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Efficient two-step synthesis of 3-halo-3-enals or 2-halo-2-alkenyl
ketones from propargylic bromides via a unique cationic 1,2-aryl or
proton shift in electrophilic addition reaction of 2,3-allenols with X"
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The reaction of readily available 1-substituted 2,3-allenols with
Br,, NBS, or I, afforded the not-easily-available but syntheti-
cally useful 3-halo-3-alkenals or 2-halo-2-alkenyl ketones in
good yields via a sequential electrophilic interaction of X" with
the allene moiety , a 1,2-aryl or proton shift, and a H'-
elimination process; the structures of the products were
established by X-ray diffraction study.

Although allenes had been considered as highly unstable for a long
period of time, recent observation of nice reactivities and
selectivities of allenes in organic synthesis has made their chemistry
a hot research area.'” However, the electrophilic addition of
allenes has not been well developed, mainly due to the fact that the
control of regio- and stereoselectivity is not easy.* In this paper, we
wish to report the electrophilic interaction of 1-substituted 2,3-
allenols, which are easily available from a one-step high-yielding
reaction of propargylic bromides, aldehydes, and SnCl,,> with X*
leading to the formation of otherwise not easily available 3-halo-3-
enals or 2-halo-2-alkenyl ketones due to the great tendency of the
C=C bond to migrate from the B,y-position to the more stable
o, B-position.®

We have observed that introducing a sulfinyl, organosulfur, or
organoselenium functionality can control the regio- and stereo-
chemistry of the halohydroxylation of allenes.”® It has also been
reported that the Pd-catalyzed cyclization of 2,3-allenols will form
vinylic epoxides’ or dihydrofurans'® highly selectively depending
on the nature of the catalyst and the halides used. With our recent
observation that 2,3-allenoates could be cyclized directly to afford
butenolides,'' we started to explore the chemistry of mixing
1-phenyl-2-butyl-2,3-butadienol (1a) with Br, to prepare vinylic
epoxide 3a directly in one step.'?

The results in THF, toluene, or benzene were quite complicated
(entries 1-3, Table 1). However, when the reaction was conducted
in CH;CN, instead of the expected vinylic epoxide 3a, a -bromo-
B,y-unsaturated enal with a structure shown as 2a was formed in
35% yield unexpectedly (entry 4, Table 1)! By screening the most
commonly used solvents, it was found that the same reaction in
CCly or CH,Cl, afforded 2a in 67% and 60% yields, respectively
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(entries 5 and 6, Table 1). Better results were achieved by running
the reaction in aqueous MeCN (MeCN : H,O = 15 : 1) at rt
(entry 9, Table 1). Epoxide 3a was formed in < 5% yield, if any.
The ratios of MeCN/H,O are also important for a higher yield of
2a (compare entries 7-11, Table 1).

With the optimized reaction conditions in hand, we studied the
scope of this reaction with the typical results summarized in
Table 2. It can be concluded that 2,3-allenols with differently
substituted phenyl groups at the 1-position can be used to prepare
the 3-halo-3-enals in good yields. By introducing the allyl group
into the 2-position of the 2,3-allenols, halogenation of the allylic
C=C double bond was not observed, indicating the higher
reactivity of the allene functionality. For the synthesis of bromides,
both Br, and NBS can be applied, however, the yields with NBS
are usually much higher than those with Br, (compare entries 2/3,
7/8, 10/11 and 12/13, Table 2). The corresponding reaction with I,
can also occur smoothly to afford 3-iodo-3-enals 2j or 2k in good
to high yields (entries 14 and 15, Table 2). The structures of the
products were determined unambiguously by the X-ray diffraction
study of 2j (Fig. 1)."*

A rationale for this interesting transformation is shown in
Scheme 1. The interaction of “X*™ with the internal C=C bond of
the allene moiety would form intermediate 4, which would
undergo a 1,2-shift of the Ar group (R> = Ar) to open the
three-membered ring forming the cationic homoallylic alcohol

Table 1 Reaction of 1-phenyl-2-(n-butyl)-2,3-butadien-1-ol (1a) with
Br;, under different conditions

CaHgn Solvent Br pr
:':f + B, — Ph
Ph 2 Temp Ph
HO 2 equiv. n-C4Hg CHO n-C4Hg O
1a 2a 3a
Entry Solvent Temp (°C) ¢ (h) Yield” of 2a (%)
1 THF 33 19 b
2 Toluene 33 19 b
3 Benzene 25 1 b
4 CH;CN 25 24 35
5 CH,Cl, 32 2 60
6 CCly 32 2 63
7 CH;CN/H,O =4 : 1 32 1 68
8 CH;CN/H,O =8 : 1 32 2 65
9 CH;CN/H,O = 15: 1 25 0.5 77
10 CH;CN/H,O = 60 : 1 30 1 60
11 CH;CN/H,O = 15:1 -30 1 50

“ Isolated yield. ® The reaction was complicated.
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Table 2 Reaction of 2,3-allenols with X*

2

=K

R
MeCN: H,0=15:1

IS—@ X
7
hg N INR? rt

2 equiv. R! CHO
1 2
Entry R! R? X, t(h)  Yield (%)

1 n-CsHy, H Br, 0.5 77 (2a)

2 n—C4H9 p-CH3 Brz 0.5 73 (Zb)

3 n-CsHy  p-CH4 NBS* 2 93 (2b)

4 n-C4Hy  p-OCH, Br, 1.5 73 (2¢)

5 n—C4H9 m, p-OCHQO BI'Q 0.5 78 (2d)

6 allyl p-OCH;4 B, 1.5 57 (2e)

7 allyl p-CH, B, 1 52 (2f)

8 allyl p-CH, NBS* 1 71 (2f)

9 C,Hs p-CH; Br, 1.5 71 2g)
10 C-Hs p-OCHs By 1 80 (2h)
11 C,H;s p-OCHs NBS* 0.7 88 (2h)
12 C,H; m, p-OCH,O  Br, 1.5 64 (2i)
13 C,H; m, p-OCH,0  NBS%** 0.5 84 (2i)
14 n-C;Hy  m, p-OCH,O 1, 1 80 (2j)
15 C,Hs m, p-OCH,0 1, 0.5 69 (2k)

“ The reaction was conducted using 0.3-0.5 mmol of 2,3-allenols and
Br,, NBS, or I, (2 equiv. unless otherwise stated) in MeCN (4 mL)
and H>O (0.27 mL). ” Isolated yield. ¢ 1.2 equiv. of Br, were used.
4 The reaction was conducted at 0 °C. ¢ 1.2 equiv. of NBS were
used.

Fig. 1 Drawing of 2j. Only one of the two independent molecules in the
asymmetric unit is shown.
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intermediate 5. Release of H* from 5 would form the final
3-halo-3-enals 2.

However, the corresponding reaction of 3-(n-butyl)penta-3,4-
dien-2-ol (6a) with X, afforded the 1,2-H shift products 7a and 7b
highly selectively (Scheme 2). The migration of the C=C bond in 7a
and 7b was not observed.

3-Halo-3-enals are very useful building blocks in organic
synthesis due to the presence of the C—X bond, the C=C bond
and the C=O bond. The synthetic potential of this methodology
was demonstrated by the reactions of 2j as shown in Scheme 3.
With the coupling protocols of the C-I bond in 2j,'* I-alkynyl,
aryl, alkyl groups can be introduced into the 3-position; the
aldehyde functionality in 2j can be easily reduced with NaBH,4 or
react with organometallic reagents to afford corresponding
alcohols 11j and 12§ (Scheme 3).'¢
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In conclusion, we have developed a sequential electrophilic
addition and 1,2-aryl or proton shift reaction of X* (X = Br or I)
with 1-substituted-2,3-allenols forming 3-halo-3-enals or 2-halo-2-
alkenyl ketones efficiently. Due to the easy availability of the
starting compounds® and the not-readily-available nature as well
as synthetic potential of these compounds, this method will be very
useful in organic synthesis. Further studies including the scope and
synthetic application of this reaction are being carried out in our
laboratory.

Financial support from the WNational Natural Science
Foundation of China, the Major State Basic Research
Development Program (Grant No. G2000077500), and the
Cheung Kong Scholar Programme is greatly appreciated.
Shengming Ma is jointly appointed by Zhejiang University and
the Shanghai Institute of Organic Chemistry. This work was
conducted at Zhejiang University.

Notes and references

1 H. F. Schuster and G. M. Coppola, Allenes in Organic Synthesis; John
Wiley & Sons: New York, 1984; Modern Allene Chemistry, N. Krause,
A. S. K. Hashmi (Eds.), Wiley-VCH: Weinheim, 2004.

2 For reviews, see: (¢) R. Zimmer, C. U. Dinesh, E. Nandanan and

F. A. Khan, Chem. Rev., 2000, 100, 3067; (b) J. A. Marshall, Chem.

Rev., 2000, 100, 3163; (¢) A. S. K. Hashmi, Angew. Chem., Int. Ed.,

2000, 39, 3590; (d) R. Bates and V. Satcharoen, Chem. Soc. Rev., 2002,

31, 12; (¢) L. K. Sydnes, Chem. Rev., 2003, 103, 1133; () S. Ma, Acc.

Chem. Res., 2003, 36, 701; A. Hoffmann-Roder and N. Krause, Angew.

Chem., Int. Ed., 2004, 43, 1196; (g) B. Cazes, Pure Appl. Chem., 1990, 62,

1867; (h) S. Ma, Carbopalladation of Allenes, in Handbook of

Organopalladium Chemistry for Organic Synthesis, E. Negishi, A. de

Meijere, Eds.; Wiley-Interscience: New York, 2002, p. 1491.

For some of the most typical reports, see: (a) A. S. K. Hashmi,

L. Schwarz, J.-H. Choi and T. M. Frost, Angew. Chem., Int. Ed., 2000,

39, 2285; (b) S. Kang, Y. Ha, B. Ko, Y. Lim and J. Jung, Angew. Chem.,

Int. Ed., 2001, 41, 343; K. Lee, D. Seomoon and P. Lee, Angew. Chem.,

Int. Ed., 2002, 41, 3901; (¢) K. M. Brummond, H. Chen, P. Sill and

L. You, J. Am. Chem. Soc., 2002, 124, 15186; (d) S. Ma and Z. Yu,

Angew. Chem., Int. Ed., 2003, 42, 1955; (e) J. Franzen and J. Backvall,

J. Am. Chem. Soc., 2003, 125, 6056; (f) B. M. Trost, C. Jakel and

W

B. Plietker, J. Am. Chem. Soc., 2003, 125, 4438; (g) H. Ohno,
K. Miyamura, Y. Takeoka and T. Tanaka, Angew. Chem., Int. Ed.,
2003, 42, 2647; (h) F. Yang, M. Shanmugasundaram, S. Chuang, P. Ku,
M. Wu and C. Cheng, J. Am. Chem. Soc., 2003, 125, 12576.

4 S. Ma, “lonic Addition to Allenes” in Modern Allene Chemistry,
N. Krause, A. S. K. Hashmi (Eds.), Wiley-VCH: Weinheim, 2004.

5 T. Mukaiyama and T. Harada, Chem. Lett., 1981, 621.

6 3-Enals are not readily available. For some of the most typical reports
on the synthesis of 3-enals or 3-enones, see: (¢) H. E. Zimmerman,
R. J. Boettcher and W. Braig, J. 4m. Chem. Soc., 1973, 95, 2155; (b)
D. M. Walba, W. N. Thurmes and R. C. Haltiwanger, J. Org. Chem.,
1988, 53, 1046; (¢) H. E. Zimmerman and J. M. Cassel, J. Org. Chem.,
1989, 54, 3800; (d) T. Horiuchi, T. Ohta, E. Shirakawa, K. Nozaki and
H. Takaya, Tetrahedron, 1997, 23, 7795; (e) S. Ma, Z. Shi and L. Li,
J. Org. Chem., 1998, 63, 4522; (f) F. Luo, J. Org. Chem., 1998, 63, 5656
(2) M. E. Jung and N. Nishimura, Org. Lett., 2001, 3, 2113; (h) S. Ma,
S. Yu and S. Yin, J. Org. Chem., 2003, 68, 8996.

7 (a) S. Ma, H. Ren and Q. Wei, J. Am. Chem. Soc., 2003, 125, 4817; (b)
C. Fu, S. Ma and X. Huang, Tetrahedron Lett., 2004, 45, 6063.

8 (a) S. Ma, X. Hao and X. Huang, Org. Lett., 2003, 5, 1217-1219; (b)
S. Ma, X. Hao and X. Huang, Chem. Conunun., 2003, 1082; (¢) S. Ma,
X. Hao, X. Meng and X. Huang, J. Org. Chem., 2004, 69, 5720.

9 S. Ma and S. Zhao, J. Am. Chem. Soc., 1999, 121, 7943.

10 S. Ma and W. Gao, J. Org. Chem., 2002, 67, 6104.

11 S. Ma and S. Wu, Tetrahedron Lett., 2001, 42, 4075.

12 For a two-step protocol, see: R. W. Friesen and M. Blouin, J. Org.
Chem., 1993, 58, 1653.

13 Crystal data for compound 2j: C;sH7105, MW 372.20, triclinic, P-1
(#2), MoK, final R indices [/ > 2a(])], Rl 0.026, wR2 = 0.061,
a = 9.8575(3) A, b = 10.7013(4) A, ¢ = 14.9705(6) A, « = 80.8520(3),
B = 75931(3), y = 89.9530(6)°, V = 1511.179) A®, Z = 4. No. of
reflections measured/unique 13610/6414 (R;,, = 0.018). No. observations
(I > 2.000(1)) 3907. No. variables 343, goodness of fit indicator 1.028.
CCDC 259342. See http://dx.doi.org/10.1039/b508069;j for crystallo-
graphic data in CIF or other electronic format.

14 (@) G. A. Olah, My Search for Carbocations and Their Role in
Chemistry (Nobel Lecture), in G. A. Olah, Carbocations and
Electrophilic Reactions; Verlag Chemie: Weinheim, Germany, 1973; (b)
D. Bates and K. Li, J. Org. Chem., 2002, 67, 8662; (¢) M. D. B. Fenster
and G. R. Dake, Org. Lett., 2003, 5, 4313; (d) X. Hu, C. Fan, F. Zhang
and Y. Tu, Angew. Chem., Int. Ed., 2004, 43, 1702.

15 For recent reviews, see: Vol. 1, p. 229, p. 249, p. 493, in Handbook of
Organopalladium Chemistry for Organic Synthesis; E. Negishi, Ed.; John
Wiley and Sons: New York, 2002.

16 C. Petrier, J. Einhorn and J. L. Luche, Tetrahedron Lett., 1985, 26, 1449.

This journal is © The Royal Society of Chemistry 2005

Chem. Commun., 2005, 4119-4121 | 4121



