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100-125 mesh column, operating at 125 °C. No m-acetoxytoluene
(17) was detected in this analysis.

Kinetics of Peroxide Decompositions. A kinetic study of
the rate of decomposition of 7 and that of benzoyl peroxide was
carried out, using a modified procedure of Bartlett and Nozaki.'?
Benzoyl peroxide and 5 were weighed out and dissolved in benzene
(0.028 M). These solutions were than placed in two 100-mL
three-necked flasks equipped with condensers and placed in a
constant temperature bath at 79.8 °C. Aliquots (2 mL) were
removed at 60-min intervals and placed in a solution containing
potassium iodide, water, and isopropyl alcohol. After 10 min, the

(17) Bartlett, P. D.; Nozaki, K. J. Am. Chem. Soc. 1946, 68, 1686.
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liberated iodine was treated with 0.1 M thiosulfate.
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Several 1-(methoxycarbonyl)-2-imidazolidinones and their analogues have been synthesized as models for
1-carboxybiotin. In their 3C NMR spectra both carbonyl carbon signals shifted downfield as much as 2-5 ppm
in the presence of magnesium(II) ion in acetonitrile. This has been interpreted in terms of the magnesium(II)
coordination to the acylurea moiety. Formation of the magnesium(II) complex with (methoxycarbonyl)-2-
imidazolidinones in solution was also revealed by IR spectroscopic studies, in which significant low-frequency
shifts of carbonyl stretching vibration bands were observed.

Biotin-dependent enzymes mediate a number of carbox-
ylation, transcarboxylation, and decarboxylation reactions
in biological systems.'? The first step involved in these
reactions is the carboxylation of biotin, usually at the
expense of bicarbonate and ATP, and this reaction very
likely takes place at the 1-N position of biotin.® A very
basic question about this process is how the enzymes ac-
tivate the ureido nitrogen, because it is well-known from
model experiments that the nucleophilicity of the ureido
nitrogen is extremely low.*® In enzymic systems the re-
activity of biotin seems to be enhanced by a proton transfer
from a certain functional group(s) of the enzyme to the
ureido carbonyl, thereby shifting the keto—enol tautomer-
ism to afford the more nucleophilic imide nitrogen. In-
deed, X-ray crystallographic studies on biotin and related
compounds have proved that this carbonyl forms a hy-
drogen bond in crystals.®® This suggests that the ureido

carbonyl has a high affinity toward electrophilic reagents
such as proton and metal ions even in solution.®® In
model studies, alterations in the reactivity of the carboxyl
or methoxycarbonyl group attached to 1-N have been ob-
served in the presence of certain divalent metal ions; these
are ascribed to the metal chelation to the ureido carbonyl
and carboxyl groups.!'?2 But, to the best of our know-
ledge, metal complex formation has never been proved in
an explicit way even in model systems.?

We have prepared several 1-(methoxycarbonyl)-2-
imidazolidinones bearing a long alkyl chain at the 4-posi-
tion of the imidazolidinone ring as a model for 1-carboxy-
biotin in hopes of carrying out a reaction in a micellar
phase, where a large rate acceleration is often achieved.!?
Although a possible involvement of the thioether moiety
during the biotin catalysis via hydrogen bonding or chela-
tion to a metal(Il) ion has been suggested,'4!® we omitted
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Mg(II) Coordination to 2-Imidazolidinones
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this group since we regard the ureido moiety of biotin to
be the most essential part for the catalysis. In addition,
it will help avoid complications that might arise when we
interpret experimental data. In this work we studied
magnesium(II) coordination to 1-substituted carbonyl-2-
imidazolidinones in acetonitrile by means of IR and 13C
NMR spectroscopy. The use of an aprotic solvent may be
justifiable since the atmosphere of the enzyme active site(s)
may be considerably different from that of the bulk aque-
ous phase.!® The effect of magnesium(II) ion on the re-
activity of 2-imidazolidinones and 1-substituted carbonyl-
2-imidazolidinones in the same solvent will be reported
elsewhere.

Results and Discussion

Stereochemistry of Hydrogenation and Methoxy-
carbonylation. 4-Dodecyl-2-imidazolidinones 5b and 6b
were prepared in reference to the methods used for the
synthesis of similar compounds (Scheme I).17® Thus,
2-imidazolinones were first acylated with dodecanoyl
chloride followed by catalytic hydrogenation over PtO,
under atmospheric pressure. Both reactions gave modest
to good vields as shown in Table I. One thing to note about
the hydrogenation is that the introduction of a methyl
group to the 5-position of the ring makes the imidazolinone
somewhat resistant to hydrogenation.!® Indeed, when 4-
hexanoyl- (4a) or 4-dodecanoyl-5-methyl-2-imidazolidinone
(4b) was hydrogenated under conditions that gave only
fully hydrogenated products from the 5-unsubstituted
counterparts (3a or 3hb), the partially hydrogenated com-
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pounds, 4-hexyl- or 4-dodecyl-5-methyl-2-imidazolinone
{11), were isolated besides the fully hydrogenated products
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(6a or 6b). These imidazolinones could be converted to
the corresponding 2-imidazolidinones by further hydro-
genation over freshly prepared PtO,. It is certain, there-
fore, that the reaction proceeds in a stepwise manner with
the first hydrogenation occurring at the carbonyl group,
unlike the case of ordinary «,3-unsaturated carbonyl com-
pounds.!”!?

The hydrogenation of 4-acyl-5-methyl-2-imidazolinones,
in principle, can afford two possible stereoisomers (cis and
trans). The isolated 2-imidazolidinones, however, con-
tained only a single isomer; structures were established by
'H and, in particular, 3C NMR. In both spectra only a
single set of signals corresponding to either product, cis
or trans, was observed. An attempt was made to elucidate
the configuration of the actually isolated product by means
of 'TH NMR. By reference to the X-ray crystallographic
data on dethiobiotin,® the dihedral angle (¢) between the
4- and 5-hydrogens in the cis isomer (12) is assumed to be
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23.5°. With the trans isomer there are two possible con-
formations (13 and 14), of which the former can be re-
garded more favorable since the bulky alkyl substituents
should be more distant from each other in 13. The esti-
mated dihedral angles are 96.5 and 143.5° for 13 and 14,
respectively. The Karplus equation (eq 1)%° leads to cal-

Jue = 4.22 - 0.5 cos ¢ + 4.5 cos® ¢ (1)

culated coupling constants for each configuration or con-
formation as follows: 7.55 Hz for 12, 4.33 Hz for 13, and
7.53 Hz for 14. It is obvious that the experimentally ob-
tained coupling constant of 7.5 Hz for 8a is close to the
calculated one for the cis isomer 12 or conformation 14 of
the trans isomer. The isomer 14 has the less favored con-
formation, and also there is no example of selective forma-
tion of the trans isomer in similar-reactions.!™™ We,
therefore, tentatively assign the configuration of the prod-
uct as cis in support of the postulate made for the hydro-
genation of other 2-imidazolinones.!” Incidentally, a much
higher cis/trans ratio is obtained in the hydrogenation of
1-methyl-2-phenylcyclopentene in contrast to that for
1,2-dimethyleyclopentene.??
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Methoxycarbonylation or propionylation of the 2-
imidazolidinones was performed by use of an excess of the
corresponding acid chloride.*#**?* Judging from the ex-
perimental fact that several carbonyl stretching vibration
bands appear in the IR spectra of methoxycarbonylated
2-imidazolidinones, the carbonyl group remains intact, and
the reaction occurs on the nitrogen atom. With unsymme-
trical 2-imidazolidinones (5 or 6) the reaction may take
place at the 1- and/or 3-position of the ring. Enzymatic
carboxylation of biotin occurs at the 1-position, as estab-
lished by means of X-ray crystallographic analysis of 1-
(methoxycarbonyl)biotin derivatives.?? The methoxy-
carbonylation at 1-N of 6b was easily ascertained by the
decoupling technique in 'H NMR. Before methoxy-
carbonylation, the 4- and 5-proton signals of 6b appeared
at almost identical chemical shifts. Upon methoxy-
carbonylation one of them shifted downfield about 0.5 ppm
and gave a quintet with J = 6.3 Hz. When the proton
signal of the 5-methyl group was saturated by resonance,
the quintet changed to a doublet with the same coupling
constant as before. This means that the 5-hydrogen is
more deshielded than the 4-hydrogen by the methoxy-
carbonyl group, and the site of carbonylation is at 1-N.
The fact that both enzymatic and chemical carbonylations
occur at the same position suggests the possibility that the
position of the enzymatic carbonylation of biotin occurring
in the limited domain of an enzyme active site may also
be decided by the steric factor.

13C NMR Spectra. The proton-decoupled *C NMR
spectrum of 6b roughly consisted of three regions:?»* a
low-field region for carbonyl carbon, a 50-60-ppm region
for the 4- and 5-carbons, and a 10-33-ppm region for the
side chain carbons. The relative chemical shifts of the
5-methyl and 4-dodecyl groups were almost invariant upon
carbonylation at 1-N or magnesium(II) coordination (vide
infra). Methoxycarbonylation of 6b afforded an additional
carbonyl carbon signal and a CH;0 signal at ~55 ppm.
Of the two carbonyl signals, the lower field one, which was
always more intense than the other, was assigned to the
carbonyl carbon of the ring by the same reasoning used
for the interpretation of similar spectra of 1’-N-(methoxy-
carbonyl)biotin derivatives.? Since the ureido carbonyl is
fixed in the five-membered ring, it may have less chance
of motional freedom leading to a fast relaxation of the
carbonyl carbon. The ¥C NMR spectrum of 9 is similar
to that of 8b except for the presence of CH, (~30 ppm)
and CH; (~9 ppm) signals in place of the CH;0O signal.
An attempt to assign the two carbonyl signals of 9 by
off-resonance decoupling failed due presumably to the fact
that the coupling between the carbonyl carbon and the two
hydrogens attached to the neighboring carbon or nitrogen
atom was too small to detect with the spectrometer cur-
rently available to us. However, the higher field signal
(157.1 ppm) lies in the same region as that for the two
carbonyls of 8b, and also it seems certain that amide car-
bonyls appear at lower field than urea carbonyls.?’ Hence,
we tentatively assign the higher field signal to the ureido
carbonyl and the lower one to 1-propionyl.

Coordination of Magnesium(II) Ion to 1-(Methoxy-
carbonyl)-2-imidazolidinones. The coordination of Mg-
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Figure 1. °C chemical shift changes of carbonyl carbons of 6b
(a), 8b (b), and 9 (c) as a function of Mg(II) ion concentration
in acetonitrile-d;. Open and closed circles represent C-2 and C-6
signals, respectively.
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Figure 2. **C chemical shift changes of C-4 and C-5 (open circles)
and C-8 (closed circles) of 6b (a), 8b (b), and 9 (c) as a function
of Mg(Il) ion concentration in acetonitrile-ds. For numbering of
carbons see structure 15.

(I1) ion to imidazolidinone derivatives (6b, 8b, and 9) was
studied by IR and *C NMR spectroscopy in acetonitrile.
Addition of magnesium perchlorate up to an equimolar
amount with 6b brought about a modest downfield shift
of the carbonyl carbon in the 13C NMR spectrum as shown
in Figure la, while the others remained virtually un-
changed. Since 6b serves as a monodentate ligand, unlike
1-carbonyl-2-imidazolidinones 8b and 9, the coordination
of Mg(II) ion to 6b is not so strong as to bring about a large
shift of the carbonyl carbon signal in the 1*C NMR spec-
trum. The IR spectrum of 6b in the presence of an equi-
molar amount of Mg(II) ion revealed a shift of the carbonyl
stretching vibration band from 1710 to 1690 cm™ (Figure



Mg(II) Coordination to 2-Imidazolidinones

[Mg(1)] (Mg(n) Mg(z)]
[sb] (8b) (9]
0.0 - 0.0 0.0
05
05
1.0
1.0
0/\
| S E—) | S E— Lo E—
1800 1600 1800 1600 1800 1600
Pezo 7!

Figure 3. Infrared spectral changes in the carbonyl region of
1-carbonyl-2-imidazolidinones with different concentrations of
Mg(II) ion in acetonitrile.

3), suggesting strongly the interaction of Mg(II) ion with
the carbonyl group.

Upon the addition of Mg(II) ion, both carbonyl signals
of 8b gave rise to a large downfield shift (Figure 1b). In-
terestingly, at first the magnitude of the shift increased
with the Mg(II) ion concentration, but it leveled off when
the molar ratio of Mg(II) ion to 8b reached 0.5. This was
the case for other carbon signals such as C-4, C-5, and
CH,0 as shown in Figure 2b. This is interpreted in terms
of the formation of the 1:2 complex between the metal and
the ligand. Finally, since only a single set of signals was
observed for each compound, the exchange between the
bound and free Mg(II) ions must be rapid under these
conditions on the NMR time scale. In the absence of
Mg(ID) ion, the IR spectrum of 8b had three absorption
bands (1720, 1740, and 1780 cm™) in the vo—q region. As
the metal ion concentration increased, the lowest and the
highest frequency bands gradually disappeared (Figure 3).
In the presence of an equimolar amount of Mg(II) ion, the
middle band apparently split into two bands located at
1740 and 1750 cm™. Although we are unable to explain
this spectral change quantitatively, it is not inconsistent
with the view that it suggests a simultaneous interaction
of Mg(II) ion with both carbonyl groups of 8b.

For compound 9 the Mg(II) coordination gave rise to a
downfield shift of carbonyl carbons, but the magnitude of
shift was different between the two (Figure 1c). This does
not necessarily mean that the interaction with Mg(IlI) ion
is different between the two carbonyls but that it may be
a reflection of the difference in the environment around
each carbonyl group. That is, the ureido carbonyl of 9 is
connected to two heteroatoms but 1-propionyl is not, while
the two carbonyls of 8b are put between similar heteroat-
oms. The main difference in the *C NMR spectra between
8b and 9 is that a level-off phenomenon of carbonyl chem-
ical shifts was not observed for 9 over the range of Mg(II)
ion concentration adopted. This is very suggestive of the
1:1 complex formation for 9, but the reason for it remains
to be elucidated. In contrast to all other carbon signals,
the C-8 signal of 9 alone showed an upfield shift upon the
Mg(II) coordination (Figure 2¢) though the magnitude
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itself was not large (0.8 ppm). As stated above, 9 as well
as 8b can act as a bidentate ligand. If we assume that the
chelate ring takes a virtually planar conformation, the two
hydrogens attached to C-7 (see structure 15) will have more
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chance to occupy the in-plane position, thereby forcing the
methyl carbon way up to the shielding zone of the C-6
carbonyl.

As stated above, the coordination of magnesium(II) ion
to 2-imidazolidinones and especially to 1-carbonyl-2-
imidazolidinones in acetonitrile was evidenced by the
present investigation. Previously, Griesser et al.® found
that the ureido carbonyl of biotin and related compounds
interacts with Mn(II) or Cu(II) ion in Me,SO from the
studies on the line broadening in 'H NMR. Their finding
is consistent with ours obtained from measurements of
carbony! shift in the *C NMR of 2-imidazolidinones upon
the magnesium(II) coordination. They also observed a
shift in the carbonyl vibration band of ethyleneurea from
1711 to 1690 cm™ in the presence of phenol, and this was
interpreted in terms of the intermolecular hydrogen bond-
ing between the carbonyl oxygen and phenol.? Interest-
ingly, the magnitude of shift is comparable to that ob-
served for the interaction of 6b with Mg(II) ion (from 1710
to 1690 cm™). This suggests that the ureido carbonyl bears
an almost identical affinity toward a common electrophile
such as a proton or the metal ions. With 1-carbonyl-2-
imidazolidinones the mode of change in carbonyl vibration
bands is not simple enough to allow quantitative analysis,
but the results are suggestive of the stable Mg(II) chelate
formation with the carbonylurea moiety. In summary, it
was proved that the carbonyl groups of 1-carbonyl-2-
imidazolidinones interact with certain metal ions at least
in polar aprotic solvents such as Me,SO and acetonitrile
and that the polarization or electron shift in the carbonyl
bond does take place to a considerable extent. A natural
question will follow concerning its relevance to the re-
activity change of biotin analogues. This subject is now
in progress in our laboratories.

Experimental Section

IR spectra were taken with either a JASCO IRA-1 or a Hitachi
285 grating spectrophotometer. 'H NMR spectra were run on
a JEOL JMN MH-100 spectrometer at room temperature unless
otherwise stated. Natural-abundance *C NMR spectra were
recorded at about 50 °C on a JEOL PFT-100 spectrometer op-
erating at 25 MHz. All chemical shift values are referred to
internal Me,Si. Melting points are uncorrected. Magnesium
perchlorate and deuterated acetonitrile were obtained from Wako
Pure Chemical Industries Ltd. and Merck, respectively.

2-Imidazolinone (1) was synthesized by the method of Hilbert:%
H NMR (Me,SO-d) 6 6.24 (s, 2 H, =CH), 9.70 (br s, 2 H, NH).
4-Methyl-2-imidazolinone (2) was prepared according to the lit-
erature:!® 'H NMR (Me,S0-d;) 6 1.87 (s, 3 H, CHy), 5.95 (s, L H,
=CH), 9.50 (br s, 1 H, NH), 9.80 (br s, 1 H, NH).

4-Dodecanoyl-5-methyl-2-imidazolinone (4b). A mixture
of 9.8 g (0.10 mol) of 2, 22 g (0.10 mol) of dodecanoyl chloride,
and 80 mL of nitrobenzene was cooled at 5 °C. To this was added
27 g (0.20 mol) of aluminum chloride in small portions over 45
min. Then the whole mixture was heated at 65 °C for 5 h. The

(28) G. E. Hilbert, J. Am. Chem. Soc., 54, 3413 (1932).
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Notes

cooled reaction solution was poured onto 220 g of ice, and the
resulting suspension was mixed well with 100 mL of ether. The
solid material was filtered off and washed with ether several times.
The crude product thus obtained was recrystallized from ethanol.
4-Dodecyl-5-methyl-2-imidazolidinone (6b). Platinum oxide
(1.0 g) suspended in 100 mL of acetic acid was activated by
exposure to gaseous hydrogen. A solution of 4b (5.6 g, 0.020 mol)
in 300 mL of acetic acid was added to the catalyst solution in one
portion. Hydrogenation was carried out at atmospheric pressure
for 2 days, and then a small amount of fresh catalyst (0.1 g) was
added. Hydrogenation was continued for an additional 2 days.
The catalyst was filtered off and washed with hot acetic acid. The
filtrate and washings were combined and evaporated in vacuo
repeatedly with ethanol and finally to dryness. The crude product
was recrystallized from acetone and then from acetonitrile.
When the readdition of catalyst was not done in another run,
4-dodecyl-5-methyl-2-imidazolinone (11) was obtained as a by-
product in 8% yield after recrystallization from ethanol twice:
mp 228-231 °C; *H NMR (CF,CO,H) 6 0.94 (t, J = 6 Hz, 3 H,
CHjy), 1.37 (20 H, CH,), 2.20 (s, 3 H, 5-CHj), 2.58 (t, J = 7 Hz,
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2 H, 4-a-CH,), 9.92 (br s, 2 H, NH).

1-Propionyl-4-dodecyl-5-methyl-2-imidazolidinone (9). A
1.2-g (4.5 mmol) sample of 6b was mixed with 2.3 g (25 mmol)
of propionyl chloride in 10 mL of hexane. The reaction mixture
was refluxed for 3 h. After the solvent and excess reagent were
distilled off, the residue was recrystallized from hexane.

Some physical properties of newly prepared compounds in this
work are summarized in Tables I and II.
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N-Sulfonylamines have been generated as reactive in-
termediates in solution by the base-induced dehydrochlo-
rination of sulfamoyl chlorides.! 4,6-Diaryl-2,2-dioxo-
1,2,3,5-oxathiadiazines (1), which are readily prepared from
aryl nitriles and sulfur trioxide,? are potentially attractive
precursors to the novel amidine-based N-sulfonylamines
2. Some aspects of the photochemistry of 1 (Ar = Ph) and
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attempts to establish the intermediacy of 2 (Ar = Ph) in
the photochemical transformations of 1 are reported in this
paper.

Irradiation (A >290 nm) of 1 (Ar = Ph) in dichloro-
methane containing 5% by volume of ethanol or 2-
methyl-2-propanol led to complete disappearance of 1.
From the crude photolysate, 2-phenyl-4(3H)-quinazolinone
(3) was isolated in 40-60% yields. Under identical irradi-
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(1) G. M. Atkins, Jr.,, and E. M. Burgess, J. Am. Chem. Soc., 94, 6135
(1972).
(2) P. Eitner, Ber. Dtsch. Chem. Ges., 25, 461 (1892).

ation conditions, but in the absence of added alcohol, 3
was not detected (TLC) and only uncharacterizable mate-
rials resulted. The formation of 3 can be rationalized by
the mechanism in Scheme I.

The ring opening of 1 to 2 and the subsequent trapping
by alcohol to give aminosulfonate 4 are analogous to the
chemistry observed by de Mayo and co-workers?® in the
irradiation of six-membered ring diene sulfones. de Mayo
postulated sulfene intermediates that were intercepted by
alcohols to give stable sulfonate esters. In the present
study, however, adduct 4 is proposed to undergo further
photoexcitation to give a delocalized diradical 5, which
then rearranges to 6. The observed product 3 finally is
formed upon the loss of ROSO,H from 6.

All attempts to chemically trap 2 were unsuccessful.
Dichloromethane solutions of 1 containing 2,3-dimethyl-
2-butene (20X molar excess), ethyl vinyl ether (40X), or
dichloroketene ethylene ketal (20X) were irradiated, but
cycloadducts analogous to those reported by Burgess! were
not detected. Potential nucleophilic trapping agents such
as4isopropylamine rapidly reacted with 1 in the dark to give
7.
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In view of the failure to trap 2, the plausibility of the
photochemical conversion of the proposed intermediate
4 to 3 (Scheme I) must be established. Unfortunately, all
attempts to independently synthesize 4 (R = CH,CHj)
were unsuccessful. However, the N-tosyl analogue 9 was

(3) (a) P. de Mayo et al., Proc. Chem. Soc., London, 238 (1961); (b)
P. de Mayo et al,, Can. J. Chem., 41, 100 (1963).

(4) Alcohols do not react appreciably with 1 at room temperature in
the dark. In contrast to the photochemical results, when 1 is refluxed
with ethanol benzamidine-N-sulfonic acid,? PhC(NH,)=NSO3H, is iso-
lated in 90% vyield. No 3 is detected.
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