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Abstract : The reaction of aldehydes 1 and 10 with Bu3SnH has been studied. In thermal conditions,
after an initial chemoselective 6-exo-trig or 5-exo-trig cyclization to the aldehyde, a [-scission reaction

takes place, providing rearrangement products. At low temnerature. using the Et2B/0On nrocedure
$ piace, provicing nge pPr l low temperature, using the Di3B/U2 procegure,

satisfactory yields of cyclohexanol 2 and cyclopentanol 11 are obtained.
© 1998 Elsevier Science Ltd. All rights reserved.

Aldehydes have mainly been used in radical chemistry as stannyl radical acceptors, to form O-stannyl
radical ketyl intermediates that can be reduced! to afford alcohols. These intermediates can also be trapped in an
intramolecular fashion to form various cyclic compounds,? and are good triggers for tandem reactions, as
illustrated by the elegant work of Enholm.3 Though Fraser-Reid and Tsang* have demonstrated that aldehydes
are excellent carbon-centered radical acceptors to form cyclohexanols, and in a lesser extent cyclopentanols,’ this

reaction has still not met its potcntlal success. As pomted out by Curran® : "The problem here is that radical

We wanted to investigate the behavior of vinyl radicals towards aldehydes to form a-methylene
cycloalkanols. This would represent a radical alternative to the now well-established Nozaki-Kishi coupling of
vinyl halides with aldehydes.8 Furthermore, we could utilize the resulting alkoxy radicals? in cascade reactions to

form oxygenated heteropolycycles. At the inception of this proiect, a few reports described the reaction of vinyl

icals toward ketones in cvclic serieg
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the study of 51mpler system has remained elusive. Thus, we initially focused o ldehyde 1 (Scheme 1), readlly
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try, in order

available through malonate chemist reported high performance of aldehydes in

6-exo-trig cyclizations.3
IE)%E 1.3 eq. BugSnH >< E'«%
cat. AIBN, [e) % 2%
PhH, A '/y
A N0 ——— /\I/’

g Br - -

isolated
Entry  1,E=CO,Me 2 OH 3 4 5 §/ield %)
1 0.02M siow addition, 0 18 28 19
2.10* mol.h"!
2 0.02 M t=2h 9 21 26 13
39 17M t=2h 17 32 0 0

a : in addition, the reduced vinyi radicai product, aidehyde 13 is obtained in 2
1
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Heating a mixture of aldehyde 1 and Bu3SnH (1.3 equiv.) for 2 hours (Scheme 1, entry 2) afforded a
mixture of 4 mrndiinte whaca divarcity af funstinnalitisc allawad a canaratinn hu calivmn chramatn rar\hv Rased
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the formation of aldehydes 4 and
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on deuterium labelling with Bu3SnD, we could propose a radical mechanism fo
§ (Scheme 2). After an initial 6-exo-trig cyclization of the vinyi radical to the aldehyde, generating alkoxy radical
7, a B-scission reaction takes place to form enal intermediate 8. A 6-endo-trig ring closure, based on a favorable
Michael addition of the nucleophilic methylene radical, affords cyclohexylaldehyde 4. As a minor pathway from
8, a tandem 5-exo-trig, 3-exo-trig to form bicyclic alkoxy radical 9, followed by a B-scission would also give
aldehyde 5. Moreover, we could determine that lactone 3, was formed through a polar process, and probably not
through a radical reaction.!! Indeed, when heated in refluxing benzene, in presence of BuzSnCl,12 alcohol 213

was cleanly converted to lactone 3.

Wa than fannd that the nroaduct dictrihntinn wac hioghly danandant an tha ctannana ~rancentratinn in tha
We then found that the ProGuli GisdivuuOn was flgiliy GCPCHGCii Ol ull Stdliflaic CONcentranuon i uid

el e sam oh concentrations (Scheme 1. entry 3). onlv alcohol 2 and derived lactone 3 are observe
reacuon mCUIUIIl A llg 1 CONCCII At (oLlvIie 1, €ty J), Uy alLONVLI &4 4l Uclily CU ldLlOIlC J dare ODbCTVCO
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whereas low stannane concentrations aillow the f-scission pathway and favor the formation of rearrangement
products 4 and 5. This observation is consistent with the fact that all products derive!4 from alkoxy radical 7, and
that the reaction of aldehyde 1 with Bu3SnH, woud be completely chemoselective in favor of the 6-exo-trig
cyclization of the vinyl radical to the aldehyde. No 1,5-H transfer!5 or 1,6-H transfer5 is observed.

l_ E .E -I r E\ /E -! E\/E E,”
BugSn I ')% I 8-exo-trig I A l BugSnH /\ BugSnBr ©
. U A |~——>,,/)\T) — A2
CL Y R o ,
) - | B-scission ° ;
\
E E E E E_ E
O e | P || S Z]I pusin {7
Rt 3-exo-trig scission
S s |2 ) | 1< | susmy (D
D L O | L \ _I \=o0
4 8 5

Scheme 2
Encouraged by this finding, we then turned to aldehyde 10,!6 for which a 5-exo-trig cyclization of the vinyl
radical was expected. Once again, the product distribution (Scheme 3) was highly dependent on the tin hydride
concentration. However, global isolated yields in this series were rather low and some minor compounds could
also be formed.

EE 13eq BugsnH(D)  EE E_E
cat. AIBN,
PhH, A
P Ng — ( +
Br SN\=0
4 OH B \= (isolated
Entry 10, E = CO,Me 1 12 yield %)
slow addition,
1 0.02M DpHOw— 21 23
2 0.02M t=2h 49 0
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n slow stannane addition conditions,

azs SAWY SRGEiliGaay fess

radical and a final unusual 5-endo-trig cylization!7 would take place. At higher concentration of tin hydride,
however, only cyclopentanol 1118 is isolated, thus confirming our previous findings.

Then, aiming at optimizing this reaction, we focused on low temperature conditions, using the Et3B/02
system as an initiator.!? Although, Et3B can be theoretically used only in a catalytical amount, as AIBN, we
found the reaction highly sensitive to the amount that was used. Thus, this amount has to be increased to 10
equivalents to observe the disappearance of the aldehyde 13 (Scheme 4, entries 1 and 3), suggesting that Et3B

e role of a Lewis acid. The TLCs of the crude products of entries 3 and 5 showed only one

RAAMITN o0 Pl ntn #32m wmanidizac ahearatagranheg affaedad fn hoth nnoae g maiwtizee ~F tiirm mondiiats o alaab 1.9
VICUI ) LU CIHIIIAC UL ITSIUUGS, CilTuiiialLgiaplly dllViucy il DUUL LadTS d HHHALULIC O WO PpIroaucts . diCONnoNs 4
L3 4 . 2 . e Lo el 3t Lo Ll u A SANTAAC \‘\T‘I'.J—_ 1N 1 1 FLNTR £ A ARTTY L
andg 11, conaminatcd Dy e almeric boroi aucts 1> (L Livld, Ivil 47 =014) and 14 (L1, MINRH4"' =

484). Brown?0 has reported the affinity of alkoxy radicals towards trialkylboron derivatives. In our case, the
Et3B boron appears as a radical quencher of the intermediate alkoxy radicals, and would prevent the B-scission
pathway. A simple aqueous treatment is sufficient to cleave these boronic esters, and pure alcohols 2 and 11 can
be obtained in satisfactory yields (entries 4 and 6).

EE E E E E B E B
1.3 eq. BuzSnH
L e R e L e e
SN AY
ZAT f \OH Z \|| Owpg-0
e o v @ 13 0 14, n=1 k (isolated
Entry precursor conditions® o 15, n=2 ~ yield %)
1 1 A 2,50 13 0
2 1 B 2, 51 13 0
3 1 C 2,16 (4] 15, 24
4 i D 2,79 0 0
5 10 Cc 11,34 ) 14,18
6 10 D 11, 64 N 0

a: The precursor 1 or 10 (0.02 M in toluene) is treated with BuzSnH, in conditions A (Et3B, 1 eq. at 0°C), in conditions B
(Et3B, 4eq. at T = -78° to O° C), conditions C (Etg8, 10 eq. at T = -78° to O° C), or conditions D (Et3B,10 eq. at T =-78°to O° C,

aa

foliowed by an aqueous work-up). The crude product is then treated with K in MeOH, and purified by fiash chromatography.

Scheme 4

In conclusion, the reaction of aldehydes 1 and 10 has proven to be totally chemoselective in favor of the 6-
exo-trig and S-exo-trig cyclization processes. In thermal conditions, the resulting alkoxy radicals fragment to
afford various rearrangement products. Using low temperature conditions, based on the Et3B/O2 system, appears
as a method of choice to trap the intermediate alkoxy radicals and this results in an efficient synthesis of o.-
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methylene cyclopentanols and cyclohexanols. Further work is now in progress, focusing on chiral boron

derivatives, in order to develop an asymmetric version of this cyclization.

The authors thank Dr. J. J. Barieux of Elf Atochem and the Elf Atochem company for their financial

support.
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57.87, H, 7.15.
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