Iron(n)-catalyzed intramolecular aminochlorination of alkenes
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2-Alkenyloxycarbonyl azides undergo an efficient intra-
molecular Fe!l-catalyzed aminochlorination with TMSCI in
EtOH and furnish the corresponding 4-(chloromethyl)-
oxazolidinones (60-84% yield), presumably via a stepwise
single electron transfer pathway.

The catalytic aziridination of alkenes is a topic of current
scientific interest.2:2 In particular, transition metal catalysts
which allow a nitrene transfer to alkenes and which can be
modified by chiral ligands have attracted considerable atten-
tion.3 Research in our group has been directed towards the
transfer of N-alkoxycarbonyl substituted nitrene fragments to
nucleophiles. We have shown that the reaction of tert-
butoxycarbonyl azide (BocN3) with sulfides and sulfoxides is
catalyzed by FeCl, (10-25 mol%) and yiel ds the corresponding
sulfimides and sulfoximides in moderate to good yields.4 We
have now studied the Fel'-catalyzed intramolecular nitrogen
transfer to akenes using the corresponding 2-alkenyl-
oxycarbonyl azides.

Substrates of this type are known to undergo an intra-
molecular aziridination under thermal conditions.> The strained
aziridines primarily formed are ring-opened readily by nucleo-
philes. Metal-catalyzed versions of this aziridination reaction
have not been reported. Initial experiments in our laboratories
were carried out with the azide 1a% [egn. (1)].
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In al cases we studied, the trans-4-(chloromethyl)-
oxazolidinone 2a was obtained as the major nitrogen transfer
product. An aziridineintermediate was not observed. In CH,Cl,
and THF the reaction proceeded sluggishly. MeCN proved to be
asuperior solvent for the desired transformation (Table 1, entry
1). Since asource of chloride ions was essential to guarantee an

Table 1 Fe''-catalyzed intramolecular aminochlorination of substrate 1a

FeCly/
Entry Solvent equiv. Additive Yield (%)2 trans:cis?
1 MeCN 0.5 — 59 95:5
2 MeCN 05 TMSCle 63 95:5
3 MeCN 0.1 TMSCle 24 96:4
4 MeCN 0.5 FeClze <5 —_
5 MeCN 0.5 H,0d <5 —
6 EtOH 0.5 TMSCle 70 90:10
7 EtOH 0.1 TMSCle 72 91:9
8 MeOH 0.5 TMSCle <5 —

aYield of isolated product after chromatographic purification. ® Ratio of the
two oxazolidinone diastereoisomers as determined by H NMR spectros-
copy. ¢ 1.5 equiv. of the additive were employed.. ¢ A 9:1 (v/v) solvent
mixture of MeCN-H,0 was used.

T To whom inquiries about the X-ray analysis should be addressed.

effective catalytic cyclewe screened several candidates. TM SCI
finally turned out to be the additive of choice (entry 2). It was,
however, not possible to obtain acceptable yields using 0.1
equiv. of the catalyst in MeCN (entry 3). In search of another
solvent which would allow a decreased catalyst loading we
found EtOH to beideally suited (entry 6). With 10 mol% of the
catalyst aproduct yield of 72% was achieved (entry 7). In some
instances, variation of the additive or the solvent led to complete
inhibition of the reactions (entries 4, 5 and 8).

Under optimized conditions (0.1 equiv. FeCl,, 1.5 equiv.
TMSCI, EtOH)7 other substrates 1 reacted equally well [egn.
(2)]. In the case of the azides 1b and 1c, which bear a smaller
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primary alkyl group at the stereogenic center, the facia
diastereoselectivity was dlightly lower than with the secondary
akyl substituted substrates 1a and 1d. The product 2d obtained
from the diastereomeric mixure of the 3-cyclohexenyl-substi-
tuted substrate 1d was as a mixture of two 4,5-trans-isomers
due to the additional stereogenic center at the cyclohexene
ring.

Mechanistically, we initially assumed an aziridination—ring
opening segquence to be responsible for the formation of the
4-(chloromethyl)oxazolidinones 2 and 3. We started to cast
doubt on this idea when we studied the Fe'l-catalyzed reaction
of the achiral (2E)-alkenyloxycarbonyl azides 4 [egn. (3)]. One
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would expect the aziridination to occur stereospecifically to
yield atrans-aziridine, which would upon ring opening form the
erythro-product 6. Contrary to this expectation, the azide 4a
gave only amixture of diastereoisomers (Table 2, entry 1). We
conducted the same reaction in boiling 1,1,2,2-tetrachloro-
ethane (TCE) in the absence of Fe'! and obtained exclusively a
single product, albeit in much lower yield (entry 2). In this case
an aziridine is known to be the intermediate5® and the ring
opening occurs most likely by HCI, which isformed from TCE
upon heating.52 Based on anal ogy with the reactions of azide 4b

Chem. Commun., 2000, 287—-288 287

Thisjournal is© The Royal Society of Chemistry 2000



Table 2 Yields and diastereosel ectivities determined in the intramolecular
aminochlorination of 2-alkenyloxycarbonyl azides 4

Entry  Substrate R’ Methlod Yield (%)2 5:6

1 4a Pr FeCl, (EtOH) 84 49:51
2 4a Pr AT (TCE) 62 <1:99
3 4b Ph FeCl, (EtOH) 76 >99:1
4 4b Ph AT (TCE) 42 <1:99
a

Yield of isolated product after chromatographic purification.

under the same two different conditions (vide infra), structure
6a was assigned to this product. A thermodynamic equilibration
was ruled out because the erythro-product 6a did not inter-
convert to the threo-product 5a upon treatment with FeCl,.

The difference between the two reaction variants was even
more dramatic when we used azide 4b as the starting material.
The Fe'l-catalyzed reaction delivered exclusively the threo-
product 5b (entry 3), whereas the thermal reaction furnished the
erythro-product 6b (entry 4). In this case the relative configura-
tion of one diasterecisomer (5b) could be unambiguously
proven by single X-ray crystallography® (Fig. 1).

Fig. 1 A molecule of compound 5b in the crystal.

These observationsarein linewith an Fe''-catalyzed nitrogen
transfer via radicals as intermediates. Apparently, the inter-
mediate formed from FeCl, and the azide does not transfer the
fragment to the alkene in a concerted fashion, but in a stepwise
fashion. The reaction of 4a is not stereospecific, as a free
rotation can occur after N-C bond formation. A possible
explanation for the high preferencein favor of threo-product 5b
in the aminochlorination of substrate 4b is shown below. The
intermediate 7 formed from 4b adopts the preferred conforma-
tion shown owing to 1,3-allylic strain; within this conformation
intramolecular chloride transfer can occur diastereoselec-
tively.

If this picture is correct there is an obvious analogy between
the reaction we study and intermolecular radical-type amino-
chlorination reactions of N-chloro-N-alkenyl amines and N-
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chloroal kenamides.® Mechanistic evidence might consequently
be deduced from comparing the stereochemical outcome of
these reactions with the results obtained by the Fe''-catalyzed
reaction of similar substrates. A direct comparison is not yet
possible as reactions of N-chloro-O-alkenyl carbamates related
to 1 have to the best of our knowledge not been reported.

In further work which is currently underway we plan to
undermine our mechanistic hypothesis based on the above-
mentioned analogy and based on suitable radical clocks.

This work was generously supported by the Deutsche
Forschungsgemeinschaft (SFB 260), and by the Fonds der
Chemischen Industrie (Kekulé-fellowship to B. S.).
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