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Abstract—2-Ethylthiazolines react with 2-halobenzoyl chlorides to form N-(2-halobenzoyl)-cyclic ketene-N,S-acetals, which
undergo stereo-controlled radical cyclizations to afford (R,S,S)-3-alkyl-10-methyl-2,3,10,10a-tetrahydrothiazolo[3,2-b]isoquinolin-
5-one and (R,R,S)-3-alkyl-10-methyl-2,3,10,10a-tetrahydrothiazolo[3,2-b]isoquinolin-5-one.
� 2005 Elsevier Ltd. All rights reserved.
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Scheme 1. Reaction of 2-ethylthiazolines 1 with 2-halobenzoyl

chlorides

Table 1. The synthesis of 2-ethyloxazolines
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In recent years, there has been considerable interest in
the cyclization of radicals onto heterocyclic com-
pounds.1,2 Important synthetic routes to prepare various
heterocycles and many new methodologies have been
developed. Normally, radical cyclizations generate a
mixture of five- and six-membered ring compounds.3,4

The product ratio obtained depends on the structure
of the initiator and reactants as well as the reaction con-
ditions.5–7

Cyclic ketene-N,S-acetal chemistry has been actively
investigated in our laboratory,8 but radical cyclizations
onto cyclic ketene-N,S-acetals as a route to heterocyclic
structures remains unreported. Radical cyclizations
onto electron-rich enamines are known.9 Cyclic ketene-
N,S-acetals are more electron-rich agents than enam-
ines. They simultaneously combine both enamine and
vinyl thioether functions, which enhance the p-electron
density at the double bond and also provide two hetero-
atoms when converted to a cyclization product.10 Many
classes of ketene acetals are extremely reactive and diffi-
cult to handle, which probably accounts for their less
frequent application in organic synthesis. While im-
proved handling and storage methods have been devel-
oped,8 the generation of cyclic ketene-N,S-acetals as
intermediates and their subsequent use in nucleophilic
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cyclization reactions10 suggests they may be more
broadly applicable in synthesis.

We now find that 2-ethylthiazolines 1 readily react with
2-halobenzoyl chlorides to afford N-(2-halobenzoyl)-
cyclic ketene-N,S-acetals 2 in excellent yields (Scheme
1) in benzene at room temperature. Furthermore, these
N-(2-halobenzoyl)-cyclic ketene-N,S-acetals serve as
R1
SN
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Entry R1 in 3 Product 1 Yielda (%)

1 –CH(CH3)2 1a 60

2 –CH2CH(CH3)2 1b 63

a All are isolated yields based on 3.
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Table 2. Aryl radical cyclization of N-2-halobenzoyl cyclic ketene-N,S-acetalsa
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Table 2 (continued)
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a The mole ratio of 2/Bu3SnH/AIBN used was 10/10/1. Reactions were refluxed in dry benzene under argon for 10 h.
b Isolated yields based on 1.
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precursors for aryl radical cyclizations. The facile
formation of cyclic ketene-N,S-acetal double bonds
shown in Scheme 1, may be followed immediately by
an aryl radical cyclization with no need for further
purification of 2. In addition, by initially building a
stereogenic center at C-4 of these 2-ethylthiazolines 1,
the N-(2-halobenzoyl)-cyclic ketene-N,S-acetal formed
by N-benzoylation can then undergo stereocontrolled
radical cyclization.

The synthesis of 2-ethylthiazolines with a stereogenic
center at C-4 proceeds as shown in Table 1. Amino acids
3 (S-configuration) were reduced by NaBH4–I2 in THF
to give amino alcohols 4.11 These were treated with acid
chlorides to afford the corresponding hydroxyamides,
which were converted to 2-ethylthiazolines 1 with
P2S5.

12

We recently reported that 2-alkylthiazolines react with
acid chlorides to afford N-acyl cyclic ketene acetals.13

N-(2-Halobenzoyl)-cyclic ketene-N,S-acetals were
formed analogously in excellent yields using 2-halo-
benzoyl chlorides where the halogen is bromide or
iodide (Scheme 1). After the removal of triethylamine
and benzene from the product mixture by rotary evapo-
ration, these crude N-(2-halobenzoyl)-cyclic ketene-N,S-
acetals 2 were used without further workup in radical
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Scheme 2. Possible aryl radical cyclizations of N-2-halobenzoyl cyclic keten
cyclizations. These cyclizations occurred in good yields
in refluxing benzene (Table 2).

The suggested cyclization mechanism (Scheme 2) illus-
trates two pathways that appear possible. Initially
formed radical 7 would lead to either radical intermedi-
ate 8 or 10. Radical 8 would generate five-membered
ring compound 9 by hydrogen abstraction from
Bu3SnH, while radical 10 would produce six-membered
ring compound 5/6. Radical 7 was found to cyclize only
to the more stable tertiary radical 10 rather than the less
stable secondary radical 8. Therefore, this afforded the
less strained 6/5 ring products 5 and 6 upon hydrogen
abstraction from Bu3SnH. The more strained 5/5 ring
fusion product 9 could not be detected. Cyclization to
8 followed by rearrangement to 10 seems highly unli-
kely, because this would lead to the generation of both
R- and S-configurations of C-10 in product 5 and 6.
Only the R-configuration was formed.

1H, 13CNMR, GC–MS, DEPT135, HETCOR, and
NOESY verified the structures of 5/6. This cyclization
reaction could have given a mixture of four different dia-
stereomers. The aryl radical could possibly have
attacked the exocyclic double bond in 2 either cis or
trans to the C-4 isopropyl group. Then, hydrogen
abstraction by radical 10 could have occurred either
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Scheme 3. Selected NOESY correlations for compounds 5a and 6a.
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cis or trans to the C-4 isopropyl function. HPLC and
NMR data demonstrated that only two cyclization
products 5 and 6 were formed, and these were the major
products. These are given in Table 2. NOESY experi-
ments definitively determined the stereochemistry of 5
and 6. The methyl group on the central ring was trans
to the isopropyl group of the oxazolidine ring in
each case, confirming that aryl radical attack occurred
trans to the isopropyl group as 2 was converted to 10.
Radical 10 abstracted hydrogen from Bu3SnH both
trans and cis to the isopropyl group to generate 5/6a–e
(Scheme 3).

The selectivity of the hydrogen abstraction step by radi-
cal 10 is reduced by presence of the methyl group at the
10-position. The 3-isopropyl group hinders cis hydrogen
abstraction from Bu3SnH by 10. However, the 10-methyl
group hinders trans hydrogen abstraction, but it still re-
mains the dominant abstraction path. Studies of the
selectivity in the hydrogen abstraction step are underway
with (4S)-4-isopropyl-2-methylthiazoline, which will
generate an intermediate radical analogous to 10 with-
out the 10-methyl group. Furthermore, we have extended
analogous aryl radical cyclizations to cyclic ketene-
N,S-acetals generated from 2-alkylthiazines and
cyclic ketene-N,O-acetals formed from 2-
alkyloxazolines.14

In conclusion, this is the first report where the electron-
rich double bond of a cyclic ketene-N,S-acetal was used
for radical cyclization. This very nucleophilic double
bond was produced by reacting 2-halobenzoyl chlorides
with 2-ethylthiazolines in presence of Et3N, and used in
the next cyclization step without isolation or purification
of the resulting ketene-N,S-acetal. The reactive (N-2-
halobenzoyl)-cyclic ketene-N,S-acetals are readily pre-
pared by the direct reaction of the corresponding benzoyl
chlorides and 2-ethylthiazolines. The stereogenic centers
in the starting materials control diastereoselectivity of
cyclization products. Studies of the selectivity in the
hydrogen abstraction step are underway with (4S)-4-iso-
propyl-2-methylthiazoline. The broad synthetic poten-
tial is evident from the ability to use both six- and
five-membered ring cyclic ketene-N,X-acetals (X =
S,O)14 and in analogy with stereoselective radical-medi-
ated cyclizations of norphedrine-derived a-iodoamides
to generate enantiopure pyrrolidines.15 A general experi-
mental procedure is provided.16
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