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Abstract — 5-Dialkylaminomethylhydantoins (3) were synthesized from
S-aminoalanines (1) as the starting materials in two stages. Intermediate urea
derivatives (2) prepared from the addition reaction of f-aminoalanines to phenyl
isocyanate are easily cyclized to 5-dialkylaminomethylhydantoins (3) with good
yields. The deamination reaction of some of the hydantoin derivatives (3a, 3b) in
water  were  observed and  resulted in the formation  of
3-phenyl-5-methylenehydantoin (4). The hydantoin derivative (3b) regenerated a
urea derivative (2¢, d) by treatment with excess amounts of pyrrolidine or

piperidine.

Hydantoins (imidazolizine-2,4-diones) and related compounds are attracting considerable attention
because of their chemical and biological properties. Indeed, a large number of hydantoins which
frequently demonstrate biological activity have been prepared for various biological applications.** For
example, recent studies regarding hormone receptor antagonists®“ have been reported which are based on
a hydantoin scaffold.

In connection with studies on p-aminoalanines,”®

the synthetic application of these novel
Saminoalanines for the preparation of hydantoin derivatives was investigated. This report describes the
successful application for the new conventional procedure of 5-dialkylaminomethylhydantoin derivatives

and some chemical properties of 5-dialkylaminomethylhydantoins.

The synthetic procedure for the new 5-dialkylaminomethyl substituted hydantoin derivatives (3) by using

racemic B-aminoalanines (1)® as starting materials is shown in Scheme 1. The first stage is a nucleophlic
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Scheme 1.  Preparation of 5-Dialkylaminomethylhydantoins

addition of free p-aminoalanines to phenyl isocyanates to yield N-phenylcarbamoyl-s-aminoalanines
derivatives (2). This addition reaction was easily achieved in H,O. The facile cyclization to the target
hydantoins (3) also occurred with good yields by treatment of the adducts (2) with concentrated HCI at
room temperature. The results for the addition products urea derivatives (2) and hydantoins (3) are
summarized in Tables 1 and 2, respectively. For the preparation of hydantoin derivatives (3), one-pot

synthesis is more conventional than the two-stage procedure (see EXPERIMENTAL).

Table 1. Synthesis of Compounds (2a-e)

CO,H

| _R
<j>7NHCONH—(|_:|—CH2N\R2
Compd. Rt R2 Yield . FAB-MS IR(KBr) Anal.
No (%) mp (°C) Formula (M+H)* em—t Found (Calcd)
188 (decomp) C14H19N30, 294 3323 56.16 6.43 14.00
28 —(CH,),~0—(CHp),— 90 (H,0) +0.3H,0 1621 (5629 6.61 14.07)
170—173 Ci1H:oN2O-S 310 3326 54.13 6.40 13.30
2b —(CHy,),~S—(CHp),— 87 (EtOH) 14197 1622 (5435 6.19 13.58)
202 (decomp) C14H19N 303
2c  —(CH),— 66 278 3335 59.89 7.07 15.03
(CHo)s (H0) +0.2 H,0 1624 (59.93 6.97 14.97)
194 (decomp) C.2Ho:N-O 202 3316 61.75 7.34 14.24
2 —(CHYs— 83 (C.HsOH) 1o 1628 (61.84 7.26 14.42)
2e Et Et 59 (1385)173 C14Hp1N:0;s 280 3314 60.06 801 854
2 1632 (59.82 8.07 8.83)

The structures of these products were easily confirmed by both the spectroscopic data and elemental
analyses. Therefore, characteristic absorption bands at 3314-3337 (urea NH) and 1621-1634 cm™(urea
C=0) were observed in the IR spectra (KBr) for all compounds (2a-2e). In the *H-NMR spectra, all of
the observed signals were characteristic of the represented structures (2a-2e). All of the IR spectra of the
hydantoins (3a-3e) showed two distinct hydantoin ring amide C=O absorptions at 1779-1789 and
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1704-1725 cm™ (Table 2) and the 'H-NMR data for compounds (3c-3e) were consistent with the
corresponding hydantoin structures (see EXPERIMENTAL).

Table 2. Synthesis of New Hydantoin Derivatives (3a-e)

H Rt
o N CH,N
* I \Rz
pr o HC
i Anal.
Compd. " 2 Yield . FAB-MS IR(KBr)
No A A (%) mp (*C) Formula (M+H)* em—t Found (Calcd)
1780 53.90 5.93 13.46
3a —(CH,),~O-(CH,),— 87 201.5—205 (decomp) C14H1gN305Cl 276 1716 (53.94 5.82 13.48)
1779 5152 5.54 12.76
3b  —(CH,),~S—(CHp),— 85 193.1—196 (decomp) C14H18N30,CIS 292 1704 (51.29 553 12.82)
_ _ 1781 56.40 6.26 14.05
3c (CHo)a 100 176—178(decomp) ¢ %_Tﬁ:‘éozu 260 1716 (56.85 6.13 14.21)
C15H2N30,Cl 1782 57.75 6.41 13.49
3d —(CHyp)5— 94 190.5—193.7 (decomp) -15’.12ﬂ2(3) 2 274 1708 (58.16 6.51 13.56)
amorphous?®
3e Et Et 100 . C14HN30,Cl 1783 54.89 6.90 13.75
(hygroscopic) ,é‘_‘ 2H0203 2 262 1720 (54.81 6.90 13.70)

a) Hygroscopic amorphous powder.

The 5-dialkylaminomethyl substituted hydantoin (3) synthesized in this study showed an interesting
chemical behavior. Therefore, the treatment of product hydantoins (3) with large excess amount of water
yielded easily deaminated 5-methylenehydantoin (4).° Interestingly, during NMR spectroscopic
examination in DMF/H,0, the compounds (3a and 3b) having a morpholino or thiomorpholino group as a
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Scheme 2. Elimination of 5-Dialkylaminomethylhydantoin (3)

part of dialkylamino functionality were found to be a mixture of 5-methylenehydantoin (4) and a
corresponding secondary amine (morpholine or thiomorpholine) (see EXPERIMENTAL: Scheme 2).
No original 5-substituted hydantoins (3a and 3b) could be detected by NMR analysis. Evaporation of the
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solvent yielded the original 5-dialkylmethylamino hydantoin (3a and 3b) quantitatively. On the other
hand, after dissolving (3a) in excess amounts of H,O (1 g per 100 mL), filtration of the precipitated
crystallized materials produced 5-methylenehydantoin (4)° with a 73% yield, the structure of which was
determined by an elemental analysis and NMR spectroscopic data. The eliminated product (4) showed the
theoretical integrational values characteristic of two vinyl protons at 5 4.94 and 5.24 ppm (*H-NMR). In
contrast, the compounds (3c-3e) having simple 5-dialkylaminomethyl groups at C-5 on hydantoin
nucleus were stable in solution (MeOH/DMF or DMSO) at room temperature and no elimination process
was observed during the NMR spectroscopy analysis.

Further study of these hydantoin derivatives showed the compound (3) to be easily converted to the
original urea derivatives. The exchange reaction of a dialkylamine moiety can be also applied to the
preparation of 2. For instance, when the compound (3b) was treated with excess of pyrrolidine or
piperidine it produced the ring-opened urea derivative (2¢) or (2d) with a 63% or a 53% yield,
respectively (Scheme 3).

Rl Rl
/
excess HN\

H
o N S R? Ni
\ / O 2
N ©\)J\£R
O in H,0 N
« HCI

(3b) (2¢,d)
Scheme 3

This is the first report of the elimination process (retro-Michael addition observed above) and the
reversibility of such process of the 5-dialkylaminomethyl functionality of hydantoin nucleus. On the basis
of the characteristic reversible processes of these 5-dialkylaminomethylhydantoins, further investigations
on molecular modification of such 5-substituted hydantoin derivatives including 5-methylenehydantoin

are currently underway to identify biologically active compounds.

EXPERIMENTAL

The melting points are uncorrected. The IR spectra were measured with a Shimadzu FT/IR-8100
spectrometer. The *H- and **C-NMR spectra were obtained on a JEOL JNM A-500 (500 MHz for *H, 125
MHz for *C) at 35 °C. The chemical shifts are expressed as & ppm downfield from an internal
tetramethylsilane (TMS) signal. The signal assignments were confirmed with *H-'H two-dimensional

(2D) correlation spectroscopy (COSY), *H-*C heteronuclear multiple quantum coherence (HMQC),
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'H-13C heteronuclear multiple-bond connectivity (HMBC) spectra. FAB-MS spectra were obtained with a
JEOL JMS-HX110 mass spectrometer. The following abbreviations in the brackets were used for the
morpholine ring (Mor), thiomorpholine ring (Thi), pyrrolidine ring (Pyr), piperidine ring (Ppd) and for
hydantoin ring (Hyd), respectively.

General procedure for the preparation of compounds (2a-e)

A solution of a S-aminoalanine dihydrochloride (1) (0.02 mol) in 10 mL of H,O was added to 14 mL of
aqueous 3N sodium hydroxide (0.042 mol). Phenyl isocyanate (0.03 mol) was added to the resulting
solution dropwise under vigorous stirring at rt. When half the phenyl isocyanate had been introduced, a
second portion of 20 mL of sodium hydroxide (0.06 mol) was added dropwise in order to keep the
reaction mixture strongly basic (ca. pH 13) throughout the overall reaction. Next, the reaction mixture
was stirred for another 1 h and the resulting mixture was filtered under a reduced pressure. The desired
(phenylureido)propanoic acids (2) precipitated from the filtrate by addition of ammonium chloride were
collected. The physical data and elemental analysis are summarized in Table 1. The *H-and **C-NMR
spectroscopic data of the isolated products are shown below.
3-Morpholino-2-(3-phenylureido)propanoic acid (2a)

'H-NMR (D;0) 6:3.18-3.39 (6H, m, Mor H-3, H-5 and CH,Ph), 3.94-3.97 (4H, m, Mor H-2, H-6),
4.52-4.58 (1H, m, CHCOOH), 7.18-7.22 (1H, m, p-Ar H), 7.34-7.43 (4H, m, 0 and m-Ar H). *C-NMR
(D20) 6:53.3 (CHCOOH), 55.1 (Mor C-2, C-6), 62.4 (CH,-Mor), 67.1 (Mor C-3, C-5), 124.2 (o-Ar C),
127.1 (p-Ar C), 132.5 (m-Ar C), 140.7 (Ar C-1), 160.6 (NHCONH), 178.1 (COOH).
2-(3-Phenylureido)-3-thiomorpholinopropanoic acid (2b)

'H-NMR (D,0) 6:2.93-3.01 (4H, m, Thi H-2, H-6), 3.28-3.59 (6H, m, Thi H-3, H-5 and CH,-Thi),
4.50-4.53 (1H, m, CHCOOH), 7.17-7.22 (1H, m, p-Ar H), 7.33-7.61 (4H, m, 0 and m-Ar H). *C-NMR
(D20) 6:27.9 (Thi C-2, C-6), 51.5 (CH,-Thi), 55.7 (Thi C-3, C-5), 60.2 (CHCOOH), 118.5 (o-Ar C),
122.0 (p-Ar C), 128.6 (m-Ar C), 141.3 (Ar C-1), 155.8 (NHCONH), 174.0 (COOH).
2-(3-Phenylureido)-3-(pyrrolidin-1-yl)propanoic acid (2¢)

'H-NMR (D;0) 6:2.09-2.12 (4H, m, Pyr H-3, H-4), 3.45-3.63 (6H, m, Pyr H-2, H-5 and CH,-Pyr),
4.49-4.53 (1H, m, CHCOOH), 7.18-7.1 (1H, m, p-Ar H), 7.35-7.43 (4H, m, o0 and m-Ar H), *C-NMR
(D20) 6:25.5 (Pyr C-3, C-4), 54.8 (CHCOOH), 57.6 (Pyr C-2, C-5), 60.0 (CH,-Pyr), 124.1 (o-Ar C),
127.1 (p-Ar C), 132.1 (m-Ar C), 140.7 (Ar C-1), 160.4 (NHCONH), 177.8 (COOH).
2-(3-Phenylureido)-3-(piperidin-1-yl)propanoic acid (2d)

'H-NMR (D,0) 6:1.66 (2H, br s, Ppd H-4), 1.85-1.86 (4H, m, Ppd H-3, H-5), 3.05-3.40 (4H, m, Ppd
H-2, H-6), 3.34 (1H, dd, J = 13.0, 9.0 Hz, CHH-Ppd), 3.49 (1H, dd, J = 13.0, 5.5 Hz, CHH-Ppd), 4.56
(1H, dd, J = 9.0, 5.5 Hz, CHCOOH), 7.17-7.22 (1H, m, p-Ar H), 7.34-7.43 (4H, m, o and m-Ar H),
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B3C-NMR (D,0) 6:24.0 (Ppd C-4), 25.7 (Ppd C-3, C-5), 53.3 (CHCOOH), 56.6 (Ppd C-2, C-6), 61.9
(CH,-Ppd), 124.2 (o-Ar C), 127.1 (p-Ar C), 132.1 (m-Ar C), 140.6 (Ar C-1), 160.6 (NHCONH), 177.8
(COOH).

3-(Diethylamino)-2-(3-phenylureido)propanoic acid (2¢)

'H-NMR (D,O + DMF-d;) §: 1.36 (6H, t, J= 7.5 Hz, CH,CHs x 2), 3.22 [1H, dd, J = 12.5, 9.0 Hz,
CHHN(Et),], 3.36 (4H, ddd, J = 7.5, 6.0, 1.0 Hz, CH,CH3 x 2), 3.46 [1H, dd, J = 12.5, 6.0 Hz,
CHHN(E®),], 4.25 (1H, dd, J = 9.0, 6.0 Hz, CHCOOH), 6.94-6.98 (1H, m, p-Ar H), 7.26-7.29 (2H, m,
m-Ar H), 7.53-7.55 (2H, m, 0-Ar H). *C-NMR (D,0 + DMF-d;) &:9.43 (CH,CHj x 2), 48.2 (CH,CHs x
2), 49.9 (CHCOOH), 55.4 [CH,N(Et),], 118.6 (0-Ar C), 122.3 (p-Ar C), 129.3 (m-Ar C), 141.1 (Ar C-1),
156.8 (NHCONH), 172.7 (COOH).

General procedure for the preparation of 5-(dialkylaminomethyl)imidazolidine -2,4-dione (3a-e)

A solution of (phenylureido)propanoic acid (2) (1.0 mmol) in concentrated hydrochloric acid (5 mL) was
allowed to stand at rt for 1 to 2 d. Evaporation of the solvent gave a compound (3c-e). In case of (3a) and
(3b), a crystalline precipitate was separated from the solution. The physical data and the findings of an
elemental analysis are summarized in Table 2.

5-(Morpholinomethyl)-3-phenylimidazolidine-2,4-dione hydrochloride (3a)

'H-NMR (D,O + DMF-d;) &:3.31-3.33 (4H, m, Mor H-2, H-6), 3.96-3.98 (4H, m, Mor H-3, H-5), 5.27
(1H, d, J = 2.0 Hz, 5-methylenehydantoin =CHH), 5.53 (1H, d, J = 2.0 Hz, 5-methylenehydantoin =CHH),
7.42-754 (3H, m, Ar H-3, H-4, H-5), 7.58-7.61 (2H, m, Ar H-2, H-6). *C-NMR (D20 + DMF-d;)
0:45.9 (Mor C-3, C-5), 66.3 (Mor C-2, C-6), 100.7 (5-methylenehydantoin =CHH), 129.3 (Ar C-2, C-6),
131.6 (Ar C-4), 132.0 (Ar C-3, C-5), 133.5 (Ar C-1), 136.7 (Hyd C-5), 157.0 (Hyd C-2), 166.2 (Hyd
C-4).

3-Phenyl-5-(thiomorpholinomethyl)imidazolidine-2,4-dione hydrochloride (3b)

The NMR spectroscopic data (in D,O) of this compound also showed a mixture of methylenehydantoin
and thiomorpholine hydrochloride.

3-Phenyl-5-(pyrrolidin-1-ylmethyl)imidazolidine-2,4-dione hydrochloride (3¢)

'H-NMR (CD;0OD+DMF-d;) &:2.10, 2.20 (each 2H, br s, Pyr H-3, H-4), 3.29-3.30 (2H, br, Pyr H-2, H-5),
3.73-3.77 (1H, m, CHHN=), 3.81-3.82 (1H, m, CHHN=), 3.84-3.85 (2H, br, Pyr H-2, H-5), 4.82-4.84
(1H, m, CHCH,N=), 7.40-7.43 (3H, m, Ar H-3, H-4, H-5), 7.47-7.51 (2H, m, Ar H-2, H-6). *C-NMR
(CDsOD+DMF-dy) 6:23.9, 24.2 (Pyr C-3, C-4), 55.1 (CHCH,N=), 56.5 (CHCH,N=), 56.6 (Pyr C-2, C-5),
127.7 (Ar C-2, C-6), 129.4 (Ar C-4), 130.0 (Ar C-3, C-5), 133.2 (Ar C-1), 157.6 (Hyd C-2), 171.8 (Hyd
C-4).

3-Phenyl-5-(piperidin-1-ylmethyl)imidazolidine-2,4-dione hydrochloride (3d)

'H-NMR (DMSO-ds) 6:1.41 (1H, br, Ppd H-4), 1.72-1.74 (1H, m, Ppd H-4), 1.83 (4H, br, Ppd H-3, H-5),
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2.99-3.03 (2H, m, Ppd H-2, H-6), 3.45-3.64 (4H, m, Ppd H-2, H-6, and CH;N=), 4.94 (1H, s,
CHCH,N=), 7.36-7.42 (3H, m, Ar H-3, H-4, H-5), 7.47-7.51 (2H, m, Ar H-2, H-6), 8.78 (1H, s, NH).
BC-NMR (DMSO-dg) 6:21.0, 22.2, 22.3 (Ppd C-3, C-4, C-5), 52.1, 53.5 (Ppd C-2, C-6), 52.3
(CHCH;N=), 57.9 (CHCH2N=), 126.6 (Ar C-2, C-6), 128.0 (Ar C-4), 128.7 (Ar C-3, C-5), 131.8 (Ar C-1),
155.2 (Hyd C-2), 170.2 (Hyd C-4).

5-{(Diethylamino)methyl}-3-phenylimidazolidine-2,4-dione hydrochloride (3e)

'H-NMR (DMSO-ds) 6:1.27-1.30 [6H, m, N(CH2CHs),], 3.29-3.34 [4H, m, N(CH,CHa),], 3.47-3.51
(1H, m, CHHN=), 3.59-3.64 (1H, m, CHHN=), 4.90 (1H, d, J = 8.5 Hz, CHCH;N=), 7.37-7.42 (3H, m,
Ar H-3, H-4, H-5), 7.48-7.51 (2H, m, Ar H-2, H-6), 8.74 (1H, s, NH), 10.66 (1H, br, NH*). *C-NMR
(DMSO-dg) 0:8.3, 8.4 [N(CH.CH3)2], 46.9, 47.5 [N(CH,CHj3),], 52.4 (CHCH,N=), 52.9 (CH,;N=), 126.6
(Ar C-2, C-6), 127.9 (Ar C-4), 128.7 (Ar C-3, C-5), 131.8 (Ar C-1), 155.2 (Hyd C-2), 170.2 (Hyd C-4).
5-Methylene-3-phenylimidazolidine-2,4-dione (4).

(Method A)

A solution of (3a) (1g, 3.21 mmol) in water (ca. 100 mL) was heated in a water bath and allowed to stand
at rt for 6 h. Filtration of the precipitated material gave 0.32 g (53%) of 4. Two further filtrations of the
precipitate from the mother liquors at intervals of 24 h afforded an additional 0.12 g (20%) of the product
(4). The total yield was 73 %, mp >255 °C (decomp).® IR (KBr) cm™: 1773, 1715, 1669. FAB-MS
(positive) m/z: 189 (M+H"). *H-NMR (DMSO-dg) 6:4.93 (1H, d, J = 1.5 Hz, =CHH), 5.24 (1H,d, J = 1.5
Hz, =CHH), 7.40-7.42 (3H, m, Ar H-3, H-4, H-5), 7.47-7.50 (2H, m, Ar H-2, H-6), 10.8 (1H, br, NH).
B3C-NMR (DMSO-ds) 6:94.6 (=CH,), 126.6 (Ar C-2, C-6), 127.9 (Ar C-4), 128.7 (Ar C-3, C-5), 131.6
(Ar C-1), 134.9 (Hyd C-5), 152.9 (Hyd C-2), 161.9 (Hyd C-4). Anal. Calcd for C1oHsgN,O,: C, 63.82; H,
4.28; N, 14.89. Found. C, 63.74; H, 4.41; N, 14.87.

(Method B)

A solution of (3a) (1g, 3.21 mmol) in water (ca. 30 mL) was extracted continuously for 3 h with AcOEt.
Concentration of the solvent yielded 0.49 g (82%) of 4, mp 200 °C (decomp).®® The spectroscopic data
(IR, FAB-MS and NMR) were identical with those of the compound obtained by Method A. Anal. Calcd
for C1oHsN20;: C, 63.82; H, 4.28; N, 14.89. Found. C, 63.68; H, 4.37; N, 14.89.

One-pot synthesis of compound (3a)

A solution of amino acid dihydrochloride (1a) (5 g, 0.02 mol) in 10 mL of H,O was combined with 14
mL of aqueous 3N sodium hydroxide (0.042 mol). Phenyl isocyanate (3.6 g, 0.03 mol) was added
dropwise to the resulting solution with vigorous stirring at rt. When half the phenyl isocyanate had been
introduced, a second portion of 20 mL of sodium hydroxide (0.06 mol) was added dropwise to keep the
reaction mixture strongly basic (ca. pH 13). After the addition of phenyl isocyanate, the mixture was

stirred for another 1 h and then filtered under reduced pressure. The filtrate was neutralized (pH 7) by the
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addition of 20% hydrochloric acid and concentrated in vacuo. The residue was combined with
concentrated hydrochloric acid (80 mL) and the insoluble by-product was removed by filtration under
reduced pressure. The filtrate was allowed to stand for 1 d and the precipitated material (3a) was collected
by filtration. The yield was 75%.

Conversion of 5-thiomorpholinomethylhydantoin derivative (3b) to ureido derivative (2¢)

A solution of thiomorpholine-hydantoin (3b) (0.3 g, 0.963 mmol) in H,O (30 mL) was heated on a water
bath for 5 min. To this solution pyrrolidine (1.2 mL) was added and the mixture was stirred for 3 min.
After concentration of the solvent, the residue was washed with Et,O. The residue was combined with
H,0 and the insoluble material was collected by filtration to give 2¢ (0.03 g). After the concentration of
the filtrate in vacuo, the crystallized product 2¢ (0.13 g) was then obtained by addition of a small amount
of MeOH (63%). The compound (2d) was also obtained from the reaction of piperidine with the
compound (3b) in 53% vyield.
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