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Abstract—5-(Bromomethylene)hydantoins, prepared from bromopyruvic acid and ureas in the presence of BF;, react with various
nitrogen, phosphorus, sulfur, and carbon nucleophiles by addition—elimination to give the corresponding 5-(substituted-methyl-
ene)hydantoins. The 5-(bromomethylene)hydantoins also undergo acid-catalyzed reactions with nucleophiles by addition—displace-
ment and addition—elimination processes. © 2003 Elsevier Science Ltd. All rights reserved.
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5-(Bromomethylene)hydantoin (12, 47%) is now prepara-
ble (Scheme 1) by condensation of equivalent quantities
of bromopyruvic acid®=* [9; generated in situ from
pyruvicacid, Br,, (1.0 equiv.) and H,SO, (trace amounts)],
with urea (10) in CH;CN at ~40°C as catalyzed by
BF;-Et,0.7® Synthesis of 12 is practical, safe, and inex-
pensive. (Z)-(Bromomethylene)dimethylhydantoin 16
(40%, Scheme 1) is obtained similarly by refluxing
solutions of 9, N,N’-dimethylurea (14), BF;-Et,O (1.0
equiv.), and CH,Cl,.” Condensation—€limination to give
16 as in Scheme 1 also occurs with POCl;, SnCl,, or HCI
as catalysts.” Use of AICI; (1.0 equiv.) yields (Z)- and
(E)-16 in a 1:2 ratio.” The stereochemical assignment of
(Z)-161is based on its '*C NMR vicinal C,H spin coupling
(*Jc.n) of 4.0 Hz for its exocyclic olefinic proton with the
C-4 carbonyl carbon.’

(Bromomethylene)hydantoins 12 and 16 react readily
with various nitrogen and phosphorus nucleophiles. The
secondary amine, piperidine (excess), and 12 undergo
reaction in 1-propanol at 20-25°C by addition, elimina-
tion of Br~, and deprotonation to give 5-(N-piperidi-
nomethylene)hydantoin (18, 78%). Similarly, 12 is
converted by morpholine (excess) at 20-25°C to 5-(N-
morpholinomethylene)hydantoin (20, 91%) and by
diethylamine (excess) in ethanol at 60°C to 5-(N-diethyl-
aminomethylene)hydantoin (21, >52%). Piperidine
(excess) and 16 in warm CHCI; give 1,3-dimethyl-5-(N-
piperidinomethylene)hydantoin (19, >30%).%1° 5-(Azi-
domethylene)hydantoin (22) is formed (94%) from 12 and
aqueous sodium azide at 20-25°C. Further, pyridine
(excess) upon reflux effects addition—eliminations of 12
and 16 to yield [5-(N-pyridiniummethylene)hydantoin
bromides 23 (90%) and 24 (96%), respectively.'!* Of note
is that reactions of 12 and 16 with triphenylphosphine
[(C¢Hs);P]in refluxing CH;CN give 5-(triphenylphospho-
niummethylene)hydantoin bromides 25 (89%) and 26
(48%), respectively. The '3*C NMR vicinal spin coupling
values (*Jcy) of the exocyclic olefinic protons with the
C-4 carbonyl carbons of 24 and 26 are 4.3 and 10.0 Hz,
respectively, and lead to the tentative stereochemical
assignments as 24 (Z) and 26 (E).>'> 5-(Hydantoenyl-
methylene)triphenylphosphorane (27, 91%) is formed
from phosphonium bromide 25 and triethylamine (excess)
in CH,Cl, at 20-25°C. The utilities of 27 (and its
3-substituted analogs) as a Wittig reagent and as a carbene
source’ are being evaluated.

As expected, 12 and 16 react readily with sulfur nucle-
ophiles by addition—elimination. Thiophenol and (1) 12
and triethylamine (1.7 equiv.) in CHCI; at 50-55°C and
(2) 16 and tetramethylguanidine (2.0 equiv.) in THF at
25°C give 5-[(phenylthio)methylenelhydantoins 28 (84%)
and 29 (85%),'® respectively. Heating 16 with aqueous
sodium p-toluenesulfinate yields 1,3-dimethyl-5-[p-tolue-
nesulfonylmethylenelhydantoin (30, 52%). Addition—
elimination products 29 and 30 have values of 5.2 and
6.16 Hz, respectively, for the vicinal C,H spin couplings
(*C NMR, 3J.y) of their exocyclic olefinic hydrogens
with their C-4 carbonyl carbons and are assigned (Z)-
stereochemistries.’
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Carbon nucleophiles also effect addition—elimination
reactions in (Z)-(bromomethylene)hydantoin 16. Warm-
ing an initial mixture of 16, 2-nitropropane (1.5 equiv.),
and tetramethylguanidine (1.6 equiv.) results in Michael
addition of the 2-propanenitronate ion [(CH;),C=NO,7]
to 16 and elimination of Br~ to yield (£)-1,3-dimethyl-5-
(2-methyl-2-nitropropylidene)hydantoin (31, >36%).°
Similarly, lithium diethyl malonate reacts rapidly with 16
in THF at 20-25°C to give, upon neutralization (HCI),
an equilibrium mixture (54% yield) of (E)-5-(diethyl
malonylmethylene)-1,3-dimethylhydantoin (32, major)°
and its enol 33. Further, 1-phenylsulfonyl-2-trimethyl-
silylethane'* with #n-BuLi in THF at —78°C and then 16
in THF/HMPA (=78 to 25°C) yield (E)-1,3-dimethyl-
5 - [2 - (phenylsulfonyl) - 3 - (trimethylsilyl)propylidene]-
hydantoin (34, 47%).° The stereochemistries of 31, 32, and
34 are assigned as (E) on the basis that the '*C NMR
spin coupling values (*Jy) for their H on methylene
carbon and their C-4 carbonyl carbon are 10.0, 9.1, and
9.0 Hz, respectively.’
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Scheme 2.

The mechanisms of the above nucleophilic addition—
elimination reactions merit discussion. (Z)-1,3-
Dimethylhydantoin 16 is converted by CsHsN
(pyridine), C¢HsS™, and p-CH;C¢H,SO,™ to (Z£)-prod-
ucts 24, 29, and 30, respectively; the bulky carbon
nucleophiles (CH,),C=NO,~, ~“CH(CO,C,H;),, and
C¢H;SO,"CHCH,Si(CH;); along with (C¢Hjs);P yield
the (E)-products 31, 32, 34, and 26, respectively.® Step-
wise sequences in reactions of 16 leading to (Z)-37 and
to (£)-39 are illustrated in Scheme 2. (Z£)-37 products
may be formed upon early elimination of 36 in which
there is kinetic electronic and steric control and in
which there has been small structural change (60° rota-
tion) in adducts 35. (E)-39 products are less strained
than their (Z)-37 isomers and can arise upon reorgani-
zation (120° rotation) of 35 to 38 which then climinate
in late transition states which are primarily thermody-
namically sterically controlled. In late transition states
originating from 38 to give 39, steric interactions
involving the bonded nucleophile will be less with the
C-4 oxygen than with the methyl group at N-1.

Of further significance are that 16 reacts with warm
ethanol to give 5-(diethoxymethyl)-1,3-dimethylhydan-
toin (41, Eq. (3); >40%) and 20 is converted by dilute
sulfuric acid to 5-(hydroxymethylene)hydantoin (42,
Eq. (4), 89%).* These results reveal that 5-
(halomethylene)hydantoins (1) and related 5-(substi-
tuted-methylene)hydantoins undergo (acid-catalyzed)
addition—displacements readily and indicate that such
reactions will be of value for synthesis.
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Studies of (1) the scope,'® synthesis products, stereo-
chemistries, kinetic and thermodynamic effects, and
further mechanistic details in the addition—elimination
and the (acid-catalyzed) addition—displacement reac-
tions of various nucleophiles and electrophiles with 12,
16-21, 23, 24, 5-(bromomethylene)-3-methylhydantoin,
5-(dibromomethylene)hydantoin, their analogs, and
their derivatives, (2) reactions of alkoxide, amide, and
stronger bases with 4 (Eq. (1)) to give usable carbenes
(6),* and (3) chiral conversions of 1, 13, and their
derivatives to optically-active a-amino acids (3)'® and
other products are being made.
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(a) The stereochemical assignments of 16, 24, 26, 29-32,
and 34 are made by '*C NMR from the long-range '*C-'H
coupling constants between their exocyclic olefinic protons
and their C-4 carbonyl carbons.?® The present 5-methylene-
hydantoins that have *J y values of 9.0 Hz and higher (a

10.

11.

12.

14.

15.

16.

range of 9-11) are assigned as trans (E)-isomers; the
5-methylenehydantoin isomers with *Jcy; values ranging
from 4 to 6 Hz are assigned as cis (Z)-isomers.”® The
stereochemistries of further products of the present study
are to be investigated by NMR and crystallographic
methods; (b) The 1*C NMR assignment methods are based
on that of Ref. 2a and references cited therein.

The *J y spin coupling value between the exocyclic olefin
proton and the C-4 carbonyl carbon in 19 is 8.0 Hz.
Assignment of the stereochemistry of 19 has not yet been
made.

Reactions of 5-(N-pyridiniummethylene)hydantoin bro-
mides (23)'> and 3-alkyl-[5-(N-pyridiniummethylene)-
hydantoin bromides, respectively, with strong bases are of
interest with respect to advantageous generation of 5-
hydantoenylcarbenes 6* as in Eq. (1).

Pyridinium bromide 24 was obtained as follows. A solution
of bromide 16 (96.1 mg, 0.439 mol) in pyridine (10 mL)
was refluxed for 2 h, stirred at room temperature for 2 days,
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adding tetramethylguanidine (237 mg, 2.05 mmol, 1.5
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and thiophenol (196 mg, 1.78 mmol, 1.3 equiv.) in THF
(3 mL) at 25°C. The mixture formed a yellow precipitate
which was stirred for 24 h. Filtration and then concentra-
tion of the filtrate at reduced pressure followed by column
chromatography (1:3 ethyl acetate/petroleum ether) gave
29 as a yellow solid (290.0 mg, 85%). An analytical sample
of 29 was obtained by recrystallization from ethanol: mp
89-91°C; "H NMR (CDCl,): § 3.09 (s, 3H), 3.51 (s, 3H),
6.75 (s, 1H), 7.30-7.50 (m, 5H); '*C NMR (CDCl;): §
25.02,28.98, 112.17, 127.21, 128.23, 129.58, 130.86, 133.51,
154.69, 161.27; exact mass calcd for C,,H,,N,O,S m/e
248.0619, found m/e 248.0618. Anal. calcd for
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(a) Kocienski, P. J. Tetrahedron Lett. 1979, 20, 2649; (b)
Hsiao, C.-N.; Shechter, H. J. Org. Chem. 1988, 53, 2688
and references cited therein.

S. Negi of this laboratory has found that (1) 12 and 7 are
converted by aqueous sodium p-toluenesulfinate at 95°C
to 5-(p-toluenesulfonylmethylene)hydantoin (71%) and 5-
(a-p-toluenesulfonylbenzal)hydantoin (85%), respectively,
and (2) 7 reacts with piperidine and morpholine in dioxane
at 105-120°C to give 5-(a-N-piperidinobenzal)hydantoin
(68%) and 5-(a-N-morpholinobenzal)hydantoin (55%),
respectively. The stereochemistries of these products have
not yet been determined.

For recent developments in catalytic asymmetric hydro-
genations of functionally-substituted olefins, see: Rajan-
Babu, T. V.; Casalnuovo, A. L.; Ayers, T. A.; Nomura, N.;
Jin, J.; Park, H.; Nandi, M. Curr. Org. Chem. 2003, 7, 1
and references cited therein.
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