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Abstract: Treatment of 2-iodoethanal alkenyl acetals, generated by iodoetherization from butyl vinyl
ether and allylic alcohols, with phenylmagnesium bromide in the presence of a catalytic amount of
FeCly provided tetrahydrofuran derivatives in good yields. Allyl 2-halophenyl ethers also afforded
dihydrobenzofuran derivatives upon treatment with phenylmagnesium bromide under FeCl; catalysis.
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Carbon-carbon bond formation via radical reactions is one of the most important synthetic steps in the
construction of organic molecules.] Recently, we have found that intramolecular radical cyclization of allyl 2-
iodophenyl ether and 2-iodoethanal ailyl acetal has been carried out by means of tributylmanganate (n-BuzMnLi
or n-Bu3MnMgBr).2 We report here that the same-type cyclization reaction proceeded upon treatment of 2-
haloethanal allyl acetal and allyl 2-halophenyl ether with Grignard reagents in the presence of an Fe(Il) salt
catalyst.

To a solution of iron(Il) chloride (6.3 mg, 0.05 mmol) in THF (5 mL) was added phenylmagnesium
bromide (1.0 M THF solution, 1.2 mL, 1.2 mmol) at 0 °C. After being stirred for 3 min, a THF solution of 2-
iodocthanal prenyl acetal 1a (1.0 mmol) was added to the resulting brown-black solution. The mixture was
stirred for 1 h at the same temperature and poured into water (20 mL). Extraction with hexane (20 mL x 3)
followed by silica gel column chromatography afforded a tetrahydrofuran derivative 2a having an isopropenyl
group (0.11 g) in 52% yield along with an isopropyl-substituted product 3a (13%) (Scheme 1).

Scheme 1
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Other representative results are summarized in Table 1. The starting materials, 2-haloethanal acetals 1,
were easily prepared by the reaction of allylic or propargylic alcohols with enol ethers in the presence of N-
halosuccinimide in dichloromethane.3 Several comments are worth noting. (1) 2-Bromoethanal acetals 1b, 1f,
and 1g were equally effective precursors as 2-iodoethanal acetals 1a, 1d, le, and 1h for radical cyclization.
Moreover, 2-chloroethanal acetal 1¢ gave 2a in 16% yield upon treatment with PhMgBr under an FeCly
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Table 1. Iron(I) Chloride-Catalyzed Radical Cyclization Reaction of Haloacetal

Entry Substrate RMgBr Product (Yield)
1 o/\)\ n-BuMgB 20:42%  3a:46%
-buMgbr : o a .
J\/|
n-BuQ 1a
2 O/\)\ PhMgBr 20:77%  3a:<1%
3 BUO J\,Br 1b n-BuMgBr 2a : 40% 3a:43%
4 o/\)\ PhMgBr 2a:16% 3a:<1%
5 BuO Ci Ie n-BuMgBr 2a: 1% 3a:5%
p D-CGHH I)-C5H11
0 NF PhMgBr _j)j""' 2d: 3%
7 n-BuOJ\/I 1d n-BuMgBr n-BuO 24 2d:56%
8 o’\ PhMgBr )0\’>=‘ 2e: 29%
9 n-BuO)\/I Ph n-BuMgBr n-BuO Ph  2e¢:54%
le 2e
(o] .
PhMgBr Q\/\/ 2f: 68%
10 0NN n-BuO 2 3 <1%
Br
B o)\/ 1f .
11 nBu #-BuMgBr D\/\/ 2f:23%
n-BuO 3f 3f: 18%
(6]
12 (O/\[O\/%'/ PhMgBr 0 2g:71%
n-BuMgBr 2g . 58%
13 Br 1g 2g 4
(o] .
14 Q PhMgBr Jﬂ 2h : 36%
0o n-BuO 2h 2h: 1%
1
n-BuO .
15 1h n-BuMgBr j@ 2h: 26%
nBuO 3h 3h:22%




catalyst. These results were in sharp contrast to those obtained with tributylma.nganate.2 The treatment of 2-
bromoethanal prenyl acetal 1b with tributylmanganate provided 2a in only 41% yield and no trace of 2a was
detected in the reaction of 2-chloroethanal acetal 1¢ with tributylmanganate. (2) The distribution of the products
(2 and 3) heavily depended on the nature of the Grignard reagent employed. The use of PhMgBr decreased the
formation of saturated product 3 compared to the use of n-BuMgBr.4 This tendency was more clearly seen in
the reaction of 2-bromoethanal allyl acetals as substrates. For instance, whereas treatment of 2-bromoethanol
acetal 1b or 1f with PhMgBr gave alkenyl-substituted tetrahydrofuran derivative 2a or 2f almost exclusively
(Entries 2 and 10), the reaction with n-BuMgBr provided a mixture of 2a and 3a or 2f and 3f (Entries 3 and
11). Thus, the combined use of 2-bromoethanal acetals with phenylmagnesium bromide is recommended for the
selective formation of alkenyl-substituted tetrahydrofuran derivative 2. (3) The carbon-carbon triple bond was
also effective to trap a radical intermediate intramolecularly (Entries 8 and 9). (4) (E)-Alkene 2f was produced
selectively (E/Z = >95/5) in the cyclization of 2-alkenyl ethers (Entry 10). (5) Treatment of 1d with PhMgBr
in the presence of a catalytic amount of FeCly gave 2d as a mixture of two stereoisomers which could be
converted into a single isomeric trans lactone by oxidation.> (6) Not only primary alkyl halides but also
secondary bromide 1g proved to cyclize effectively to give the desired products (Entries 12 and 13).

The cyclization reaction with a stoichiomeric iron reagent was studied to clarify the reaction mechanism.
Whereas treatment of la with tributylironate6’7 gave cyclized product 2a in only 12% yield along with
recovered starting material (70%), the use of higher ate complex n—BU4Fe(MgBr)26 gave a mixture of 2a and
3a in 77% combined yield (2a/3a = 35/65). Moreover, the reaction of 1a with Ph3FeMgBr or PhqFe(MgBr)2
gave a mixture of 2a and 3a in 82% or 55% combined yield (2a/3a = 60/40 or 56/44), respectively. Upon
quenching these reaction mixtures with DO, it was observed that there was no deuterium incorporated in the
product 3a.8 Based on these facts, we are tempted to assume the following reaction mechanism (Scheme 2)9
Single-electron transfer from the iron ate complex to haloacetal 1 would give an alkyl radical 4 under departure
of the halogen atom. 5-Exo mode cyclization affords a carbon radical §. Part of the radical abstracts hydrogen
from the solvent to give 3a. The rest recombines with an alkyl iron species to give 6. Dehydrometallation of 6
would provide the alkenyl product 2a.10 In the case of the reaction with n-BuMgBr (R = n-Bu),
dehydroironation from the butyl iron moiety of 6 followed by reductive elimination would provide us with
another route to saturated product 3a. In the catalytic reaction, the Fe(0) species, generated in the course of the
formation of products 2a and 3a, might play a critical role and react with 1 to give the radical 4 and Fe(I). The
cyclization of 4 into 5 followed by recombination with Fe(l) giving 6 could complete the catalytic cycle.

Scheme 2
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We next turned our attention to the radical cyclization of aryl iodide and aryl bromide bearing an alkenyl

group. Treatment of 2-iodophenyl prenyl ether 8a with PhMgBr in the presence of a catalytic amount of FeCly
provided benzofuran derivative 9 as a single product in 88% yield.11 Saturated benzofuran derivative, 3-
isopropyl-2,3-dihydrobenzofurane could not be detected in the reaction mixture. N,N-Diprenyl-2-iodoaniline
10a gave N-prenyl-3-isopropenyl-2,3-dihydroindole 11 in 98% yield. Whereas the reaction of bromide 10b
gave 11 in 86% yield under the same reaction conditions, the use of 2-bromophenyl derivative 8b in place of an
iodo compound afforded 9 in only 21% yield in addition to the recovered starting material 8b (25%).

Scheme 3

PhMgBr a: X=| 88%

cat. FeClz b:X=Br 21%

PhMgBr a:X=1 98%
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