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Diquinanes
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The disfavored nature of theésido-trigring closure in radical
cyclizations is a matter of general agreemehand pent-4-
enyl radicals are well-known not to undergo such a progéess.

More recently, few heteroatomic exceptions to these guidelines

have been reportetd; 9 and to the best of our knowledge only
one example is known for the construction of carbocycles
derivatives which involves an acyl radical in the ring enlarge-
ment of cyclobutenone. Here, we describe a useful synthetic
cascade involving a Bxo-dig cyclization, a 1,5+-endg-
hydrogen transfet,and finally an unusual ®&ndo-trig ring

closure which represents a new valuable stereoselective synthesis

of highly functionalized cyclopentanes and diquinanes.
Radical-induced intramolecular 1,5-hydrogen transfers are
known to be dependent upon the-8 bond dissociation enerfyy
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2 (i) (1) BusSnH(D)/TMSSIH, (2) MeLi, X = SiMes; H,0z, X =

and are generally observed in cases where adjacent stabilizing®H-

groups are presefhtBesides considering these thermodynamic
factors, the proximity of the reacting centers and the transition

generated vinyl radical and a nonactivatedk€ bond. This

state geometry may also be taken into account for thesewas contrary to the expected hydrogen transfer with the acetal

processes, as demonstrated byahenitio studies of Houk of
the reaction of Barton and HeusferWhile developing new
synthetic applications of the (bromomethyl)dimethylsilyl pro-

C—H activated bond® Interestingly, the vinyl radical inter-
mediateE-2ais stable enough to equilibrate to the less sterically
hinderedZ-2a conformatiod! (Scheme 1) without undergoing

pargyl ethers in radical cyclizations, we discovered a remarkable any intermolecular hydrogen abstractinThe bulky allylic

chemoselective 1,5-hydrogen transfer between the initially
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quaternary center hinders the incoming hydrogen donor and the
acetal function. Experiments with BenD! showed no deu-
terium incorporation, confirming that the reduction of the vinyl
radical Z-2a was the result of a total 1,5¢endg-hydrogen
transfer taking place on the proximal isopropyl group. The
resulting pent-4-enyl radic8a cyclized by a disfavored Bndo-

trig process to afford a cyclopentane deriva®an 74% yield.

A minor competing pathway was the reduction3afto yield
15% of the olefinic compoundda (Scheme 2, Table 1).
However, the diastereoselectivity of this sequence allotiied
formation of four contiguous stereogenic centefi$e product
was obtained as a single diastereomer within the limit-bf
and 3C NMR analyses. The remarkable stereoselectivity
observed is consistent with a totally diastereoselective 1,5-
hydrogen shift between the vinyl radical2a and the isopropyl
group via the more reactive and less sterically hindered
conformer. The structure and stereochemistrgtoivere fully
established by an X-ray analysfs.

In order to determine whether the chemoselective 1,5-
hydrogen transfer was the result of steric hindrance between
the hydrogen donor (B$nH/TMSSiH) and the diisopropyl
group, the cyclization oflc bearing atert-butyl group was
studied next® In this case, no vinyl produetc was detected.
The expected compourfit was isolated, but the formation of
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Table 1.
R R? (R3, RY Y X olefins 4:6% 5-endo-trig9?
a i-Pr i-Pr (H, CHy) (CH,)sCH(OCH), MesSi 15 74
b i-Pr i-Pr (H, CHy) CH,OCPh OH 13: — 63
c i-Pr i-Pr (H, CH) t-Bu MesSi 8g
d i-Pr i-Pr (H, CH) MesSi MesSi 17: - 69
e i-Pr i-Pr (H, CHy) H MesSi 2C 55
f Et Et (H, H) t-Bu MesSi 19:39 21
g H t-Bu (CHs, CHy) t-Bu MesSi 22:51 14
h H t-Bu (CHs, CHy) t-Bu OH 23: —d 15
i PhCH, i-Pr (H, CH) t-Bu MesSi 7 — 7
j CH3(CH,),C(CHs) CH,OCPh MesSi 45

2 Percent isolated yield.See Table 2¢ The olefinic compound resulted from an initialefdedig cyclization.? No aldehyde was isolated.
e Two diastereomers were isolated in a 95/5 ratio.

Table 2. 4-enyl radical was able to undergo three competitive path-
H-donor AIBN yield ways: bimolecular reduction affordindf in 19% yield, Sendo-
(1.3 equiv) (equiv) 9c10c (%) trig cyclization leading to the cyclopentane deriva®fen 21%

: yield, and finally 1,5-hydrogen transfer yielding 39% of the vinyl

% {B-,'(,lbggi'H 8_'2 fé;é? gg silane6f. Experiments with BgSnD confirmed thaéf was the

3 TMS;SiH 05 12:88 44 result of a 1,5-hydrogen transfer from the pent-4-enyl radical
4 TMS;SiH 0.7 10:90 55 to the heterocycle moiety. The resultifiesilyl radical® could

5 TMS;SiH 0.9 10:90 65 exist in two canonical forms, which upon rearrangement
6 TMS;SiH 1.6 10:90 95 provided the more stable double bond. CompotgdR! =

H, R? = tert-butyl) displayed similar results, under identical
conditions, olefinic compoundg being isolated in 22% yield.
Furthermore, the rate of &rdo-trigclosure decreased in favor

of the resulting in the double 1,5-hydrogen sh&fiy6g: 14%/
51%). This double 1,5-hydrogen transfer represents a direct
The Measure of the efficiency of the éndo-trig cyclization. The
increasing steric bulk of the substituents enhances the ability
of the pent-4-enyl radical to undergoebdo-trig cyclization,

2 |solated yield.

the (silylmethylidene)cyclopentan&Oc was also observed.
Alternatively, employing the bulky tris(trimethylsilyl)silane
(TMS3SiH) as the radical mediataotally reversedthe 9¢/10c
ratio and resulted in a breakdown in the chain transfer.

yields of9c and10cwere found to be dependent on the quantity
of AIBN used and could be increased by utilizing larger ; :
guantities of initiator (Table 2%¢ When thetert-butyl group conﬁlstent V(;”th the TT}orpeIngoId effect?l si h

was replaced by a TMS group, the above process was no longer The 5endo-trig pathway appears to be general since the

: : unsymmetrical propargy! ethdi readily cyclizes to give the
%?zfr:l\/:é}:ét;ht% lgggfrr,ﬁi:qgg% g&?r\:\éeg]éhgyﬁggggfgéghe 5-endo-trigadductOi with 90% diastereoselectivity (72% yield).

be isolated in 69% yield. In an effort to define the influence ;I;ihe greonc?ersi[m;h%r:ﬁ doZﬁgxet?weStzr?\?ﬁglseigtlg:‘tym%fr;hzgg;)rate
of the Y substituent, we studied the cyclization of the mono- g proce . y - ; .
substituted alkynele Interestingly, the presence of the parbocycllc system%provwlled an appropriate rqd|cal terminator
diisopropy! group was sufficient to prevent the reduction of the is located as the Rsubstituent to trap theg-silyl radical

nonhindered vinyl radical, thereby promoting theisdo-trig intermediate7. - Finally, the goal of synthesizing polycyclic
radical cyclization to afford9e in 55% vyield. This result molecules has already been achieved by employing a cyclic

. . : recursor. Thus, the cyclization of etligiformed the diquinane
appeared to be in good agreement with the important role of P i . . i
the transition state geomettyIn addition, the olefinic com- framework 9j in 45% yield in a single step with the stereo

poundllwas isolated in 20% yield presumably originating from selective formation of four stereogenic centers.

an initial 6-endo-dig radical cyclization, an unprecedented calsncggg?::/sc’)llc\)/?r; V\gen Eﬁ\(gu(gsglolgiﬂ ?ag?g:u efrfc'ﬁ:'ggg oréeu-fot
process in all our previous studits. 9 9 P :

| d isely def h ¢ . h preliminary studies suggest that this sequence is a versatile
n order to precisely define the parameters favoring the o inetic tool enabling the efficient formation of functionalized
5-endo-trig radical sequence, the behavior of less sterically

hindered ¢ ined. Th tioff of carbocycles. Further investigations are under way in our
Indered precursors was next examined. e reactior o laboratory using various pent-4-enyl radicals in order to define

bearing agemdiethyl group indicated this substitution was o scope of this sequence

sufficient to allow the exclusive formation of intermedi&@g ’
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