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The Wolff—Kishner reduction, in which a carbonyl function is

converted to the corresponding methylene upon exposure to

hydrazine and strong base, is arguably the most well-known
hydrazone-based transformatibihis reaction involves the forma-
tion of carbonr-hydrogen bonds, while other hydrazone transforma-
tions, such as hydrazone-based alkylatiafford carbor-carbon
bond formationN-Sulfonylhydrazones have been utilized for both
carbon-hydrogel and carbor-carbort bond formation. A less
familiar reaction is the thermal [3,3] sigmatropic rearrangement of
N-allylhydrazones, which was reported by Stevens in 1973 (éq 1).
As part of a research program aimed at exploiting the synthetic
potential of N-allylhydrazones, we prepared a number of Boc-
protected hydrazones (i.8), and now report a new Cu(ll) chloride-
promoted tandem carbertarbon and carbonchlorine bond
forming reaction (eq 2).

Stevens (1973):
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Our initial goal was to determine the effect that placing an
electron-withdrawing substituent on the allyl-bearing nitrogen atom

would have on the barrier to the thermal rearrangement of these

hydrazones. Therefore, we prepared hydraz&ndy simple
condensation between 2-napthaldehyde and the corresponding
hydrazide, prepared according to the procedure described by Jamart-

Table 1. Optimization of CuCl,-Promoted Rearrangement

I?oc
.N
'\[l J\ conditions? Ol Me
P —_—
SO, 0
SO :
entry solvent temp (°C) CuCl; (equiv) time (h) conversion (%)°
1 toluene 110 0 24 0
2 toluene 23 1.0 24 0
3 THF 23 1.0 24 0
4 MeOH 23 1.0 24 0
5 DCM 23 1.0 24 25
6 MeCN 23 1.0 24 28
7 MeCN 23 4.0 16 100
8 MeCN 82 4.0 0.3 100

awith 0.5 mmol5. P Determined byH NMR spectroscopy: Conducted
in the presence of 1.0 equiv of diisopropylethylamine.

Table 2. Substrate Scope of CuCl,-Promoted Rearrangement?

IIBOC
.N CuCl, (4 equiv
N i-PrgEtzN( a gquizl) Cl Me
A
R 5 Me MeCN, reflux, 20 min R 6
entry R yield 6 (%)°
1 2-naphthyl $a) 73 (63)
2 1-naphthyl §b) 55 (6b)
3 4-F-Ph 60 72 60
4 4-C-Ph (d) 58 (6d)
5 4-Br—Ph e 62 (6€)
6 3-Cl-Ph 6f) 50 (6f)
7 2-C-Ph 6g) 26 (60)
8 3,4-diCI-Ph bh) 44 (6h)
9 Ph 6i) 56 (6i)
10 4-Me—-Ph &) 48 6))
11 3-Me-Ph 6k) 45 (6k)
12 2-Me—Ph (l) 44 (6l)
13 3-OMe-Ph Gm) 47 (6m)

Gréegoire and worker§.Heating of5 in toluene at reflux afforded
no reaction (Table 1, entry 1), and while elevating the temperature
may have resulted in some rearrangement we elected to explore

awith 1 mmol 5. P Isolated yield after chromatography.

Heating the mixture to reflux decreased the reaction time to 20

the use of Lewis acids. In particular, we reasoned that azaphilic min, but gave more complex mixtures. Because loss of the Boc-
copper salts would be effective. However, under the assumed LeWngroup presumably forms isobutene and an equivalent of acid, we

acidic conditions we did not expect loss of the Boc group or nitrogen
extrusion to occur, and therefore treatedith one equivalent of

surveyed a number of amine additives, and found the addition of
one equivalent of diisopropylethylamine was effective at suppress-

CuCl to ensure that turnover would not be an issue (Table 1, entriesing undesired byproducts (Table 1, entry 8). With optimized
2—6).” To our surprise, the reactions conducted in dichloromethane conditions developed (4 equiv of CuClL equiv ofi-PLEIN in

and acetonitrile afforded the unexpected prodiet approximately
25% conversion after 24 h at room temperafuBnth a carbor
carbon bond and a carbechlorine bond are formed in this
previously unknown rearrangemeérthe use of four equivalents
of CuCk in acetonitrile provided with complete consumption of
all starting material after 16 h (Table 1, entry 7).

1148 = J. AM. CHEM. SOC. 2008, 130, 1148—1149

acetonitrile at reflux for 20 min), we next examined the scope of
this new transformation (Table 2).

Chloride 6a could be reliably obtained frorBa in an isolated
yield of 73% (Table 2, entry 1). We found that electron-deficient
aryl hydrazones provided higher yields of the desired chloride than
electron-rich compounds. Halogen substitution at the 4-position

10.1021/ja7101967 CCC: $40.75 © 2008 American Chemical Society



COMMUNICATIONS

I|30c
_N_ _R' CuCl, (4 equiv) Cl R2
’\|‘ P FPr,EN (1 equiv) <R
R%  MeCN, reflux OO B3
R3 20 min
7 8

Cl Ph
AI')\/&

8b (71%)

cl
Ar)\/\/E‘

8e (82%, 9:1 E:2)
Cl

Cl
Ar )\/\
8a (67%)

Cl
Ar)\/\/Me

8d (69%, 9:1 E:2)

Cl
Ar)\/\/ Bu

89 (88%, 9:1 E:2)

Cl
Ar)Y\
Me

8c (43%, 2:1 dr)
Cl
Ar )\/\/n-Pr
8f (83%, 9:1 E:2)

i-Pr
Ar X

8h (90%, >10:1 E:2)

Figure 1. Variation of the hydrazide fragment, isolated yiel&sZ ratios
determined by*H NMR spectroscopy.

5a (Ar = 2-napthyl)

We began to speculate that this new reaction might proceed by
initial oxidation of the hydrazone to a radieatation!? To test this
notion we treated hydrazo®awith one equivalent of (4-BrPi)-
SbCk, a stable aminium salt known to promote radieedtion
mediated reactions (eq & Although this transformation was not
efficient, chloride 6a was clearly observable in thtH NMR
spectrum of the reaction mixture, providing initial evidence that
these reactions may proceed via radigzdtion intermediates.

Boc e
N [(4-BrPh)sN] SbClg ¢ Me
)I )\ CH,Cly A oberved in @
Ar Me via radical-cation '\ "H NMR spectrum

6a (Ar = 2-napthyl)

In summary, we have discovered a new Gu@lomoted [3,3]

sigmatropic rearrangement Nfallylhydrazones that forms both a
carbon-carbon and carbenchlorine bond. Continuing research is
focused on determining the mechanism of this new transformation,

afforded the corresponding benzy! chlorides in good yield (Table €SPecially the activation and chlorination steps.

2, entries 3-5), while 3-chloro and 2-chloro derivatives were
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Several different hydrazine derivatives were prepared using the &t http://pubs.acs.org.

Jamart-Gréegoire conditiongand condensed with 2-napthaldehyde
to afford the corresponding hydrazones (Zgjn excellent yield.
Exposure of these substrates to the optimized reaction conditions
gave rise to the corresponding napthyl chlorides (Figure 1). The
simple allyl derivative7a gave chlorideBain 67% yield. Terminal
substitution was tolerated, with crotyl-derived hydraz@o@rovid-

ing the rearranged produ8t as a single regioisomer (2:1 dr). This
result provided initial evidence that the key carbaarbon bond

was generated through a [3,3] sigmatropic rearrangement. Further
support for this hypothesis was gained when hydrazah@oduced

only regioisomei8d in a 9:1 ratio ofE:Z isomers. This regio- and
stereoselectivity proved to be general for a number of additional
substrates, providing a unique method for preparing stereodefined
disubstituted olefins. Small quantites%%) of the corresponding
diene products were also observed, but no attempt was made to
optimize for these products.

Further evidence in favor of a concerted mechanism over a
possible ionizatiofrrecombination mechanism was obtained when
exposure 0B°to our standard conditions for chlorination provided
regioisomerl0, with no detectable traces of isotopic scrambling
(eq 3). This result, in conjunction with the previously discussed
syntheses of8c—h, is consistent with the hypothesis that the
carbon-carbon bond is formed through a concerted intramolecular
rearrangemenit

IIBOC b
N CuCl, (4 equiv) Cl Me
| iD i-ProEtN (1 equiv) N D
Me  MeCN, reflux OO D ®)
9 20 min 10
(62% yield) Only observed regioisomer

We also investigated the ability of other metal salts to promote
the rearrangement. Lewis acids such as Zn&gCl,, AICl3, and
TiCl, did not provide any of the corresponding chlorinated product.

References

(1) (a) For a review, see: Hutchins, R. O. @omprehensie Organic
Chemistry Trost, B. M., Fleming, I., Eds.; Pergamon Press: Oxford, 1991,
Vol. 8. (b) For recent advances, see: Furrow, M. E.; Myers, A1.Gm.
Chem. Soc2004 126, 5436-5445.

(2) For examples, see: (a) Stork, G.; Benaind. Am. Chem. Sod971, 93,
5938-5939. (b) Corey, E. J.; Enders, Detrahedron Lett1976 3—6.
(3) For examples, see: (a) Hutchins, R. O.; Milewski, C. A.; Maryanof, B.
E.J. Am. Chem. S0d.973 95, 3662-3668. (b) Taylor, E. J.; Djerassi,

C.J. Am. Chem. S0d.976 98, 2275-2281.

(4) For examples, see: (a) Vedejs, E.; Stolle, WT&trahedron Lett1977,
18, 135-138. (b) Bertz, S. HTetrahedron Lett198Q 21, 3151-3154.
(c) Myers, A. G.; Kukkola, P. JJ. Am. Chem. Sod.99Q 112 8208~
8210.

(5) Stevens, R. V.; McEntire, E. E.; Barnett, W. E.; WenkertJEChem.
Soc., Chem. Commuh973 662—-663.

(6) (a) Brosse, N.; Pinto, M. F.; Jamart-@rére, B.Eur. J. Org. Chem2003
4757-4764. (b) Brosse, N.; Pinto, M. F.; Jamart‘Goge, B.J. Org.
Chem200Q 65, 4370-4374. (c) Brosse, N.; Pinto, M. F.; Jamart-Goée,

B. Tetrahedron Lett200Q 41, 205-207.

(7) Use of CuBs resulted in cyclization of the Boc group onto the olefin.
Cu(OTf), and Cu(ll) carboxylates gave no reaction.

(8) Treatment of unsubstituted hydrazones with Cu(ll) halides has been
previously shown to afford geminal dihalides, see: (a) Takeda, T.; Sasaki,
R.; Yamauchi, S.; Fujiwara, TTetrahedron1997 53, 557—566 and
reference 1b for further details. Alternatively, monochlorination may be
achieved under Swern-type conditions, see: Brewefd&frahedron Lett.
2006 47, 7731-7733.

(9) For two other examples of one-flask carbaarbon and carberhalogen
bond-forming reactions, see: (a) Oriyama, T.; lwanami, K.; Tsukamoto,
K.; Ichimura, Y.; Koga, GBull. Chem. Soc. Jpri991, 64, 1410-1412.

(b) Onishi, Y.; Ogawa, D.; Yasuda, M.; Baba, A.Am. Chem. So2002
124, 13690-13691.

(10) Prepared from 1,d,-2-methylprop-2-en-1-ol alcohol (see Supporting
Information for further details).

(11) An analogous experiment conducted by Stevens and co-workers showed
that rearrangement of a non-Boc protected hydrazone at@@doceeded
with 9% scrambling of the deuterium label, see ref. 5.

(12) CuChis known to be a good single electron oxidant of enolates to promote
oxidative coupling, see: Ito, Y.; Konoike, T.; Harada, T.; Saegusd, T.
Am. Chem. Sod 977, 99, 1487-1493.

(13) For reviews, see: (a) Bauld, N. Letrahedron1989 45, 5307-5363.

(b) Bauld, N. L.; Bellville, D. J.; Harirchian, B.; Lorenz, K. T.; Pabon, R.
A.; Reynolds, D. W.; Wirth, D. D.; Chiou, H. S.; Marsh, B. Kcc. Chem.
Res.1987 20, 371-378.

JA7101967

J. AM. CHEM. SOC. = VOL. 130, NO. 4, 2008 1149



