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Abstract: The title compounds were reduced with Sml, or BusSnH to give carbocyclic compounds in
good yield The stereoselectivity of the Sml, reductive carbocyclizations varies with the reaction
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Alkenyl halides, carbohydrates, cyclisation, samarium and compounds. © 1998 Elsevier Science Ltd. All

rights reserved.
The chemoselective reduction of the carbon-halogen bond of multifunctional alkenyl halides by Sm(II) reagents
can be challenging.'? We found that reactions of D-ribonolactone derived -halo-c, B-unsaturated esters with
Sml, gave products resulti ond and/or reduction of the conjugated
ester.” Reductive carbocyclization to give highly functionalized cyclopentanes is favored when HMPA is used

as a cosolvent,’ the halogen is an iodine atom and when z-butyl esters are used.** Molander and Harris have also

transformations have been accomplished with BusSnH.” While the BusSnH mediated reactions of y-substituted

Z w-halo-o,B-unsaturated esters can be quite selective this is often not the case for the corresponding E
substrates.”®?
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We reported that 1 reacts with both Bu3SnH and Smi, /THF/HMPA/MeOH to give the cis and trans carbocyclic
compounds 2a and 2b (Table 1, entries a,c). BuiSnH gives a cis:trans ratio of 2.3:1 whereas the addition of

ml, in THF/HMPA to a solution of 1 in THF/McOH at -78°C gives a 2a:2b ratio of 7.2:1.*" These results
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prompted us to initiate a study on the diastereoselectivity of Smi, mediated transformations of carbohydrate
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derived w-iodo-o,B-unsaturated esters to carbocycles.” This letter describes reactions, carried out with Sml,
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and Bu;SnH, for some new substrates prepared from 2-deoxy-D-ribose (3,4, 5, 7 and 9) and it also includes new

results for compound 1 (Table 1, entry b).

Substrates 1 and 3 were prepared by a Wittig and iodination sequence as previously described;* protection of
the hydroxyl groups under standard conditions (Ac;O/pyridine/CH,Cl, or dimethoxypropane/pTSA) then gave
substrates 4, § and 7 in good yield. The preparation of 9 involved: monoiodination of 2-deoxy-D-
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imidazole, CH,Cl;), reduction of the lactone with DIBAL-H and reaction of the resulting iodolactol with a

stabilized Wittig reagent (PhsPCHCO.Bu, CH,Cl,). The substrates were reduced with Sml, in

THEMsOH/MINMPA at 78 ©
1 * 19

R AAN FIVIUNJAAIL1IVAL £ &

The Z esters 3 and 5 give the frans compounds as the major isomers but the diastereoselectivity is low. The
most interesting levels of diastereoselectivity were observed for the E substrates 1,7 and 9 (Table 1, entries b, k,
1, 0).">  The major products from these reactions are the more sterically hindered cis isomers. The
stereochemistry of the cyclized products was determined from nOe experiments and from the known
configuration of carbons 1 and 2. Sml, offers a distinct stereochemical advantage over BusSnH (entries ¢, m)
for these E substrates. The stereoselectivity, of the samarium(IT) reductions of 1 and 9, is better when the
reactions are run without precomplexation of Sml, and HMPA (see entries a,b and n,0)."* Complexation of a
samarium ion with the carbonyl oxygen and one or more of the hydroxyl groups, or acetyl groups, is a likely

explanation for the difference in the levels of diastereoselectivity observed in the Bu3SnH and the Smi; reactions

(figure 1).13
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Figure 1: Rationalization of the diastereoselectivity observed with Sml; for compound 1.
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Introduction of an isopropylidene group (4) blocks such a complexation; the irans isomer 6b is the major
compound and there is no advantage in using Sml, over BuzSnH."" We are continuing our studies with other

carbohydrate derived substrates and a full account will be published in due course.



Table 1: Results of the Reductive Carbocyclization Reactions

Entry Substrate, Reagents and Reaction Conditions Products
— v w3 s e s ~de
Jo yield (cis/trans) ™
HO O
HO.... |// /CC)gtBu - O "CH,CO,tBu D——CHaCOszu
nJ =~/ HO
Ho 2a 2b
a Sml, (4 eq)’, MeOH/ THF/HMPA, -78°C 4.5 h. 91 (7.2/1.0)f
b Sml, (4 eq)b, MeOH/THF/HMPA, -78°C 4.3 h. 83 (20.7/1 ,0)3
c Bu;SnH (1.4 eq), AIBN, Benzene, 80°C, 3 h. 79 (2.3/1.0)!
;I
HO....
l/;'=\ 3
HO"" >~ “CoaBu
2a (cis) and 2b (trans)
d Sml, (4 eq)’, MeOH/THF/HMPA, -78°C 4.2 h. 49 (1.0/2.0)%
e Sml, (4 eq)’, MeOH/THF/HMPA, -78°C 3 h, 0°C 0.4h 71 (1.02.1)!
A (_)-..=1/\ O_‘h" -
\/Oh"“l/ CO,tBu 4 ’)<__‘"LV>““"CHZCOZtBU /< —r >_-CH2002tBU
/‘\omﬂ"K/— o 2 0(2\,
6a 6b
f Sml; (4 eq)*, MeOH/THE/HMPA, -78°C 3.5 h, 0°C 0.8 h. 89 (1.0/1.2)8

g Sml, (4 eq)®, MeOH/THF/HMPA, -78°C 3.5 h, 0°C 0.7h, 83 (1.0/1. 3)f
h Bu:SnH (1.4 eq), AIBN, Benzene, 80°C, 3 h. 71 (1.0/1.6)
I
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o COtBu 6a (cis) and 6b (trans)
: Cml. 4 an® MaOH/THE/HA IR A n°Cns &1 71 N1 ('\\f
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i Bu;SnH (1.4 eq), AIBN, Benzene, 80°C,3 h 68 (1_()/3,())f
H ACC.. AcO
AcO../ COutBu T D metcosu e [ D>—cHicoutBu
L} ACU AcO
AcO L/='
8a 8b
K Sml, (5 eq)*, MeOH/THF/HMPA, -78°C, 1 h. 92 (16.1/1.0)8
1 Sml, (4 eq)®, MeOH/THE/HMPA, -78°C, 1 h, 85 (14.9/1.0)%
m Bu;SnH (1.5 eq), AIBN, Benzene, 80°C, 3.5 h. 88 (1.7/1.0)%
I HO-. HO..
HO.._—~/  ,COutBu 9 O"""CHQCOQtBu \/I/\-_,HnCQA_BL
RO"" - RO™ =
RO R=TBDMS R=TBDMS
10a 10b
f
n Sml, (4 eq)*, MeOH/THF/HMPAS, -78°C 4.5 h 75 (3.4/1.0)
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We suggested that the Sml, stereoselcctmty is due to |
unfavorable steric interactions, between a bulky samarium- HOV-.{/._./COZ‘B” HO. QACHgOOleu vo. O .CHzCOtBY
complexed carbonyl oxygen and the isopropylidene methyl 0’ 5 Lo %
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