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Pyruvaldehyde reacts with heterocyclic ureas 4a-d giving dihydroxyimidazolidin-2-ones Sa-d. Phenyl
glyoxal reacts with 4a giving an analogous adduct 5e. These 1,2-diols are smoothly dehydrated to hydantoins
9a-e which on mild reduction provide monohydroxyimidazolidin-2-ones 10a-e. Cis and trans isomers of 10d
have been isolated and observed to epimerise under suitable conditions. An unusual halogenation converts
5a to the bromomethyl derivative 14b which is a convenient starting material for the synthesis of
4-substituted imidazolin-2-ones such as 15, 16, 17, 18 and 19.
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Members of the urea class of compounds have been us-
ed in weed control for some time [1]. In recent years, hete-
rocyclic analogues 1 have been commercialised [2] and a
considerable number of patents have appeared on related
cyclic compounds 2. Examples of the latter include the
diols 3a which are prepared from N, N-disubstituted ureas
1a by 1,3-addition of glyoxal [3a,b], and various hydroxy-
imidazolidinones 3b which are produced in acid-catalysed
cyclisations of ureidoactals 1b [4a-e]. As part of an objec-
tive to discover new herbicides, we investigated the reac-
tions of a-ketoaldehydes with ureas la and devised routes
to hydroxyimidazolidinones analogous to 3a and 3b. Fur-
ther, a useful synthetic transformation allowing access to
other cyclic ureas has been found. We now wish to
describe this work.
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Previous workers have shown that o-ketoaldehydes
[5a,b] and a-diketones [6a-c] can give rise to a variety of
structures in reactions with urea and simple substituted
ureas. In the present study, 1-(5-t-butyl-1,3,4-thiadiazol-
2-yl)-3-methylurea (4a) reacted with pyruvaldehyde under
alkaline conditions to give a crystalline product. The ‘H
nmr spectrum (deuteriochloroform) was consistent with a
1:1 mixture of cis and trans components of the 1,2-diol 5a
or its regio isomer 6. Evidence for 5a resulted from treat-
ment of the diastereomeric mixture with sodium metape-
riodate. Cleavage of the diol system occurred with loss of a
carbon fragment [7] and the formation of the acetyl urea
7a and not the alternative degradation product 8 [8]. Con-

firmation was provided by converting the material from
the pyruvaldehyde reaction to the known [4a] acetoxyimi-
dazolidinone 11 in a series of transformations involving
dehydration to the hydantoin 9a, reduction to the hydro-
xyimidazolidinone 10a [9] and finally acetylation [10]. The
heterocyclic ureas 4b,c,d also reacted with pyruvaldehyde
and gave addition products which were spectroscopically
similar to 5a and are assigned the appropriate configura-
tions 5b,c,d. Additionally, the oxadiazolyl isomers Sb on
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oxidation with metaperiodate gave the open chain deriva-
tive 7b [8]. Isomeric diols formed from phenyl glyoxal and
4a underwent oxidative cleavage to the benzoyl urea 7e [8]
and are therefore accorded structure 5e. No reaction took
place between 4a and diacetyl in alkaline solution.

Dehydration of 5a-e to the corresponding hydantoins
9a-e occurred under reflux in an appropriate solvent us-
ing catalytic quantities of p-toluenesulphonic acid or oxa-
lic acid. The low yield (29%) of 9b may be related to the
thermal instability of 5b which partially dissociated (ap-
proximately 50% estimated by 'H nmr) to the open chain
form 4b when boiled in a solution of acetonitrile for 1
hour.

Whilst the reduction of hydantoins with lithium alumi-
nium hydride can involve more than one functionality [11],
we found that sodium borohydride affects only the 4-0x0
group of 9a-e to provide the hydroxyimidazolidinones
10a-e. The phenyl derivative 10e consisted entirely of the
trans isomer whilst the methyl analogues 10a-d each con-
tained cis and trans forms in a ratio of approximately 1:4
as estimated by 'H nmr spectroscopy. The same ratio was
also observed in attempts to prepare exclusively cis-10a by
reducing 9a with lithium tri-secondary-butyl borohydride
[12] and trans-10a in the hydroboration [13] of the imida-
zolinone 13 which was obtained by dehydrating the diaste-
reomers 10a with thionyl chloride in pyridine. Hplc was
applied successively to the separation, and subsequent iso-
lation, of the isomers of 10d, only. Both of these com-
pounds epimerised [14] in deuterated dimethyl suphoxide
and equilibrated to the diastereomeric mixture after a few
hours. In deuteriochloroform, however, interconversion
was barely detected in either case. Epimerisation in these
isomers is perhaps facilitated by hydrogen bonding bet-
ween the hydroxylic hydrogen atom and a suitably polar
molecule. The apparently facile interconversion of the iso-
mers of 10a,b,c may be due to intramolecular hydrogen
bonding between the same hydrogen atom and the a-nitro-
gen atom in each heteroaromatic ring. Epimerisation of
diols 5a-e has not been explored, but the rapid and good-
yielding oxidations of 5a,b,e to 7a,b,e suggest conver-
sion of trans isomers 1o cis because reactions of this nature
usually occur readily with cis 1,2-diols only [15].
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The Table summarises the 'H nmr characteristics of the
mono- and dihydroxyimidazolidinones described above.
Data on the glyoxal addition product 12f [3a] and the
homologue 12g [4b] are included for comparison. As
would be expected, chemical shifts associated with H' in
cis-10a, cis-12f and 12g are similar. Also, the signals at &
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5.70 and 6 6.10 in the spectrum (deuteriochloroform +
deuterium oxide) of the isomers of 5a are assigned to
cis-H' and trans-H' since their positions correspond closely
to those observed for H' in the spectra of trans-10a and
trans-12f, respectively.

Table

Selected 'H NMR Properties of 5, 10, 11, 12 [a]
H' H"
Sa [b] 5.50 (bs)
5a [c] 5.70 (s), 6.10 (s)
5b [b] 5.27 (bs)
5¢ [b] 5.47 (s [d)
5d [b] 5.16 (s, [d)
Se [b] 5.48 (s), 5.59 (5)
cis10a [c] 6.00 (d,J = 6.8) 384 (qd, ] = 68, 6.8)
trans-10a [c] 5.65(d, ] = 2.8) 3.59 (qd, J = 6.6, 2.8)
cis-10b [c] 5.73(d,J =7 3.39 - 3.90 (m)
trans-10b [c] 5.37(d,J = 3 3.39 - 3.90 (m)
cis-10¢ [¢] 590(d,J = 7) 3.35 - 3.85 (m)
trans-10e [c] 5.53(d,J] = 3) 3.35 - 3.85 (m)
cis-10d [c] 542d,J = 7) 3.7 (qd, J = 7,7)
trans-10d [c] 505(,J = 3) 3.58 (qd, ] = 6,3)
trans-10e [c] 582, ] = 3) 452(d,J = 3)
cis-11 [e] 705, J =7) 4.00 (qd, J = 7,7)
trans-11 [e] 6.55 (s) 3.63(q,] = 8)
cis-12f [c] 595d,J = 7) 517(d,J = 7)
trans-12f [c] 6.01 (s) 4.95 (s)
12g [c] 5.98 (dd, J = 8,3) 3.33(dd, ] = 12,3)
3.67 (dd, ] = 12,8)

[a] More data is given in the experimental section. [b] Determined in
DMSO0-d¢ + deuterium oxide. [c] Determined in deuteriochlorofom +
deuterium oxide. [d] Contains shoulder. [e] Determined in deuterio-
chloroform.

The action of thionyl chloride on 12f results in replace-
ment of the hydroxyl groups by chlorine [3a). An attempt
at a similar transformation of 5a gave a monochlorinated
product which was characterised as the chloromethyl deri-
vative 14a and authenticated by halogenation of 13 with
N-chlorosuccimide. Phosphorous tribromide converted Sa
to the bromomethyl analogue 14b from which the halogen
atom was readily displaced in nucleophilic reactions with
dimethylamine and potassium acetate to give 15 and 16,
respectively. N-Bromosuccinimide oxidised 16 to the alde-
hyde 17 which was further oxidised by silver oxide to the
carboxylic acid 18. Borohydride reduction of 17 provided
the alcohol 19.
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EXPERIMENTAL

Melting points are uncorrected. Infrared spectra (ir) were run on a Pye
Unicam SP1100 spectrophotometer using potassium chloride discs. The
symbol b is used to indicate a broad absorption. The 'H nmr spectra were
recorded on a Perkin-Elmer R-32 or a Bruker WM 300. Chemical shifts
are in parts per million (8) relative to TMS, and coupling constants (J
values) are in hertz. Spin multiplicities are indicated by the symbols s
(singlet), d (doublet), t (triplet), q (quartet) and m (multiplet). Mass spec-
tral data were obtained on AEI MS-30 and Varian MAT 44
spectrophotometers. Elemental analyses were performed on a Carlo Erba
Elemental Analyser Model 1102,

14{5-t-Butyl-1,3,4-oxadiazol-2-yl}-3-methylurea (4b).

A stirred suspension of 6.06 g (0.043 mole) of 2-amino-5-¢-butyl-1,3,4-
oxadiazole [16] in 50 ml of dry pyridine was treated with 2.68 g (0.047
mole) of methyl isocyanate. The starting material dissolved and the pro-
duct soon separated. The reaction mixture was stirred at room tempera-
ture for 24 hours. The product was filtered, washed thoroughly with ethyl
acetate and dried, yield 6.3 g (74%), mp 204-207°; ir: » NH 3220-3290,
C=0 1720 cm™; ‘H nmr (TFA): § 1.51 (s, 9H), 3.05 (bs, 3H).

Anal. Caled. for C,H,,N,0,: C, 48.47; H, 7.12; N, 28.27. Found: C,
48.31; H, 7.22; N, 28.42.

1-Methyl-343-methylmercaptoisothiazol-5-yljurea (4d).

A solution of 9.93 g (0.068 mole) of 5-amino-3-methylmercaptoisothia-
zole [17], 4.30 g (0.075 mole) of methyl isocyanate and a few drops of di-n-
butyltin diacetate in 80 ml of ethyl acetate was boiled under reflux for 10
hours. After cooling to room temperature, the product was filtered and
washed with ethyl acetate, yield 10.0 g (79%); ir: » NH 3200-3400, C=0
1675 cm™%; 'H nmr (DMSO-de): 6 2.45 (s, 3H), 2.63 (d, 3H, collapses to a
singlet on addition of deuterium oxide), 6.46 (s, 1H), 6.58 (g, 1H, ex-
changes with deuterium oxide), 10.27 (bs, 1H, exchanges with deuterium
oxide).

Anal. Caled. for C,H,N,0S,: C, 35.45; H, 4.46; N, 20.67. Found: C,
35.80; H, 4.40; N, 20.63.

General Procedure for the Synthesis of cis/trans-4,5-Dihydroxyimidazoli-
din-2-ones 5a-d.

To a stirred suspension of 0.1 mole of the urea 4a-d [18a,b] in 50-100
ml of ethanol was added 20 ml of pyruvaldehyde (40% aqueous solution).
The reaction mixture was treated with aqueous sodium hydroxide until
the solution had reached pH 8-9. The starting material dissolved and the
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reaction mixture was stirred overnight. The products 5a and Sc-e sepa-
rated from solution and were filtered, washed with a suitable solvent and
dried. No further purification was required. The oxadiazolyl derivative
Sb was isolated by concentrating the reaction mixture under vacuum to a
small volume before filtering and recrystallising from water.

The thiadiazole 5a was washed with ethanol after filtration from the
reaction mixture and obtained as fine white needles, yield 88%, mp
172-175°; ir: » OH 3100 (b), 3320, C=0 1720 cm*, 'H nmr (DMSO-d,): 6
1.43 (s with shoulder, 12H), 2.79 (s, 3H), 5.50 (bs, 1H), 6.00-7.00 (b, 2H, ex-
change with deuterium oxide); 'H nmr (deuteriochloroform): § 1.35 (s,
9H), 1.41 (s, 9H), 1.52 (s, 3H), 1.59 (s, 3H), 2.90 (s, 3H), 2.95 (s, 3H),
5.30-6.10 (b, 4H, exchange on addition of deuterium oxide), 5.70 (s, 1H),
6.10 (s, 1H).

Anal. Caled. for C,,H,,N,0,5: C, 46.14; H, 6.34; N, 19.57. Found: C,
46.26; H, 6.50; N, 19.15.

The oxadiazole Sb was obtained in 42% yield, mp 131-134° dec; ir: »
OH 3100-3400, C=0 1765 cm™; 'H nmr (DMSO-d¢): 6 1.39 (s with
shoulder, 12H), 2.75 (s, 3H), 5.27 (bs, 1H), 6.20-7.10 (b, 2H, exchange with
deuterium oxide).

Anal. Caled. for C,,H,N,0,: C, 48.88; H, 6.71; N, 20.73. Found: C,
48.62; H, 7.06; N, 20.40.

The thiazole 5¢ was washed with a small quantity of ethanol after fil-
tration from the reaction mixture, yield 74%, mp 158-160°; ir: » OH
3320 (b), C=0 1735 cm™%; 'H nmr (DMSO-d¢): & 1.38 (s, 3H), 2.74 (s, 3H),
5.47 (s with shoulder, 1H), 6.20 (b, 1H, exchanges with deuterium oxide),
6.85 (b, 1H, exchanges with deuterium oxide), 7.13(d,J = 3, 1H), 7.40(d,
J = 3, 1H).

Anal. Caled. for C;HN,0,5: C, 41.91; H, 4.84; N, 18.33. Found: C,
41.50; H, 4.60; N, 18.00.

The isothiazole 3d was washed with ethanol after filtration from the
reaction mixture, yield 82%, mp 176-178° dec; ir: » OH 3150-3400, C=0
1695 cm™'; 'H nmr (DMSO-d¢): 6 1.39 (s, 3H), 2.51 (s, 3H), 2.73 (s, 3H),
5.16 (s with shoulder, 1H), 6.00-7.20 (b, 2H, exchange with deuterium ox-
ide), 6.69 (s, 1H).

Anal. Caled. for C,H,,N,0,S: C, 39.26; H, 4.76; N, 15.26. Found: C,
39.50; H, 4.80; N, 14.90.

cis/trans-145-t-Butyl-1,3,4-thiadiazol-2-yl}-4,5-dihydroxy-3-methyl-4-phe-
nylimidazolidin-2-one (5e).

To a suspension of 32.10 g (0.15 mole) of 4a and 25.08 g (0.165 mole) of
phenyl glyoxal monohydrate in 100 ml of ethanol was added aqueous so-
dium hydroxide until the reaction mixture became slightly alkaline (pH
= 9). The starting material quickly dissolved and was superceded by a
white solid which was filtered, washed with a small quantity of ethanol
and dried, yield 78%, mp 178-180° dec; ir: » OH 3100-3300, C=0 1725
em™; *H nmr (DMSO-dq): 6 1.38 (s, 9H), 2.58 (s, 3H), 5.48 and 5.59 (s and
d with combined integrals of 1H, the doublet collapses to a singlet on ad-
dition of deuterium oxide), 6.60-7.10 (b, 2H, exchange with deuterium ox-
ide), 7.20-7.60 (m, SH).

Anal. Caled. for C,(H,(N,0,S: C, 55.15; H, 5.79; N, 16.08. Found: C,
55.43; H, 6.01; N, 15.73.

General Procedure for the Synthesis of the Ureas 7a,b,e.

To a suspension of 0.02 mole of the dihydroxyimidazolidin-2-one
Sa,b,e in 30 ml water was added 0.022 mole of sodium metaperiodate.
The mixture was gently warmed on a steam bath and sufficient methanol
added to dissolve the starting material. A mildly exothermic reaction en-
sued. After it had ceased, the mixture was concentrated to a small volume
under vacuum. The oily product was extracted into dichloromethane and
the extracts dried. The solvent was removed in vacuo and the solid resi-
due crystallised from di-isopropyl ether.

The thiadiazolyl derivative 7a was produced in 74% yield as a colour-
less crystalline material, mp 98-100°; ir: » NH 3050-3200; C=0 1720,
1680 em™'; 'H nmr (DMSO-d¢): & 1.40 (s, 9H), 2.42 (s, 3H), 3.27 (s, 3H),
9.80-10.50 (bs, 1H, exchanges with deuterium oxide); ms: mfe 256 (M*).

Anal. Calcd. for C,;H,,N,0,S: C, 46.86; H, 6.29; N, 21.86. Found: C,
47.20; H, 6.33; N, 22.21.
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The oxadiazolyl urea 7b was obtained in 73% yield, mp 108-110°; ir: »
NH 3350 (b), C=0 1690, 1670 cm™; 'H nmr (DMSO-d): & 1.32 (s, 9H),
2.41 (s, 3H), 3.22 (s, 3H), 9.50-10.30 (bs, 1 H, exchanges with deuterium ox-
ide).

Anal. Caled. for C,,H,N,O;: C, 49.99; H, 6.71; N, 23.32. Found: C,
50.35; H, 6.55; N, 23.65.

The benzoyl urea 7e was obtained as colourless crystals in 70% yield,
mp 102-104°; ir: » 3100-3400, C=0 1705, 1675 cm™; 'H nmr (DMSO-dg):
8 1.35 (s, 9H), 3.29 (s, 3H), 7.30-7.60 (m, SH), 12.60-13.20 (bs, 1H, ex-
changes with deuterium oxide).

Anal. Caled. for C,;H,,N,0,S: C, 56.58; H, 5.70; N, 17.60. Found: C,
57.03; H, 6.01; N, 17.85.

Synthesis of Hydantoins 9a,d,e.

To a suspension of 0.025 mole of the dihydroxyimidazolidin-2-one
Sa,d,e in 100 ml of acetonitrile was added 0.15 g of either p-toluenesul-
phonic acid monohydrate (5a,e) or oxalic acid dihydrate (5d). The reac-
tion mixture was stirred under reflux until no starting material was de-
tected on tlc. Reaction was usually complete after 12 hours. The solvent
was removed under vacuum and the residual solid disselved in dichloro-
methane. The solution was washed with water, dried and evaporated to
dryness in vacuo. Recrystallisation of the residue gave pure material.

The thiadiazolyl hydantoin 9a recrystallised from 2-propanol/hexane
as white flakes, yield 75%, mp 98-100°; ir: » C=0 1785, 1735 cm™, 'H
nmr {deuteriochloroform): § 1.46 (s, 9H), 1.53 (d, J = 7 Hz, 3H), 3.04 (s,
3H), 4.19 (q, ] = 7 Hz, 1H).

Anal. Caled. for C,H,,N,0,S: C, 49.23; H, 6.01; N, 20.88. Found: C,
49.34; H, 6.37; N, 21.00.

The isothiazole 9d recrystallised from a mixture of ethyl acetate and
hexane as white needles, yield 95%, mp 118-119°; ir: » C=0 1775, 1730
cm™'; 'H nmr (deuteriochloroform): § 1.49 (d, ] = 7 Hz, 3H), 2.58 (s, 3H),
2.99 (s, 3H), 4.06 (q, ] =~ 7 Hz, 1H), 7.67 (s, 1H).

Anal. Caled. for C,H,,N,0,S,: C, 42.01; H, 4.31; N, 16.33. Found: C,
42.30; H, 3.90; N, 16.20.

The 4-phenyl hydantoin 9e recrystallised from a mixture of ethanol
and hexane, yield 87%, mp 159-161°; ir: » 1790, 1745 cm™; 'H nmr (deu-
teriochloroform): & 1.44 (s, 9H), 2.91 (s, 3H), 5.13 (s, 1H), 7.10-7.45 (m,
SH).

Anal. Caled. for C,;H,,N,0,S: C, 58.16; H, 5.49; N, 16.96. Found: C,
58.50; H, 5.70; N, 17.00.

145-t-Butyl-1,3,4-0xadiazol-2-yl)-3,4-dimethylhydantoin (9b).

A solution of 11.9 g (0.044 mole) of Sb and 0.3 g of oxalic acid di-
hydrate in 200 ml of 1,2-dichloroethane was boiled under reflux for 3
hours. The water formed in the reaction was removed by azeotropic dis-
tillation. The solution was washed with water, dried and the solvent re-
moved under vacuum. The residual solid recrystallised from a mixture of
ethyl acetate and hexane as fine white needles, yield 3.2 g (29%), mp
90-92°; ir: » C=0 1805, 1750 cm™*; 'H nmr (DMSO-d,): 6 1.32 (s, 9H),
1.38 (d, J = 7 Hg, 3H), 2.87 (s, 3H), 4.36 (4, ] = 7 Hz, 1H).

Anal. Caled. for C,,H,N,0,: C, 52.37; H, 6.34; N, 22.21. Found: C,
52.40; H, 6.70; N, 22.40.

3,4-Dimethyl-1thiazol-2-yDhydantoin (9¢).

A solution of 32.1 g (0.14 mole) of 5¢ and 2.0 g of p-toluenesulphonic
acid monohydrate in 200 ml of acetonitrile was boiled under reflux for 8
hours. The solvent was removed under vacuum and the residual oil chro-
matographed on silica gel (particle size 32-63 uM). The product was
eluted with ethyl acetate and was obtained as a pale yellow solid, yield 7.4
g (23%), mp 81-83° (after recrystallisation from a mixture of ethyl ace-
tate and hexane); ir: v C=0 1790, 1735 em™; 'H nmr (deuteriochloro-
form): & 1.49(d, J] = 7 Hz, 3H), 2.96 (s, 3H), 4.07(q,] = 7 Hz, 1H), 7.19
(d, ] = 3 Hz, 1H), 7.65 (d, ] = 3 Hz, 1H).

Anal. Caled. for C,H,N,0,S: C, 45.48; H, 4.29; N, 19.48. Found: C,
45.40; H, 4.40; N, 19.70.

Synthesis of cis/trans-4-Hydroxyimidazolidin-2-ones 10a-e.

A solution or suspension of 0.025 mole of the appropriate hydantoin
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9a-¢ was stirred in 30 ml of ethano! and treated with 0.26 g (10% excess)
of sodium borohydride. The course of the ensuing reduction was fol-
lowed by tlc.

In the preparation of the thiadiazolyl derivative 10a [9], solvent was
removed under vacuum after 30 minutes. The residual solid was mixed
with dichloromethane and the solution washed with water. The organic
layer was dried and the solvent removed under vacuum. The product re-
crystallised from ethyl acetate as fine white needles, yield 86%, mp
165-167° [9}; ir: » OH 3180 (b), C=0 1710 cm™"; 'H nmr (deuteriochloro-
from + deuterium oxide): 6 1.25-1.39 (m, 12H), 2.83 and 2.86 (s, and s
with combined integrals equivalent to 3H), 3.59 and 3.84(qd,] = 6.6,2.8
and qd, ] = 6.8, 6.8; combined integrals corresponded to 1H), 5.65 and
6.00 (d, ] = 2.8, and d, ] = 6.8; combined integrals were equivalent to
1H).

Anal. Calcd. for C,,H,,N,0,S: C, 48.87; H, 6.71; N, 20.73. Found: C,
49.12; H, 6.85; N, 21.02.

In the synthesis of the oxadiazolyl derivative 10b, the reaction mixture
was stirred for 30 minutes. The solvent was then removed under vacuum
and the residual gum dissolved in 1,2-dichloroethane. The organic solu-
tion was washed with water, dried and distilled under vacuum leaving a
viscous, colourless oil which solidified on trituration with ether. The
solid recrystallised from a mixture of ethyl acetate and hexane as white
needles, yield 44%, mp 101-102%; ir: » OH 3320 (b), C=0 1715 cm™; 'H
nmr (deuteriochloroform + deuterium oxide): 6 1.21-1.33 (m, 12H), 2.77
and 2.81 (s and s with combined integrals of 3H), 3.39-3.90 (m, 1H), 5.37
and 5.73(d,J = 3 and d, J = 7; combined integrals were equivalent to
1H).

Anal. Caled. for C,,H,N,0.: C, 51.95; H, 7.14; N, 22.04. Found: C,
52.20; H, 7.30; N, 22.00.

In the synthesis of the thiazole 10c, a further 0.1 g of sodium boro-
hydride was added to the reaction mixture after 30 minutes and stirring
was continued for a further 30 minutes. The solvent was distilled under
vacuum and the residual yellow oil taken up in dichloromethane. The or-
ganic solution was washed with water, dried and evaporated to dryness
under vacuum. The residual solid recrystallised from a mixture of ethyl
acetate and hexane as white crystals, yield 71%, mp 128-130°; ir: » OH
3100, C=0 1720 cm™; "H nmr (deuteriochloroform + deuterium oxide):
61.27and 1.32(d,] = 7 and d, ] = 7; combined integrals were equiva-
lent to 3H), 2.80 and 2.84 (s and s with combined integrals equivalent to
3H), 3.35-3.85 (m, 1H), 5.53 and 5.90(d,J = 3 and d,] = 7; combined in-
tegrals equivalent to 1H), 6.82 (d,J = 5, 1H), 7.23 (d, ] = 5, I1H).

Anal. Caled. for C;H,,N,0,S: C, 45.05; H, 5.20; N, 19.71. Found: C,
44.70; H, 5.41; N, 19.62.

In the preparation of the isothiazole 10d, the reaction mixture was
stirred for 1 hour and then concentrated under vacuum to a small
volume. The product was filtered, washed with water and recrystallised
as fine white needles from acetonitrile, yield 68%, mp 184-186°. The cis
and trans isomers were separated on a Water’s hplc system using a col-
umn packed with porasil and eluted with a 40% solution of ethyl acetate
in hexane. Cis-10d had mp 182-183°; ir: » OH 3260 (b), C=0 1690 cm™;
'H nmr (deuteriochloroform + deuterium oxide): § 1.39 (d, J = 7, 3H),
2.59 (s, 3H), 2.61 (s, 3H), 3.74 (qd, ] = 7,7, 1H),5.42(d,J = 7, 1H), 6.60
(s, 1H).

Anal. Caled. for C,H,,N,0,S,: C, 41.68; H, 5.05; N, 16.20. Found: C,
42.00; H, 5.10; N, 16.23.

Trans-10d had mp 183-185°; ir: » OH 3260 (b), C=0 1685 cm™; 'H
nmr (deuteriochloroform + deuterium oxide): 6 1.26 (d,] = 6, 1H), 2.54
(s, 3H), 2.60 (s, 3H), 3.58 (qd, J = 6,3, 1H), 5.05 (d, J] = 3, 1H), 6.63 (s,
1H).

Anal. Caled. for C,H,N,0,S,: C, 41.68; H, 5.05; N, 16.20. Found: C,
41.90; H, 5.20; N, 16.33.

In the preparation of trans-10e, the reaction mixture was stirred for
1% hours. The product was filtered and dissolved in 1,2-dichloroethane.
The organic solution was washed with water, dried and the solvent re-
moved under vacuum. The residue recrystallised from ethanol affording
the product as a colourless crystalline solid, yield 76%, mp 200-202°; ir:
v OH 3100 (b), C=0 1730 cm™'; 'H nmr (deuteriochloroform + deute-
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rium oxide): § 1.37 (s, 9H), 2.78 (s, 3H), 4.52(d, ] = 3,1H),5.82(d,] = 3,
1H), 7.15-7.45 (m, 4H).

Anal. Caled. for C,(H,,N,0,S: C, 57.81; H, 6.06; N, 16.86. Found: C,
58.00; H, 6.30; N, 16.81.

cis/trans-5-Acetoxy-1-(5-t-butyl-1,3,4-thiadiazol-2-yl)-3,4-dimethylimi-
dazolidin-2-one (11).

Prepared from cis/trans-10a by a previously described method [4a], mp
128-130°, lit mp 126-128°; ir: » C=0 1745, 1725 cm™; 'H nmr (deuterio-
chloroform): 8 1.30-1.50 (m, 12H), 2.04 (s, 3H), 2.90 and 2.93 (s and s with
combined integrals of 3H), 3.63 and 4.00(q,J] = 8 and q,d,]J = 7,7; com-
bined integrals equivalent to 1H), 6.55 and 7.05 (s and d, J = 7; com-
bined integrals of 1H).

Anal. Caled. for C,,N,,N,0,S: C, 49.98; H, 6.45; N, 17.94. Found: C,
50.30; H, 6.80; N, 17.60.

145-t-Butyl-1,3,4-thiadiazol-2-y])-3,4-dimethylimidazolin-2-one (13).

A solution of 13.50 g (0.05 mole) of cis/trans-10a and 8.70 g (0.11 mole)
of pyridine in 150 ml of dichloromethane was stirred at 10° and treated
dropwise with a solution of 6.54 g (0.055 mole) of thionyl chloride in 20
ml of dichloromethane. The reaction mixture was stirred at room tem-
perature overnight and then washed with water, aqueous sodium car-
bonate and dilute hydrochloric acid. The organic solution was dried and
the solvent removed under vacuum. The residual solid recrystallised
from acetonitrile, yield 6.8 g (54%), mp 138-140°; ir: » C=0 1700 cm™;
'H nmr (deuteriochloroform): & 1.43 (s, 9H), 2.11 (bs, 3H), 3.24 (s, 3H),
7.10 (bs, 1H).

Anal. Caled. for C,,H,,N,0S: C, 52.36; H, 6.39; N, 22.21. Found: C,
52.61; H, 6.60; N, 22.02.

1.(5-t-Butyl-1,3,4-thiadiazol-2-yl)}-4-chloromethyl-3-methylimidazolin-2-
one (14a).

Method A.

A suspension of 5.72 g (0.02 mole) of cis/trans 5a and 5.22 g (0.066
mole) of pyridine in 80 ml of dichloromethane was stirred at 10° and
treated dropwise with 5.24 g (0.044 mole) of thionyl chloride. The tem-
perature of the reaction mixture was kept below 20° during the addition.
The organic solution was stirred at room temperature for 16 hours and
then washed successively with water, aqueous sodium carbonate, dilute
hydrochloric acid and water. After drying, the solvent was removed
under vacuum and the residual solid recrystallised from ethyl acetate,
yield 3.0 g (52%), mp 163-165° dec: ir: ¥ C=0 1730 cm™; 'H nmr (deute-
riochloroform): & 1.45 (s, 9H), 3.39 (s, 3H), 4.59 (bs, 2H), 7.60 (bs, 1H).

Anal. Caled. for C, H,(CIN,0S: C, 46.07; H, 5.27; N, 19.54. Found: C,
45.70; H, 5.32; N, 19.22.

Method B.

A suspension of 1.01 g (0.004 mole) of 13 and 0.53 g (0.004 mole) of
N-chlorosuccinnimide in 25 ml of carbon tetrachloride was boiled under
reflux for 2% hours. The solution was cooled to room temperature and

filtered. The filtrate was distilled to dryness under vacuum and the resi-
dual material recrystallised from ethyl acetate, yield 0.8 g (70%), mp
163-165°; spectral properties identical to those described in Method A.

4-Bromomethyl-1-(5-¢-butyl-1,3,4-thiadiazol-2-yl}-3-methylimidazolin-2-
one (14b).

A suspension of 11.44 g (0.04 mole) of cis/trans 5a and 3.16 g (0.04
mole) of pyridine in 100 ml of dichloromethane was stirred at 8° and
treated dropwise with 7.32 g (0.027 mole) of phosphorous tribromide in
10 ml of dichloromethane. The temperature of the reaction mixture was
kept below 20° during the addition. The solution was stirred at room
temperature for 1 hour. It was decanted from some immiscible material
and washed with water. After drying, the solvent was evaported under
vacuum and the solid residue recrystallised from ethyl acetate as white
needles, yield 7.5 g (57 %), slowly decomposes at approximately 150°; ir:
vy C=0 1725 cm™; 'H nmr (deuteriochloroform): § 1.45 (s, 9H), 3.38 (s,
3H), 4.42 (bs, 2H), 7.55 (bs, 1H).

a-Ketoaldehyde Adducts 1129

Anal. Caled. for C,,H,,BrN,0S: C, 39.88; H, 4.56; N, 16.92. Found: C,
39.80; H, 5.01; N, 16.95.

1-(5-¢-Butyl-1,3,4-thiadiazol-2-yl}-4-dimethylaminomethyl-3-methylimida-
zolin-2-one (15).

A solution of 4.96 g (0.015 mole) of 14b, 2.13 g (0.0165 mole) of N, N-di-
isopropylethylamine and 0.74 g (0.0165 mole) of dimethylamine in 20 ml
of dichloromethane was kept at room temperature overnight and then
gently refluxed for 20 minutes. The solution was washed with water,
dried and the solvent removed under vacuum. The residual solid was
washed with hexane and recrystallised from ethyl acetate/hexane as white
needles, yield 2.6 g (59%), mp 171-172° ir: » C=0 1720 cm™'; 'H nmr
(deuteriochloroform): & 1.45 (s, 9H), 2.22 (s, 6H), 3.23 (bs, 2H), 3.35 (s,
3H), 7.13 (bs, 1H).

Anal. Caled. for C,;N;,N;0S: C, 52.85; H, 7.17; N, 23.71. Found: C,
53.22; H, 7.43; N, 23.86.

4-Acetoxymethyl-15-t-butyl-1,3,4-thiadiazol-2-yl)-3-methylimidazolin-2-
one (16).

A suspension of 1.47 g (0.015 mole) of potassium acetate in 45 ml of
acetonitrile was treated with 0.4 g of 18-crown-6 and the mixture stirred
at room temperature. After 20 minutes, 4.95 g (0.015 mole) of 14b was
added and stirring was continued overnight. The mixture was filtered
and the filtrate distilled to dryness under vacuum. The residual solid was
dissolved in dichloromethane and the solution washed with water, dried
and the solvent removed in vacuo. The product crystallised from ethyl
acetate/hexane, yield 3.4 g (73%), mp 141-142°; ir: » C=0 1740, 1725
em™; 'H nmr (deuteriochloroform): § 1.44 (s, 9H), 2.06 (s, 3H), 3.32 (s,
3H), 4.97 (bs, 2H), 7.38 (bs, 1H).

Anal. Caled. for C,H,,N,0,S: C, 50.31; H, 5.85; N, 18.05. Found: C,
50.50; H, 6.22; N, 18.25.

1(5-t-Butyl-1 ,3,4--thiadiazol-2-vyl)-4-formyl-3-methylimidazolin-2-one a?.

A suspension of 21.7 g (0.07 mole) of 16 and 12.5 g (0.07 mole) of
N-bromosuccinimide in 300 ml of carbon tetrachloride was boiled under
reflux for 18 hours. The solvent was removed under vacuum and the
residual solid triturated with water and filtered. The solid was dissolved
in dichloromethane and the solution washed with water and dried. The
solvent was removed under vacuum and the residual solid mixed with 100
ml of hot ethyl acetate and filtered. The solid was washed with ether af-
fording 15.8 g (85%) of pure product. Recrystallisation from toluene
gave mp 196-198°; ms: m/e 266 (M*); ir: » NC=0 1725, CH=0 1665
cm™; 'H nmr (deuteriochloroform): § 1.50 (s, 9H), 3.62 (s, 3H), 8.18 (s,
1H), 9.57 (s, 1H).

Anal. Caled. for C;,;H N,0,S: C, 49.61; H, 5.30; N, 21.04. Found: C,
49.95; H, 5.55; N, 21.40.

1{5-t-Butyl-1,3,4-thiadiazol-2-yl}-4-carboxy-3-methylimidazolin-2-one (18).

Silver oxide was prepared by adding a solution of 7.5 g of silver nitrate
in 20 ml of water to a solution of 3.5 g of sodium hydroxide in 20 ml of
water. A brown semi-solid mixture was formed to which was added 5.64 g
(0.0212 mole) of 17. The mixture was warmed gently on a steam bath un-
til none of the aldehyde remained in suspension (approx. 1 hour). The so-
lution was filtered and acidified with concentrated hydrochloric acid. A
white precipitate formed and was extracted into dichloromethane. The
extracts were dried and the solvent removed in vacuo. The residual solid
recrystallised from acetonitrile affording fine white needles, yield 3.1 g
(52%), mp 213-215° dec; ms: m/e 282 (M*); ir: » OH 3150-3250, C=0
1730, 1715 cm™; 'H nmr (deuteriochloroform): 4 1.50 (s, 9H), 3.63 (s, 3H),
8.21 (s, 1H), 11.08 (s, 1H, exchanges with deuterium oxide).

Anal. Caled. for C,,H,,N,O,S: C, 46.80; H, 5.00; N, 19.85. Found: C,
46.52; H, 4.75; N, 19.63.

145-¢-Butyl-1,3,4-thiadiazol-2-yl)}-4-hydroxymethyl-3-methylimidazolin-2-
one (19).

To a suspension of 5.32 g (0.02 mole) of 17 in 50 ml of ethanol was add-
ed 0.21 g (0.0055 mole) of sodium borohydride. The reaction mixture was
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stirred at room temperature for 2 hours. The solution was filtered from a
small quantity of insoluble material and then the solvent removed in
vacuo. The residual solid was dissolved in dichloromethane and the solu-
tion washed with water. After drying, the solution was evaporated to dry-
ness under vacuum and the product recrystallised from ethyl acetate/-

hexane as fine white needles, yield 4.5 g (84%), mp 136-137.5%; ir: » OH
3370 (b), C=0 1685 cm™*; 'H nmr (deuteriochloroform): § 1.46 (s, 9H),
3.36 (s, 3H), 4.24 (bs, 1H, exchanges with deuterium oxide), 4.52 (bs, 2H),
7.27 (bs, 2H).

Anal. Caled. for C,;H,,N,0,S: C, 49.23; H, 6.01; N, 20.88. Found: C,
48.90; H, 6.22; N, 21.13.
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