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A promoted Smy direct reaction of dibromoacetic acid with
different aldehydes, followed by an elimination reaction also
promoted by samarium diiodide, affordS){a.,5-unsaturated
carboxylic acid® with total stereoselectivity. A mechanism
to explain this transformation is proposed.

The synthetic applications of dianions derived from carboxylic
acids are limited, probably a result of the low solubility of these
dianions in organic solventsin particular, no generation of
bromo- or chloroacetic acid dianions (Li, Na, K, Mg, Zn) have
been described to the best of our knowledge. Also, synthetic
applications of acetic dianidrare very scarce.

Regarding the application of Spih organic synthesis, except
pinacol coupling reactionsno C—C bond formation from using
carboxylic acids (without protection of the acid function) and,
consequently, from the-condensation of acetic acid has been
described to daté.

In addition, (E)-a,-unsaturated carboxylic acids are present

prepare compounds of biological relevance such as tetrahy-
dromyricoid or the antibacterial reutericycli.

However, the methods to directly transform aldehydes into
(B)-a,-unsaturated carboxylic acids, through sequential addition
and elimination reactions, are scatead present some draw-
backs. So, the Knoevenagel reaction with malonic ‘®adve
low yields with enolizable aldehydé$The use of (trimethyl-
silyl)acetic acid dianion (Peterson olefinatiéhjpnd the cy-
cloaddition of (trimethylsilyl)keten® suffered from a lack of
stereoselectivity. No application of the WittidHorner reactiok
with highly enolizable aldehydes has been described, and, in
general, this method required fairly stringent conditions to isolate
the a,B-unsaturated acid$® Finally, the synthesis ofy,S-
unsaturated carboxylic acids by the reaction @Qf,O-tris-
(trimethylsilyl)ketene acetal with enolizable aldehydes took
place in low yield!> and to prepare the starting ketene acetal
from (trimethylsilyl)acetic ester, three steps are necessary.

For these reasons, to obtairB-unsaturated carboxylic acids,
sometimes it is preferable to carry out a condensation reaction
of esters with aldehydé$ followed by hydrolysis (deprotection
of acid function), instead of the direct synthesis @fs-
unsaturated carboxylic acids. Consequently, a direct synthesis
of a,-unsaturated carboxylic acids from commercially available
compounds, obviating the protection—deprotection steps of the
carboxylic function, would be very interesting.

Previously, we have described the highly diastereoselective
preparation of £)-o,3-unsaturated estéfsor amides? by the
treatment of 2-halo-3-hydroxyesters or amides with SiNb
generalization of this methodology to the synthesisogs-
unsaturated carboxylic acids could be performed as a result of
the difficulty in obtaining the starting 2-halo-3-hydroxyacids.
Most recently, we have also reported the synthesist @
unsaturated esters by a promoted Srelction of aldehydes
with ethyl dibromoacetat®.
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SCHEME 1. Sml-Mediated Synthesis ofa,f-Unsaturated SCHEME 2. Mechanism and Chair Transition State Model
Carboxylic Acids Sml, LSmO O
RCHO
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TABLE 1. Synthesis ofa,f-Unsaturated Carboxylic Acids 2 smi
, Ho o™ HO O 28ml, HO ©
entry 2 Rt yield®<€ (%) O ©0 )\(\k )\Hk
1 2a n-C/His 70 RJ\AOSmIZ R Sml osml. R B osmb
2 2b n-CH1s 83 6 e ;
3 2c Cy 75
4 2c Cy 76 l
5¢ 2d (CH3)2,CHCH;, 78 o]
6 2d (CHs),CHCH, 750
7 2e PhCh 93 R/\)]\OH
8 2e PhCH 8y 2
9 of PhCH(CH) 71 Iy H.
10 29 PhCH 84 R SQ R o} R 0o
" K f Va0 RN
a All reactions were carried out using 5 equiv of Srahd with a reaction H’L\’”'- =" 0 = H /_\/ Hé?\\Sml2
time of 120 min.> Diastereoisomeric excess (de) in all reactions wa8% H'g  OSml; H 577, 0sml; osml,
and was determined by CGL/MS and 300 MHtz and3C NMR analysis i I
of the crude product?. ¢ Isolated yield after column chromatography on H o 1 A
the basis of compoundl. @ These reactions were carried out using 5 equiv
of Smk, generated in situ and with a reaction time of 120 min. iodomethané? In the latter cases (Table 1, entries 4, 6, and 8),

negligible effects on the reaction outcome were appreciable;
Now we describe the first Smimediated method to obtain  the corresponding,f-unsaturated carboxylic acids were ob-
(E)-aB-unsaturated carboxylic acids with total stereoselectivity tained with similar yields and with totd selectivity.
by using commercially available dibromoacetic acid and alde- Several comments are worth mentioning: (1) Aliphatic
hydes. This transformation takes place through a sequential(linear, branched, or cyclicHj-a,3-unsaturated carboxylic acids
process: an aldol-type reaction (without the protection of the 2 can be prepared; starting from aromatic or cinnamaldehyde

acid function) in the first step, followed by @-elimination aldehydes, the corresponding pinacol compounds were obtained
reaction in the second step. (Scheme 1). In addition, the reactioninstead of thex,3-unsaturated carboxylic acids. (2) In opposition
can be carried out with easily enolizable aldehydes. to other previously described synthesesigi-unsaturated acid

The reaction of different aldehydes (1 equiv) with dibro- derivatives, this preparation of3-unsaturated carboxylic acids
moacetic acid (1.5 equiv) in the presence of a solution of,Sml can be carried out by using easily enolizable aldehydes (Table
(5 equiv) in THF over a period of 2 h at room temperature 1, entries 7, 9, and 10). (3) To the best of our knowledge, this
afforded the corresponding)-o.,3-unsaturated carboxylic acids  sequential €C bond formation/elimination reaction constitutes
2 after hydrolysis, with total stereoselectivity and in good to the first example described in the literature in which a new C

excellent yields. Table 1 presents the results obtained. C bond is performed by Smvith a nonprotected carboxylic
The presence of a single diastereoisomer was determined orcid?#(4) This synthesis of,-unsaturated acids is very simple
the crude reaction mixtures by GC-MS aftdl NMR spectros-  (especially when Smalis generated in situ) and requires
copy. considerably less time, effort, and material than other classical
The E stereochemistry of the double C=C bond of thg- methods. First, the synthesis is based on a sequential reaction,
unsaturated acid®was assigned on the basis of the following: and second, no protection—deprotection of the carboxylic
(a) the NOESY experiments of compouriis, 2c, and2e; (b) function is necessary. (5) The synthesisifi-unsaturated acids

the value of theH NMR coupling constant of the olefinic ~ can be carried out on a bigger scake (vas obtained starting

protons?® and (c) the comparison of thtH NMR data of ~ from 4 mmol ofle).

compound<a, 2b, 2e, and2f with those previously reported. The obtention of the compound® might be explained
The same transformation can be carried out by usingSml assuming a sequential process (Scheme 2). Thus, the reaction

generated in situ from a mixture of samarium and di- of 2 equiv of Sm} with dibromoacetic acid generates a

samarium enolat8 rapidly. The reaction of this enolate with

(18) Concellon, J. M.; Pérez-Andrés, J. A.; Rodriguez-Solla&kem— the aldehyde afforded the corresponding 2-bromodgighich
Eur. J.2001,7, 3062—3068. ) could be hydrolyzed to afford the samarium-carboxylate
(19) Congellon, J. M.; Concelion, C.; Méjica, @. Org. Chem2005, Metalation of5 with 2 equiv of samarium diiodide gives another

70, 6111-6113. late int di hich suff t liminati
(20) The coupling constants between the olefinic protons of compounds €nolate intermediaté, which suffers a spontaneous elimination

2a—f, ranging between 15.7 and 15.4 Hz, were assigned according to thereaction before it is hydrolyzed, yielding, after workup hydroly-

average literature values. Silverstein, R. M.; Bassler, G. C.; Morrill, T. C. sjs, the corresponding,3-unsaturated carboxylic acid. Chelation
Spectrometric Identification of Organic Compounds; John Wiley and

Sons: New York 1991 of the Sm(IIl) center with the oxygen atom of the alcohol group
(21) (a) Karlsson, S.; Higberg, H.-Brg. Lett.1999,10, 1667—1669. leads to the formation of a six-membered rfdglentatively,

(b) Bellassoued, M.; Lensen, N.; Bakasse, M.; Mouelhi).Srg. Chem. we propose a chairlike transition state motlelith the group
igg%n?gt' r}gggf f;Sgss(flz'Egg‘énberger' F.; Obwald, Setrahedron: R jn the equatorial orientation (to avoid 1,3-diaxial interactions).
22) Concellon, J. M.: Rodriguez-Solla, H.: Bardales, E.; HuerteE . Elimination froml affords E)-a,3-unsaturated carboxylic acids

J. Org. Chem2003, 1775—1778. 2.
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SCHEME 3. Mechanism and Nonchelated Transition State added to a suspension of Sm powder (2.5 mmol), dibromoacetic
Model acid (0.75 mmol), and the aldehyde (0.5 mmol). After stirring the
HO HO reaction at room temperature for 2 h, it was quenched with aqueous
H %OSmIZ — h OSml, HCI (0.1 M) before the organic material was extracted with
osml, ~ Cosml, dichloromethane. The combined extracts were dried oveBNa
R H HoR) and the solvent was removed under reduced pressure. Purification
B c by flash chromatography on silica gel (hexane/ethyl acetate, 5:1)

. . . ) afforded pure productg.
The most questionable aspect of this mechanism is the (E)-Hept-2-enoic Acid(28). 'H NMR (300 MHz, CDCH): 7.08
proposition of a samarium enolate derived from the bromoacetic (; 7— g8 157 Hz 1H) 5.83 (d = 15.7 Hz iH) 235218

acid 3. We do not have direct evidence for the existence of (m on) 1.64-1.26 (m, 4H), 0.92 (tJ = 7.3 Hz, 3H).23C NMR
such an intermediate. However, a radical mechanism could be(75 MHz, CDCE): 6 171.5 (C), 152.2 (CH), 120.5 (CH), 31.9
rejected, considering that no differences were observed in the(CH,), 29.9 (CH), 22.1 (CH), 13.7 (CH). IR (neat): 2680, 1697,
course and result of the reaction when it was performed in the 1651 cnt®. Rx = 0.3 (hexane/EtOAc, 3:1). Anal. Calcd for
dark or in the presence of AIBN. Possibly, after enolate C;H.,0,: C, 65.60; H, 9.44. Found: C, 65.10; H, 9.21.
formation, the tautomeric form$mCHBrCQH might evolve (E)-Dec-2-enoic Acid(2b). Pale orange oitH NMR (300 MHz,
to the most stable counterpart Br&t€(OH)OSm). This could CDCly): 7.08 (dt,J = 7.0, 15.4 Hz, 1H), 5.82 (dt] = 1.6, 15.4
be argued considering the high oxophilic character exhibited Hz, 1H), 2.35-2.18 (m, 2H), 1.46-1.25 (m, 10H), 0.88 (tJ =
by the Sm(lll) ion?4 In this sense, the tautomer Br&C(OH)- 5.2 Hz, 3H).23C NMR (75 MHz, CDC}): 6 172.1 (C), 152.4 (CH),
OSmb, is capable of coexisting in the presence of a hydroxyl 120.5 (CH), 32.2 (Ch), 31.6 (CH), 29.6 (CH), 29.0 (CH), 27.8
group. To reinforce this argumeyhydroxy samarium enolates ~ (CHz), 22.5 (CH), 13.9 (CH). MS (70 eV, El, %)m/z: 170 (M,
were previously generated by the treatment of the corresponding ~1): 192 (13), 123 FZS)’ 73 (100). HRMS (70 eY)i [calcd for
2-chloro-3-hydroxyestetéor amide$? with samarium diiodide CioH150,, 170.1307; found, 170.1287. IR (neat): 2676, 1698, 1652

el , .
to afford, after g5-elimination reaction, the correspondingg- f:mn') ?5, Ho'fo(ggx?:r:)if (;_O'?‘:C’?% 13)4‘1,A|_T a&OC5a7ch for 160,

unsaturated ester or amide and byproducts such as those . .
. (E)-Cyclohexylprop-2-enoic Acid (2c).*H NMR (300 MHz,
generated from the hydrolysis of the enolate by the alcohol CDCly): 6 7.04 (dd.J = 6.9, 15.7 Hz, 1H), 5.78 (dd] = 1.60.

function, which were not detected. _ 15.8 Hz, 1H), 2.2-1.2 (m, 11H)XC NMR (50 MHz, CDC}): &
Another alternative nonchelated model to explain the 172.4 (C), 156.9 (CH), 118.2 (CH), 40.4 (CH), 31.4 ¥2CH),
stereochemistry is shown in Scheme 3. In this model, recently 55 8 (CH), 25.5 (2x CH;), 14.0 (CH). MS (70 eV, EI, %)m/z:
proposed by Mioskowski and co-workétsto explain an 154 (M*, 3), 136 (21), 94 (40), 82 (100). HRMS (70 eV): !
elimination reaction promoted by Cr(ll), the steric interactions calcd for GH140,, 154.0994; found, 154.0984. IR (neat): 2920,
between the samarium enolate and the R group are minimized1686 cml. Ry = 0.2 (hexane/EtOAc, 3:1). Anal. Calcd for

in transition stateéB to give the observe# isomer. CoH1402: C, 70.10; H, 9.15. Found: C, 70.21; H, 9.01.
In conclusion, in this paper we have presented an easy, simple, (E)-5-Methylhex-2-enoic Acid (2d). H NMR (300 MHz,
general, and efficient methodology for the preparation gF CDCly): 6 7.12—7.02 (ddtJ = 1.5, 7.4, 15.7 Hz, 1H), 5.82 (dd,

unsaturated carboxylic acids starting from commercially avail- J= 1.4, 15.7 Hz, 1H), 2.13 (dd} = 6.9, 7.4 Hz, 2H), 1.78 (sept,
able aldehydes and dibromoacetic acid and being promoted byJ = 6.8 Hz, 1H), 0.94 (dJ = 6.54 Hz, 3H), 0.92 (dJ = 6.54 Hz,
samarium diiodide. The elimination reaction proceeds with total 3H) **C NMR (75 MHz, CDC}): 6 171.9 (C), 151.5 (CH), 121.4
or highE diastereoselectivity. A mechanism to explain the total (CH), 41.4 (CH), 27.67 (CH), 22.2 (2« CHy). R = 0.6 (hexane/
stereoselectivity has been proposed. This reaction constitutes=!OAC: 3:1). Anal. Calcd for €420, C, 65.60; H, 9.44. Found:
the first example of a €C bond formation promoted by Sl C, 65.48; H, 9.50. ] ]

with carboxylic acids. Different Srgipromoted reactions to (E)-4-Phenylbut-2-enoic Acid (2e).'H NMR (300 MHz,
form C—C bonds from carboxylic acids or other compounds CDCl): 67.33—7.17 (m, 6H), 5.865.79 (di,J = 1.41, 15.6 Hz,

: , . o L 1H), 3.57—3.54 (ddJ = 1.41, 6.81 Hz, 2H)13C NMR (75 MHz,
\(/)leltrhlzgg\r/:th);drogens are currently under investigation within CDCL): 6 171.6 (C), 150.0 (CH), 137.2 (C), 128.7 @ CH).

128.6 (2x CH), 126.7 (CH), 121.5 (CH), 38.4 (GH MS (70 eV,

_ _ El, %) m/z: 162 (M, 64), 144 (21), 117 (100), 115 (58). HRMS

Experimental Section (70 eV): [M*] calcd for GoH10,, 162.0681; found, 162.0683. IR
General Procedure for the Synthesis ofo,f-Unsaturated (neat): 2921, 1697 cm. R = 0.2 (hexane/EtOAc, 3:1). Anal.

Carboxylic Acids (2). Smk, (2.5 mmol) was added to a stired  C@lcd for GaHiO2: C, 74.06; H, 6.21. Found: C, 73.90; H, 6.90.
suspension of dibromoacetic acid (0.75 mmol) and the correspond-  (E)-4-Phenylpentan-2-enoic Acid (2f)."H NMR (300 MHz,
ing aldehyde (0.5 mmol) in THF (2 mL). When the reaction was CDCL): 6 7.37—7.20 (m, 6H), 5.83 (dd} = 1.6, 15.6 Hz, 1H),
performed by using Smigenerated in situ, Cit, (2.5 mmol) was 3.71-3.62 (m, 1H), 1.46 (dl = 7.2 Hz, 3H).13C NMR (75 MHz,
CDCl): 6 171.9 (C), 155.1 (CH), 142.8 (C), 128.6 {2 CH),
(23) A similar model involving a chairlike transition state has been 127.2 (2x CH), 126.7 (CH), 119.4 (CH), 42.0 (CH), 20.0 (&H
proposed to explain the selectivity observed in other reactions with:Sml MS (70 eV, El, %)m/z. 176 (M*, 32), 130 (100), 115 (38). HRMS
(a) Molander, G. A.; Etter, J. B.; Zinke, P. W. Am. Chem. Sod 987, (70 eV): [M*] calcd for G1H1,0,, 176.0837; found, 176.0848. IR

109, 453—-463. (b) Urban, D.; Skrydstrup, T.; Beau, J.MOrg. Chem. . — .
1998 63, 2507-2516. (c) Enemrke, R. J.; Larsen, J.; Hjollund, G. H; g];ig'f;?gli_'lfog‘lf Jc':6473;1C$RfH g.szs(hgészg{Eé?Aﬁf ggl)HAGn?Z
Skrydstrup, T.; Daasbjerg, KOrganometallic2005,24, 1252—1262. (d) 1122, 2y 1590, T, D.00. s TR S

Davis, T. A.; Chopade, P. R.; Milmersson, G.; Flowers, ROkg. Lett. (E)-4,4-Diphenylbut-2-enoic Acid (2g).!H NMR (300 MHz,
2005,7, 119-122. CDCly): ¢ 7.57—7.49 (m, 1H), 7.35—7.16 (m, 10H), 5.77-5.72

(24) Molander, G. A. InComprehensive Organic Synthesis; Trost, B. — 1 .
M., Fleming, 1., Schreiber, S. L., Eds.; Pergamon: Cambridge, 1991; Vol. (m, 1H), 4.90 (dJ = 7.11 Hz, 1H)."3C NMR (75 MHz, CDCY).

e 6 171.7 (C), 152.6 (CH), 141.0 (2 C), 128.6 (4x CH), 128.5 (4
(25) Barma, D. K.; Kundu, A.; Zhang, H.; Mioskowski, C.; Falck, J. R. X CH), 126.9 (2x CH), 122.1 (CH), 53.4 (CH). MS (70 eV, El,
3. Am. Chem. S0@003,125, 3218-3219. %) miz: 238 (M, 30), 220 (9), 192 (100), 178 (31), 114 (83).
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HRMS (70 eV): [Mf] calcd for GeH140,, 238.0994; found, Note Added after ASAP Publication. There was an error
238.0966. IR (neat): 2923, 1693, 1648 ¢imRr = 0.2 (hexane/  in the dedication line in the version published ASAP January
EtOAc, 3:1). Anal. Calcd for GH140,: C, 80.65; H, 5.92. Found: 20, 2006; the corrected version was published ASAP February
C, 70.99; H, 5.71. 1. 2006.
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