740

Chemistry Letters Vol.37, No.7 (2008)

Manganese-catalyzed Synthesis of Hydantoin Derivatives from Terminal Alkynes and Isocyanates
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Hydantoin derivatives were obtained by the reactions of ter-
minal alkynes with isocyanates in the presence of a catalytic
amount of a manganese complex, MnBr(CO)s. This reaction
also proceeded using a rhenium complex, Re,(CO)g, or an iron
complex, Fe(CO)s, as a catalyst.

Hydantoin derivatives have been used in a wide number
of applications, such as bioactive compounds! and amino acids
synthesis.? There have been many approaches to the synthesis
of hydantoin derivatives including the Urech method,?
the Bucherer—Bergs type reaction,* and transformations via
intramolecular cyclization.’ Metal-promoted preparations of
hydantoins have also been reported; iron-,° lead-,” and sodium-
mediated® reactions, and ruthenium-° and palladium-catalyzed'®
reactions. Recently, fourth-row-transition-metal-catalyzed reac-
tions have received much attention because they are abundant
and cheap compared to fifth- or sixth-row transition metals.
However, examples of fourth-row-transition-metal-catalyzed
syntheses of hydantoin derivatives are still rare. We will report
herein the manganese-catalyzed construction of hydantoin
frameworks from terminal alkynes and isocyanates.

Treatment of phenylalkyne 1a with phenyl isocyanate (2a)
in the presence of a catalytic amount of a manganese complex,
MnBr(CO)s, in dioxane at 150°C for 24h in a sealed tube
gave hydantoin derivative 3a in 91% yield stereoselectively
(eq 1)."'-13 We also found that a catalytic amount of a rhenium
complex, Re,(CO)p (2.5 mol %), or an iron complex, Fe(CO)s
(5.0mol %),'* promoted the formation of hydantoin derivative
3a under the same reaction conditions in 55% and 75% yields,
respectively.

MnBr(CO)s pp Ph
(5.0 mol %) ~ N__o
Ph—=+ Ph—-N=C=0 F )
la 2a Dioxane o N\Ph
(1.0 equiv) (2.2equiv) 150°C,24h

3a 91%

Terminal aromatic alkynes having an electron-donating
group at the para position, 1b and 1¢, gave hydantoin derivatives
3b and 3¢ in 77% and 79% yields, respectively (Table 1, Entries
1 and 2). By using an alkyne bearing an electron-withdrawing
group, 1d, the yield was improved and hydantoin 3d was
obtained in 93% yield (Table 1, Entry 3). Aryl alkynes with a
halogen atom at the para position, 1e and 1f, produced hydan-
toins 3e and 3f in good yields without loss of the halogen
atom (Table 1, Entries 4 and 5). By the reaction of enyne 1g with
phenyl isocyanate (2a), hydantoin 3g was also produced in mod-
erate yield (Table 1, Entry 6). Terminal alkynes having primary
alkyl groups, 1h-1j, afforded hydantoins 3h and 3i in low yields
(Table 1, Entries 7 and 8). In contrast, the reaction of secondary
alkyl alkyne 1j afforded hydantoin 3j in 89% yield (Table 1,
Entry 9). Internal alkynes, on the other hand, did not give hydan-

Table 1. Reactions between several terminal alkynes 1 and
phenyl isocyanate (2a)*

R BN
e 4 PrNeCoO MnBr(CO); (5.0 mol %) \QXN%O
Dioxane, 150 °C, 24 h \R
1 2a O 3 Ph
Entry R Yield/96°
1 p-MeOCgH, 1b 3b 77 (82)
2 p-MeCgH, 1c 3c 79 (85)
3 p-CF3CeH, 1d 3d 93 (95)
4 p-CICgH, le 3e 88 (90)
5 p-BrCgH, 1f 3f 89 (89)
6¢ ng 1g 3g 65 (70)
7° n-CyoHy, 1h 3h 32 (40)
8¢ PhCH,OCH, 1i 3i 15 (22)
9 c-CgHyy 1j 3 89 (90)

21 (1.0 equiv); 2a (2.2 equiv). "Isolated yield. The yield determined
by '"HNMR is reported in parentheses. “2a (2.0 equiv).

toin derivatives under the conditions. The iron complex,
Fe(CO)s, promoted the reactions; however, the yields of hydan-
toins 3b-3j were moderate (See the Supporting Information,
Table S1).!9 In the case of Rey(CO)jo, the yields of 3b-3j
decreased considerably (See the Supporting Information,
Table S1).'¢

Treatment of an aryl isocyanate bearing an electron-donat-
ing group, 2b or 2¢, with phenylacetylene (1a) produced hydan-
toins 3k and 3l in 93% and 91% yields, respectively (Table 2,
Entries 1 and 2). An aryl isocyanate having an electron-donating
group, 2d, gave hydantoin 3m in 94% yield (Table 2, Entry 3).
A secondary alkyl isocyanate 2e provided hydantoin derivative
3n in good yield (Table 2, Entry 4). Although Re,(CO);o and
Fe(CO)s promoted the reactions, the yields of hydantoins 3k—

Table 2. Reactions between terminal alkyne la and several
isocyanates 2°

P R
MnBr(CO)s (5.0 mol %) ‘= N.__o
Ph—== + R-N=C=0 ,\\f
O 3 R

Dioxane, 150 °C, 24 h

la 2
Entry R Yield/ %"
1 p-MeOCcHy 2b 3k 93 (95)
2 p-MeCcHy 2c 3l 91 (94)
3 p-CF;CHy 2d 3m 94 (95)
4 c-CgHyy 2e 3n 84 (90)

a1a (1.0 equiv); 2 (2.2 equiv). Isolated yield. The yield determined
by 'HNMR is reported in parentheses.
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Scheme 1. Proposed mechanism for the formation of hydantoin
derivatives.

3n with the two catalysts were lower than those with MnBr(CO)s
(See the Supporting Information, Table S2).'® However, primary
and tertiary alkyl isocyanates (2-phenylethyl isocyanate, octa-
decyl isocyanate, and 1-adamantyl isocyanate) did not provide
the corresponding hydantoin derivative because of the trimeriza-
tion of the isocyanates under the reaction conditions. The forma-
tion of hydantoin derivative did not proceed using trimethylsilyl
isocyanate and tosyl isocyanate.

To elucidate the reaction mechanism, we carried out the re-
action of 4 in the presence of a manganese catalyst, MnBr(CO)s,
at 150 °C for 24 h (eq 2). As a result, hydantoin 31 was obtained
quantitatively. This result suggests that hydantoin 31 was formed
via the formation of 4.

¢

Ph
yyo MnBr(CO)s (5.0 mol %)  \s N\fo ()
N

Dioxane, 150 °C, 24 h g N
4 N 3l >99% \

Judging from the result in eq 2 and the geometry of the olefin
moiety of the products, we propose the following mechanism for
the hydantoin synthesis (Scheme 1):'° (1) oxidative addition of a
terminal alkyne to a manganese center; (2) insertion of an iso-
cyanate into the manganese—carbon bond of the manganese ace-
tylide; (3) insertion of another isocyanate into the manganese—
nitrogen bond of the manganese amide intermediate; (4) reduc-
tive elimination and intramolecular cyclization.

By the treatment of hydantoin 30 with cerium ammonium
nitrate (CAN) at 25 °C for 24 h, oxidative carbon—carbon double
bond cleavage took place, and imidazolidinetrione 5 was ob-
tained in 89% yield (eq 3). In this reaction, benzaldehyde was
obtained as a side product.

Ph Ph

Ph I
CAN (8.0 equiv) N

o o)
CH4CN / H,0 (2:1) jﬂf @)
3 2 . N

‘Ph 25°C, 24 h o Ph
30 5 89%

In summary, we have succeeded in MnBr(CO)s-catalyzed
synthesis of hydantoin derivatives from terminal alkynes and
isocyanates. The reaction proceeds with a catalytic amount
of a fourth-row-transition-metal complex, and has wide applica-
bility.
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