,: 
N, 6.83 x.1 

When a-bennunid~y-hydroxybutyrif acid (1.7 g, 0.0076 mole) and aniline (4.7 g, 0+0504 mok) 
were heated under r&ux for 2 hr, and treated as above, l-p~nyl-~~idop~idin-2~~ wk( 
obblained, (2.1 g, 98% yield), m.p. 210”; and idcntifkd as above. (Found: N, 9$0. Cak for 
Cl,HIIN1O,: N, lOXiO%.) 

IS E. Fischer and H. Blumenthal, &r. Dfrch. C~FH. Grs. rO,106 (1907). 
I* .Max Frank& and Y. Knobkr. J. Am. Chem. SM. SO,3147 (1958); Y. Knobkr and Max Franked, 

f. Chum. SW. 1629 (1958). 


