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a b s t r a c t

We have examined whether the allyl halide cross-metathesis reaction tolerates a-alkoxy amide groups.
Ruthenium-based catalysts I–III did not catalyze the cross-metathesis of allyl halides in the presence of
an a-alkoxy N,N-dimethylamide group to any appreciable extent, but the reaction could tolerate either a
bulky N,N-diisopropylamide or Weinreb amide group. In particular, the Grubbs–Hoveyda–Blechert 2nd
generation catalyst (III) efficiently catalyzed the cross-metathesis of allyl halides with olefins bearing a
Weinreb amide group.

� 2011 Elsevier Ltd. All rights reserved.
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Figure 1. Grubbs catalyst (I), Grubbs 2nd generation catalyst (II) and Grubbs–
Hoveyda–Blechert 2nd generation catalyst (III).
A great deal of progress in olefin cross-metathesis (CM) has
been achieved over the last decade. Many organic chemists have
utilized CM in their syntheses1 following the emergence of ruthe-
nium-based catalysts, such as the Grubbs catalyst (I),2 Grubbs 2nd
generation catalyst (II)3 and Grubbs–Hoveyda–Blechert 2nd gener-
ation catalyst (III).4 These catalysts are highly active, relatively sta-
ble, and tolerant of a variety of organic functional groups (Fig. 1).

In natural product syntheses, an allyl halide moiety is fre-
quently incorporated by building onto an existing aldehyde group
via an olefination–reduction–halogenation sequence,5 while the
CM of an allyl halide offers a synthetic shortcut that can substitute
for several functional group transformations in the sequence.
Ruthenium-based catalysts I–III have been used in a number of
cases over the past decade to promote the CM of allyl halides for
the synthesis of functionalized allyl halides.6–14 The reaction toler-
ates a variety of functional groups including ester, cyanide, benzyl
ether, silyl ether, and the hydroxyl group. The CM of allyl halides
has also been employed successfully in the syntheses of several
natural products. For example, Hong and co-workers developed
an elegant tandem allyl halide CM/SN20 reaction methodology for
the construction of O-heterocycles, and applied this tandem reac-
tion in the syntheses of subglutinol B15 and (±)-diospongin A.16

Ghosh and Xu synthesized a segment of (�)-spongidepsin utilizing
the CM of allyl chloride.17 Frequently, a-alkoxy amide groups are
used in natural product synthesis due to their strong chelation of
ll rights reserved.
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metal cations, such as Li+, Na+, Mg2+, and K+,18 but no reports have
yet appeared that address whether the CM of allyl halides can
tolerate an a-alkoxy amide. We now describe our successful use
of allyl halide CM to synthesize functionalized allyl halides that
bear an a-alkoxy amide group.

Our initial attempt to determine whether the CM of allyl halides
would tolerate such a group involved the preparation of a-alkoxy
amide 6b by the SN2 reaction of pentenol 3 with chloroacetamide
1 (Scheme 1).19 The CM of allyl chloride with a-alkoxy N,N-dimeth-
ylamide 6b was carried out in the presence of ruthenium com-
plexes I–III. Contrary to our expectation, this reaction with amide
6b did not afford allyl halides 11a–b, and most of the starting
material was recovered (Table 1, entry 1). We considered that
the N,N-dimethylamide group of 6b could act as a ligand for cata-
lysts I–III,20 and reasoned that bulky alkyl substituents or electron-
withdrawing groups might hinder any disfavorable interactions
with I–III. Williamson ether synthesis of pentenol 3 with chloro-
acetamide 7 and the coupling of acid 9b with N-methoxy-
N-methylamine yielded amides 8 and 10b, respectively. Although
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Scheme 1. Reagent and conditions: (i) NaH, THF, prop-2-en-1-ol (2)/pent-4-en-1-ol
(3)/hept-5-en-1-ol (4)/dec-9-en-1-ol (5), rt, overnight, 63-94%; (ii) Me(MeO)NH,
hydroxybenzotriazole (HOBt), 1-ethyl-3-(3-dimethylaminopropyl)carbodiimide
(EDCI), Et3N, CH2Cl2, rt, overnight, 78–90%.
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conversion was incomplete, the CM of allyl halides with bulky N,N-
diisopropylamide 8 generated allyl halides 11c–d in the presence
of catalyst III in 53% and 44% yields, respectively (50–60% conver-
sion, Table 1, entries 4 and 5).

We then turned our attention to the CM of allyl halides with
Weinreb amide 10b. To our delight, amide 10b was converted
completely to allyl halides 11e–f by the CM of allyl halides
promoted by catalyst III, in 69% and 90% yields, respectively
Table 1
Cross-metathesis of allyl halides in the presence of substituted amides

R O
O

allyl halid

I-III, CH2Cl2,

6b, 8, 10b

Entry Compound # R X

1 6b NMe2 Cl, or Br
2 8 N(i-Pr)2 Cl
3 8 N(i-Pr)2 Cl
4 8 N(i-Pr)2 Cl
5 8 N(i-Pr)2 Br
6 10b N(OMe)Me Cl
7 10b N(OMe)Me Cl
8 10b N(OMe)Me Br

a The ratio was determined by the analysis of 1H 500 MHz NMR spectra.
b No product formation was detected and most of the starting material was recovered
c Total 20 mol % (time 0, 10 mol %; time 2 h, 10 mol %) of III was used to complete th

Table 2
Effect of the distance between an amide group and olefin moiety on the cross-metathesis

allyl halide

III, CH2Cl2, re
O

O

R n

6a,c-d, 10a,c-d

Entry Compound # R X

1 6a,c or d (n = 1, 5, or 8) NMe2 C
2 10a, n = 1 N(OMe)Me C
3 10a, n = 1 N(OMe)Me B
4 10c, n = 5 N(OMe)Me C
5 10c, n = 5 N(OMe)Me B
6 10d, n = 8 N(OMe)Me C
7 10d, n = 8 N(OMe)Me B

a The ratio was determined by the analysis of 1H 500 MHz NMR spectra.
b No product formation was detected and most of the starting material was recovered
c Total 20 mol % (time 0, 10 mol %; time 2 h, 10 mol %) of III was used to complete th
(Table 1, entries 11 and 12). These results strongly indicated that
the N,N-dimethylamide group of 6b is responsible for the putative
inactivation of ruthenium complexes I–III. In contrast to catalyst
III, Grubbs catalyst (I) or Grubbs 2nd generation catalyst (II) did
not catalyze the CM of allyl halides with Weinreb amide 10b to
any appreciable extent (Table 1, entry 6).21

We next sought to investigate the effect of the distance between
the amide group and terminal olefin moiety on the success of CM
of allyl halides catalyzed by III. Williamson ether synthesis of alco-
hols 2, 4, and 5 with chloroacetamide 1 led to the formation of the
corresponding N,N-dimethylamides 6a,c–d. Readily available car-
boxylic acids 9a,c–d22 were transformed into 10a,c–d by coupling
with N-methoxy-N-methylamine (Scheme 1). The CM of allyl ha-
lides with N,N-dimethylamides 6a,c–d furnished no 12a–c, but
the Weinreb amides 10a,c–d underwent smooth CM to produce
12d–i in good yields, with little effect due to the distance between
the amide group and the terminal olefin moiety (Table 2). Interest-
ingly, the E/Z selectivity of the reactions with a-allyloxyamide 10a
was superior to that obtained in the reactions with 10b–d (16–
20:1 vs 6:1, Table 2, entries 2 and 3). The results further substan-
tiate our hypothesis that an N,N-dimethylamide group impedes
the CM of allyl halides catalyzed by I–III.

In summary, we have prepared functionalized allyl halides that
possess an a-alkoxy amide group by the CM of allyl halides cata-
lyzed by the Grubbs–Hoveyda–Blechert 2nd generation catalyst
(III) in good yield with good E/Z selectivity. The findings from this
investigation indicate that ruthenium complexes I–III do not toler-
ate olefins that bear an N,N-dimethylamide group. This problem
R O
O

X

es

 reflux

11a-f

Conditions Yield (%) Ratio E:Za

I, II or III (10 mol %), 24 h 11a-b, Nb

I (10 mol %), 24 h 11c, 8 3:1
II (10 mol %), 24 h 11c, 10 7:1
III (20 mol %),c 4 h 11c, 53 8:1
III (20 mol %),c 4 h 11d, 44 5:1
I or II (10 mol %), 3 h 11e, Nb

III (20 mol %),c 5 h 11e, 69 9:1
III (10 mol %), 2 h 11f, 90 7:1

.
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s

flux
O

O

R n X

12a-i

Conditions Yield (%) Ratio E:Za

l 10 mol %, 24 h 12a–c, Nb

l 20 mol %,c 3 h 12d, 74 20:1
r 10 mol %, 3 h 12e, 65 16:1
l 20 mol %,c 3 h 12f, 97 6:1
r 10 mol %, 2 h 12g, 89 6:1
l 20 mol %,c 2 h 12h, 95 6:1
r 10 mol %, 2 h 12i, 88 6:1

.
e reaction.
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was readily remedied by N,N-diisopropylamide or a Weinreb
amide group. In particular, the Grubbs–Hoveyda–Blechert 2nd
generation catalyst (III) efficiently catalyzed the CM of allyl halides
with olefins bearing a Weinreb amide group, and the results ap-
peared largely independent of the distance between the amide
group and the terminal alkene moiety.

Acknowledgments

This work was supported by the Korea Research Institute of
Chemical Technology and the National Research Foundation of
Korea (NRF) grant funded by the government of Korea (MEST)
(R01-2008-000-20205-0).

Supplementary data

Supplementary data associated with this article can be found, in
the online version, at doi:10.1016/j.tetlet.2011.02.043.

References and notes

1. For reviews of cross-metathesis, see (a) Connon, S. J.; Blechert, S. Angew. Chem.,
Int. Ed. 2003, 42, 1900; (b) Prunet, J. Curr. Top. Med. Chem. 2005, 5, 1559; (c)
Nolan, S. P.; Clavier, H. Chem. Soc. Rev. 2010, 39, 3305.

2. (a) Schwab, P.; France, M. B.; Ziller, J. W.; Grubbs, R. H. Angew. Chem., Int. Ed.
Engl. 1995, 34, 2039; (b) Schwab, P.; Grubbs, R. H.; Ziller, J. W. J. Am. Chem. Soc.
1996, 118, 100.

3. (a) Scholl, M.; Ding, S.; Lee, C. W.; Grubbs, R. H. Org. Lett. 1999, 1, 953; (b)
Chatterjee, A. K.; Grubbs, R. H. Org. Lett. 1999, 1, 1751; (c) Chatterjee, A. K.;
Choi, T.-L.; Sanders, D. P.; Grubbs, R. H. J. Am. Chem. Soc. 2003, 125, 11360.

4. (a) Garber, S. B.; Kingsbury, J. S.; Gray, B. L.; Hoveyda, A. H. J. Am. Chem. Soc. 2000,
122, 8168; (b) Gessler, S.; Randl, S.; Blechert, S. Tetrahedron Lett. 2000, 41, 9973.

5. For some recent examples, see (a) Morris, C. L.; Hu, Y.; Head, G. D.; Brown, L. J.;
Whittingham, W. G.; Brown, R. C. D. J. Org. Chem. 2009, 74, 981; (b) Miyaoka, H.;
Hara, Y.; Shinohara, I.; Kurokawa, T.; Kawashima, E.; Yamada, Y. Heterocycles
2009, 77, 1185; (c) Yadav, J. S.; Kumar, M. R.; Sabitha, G. Tetrahedron Lett. 2008,
49, 463; (d) Davoren, J. E.; Harcken, C.; Martin, S. F. J. Org. Chem. 2008, 73, 391;
(e) Davoren, J. E.; Martin, S. F. J. Am. Chem. Soc. 2007, 129, 510; (f) Janssen, D.;
Kalesse, M. Synlett 2007, 2667; (g) Noguchi, N.; Nakada, M. Org. Lett. 2006, 8,
2039; (h) Zou, Y.; Che, Q.; Snider, B. B. Org. Lett. 2006, 8, 5605; (i) Yoshimura, T.;
Yakushiji, F.; Kondo, S.; Wu, X.; Shindo, M.; Shishido, K. Org. Lett. 2006, 8, 475;
(j) Canesi, S.; Berthiaume, G.; Deslongchamps, P. Eur. J. Org. Chem. 2006, 3681.

6. Blanco, O. M.; Castedo, L. Synlett 1999, 557.
7. Liu, B.; Das, S. K.; Roy, R. Org. Lett. 2002, 4, 2723.
8. Pietraszuk, C.; Marciniec, B.; Fischer, H. Tetrahedron Lett. 2003, 44, 7121.
9. Bandini, M.; Cozzi, P. G.; Licciulli, S.; Umani-Ronchi, A. Synthesis 2004, 409.

10. Thibaudeau, S.; Fuller, R.; Gouverneur, V. Org. Biomol. Chem. 2004, 2, 1110.
11. Eustache, J.; Weghe, P. V.; Nouen, D. L.; Uyehara, H.; Kabuto, C.; Yamamoto, Y. J.

Org. Chem. 2005, 70, 4043.
12. (a) Raju, R.; Allen, L. J.; Le, T.; Taylor, C. D.; Howell, A. R. Org. Lett. 2007, 9, 1699;

(b) Raju, R.; Howell, A. R. Org. Lett. 2006, 8, 2139.
13. Jacobs, T.; Rybak, A.; Meier, M. A. R. Appl. Catal., A 2009, 353, 32.
14. Vulovic, B.; Bihelovic, F.; Matovic, R.; Saicic, R. N. Tetrahedron 2009, 65, 10485.
15. (a) Kim, H.; Baker, J. B.; Lee, S.-U.; Park, Y.; Bolduc, K. L.; Park, H.-B.; Dickens, M.

G.; Lee, D.-S.; Kim, Y.; Kim, S. H.; Hong, J. J. Am. Chem. Soc. 2009, 131, 3192; (b)
Kim, H.; Baker, J. B.; Park, Y.; Park, H.-B.; DeArmond, P. D.; Kim, S. H.; Fitzgerald,
M. C.; Lee, D.-S.; Hong, J. Chem. Asian J. 2010, 5, 1902.

16. Lee, K.; Kim, H.; Hong, J. Org. Lett. 2009, 11, 5202.
17. Ghosh, A. K.; Xu, X. Org. Lett. 2004, 6, 2055.
18. For some recent examples, see (a) Sohn, T.; Kim, M. J.; Kim, D. J. Am. Chem. Soc.

2010, 132, 12226; (b) Jeong, W.; Kim, M. J.; Kim, H.; Kim, S.; Kim, D.; Shin, K. J.
Angew. Chem., Int. Ed. 2010, 49, 752; (c) Prasad, K. R.; Gandi, V. R. Synlett 2009,
2593; (d) Ribes, C.; Falomir, E.; Murga, J.; Carda, M.; Marco, J. A. Org. Biomol.
Chem. 2009, 7, 1355; (e) Paek, S.-M.; Yun, H.; Kim, N.-J.; Jung, J.-W.; Chang, D.-
J.; Lee, S.; Yoo, J.; Park, H.-J.; Suh, Y.-G. J. Org. Chem. 2009, 74, 554; (f) Fürstner,
A.; Bouchez, L. C.; Morency, L.; Funel, J.-A.; Liepins, V.; Porée, F.-H.; Gilmour, R.;
Laurich, D.; Beaufils, F.; Tamiya, M. Chem. Eur. J. 2009, 15, 3983.

19. (a) Kim, H.; Choi, W. J.; Jung, J.; Kim, S.; Kim, D. J. Am. Chem. Soc. 2003, 125,
10238; (b) Lugtenberg, R. J. W.; Egberink, R. J. M.; Engbersen, J. F. J.; Reinhoudt,
D. N. J. Chem. Soc., Perkin Trans. 2 1997, 1353.

20. (a) Toste, F. D.; Chatterjee, A. K.; Grubbs, R. H. Pure Appl. Chem. 2002, 74, 7; (b)
McNaughton, B. R.; Bucholtz, K. M.; Camaaño-Moure, A.; Miller, B. L. Org. Lett.
2005, 7, 733; (c) Harrity, J. P. A.; La, D. S.; Cefalo, D. R.; Visser, M. S.; Hoveyda, A.
H. J. Am. Chem. Soc. 1998, 120, 2343.

21. Our preliminary study revealed that ruthenium-based catalysts I–III likewise
did not catalyze the CM of allyl halides with the N,N-dimethyl 5-heptenamide,
but the Grubbs–Hoveyda–Blechert 2nd generation catalyst (III) did efficiently
catalyze the CM of allyl halides with N-methoxy-N-methyl 5-heptenamide.

22. (a) Petit, F.; Furstoss, R. Tetrahedron: Asymmetry 1993, 4, 1341; (b) Taillier, C.;
Hameury, T.; Bellosta, V.; Cossy, J. Tetrahedron 2007, 63, 4472; (c) Broadhurst,
M. J.; Brown, S. J.; Percy, J. M.; Prime, M. E. J. Chem. Soc., Perkin Trans. 1 2000,
3217; (d) Simonot, B.; Rousseau, G. J. Org. Chem. 1994, 59, 5912.

http://dx.doi.org/10.1016/j.tetlet.2011.02.043

	Cross-metathesis of allyl halides with olefins b
	Acknowledgments
	Supplementary data
	References and notes


