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Synthesis of 3-Hydroxy-4-Imidazolidinones (l1a,b)

Robert E. Harmon, Victor L. Rizzo, and S. K. Gupta

Department of Chemistry, Western Michigan University

So far very little work has been reported on the prepa-
ration and properties of 4-imidazolidinones 1. The known
methods involve reduction of either thiohydantoins 2 (2)
or 4 (5)-imidazolones 3 (3). In this paper we wish to
report a rather convenient synthesis of 3-hydroxy-4-imida-
zolidinones (6a-6l), which is based on the reaction of
aliphatic a-aminohydroxamic acids with aromatic alde-

hydes.
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Glycine hydroxamic acid (4a) was prepared by the pro-
cedure of Jones and Sneed (4), whereas, sarcosine hydrox-
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amic acid (4b) and O-benzylsarcosine hydroxamic acid (4c)
were prepared by the reaction of ethyl sarcosinate with
hydroxylamine and benzyloxyamine, respectively. The
reaction of these a-aminohydroxamic acids (4a-4¢) with
a number of aldehydes (5) was conducted by refluxing
the mixture in absolute methanol during 2-4 hours. The
resulting crystalline 3-hydroxy-4-imidazolidinones (6a-6l)
were isolated in 70-90% yields, as shown in Scheme [.
The structure proof of these compounds rested on satis-
factory elemental analyses and spectroscopic data (nmr,
ir and mass) as discussed below.

Theoretically, the reaction of an aldehyde with an a-
aminohydroxamic acid can lead to the formation of
several compounds. But many of the possible structures
could be easily ruled out simply on the basis of elemental
analyses. Therefore, only the structures 6,7, 8 and 9 were
considered as likely possibilities. The oxadiazole structure
7 was found to be unacceptable on the basis of ir spectra
(presence of a fragment at m/e 17, characteristic of the
hydroxyl group). Hydroxamic acids are known to react
with aldehydes through the hydroxamic acid end of the
molecule (5). If a-aminohydroxamic acids reacted analo-
gously they would form compounds having the structure
8. However, the nmr spectra (Table I, experimental
section) and the ir spectra (presence of C=0) absorption at
1675-1725 cm'l) ruled out this possibility. Furthermore,

the ability of O-benzylsarcosine hydroxamic acid (4c) to
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successfully react with p-chlorobenzaldehyde to afford the
compound 6k precluded any possibility of cyclization
through the hydroxyl group (structures 7 and 8). There-
fore, the only possible structures for the products obtained
from the reaction of a-aminohydroxamic acids with alde-
hydes arc the ring form (structure 6) and/or the open-
chain form (structure 9). The distinction between these
ring-chain isomers was made by nmr spectroscopy. The
azomethine protons in the nmr spectra of authentic Schiff
bases with p-chloro- and p-bromobenzaldehydes, absorbed
as singlets at 7 1.64 and 7 1.76, respectively (0). Similarly,
the azomethine proton in 4-amino-5-(p-chlorobenzylidene-
aminoethyl)-2-methylpyrimidine (10) resonated at 7 1.5
(singlet) whereas the methine protons in the corresponding



P~ "jutog uonsoduwoda(q (&)
< 0Z%T N VYT N
> (H suryiowioze '99°() ‘s) ¢'T ‘HIV “p ‘W) §'g LTS H 6Te H
([ sutqrew “H¢°0 ‘) 9% ‘(HO ‘HN ‘€ ‘W) 99 ‘(*yD ‘g ‘w)gy 0691 0618 0S'SS D 29SS D EOINCTH®D 281-961 eL+el
SE'€Z N Yee N
(Hiv 'y ‘w)g'g 9Z'S H €0S H
(HOT1'$) 9% “(HO “HN ‘T 'W) 67'9 “(*HD ‘g ‘W) gy 0021 002¢ 15°€S D 09'€s D ZOENSHED 981-G81 ]
106 N ¥88 N
(Hav ‘6 ‘w) 0L £€9¢ H s H
(CHDIY YDAV ‘g ‘w) 0g°s (THD ¢ ‘W) 299 (EHD ‘€ '8) 082 SzLY 29%9 D 9v'%9 D TONIDLTHEYD 001-66 9
ey N €I N
(HO ‘1T 'w) 01 969 H ¥6'9 H
“(THD 2 8) 06'S (THD 2 '8) 06'9 “(EHD ‘€ S) %972 0691 6T1Y D A & 2] LOINSHYD OIT-STI g
£2CI N 9¢'zT N
(HO ‘T ‘w) %570 “(HIV ‘¥ '$) 09'C 8% H 68v H
“(HD T ‘W) og's (*HD ‘¢ ‘W) g9 9 (EHD ‘€ 's) gL 0691 YT'€S D 6628 D LOINIDITHOMD SYI-gv1 9
606 N €z6 N
(HO ‘1 W) 260 “(HIV ‘g ‘s) 082 “(HDV ‘T ‘W) 08'¥ s6v H 66 H
(VT ‘W) 9z 9 (HN ‘T ‘W) g9 (*HD ‘g W)L 0021 00€€ 1£€9 O LV'E9 D TOEINIDSTH® D 98T-%ST 49
06'€Z N €I'%S N
(HN pue O ¢ W) %% (HD 0%=L%* ore ¥1L. H ¥6'9 H
(gD sdo ¢'g=(‘g ‘P) 089 ‘(€D 'sdop=[‘¢ ‘P) 228 0891 0zze 65’1V D 8T8 D LOINBHYD SY1-9p1 fig
4 Y8BT N €881 N
No (HO ‘T ‘w) g0 (HIV ‘¥ ‘w) 9¢°Z 0Ty H 9% H
(HDIV “1°9) 00 “(HN ‘T ‘W) 9 “(*HD ‘2 $) 299 S691 061¢ Zrey D £¥'8v D YOENCH®D 191-091 9
$9'81 N €881 N
(HO ‘T ‘&) ¥0 “(HIV ‘% ‘W) 01'g S0y H 90% H
(HAV ‘T's) sy “(HN ‘T ‘W) g'¢ (*HD ‘T '$) 859 S121 00€¢ LT8Y D e€¥'gr D YOENCH®D LST-98T o9
1S°ST N 2LST N
(HO 1T w) 0’1 (HIV ‘S ‘8) 90°g 8¢ H 99°c H
“(HDV T°8)08°F (N ‘T ‘W) 09 “(2HD ‘T ') 999 0021 (1]s144 0509 D 9909 D LOTNOTHSD 0ST-2%1 P9
02’11 N P11 N
(HO 't ‘'w) 60 ‘(HaV ‘¢ ‘W) $5°2 €2¢ H 92¢ H
(HDAV ‘T ‘W) ey “(HN T ‘W) 9°9 () ‘g ‘wi) g9'9 0891 03¢ 28°¢Y D sLey D LOINIDBHSD 18T-0S1 %9
ZEEL N LTET N
(HO ‘T ‘W) 90 “(H1V ‘¥ $) ¥9°'Z ¥ H L8y H
HOAV 1) 0€°% “(HN ‘T ‘W) 06°S (*HD ‘Z $) 299 0021 ceee 905 D ¥8°0S D COINID®H®D 9ST%ST o
L6T1 N LTET N
(HO ‘T ‘w) g0 "(H*V ¥ ‘W) 09°g £ey H 2% H
(HOAV ‘T'8) 9% “(PHD ‘') 39°9 “(HN ‘T ‘W) 029 6291 002¢ £€8°0S D ¥8°0S D YOENIDCH®D 961-6ST eg
() e1e@ YN 0= HN punoj PAED ae[nuLio (®)(D,) d'W punodwo)
[eotndury
(y-wo) ereq Y[ sasA[euy
% SOUOUTPIOZEPIWI-§-AX0IpAH-¢ 10] ®le(] [B1)03dS pue feonjkfeuy
-+

1314vL



Apr. 1970

ring isomer, tetrahydropyrimido(4,5-d)pyrimidines (11)
absorbed at 7 4.58 (singlet) (6). The nmr spectra of com-
pounds 6a-61 showed a singlet at 7 4.00-5.00 which inte-
grated for one proton (characteristic of the methine
proton). This suggested that the reaction of the a-amino-
hydroxamic acids 4a-4c with the aldehydes 5 afforded
only the corresponding ring isomers, 3-hydroxy-4-imida-

zolidinones (6a-61). However, the reaction of glycine
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hydroxamic acid (4a) with salicylaldehyde afforded a mix-

ture of the 3-hydroxy-4-imidazolidinone 12 and the Schiff
base 13 as shown in Scheme II. This was confirmed by

SCHEME 11
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the nmr spectrum of the mixture which showed absorp-
tions characteristic of both the ring and the chain isomers,
12 and 13 respectively. The peak at 7 4.6 (methine proton,
structure 12) integrated for 0.34 H, whereas the peak at 7
1.5 (azomethine proton, structure 13) integrated for 0.66
H. This suggested the approximate composition of the
mixture to be 34% 12 and 66% 13.

Conclusion.

The reaction of a-aminohydroxamic acids with a var-
icty of aromatic aldehydes afforded 3-hydroxy-4-imidazol-
idinone (6a-6l). However, the reaction between glycine
hydroxamic acid (4a) and salicylaldehyde yielded a mix-
ture of 3-hydroxy-4-imidazolidinone 12 and the corres-
ponding Schiff base 13.

EXPERIMENTAL

The melting points were taken on a Thomas-Hoover Unimelt
apparatus and are corrected. Microanalyses were performed by
Galbraith Laboratories, Inc., Knoxville, Tennessee. The nmr spec-
tra were obtained with a Varian A-60 spectrometer using DMSO-d¢
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as solvent. A Beckman IR-8 spectrophotometer was used to deter-
mine the ir spectra. The mass spectra were obtained on an Atlas
CH-4 mass spectrometer. Glass plates coated with Silica Gel G.
were used for tle. Glycine hydroxamic acid (4a) was prepared by
the procedure of Jones and Sneed (4). Ethyl sarcosinate hydro-
chloride was obtained by the procedure of Staudt (7).

Sarcosine Hydroxamic Acid (4b).

A solution of ethyl sarcosinate hydrochloride (30.7 g., 0.20
mole) in absolute methanol (70 ml.) was mixed with a solution of
potassium hydroxide (11.2 g., 0.20 mole) in absolute methanol
(70 ml). The mixture was cooled at —5° overnight and the preci-
pitated potassium chloride was removed by filtration. Similarly a
solution of hydroxylamine hydrochloride (21.0 g., 0.30 mole) in
hot absolute methanol (140 ml) was mixed with a solution of
potassium hydroxide (16.8 g., 0.20 mole) in absolute methanol
(70 ml). The mixture was cooled at -5° overnight and the preci-
pitated potassium chloride was removed by filtration. The filtrates
from these two reactions containing the free ethyl sarcosinate and
hydroxylamine, respectively, were mixed together and cooled at
-5° overnight. The solution was concentrated to about 200 ml.
and cooled again at —5° overnight. Filtration afforded 16.0 g.,
(77%) colorless crystals of sarcosine hydroxamic acid (4b) m.p.
135.140° dec. The crude product, on purification by washing
with hot water, gave 14.0 g. (66.6%) colorless crystals of 4bm.p.
139-141° dec. The analytical sample was prepared by one recrys-
tallization from distilled water, m.p. 140-141° dec.

Anal. Caled. for C3HgN,0,: C, 34.61; H, 7.75; N, 26.91.
Found: C, 34.85; H, 7.77; N, 26.84.

O-Benzylsarcosine Hydroxamic Acid (4c).

Benzyloxyamine was prepared from its hydrochloride (20.0 g.,
0.0125 mole) by neutralizing the hydrochloride with excess base,
extracting with ether and drying (magnesium sulfate). The ether
solution of the free amine was mixed with 150 ml of absolute
methanol and most of the ether removed by evaporation under
diminished pressure. A methanol solution (150 ml) of ethyl sarco-
sinate, obtained from neutralization of its hydrochloride (12.0 g,
0.079 mole), was mixed with the methanol solution of benzyloxy-
amine and the mixture was cooled at - 5° overnight. The filtration
afforded 5.0 g. (33.0%) of the crude product, m.p. 97.100°.
Recrystallization from ethanol-water yielded colorless crystals of
4c m.p. 104-196°.

Anal. Caled. for C1oH14N20,: C, 61.84; H, 7.27; N, 14.41.
Found: C, 61.62; H, 7.36; N, 14.33.

General Procedure for the Reaction of a-Aminohydroxamic Acids

(4a-4¢) with Aldehydes (5).

A mixture of the ccaminohydroxamic acid 4a-4¢ (0.02 mole)
and the aldehyde 5 (0.02 mole) in absolute ethanol (60 ml) was
refluxed for 2-4 hours with stirring. Then the reaction mixture was
filtered while hot, concentrated under diminished pressure and
cooled at —5° overnight. Crystalline 3-hydroxy-4-imidazolidinones
(6a-6l) were obtained in 70-90% yields by filtration and recrystal-
lization of the solid from absolute ethanol. The same procedure
was used for the reaction of 4a with salicylaldehyde. The products
were recrystallized from absolute ethanol and submitted for nmr
and elemental analyses. The melting points, yields, elemental
analyses and spectral data are summarized in Table I.
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