lodine transfer cyclization mediated by DIBAL-H/THF
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The combination of DIBAL-H/THF in a 1:1 ratio offers a
unique and useful protocol for iodine transfer cyclization via
a radical pathway; different iodo acetals are employed to
obtain the corresonding tetrahydrofuran derivatives in good
to excellent yield.

The trialkyltin hydride mediated cyclization of hex-5-enyl and
hex-5-ynyl halides (and related radical precursors) is one of the
most powerful tools at the disposal of the synthetic chemist for
the formation of carbocycles and heterocycles.r However, one
of the inherent limitations of these tin hydride reagents is the
formation of a carbon-hydrogen bond at the end of the
seguence. Reagents that mediate the non-reductive2 cyclization
have been the focus of recent research and in this endeavour the
photolytic ditin method has emerged as a remarkable general
procedure due to its unique ability to promote atom transfer
cyclizations3 (or isomerizations)4 in a non-reductive manner.
Herein, we report our preliminary results in this area and
specificaly the use of DIBAL-H-THF (in a 1:1 ratio) as a
reagent for iodine transfer cyclization.

During the course of a study aimed at the hydrometallation
and carbometall ation reactions of functionalized substrates,> we
wanted to prepare a vinylaluminium derivatives in the presence
of a sensitive acetal moiety and an sp3 carbon—iodine bond.
Earlier studies of Yamamoto et al.” revealed that DIBAL-H
cleaves acetals regio- and stereo-selectively to the correspond-
ing al cohols dueto the complexation of one of the oxygen atoms
of the acetal with the oxyphilic organoaluminium compound.8
In order to overcome this cleavage it was necessary to decrease
the Lewis acidity of the aluminium reagent. Accordingly, we
felt that addition of 1 equiv. of THF per equiv. of DIBAL-H, as
used by Zweifel for the hydroalumination reaction of propar-
gylic THP ethers,® should prevent acetal cleavage. However,
when we performed the reaction as per our plan, the chemical
outcome was totaly different and instead of the hydro-
alumination reaction, we observed an unexpected iodine
transfer cyclization under mild conditions and in good overall
yield, as described in Table 1.

Although radical processes are known in aluminium chem-
istry,10 this type of iodine transfer cyclization!! mediated by
DIBAL-H has no precedent.12 As expected for such isomeriza-
tions, we obtained two isomers for the vinyl iodides 1, 2, 3 and

Table 1 lodine transfer cyclization

5inal:1ratio; no trace of the B-fragmentation of the starting
material into the propargylic a cohol or enol ether was observed.
This behavior is characteristic of the generation of a radical
since an organometallic is known to $-eliminatel3 faster than
the carbocyclization reaction across a triple bond.14 Moreover,
when the reaction is performed in the presence of 40 mol% of
Galvinoxyl or TEMPO, no iodine transfer is observed and only
the starting material is recovered. The vinyl iodide 1 was also
obtained in the same ratio and yield by isomerization following
the photolytic ditin procedure.3 It is interesting to note that
variation of the concentration decreasestheyield of 1, and more
specificaly by changing the amount of THF with respect to
DIBAL-H as described in Table 2.

The best result for cyclization was obtained using a
stoichiometric ratio of DIBAL-H/THF (entries 1 and 5). In all
examined cases, very little radical attack on the solvent is
observed (lessthan 3%). Severa other aluminium reagentswere
tested and we found that the dialkylal uminium hydrides was the
best reagents for thisisomerization (DIBAL-H, 80%), followed
by trialkylaluminium derivatives (MesAl, 65%), alanate deriva-
tivest> [sodium bis(2-methoxyethoxy)aluminium hydride,
known as Red-Al, 40%], diakylaluminium halides (Et,AlICI,
16%), and methylaluminoxane [Al(CH3)O], in only 7% yield;
no isomerization was observed with activated al uminium oxide.
Although the combination DIBAL-H/THF can be replaced by
DIBAL-H/THP without any change in this overall isomeriza-
tion, EtsN as co-additive (instead of THF) did not lead to agood
yield (26%).

Disubstituted alkynes (Table 1, entries 2 and 3) do undergo
similar isomerization to provide both vinylic isomersof 2 and 3
in1:1ratio,whereas asecondary alkyl iodide (entry 4) givesthe
cyclic product as the cis isomer with a Z: E ratio of 13:1 in
excellent yield.

Although it is tempting to speculate that the auminium
complex behavesin asimilar fashion to BEt; in the presence of
oxygen,16 when we repeated the reaction in entry 1 (Table 1)
either in atotally degassed THF and hexane solution or in the
dark, we did not observe any change in the chemical outcome of
this cyclization. Interestingly, during the formation of 4,
addition of benzaldehyde after the completion of the reaction
yielded benzyl alcohol quantitatively, which emphasized the
presence of the hydride in the reaction mixture even after the
normal course of reaction.

To substantiate the generality of this newly found strategy,
we examined the similar treatment of a substrate which did not

1
f have an acetal moiety. We were pleased to find that 1-iodohex-
| | | R° DBALHIL ?gtéivgijln)hexane I 5-yne(entry 5, Table 1) produced the cyclic isomer as expected.
I i When the akyne is dlightly activated as 6-iodo-1-trimethyl-
hi
X Rz room t:gﬁ?eerature
Table 2 Variation of the DIBAL-H: THF ratio for the formation of 1

Entries R X R2 Re Entries  DIBAL-H:THF  Yield (%)
1 H e} OBu H 1 80 1 1:1 80
2 Me O OBu H 2 60 2 1:2 50
3 EE O OBu H 3 60 3 1:5 42
4 H (e} OCH,CH,CH, 4 90 4 2:1 0
5 H CH, H H 5 60 5 3:3 94
a

Isolated yields after hydrolysis.

a |solated yields after hydrolysis.
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silylhex-1-yne, the classical hydroalumination reaction occurs
to give the vinyl silane after hydrolysis.

In conclusion, the use of the combination DIBAL-H/THF
provides a new and efficient method for iodine transfer
cyclization for the formation of five-membered rings.1” Syn-
thetic applications of the present methodol ogy8 and investiga-
tions to understand the mechanistic rationale of the reaction are
now in progress in our laboratory.

I. M. is the Holder of the Lawrence G. Horowitz Career
Development Chair, is a Yga Alon fellow and Evelyn and
Salman Grand Academic Lectureship-USA. This research was
supported in part by The Israel Science Foundation founded by
The Academy of Sciences and Humanities (No. 060-471) and
by the fund for the promotion of research at the Technion.
Acknowledgment is also made to the donors of The Petroleum
Research Fund, administered by the ACS, for partial support of
this research (PRF#33747-AC1). We thank aso P. and E.
Nathan Research Fund, N. Haar and R. Zinn Research Fund.

Notes and references

1 D. P. Curran, Synthesis, 1988, 417; B. Giese, Radicals in Organic
Synthesis: Formation of Carbon—Carbon Bonds, Pergamon, Oxford,
1986; D. J. Hart, Science, 1984, 223, 883.

2 D. P. Curran, E. Eichenberg, M. Collis, M. G. Roepel and G. Thoma,
J. Am. Chem. Soc., 1994, 116, 4279; J. E. Forbes, R. N. Saicicand S. Z.
Zard, Tetrahedron, 1999, 55, 3791; J.-P. Vionnet, K. Schenik and P.
Renaud, Helv. Chim. Acta, 1993, 76, 2490; P. Dako, Tetrahedron,
1995, 51, 7579; W. A. Nugent and T. V. RgjanBabu, J. Am. Chem. Soc.,
1998, 110, 8561; G. A. Molander and L. S. Harring, J. Org. Chem.,
1990, 55, 6171.

3 D. P. Curran, M. H. Chen and D. Kim, J. Am. Chem. Soc., 1986, 108,
2489; D. P. Curran, M. H. Chen and D. Kim, J. Am. Chem. Soc., 1989,
111, 6265; Y. Ichinose, S. |I. Matsunaga, K. Fugami, K. Oshimaand K.
Utimoto, Tetrahedron Lett., 1989, 30, 3155.

4 J. Igbal, B. Bhatia and N. K. Nayar, Chem. Rev., 1994, 94, 519.

5 I. Marek, J. Chem. Soc., Perkin Trans. 1, 1999, 535; |. Marek and J. F.
Normant, Carbometallation Reactions, Cross Coupling Reactions, ed.
P. J. Stang and F. Diederich, Wiley-VCH, Weinheim, 1998, p. 271.

6 G. Zweifel, Org. React., 1984, 32, 375.

2376 Chem. Commun., 1999, 2375-2376

7 A.Mori, K. Ishiharg, I. Arai and H. Y amamoto, Tetrahedron, 1987, 43,
755; K. Maruoka and H. Yamamoto, Angew. Chem., Int. Ed. Engl.,
1985, 24, 668.

8 S. E. Denmark and T. M. Willson, J. Am. Chem. Soc., 1989, 111,
3475.

9 H. P. On, W. Lewis and G. Zweifel, Synthesis, 1981, 999.

10 K. Ziegler, F. Krupp and K. Zosel, Angew. Chem., 1965, 67, 425; J. J.
Eisch and J. L. Considine, J. Am. Chem. Soc., 1968, 90, 6257.

11 Radical cyclizations mediated by organometalic derivatives were
described in the literature but without any iodine transfer. H.
Stadtmuller, A. Vaupel, C. E. Tucker, T. Studemann and P. Knochel,
Chem. Eur. J., 1996, 2, 1204; J. Tang, H. Shinokubo and K. Oshima,
Synlett, 1998, 1075; Y. Hayashi, H. Shinokubo and K. Oshima,
Tetrahedron Lett., 1998, 39, 63; F. Villar and P. Renaud, Tetrahedron
Lett., 1998, 39, 8655.

12 Palladium(o) promoted cyclizations of «-iodo carbonyl compounds also
by an atom transfer mechanism: D. P. Curran and C. T. Chang,
Tetrahedron Lett., 1990, 31, 933.

13 W. F. Bailey and M. W. Carson, J. Org. Chem., 1998, 63, 361.

14 Moreover, the intramolecular addition of an organometallic across a
triple bond is known to be a syn process. See ref. 5.

15 With Red-Al, the cyclic and linear reduced products are observed in 22
and 29% respectively.

16 C. Ollivier and P. Renaud, Chem. Eur. J., 1999, 5, 1468; D. P. Curran
and J. Nanni, Tetrahedron: Asymmetry, 1996, 7, 2417.

17 Experimental procedure for 4 (it is important to follow the order of
addition of substrates for these experiments): Into a dry, argon-flushed
flask kept under a static pressure of argon is placed a 1.0 molar solution
of DIBAL-H (1.76 ml, 1.76 mmol) in hexane. To the cooled solution
(0 °C) is added sequentially THF (127 mg, 1.76 mmol) and the iodide
(467 mg, 1.76 mmol) in hexane (1 ml). The solutionisstirred at 0 °C for
15 min and then alowed to attain room temperature and stirred
overnight. The reaction mixture was then quenched with 1 M HCl,
extracted with Et,O and washed several times with water, dried
(MgSQ,4) and then the solvent was evaporated to provide the crude
product. After purification by chromatography on silica gel (10%
EtOAc in hexanes), 421 mg (90%) of the title compound was
obtained.

18 All our attemptsto form the six-membered ring aswell asto promotethe
isomerization across a double bond failed.

Communication 9/06952F



