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The cyelic iminocarbonate rearrangement (CIR) provides
a means to convert syx-diols to syr-amino alcohol finction-
ality.” This one-pot process actually consists of a series of
reactions. including conversion of diol substrates to cyclic
iminocarbonates. a nucleophilic ring-opening of the five-
membered cyclic intermediates by halides: and finally a
nucleophilic ring-closure with the expulsion of the halides
(Scheme 1). The double nucleophilic displacements. which
take place in a domino fashion. result in a conversion of
cvelic iminocarbonates to oxazolidin-2-ones (hence the “re-
arrangement”) wherein the configurations of both carbinol
carbons are retained.
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The required cyclic iminocarbonates are conveniently pre-
pared by first activating the diols in the form of the O-
stannylene ketals. which are then reacted with isothio-
cyanates.> The original protocol of the CIR utilized benzoyl
isothiocyanate. a well-considered choice for the ease of the
rearrangement itself as well as the subsequently required
deprotections to free amino alcohols. In additions, the presence
of the N-benzov] substituent was taken advantage of n an atom-
econontic svnthesis of the C-13 side chain of Paclitaxel >

With proper choices of reagents. on the other hand, our
CIR process may provide a readv access to N-substituted
amino alcohols. While primary amino alcohols are recogniz-
ed as an important functional group for their biological
activity as well as for their use as chiral auxiliaries and
ligands.” N-substituted amino alcohols have potential to be
as much useful. A series of isothiocvanates were therefore
screened 1n order to determine the scope and limitations of
their use in the CIR process.

Stilbene diol (1) was selected as the diol substrate. It was
first converted to the corresponding O-stannylene ketal (with
a Dean-Stark removal of water). which was then treated with
various 1sothiocvanates in the presence of base. The result-
ing cvclic iminocarbonates were observed on TLC. but in
most cases not stable enough to be chromatographed on a
silica column. The rearrangements therefore were prompted
without 1solating the intermediates by adding appropriate

halide nucleophiles. The results were summarized in the Table.

When one considers the course of the rearrangement. i.c..
the double displacements (Scheme 1). electron-withdrawing
groups on the nitrogen of the cyclic iminocarbonates are
expected to facilitate the process.” Indeed. employing the
original protocol (isothiocyanate with Et;N: Lil: reflux in
dichloroethane) that had been developed for the rearrange-
ment of N-benzovl-substituted cvclic iminocarbonate {(entry
1). the reactions with tosyl® and ethoxycarbonyl isothio-
cvanates proceeded readily to produce the corresponding N-
tosvl- and N-ethoxvcarbonvloxazolidin-2-ones. respectively
(entries 2 and 3).

Substitution of N-arv] groups became possible only after
some modifications on the reaction conditions as the reac-
tion with phenyl isothiocyanate employing the original protocol
took a markedly different course (Scheme 2). When the diol
substrate was treated with Bu:SnO in dichloroethane. then
with PhINCS in the presence of Et:N as usual. the required
cyvelic imnocarbonate was formed satisfactorily. as judged
by TLC and NMR 7 Upon the addition of Lil. a ring-opening
took place not by [~ but by ClI=* The chloride ion was

Table 1.
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entry RNCS solvent base  halide Cff;fft’l' vield
1 BzNCS C-H,Cl:  EtN Lil - 73%
2 TsNCS C-H,Cl:  EtN Lil - 84%
3 EtO-CNCS C-H,Cl:  EtN Lil - 89%
4 PhNCS toluene  Et:N LiI DMF 88%
5 p-NO:-CHNCS toluene Et:N LiI DMF 92%
6  p-MeO-CsHUNCS toluene  EGN Lil DMF 80%
7 EtNCS toluene DABCO  Lil - 46%
8 BuNCS toluene DABCO Mgl - 52%
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apparently generated from the only chlorine source present
in the reaction mixture: the solvent, dichloroethane. The
chloride-opened product, 1.2-diphenyl-1-anilinvlcarbonyloxy-
2-chloroethane (2), refused to proceed with the second dis-
placement i# sifie, but remained unchanged upon prolonged
heating (93%). It was 1solated and made to undergo the
desired nng-closure to the N-phenvloxazohdin-2-one only
after treating it with base in a separate step (94%). As phenyl
group 15 less electron-withdrawing than sulfonyl or carbonyl
group, we speculate that the less reactive cvclic N-phenylimino-
carbonate needs more nucleoplilic CI™ for the ning-opening
step and the ring-opened product. 2. does not undergo the
ring-closure as C1™ 1s not so effective a leaving group as [~

The one-pot operation was achieved with phenyl 1sothio-
cvanate by adopting two modifications on the reaction
conditions. When we replaced dichloroethane by more inert
and higher-boiling toluene as solvent. and compensated for
the decreased polarity of the reaction medium by adding
DMF as co-solvent for the double displacement step, the
vield of the desired NM-phenyloxazolidin-2-one was improv-
ed to a level comparable to those with carbonyl- or sulfonyl-
substituted isothiocvanates (88%, entry 4). Under these condi-
tions, the electron-withdrawing p-nitro-substituted phenyl
1sotliocvanate vielded the desired oxazohdinone in a higher
92% vield (entry 5). The reaction with p-methoxvphenyl
1sothiocvanate was slow, but the desired V-p-methoxyphenyl-
oxazolidin-2-one was obtained n 80% vield after a prolong-
ed reaction tine (entry 6).

The N-alkvl-substituted cases initially posed problems as
both the cvclic minocarbonate formation and the subsequent
rearrangement steps were sluggish when the reactions were
attempted with ethy] and benzy] isothiocvanates. Our efforts
for the optimization of the reaction conditions included
screeming various bases for the cvclic inunocarbonate for-
mation step as well as various halide nucleophiles for the
rearrangement step. In the event, use of more nucleophilic
base. DABCO, proved efficacious for the cvchic imino-
carbonate formation step. Thus. the O-stannylene ketal pre-
pared in toluene under reflux was treated with ethy] isothio-
cvanate in the presence of DABCO. The rearrangement was
prompted by addition of Lil to produce the N-ethvloxazo-
lidin-2-one in 46% vield (entry 7). Use of DMF co-solvent
was detnmental in this case. Under similar conditions and
using benzvl 1sothiocyvanate, the N-benzyl-substituted oxazoli-
din-2-one was obtained in 32%. Use of Mgl» in the rearrange-
ment’ improved the vield to 52% (entry 8). Obviously, N-
alkv] groups on the cyclic iminocarbonate weren't strongly
electron-withdrawing enough to bring about the double
displacements readily, as reflected in the low vields of the V-
alkvloxazohdin-2-ones even under optinuzed reaction conditions.

In conclusion, the cvclic ininocarbonate rearrangement can
be effected with various M-substituents. the electronic nature
of which influences the outcomes of the process. With V-
sulfony] and N-carbony] groups. the rearrangements proceed
readily. wlile M-arv] substitution requires some modifications
of the reaction conditions (toluene, BuSnO: ArNCS and Et;N:
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Lil and DMF; one-pot process) in order to produce high
vields of the N-arvloxazolidin-2-ones. N-Alkyl-substituted
oxazolidin-2-ones can be prepared only in modest vields vi¢
the ¢velic iminocarbonate rearrangement when specifically
optunized reaction conditions are emploved (toluene, Bu-SnQ:
RNCS and DABCO: Lil or Mgl-; one-pot process).

General procedure for the N-carbonyl and N-sulfonyl
substituents. Diol substrate was dissolved in dichloroethane
and Bu-SnO (1.1 eq.) was added. The mixture was heated to
reflux for 4 hrs with a concomitant removal of water (Dean-
Stark trap). N-Carbonyl or -sulfonyl 1sothiocyvanate (1.4 eq.)
and triethylamine (1.2 eq.) were added and the mixture was
heated for 2 lus. Lil (1.2 eq) was added and the entire
mixture was heated to reflux for 12 hrs. Aqueous work-up
was followed by chromatographic purification to vield the
desired product.

General procedure for the N-aryl substituents. Diol sub-
strate was dissolved 1n toluene and Bu-SnQ (1.1 eq.) was
added. The mixture was heated to reflux for 4 hrs with a
concomitant removal of water (Dean-Stark trap). N-Arvl
1sothiocyvanate (2 eq.) and methylamine (1.2 eq.) were added
and the mixture was heated for 48 hrs. The mixture was
diluted with DMF (equal volume to toluene) and Lil (1.2 eq.)
was added. The entire mixture was heated to reflux for 15
hrs. Concentration was followed by chromatographic purifi-
cation to vield the desired N-arvl-substituted oxazolidin-2-one.

General procedure for the N-alkyl substituents. The Sn-
ketalization was performed n toluene as descnbed above. N-
Alkyl isotluocyanate (1.4 eq.) and DABCO (1.1 eq.) were
added and the mixture was heated for 7 days. Lil (1.2 eq.)
was added and the entire mixture was heated to reflux for 3
davs. Concentration was followed by chromatographic purifi-
cation to vield the desired N-alkyl-substituted oxazolidin-2-
one.
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