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ABSTRACT

~ | N R'R2CO
SNNAORC o, THE
2-Substituted pyridine, quinoline, isoquinoline, bipyridine, and 1,10-phenanthroline analogues of benzylic acetates undergo Sml >-promoted

coupling with aldehydes and ketones to afford (2-hydroxyalkyl)heteroaromatics.

Simple one-step, metal-promoted coupling reactions representvith arylboronic acidg, Negishi coupling with arylzinc

a diverse set of synthetic methods for the construction of reagent$,Stille coupling with aryltin reagentshydroxy- or
numerous classes of compounds. Among the many types ofalkoxycarbonylation reactiofsand Heck olefination of
substrates that participate in these reactions are allylic ésters.benzyl trifluoroacetatéIn this paper, we report that certain
Allylic acetates are especially commonly employed, due in heteroaryl analoguése+® of benzylic acetates undergo
large part to their facile, low-cost preparation. The participa- useful coupling reactions with aldehydes and ketones to give

tion of allylic acetates in coupling reactions is unique
(2) (a) Hamann-Gaudinet, B.; Namy, J.-L.; Kagan, H.TRtrahedron

compared to ordinaryalkyl acetates which show quite | .16 35 6585-6588. (b) Bicber, L. W.; Storch, E. C.; Malvestit, .
different patterns of reactivity mainly associated with nu- da Silva, M. F.Tetrahedron Lett1998 39, 9393-9396. Benzylic alcohols

| hili | titution an nolat hemistry. On the @&lso undergo coupling with lanthanum metal in the presence of TM&CI, |
cleophilic acy substitution and enolate chemis ry. O € and Cul, most likely via formation of benzylic iodide intermediates: (c)

other hand, the special reactivity of allylic esters is due to Nishino, T.; Nishiyama, Y.; Sonoda, Netrahedron Lett2002 43, 3689

electronic stabilizing influences on transition states and gggé- 7(3)61\3"55%101, T(-;)l\éi_shiy?wmaNY-:h_SCrJ]rjoga,Tﬂiullhthem-LSt?gbggn-
. . . . . , . (e) Qian, M.; Neghishi, E.-Tetrahedron Le
intermediates, Commonly mvolvmg formation qﬁ'a”yl' 46, 2927-2930. Benzyl ethers have also been activated for coupling: (f)

metal complexes. Ikeuchi, Y.; Taguchi, T.; Hanzawa, Yetrahedron Lett2004 45, 3717-

At least for certain t f reacti llel patterns of 32
eastor certain types ot reactions, parallel palterns ol (3) (a) Legros, J.-Y.; Fiaud, J.-etrahedron Lett1992 33, 2509
behavior are often seen in the reactivity of various types of 2510. (b) Legros, J.-Y.; Toffano, M.; Fiaud, J.-Cetrahedron1995 51,

; ; i 3235-3246. (c) Legros, J.-Y.; Primault, G.; Toffano, M.; Riée M.-A,;
f'illyhc and benzylic sy_stems, due to related stabilizing Fiaud, J.-C.Org. Lett. 2000 . 433-436. (d) Kuwano, R.. Kondo, ¥.:
influences that operate in both systems. Although the more Matsuyama, YJ. Am. Chem. So2003 125, 12104-12105. (e) Primault,
reactive benzylic halides are commonly employed in many G:: Legros, J.-Y.; Fiaud, J.-Q. Organomet. Chen2003 687, 353-364.

: . (f) Legros, J.-Y.; Boutros, A.; Fiaud, J.-C.; Toffano, ¥.Molecul. Catal.
types of reactiondthere is a dearth of reports on the use of A—chem2003 196 21-25. (g) Kuwano, R.; Kondo, YOrg. Lett.2004

benzylic esters in coupling reactions. Among their few uses 6, ?5)433547- R.: Yokogi, MOrg. Lett. 2005 7. 945-47
H : H . uwano, R.; Yokogl, M.Org. Lett. y .
are_palladlum-catalyzed coupling of bgnzyllc cgrbonatgs with (5) Campbell, J. A.: gBordungv’ V.. Broka. C. A. Dankwardt, J.:
active methine compounds and amideSyzuki coupling Hendricks, R. T.; Kress, J. M.; Walker, K. A. M.; Wang, J.-Fetrahedron
Lett. 2004 45, 3793-3796.
(6) Lindsey, C. C.; O'Boyle, B. M.; Mercede, S. J.; Pettus, T. R. R.
(1) Marshall, J. A.Chem. Re. 200Q 100, 3163-3185. Tetrahedron Lett2004 45, 867—868.
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products having many potential synthetic uses. Among these4-(1-acetoxyalkyl)pyridines are also cleaved when they are

products are pyridine and quinoline systems that are of treated with Sm13h! Consistent with this precedent, we

interest in the natural products and pharmaceutical &reas observed that when 2-(1-acetoxypropyl)phenanthroli)e (

and as ligands in metal coordination chemisfry. is treated with Sm)| the acetate functionality is reductively
One of the most versatile reagents for effecting a vast rangecleaved yielding 2-propylphenanthroling) ((Scheme 1).

of reductive transformations is samarium diiodidédn its

role as a single electron-transfer agent, smas been || NEGTGTNGEGEGEGEGEGEEEEEEEEEEEE

employed in many different types of transformations, includ- Scheme 1. Smkb Cleavage and Addition Reactions of a
ing couplingst? cleavaged? and cyclizationgli12b.14 1,10-Phenanthroline Derivative

Cleavages of suitably activated alkoxy groups are well-
Sml,, i-PrOH
THF, -78 °C - 1t

(7) (a) Baird, J. M.; Kern, J. R.; Lee, G. R.; Morgans, D. J., Jr.; Sparacino,
M. L. J. Org. Chem1991, 56, 1928-1933. (b) Bonnet, M. C.; Monteiro,
A. L.; Tkatchenko, I.C. R. Hebd. Seances Acad. SK998 1, 603-607.
(c) Nagayama, K.; Shimizu, I.; Yamamoto, Bull. Chem. Soc. Jpri999
72, 799-803.

(8) Narahashi, H.; Yamamoto, A.; Shimizu@dhem. Lett2004 33, 348—
349.

(9) (a) Yates, F. S. I€omprehensie Heterocyclic ChemistnyBoulton,
A. J., McKillop, A., Eds.; Pergamon Press: New York, 1984; Vol. 2, AcO CHs
Chapter 2.09. (b) Balasubramanian, M.; Keay, J. GCbmprehensie 1
Heterocyclic Chemistry jIKatritzky, A. R., Rees, C. W., Eds.; Pergamon
Press: New York, 1996; Vol. 5, p 245. (c) Chauhan, P. M. S.; Srivastava,
S. K. Curr. Med. Chem2001, 8, 1535-1542.

(10) Drury, W. J., Ill; Zimmermann, N.; Keenan, M.; Hayashi, M; : i i
Kaiser, S.; Goddard, R.; Pfaltz, Angew. Chem., Int. EQ2004 43, 70— However, when the same acetdiés treated with Smlin

1 AcO  CH;

3-pentanone, THF

Smly, tt, 70%

74. the presence of a ketone, we have found thabhdergoes a
(b)(ll)l (a)d Kagan, H. BH; Narl‘my, J. IIeftrﬁhedrontl:%g 42, 6523—66|14- reductive coupling to give alcohd.

Molander, G. A. IriThe Chemistry of the MetalCarbon BondHartley, : : . -
F.R., Ed.. Wiley: New York, 1990: Vol. 5, Chapter 8. (c) Molander, G. Following this observation, we wished tg perfprm amore
A. Chem. Re. 1992 92, 29-68. (d) Imamoto, TLanthanides in Organic thorough study to test the scope and limitations of this
SynthesisAcademic Press: London, 1994. (e) Molander, GO&g. React. ; ; ; ;
1095 46, 211-368. () Molander, G. A.- Harris, C. Rchem. Re. 1996 rgductlve coupling. We obtained the required gubstrates by
96, 307-338. (g) Skrydstrup, TAngew. Chem., Int. Ed. EngL997, 36, either of two approaches (Scheme 2). In the simplest cases,

345-347. (h) Molander, G. A.; Harris, C. Retrahedrornl998 54, 3321~
3354. (i) Molander, G. AAcc. Chem. Re<.998 31, 603-609. (j) Krief,
A.; Laval, A.-M. Chem. Re. 1999 99, 745-777. (k) Kunishima, M.; Tani,
S.J. Synth. Org. Chem., Jpf999 57, 127-135. (I) Steel P. GJ. Chem.

Soc., Perkin Trans. 2001, 2727-2751. (m) Héemann, A.Synlett2001, Scheme 2. Synthesis of Heterocyclic Acetates
1497-1498. (n) Banik, B. K.Eur. J. Org. Chem2002 2431-2444. (0) N A.O. pyridine N
Kagan, H. B.Chem. Re. 2002 102, 1805-1806. » 20, pyridine, »
(12) (a) Blakskjeer, P.; Hgj, B.; Riber, D.; Skrydstrup,JT Am. Chem. N DMAP. THF. 88% N
S0c.2003 125 4030-4031. (b) Gross, S.; Reissig, H.-Org. Lett.2003 OH ! ' OAc
5, 4305-4307. 4
(13) For a review of Smipromoted cleavage reactions, see: (a) o
Williams, D. B. G.; Caddy, J.; Blann, KOrg. Prep. Proc. Int.2003 35, ; :;SB%" ﬂg?'.’:."_ﬁfh
307, 309-360. For some specific examples, see: (b) Curran, D. P.; Totleben, X " EtOH 4‘57% ! ' X
M. J. J. Am. Chem. S0d.992 114, 6050-6058. (c) Koot, W.-J.; Ley, S. _ OH ' _
V. Tetrahedron1995 51, 20772090. (d) Yang, B. V.; Massa, M. Al. N 3. Ac,0, pyridine N
Org. Chem.1996 61, 5149-5152. (e) Studer, A.; Curran, D. Bynlett o DMAP. THF, 80% OAc
1996 255-257. (f) Georg, G. |.; Harriman, G. C. B.; Datta, A.; Ali, S; 5
Cheruvallath, Z.; Dutta, D.; Vander Velde, D. G.; Himes, R.H.Org.
Chem.1998 63, 8926-8934. (g) O'Neill, D. J.; Helquist, POrg. Lett. 1. HyS04, MeOH, 91%
1999 1, 1659-1662. (h) Kato, Y.; Mase, TTetrahedron Lett1999 40, N 2. NaBHy, LiCl, THF, B
8823-8826. (i) Kunishima, M.; Nakata, D.; Sakuma, T.; Kono, K.; Sato, N EtOH, 85% N
S.; Tani, SChem. Pharm. BulR001, 49, 97—100. (j) Dahle, A.; Sundgren, Z — Z
A.; Lahmann, M.; Oscarson, S.; Hilmersson,@g. Lett.2003 5, 4085~ 3. Ac,0, pyridine,
4088. (k) Concella, J. M.; Bardales, EJ. Org. Chem.2003 68, HO™ ~0 DMAP, THF, 80% AcO
9492-9495. (I) Agai, B.; Nalor, A.; Proszenyl, A.; Tarkanyi, G.; Faigl, 6
F. Tetrahedron2003 59, 7897-7900.
(14) (a) Edmonds, D. J.; Johnston, D.; Procter, DClem Re. 2004
104, 3371-3403. (b) Ohno, H.; Wakayama, R.; Maeda, S.-i.; Iwasaki, H.; — = isobutyraldehyde,
Okumura, M.; lwata, C.; Mikamiyama, H.; Tanaka,Jl.Org. Chem2003 N\ /N ) T
68, 5909-5916. (c) Edmonds, D. J.; Muir, K. W.; Procter, D.J1.Org. N N Sml,, THF, rt, 43%
Chem.2003 68, 3190-3198. (d) Shinohara, I.; Okue, M.; Yamada, Y.;
Nagaoka, H.Tetrahedron Lett.2003 44, 4649-4652. (e) Ohno, H.; HO  CHs;
Okumura, M.; Maeda, S.-i.; lwasaki, H.; Wakayama, R.; Tanakd, Krg. .
Chem.2003 68, 7722-7732. (f) Underwood, J. J.; Hollingworth, G. J.; Acz0, pyridine,

Horton, P. N.; Hursthouse, M. B.; Kilburn, J. Detrahedron Lett2004 DMAP, THF, 90%

45, 2223-2225. (g) Tamiya, H.; Goto, K.; Matsuda, Brg. Lett 2004 6,
545-547. (h) Berndt, M.; HlobiloVal.; Reissig, H.-U.Org. Lett 2004 6,
957-960. (i) Howells, D. M.; Barker, S. M.; Watson, F. C.; Light, M. E.;
Hursthouse, M. B.; Kilburn, J. DOrg. Lett 2004 6, 1943-1945. (j) Kan,
T.; Hosokawa, S.; Nara, S.; Tamiya, H.; Shirahama, H.; Matsudd, F.
Org. Chem2004 69, 8956-8958. (k) Molander, G. A.; Cormier, E. B.
Org. Chem 2005 70, 2622-2626.
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we began with conversion of commercially available pyri-

dine-2-qarbinol directly to the .acetate _der.ivatiﬂeor by _ Table 1. Additional Examples of Coupling Reactions with
conversion of commercially available quinoline-2-carboxylic  Heterocyclic Compounds and Carbonyl Compounds

acid and isoquinoline-1-carboxylic acid into the correspond- ~ciry ™ carbonyl heterocyclic product vield
ing ethyl esters followed by reduction with NaBknd compound compound
reaction of the resulting alcohols with acetic anhydride to 3-pentanone axe aze 75%
give the acetates and6.'® In other cases, we extended our e w2
previously developed Smpromoted coupling of 1,10- ®
phenanthroline with aldehydes and ketones to the analogous 2 propanal Ba® 86%"
use of 2,2bipyridine. The resulting alcohol was then ad "
converted into acetaté ; \

Each of these heterocyclic benzylic acetates were then 3 benzaldehyde A A 50%”
tested in the coupling reaction with aldehydes or ketones ~e
promoted by Sml For instance, the corresponding pyridine
derivative4 was found to react with 3-pentanone to produce 4 benzophenone (o 4 Sal, 26%
alcohol 8. Likewise, the quinoline, isoquinoline, and bipy- wd o o
ridine substrates all undergo the desired coupling reaction ; N ; \
as shown by the formation of produc@sthrough 11 as 5 cyclohexanone A A - W 66%
representative examples in Scheme 3. e "

6 propanal N ae W o 52%

Scheme 3. Coupling Reactions with Heterocyclic Compounds 7 propanal o o 70%

25%

4 8
m 3-pentanone, THF m
Et
N o
Smlz, rt, 73% N OH aThis product was isolated as a mixture of diastereon®eFhis product

5 9 was isolated as a mixture of diastereomers as well as the cleavage product

A
| \N 3-pentanone, THF _N
7
Smiy, 1t, 7% PH observed. Treatment of benzyl acetzt6)with Smk in the

6 10
gt Et

7

(Scheme 1).

presence of 3-pentanone gave only starting material as well.
Also, when 2-(acetoxymethyl)naphthaled&)(was subjected

7 N N to the coupling reaction conditions, no product was observed.
3-pentanone, THF =N N=  CHs One final reaction was attempted using 2-furfuryl acetate
HO—~g, CH
Et

X
3-pentanone, THF X
N Smly, rt, 70% N OH 8 benzaldehyde (
/

Smly, 1t, 48% (18) to see whether the reaction was specific to nitrogen-
containing heterocycles, but a complex mixture of products
resulted. This reaction must be investigated in more detail.

i
From these results, we can conclude that the new coupling
Several aldehydes and ketones were then used in couplingLea?tiO” is depengjent upon the use of hetero_aromatic systems
reactions with the various acetate substrates (Table 1). Inhaving a benzylic acetate attachment point immediately

certain cases, such as the coupling reactions using benza/@djacent to the he7teroat0m. Unlike some benzylic ester
dehyde (entries 3 and 8), pinacol coupling occurred as acoupling reactiond;” carbocyclic systems or heterocyclic

competing reaction which led to lower yields of the desired

OAc
X
-
OAc
OAc

\

N % CHj;
3

AcO CH;3

1

products.
To determine whether these reactions are specific to Scheme 4. Other Substrates Used in Attempted Coupling
compounds that have acetoxyalkyl groups adjacent to Reactions
nitrogen in a heterocyclic system, a few other examples were AN N
tested. Treatment of 3-(acetoxymethyl)pyridiried)( with | — L~ @
Smk in the presence of 3-pentanone gave no coupled OAc OAc OAc
product, and the acetate was recovered unchanged (Scheme 14 15 16

4). Likewise, when 4-(acetoxymethyl)pyridinel5) was

subjected to the same conditions, no coupling product was @\
o

(15) Oda, K.; Nishi, T.J. Antibiot. 1997, 446-448. OAc OAc
(16) Weitgenant, J. A.; Mortison, J. D.; O’'Neill, D. J.; Mowery, B.; 17 18
Puranen, A.; Helquist, Rl. Org. Chem2004 69, 2809-2815.
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systems having the heteroatom more remotely situated fromversions of these reactions, for extending these reactions to
the benzylic site are not suitable substrates. The reactionimines and other substrates, and for using these reactions to
seems to be driven through chelation of samarium to the produce ligands for use in metal-promoted reactions. Our
ring heteroatom and the acetate which allows it to compete ongoing investigations are focusing on these points.
effectively with pinacol coupling in most cases. This

chelation effect may also be the reason that the 3- and Acknowledgment. We thank Procter & Gamble Phar-
4-substituted pyridines are unsuitable substrates for themaceuticals and the University of Notre Dame for financial
coupling reaction. Although 4-(1-acetoxyalkyl)pyridines have support of this research, and we acknowledge collaboration
been cleaved with Smylthe coupling reaction using nonch-  with the Walther Cancer Institute. J.D.M. thanks the Beck-
elating 4-substituted substrates may not proceed effectivelyman Foundation for a research fellowship.

enough to compete with the pinacol coupling reac##n.

These Smipromoted couplings provide a very direct  Supporting Information Available: Details for the
method for efficient functionalization of various heterocycles, preparation of compounds-11, the products from Table 1
including 2-substituted pyridines, quinolines, isoquinolines, as well as their precursors add and3C NMR data for
bipyridines, and phenanthrolines with carbonyl compounds. compounds1l—11, and the products from Table 1. This
These reactions should find wide application in heterocyclic material is available free of charge via the Internet at
chemistry in general, including alkaloid synthesis and the http://pubs.acs.org.
preparation of pharmaceutically important compounds. Good
potential exists for developing catalytic and enantioselective 0L050944Z
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