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Annulated arene heterocycles and carbocycles can be conve-Table 1. Synthesis of Spirotrienones by the Reaction of
niently prepared by the electrophilic cyclization of arenes bearing ArYlalkynes and Halogen Electrophiles

heteroatom- or carbon-tethered olefins, rgspecti’vblgwever, only entry arylalkyne®  E* cond® M Lioduct % yield
a few examples of the analogous chemistry of alkynes have been (min) .
reported, although this would appear to be a very efficient route to T'\N\R '

T R

a wide range of useful, functionally substituted heterocycles and
carbocycle&. All previously reported reactions of this type have
employedortho-substituted arenes. We wish to report a very useful R E

route to spiro[4.5]trienones via intramolecuipso-halocyclization 1 Ph 1 ICl A 30 I 3 88
i . i _arvl-1- 2 Ph L B 120 I 90
of S|mple methoxy-substituted 4_ar>_/l 1 alkyr_wes. _ 3 by B B o Br 4 9
During our study of the cyclization of simpld-propargylic 4  p-MeOCH; 5 ICI A 10 I 6 84
anilines to quinolined? we had occasion to examine the reaction 5 p-AcCHs 7 ICI A 30 I 8 89
f N-(4-methoxyphenylN-(3-phenyl-2-propyn-1-y)triflami 6 n-Bu 9 IC1 A 10 I 1075
ot ( e_t oxyphe yIN-(3-phe yo propyn-1-yht ar det) 7 SiMe; 1 Il A 30 [ 12 58°
with 2 equiv of ICl in CHCI, at —78 °C for 0.5 h (Conditions A). Me Mo |
To our surprise, the 1-azaspirotriendheas produced exclusively TN S a
in an 88% yield and none of the expected dihydroquinofineas 8 © 13 1IC1 A 10 14 83
observed (eq 1 and Table 1, entry®This is a rare example of an I I
iodonium ion-induced intramoleculgrso-cyclization of an alkyne )Ok 0
onto an arene under extremely mild reaction conditio8sce the Me N\Ph e . .
spiro[4.5]decane skeleton is a key structural feature presentina  ° © Is 1 A 10 16 66
number of interesting natural produétthis process represents a e )
powerful new tool for the synthesis of such compounds, which may 3 o
be difficult to prepare by any other present methatle therefore NN, Me” N Spp,
chose to study this cyclization in more detail. 10 17 IC1 A 30 16 61
Me™ “Me o
T Tf\ o o
N/\
Ph 2 ICI, CHCl, oh TN S, on
o + 11 18 L B 10 19 98
OMe OMe MeO . o I
(0%)

o
1 (88 %)
o, OKPH o\ on
12 20 L B 60 21 100
When the cyclization ol was performed at room temperature,
o]

the spirotrienon® was obtained in only a 46% yield together with

a 48% yield of2. This suggests thgtso-cyclization is a kinetically ””f\ ne
favored process. The correspondiNgacetyl derivativel5 also 13 Ph22 I, B 720 23 84
cyclized efficiently at—78 °C to produce spiroamide6 in a 66% ©

yield (Table 1, entry 9). However, analogous anilines with the acetyl g

group replaced by a hydrogen or methyl group failed to generate N, E
the correspondingpso-cyclization products. In these two cases, 14 24 IC1 C 10 25 93
the presence of electron-releasing groups on the nitrogen facilitated MeO I

electrophilic aromatic substitutiasrtho to the nitrogen to produce 15 Br, C 10 Br 26 98
the corresponding quinolinés.

ICI proved to be an efficient electrophile for this and a number
of related spirocyclizations, as indicated in Table 1 (entries 1 and  2All reactions were run on a 0.3 mmol scaSee the text and
4—8). The reaction accommodates various substituents at the remoteSUpporg'lg Informat_lonlfor Co?dglonsAC. ¢ T.h“ée equivalents of ICl was
end of the triple bond of thi-triflanilide. Electron-rich or electron- required.% Four equivalents of ICl was required.
poor aryl- and alkyl-substituted alkynes (entries6} are readily although 3 equiv of ICI was required to get a good yield (entry
accommodated, producing the expected spirocyclic products in good7).” The presence of an olefin on the end of the triple bond presented
yields. The presence of a sterically hindered silyl group presents no difficulties (entry 8). We were also pleased to see that the

no difficulty, and the reaction proceeds without desilylation, p-methoxy group in acetanilidel5 could be replaced by a
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p-dimethylamino group, and spirotrienori® was obtained in a
comparable yield after acid hydrolysis (entry 10).

I, has also successfully been employed in this process as an

electrophile. Wheril was initially treated with 2 equiv of,lin
MeCN at room temperature, dihydroquinoli@genvas obtained in
an 80% yield without any formation of spirotrienoBenterestingly,
by simply adding 2 equiv of NaHC{{Conditions B), spirotrienone
3 can be formed in a 90% yield in 2 h, although a longer reaction
time was required than when ICI was employed (entry 2). It is
noteworthy that, by this minor modification in the reaction
conditions, we can switch thipsdortho cyclizations “on” or “off”
at will. Bromo-substituted spirotrienorfewas also obtained in an
excellent yield under similapsoreaction conditions when Bwas
employed as the electrophile (entry 3).

The synthetic utility of this process would be greatly increased
if we could vary the nature of the substitution between the alkyne

and the arene. We have, in fact, been able to replace the nitrogen

moiety by a ketone, ester, or amide moiety and still obtain excellent
yields using reaction Conditions B (entries-113). The reaction
with a ketone linkage is substantially faster than that with the
corresponding amide (10 min versus 12 h). With an ethane linkage,
careful optimization of the reaction conditions indicated that the

reaction temperature, the base, and the presence of a protic solvent

are all crucial for the success of the reaction. Thus, when 4-(4-
methoxyphenyl)-1-phenyl-1-butyne was treated with 5 equiv of
electrophile and 2 equiv of NaOMe in a mixed solvent system of
3:4 CHCI,/MeOH at —78 °C (Conditions C), iodo- 45) and
bromotrienone Z6) were obtained in almost quantitative yields.

These halogen-promoted aromatic cyclizations not only quickly
construct a complex, highly functionalized carbon skeleton but also
provide a very useful handle for further structural manipulation.
For example, the iodospirotrienoBgroduced by this strategy can
be employed in palladium-catalyzed reactions, such as the car-
boannulation of alkyne%to quickly achieve additional molecular
complexity (eq 2).

o]

2 Ph
'f 5%Pd(OAc), Pd(OAc)z

O W,
\ 2 NaOAc 3 n-BuyNClI
DMF, 100 °C, 12 h

5 46% PH 57 Ph

)

A tentative mechanistic interpretation to explain the formation
of the spirotrienone might reasonably assume an initial interaction
of electrophilic iodine with the alkyne residue to give the iodonium
intermediatéA (Scheme 1)A can then undergo intramoleculpso

attack on the electron-rich aromatic ring to form intermedite
The methyl group oB is removed via nucleophilic displacement
by the X~, HCO;~ (Conditions B), or MeO (Conditions C) present
in the reaction mixture.

In summary, a simple, very versatile new approach to a wide
variety of 3-halospirotrienones bearing a spiro[4.5]decane ring
system has been developed. The reaction proceeds under very mild
conditions and tolerates considerable functionality. A systematic
study of the reaction has revealed that different “optimal” reaction
conditions are required for different substrates and electrophiles.
Further work to better understand the effect of the base and the
solvent on the reaction path and utilization of these spirotrienones
as pivotal intermediates in the preparation of biologically active
compounds is presently underway.
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