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Allyl N-tosyloxycarbamates are found to be catalytically
transformed into β-brominated oxazolidinones with FeBr2/n-
Bu4NBr in t-BuOH.

The aminohalogenation of carbon–carbon double bonds
underlies one of the major entries for the functionalization of
organic molecules.1,2 We recently discovered that a cyclopente-
nyl azidoformate underwent a radical aminobromination reaction
with substoichiometric FeBr2 (0.5 equiv.) in the presence of
Bu4NBr (1 equiv.) to furnish the corresponding β-brominated
oxazolidinone.3,4 Whereas this method offered access to the
halogenated oxazolidinone, safety precautions were required to
handle the potentially hazardous azides. Therefore, the develop-
ment of a safe azidoformate surrogate is a necessity for the
further growth of aminobromination chemistry. The present
study demonstrates the potential of allyl N-tosyloxycarbamates
as they can be converted into brominated oxazolidinones with
only catalytic FeBr2 in the presence of Bu4NBr.

Our idea stems from the belief that heteroatom–heteroatom
single bonds are readily cleavable via a single-electron transfer
process mediated by reducing agents to produce highly reactive
free radicals.5 Therefore, it was envisioned that allyl N-tosyloxy-
carbamates bearing an activated (tosylated) oxygen–nitrogen
single bond would react with FeBr2 to possibly afford amidyl
radicals via reductive extrusion of tosylate, thereby serving as
azidoformate surrogates.6

The relevance of the hypothesis was initially examined with
known cinnamyl substrate 1 (Table 1).6a Similar to our pre-
viously established protocols for the cyclization of a cyclopente-
nyl azidoformate, carbamate 1 was first treated with FeBr2/
Bu4NBr in EtOH (entry 1). Under this condition, bromo oxazoli-
dinones 4a/4b were produced as an inseparable mixture in 21%
yield. It should be noted that, contrary to our hypothesis, solvent
adducts 5a/5b were produced, implying the intervention of an
aziridine intermediate. Such aziridine species was found to be
isolable in another experiment (vide infra), albeit in only a

minute quantity. Therefore, both radical and aziridination path-
ways may be involved in this reaction. Nevertheless, the diaster-
eofacial selectivity favoring syn bromide 4a over anti 4b
suggested that aminobromination mainly took place in a syn
fashion, in harmony with an iron-coordinated radical halogen
transfer mechanism.3a–d,4

Then, effort was made to improve the chemical yield of the
cyclized products. In this context, it was assumed that the low
production of oxazolidinones 4a/4b possibly originated from the
solvation of the iron(II) catalyst with EtOH, which may retard the
cyclization.7 Thus i-PrOH, a slightly bulky solvent that less
likely undergoes coordination to iron(II), was next evaluated for
its utility (entry 2). As we expected, use of the bulkier solvent
led to an increase in the yield of bromides 4a/4b (69%). The
improvement of the yield by solvent switching indicates that the
bulkiness of the solvent affects the efficiency of the iron(II)-cata-
lyzed aminobromination reaction. This successful result
prompted us to further examine the reaction in t-BuOH, which
eventually culminated in the significant production of bromides
4a/4b (84%) with a diastereomeric ratio of 4 : 1 favoring the syn-
isomer (entry 3).

To clarify the roles of the iron(II) catalyst and the additive,
aminobromination was evaluated with either FeBr2 or Bu4NBr
alone (entries 4 and 5). It was revealed that FeBr2 alone could
afford cyclized compounds 4a/4b whereas Bu4NBr alone could
not do so. This distinct outcome reflects the pivotal role of the
iron species in promoting reactions and the necessity of the
bromide salt as a co-reagent for the regeneration of the iron(II)
catalyst. Further evaluation of substrates revealed the superiority
of N-tosylate 1 to azidoformate 2 in the present iron(II) catalysis
(entry 6). Thus, the aminobromination of azidoformate 2 with
FeBr2 (0.1 equiv.)/Bu4NBr (1.2 equiv.) provided cyclized pro-
ducts 4a/4b in only 19% yield along with a significant amount
of unreacted formate 2 (69%). The poor reaction of azidoformate
2 with 0.1 equiv. of FeBr2 is consistent with our previous obser-
vation that the satisfactory conversion of an allylic azidoformate
required a substoichiometric quantity of the iron(II) catalyst (ca.
0.5 equiv.).4 We assume that the difference in the reactivities of
the substrates at a low FeBr2 load partially originates from the
different modes by which Lewis acidic iron(II) species interacts
with each substrate. The leaving ability of the polar group on the
nitrogen atom was also found to affect the reactivity: carbamate
3 possessing a hydroxyl group was found to be much less
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reactive than tosylate 1 and azide 2, and essentially gave no pro-
ducts (entry 7). This also implies that the direct activation of the
hydroxyl group with the iron(II) catalyst may not be operative.

Next, the cyclizations of allylic substrates 8, 9, 10, 11, and
12 were examined under similar conditions (0.1 or 0.2 equiv.
FeBr2/1.2 equiv. Bu4NBr) (Table 2). (Z)-Cinnamyl carbamate 8
was transformed into anti-bromo oxazolidinone 4b as the major
stereoisomer albeit with somewhat low stereoselectivity (entry
1).8,9 Contrary to our expectations, (E)-olefin 9 and (Z)-olefin

10, both possessing an aliphatic substituent but with opposite
olefinic geometry, reacted with FeBr2 in the presence of Bu4NBr
to provide bromide 13b with the same diastereofacial preference
as the major product (entries 2 and 3). Whereas the stereochemi-
cal outcome of the reactions of (Z)-series 8 and 10 was in good
agreement with those predicted on the basis of syn-halogen
transfer mechanisms, the origin of the unexpected anti-selectiv-
ity observed for substrate 9 is unclear at present. In contrast
to the acyclic substrates, rigid bicyclic substrate 11 allowed

Table 1 Aminobromination of carbamates 1, 2, and 3

Entry Substrate FeBr2/Bu4NBr (equiv.) Solvent Time (h)

Yield (%)

(syn 4a : anti 4b)ab 5 or 6 7

1 1 0.1/1.2 EtOH 17 21 (1.5 : 1)c 5a/5b (15)g 16
2 1 0.1/1.2 i-PrOH 14 69 (3.3 : 1) 6 (9) 14
3 1 0.1/1.2 t-BuOH 4 84 (4 : 1) — 5
4 1 1.0/0 t-BuOH 1 61 (1.1 : 1) — 21
5 1 0/1.0 t-BuOH 17 nod — 32
6 2 0.1/1.2 t-BuOH 22 19 (5 : 1)e — 2
7 3 0.1/1.2 t-BuOH 22 nof — 0

a Stereochemistry was determined by comparison with those of the authentic material. bDiastereomeric ratio was determined by 1H NMR analysis.
c 47% of unreacted 1 was recovered. d 16% of unreacted 1 was recovered. e 69% of unreacted 1 was recovered. fUnreacted 3 was recovered
quantitatively. g Stereochemistry of the major isomer has yet to be determined.

Table 2 Aminobromination of N-tosyloxyallyl carbamates

Entry Substrate Time (h) Bromide (major) Yield (%) drc

1a 1 88 1.5 : 1

2b 5 87 1.5 : 1

3a 1 87 1.9 : 1

4a 3 85d (2S,3S) only

5a 4 95 3.8 : 1

a The reaction was carried out using FeBr2 (0.2 equiv.) and Bu4NBr (1.2 equiv.) in t-BuOH at room temperature. b 0.1 equiv. of FeBr2 was used.
cDetermined by 1H NMR analysis. dAziridine 16 (4%) was also formed.
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complete stereocontrol in transferring a bromine atom. Com-
pound 14 was obtained in 85% yield as a single isomer having
syn-arrangement with respect to the vicinal nitrogen and bromine
atoms. Interestingly, aziridine 16 (4%) was found to be produced
in this case (Fig. 1).

In this context, it could be assumed that the moderate syn : anti
diastereoselectivities obtained for the acyclic substrates were
attributable to the formation of the diastereomers through the
bromination of the corresponding aziridines. To elucidate the
extent of involvement of the non-radical pathway, the aminobro-
mination of substrate 12 that bears an internal double bond was
investigated (entry 5). The reaction of 12 was found to provide
15a (75%) along with diastereomer 15b (20%) that was likely to
be produced by the brominative opening of an aziridine,
suggesting again that the radical pathway was predominant.
Taking these observations into account, we are currently postu-
lating that the loss of the syn/anti specificity mainly stems from
the flexibility of the radical intermediates, and that the aziridina-
tion–bromination is partially involved.

In conclusion, we have demonstrated that allyl N-tosyloxycar-
bamates serve as an allyl azidoformate surrogate for aminohalo-
genation. Further investigation of the reaction mechanisms and
the application of the present method to the synthesis of nitro-
gen-containing molecules is currently being pursued in our
laboratory.
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Fig. 1 Minor product generated by aminobromination of 11
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