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Abstract: The efficiency of a tandem process featuring an oxy radical cyclization and hydrogen transfer reaction of the
resultant carbon-based radical has been demonstrated. This methodology affords 2,3-trans-disubstituted tetrahydrofurans

by creating two new contiguous stereogenic centers with high levels of 1,2-induction in each step.
© 1997 Elsevier Science Ltd. All rights reserved.

Diastereoselective radical-based processes involving acyclic substrates have attracted considerable
interest in recent years.!:2,3 Our group has focused mainly on the reactivity of radicals flanked by an ester and
a heteroatom-bearing stereogenic center. Not only has asymmetric induction been demonstrated in hydrogen
transfers, allylations, and atom transfer rcactions.4 but both the sense and extent of diastereoselection can be
controlled by Lewis acid chelation in these reactions.3-6

We have recently embarked on a

d
') ~

study directed at generating such [/~ CO,Et 0 AorB 0
radicals in the penultimate step of a ~ “Me - CO,Et /YCOZEt
R R Me R

tandem sequence to induce two new Me
contiguous stercogenic centers from a —/ﬁ;“R ] i H -SnBu3_
single neighboring asymmetric site. \M%COZB 'R

This methodology would constitute an © ' H H

extension to the diastereoselective l-'l--SnBu:, oe EIOZEt
processes involving radicals generated A B

by homolytic cleavage of a C-X bond ~ anti-predictive”  syn-predictive

(X = halide, Se or S), studies of which Scheme |
have served well in identifying factors governing radical facial discrimination. The tandem sequence (Scheme
1) features, in its initial step, the intramolecular addition of an oxy radical to an o,B-unsaturated ester to atford
a radical exocyclic to a tetrahydrofuran ring. Based on our previous work, such a radical is anticipated to
undergo reduction to give predominantly a product with anti relative configuration at the o- and -carbons.
Enhanced anti selectivity has been observed particularly in reactions of such exocyclic radicals.4d-5d  To
rationalize the radical facial preference of the hydrogen transfer, we and other research groups have proposed
the anti predictive transition state A, which is stabilized by steric and electronic effects.!-2:4

While the hydrogen transfer step of our tandem process is well-documented, there is a relative paucity of
studies on oxygen-based radicals.” Carbon-based radical cyclizations constitute the majority of stereoselective
radical reactions, but oxy radicals remain relatively unstudied due to the lack of suitable means by which they
are generated. Access to these radicals through the fragmentation of arylsulfenic acid O-esters’c and N-
alkoxypyridine-2-1H-thiones7b has been reported recently. Because of the ease of their preparation and
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fragmentation, the arylsulfenic acid O-esters were chosen as precursors to the oxy radicals in our study. Oxy
pn dianle aree haliouad $0 ko aloose o BI1i o, sbg £ac gvaesloc ol L4 £y P
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alantenie winl oTadlona? xrith vndacfC A€ avyalicatine ~m slo ~odo £ 2 o 1nR -1 e & TR DA
CicLuvil-livii VUICTIIL il 1atcy Ul VyLil Ul U1l UIC OIUucCl Ul 0.L X 1U¥Y 5 4, 11l Cleblr()pmublly 01 Oxy
radicals is further supported by the bimolecular rate of hydrogen abstraction from Bu3SnH (~108 M-1s-1, 30
AN 9 Qinece tha radical auvrligatinn nlannad in thic chidv inualusg an alantran_ dafiniont ~lafin  thoos dats
. SIICE 1€ raqiCar CyCiiZaiion pranned in s Swiay invoives an CicCiron-aencicent oielin, incse aata
cnagect that cvelizatinn mav he ranciderahly elawer than roadiintion awvever thic rancemm roinld he rualiintad
SURRKELWIL UIAl VyLilZatuldl Hiiay UG LULIDBIULTAULY dIUWLL Lidll TCUUuLLivil. r1Uwover, LD COHCCTEE COULU DU Cvdl {E=28 §
OPJ\I throuo avnorimentatinn and en wea danridad fa nraha o) tha alacteranin and cfaris infhiancae ~F D An tha
Ul VAPUVLIILIVHILGUULL, AlIU OU WO ULLIULU WU PIVUL d) Wb CISLLLULILG allld SWCHIV HIUCHICT U1 IN Ul Uic
oxy radical cyclization through alkyl, alkoxy, and silyloxy substituents, and b) the effect of ring size on the
oxv radical cveclization
OXYy radical cyclization
Olefins 110 and da were nrenared after two stens INIBAT O,y .78 °C': Ph-P=CTIC'O-Ft THUEF 925
S AN L LRI Lerine s WA y;vl.}uxvu CALLWL LYV U ».’l»\-ll,lu LL’IL’I Alig Nrd L /SNd g o Ny L .‘ljl \_fll\JUZ‘_/\-’ L AAr 5 &L/
°FT from ’v—h rolactone and a-methvi-v-butvrolactone resnectivelv4d  To nrenare olefing 4h and 5a
actone and o-methyl-y-butyrolactone respectively 10 pre ole 4D ang 4¢,

dihydrofuran was trcatcd with mCPBA (Hy0-Et;0, 82%) to give the hemiacetal
PhaP=CHCO»Et (THF, reflux, I i 1l ic al

A 435 ARRILAS < 702,

MeCN, reflux h, 74%) or 4¢ (1BuMe;SiCl, imid., DMF, 15 h, 62%). The O-alkylbenzenesulphenates were
prepared by treatm g each alcohol (1, 4a, 4b, 4¢ or 74d) with benzenesulfenyl chloride and Et3N in THF.
Table 1. Tandem Cyclofunctionalization and Hydrogen Transfer Reactions?
R Me 1)PhSCLELN () @ A9
PN N i _cor i _com
HO™ ™), 7 TCOsEt 2)BusSnH, Et;B / I /=
R Me R Me
1,4,7 2,5,8anti 3, 6,9 syn
Entry Substrate n Products (anti/syn) Solvent Temp. (°C) Yield (%)P

1 1. R=H 1 213 . 6/1¢ benzene 23 --d
2 1:. R=H 1 23 . 6/1 benzene 23 75¢
3 1. R=H 1 2/3 : 6/1 THF 23 51(74)
4 1: R=H 1 273 . 9t THF -23 61 (85)
5 1. R=H 1 23 - - THF -45 -8
6 1: R=H 1 23 . - CH,Cly 23 <108
7 4a: R=Me 1 5a/6a : 16/1 THF 23 59 (86)
8 4a: R=Me 1 5a/6a : 22/1h THF 23 56 (82)
9 4b: R=OMe 1 S5b/6b : /1 THF 23 51 (68)
10 4c: R=OTBDMS 1 Sc/6¢c @ 13/1 THF 23 52(52)
11 4¢: R=0TBDMS 1 S5¢/6c : 25/ THF -23 ~58
12 4a: R=Me i 5a/6a : 14/11 THF 23 52
13 4a: R=Me 1 5a/6a : 1.8/1i THF 23 79
14 7: R=H 2 8/9 . -- THF 23 --8

aConditions: 1.0 emnv of PhSCI, 2.2 equiv of E"’)N THF, -78°C for 15 min and then 1 h at 23°C. The salt was removed by m‘avrrv
filtration and the ﬁltrate was concentrated. Subsequent reductions were performed by using a substrate concentration of Q. 03M in
the solvent shown above and slow addition of 2.0 equiv of Bu3SnH over 3 h via syringe pump. Initiation was accomplished using
Et,B. bIsolated yields of cyclic products over 2 steps and, in parentheses, yields determined by NMR using benzyl alcohol as
imternal standard. “Bu;SnH was added in a single aliquot. dl 5:1 ratio of cyclized and reduced (oxy) products. ©5:1 ratio of cyclized

and reduced (oxy) products (similar ratio was also observed for entries 3-14). ‘Reduction of the same radical arising from a

totrahvdrnfiranvul tortiaru indide at _10° O in tnliene ogava a 11- 1 nnh/nnn ratio: see ref. 12. 8Maior nrnr‘lnr-i from reduction of oxv
tetranyaromurany. wruary 10GiGe at -ouU~ © in Woueng gave a 1! Syn 0 S€€ rel. 1.2, 2MAjor progQuct Irom reqguction ol oxy

radical, "Reducuon of a tertiary iodide (to generate the same radical) with Bu;SnH at -30°C in toluene gave a 52/1 anti/syn ratio; see
ref. 12. IBu;SnD was used instead of Bu;SnH. JThe reaction was conducted in EtOH using a catalytic amount of EtONa, 24 h.

In the initial attempt at tandem radical cyclization-hydrogen transfer, the addition of Bu3SnH in one
aliquot (0.02 M) gave a 50:50 mixture of cyclized product and olefinic alcohol 1 (entry 1, Table 1). To favor
cyclization over reduction of the oxy radical, the Bu3SnH was slowly introduced via syringe pump and a 6:1
mixture of tetrahydrofurans favoring the anti relative configuration at the o- and B-carbons (with respect to the
ester) was obtained in good yield (entry 2). While a similar product ratio with some erosion in the yield!! was
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observed when was used instead of benzene (entry 3), littie cyclization occurred when the reaction was

yclization was noticeably affected by the
eduction of the cyclized radical was
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competitive pathway for the oxy radical. It is interesting to note that no tetrahydropyrans arising from 6-exo
cyclization of the oxy radical were observed (entry 14); oxy radical reduction occurred much faster than 6-
membered ring formation _ /—\\ N -

In an attempt to " 0e Me -Qe
increase the diastereo- 'L‘CO £t oo Y H
selectivity of the ~ \J_'/ i H \‘ /Trl\ W

rd i ~ 1
hydrogen transfer of the /3\ o1 c ' Me' o CO,Et s
- - . S i 3 -
cyclic radical, the reaction PRV SOZE" 1IF = 2 hCAOZEt
e ! e

temperature was lowered, R “ s MeyCOZEt :‘ \\ji.’go //R
leading to modest cts \-,,v: -0e :l Rx/k-\_(COZEt frans

N . , R~y ' \
enhancements in  anti :l Me
selectivity at -23 °C for 1 L D J'L F 2

(cf. entries 3 and 4) and
for 4a (cf. entries 7-8).
Although increased selectivity was also observed at -23 °C for 4¢ (cf. entries 10-11), the allylic siloxy
substitution retarded the cyclization due perhaps to a combination of electronic (vide supra) and steric effects
in the transition state (vide infra); only reduction of the oxy radical was observed. At -45 °C, no cyclization
was observed even for 1 (entry 5).

Interestingly, 2,3-cis-disubstituted tetrahydrofurans were not detected in any of the oxy radical
cyclizations. Presumably the oxy radical cyclization proceeds through a "chair-like" transition state (Scheme
2), which is supported by calculation’¢f and is analogous to a hexenyl radical cyclization.!3 Compared to the
transition states leading to tranms cyclization, the transition states predictive of the cis-isomer seem less
favored; C is destabilized by an 1,3-allylic interaction!4 between the R and a-methyl groups, while D suffers
from two gauche interactions. By contrast, the transition states leading to the 2,3-trans disubstituted
tetrahydrofuranyl radical appear either free of destabilizing steric interactions (F) or only slightly disfavored
by one gauche interaction (E).

Since the products could conceivably arise through an ionic process (such as intramolecular Michael
addition to the unsaturated ester by an alcohol arising either from the reduction of the oxy radical or from the
hydrolysis of sulfenate ester), experiments were designed to ascertain the mechanism of these reactions. Two
experiments in particular supported the intermediacy of radicals; firstly, the use of Bu3SnD (entry 12) gave
deuterated esters (5a and 6a) in a ratio and yield similar to that obtained from the use of Bu3SnH (entry 7).
Secondly, these reactions can be inhibited by 1,3-dinitrobenzene (only suiphenates were recovered).
Interestingly, the subjection of 4a to catalytic NaOEt in EtOH afforded in good yield the 2,3-trans-
disubstituted tetrahydrofurans (entry 13). Although frans cyclization was observed exciusively, protonation of

Scheme 2
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the resuitant enolaie exhibited litile seiectivity (1.8:1, entry 13). Taken togeiher, these data indicate that
radical-based processes contribute to most, if not ail, of the observed products.'S
In conclusion, we have demonstrated the efficiency of a tandem process whlch atures an mtramolecular
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