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Abstract: Some carbohydrate derived o-bromo- and a-iodo- o8- unsaturated esters were reduced with
Sml, under a variety of conditions. The chemoselectivity varies dramatically with the choice of solvent
systemn, the identity of halogen atom, the type of ester used, the geometry of the double bond, and the
oxygenation pattern of the substrate. The stereoselectivity of the Sml, mediated reactions is also
influenced by the reaction parameters. © 1998 Elsevier Science Ltd. All rights reserved.

INTRODUCTION

Samarium(Il) iodide is a versatile reducing reagent that has been studied by many research groups over
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functional w-halo-oi,p—unsaturated esters (A) to

the past two decades.! Exposure of carbohydrate derived multi
Sml, may conceivably give rise to a number of different products. Some of these are represented in figure 1.

In the event that carbon-halogen bond reduction is favored,” then one may obtain: the simple reduction
product B, the cis or trans reductive cyclizati
however, reduction of the conjugated ester is preferred, then reaction with Sml; may lead to: 1,4-reduction of
the conjugated ester (E),® reductive elimination of the y-alkoxy substituent to afford the corresponding B, 7 -

P - PR mar reza ks swee casea [ DI BRI
merization to give either anti or syn 1,6 diesters (G ) Because o

unsaturated ester (¥)” or hydrodim
of possible reaction pathways open to type A compounds, it is useful to have an appreciation of the factors that

have a direct impact on the chemoselectivity and diastereoselectivity of Sml, mediated reactions of these

conditions and substrate characteristics so as to permit the efficient synthesis of highly functionalized reaction

products.
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Figure 1: Some possible products from Sml; reactions with w-halo-o.,3-unsaturated esters.

We recently reported” that 1 reacts efficiently with Sml, in THF/HMPA/MeOH to give 2a and noted
that the choice of reaction conditions is critical to the chemoselectivity of the Sml, reduction.*®%13 We have
expanded our study in order to better understand the factors that control the selectivity of Sml, reactions with
type A compounds. In this report we describe some studies with ®-halo-o.,3-unsaturated esters which vary with

respect to: the double bond geomeltry, the identity of the halide, the oxygen substitution pattern and the type of



Preparation of starting materials

The strategy used to prepare our @-halo-o.,B-unsaturated esters 1 and 8-12 was based on a literature
report from Thomasco and Wilcox.* Compounds 4 and 5 were prepared®'* from the commercially available

v- lactone 3, and reduction of these lactones with DIBAL-H gave lactols 6 and 7.

O O OH : A
x/\( =0 x/\( bl 5. O Zisomer: 11
\/ —_— _/ A / E isomer: 12
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3:X=0H X=I, Z isomer: 1
4:X=1 6:X=1 X=1, F isomer: 8
5: X =Br 7: X =Br X=Br, Z isomer: 9
X=Br, E isomer: 10

Scheme 1: (a) PhsP, imidazole, I, CH,Cl, or (b) NBS, PhyP, CH>CL. (c) DIBAL-H, CH,Cl,, -78°C.
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unsaturated ethyl esters 11 and 12. In our hands, this stabilized Wittig reaction was problemal

LY. ST - 1 . 11 a1 P 1o . 1 . 11
puriricaiion OI 11 and k4 was complicated Dy the presence OI tetranydroruran side products. -

able to obtain a pure sample of 11.

HO X
| CO,Bu \ CO,tBu
HOw... ( % Ho-...._( /y/
_F 13a (E)
HO 13b (Z) HO 14a (X = Br)

14b X =1)
Substrates 14a and 14b, in contrast to the previously described substrates, lack an oxygen substituent at
he V-
the vy

P
Ph;PCHCO,tBu'® gave 13a and 13b in good yield and monohalogenation of 13a then afforded either 14a or
14b in a modest yield.
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Reduction reactions with the trans iodo-ester 8
The reactions of the E iodo-substrate 8 with Smil, were generally very chemoselective. Carbon-iodine

bond reduction is preferred to reduction of the conjugated ester: we isolated only carbocyclic compounds 2a and
2b. Treatment of 8 with an excess of Sml; in THF/MeOH/HMPA (table 1, entry 1) at low temperature gave the
trans reductive cyclization compound 2a in excellent yield (91 %). GC-MS analysis of the chromatographed
product indicated the presence of only a trace amount of the cis compound 2b. The diastereoselectivity of this
reaction is lowered slightly when the reaction was carried out at room temperature (table 1, entry 2).

The Sml/THF/HMPA/MeOH conditions compare well with, and are complementary to, the
corresponding Bu;SnH/AIBN reaction. The cis compound 2b was the major isomer formed in the Bu;SnH
reaction with 8 (table 1, entry 4).

The stereochemistry of the cyclization products was determined from nOe experiments, from the J3,4

coupling constants and from the known configuration of carbons 6a, 3a and 6. In the case of compund 2a, the
T Vo e IT A s Lo o d s vnlatinnchion nnd 2 amenll Aamivmlins Aamotame (2 D) 1IN Tm ~Antract tha IT_An
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and H-3a protons of 2a have a cis relationship and the J3,6, coupling constant is 6 Hz. Upon irradiation at the

H-3a signal of 2a we observed nOe effects for the H-6a signal (5.9 %) and for the CH,CO,tBu signals (total
2
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the isopropylidene protecting group (2.1%). For compound 2b, the H-3a proton is cis to both the H-4 and the
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Table 1: Summary of reactions run with E iodide 8
Entry Reagents and reaction conditions™ ™ © % Yield of cyclized product % recovery of 8°
(ratio of 2a /2h)°
1 Sml, (4 eq), MeOH/THF/HMPA, 91.3 (78.4/1) -
-78°C 4h, 0°C 2,
2 Sml; (3 eq), MeOH/THF/HMPA, rt, 2h. 66.8 (27.1/1) 18.2F
2 [ ’l an) MaoOLI/THE + 7h 1 N1/ AN g5 Q
5 IR \J WAy VAVNSEAT  aaay Ty, 7. 1OV i) J3.0
4 Bu;SnH (1.4 eq), AIBN (0.1 eq)/Benzene$, 80°C, 3 h. 78.6' (1/2.6) -

a) All Sml, and Bu,SnH reactions were run under anhyd conditiong under an argon atmosphere. b) Final concn of 8 = 0015 M. Co-

111 DI ANG DL 0T ACLIO eIe UL PG 4Ny cORAnons andel at T alIOSPRIcIC. Al €0 Vs aa AVRL

solvents used: HMPA - 5% v/v of the final reaction soln, Final concn of MeOH 0.15 M. ¢) The dark blue soln of Smil, (0.1 M in
THF, Aldrich) was transferred, via cannula under a positive pressure of argon, to a flask containing HMPA. The resulting dark
purple soln was stirred for 10 min at rt and then transfered via cannula, to the reaction mixture. d) Isolated yield of pure compd. e)
As determined by GC-MS analysis. f) Isolated as a slightly impure sample. g) A benzene soln of the substrate, AIBN and Bu;SnH
was prepared at rt and then heated to 80 °C.

The influence that HMPA has on the efficiency of Sml, reductions is well known'** and it is not surprising
that, in the absence of HMPA, the reductive cyciization of 8 is siuggish (tabie I, entry 3). The publication of the
X-ray structure of Snﬂg(HMPA)4'2band the recent report of electrochemical studies on Sml/THF/HMPA

solutions'>® give us a better understanding of the role HMPA plays in changing the redox properties of divalent
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samariuin. 1t is interesting o note
diastereoselectivity of the carbocyclization reaction of 8. Our interpretation of this result is that the addition of

HMPA increases the steric bulk around the samarium atom. This, in turn, results in an increase in the steric

protecting group (see figure 2). Bulky Lewis acids are known to promote highly stereoselective radical

cyclizations onto o.,f-unsaturated esters.'”  Such interactions might explain the observed change in
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Figure 2: Rationalization for the observed diastereoselectivity reported in entries 1 and 2 of table 1.'®

A referee has proposed that the change in diastereoselectivity observed upon addition of HMPA may be an
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transformation involves an anionic rather than a radical cyclization. This would require that: (a) reduction of the

initially formed 1° radical (shown in figure 2) to give the corresponding carbanion is faster than radical

much faster than either protonation or B-elimination (vide infra, scheme 3). We have considered this possibility

but, for the reasons discussed in the following section, we believe that our results are more consistent with a

radical cyclization pathway."”
Radical versus anionic cyclization

The Sml, mediated reduction of a 1° alkyl iodide substrate tethered to an olefin may lead to the formation
of reductive cyclization compounds or simple reduction products.® The reaction involves the initial formation of
a 1° alkyl radical as a reaction intermediate. This radical ma
Sml; to give an acyclic alkylsamarium apecxes Hasegawa and Curran have determined rate constants for the
reduction of 1° alkyl radicals by Sml, in THF/HMPA at room temperature by using a competitive hexenyl
(see scheme 2).° A solution of 6-iodohex-1-ene was added to a solution of Sml, (2 equiv of Sml,
he Sml,, p-anisaldehyde was added as a
trap. The ratio of cyclized to noncyclized product was measured and the bimolecular rate constant ks, was

determined. A series of experiments was run at different concentrations of HMPA.

L | T

The ratio of cyclized : noncyclized product (see scheme 2) is influenced by the value of kg, and by th
concentration of Sml,. The value of ks, varies with the amount of HMPA used. An increase in the amount of
HMPA resulted in an increase in the proportion of the initially formed 1° radicals that were reduced to the

Tanfrvn thacr ~m~ald
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= 0.095 M) the ratio of cyclized to
x 10° M's" ).*® When ca. 4-13

When ca. 2 equivalents of HMPA were used per equivalent of Sml, ([SmI;

M‘_‘

noncyclized product was 9:1 or better (k. = 2.4 x 10° s at 25°C; ksm =
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example, at 5 equivalents of HMPA and for a Sml, concentration of 0.097 M, the ratio of cyclized to
noncyclized product was 45:55 (ksm = 6.5 x 10" M

(ISml] = 0.021 M), but with the same ratio of HMPA to Sml; (5:1), the ratio of cyclized to noncyclized product
shifted in favor of cyclization (4:1 to 3:1 ratios).

:
;
=
z

Scheme 2: Determination of rate constants by Hasegawa and Curran®

An alkyl iodide tethered to an o,B-unsaturated ester can be reduced by a variety of reagents to give
reductive cyclization compounds; such a transformation may proceed via a radical or an anionic cyclhization
pathway. Radical cyclizations mediated by Bu;SnH work well for both simple and complex substrates.* An
anionic or nucleophilic cyclization, mediated by BuLi, works well for simple w-iodo-a,B-unsaturated t-butyl
esters.?’ Tt is conceivable that the Sml, mediated reductive cyclization may involve a radical and/or an anionic
cyclization step (see scheme 3). The mechanistic issue of this type of transformation has been discussed in some
detail in a recent paper by Molander and Harris.® Our own results are most consistent with a radical cyclization

. s . P . e - 19
pathway (vide infra) but they are not a rigorous proof of the mechanistic detalls of tnis reaction.
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f compounds 2a and 2b are formed by a radical cvclization pathway then cyclization of the 1° radical (I to

oy

IT) must be faster than reduction to the 1° organosamarium species (I to IlI).”> The rate constant for the addition
of an alkyl radical onto a carbon-carbon double bond is significantly increased by the presence of an electron

withdrawing group on the olefin.”> For example, the rate constant for the addition of a methyl radical onto
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methyl acrylate is 97 X larger than that for addition onto ethyle
cyclization of Ito I (see scheme 3) would be significantly faster than the rate of cyclization of the 5-hexenyl
radical (see scheme 2).

As previously discussed, the addition of HMPA to Sml, reaction mixtures increases the rate constant for
the Sml, reduction of a 1° alkyl radical to the corresponding organosamarium species. The rate of this

bimolecular reduction however decreases with a decrease in the concentration of Sml; used. The concentration

PR A JUP S-S § I MOT IO PSP P e | SRV ol e § o aAdAd Al ler 6 crliztine ~Afthn casbhaotbendn ThIi. o . ,.-. " .,.
Ul DI1L2 WIH O VGI)’ IUW, ai Ieadt BHUdally, 11 J111) 1> auucu 1uw1y tO a SO1Ution O1 INC suosualte., 1S is 1 iy u
be successful tactic for favoring radical cyclization (I to II) over reduction (I to III) in those cases where Sml,

reacts very rapidly with the iodide substrate.

Our reactions are carried out as follows: A solution of Sml, in THF and HMPA (ca. 8:1 HMPA: Sml,),
was added dropwise, over an approximately 10 min period, to a solution of our substrate in THF/MecOH. We
typically see an immediate dissipation of the purple color of the Sml;/THF/HMPA solution upon addition to our
reaction mixtures; the purple color begins to persist after the addition of ca. 2 equivalents of the reagent. An
excess of Sml, was used and reaction mixtures were usually allowed to stir under an argon atmosphere for

several hours.

Our reaction conditions and our results are inconsistent with an anionic cyclization pathway. All of our
substrates contain at least one free hydroxyl group and our Sml, reductions were routinely run in the presence of
10-13 equivalents of MeOH per equivalent of substrate. While the cyclization of an anion onto a conjugated
ester is expected to be fast,”! it seems unlikely that cyclization of III to IV would occur at the total exclusion of
either protonation to give V or B-elimination to give VI. We found no evidence of either V or VI in our reaction
mixtures. Previous work from our laboratory has shown that organosamarium species similar to III are prone to
B-elimination reactions.” It is interesting to note that Molander and Harris® report that exposure of w-iodo-ot,B-
unsaturated esters to Sml, in the presence of HMPA gives products resulting from simple reduction of the
carbon-halogen bond and from 1,4-reduction of the conjugated ester; reductive cyclization products were not
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n of the cis iodide 1, in contrast to th
significantly with the choice of reaction conditions (sece Table 2). Compound 2a is diastercoselectively
obtained in good yield when the reaction is run under the Sml,/THF/HMPA/MeOH reaction conditions at room
tnmﬁn "~

the substitution of HMPA by DMPU? altered the chemoselectivity of the Sml, reduction. We were surprised to

discover that the use of DMPU as a co-solvent resulted in the formation of a new compound whose spectral data

are consistent with the CogHgl,010 dimer 15.
Table 2: Summary of reactions run with Z iodide 1
Entry  Reagents and conditions™™® % Yield of cyclized product’ % recovery of 1  Other products
ratio of 2a/2b)°
1 Sml; (3 eq), MeOH/THF/HMPA 85.6 (>99.9/0.1) -
rt, 30 min
2 Sml; (4 eq), MeOH/THF/HMPA * 70.0 (>99.9/0.1) 6.1 -t
-78°C 4h, 0°C 2h.
3 Sml, (4 eq), MeOH/THF/DMPU.® 59.6 (>99.9/0.1) -- CsHysl,050 Dimer
-78°C 4.5h, 0°C ih. 15 20.2% yieid
4 Sml, (3 eq), MeOH/THF, - 13.6 compound 16 1
rt, 10 min. 44.3%
5 Bu;SnH (1.2 eq), AIBN/Benzenc" 36.5' -- cyclic ether 18,
80°C, 3.5h. 18.2% yield
6 Bu;SnH (1.2 eq), AIBN/Benzene’ 56.6 (99.8/0.2) - _f

a - €) As per Table 1. f) We detected trace amounts of some other compds by TLC and 'H NMR analysis of the crude product but
these compds were not pursued. g) Sml; in THF was added to a chilled soln of 1 in THF/MeOH/HMPA or THF/MeOH/DMPU. h)
A soln of Bu;SnH and AIBN was slowly added to a refluxing soln of 1 over 3.5 h. i) Isolated as a slightly impure sample; this sample
was not analyzed by GC-MS j) A benzene soln of the substrate, AIBN and Bu;SnH was prepared at rt and then heated to 80 °C.

The dimer 15 is formed despite the fact that the reaction was run under fairly dilute reaction conditions.
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tne
all of the Sml, solution had been transferred) was 0.014 M. Hydrodimerization may give either syn or anti 1,6-

diesters. The configuration of the two new stereocenters were determined indirectly by chemical conversion

from compound 22. We were able to obtain an X-ray crystal structure for the CosHysBr;019 dibromide 22 (vide
. LT . A s s 13 3R D
infra). Treatment of 22 with an excess of Nal in acetone overnight gave a compound whose "H and ~C NMK

spectra were identical to those obtained for 15.



OH
1-." , -~ 33
Lot ! I\ o_ ,CHCOBu HiC o CHCOBu
7 \O,‘m\ HOw..,
CO,R' [ coyBu / \/
RO.C._A\_ .0 ol 6. 0 6. O
YN ) K
>\ I 4 ‘.'. r 4 .;E,
I ’ln;,o
15 16 17 18
oH
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renders reduction of the conjugated ester competitive with carbon-iodine bond reduction.

The formation of both compounds 15 and 16 presumably involves the transfer of an electron from Sml; to
the conjugated ester and in the formation of a radical-anion (see 20). If 20 is further reduced then the carbanion

species 21 that is formed can undergo reductive cleavage of the carbon-oxygen bond at the v -position to give

=

e B,y -unsaturated ester 16.° Hydrodimerization of 1

—+
o]

give 15 may occur by a number of different reaction

pathways. These may involve (a) dimerization of a radical intermediate (the radicai-anion 20 or the

corresponding neutral radical that is formed by protonation of 20) or (b) the 1,4-addition of a reactive

intermediate (radical-anion, neutral radical, or carbanion) onto a molecule of starting material, %%
X X X
T J . OR [, J e . OR J 0OR
HOw,, ( ) ﬂU"l-..( W HO'--..,( F’/_/\/Vl\
S S o
T : B M
T o~ e : z O

The Sml, mediated cyclization of 1 compares well with the corresponding BusSnH mediated radical

cyclization (see Table 2, entries 5 and 6). Slow simultaneous addition of 1.2 equiv of Bu3SnH and 0.12 equiv
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The cyclic ether 18 is presumably formed via a 1,4-addition of the hydroxyl group onto the double bond to form
intermediate 17. Compound 17 is then reduced in situ by BusSnH to give 18. The formation of 18 is avoided if

solution at 80°C fo

..,
hat
L

heats th h. The concentration of BusSnH in the reaction mixture is initially higher



diastereomeric ratio of trans 2a to cis 2b cyclization compounds was 99.8:0.2. When these same conditions
were applied to the E isomer 8, we isolated the reductive cyclization compounds in 78.6 % yield. GC-MS
analysis of the purified products indicated a trans.cis ratio of 1.0/2.6. The diastereoselectivity of the BuzSnH

reductive cyclization is dependent on the double bond geometry. These results are consistent with the report by

Wilcox and Thomasco describing the BuzSnH mediated radical cyclizations of @-bromo-o,-unsaturated ethyl

A change in the identity of the halogen atom, from iodine to bromine, resulted in a marked change in the

chemoselectivity of the reduction. Although the use of Sml/THF/HMPA to reduce both alkyl iodides and

the @-bromo-ct, § unsaturated ester substrates with a 'y -oxygen substituent.

Table 3: Summary of reactions run in MeOH/THF/HMPA with Z and E ©»-Bromides 9 and 10

Entry  Substrates, reagents and % Yield of ¢yclized % Other products (% yield)
ir: 4. b.C P I
conditions™ ™ product” (ratio of recovery
2a/2b)° of s. mat.
1 Substrate 9: 13.0 ()999/0 l) - 22 (ngH,;gBrgOm ,400), 23 (ngH4fo01() N
Smi, {4 eq), -78°C 4 1, 0°C ih 11.9), 24 (Cy3H4,Br(y,16 4‘Jf
2 Substrate 9 4.2"(>99.9/0.1) 222f CysHBrOy dimer 22 (51.8)°
Sml; (1.3 eq), -78°C 20 min. y-deoxygenation compd?® 26 (6.8)
3 Substrate 10: 20.1 (78.4/1) - saturated ester® 27 (18.3)%,
Sml; (4 eq), -78°C 4h, 0°C 1h. new CysH,Br,0y, dimer 25° (23.4)

a) Smi, reactions were run under anhyd conditions under an argon atmosphere. b) Final concn of substrate = 0.015 M. Co-soivenis
used: HMPA - 5% v/v of the final reaction soin; Final concn of MeOH = (.15 M. ¢) The dark blue soln of Sml; (0.1 M in THF,
Aldrich) was transferred, via cannula under a positive pressure of argon, to a flask containing HMPA. The resulting dark purple soin
was stirred for 10 min at rt and then transferred via cannula, to the cooled reaction mixture. d) Isolated yield of pure compd. e) As
determined by GC-MS analysis. f) Isolated as a slightly impure sample. g) TLC, GC-MS and NMR analysis of the crude and partially

purified product indicated that small amounts of other compds were also present in the reaction mixture.
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the reductive cyclization products 2a and 2b accounting for only a small portion of the reaction mixture. When

the reaction was run with 9 and 1.3 equivalents of Sml, the reaction mixture was somewhat simpler (See entry

predominant pathway in the case of the cis substrate 9, under both sets of conditions, involves a
diastereoselective reductive hydrodimerization to give the dimer 22. %8 The absolute stereochemistry of the two
in fig '\-uv ‘2, {.hc
hydrogen atoms of C(22) and C(15) of 22 are anti to one another, as are those of C(7) and C(8). Most of the

other hydrogen atoms have been omitted from the diagram for the sake of clarity.

e the result of the reaction of 22

with the excess of Sml; present in the reaction mixture. We presume that the absolute configuration of the two

new stereocenters of 23 and 24 match those of 22.
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Reaction of the trans bromide 10 with an excess of Sml, resulted in the formation of a new Ci3HagBr2Ojo
diastercoisomer (25) whose NMR spectrum are different from those of 22. Compound 25 was isolated as an oil
and the configuration of the two new stereocenters was not determined. We also isolated the saturated ester 27

and the reductive carbocyclization compounds 2a and 2b. This is not a synthetically useful reaction, because of
but it is interesting from a mechanistic point of view. The double bond geometry
affects the chemoselectivity of the conjugated ester reduction: the cis @-bromo unsaturated ester § gave rise o
y-deoxygenation product 26 whereas the saturated ester 27 was formed from the corresponding trans ester 10.
1ydrodimerization is also a consequence of double bond geometry with 9 giving

22 and 10 giving 25.

£

Unlike bromides 9 and 10, compound 14a lacks a y-oxygen substituent. We wondered if this modification

of the substrate would allow us to preferentially reduce the carbon-halogen bond. Exposure of 14a to an excess
of Sml, (4 equivalents) under the low temperature HMPA/MeOH/THF reaction conditions resuited in the

formation of several compounds. The major products were compounds 28a and 28b (3.8/1.0 ratio) isolated in

ANOTL <13

40% yield as a slightly impure sample. We were unsuccessful in our attempts to obtain pure material from this

reactio

=1

mixture. The reaction of 14b with Sml,, under the same conditions, was much cleaner and gave only
2:1
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.0 ratio. These results compare well with the corresponding BusSnH/AIBN

f 14b in refluxing benzene: under these conditions we isolated 28a and 28b in 78.7 % yicld in a
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The stereochemistry of the cyclized produjcts was determined from nOe experiments on the acetal

derivatives 29a and 29b and from the known c
CH>CO,tBu group and the Hy protons are on the s

we observed nOe effects for the geminal Hx prot

expected, much smaller effects are seen for the H-!

proton, the Hx protons and the H-3a/H-6a protons
at H-5 of 29a, we observed a strong nOe for Hx

only a weak effect for Hy (1.04%). In the case of t

side of the ring as the H-3a/H-6a protons and th

resulted in a strong geminal effect for Hy (19.949

and the CH,CO»tBu signal (2.74%).

Ethyl esters versus t-butyl esters

When the reduction of the w-iodo cis ethyl

pnfiguration of carbons 6a and 3a. In compound 29a the
ame side of the ring: upon irradiation at the Hy signal of 29a
ons (19.25%), and for the CH,CO,tBu signal (2.95%). As
5 signal (1.53%) and the H-3a/H-6a signal (0.99%). The H-5
are all on the same side of the ring in 29a. Upon irradiation
7.41%) and a moderate one for H-3a/H-6a (2.3%); we saw-
he trans diastereoisomer 29b, the Hx protons are on the same
1e CH,CO,tBu group. Irradiation of the Hx signal of 29b
) and in moderate effects for the H-3a/H-6a signal (6.39%)

ester 11 was run with Sml; (3 eq) in THF alone at room

temperature we isolated the y -deoxygenation compound 31 as the major reaction product in modest yield. We

|

found, however, that reduction of 11 in THF/MeOQH/HMPA (-78°C) with Sml; (4 eq) led to a complex mixture

of compounds. TLC and NMR analysis of the ¢
compounds. The reduction was not selective and
reduction or conjugate ester reduction these cond

Smi,: the reaction was incomplete and the reaciio

rrude reaction product indicated the presence of at ieast six
there was no clear preference for either carbon-halogen bond

itions. We also ran the reduction using two equivalents of

X7,
YYC 1

SV RILS | IR, SR cnlatad shia eadiznticon
[1 INIALUIC Wdd Slill VelYy COUILLIPICA. SUIALCU LUIC TCUULLIvVe




S. M. Bennett et al. / Tetrahedron 54 (1998) 47614786 4775

A0}

cyclization product 30a* in only 17% yield (purity by GC >99%). Our 'H and '*C NMR data are in agreement

with those previously reported in the literature for 30a* and for its enantiomer 30b.*

The chemoselectivity of the Sml, reduction is sensitive to the nature of the ester used - at least for cis

substrates having y-oxygen substituents. Replacing the t-butyl ester with an ethyl ester (1 versus 11), resulted in

a marked detarioration of the chemoselectivitv of th

L snades iy i

e I

~
AFAARal L

carbon-iodine bond reduction/ carbocyclization sequence under our HMPA/MeOH conditions. We propose that

the loss of chemoselectivity with the ethyl ester substrate is due to a decrease in the steric bulk of the ester. The

uge of a sm

ller OR group (see 19) would facilitate the formation of the chelate and, consequently, make the

et s

reduction of the conjugated ester portion of the molecule competitive with carbon-iodine bond reduction.'’

HO...,, N

HO - WOH I
(o moe(" |

Conclusions
Tha ~rhamncalantivitr and tha Ainctarancalantiviity nf Qenl. radiintimne ~f T_rihnalantana darioad my
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halo-o, -unsaturated esters is affected by: the solvent system used, the identity of the halide, the double bond
geometry, and the type of ester used. The reaction of Sml, with ®-halo-o,B~unsaturated esters gave
the conjugated ester

Reductive carbocyclization to give highly functionalized products is favored when HMPA is used as a

co-solvent, the halogen is an iodine atom and when r-butyl esters are used. The diastereoselectivity of these

Reduction of the conjugated ester was the preferred pathway when the halogen atom was bromine and
when the conjugated ester had a y-oxygen substituent. We isolated products arising from: hydrodimerization,
€ Y-Oxygen
substituent. In the absence of a y-oxygen substituent reductive carbocyclization products were obtained in
moderate yield from a 2-deoxy-D-ribose derived @w-bromo- o, B-unsaturated ester. The yields are much better,
iowever for the correspondi

The effects of various parameters on the diastereoselectivity of reductive carbocyclizations of a series of
o-halo-ot, B~unsaturated esters is currently being investigated in our laboratory and will be reported in due

19
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Experimental

General experimental: Unless otherwise noted, 'H (300 MHz) and "*C NMR (75 Mz) spectra were recorded in
CDCl; on a Varian 300 BB instrument. HMQC and nOe NMR experiments were run on a Briikker AMX2 500
instrument. The symbols s', d', t', and q', used for B¢ NMR data, represent carbons having zero, one, two or three
attached hydrogens, respectively. FTIR spectra were recorded on a Perkin Elmer Series 1600 instrument and mass
spectra were run on a Kratos 25 RFA instrument. Melting points were recorded on a Fisher-Johns apparatus and
are uncorrected. GC-MS analysis were run on a Hewlett Packard GCD Plus instrument (HP-5 column 30 m
length, 0.25 mm diameter, 1 mL/min flow rate, Oven ramp: initial temp = 50°C, final temp = 275°C, rate = 22 °C
/min.) with an electron ionization detector. Optical rotations were measured at 25°C at 589 nm in ethanol (100%)

Pt 7t ]

with a JASCO DiP-370 Ulgllal Polarimeter Lsystem A) or at 22° in either EtOH or CHCli; with a JASCO DiP-140

Nigital Dalarimatar (Quctam N Tha ranartad cancontratinng () ara in o / T} m]
L/igitdl ro1anmeies (Oysiiin u; 10C IEPOnea CONCCMrauonsS (& arc in g7 1vvu ifu..

5-Deoxy-5-iodo-2,3-0-(1-methylethylidene)-D-ribonic acid-y-lactone (4): To a soln of 3 (3.5495 g, 0.01890
mol) in CH,Cl, (113 mL) was added sequentially, and in small portions, Ph;P (7.1729 g, 0.02735 mol), imidazole
(3.7348 g, 0.05486 mol) and I, (6.6132 g, 0.02610 mol).'* The reaction mixture was stirred at rt for 1.5 h and then
filtered over silica gel to remove the white precipitate that had formed during the reaction. The filtrate was concd

dllu LHL I'Lbluut. punut:u Uy 1ld.bll uuuumwglapuy \I X LL CIii, blllbd., AU /0 DlUI‘\L . [lLKdllLb} io glVL L[lL ‘l‘ IOUU g
(74 % yield) of pure 4. Our spectral data matched those reported for an alternate synthesis of this compd.*

5-Deoxy-5-iodo-2,3-0-(1-methylethylidene)-B-D-ribofuranse (6): A soln of DIBAL-H (5.50 mL, 20% in
hexanes, 7.7 mmol) was added dropwise (over 5 min) to a cooled (-78°C) soln of 4 (1.0944g, 3.672 mmol) in

CH,Cl, (40 mL) under an argon atmosphere. The reaction mixture was stirred for 3 h and then quenched with a
saturated aq soln of NH,Cl (10 mL). The aq layer was extracted with CH2C12 (3 x 50 mL) and the combined

T ~AF NalTON), (AN T H. O (SN T Y and heima (&) vl Y\ Tha
i1 Ul INarivisg (v uu_q, LN pAN 4 \JU uu.;} anlu Ui (Jv iy ). 1nc

d. fication by flash chromatography (5 x 20 cm silica, 20% EtOAc:
hexanes) gave 6 (0.9499g, 86% yield): mp = 88-90°C. Re=0.28 (TLC, 20% EtOAc: hexanes). [a]D— -39.7 [c¢ 1.33,
system Al. 'H NMR §: 5.57 (d,J=29Hz, | H, H-1, collapses to a s upon D,O exchange), 4.83 (dd, J=0.9, 5.8
Hz, 1 H, H-3),4.68 (d,]=5.8 Hz, 1 H, H-2), 4.46 (ddd, J =1.0, 6.2, 9.7 Hz, 1 H, H-4), 3.24-3.38 (2 H, m, H-5a and
H-3b), 291 (4, ] = 2.9 Hz, 1 H, D;O exchangeable, O-H), 1.49 (s, 3 H, CH3), 1.35 (s, 3 H, CH3). 3C NMR (50
MHz) &: 112.7 (s"), 103.3 (d"), 87.5 (d"), 85.9 (d"), 83.5 (d"), 26.4 (q"), 24.9 (q), 7.5 (t). FTIR (nujol): 3380 cm'!.
HRMS [EI]: found 284.96220; calcd for M-CH; = C;H0IO,: 284.96256. MS [CI, NH;] m/z: 318 (17.2%, M +
lR\ 301 (2’{ A07n M+ l\ 00 (lﬂﬂ% M\ 285 (04 9%, M-]S)i
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organic phase was dried, filtered and concd. Purifi
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tert-Butyl (2Z)-2,3,7-trideoxy-7-iodo-4,5-0-(1-methylethylidene)-D-ribo-hept-2-enoate (1) and tert-Butyl (2E)-
2,3,7-trideoxy-7-iodo-4,5-0-(1-methylethylidene)-D-ribo-hept-2-enoate (8): A soln of iodolactol 6 (1.0617 g,
3.538 mmol) and benzoic acid (29 mg, (.24 mmol) in CH;Cl; (10 mL plus 2 x 3 mL rinse) was added, dropwise

over 10 min, to a 0°C soln of PnsPCHCO,tBu (1.7239 g, 4.580 mmol; Aldrich) in CH,Cl, (45 mlL) under an argon
atmosphere. The soln was stirred at 0°C for 10 min and then at rt for 4 h. Saturated ag NH,Cl (50 mL) was added
and the mixture was extracted with CH,Cl; (3 x 50 mL). The combined organic lavers were washed w1th saturated
aq NaHCO; (40 mL), H,O (40 mL) and b rine (40 mL). The organic phase was dried, filtered and concd. The

a
residue was dissolved in a minimum of EtOAc (~6 mL); hexanes (~40 mL) were added and the resulting cloudy



soln was cooled at 0°C overnight. The precipitated Ph;PO was removed by filtration and the filtrate was concd.
Purification of the residue by flash chromatography (5x17 cm, silica, 1:4 EtOAc: hexanes) and radial
chromatography (Chromatrotron, 4 mm silica gel plate, 1:5 EtOAc:hexanes) allowed for separation of the Z and E
diastereoisomers 1 (1.1073 g, 78.6 % yield) and 8 (0.1606 g, 11.4%).

Ao T N Tl A 11E D . Ay 1

1: white solid, mp = 46-49 C. R;= 0.43 (TLC, silica, 1:5 EtOAc: hexanes). [ap=+116.0 (c 1.18, system A). 'H

NMR 6: 6.14 {dd, j= 8.5, 116 Hz, 1 H, H-3],557[dd,i =12, 11.6 Hz, 1 H, H-2], 5.48 [ddd, 1 = 1.1, 6.2, 8.4 Hz,

1 H, H-41,4.21 [apparent dd, 1 H, H-5 ], 3.91[m, 1 H,OH, D,0 exchangeable ], 3.51 [m, 1 H, H-7a}, 3.35 [m, 2 H,

H-7b+H-6],1.51 [s, 3H, CH;], 1.48 [s, 9 H, 3 x CH;], 1.40 s, 3 H, CH;]. BC NMR 8: 167.0 (s"), 144.6 (d), 124.5

(d", 109.7 (s", 82.5 (s’), 814 (d", 746 (d'), 69.0 (ﬂ'), 28.04 (q'), 27.99 (n'), 255 (q), 11.9 (t). FTIR (cast)' 3434,
L i 57 (

343 [100%, 399 C4Hg], 171 (90.9%, ICH;CHOH").

8: oil. R¢=0.29 (TLC, silica, 1:5 EtOAc : hexanes). [o]p=-11.0 (¢ 1.63, system A). 'H NMR §: 6.96 [dd,J =
5.1,156 Hz, 1 H, H-3], 608 [dd,J= 17,156 Hz, 1 H, H-2], 485 [ddd, ] = 1.7, 5.1, 8. , H
[apparent dd, 1 H, H-5], 3.55 [apparent dd, 1 H, H-7a], 3.36 [m, 2 H, H-7b + H-6], 2.61 d J=52
exchangeable, 1 H, OH), 1.49 [s, 12 H, 4 x CH;}, 1.37 [s, 3 H, CH;]. 3C NMR 5: 165.6 (s, 141.8 (d"), 124.3 (d),
109.5 (s, 80.7 (s), 79.9 ("), 76.5 (d"), 69.0 (d"), 28.1 (q), 27.6 (q'), 25.1 (q), 14.5 (t'). FTIR (cast): 3444, 1714,
1695, 1657 cm™. MS [EI] m/z: 383 (10.6%, M- CH3), 342 (8.8%, M - C4Hy), 227 (18.7%, M - ICH,CHOH), 171
(31.2%, ICH,CHOH"), 59 [65.4%, (CH3),COH"], 57 (100%, C4Ho*). HRMS [EI]: found 383.03600; calcd for M-
CH3 = C13H2()1051 383.03572.

gt _Puw ‘,I fz?\ 2 k3 ‘1_9-iﬂmw_'7_l\mmn_d B_N_{1_maothvlathvlidana).N_rmhs_ho
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(2E)- *,3.7-tgidggxy.7-bmmo-4.s-0-( 1-methylethylidene)-D-ribo-hept-2-enoate (10): A soln of bromolactol 7
(0.5806 g, 2.294 mmol) and benzoic acid (10 mg) in CH;Cl; (6 mL plus 2 x 2 mL rinse) was added, dropwise over
10 min, to a 0°C soln of PhsPCHCO,tBu (1.456 g, 3.868 mmol; Aldrich) in CH,Cl; (30 mL) under an argon
atmosphere. The soln was stirred at 0°C for 40 min, at rt for 4 h and then worked up as previously described for 1
and 8. Purification of the residue by flash and radial chromatography allowed for the separation of the Z and E

diastereoisomers 9 (59.5% yield pure sample; 9.5% yield impure sample) and 10 (7.6 % yield) from a little
unreacted starting material (1.2%).

9: white solid. mp = 39.5-41.5 °C. R¢ = 042 (TLC, silica, 1:5 EtOAc: hexanes). [a]p = +100 (c 1.02, EtOH,
System B). 'H NMR §&: 6.16 [dd, J = 8.4, 11.6 Hz, | H, H-3], 5.98 [dd, J= 1.3, 11.6 Hz, 1 H, H-2 ], 5.52 [ddd, J=
1.3,6.2,84Hz, 1 H,H-4],4.30[dd,J=6.2,8.1Hz, 1 H, H-5 ], 3.66 - 3.78[m, 3 H, OH, H-6, H-7a], 3.56 [m, 1 H,

13

H-7b], 1.51 [s, 3 H, CH3], 1.48 [s, 9 H,C(CH;);], 1.40 [s, 3 H, CH;]. "C NMR &: 166.8, 144.3, 124.5, 109.7, 82.4,
L Ta ) -~ a4 Faa Y 4 ok BV Y ~O N fa S BN aY 4 neg & WYINEEY 7/ _ _ .\, NANL 1771 1 1 ___4'1

79.9, 74.6, 69.5, 37.0, 28.06, 27.95, 25.5. FTIR (cast): 3435, 1711, 1686 cm™. MS [CI, NHi] m/z: 353 (16.0%,
M+1 for M = C;sH55 ' BrOs), 351 (17.1% ,M + L forM = CisH2""BrOs), 297 (98.5%, 353 - CsHg), 295 (100%, 351

4 o
- C4Hs). MS [EI] m/z: 296 (0.9%, M = Cy4Hp:"'BrOs - C4H;), 294 (1.0%, M = CmH—n BrOs - C4Hy), 221 (18.6%),

219 Ei9 5%). 171 (55.4%) 59 (100%), 57 (97.1 %, C(CHs)s). HRMS [EI}: found 204.01070; calcd for M =
C14Ha3*BrO; - CaHy: 294.01033.

:5 EtOAc : hexanes). H
monlvyad A1 J

lnartinlle o
LP uculy fesoivea aaaq,

J

6Hz, 1 , ,
1H, H-5], 3.75[dd, J = 2.4, 10.1 Hz, 1 H, H-7al, 368[m,1H H6] 3.55 (dd, J=6.6, 10.1 Hz, IH, H-7b ) 226(d
J = 5.4 Hz, 1H, OH), 1.50 (s, 12H, CH3 and C(CHj)3), 1.38 (s, 3H, CH3). “C NMR &: 165.4 (s), 144.4 (d"), 124.4
(d), 109.5 (s"), 80.6 (s)), 78.7 (d"), 76.6 (d), 69.2 (d), 38.9 ("), 28.1 (q), 27.6 (q'), 25.2 (q). FTIR (cast): 3444,
1714, 1695, 1657 cm™. MS [CI, NH;] nv/z: 370 (4.2%, M = C4Hy3"' BrOs + 18), 368 (4.1%, M = C 4Hz; BrOs +
18), 351 (13.4%, M = C14Hp* ' BrOs - 1), 349 (12.5%, M = C4H,3 BrOs -1), 195 (83.6%), 193 (81.2%), 155
(100%).



Ethyl (27)-2,3,7-trideoxy-7-iodo-4,5-0-(1-methylethylidene)-D-ribo-hept-2-enoate (11): A soln of iodolactol 6
(0.3383 g, 1.127 mmol) and benzoic acid (2.7 mg) in CH;Cl; (3 mL plus 2 x 2 mL rinse) was added, dropwise over
10 min, to a 0°C soln of Ph;PCHCO,Et (0.6389 g, 1.834 mmol; Aldrich) in CH,Cl; (15 mL) under an argon
atmosphere. The soln was stirred at 0°C for 10 min, at rt for 4.5 h and then worked up as previously described for
compds 1 and 8. The crude residue was purmed by flash column and then by radiai chromatography severai times

PO b o ) P, 11 Fia I 4 P smr et i d AL SOL L % [RRY R D S B Sy, D swra w=roees
io give the cis alkene 11 (25.4% yield of pure compd and 46.5% yield of a slightly impure sample) but we w
unable to separate the trans alkene (10% yield) from unreacted starting material (3%).

11: oil. R¢=0.31 (TLC, silica, 15% EtOAc in hexanes). [a]p = +102 (¢ 2.08, CHCl;, System B). 'H NMR
(200 MHz) &: 6.24 (dd,J =8.3, 11.6 Hz, 1H, H-3), 6.02 (dd, /= 11.6, 1.2 Hz, 1H, H-2), 5.54 (m, 1H), 4.05-
4.35 [3H, overlapping m (1H) and q (4.20, 2H, J = 7.1 Hz, OCH,CH3»)], 3.26-3.55 (m, 4H, upon D-O exchange
this signal integrates for 3H), 1.49 (s, 3H, CH3), 1.38 (s, 3H, CH3), 1.29 (t, 3H, I = 7.1 Hz, OCH,CH3 ). B
NMR [50.3 MHz] &: 167.1, 145.8, 122.6, 109.7, 81.2, 74.5, 69.2, 61.3, 27.9, 254, 14.1, 12.0. FTIR (film):

; | . _ o~ . P,
3448, 1716 (shouider at 1695), 1652 cm™ . MS {El, 70eV] m/z: 355 (8.6% , M-15), 199 (46.9%, loss of
ICH,CHGCH), 141 (93.6%), 113 {56.9%), 97 (56.6%), 85 (74.0%), 43 (100%). HRMS {E!] found: 355.00470;
caled for M-CH3 = CHH{{,!OS: 355.00442

tert-Butyl (2E)-2,3.4-trideoxy-D-ribo-hept-2-enoate (13a): A soln of Ph;PCHCO,tBu (24.7 mmol, see reference
16) and 2—decncy-D-ribOSf:15 (3.00 g, 22.4 mmol) in THF (50 mL) was stirred at 60°C for 6 h under an argon
atmosphere and then cooled to rt. Silica gel (ca 100 mL) and CH)Cl, (ca 50 mL) were added and the solvent
evaporaied. The impregnated silica was then loaded onto a column of silica gel and eluition with 12% MeGOH in
CH,Cl, allowed for a partial separation of the E and Z isomers: Mixed isomers (1.22 g, 23% yield, 1.3/1.0 mixture
of 13a/13b) and pure 13a ( 3.03 g, 58% yield).

13a: oil. R;=0.43 (TLC, silica, 12% MeOH in CH,CL,). [a]p=-16 (c 0.91, system A). "H NMR (CDCly/D,0)
0: 6.88 [m, 1 H, H-3], 5.84 [d, /= 15.7 Hz, 1 H, H-2], 3.50-3.90 [m, 4H, H-5, H-6, H-7a, H-7b], 2.52-2.25 (m,
2H, H-4a, H-4b), 1.46 (s, 9H, C(CH;);). *C NMR (CDCls/D;0) 8: 166.4 (s, 144.5 (&), 125.3 (d"), 80.6 ("), 73.9

. ...— ; - e~ ATYY s O

(d), 71.4 (d"), 62.9 (), 35.6 (1),
1
1

137

28.1 (). MS [Ci, NH;] m/z: 250 (22.8%, M = C; HOs + 18), 233 (7.5%, M+1),

194 (100%). MS {El} wm/z: 176 (2.7%, M = C1H2Os - C4Hs), 115 (24.8%), 86 (60.7%), 57 {100%, C(CHs)s).
HRMS [EI] found: 176.06860; calcd for M = C1H;;05 - C4Hg : 176.06847.

1Y LER20N TS - L4108 . v

tert-Butyl (2E)-2,3,4,7-tetradeoxy-7-bromo-D-ribo-hept-2-enoate (14a): A soln of PPh; (0.450 g, 1.70 mmol) in
CH,Cl; (3.4 mL) was added dropwise, over 45 min, to a cooled soln (0°C) of N-bromosuccinamide (0.3072 g,
1.726 mmol) and 13a (0.3618 g, 1.558 mmol) in CH,Cl, (15 mL) under an argon atmosphere The mixture was
SUITCG at U C I0r a f()ffll OI L ﬂ dl’l(l mcn warmcu tort ch‘:ﬂ‘ugm mnca gel (ca ‘PU mL) was d(.l(.lﬂ(.l to lﬂe reaCllUll
mixture and the solvent evaporated. The impregnated silica was loaded onto a column of silica gel and elution
with 2:3 EtOAc - hexanes gave compd 14a (0.1821 g, 39.6% yield): mp = 61-62 °C. R¢= 0.33 (TLC, silica, 2:3
EtOAc-hexanes). [o]p=-3.2 (c 0.79, system A). 1H NMR &: 6.88 [ddd, J = 6.9, 8.0, 15.6 Hz, 1 H, H-3], 5.88
[apparent dt, /= 1.4, 15.6 Hz, | H, H-2], 3.81 [m, 1 H, H-5], 3.66 [m, 3 H, H-6, H-7a,7b], 2.61 [dddd, ] = 1.5,
3.4, 6.7, 14.6 Hz, 1 H, H-4a], 2.41 [m, 3 H, H-4b, 2 x OH ], 1.48 (s, 9H, C(CH3)3). >C NMR &: 165.6 (s"), 143.0
(d), 126.3 (d'), 80.6 (s"), 73.3 (d"), 71.6(d"), 37.1 (1), 35.7 (t"), 28.1 (). FTIR (cz%t) 3420, 1691, 1653 cm™. MS
[CI, NH:] m/z: 314 (i8.1%, M = CjHio BrO4 + 18), 312 (18.6%, M = C, Hio BrO4s+ 18), 297 (15.2%, M =

H,o*'BrO, + 1), 295 (15.6%, M = C;;H,o" BrO,+1), 258 (100%), 256 (94.5%). MS [EI] m/z: 240 (14.7%, M =

\/11]1]9 ul\l4T Ly, &7 (1.0 70, 1V — \.,Hnsly AIANIGT L Jy L

CyH1o*'BrO, - CsHy), 238 (14.5%, CyH,o "BrO, - CsHy), 223 (14.2%, C”Hw 13.1-04 OC(CH3)3), 221 ( 15.0%,
C1H,°BrO, - OC(CHs)), 115 (69.4%), 97 (31.4%), 86 (70.2%), 57 (100%, C(CH);). HRMS [EI] found:
237.98430; calcd for M = Cj1H,o  BrO,-C Hy: 237.98412.

tert-Butyl (2E)-2,3,4,7-teiradeoxy-7-iodo-D-ribo-hepi-Z-enoaie {i4
CH,Cl, (13.0 mL) was added dropwise, over 70 min, to a cooled s

mmol) and 13a (1.41 g, 6.07 mmol) in CH;Cl, (40 mL) under an argon atmosphere. The mixture was stxrred at 0°C
for a total of 2 h and then warmed to rt overnight. Silica gel (ca 100 mL) was added to the reaction mixture and the

in
712
1013

n
g
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solvent evaporated. The impregnated silica was loaded onto a column of silica gel and elution with 2:3 EtOAc -
hexanes gave compd 14b (0.9097 g, 43.8% yield): Ry = 0.39 (TLC, silica, 2:3 EtOAc-hexanes). 'H NMR 35: 6.87
[ddd, J = 6.9, 8.0, 15.6 Hz, 1 H, H-3], 5.88 [apparentdt, /= 1.4, 15.6 Hz, 1 H, H-2], 3.76 [m, 1 H, H-5], 3.46 [m,

= ’
3 H, H-6, H-7a,7b], 2.59 [dddd, J = 1.6, 3.6, 6.9, 14.6 Hz, 1 H, H-4al, 2.38 (m, 1H, H-4b), 1.99 [broad s, 2 H, 2 x
OH ], 1.48 (s, 9H, C(CHs)s). °C NMR 8: 165.4 (C=0), 142.8 (C-3), 126.4 (C-2), 80.5 (C(Me)s), 73.3 and 72.4 (C-
5, C-6), 35.5 (C-4), 28.1 (C(CH,)3), 12.4 (C-T). MS [EI] m/z: 286 [3.85%, M-C;H; (McLafferty)], 115 (46.5%), 57

m/z: 2 %, aHg (McL 16.5%), :
[100%, C(CH3);]. HRMS [EI] found: 285. 97020 caled for M = CHglO4-C4Hs: 285.97039. MS [CI, NH,] m/z:
360 (16.9%, M + 18), 343 (10.7%, M + 1), 304 (100%).

Typical procedure for reactions with Sml,: A soln of the substrate (0.35 mmol) in THF (9.2 mL) and MeOH
(0.14 mL) was prepared under an argon atmosphere and cooled to -78°C. In a second flask a mixture of HMPA
(1.2 mL) and Sml, [0.1 M THF solution (Aldrich), 14.0 mL, 1.4 mmol] was stirred for 10 min at rt under an argon
atmosphere. The resulting deep purple soln was then transferred dropwise, over ca. 10 min, to the cooled soln of
the substrate via cannula. The final concn of substrate was 0.014 - 0.015 M. The mixture was stirred at -78°C and
then warmed to 0 °C. The reactions were quenched by the addition of a saturated aq soln of NH4Cl or 0.1 M HCI
(ca. 20 mL) and then worked up as follows: the mixture was diluted with HO (ca. 10 mL) and extracted with

EtOAc (3 x ca. 20 mL). The combined extracts were washed with H,O (3 x ca. 30 mL.), saturated aq NaS,0s (ca.

30 mL) and brine (ca. 30 mL). The organic layer was dried over MgSQO; and concd. The crude products were

purified by flash column chromatography or by radial chromatography [Harrison Research Chromatotron, silica
gel or adsorbosil plates] using a mixture of EtOAc and hexanes as the eluant.

Reaction of 1 with BusSnH/AIBN under slow addition conditions in benzene: Solutions of AIBN

(0.0041g, 0.029 mmoi; 1 mL benzene} and Bu;SnH (0.08 mL,

nAn 1,1 | P .

LY mmoti; | mi, DCI'IZCI]C) were sxmuuam:oumy

e AI N Ao r,__.__ Lo 3 4 P | NOOA ~
aUdcd Uropwisc (uvci J5.0 ﬂ) toa lcuumug 301ii WTTXE,
far

F
0L
xture was stirred for another 0.5 h, then cooled down t

JE= S Lh) 2z, uamvri SASRRAR

or T

mL) and and the soln was stirred with an aq soln of KF (3g in 10 mL water) for 3 h.’ The organic layer was
filtered twice through a short pad of silica gel and the filtrate was concd. The residue was diluted with ether (10
mL) and then DBU (0.060 mL, 0.40 mmol) was added. The mixture was titrated with a | M soln of iodine in ether
(1.5 mL, ca 1.5 mmol).” A yellow precipitate was formed and the mixture was filtered through a short column of
silica gel (2 x 3 cm). The column was washed with ether (3 x 10 mL). The combined filirates were concd and the
residue was loaded on a short column of silica gel (2 x 3 cm). The column was washed with hexanes (15 mL) and
then ether (25 mL). The ether fraction was concd and the residue was purified by radial chromatography [1 mm
plate, 10% EtOAc:hexanes (50 mL) followed by 25% EtOAc:hexanes (70 mL)]. We isolated 2a (0.0248g, 36.5 %
yield) as a slightly impure sample (as determined by 'H NMR) and compd 18 [0.0124 g, 18.2% vyield].

U

N YAQ0L ~le 1A £ T hcerznna Tl san ke
U.L470 11UIVL, 19%.O 111, UCllLCHC) 1110 lmtlull
d concd.

The residue was diluted with ether (10

[}
3

3,6-Anhydro-2,7-dideoxy-4,5-O-(1- methylethyhdene)-D-allo-Heptomc acid tert-butyl ester (18): pal
T4 A el \v\ fxyl =3 Q7.0 LD wrotare 1u ANAAID S /I EATAYl T_ AL 77
} l D7 \(« V. UL, Oyblclll I’\} L1 {UVEIN U, 0" U, J — 4.9, 7/

1D 1aa, .
-5],4.16 [m, 1 H, H-3], 395 [m, 2H, H-6], 2.56 |d, I = 6.5 Hz, 2H, CH,CO»tBul,

21l 12, 11 s F? i, &I2, 1% 00 1

46 [s, 9H, C(CH3);], 1.34 [s, 3 H, CH3), 1.30 [d, J = 6.4 Hz, 3H, C-7 CH;]. nOe: Upon

n 71 P P
! EIUACICXAncs

oil. Rg= 0.71 (30% he
5,7Hz, 1H,
1.

1.
H-41 428 1d
1-4], f.&5 |G nZ H

dJ=
1.54 [s, 3H, CH,],
irradiation of the H-4 signal (4.54 ppm) we observed large nOe effects for the H-5 (7.54%) and the H-2 protons
(5.22%) and smaller nOe effects for the H-3 proton (2.67%) and the exo CH; signal of the isopropylidene group
(1.34 ppm 2.25%). Upon irradiation of the H-6 mgnal (3.95 ppm) we observed iarge nOe effects for the H-7

_______ PO IS Sy [ R LENCTN A a ommallac i~ e X ety -
protons (4.47%) and the H-3 proton (5.60%) and a smaller nOe for the H-5 proton (2.24%). Upon irradiation of

the H-5 monnl (4.28 nnm\ we observed large nQe effects for the H-4 protons (8.49%) and with the C-7 CH: protons
(3.28%) and a smaller nOe for the H-6 proton (1.84%) and for the exo-CH; of the isopropylidene protecting group
(1.34 ppm, 2.34%). 13C NMR &: 169.7 (s', C=0), 114.8 (s, C(CH3),), 86.1 (d’, C-5), 84.7 (d’, C-4), 80.9 (s,
C(CH,)3), 80.4 (d’, C-3), 80.3 (d’, C-6), 39.7 (', C-2), 28.1 (q', C(CH3)3), 27.4 (¢’, CH3), 25.5 (¢’, CH3), 19.0 (¢,
C-7). FTIR (cast): 1732 (s, C=0) cm'l. MS [CT, NH3] m/z: 290 (1.2 %, M + 18) 273 (4.8%, M + 1), 217

tert-Butyl (3aS, 4S, 6R, 6aR) tetrahydro-6-hydroxy-2,2-dimethyl-4H-cyclopenta-1,3-dioxole-4-acetate
) o 1
(2a): mp: 69 - 70°C. R;=0.24 (30% EtOAc in hexanes). [alp = +11 (¢ 1.25, EtOH, System B). 'H NMR &



4780 S. M. Bennett et al. / Tetrahedron 54 (1998) 47614786

4.50 [1 H, H-6a, apparent t ( dd, J = 5.8 and 5.7 Hz)], 4.39 [partially resolved dd, J3,6. = 6.2 Hz, J3,4 = 1.6 Hz, 1H,
H-3al, 4.07 [m, 1 H, H-6], 2.47 [m, 1H, H-4.], 241 [d, J = 8.0Hz,1H, OH, D,O exchangeable], 2.21 [dd, J = 7.8,
15.2 Hz, 1H, CHCO,tBu], 2.13 [dd, J = 8.1, 15.2 Hz, 1H, CHCO,tBu], 1.93 [m, 1H, H-54], 1.71 [m, 1H, H-5b},
1.50 [s, 3 H, CH;), 1.44 [s, 9 H, C(CH3)3], 1.33 [s, 3H, CH3]. nOe: Upon irradiation of the H-3a signal (4.39

Yy s 44 BN & ono? Fals i a’a W

ppm) we observed nOe effects for the H-6a signal (4.50 ppm, 5.89%), and for the CH,CO,tBu signais (2.21 and
2.13 ppm, total combined effect = 4.19%); smaller nOe effects are scen for the H-4 signal at 2.47 ppm (2.87%)
and the exo methyl group of the isopropylidene protecting group (1.33 ppm, 2.06%). 130 NMR §: 171.2 (C=0),
111.8 (s’, C(CH3),), 84.3 (d" , C-3a, 80.7 (s’, C(CHj)3), 79.1 (d’, C-6a), 71.1 (d’, C-6), 38.2 (d’, C-4), 38.1 (t

CH,CO,tBu), 36.6 (t', C-5), 28.07 (q’, C(CH3)s ), 26.1 (q', CH3), 24.3 (q/, CH3). FTIR (cast): 3493, 1720 cm’.
MS (El) m/z: 257 (3.1%. M-15), 201 (100%, loss of CH3 and C;Hs (McLafferty)]. HRMS (EI): found:
257.13860; calculated for M-15 = Cy3H;;0s: 257.13889.

NMR and GC-MS analysis of mixture of 2b and 2a isolated from Bu;SnH reaction with 8: GC-MS: tz = 7.80
min, cis compd 2b [m/z: 257 (2.6 %, M-CH3), 201 (25.5%, M - [CH3 and C,Hjy (MgLaffgrtv)l 141 (43.9%), 57
(100%)]); tr = 7.84 min, trans compd 2a [m/z: 257 (0.6%, M - CH,), 201 (69.4%, - [CH; and C4Hg
(McLafferty)], 141 (56.6%), 57 (100%, C(CHa)3) . 'H NMR (500 MHz, CDCl3): region A, mtegrateq for a total of
2 H [4.56 (2b, H-34, apparent t, coupled to H-6a and H-4, J3,¢6, and J3,4 = 5 Hz.), 4.50 (2a, H-6a, apparent t,

coupled to H-3a and H-6, J = 5.7, 5.6 Hz), 4.41 (2h H-6a, apparent t, coupled to H-6 and H-3a, J = 5.5, 5.5 Hz),

Lo 71 W4 PUEER § Siks IRy £ IT AT PRGNS By S P — PR
‘l ) \Ad, l"l Jd, dppdﬂ:lli a, J =90 na l‘UtL tlldl lll a Wbll lbbUlVCU DUU lVll'lL bpct.txum Llllb blglld appcawu as da UU,
Fa6a = 5.9 Hz, 13,5 = 1 Hz))); region B, integrates for 1 H [4.07 (2a, m, H-6), 3.87 (Z2b, m, H-6)]; region C,

integrates for 5 H in CDCl; and for 4 H in CDCI3/D,0 [2. 50 (dd (J = 6.9, ]6.0 Hz, CHCO,tBu, cis isomer 2b)
superimposed on the C-4 multiplet of the trans isomer 2a. ), 2.41 (2a, d, J =7.9 Hz, OH), 2.36 (2b, d, ] = 10.4 Hz),
2.31(2b, dd , ] = 6.9, 16.0 Hz, CHCO,tBu), 2.17 (2a, m, CH,CO,tBu), 1.95 (m, H-5a of 2a and 2b and H-4 of 2b)];
region D, integrates for 16 H [1.71 (2a, H-53b, m), 1.51 (2a, CH3), 1.47 (2b, CH3;), 1.45 (2a and 2b, C(CH;)3), 1.34

mn s n ‘r‘ —ura

(Za, CH,), 1.33 (2b, CH;), 1.40 - 1.20 (2b, m, H-5b, pamauy masked by CH; signals). Compound 2b:"

F19€ RALT., L1 s assigined to the e Sr197 1 (2 O=0) 11N S (o 7yCLI NN 9N 120 (!
1125 IMINZ, \..,U\,laj chemical shifts assi 5 d to the cis isomer 2b: & [172.1 (S, L=U), 11US (8, L)), 0U.3Z (8,

C(CHs)3), 80.27 (&', C-3a), 78.7 (d, C-6a), 72.1 (&', C-6), 35.6 (', C-5), 34.9 (d’, C-4), 34.4 (', CH,CO,tBu),
28.09 (a, C(CH3)s, 25.7 (@, CH3), 24.2 (q’, CHa).]. Signals for the trans isomer 2a are listed in the preceeding

Q.U ‘A LE30 —X1k

paragraph

C23H431,010 Dimer 15: White solid. Recristallized from MeOH-H,0. mp = 144.5-146°C. [o]p = +31 (c 1.22,

EtOH, System B). R¢ = 0.52 (1:3 EtOAc:hexanes). '"H NMR (500 MHz, CDCIy/D,0) 8: 4.40 [dd, J = 4.7, 11.1

Hz, 2H, H-4,H-4'],3.92 [dd, ] = 4.8, 8.3 Hz, 2H, H-5, H-5'],3.65 [m, 2 H, H-6, H-6'], 3.60 {dd, ] = 1.9, 9.6 Hz,

2H, H-7a, H-7'a}, 3.38[dd, J = 7.3, 10.3 Hz 2H, H-7b, H-7'b}, 2.76 [dd, ] =10.4, 14.4 Hz, 2H, H-2a, H-2'a], 2.49

[apparent t, 2H, H-3, H-3"], 2.38 [partially resolved, dd, J = 1.7, 147 Hz, 2H, H-2b, H-”u}, 149 10s, 18 H, 2 x
1.

] R
C(CHs)s], 1.43 (s, 6H, 2 x CH3), 1.33 (s, 6H, 2 x CH;). 13C NMR (125 MHz) &: 1 73 2(s',2x C=0), 108.0 (s", 2 x
C(CHs)y), 81.3 (', 2 x C(CH3)3), 80.0 (&, C-5, C-5"), 78.6 (d’, C-4, C-4"), 68.5 (d’, C-6, C-6"), 37.8 (t, C-2, C-2),
36.7 (d’, C-3, C-3"), 28.19 (¢, 2 x C(CH3)3), 28.17 (¢, 2 x CH3), 25.5 (¢, 2 x CH3), 14.1 (¢, C-7, C-7). FTIR
(cast) 3489, 3321, 1732, 1698 cm’. MS [FAB, m-nitrobenzylalcohol/KCl matrix, 7 kV Xel m/z: 837 (67.3 %, M =
CagHilhO1p + K), 799 (24.4%, M = Co3H4slbO 10 +1).

=
Z
=
=
- &
wn
)
Q2
E}
I

14

1 L]
1 H, H-5. This si gnal is coupled w1lh those at 5. 64 and 3 68 ppm.}, 3 68 [m IH H 6] 3. 29 [m 2H CHZI] 3 02
[dd, J =7, 1 Hz, 2H, CH,CO,tBu], 2.92 [broad s, 1H, C-6 OH D50 exchangeable], 2.87[broad s, 1H, C-5 OH,
D,0 exchangeable], 1.45 [s, 9 H, OC(CHs)s]. BC NMR 8: 171.0 (s', C=0), 131.5 (d’, C-4), 126.9 (d’, C-3), 81.2
(s, C(CH;);) 742 (d, C-5), 73.7 (&, C-6), 38.8 (t', C-2), 28.0 (q', C(CH3)3), 9.4 (1", C-7). FTIR (cast) 3405, 1727,

1712 cm™. MS (EI) m/z: 171 (15.8%, M-ICH,CHOH), 115 (67.3%), 58 (100%). MS (CI, NH3) m/z: 343 (5.2%,
M-+1), 303 (100%). HRMS [EI] found: 171.10200; caled for M=Cy HyolO; - ICH;CHOH: 171.10211,
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C23H43Br;049 Dimer 22: white solid. Recristallized from MeOH-H,0. mp = 128-129.5 °C. [alp = + 36 (¢ 1.05,
EtOH, System B). Re= 0.60 (1:2 EtOAc:hexanes). 'HNMR §: 4.43 [dd, J =4.4,11.0 Hz, 2 H, H-4, H-4'] , 3.89
-4.05[m 4H, H-5, H-5', H-6, H-6], 3.78 [dd, ] = 2.1, 10.4 Hz, 2H, H-7a,H-7'a|, 3.59]dd, ] = 6.5, 10.4 Hz, 2H, H-
7b, H-7'b], 3.35 {d, J = 4.9 Hz, 2H, OH x 2, D,O exchangeable], 2.75 [dd, J = 10.3, 14.3 Hz, 2H,H-2a, H-2’a], 2.51

| Y ___ ¥ B ___%.d ‘A_..-l e A AT ML __ 2N AL IY rr 2 Iy 3”7 A AL~ r 132 Y 14 &£ YY¥.. "NEY ¥§F ML
[apparent t, coupled with signals at 4.43, 2.75 and 2.35 ppm, 2H, H-3, H-3'], 2.35 [dd, ] = 2.2, 14.5 Hz, 2H, H-2b,
¥kl 148 fe 198 LI 7w (YOHINT 144 (6 A 9 v CHY 122 (e 6H 2 v 1Y B0 NMD (196 AL
f1~4 U], L+90 |D, 10 1%, & A A\VEK23j3}, RéW¥ (D, Uk, & A LI13), LeJdJ (3, UKL, & A LI1j). \/ INIVEEN (14 IVAERE,
CDCl/D,0) 8: 173.0 (87, 2 x C=0), 108.1 (5", 2 x C(CH3),), 81.2 (s", 2 x C(C Hg)g), 79.0 (d', C-5, C-5"), 7.7 (d’, C-

h)
4, C-4"), 68.6 (d’, C-6, C-6") 38.7 (', C-7, C-7"), 37.8 (¢, C-2, C-2"), 36.5 (d, C-3, C-3"), 28.15 (q', 2 x C(CH3)3),
28.11(q, 2x CHq) 25.5 (q", 2 x CHy). FTIR (cast) 3473 3312, 1732, 1703 cm'l MS [CI, NH3] m/z: 724 (2.4%,
M = CosHus'BryOgo + 18), 722 (5.9%, M = CasHus®'Br/°BrOyo + 18), 720 (2.3%, M = CasHas *BrOyo + 18),
707 (16 3%, M = C28H43 Br,040 + 1), 705 (29.0%, M = CaHus®'Br’°BrOyo + 1), 703 (15.0%, M =
CasHas "Br;O1o + 1).

Orvctallagranhic Manairamante and Qimictiire Racalittinn of 372
Llyolalluxiapiiie LVICAaSULUCILIULIL Al DU UGLULU INUDULULIUIL UL .
The r'rystalc were rggrysmlhzgd in a MeOH-H,0 mixture. All of the (*rysm_ls were man small and not of

perfect quality. The best one selected after examination under a polarizing microscope for homogeneity.
The unit cell parameters and the reflection data were measured at room temperature, on a Siemens P4
diffractometer using graphite-monochromatized MoKa radiation. Two independent molecules were found in
the unit cell. The coordinates of the Br atoms were determined from direct methods and the positions of all the
other non-hydrogen atoms were found by the usual Fourier methods. The refinement was done by full-matrix
least-squares calculations. An absorption correction was made based on the equations of the crystal faces. The
H atoms were fixed at their calculated positions (riding model) with U = 0.08 A°%. The scattering curves from
the International Tab!ncsl wers nged  The calculations were done on a SHELXTI, PLIIS. 32 The crvstal data

AV L1IVL LAGLANAARE X AV WiIMVBIRUVIIIS Wuiw ulidv Vi WK AR A i R Ad K P AA

are listed in reference 33. The two independent molecules were found to be very similar.

CsH49Br0O;y Compound 23: white foam. mp =42 -43 °C. R; = 0.3 (1:3 EtOAc:hexanes). 1H NMR (500
MHz, CDCls/D;0) 6: 4.45 (dd, J = 5.1 11.1 Hz, 1H), 4.39 (dd, J = 5.3, 11.1 Hz, 1H), 3.98 (i, 3H), 3.88 (apparent
t, 1H), 3.77 (d, J = 11.3 Hz), 3.59 (dd J=7.2,10.7 Hz, 1H),2.78 (m, 2H), 2.48 (m, 2H), 2.37 (d, ] = 14.7 Hz, 1H),
.29 (d, J = 14.1 Hz, 1H), 1.50 - 1.20 [CHj signals, this region integrates for 33 H: 1.479 (s), 1.468 (s), 1.438 (s),
133 (s), 1.32 (s), 1.28 (d, J = 5.6 z)]. ’C NMR (125 MHz, CDCly/D,0) &: 173.07 (), 173.02 ("), 108.1 (s,
107.7 (), 81.8 (d), 81.3 (s'), 81.1 (s, 79.0 (d"), 78.6 (d'), 78.3 (d"), 68.6 (d), 65.5 (d'), 38.7 (), 38.0 (1), 37.7 (¥,
36.7 \d) 36.6 (d\ 28.1 (n'\ 277 (n'\ 25.6 (a'\ 25.5 (ﬂ'\ 20.1 (ﬂ'\ FTIR (cast) 3453, 1728 (shoulder at 1706\

cml. MS [CI, NH;] m/z: 644 (6.2%, M = Cy3Hao?'BrOyg + 18), 642 (6.3%, M = CpsHag "BrOyg + 18), 627
(58.9%, M = CasHao ' BrOy + 1), 625 (58.2%, M = CagHao "BrOjo+ 1).

dN}

q

T

C2sH47BrOs Compound 24: oil. Re= 0.62 (1:3 EtOAc:hexanes). 1H NMR (500 MHz, CDCly/D-0) &: 5.90
(m, 1H), 5.29 (m, 2H), 4.46 - 4.35 (m, 3H), 3.98 (m, 2H) 3.76 (apparent d, J = 10.3 Hz), 3.58 (m 1H), 2.77 (dd, J =

-~ s

14.6, 10.7 Hz, 1H), 2.62 (m, 2H), 2.41 (apparen

t
fo ALY 1 AL 7o 1QLIN 1 A2 (o 2LIN 1 24K 7o
1.52 (S, OI1), .40 S, 1011}, 1,20 |3, 311, L.J%5 5, A7, irciyispa) O.

) 2
171.6, 134.3, 118.9, 108.5, 107.9, 80.8, 80.5, 80.3, 78.9, 78. .8, 37.5, 37.03, 36.97, 35.6, 28.3, 28.
25.7, 254 FTIR (cast) 3452, 3078(weak), 2982, 2934, 1732 (:m1 MS [C], NHq] m/z: 626 (5.1%, M =
C23H47 Br09+ 18), 624 (55%, M= C28H4779BI'09+ 18), 609 (38.1%, M= C23H47 BI‘OQ + 1), 607 (36.7%, M
= C23H47798r09 + l)

b4 s LR S AU I o AP O 1T 4 ey 1

H), 2.27 (m, 1H), 1.97 (poorly resolved dd, 1H),

hY 198 MLI> ODYCL/D.ON) K 17
1), L j PN\ L7

M

g
1

3

C,5H4sBr20; Dimer 25: oil. Re= 0.23 (1:4 EtOAc:hexanes). [ & Jp = +10.5 (c 0.84, System A). H NMR §
4.14 [apparent t, 2 H, H-4, H-4'] , 4.05 [dd, J = 5.8, 9.0 Hz, 2H, H-5, H-5'], 3.93 [m, 2 H, simplified upon D,0O
exchange, H-6, H-6'], 3.78 [dd, J = 2.3, 10.3 Hz, 2H, H-7a, H-T'a}, 3.68{dd, J = 6.2, 10.6 Hz 2H, H-7b, H-T'b],
31510dd,J=1.1,63Hz 2H OHx 2, D,0 Hchangcaulc},LSS [m, 2H, H-3, H-3"], 2.41 [dd, J = 5.6, 16.3 Hz, 2H,
H-2a, H-2’a], 2.32 [dd, ] = 5.7, 16.4 Hz, 2H, H-2b, H-2'b],1.46 [s, 18 H, 2 x C(CHj3)s], 1.37 (s, 6H, 2 x CH3), 1.29
(s, 6H, 2 x CH;). 13C NMR (125 MHz) &: 173.0 (s, 2 x C=0), 108.1 (s, 2 x C(CHa,)5), 80.6 (s’, 2 x C(CH,)3), 80.1

V47614786 4781
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(d’, C-4, C-4"), 78.0 (&, C-5, C-5'), 68.4 (d’, C-6, C-6"), 39.4 (', C-7, C-7"), 36.8 (d’, C-3, C-3"), 34.0 (¢, C-2, C-29,
28.1(q",2x C(CH3)3),27.3(q’,2 X CH;), 25.0(q, 2 x CH;). MS: {FAB, m-mtrobenzylalcohol/NaCl matrix, 7 kV
Xel m/z: 729 2.9%, M = Cuﬂa 'Br,00 + Na) 727 (5.8%, M = C23H43"‘Br”BrOm + Na), 725 (2.5%, M =
CasHas°BryOyo + Na) 707 (3 6%, M= ngH“ Br,010+ 1),705 (9.5 %, M = CosHas® ' Br”BrOyo + 1), 703 (5.0

% M=C..H..°Rr N
%, M = CogHus "BriOio+ 1).

tert-Butyl (E) (8S, 6S) 7-bromo-§,6-dihydroxyhept-3-enoate (26): oil
NMR &: 5.91 [partially resolved ddt, J = 1.0, 15.6, 7.0 Hz, 1 H, H-3], 5.6 [ddt .
4.28 [m, 1 H, H-5], 3.84 [m, 1H, H-6], 3.54 [m, 2H, CH,Br|, 3.04 [d, ] = 7.0 Hz, 2H CHzCoztBu] 2.58 [d, J=44

Hz, C-6 OH], 2.27 [d, 1H, C-5 OH], 1.46 [s, 9 H, C(CHs);]. *C NMR (CDCl,, 125 MHz) &: 171.7 (C=0), 131.3

(C-4), 127.1 (C-3), 81.1 (C(CHa)s), 73.57 and 73.54 (C-5, C-6), 38.8 (C-2), 35.5 (CH,Br), 28.1 (C(CH;);). FTIR
(cast) 3407, 1726, 1711 cm’l. MS (CI, NH;3) m/z: 314 (27.1%, M = C11H19048’Br +18), 312 (27.2%, M =
Ci1H;90."Br +18), 297 (4.2%, M = C;;H;s0:*'Br +1), 295 (4.2%, M = C;H,60,"°Br +1), 258 (98.1%), 256

71 0No7 N AAC T I3 AN I £ ralials SRURNEN. Yo B ] raYal7a & AR

81n
(100%). MS [EI} m/z: 223 (0.68 %, C1His BrO4 - OC(CH3)3), 221 ( 0.76 %, Ci1H;9 BrO4 - OC(CHs)3), 171

81 79
(2.3%, M - BrCH,CHOH), 125 (7.5%, "BrCH,CHOH), 123 (9.0%, "B:CH,CHOH), 115 (72.0%), 57 (100%,
C(CHs):). HRMS [EI] found: 171.10230; calcd for M - BrCHaCHOH = CsHysO5: 171.10211.

tert-Butyl 7-bromo-2,3,7-trideoxy-4,5-0-(1-methylethylidene)-D-ribo-heptanoate (27): oil. Ry = 0.34 (1:4
EtOAc:hexanes). 'H NMR &: 4.19 [ddd, J = 3.6, 5.7, 10.2 Hz, 1 H, H-4], 3.93 [dd, J = 8.9, 5.6 Hz, 1H, H-5),
375 - 3.86 [m, 2 H, H-6 and H-7a], 3.59 [dd, J = 7.3, 10.8 Hz, 1H, H-7b], 2.54 - 2.29 [m, 3H, OH and
CH,CO»tBu], 2.07 [m, 1H, H-3al}, 1.81 [m, 1H, H-3b], 1.45 [s, 9 H, C(CHj;);], 1.40 (s, CH3), 1.32 (s, 3H, CH;).
BC NMR (D,0/CDCl) 6:172.8 (C=0), 108.4 (C(CHs),), 80.3 (C(CH3)3), 78.1 (C-5), 77.04 (C-4), 68.9 (C-6), 39.8

£OIY Ty 0/1 A £ NN\ NG 1 LT .A‘..-I f‘lf"ﬂ AV TV Ay o) & § \ [ 20 B Y e llle Y TTID (~nct) 2422 1794 17907 Al <

(LHD1), 532.4 (U-2), co.1 (Cazana Uilr13)3), £5.6 (Lri3), 25.1 (L-3). © 1IN (Cast). 50455, 1720, 1/U/ <l . MS
[CL NH3] m/z: 355 (2.8%, M = CiHas" BrOs +1, 353 (2.8%, M = C1sHysBrOs +1), 299 (32.0%), 297 (34%), 173
(100%)

NMR and GC-MS analysis of mixture of 28a (cis) and 28b (frans) isolated from Sml; reaction with 14:

GC-MS: tg = 8.607 min, cis compd 28a [m/z: 216 (0.1 %, M™), 215 (0.34%, M-1), 201 (0.69%, M-CH3), 160
[3.5%, M- C;Hg (McLafferty)], 142 (29.1%, M- C4Hg and Hy0), 125 (29.4%), 97 (34.5%), 83 (100%), 57 (91.4%,
C(CH,)3)]. tr = 8.661, trans compound 28b [m/z: 215 (0.6%, M-1), 201 (1.3%, M-CHas), 160 (2.6%, M- C4Hy
(McLafferty)], 142 (27.6.1%, M- C4Hg and H,O ), 125 (31. 9%) 97 (33.7%), 83 (76.0%), 57 (100%, C(CHz3)3) ].

]"l"‘ NMD 78 M2 OCTY 1.1 chamical chifte Q&CIH“PI’I tn fl’\ Vel ] S mer ’Rn ar "7" K c’ p—ﬁ\ Sn 5 (¢ f‘(l"‘u 1.)

N LVLIVEEN |/ AVINLL, A /UEG ] ViIVIIVAL S1IILS AdSigivie W uav Ui Ve Oy \W113/3),

73.5 (d’, C-1, C-2), 41.8 (', CH,CO,tBu), 37.2 (', C-3, C-5) 30. CH3)3). B NMR [75 MHz,

2), 410 (', CH,COhibu), 5/7.2 (L, C LD 1 L NM

73 =N 5

1 ,
CDCls] chermcal shifts assigned to the trans isomer 28ba: d [172.2 ( -—O) 80 4 (s C(CHa»)3), 73.5 (d, C-1, C-
2), 42.3 (t', CH,CO4tBu), 37.8 (t’, C-3, C-5), 31.4 (d’, C4 ), 28.1 (q’, (CH3)s). 'H NMR (300 MHz, CDCl»):
region A integrates for a total of 2 H [4.15 (28b, H-1, H-2, m), 4.10 (28a, m, H-1, H-2)] ; region B integrates for 7
H [2.69 (28b, m, H-4) 2.43 (broad s, 2 x OH), 2.37 (d, J = 6.6 Hz, CH,COtBu 28a), 2.30-2.07 (m; overlaps with

doublet at 2.21 ppm (J = 7.5 Hz, CH,CO,tBu, 28b), 1.94 (m, 28b)]; region C integrates for 11 H [1.60-1.40 (m;
overlaps with (CHj); singlets at 1.44 and 1.43 ppm).

Compounds 29a and 29b: A soln of the diols 28a and 28b (36.5 mg) and p-toluenesulfonic acid (8 mg) in 2,2-
dimethoxypropane (3 mL) was stirred at rt for 15 min. The solution was diluted with ether (ca 20 mL), washed

with NaHCO; (5%, ca 10 mL) and brine (ca 10 mL), dried over Na,SO4 and concentraied. The mixture of
diastereoisomers was analyzed by GC-MS and NMR.

NMR and GC-MS analysis of mixture of acetal derivatives 29a (cis) and 29b (trans):
GC-MS: tg = 8.304 min, cis compd 29a [m/z: 241 (18.9 %, M-CH3), 183 [16.2%, M- OC(CH3)3)], 125 (100%). tr
= 8.161, trans compound 29b [m/z: 241 (3.3 %, M-CH3), 185 (100%, M- CH3 and C4Hg (MacLafferty)], 125

13 ~hasa —
(95.2%). “C NMR [75 MHz, CDCl,] chemical ahlfts assigned to the cis isomer 29a: § [172.4 (s*, C=0), 110.7 (s’,
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C-2), 81.1(d’, C-3a, C-6a), 80.1 (s, C(C}_'Ig)g), 41.0 (Y, CH,CO,tBu), 37.9 (', C-4, C-6), 354 (d’, C-5 ), 28.0 (¢,
(CH3)3), 26.8 (q’, CH3), 24.0 (¢’, CH;). “C NMR [75 MHz, CDCls] chemical shifts assigned to the trans isomer
29ba: [171.9 (', C=0), 108.8 (s’, C-2), 80.3 (d, C-3a, C-6a), 80.0 (s", C(CH;)3), 39.9 (t', CH,CO,tBu), 39.4 (¢, C-

-~ -~ lyw wmrh oy ;= s ary P ava Y

4,C-6) 32.9(d", C-5), 28.0 (q, (CHs)s), 26.0 (¢’, CH3), 23.7 (¢, CH3). H NMR (500 MHz, CDCls): region A
. - Ly
> b

-
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=

b
T
=
= G

fowe o total AF Y LI TA LY (oo LI 21 K HWin nnd Y0h)]l soninm RIYEL FOh) A (A T -7 12 1l
10T d wal Ul £ I3 [0 (11, JI-JWII-Uk, ara diil «47u)], ICSLUIL L | deedT \Ull, L TUF ]y e WS Uy J = [.T XL,

,__2r tBu, 29a), 2.38 (m, H-5, 29a), 2.22 (4, J = 7.5 Hz, CH.CO,tBu, 29b), 2.00 [m, H, (C-4/C-6), 29a and H,
S

(C-4/C-6) of 29b], 1.65 (m, H, (C-4/C-6) 29a)]; region C integrates for 15H [CHj; singlets at 1.50, 1.443, 1 439
1.29, 1.28)]; region D, 1.18 (m, H, (C-4/C-6), 29b).

h
L
g

(

LI STN JEQ £ON B L AL d At ks A s (21 Litn ombid ot — £A £SO T _ N2 TT O

Einyl (£) {35, 05) 5,0-ainyuroxy-/-10aonepi-s-enoate (o1): wWilile soid. mp =04 - 00 L. Rf = V.5 (114,
1

silica, 1:1 EtOAc-hexanes). [a]p = -13 (c 2.12, EtOH, System B) "H NMR &: 5.98 - 5.86 (ddt, J,,=1.0 Hz,
T — TN and . —188H> 1TH H2Y &TA_SEA(AAt T- —127H7 T, _—A0H7z and I_ . - 18 A H> 1
Joz = AU nZ anl J34 = 130 17, 10, 11-3.), 3475 = 305 (G0, J24= 1.2 112, 745 = 0.7 112 aBG J34 = 12.0 id, i,
ITAY A DMK (lennd m 1TH I & gimnlifiag n1nan NN avehanaa Y A1T8 (A | — 71 L2 DU (WL (LI Y 2 £Q
ll-"f), b TV 20 ) \U.luau lll, 111, 11-J, alllll_lll.llbb ulJUu LIINST \.41\\411(1115\4 }, in TP B8 \\1, J o= 7.1 114, L1l AT Lz.llj}, «J2 U0
(broad m, 1H, H-6, simplifies upon D->0 exchanee.). 3.35 - 3.26 (m, 2H. ICH>), 3.12 [anparent d J=7Hz 2H
(broad m, 1H o, upon 1),0) exchange.), 3.39 m, 2H, 1CH3), 3.12 (apparent @ [ ¥ A4 s

simplifies =
CH,CO,Et. In some well spectra resolved this signal appears as a dd (J,3 = 7.0, Jo4 = 0.7 Hz.)], 2.81 (broad
poorly resolved d, 1H, OH, D,0 exchangeable.), 2.71 (broad signal, 1H, OH, D,0 exchangeable), 1.27 (t, ] =
7.1 Hz, 3H, OCH,CH3). ®*C NMR &: 171.4 (s), 131.6 (d', CH=CHCH,CO»Et), 126.6 (d', CH=CHCH,CO,Et),
74.1 (d', C-5), 73.7 (d', C-6), 60.9 (t', CO,CH,CH»), 37.6 (t', CH=CHCH,CO-Et), 14.2 (q, CO,CH>CHj3), 9.7
(t, CHZI) F’I'IR (cast) 3242 1728 1672 cm'l MS [CI NH;J m/z 332 (12 9%, M + 18) 315 (6 7% M + 1)
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335, Uggniygliobry, IW = /U4.5, Space groip: Monoclinic P2y, a= 11 JoZ(d), D = 21.95U(J), € = 14.

=92.72(2)°, V = 3587.1(18) A, Z =4, p = 1.303 g cm™, p = 2.304 mm’, A(MoKo) = 0.71073 A°,

F(000) = 1324 | no. of independent reflections measured = 6508, no. of observed reflections = 1591, (F >

12 R T o

4.10(F)), weight = i/6%F) + 0.0007F, quantity minimized: 2w (| Fol 4 Fd)™ , R = 2 | Fo-Fd/Z | Fdd =
0.087, Rw = [Iw (F,-Fd)?/ 3w (FJ)]"* =0.072 and S = 1.49. The list of refined atomic coordinates

the bond distances and angles, the calculated H positions and the structure factor table have been

T
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