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Summary: Samarium(U) iodide mediated intramolecular reductive coupling of carbonyl 
groups and alkynes in the presence of HMPA and t-BuOH was successfilly performed 
to provide cyclized pralucts. Some cyclic compounds containing a heteroatom such as 
oxygen or nitmgen were also efficiently prepared by this coupling reaction. 

Samarium(H) iodide has gained increasing popularity as a powerful reagent in organic 

synthesis.Q Recent investigations extended the versatility of this reagent to various synthetic 

transformations in inter- as well as intramolecular mode. Reductive coupling reaction3-5 is 

one of the most actively investigated areas in recent years. There is, however, no systematic 

investigation reported on samarium(H) iodide-promoted intramolecular coupling reaction of 

aldehydes and ketones with alkynes. Despite the apparent similarity between the free radical 

addition to unsaturated carbon-carbon bonds and the reductive coupling promoted by 

samarium(H) iodide, no example except one brief examination by Molanders on the coupling 

of ketones with alkynes in intramolecular manner has been reported.6 

We have been interested in the intramolecular ketone (or aldehydel-alkyne coupling 

reaction promoted by samarium(H) iodide and wish to report here the successful coupling 

reactions to generate f%nctionalized cyclic products as shown in the following equation. 

la X-CH2 
b X=0 
c X=N-BOC 

2a x=CH2 
bX=O 
c X=N-BCC 

A typical experimental procedure is as follows. To a solution of ethyl 7-oxooct-2-ynoate 
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(la, R = CH3, Y = C02Et, n = 1; 182 mg, 1.0 mmolXentry 14 in Table 1) in THE’ (50 mL), HMPA 

(2.5 mL1, and t_BuOH (190 @J, 2.0 mmol) was added a THP solution of SmI2 (0.1 M, 20 mL) at 0 

oC with stirring under nitrogen atmosphere. The solution was stirred at 0 oC for ca. 10 min. 

After addition of saturated aqueous NaHC03 solution(l0 mLJ the usual workup followed by 

purification (flash chromatography on silica gel) afforded 

l-methyl-2-KE)-(ethoxycarbonyl)methylenelcyclopentanol (138 mg, 75%). Addition of HMPA 

turned out to be crucial to achieve reasonable yields. ’ The results for the reductive cyclization 

of la are summarr ‘xed in Table 1. 
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- 
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Entry Y R n Yield 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 
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SiMe3 

SiMe3 

SiMe3 

SiMe3 

Ph 

Ph 

Ph 

Ph 

H 1 30% 

W3 1 55% 

H 2 N.R.s 

CH3 2 N.R.a 

H 1 o%b 
CH3 1 56% 

H 2 O%b 

CH3 2 N.R.s 

H 1 34% 

CH3 1 71% 

H 2 52% 

CH3 2 54% 

H 1 65% 

CH3 1 75% 

H 2 60% 

CH3 2 72% 

E only 

(2.40) 

E only 

(20) 
E only 

E only 

E only 

cm) 
E only 

a Starting material wae recovered. b A mixture of varioue producta was obtained. 
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The effect of the eubstituents at the terminal site of alkyne was examined. Unexpectedly 

unactivated alkynes were cyclized to give five-membered rings albeit in low yields (entries 1 

and 2). However, no reaction took place in the attempted six-membered ring formation 

(entries 3 and 4). In the case of trimethylsilyl substituted alkynes (entries 5 - 81, cyclization 

proceeded only with methyl 5&rimethylsilylj4-pentynyl ketone (entry 61.6 

The major difference from the reported resultss was observed in the reaction with activated 

alkynes. It is easily expected that the presence of electron-withdrawing group at the terminal 

site of alkyne could facilitate the coupling. The cyclization proceeded in reasonable yields with 

phenyl and ethoxycarbonyl substituted alkynes (entries 9 - 16) supporting this expectation. 

Ketones generally provided slightly better yields than aldehydes, and it is noteworthy that E 

stereoisomers were isolated in all cases (entries 6, 10, 12, 14, and 16). Stereochemistry of the 

products was determined either by the independent synthesis of cychzed products (entries 13 

and 15) or by the analysis of III NMR spectra. The cyclization to form six-membered rings was 

also successful in the reaction of activated alkynes (entries 11,12,15, and 16) in contrast to the 

cases with unactivated alkynes (entries 3,4,7, and 8). 

Table 2. Intramolecular Reductive Coupling of Carbonyl Groups and Alkynes for the 

PreparationofHeteFocyclicCompolmds 

lbX=0 2b x-0 
c X=BOC-N c X = BOC-N 

Entry n X R R’ Yield* 

0 

0 
0 

0 

BOGN 
BOGN 

BOGN 

BOGN 

H 

H 

CH3 

=I3 
H 

H 

CH3 

CH3 

Et 

El 

Et 

Et 

Me 

Me 

Me 

Me 

61% 

60% 

70% 

64% 

63% 

64% 

62% 

68% 

* Only E ieomere were obeerved. 
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Despite the increasing number of reports on the usefulness of samarium(I1) iodide in 

organic synthesis, applications to the preparation of heterocycles. have been rather limited. In 

the present study, samarium(I1) iodide promoted reductive coupling reaction has been 

extended to the synthesis of cyclic compounds containing a heteroatom such as oxygen or 

nitrogen (K=O or BOC-N) (Table 2). Based upon the previously obtained substituent effects 

(Table 11, only alkoxycarbonyl substituted alkynes cY= CO2Me or CO2Et) were examined. 

Various substrates examined produced cyclic compounds in good yields (Table 2). In our 

reductive coupling reactions six-membered ring formation also proceeded successfully 

(entries b, d, f, and h) and onlyE isomers were obtained in all cases. 

In summary, it has been demonstrated that the samarium(I1) iodide promoted 

intramolecular reductive coupling reaction between alkynes and carbonyl groups such as 

aldehydes and ketones is a synthetically useful and general method to provide functionalixed 

cyclic compounds. Further studies on the optimization of this reductive cyclization as well as 

on the synthetic applications are under investigation. 
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