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(2)-a,5-Unsaturated carbonyl compounds 2 are impor-
tant building blocks in organic synthesis.? Several pro-
cedures have been developed for the general synthesis
of these compounds,® a few of which are known to exhibit
substantial (Z)-selectivity (>90%).# Ganem has shown
that o-diazo esters 1 undergo -hydride elimination with
rhodium(ll) acetate to produce (Z)-enoates 2,° but only
in cases where no competing 1,5-insertion was possible
(eq 1).57 We have found that the more reactive rhodium
() trifluoroacetate complex efficiently catalyzes the
p-hydride elimination process, at low temperatures,
without carbocycle (3) formation.
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The starting o-diazo esters and o-diazo ketones can
be prepared by direct diazo transfer, or by homologation
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of alkyl halides and tosylates. We used the latter
approach to prepare the substrates listed in Table 1.
Thus, a-alkylation of alkyl acetoacetates 4% with alkyl
halides and tosylates produced a-substituted g-keto
esters 5a—e, which were converted to the a-diazo esters
la—e using one or the other of our established methods

(eq 2).8
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Subjection of the diazo precursors la—e to rhodium-
(I1) trifluoroacetate dimer in CH,Cl, at —78 °C for 1 h
resulted in the selective formation of (Z)-a,5-unsaturated
esters 2a—e in good yields (Table 1). At most, only slight
traces of the C-H 1,5-insertion products were detected
in the crude mixtures.®%0

Subjection of the a-diazo ketone 1f% to the same
conditions also resulted in the formation of (Z)-enone 2f,
without any trace of cyclization. This illustrates a new
regioselective method for the construction of (2)-o,3-
unsaturated ketones.

The preference for elimination rather than cyclization
under what are only slightly modified conditions is
striking. With the very reactive rhodium tetrakis-
(trifluoroacetate) catalyst, we speculate that the enthalpy
of activation for these reactions is slight, allowing for
entropy of activation to dominate. S-Hydride elimination
(1,2-insertion), with a smaller entropy of activation,
might then proceed more readily than 1,5-insertion, with
a larger (more negative) entropy of activation.

This new method for constructing (Z)-a,5-unsaturated
esters and ketones should be of general utility in organic
synthesis. The excellent (>95%)° stereoselectivity is
especially interesting.

Experimental Section?!

Preparation of Methyl 2-Acetylundecanoate (5a). So-
dium hydride (60% in mineral oil, 0.80 g, 20.0 mmol) was washed

(7) (@) A rhodium(ll) acetate-catalyzed method for the elimination
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F.; Pandolfi, E.; Volonterio, C. J. Org. Chem. 1990, 55, 4767. (b) It has
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1986, 51, 4077. (b) Taber, D. F.; You, K.; Song, Y. J. Org. Chem. 1995,
60, 1093. (c) Taber, D. F.; Gleave, D. M.; Herr, R. J.; Moody, K
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(9) However, subjection of the a-diazo ester i to the same conditions
resulted in exclusive C—C insertion product ii.
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(10) All unsaturated products (2a-f) were clean by H and 13C NMR
spectroscopy, showing no trace of the (E)-isomer in the crude product
mixture before chromatography. Early reactions run at higher tem-
peratures showed significant contamination by the (E)-isomer.
(11) For a summary of general experimental procedures see: Taber,
D. F.; Houze, J. B. J. Org. Chem. 1994, 59, 4004.
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Table 1. p-Hydride Elimination of a-Diazo Carbonyl
Compounds 1
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three times with petroleum ether and then suspended in 10 mL
of dry DME and cooled to 0 °C under nitrogen. Methyl
acetoacetate (2.16 mL, 20.0 mmol) was added dropwise to give
a solid mass. nBusNI (0.21 g, 1.0 mmol) was added, followed
by 1-bromononane (1.91 mL, 10.0 mmol), and the reaction was
stirred at 80 °C for 20 h. The mixture was cooled to rt, diluted
with 10 mL of 5% aqueous HCI and extracted three times with
20 mL of petroleum ether. The combined organic extracts were
dried over Na SO, concentrated in vacuo, and chromatographed
to give the a-alkylated -keto ester 5a as a colorless oil (1.99 g,
82%). TLC R¢ (10% ethyl acetate/petroleum ether) = 0.73; 'H
NMR (250 MHz, CDCls) 6 3.62 (s, 3H), 3.33 (t, 1H, J = 7.4 Hz),
2.11 (s, 3H), 1.71 (m, 2H), 1.15 (m, 14 H), 0.77 (m, 3H); 13C (62.9
MHz, CDCls) 6 up: 202.8, 170.1, 31.6, 29.1 (x 2), 28.0 (x 2),
27.2 (x 2),22.4; down: 59.4,52.0, 28.4, 13.8; IR (film) 2924, 2855,
1746, 1721, 1645, 1435, 1358, 1152 cm™%; ElI MS m/z (rel
intensity) 242 (M*, 1), 200 (7), 157 (6), 129 (11), 116 (60), 87
(100), 74 (23), 59 (12).

Ethyl 2-Acetylundecanoate (5b). From 1.00 mL of 1-bro-
mononane was obtained the f-keto ester 5b as a colorless oil
(1.16 g, 86%). TLC R (10% ethyl acetate/petroleum ether) =
0.54; IH NMR (250 MHz, CDCl3) 6 4.19 (g, 2H, J = 7.2 Hz),
3.40(t, 1H, J = 7.5 Hz), 2.22 (s, 3H), 1.82 (m, 2H), 1.25 (m, 15H),
0.87 (m, 3H); 13C (62.9 MHz, CDCls3) 6 up: 203.2, 169.8, 61.1,
31.8,29.4,29.2,28.1, 27.3, 22.6; down: 59.8, 28.6, 14.0; IR (film)
2926, 2855, 1743, 1718, 1644, 1466, 1358, 1242, 1151, 1120 cm1;
El MS m/z (rel intensity) 257 (M*, 3), 214 (32), 171 (12), 157
(16), 143 (23), 130 (97), 101 (100), 72 (66); HRMS (calcd for
Ci5H2503) 256.2038, found 256.2058.

tert-Butyl 2-Acetylundecanoate (5c¢). From 4.78 mL of
1-bromononane was obtained the f-keto ester 5c as a colorless
oil (5.11 g, 72%). TLC R¢ (10% ethyl acetate/petroleum ether)
= 0.69; 'H NMR (250 MHz, CDCl3) 6 3.21 (t, 1H, J = 7.4 Hz),
2.12 (s, 3H), 1.67 (m, 2H), 1.38 (s, 9H), 1.17 (m, 12H), 0.79 (m,
3H); 13C (62.9 MHz, CDCls) 6 up: 203.0, 168.5, 81.0, 31.2, 28.9,
28.7 (x 2), 28.6, 27.5, 26.7, 22.0; down: 60.4, 27.9, 27.3 (x 3),
13.4; IR (film) 2925, 2855, 1714, 1641, 1460, 1368, 1250, 1148,
848 cm™1; EI MS m/z (rel intensity) 211 (M* — tBuO, 1), 158
(1), 112 (3), 103 (13), 102 (15), 98 (16), 57 (100).
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Ethyl 2-Acetyl-4-methylheptanoate (5d). From 1.67 g of
2-methylpentanyl iodide was obtained an inseparable mixture
of B-keto ester diastereomers 5d as a colorless oil (1.31 g, 78%).
TLC R (10% ethyl acetate/petroleum ether) = 0.49; TH NMR
(250 MHz, CDCls) 6 4.17 (q, 2H, 3 = 7.2 Hz), 3.47 (dd, 1H, J =
5.2, 7.9 Hz), 2.18 (s, 3H), 1.85 (m, 1H), 1.66 (m, 1H), 1.28 (m,
4H), 1.23 (t, 3H, J = 7.2 Hz), 1.07 (m, 1H), 0.84 (d, 6H, J = 6.4
Hz); 13C (62.9 MHz, CDCl3) 6 up: 203.3, 170.0, 61.2, 39.2, 35.3,
19.8; down: 58.1, 30.6, 28.5, 19.3, 14.1, 14.0; IR (film) 2959, 2874,
1746, 1715, 1464, 1359, 1242, 1183, 1025 cm™1; EI MS m/z (rel
intensity) 215 (M* + 1, 1), 172 (26), 143 (17), 131 (22), 130 (67),
115 (41), 101 (100), 97 (15), 84 (14), 73 (77); HRMS (calcd for
C12H2303) 2151647, found 215.1652.

Methyl (E)-2-Acetyl-5-phenylpentanoate (5e). From 3.00
g of cinnamyl bromide was obtained the j-keto ester 5e as a
colorless oil (3.29 g, 93%). TLC Rt (10% ethyl acetate/petroleum
ether) = 0.49; 'H NMR (250 MHz, CDCl3) 6 7.31 (m, 5H), 6.46
(d, 1H, J = 15.8 Hz), 6.12 (dt, 1H, J = 7.1, 15.8 Hz), 3.74 (s,
3H), 3.62 (t, 1H, J = 7.4 Hz), 2.76 (t, 2H, J = 7.3 Hz), 2.26 (s,
3H); 13C (62.9 MHz, CDCl3) 6 up: 202.1, 169.6, 136.9, 31.5;
down: 132.7, 128.4 (x 2), 127.3, 126.1 (x 2), 125.6, 57.3, 52.3,
29.2; IR (film) 2926, 2855, 1743, 1718, 1644, 1466, 1358, 1242,
1151, 1120 cm™1; EI MS m/z (rel intensity) 232 (M*, 34), 190
(26), 189 (51), 168 (33), 156 (100), 131 (54), 130 (39), 119 (69),
116 (56), 104 (18), 91 (88), 77 (18); HRMS (calcd for C14H1603)
232.1099, found 232.1082.

Preparation of Methyl 2-Diazoundecanoate (1a). Method
A: Sodium hydride (60% in mineral oil, 0.151 g, 3.78 mmol) was
washed three times with petroleum ether and then suspended
in 10 mL of dry diethyl ether at 0 °C under nitrogen. To this
solution was then added dropwise 0.611 g (2.52 mmol) of S-keto
ester 5a in 3 mL of diethyl ether. After the mixture had stirred
for 10 min, 0.915 g (7.56 mmol) of methanesulfonyl azide was
added dropwise, and the mixture was allowed to warm to rt over
5 h. The mixture was then diluted with 10 mL of 10% aqueous
NaOH and extracted three times with 25 mL of ethyl acetate.
The organic layers were then washed with brine, dried over Na,-
SO., concentrated in vacuo, and chromatographed to give the
o-diazo ester la as a yellow oil (0.531 g, 93%). TLC R (10%
ethyl acetate/petroleum ether) = 0.83; IH NMR (250 MHz,
CDCl3) 6 3.67 (s, 3H), 2.22 (t, 2H, J = 7.0 Hz), 1.42 (m, 2H),
1.19 (m, 12H), 0.80 (m, 3H); 13C (62.9 MHz, CDCl3) ¢ up: 167.9,
31.8, 29.4, 29.1, 28.6, 27.5, 23.0 (x 2), 22.6; down: 51.6, 13.9;
IR (film) 2926, 2855, 2360, 2079, 1699, 1436, 1351, 1136, 739
cm~1; EI MS m/z (rel intensity) 199 (M™ — Ny, 2), 167 (6), 137
(2), 124 (8), 113 (100), 100 (30), 87 (43), 81 (60), 69 (37).

Ethyl 2-Diazoundecanoate (1b). Method A: From 1.284
g of B-keto ester 5b was obtained the a-diazo ester 1b as a yellow
oil (0.915 g, 76%). TLC R¢ (10% ethyl acetate/petroleum ether)
= 0.88; 'H NMR (250 MHz, CDCls) 6 4.14 (q, 2H, J = 7.1 Hz),
2.22 (t, 2H, 3 = 7.1 Hz), 1.43 (m, 2H), 1.20 (m, 15H), 0.81 (m,
3H); 13C (62.9 MHz, CDCl3) 6 up: 167.6, 60.6, 31.8, 29.4, 29.2
(x 2), 28.7, 27.5, 22.9, 22.6; down: 14.4, 14.0; IR (film) 2928,
2856, 2084, 1699, 1465, 1371, 1304, 1134, 739 cm™*; EI MS m/z
(rel intensity) 167 (Mt — N,, — OEt, 2), 127 (13), 99 (32), 88
(22), 81 (23), 69 (23), 55 (100).

tert-Butyl 2-Diazoundecanoate (1c). Method A: From
0.658 g of 5-keto ester 5¢ was obtained the o-diazo ester 1c as
a yellow oil (0.452 g, 73%). TLC R (5% ethyl acetate/petroleum
ether) = 0.77; 'H NMR (250 MHz, CDCls) 6 2.22 (t,2H,J =7.0
Hz), 1.45 (s, 9H), 1.24 (m, 14H, 0.85 (m, 3H); IR (film) 3428,
2957, 2856, 2078, 1694, 1456, 1368, 1133 cm™*; EI MS m/z (rel
intensity) 167 (M* — N, — tBuO, 6), 124 (5), 111 (2), 101 (3), 99
(24), 81 (11), 73 (7), 57 (100).

Ethyl 2-Diazo-4-methylheptanoate (1d). Method B: To
a solution of the fj-keto ester 5d (1.14 g, 5.3 mmol) and
p-nitrobenzenesulfonyl azide (2.43 g, 10.6 mmol) in 30 mL of
dry CHCl, under nitrogen at 0 °C was added dropwise DBU
(1.6 mL, 10.6 mmol). The mixture was stirred for 90 min, after
which 30 mL of 10% NaOH soln was added, and the mixture
was warmed to rt. The crude o-diazo ester was extracted three
times with CH.Cl,, washed with brine, dried over Na,SO,,
concentrated in vacuo, and chromatographed to provide the
o-diazo ester 1d as a yellow oil (0.83 g, 79%). TLC R¢(10% ethyl
acetate/petroleum ether) = 0.75; H NMR (250 MHz, CDCls) ¢
4.22 (g, 2H, J = 7.2 Hz), 2.19 (ddd, 2H, J = 6.1, 14.9, 36.9 Hz),
2.10 (m, 1H), 1.31 (m, 4H), 1.27 (t, 3H, 3 = 7.2 Hz), 0.92 (d, 6H,
J = 6.7 Hz); 13C (62.9 MHz, CDCls) 6 up: 60.7, 38.4, 30.6, 20.0;
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down: 32.4,19.1, 14,2 (x 2); IR (film) 2959, 2873, 2361, 2080,
1697, 1371, 1323, 1136 cm~%; EI MS m/z (rel intensity) 170 (M
— Ny, 4), 155 (2), 141 (30), 125 (90), 113 (68), 96 (75), 82 (14), 55
(100).

Methyl (E)-2-Diazo-5-phenylpentanoate (le). Method
B: From 1.86 g of S-keto ester 5e was obtained the o-diazo ester
le as a yellow oil (1.44 g, 83%). TLC R: (10% ethyl acetate/
petroleum ether) = 0.32; 'H NMR (250 MHz, CDCl3) 6 7.36 (m,
5H), 6.49 (d, 1H, J = 15.8 Hz), 6.21 (dt, 1H, J = 6.8, 15.8 Hz),
3.80 (s, 3H), 3.22 (d, 2H, J = 6.8 Hz); 13C (62.9 MHz, CDCls3) 6
up: 167.2, 136.5, 26.6; down: 132.6, 128.4 (x 2), 127.4, 126.1
(x 2), 123.8, 51.8; IR (film) 3028, 2952, 2080, 1694, 1598, 1496,
1436, 1337, 1190, 1115, 967, 913, 739, 695 cm~%; EI MS m/z
(rel intensity) 188 (M* — N, 14), 157 (16), 129 (100), 128 (88),
117 (6), 102 (17), 77 (22), 64 (18), 51 (28).

Preparation of Methyl (Z)-2-Undecenoate (2a). To a
solution of the o-diazo ester 1a (0.208 g, 0.92 mmol) in 20 mL
of dry CH,Cl, at —78 °C under nitrogen was added dropwise a
solution of rhodium tetrakis(trifluoroacetic acid) dimer (0.0060
g, 0.01 mmol) in 0.5 mL of dry CH,ClI; (precooled to 0 °C). The
mixture was stirred for 1 h, concentrated in vacuo, and im-
mediately chromatographed to provide the (Z)-a,3-unsaturated
ester 2a as a colorless oil (0.182 g, 80%). TLC R (10% ethyl
acetate/petroleum ether) = 0.85; *H NMR (250 MHz, CDCl3) 6
6.14 (dt, 1H, J = 7.5, 11.5 Hz), 5.68 (d, 1H, J = 11.5 Hz), 3.61
(s, 3H), 2.57 (dg, 2H, J = 1.4, 7.4 Hz), 1.35 (m, 2H), 1.18 (m,
10H), 0.80 (m, 3H); 13C (62.9 MHz, CDCl3) 6 up: 166.5, 31.7,
29.3, 29.3, 29.1, 28.9, 28.8, 22.5; down: 150.7, 119.0, 50.6, 13.9;
IR (film) 2926, 2856, 1728, 1645, 1436, 1197, 1175, 819 cm™%;
El MS m/z (rel intensity) 199 (M, 2), 167 (7), 124 (9), 113 (100),
100 (33), 87 (47), 74 (43); HRMS (calcd for C12H220-) 198.1620,
found 198.1613.

Ethyl (Z)-2-Undecenoate (2b). From 0.401 g of a-diazo
ester 1b was obtained the (Z)-a,3-unsaturated ester 2b as a
colorless oil (0.301, 85%). TLC Rt (10% ethyl acetate/petroleum
ether) = 0.93; *H NMR (250 MHz, CDCls) 6 6.14 (m, 1H)), 5.68
(d, 1H, 3 = 11.5 Hz), 4.08 (q, 2H, J = 7.2 Hz), 2.00 (g, 2H, J =
7.2 Hz), 1.36 (m, 2H), 1.21 (m, 13H), 0.80 (m, 3H); 13C (62.9 MHz,
CDCls) 6 up: 166.3, 59.6, 31.8, 29.3, 29.2, 29.1, 29.0, 28.9, 22.6;
down: 150.4, 119.6, 14.2, 14.0; IR (film) 2108, 1722, 1644, 1465,
1134 cm~%; EI MS m/z (rel intensity) 212 (M*, 5), 167 (17), 127
(100), 115 (47), 101 (32), 99 (39), 88 (48), 84 (20); HRMS (calcd
for Ci3H2402) 212.1776, found 212.1761. Anal. Calcd for
C13H240;: C, 73.54%; H, 11.39%. Found: C, 73.47%; H, 11.25%.

tert-Butyl (2)-2-Undecenoate (2c). From 0.436 g of a-diazo
ester 1c was obtained the (Z)-o,(-unsaturated ester 2c as a
colorless oil (0.353, 91%). TLC Rt (10% ethyl acetate/petroleum
ether) = 0.90; 'H NMR (250 MHz, CDCls) ¢ 6.09 (m, 1H), 5.64
(d, 1H, 3 = 11.5 Hz), 2.58 (q, 2H, 3 = 7.2 Hz), 1.47 (s, 9H), 1.25
(m, 12H0, 0.86 (m, 3H); 13C (62.9 MHz, CDCl3) 6 up: 167.0, 80.8,
31.8,29.4, 29.2, 28.7, 27.5, 22.9, 22.6; down: 148.9, 121.4, 28.3

Notes

(x 3), 14.0; IR (film) 2958, 2928, 2856, 2361, 1716, 1641, 1367,
1215, 1152, 820 cm~%; FAB MS m/z (rel intensity) 241 (M* + 1,
15), 221 (30), 207 (24), 185 (100), 167 (37), 147 (61); HRMS (calcd
for Ci5sH200;) 241.2168, found 241.2171.

Ethyl (Z2)-4-Methyl-2-heptenoate (2d). From 0.2290 g of
o-diazo ester 1d was obtained the (Z)-o,5-unsaturated ester 2d
as a colorless oil (0.1612, 82%). TLC R: (10% ethyl acetate/
petroleum ether) = 0.79; *H NMR (250 MHz, CDCl3) ¢ 5.92 (dd,
1H,J=10.2,11.5 Hz), 5.68 (d, 1H, J = 11.5 Hz), 4.15 (q, 2H, J
= 7.2 Hz), 3.50 (m, 1H), 1.27 (t, 3H, J = 7.1 Hz), 1.27 (m, 4H),
0.99 (d, 3H, J = 6.6 Hz), 0.88 (t, 3H, J = 7.2Hz); 13C (62.9 MHz,
CDCl3) 6 up: 166.4, 59.7, 39.2, 20.7; down: 156.0, 118.2, 32.4,
20.2, 14.2, 14.1; IR (film) 2960, 2931, 1722, 1646, 1457, 1417,
1186, 1035, 824 cm~1; EI MS m/z (rel intensity) 170 (M™, 2),
141 (5), 125 (7), 113 (15), 95 (19), 83 (11), 82 (19), 71 (11), 67
(26), 55 (100).

Methyl (Z,E)-5-Phenyl-2-pentenoate (2e). From 0.1610g
of a-diazo ester le was obtained the (Z)-a,3-unsaturated ester
2e as a colorless oil (0.1315, 94%). TLC Ry (10% ethyl acetate/
petroleum ether) = 0.58; *H NMR (250 MHz, CDCls) ¢ 8.16 (dd,
1H, J = 12.4, 16.7 Hz), 7.54 (d, 2H, J = 8.1 Hz), 7.34 (m, 3H),
6.77 (g, 2H, 3 = 15.7 Hz), 5.74 (d, 1H, J = 11.2 Hz), 3.77 (s,
3H); 13C (62.9 MHz, CDCl3) 6 up: 166.8, 136.2; down: 144.9,
141.3,128.9, 128.6 (x 2), 127.4 (x 2), 124.8, 116.9, 51.1; IR (film)
3024, 2949, 2071, 1712, 1625, 1450, 1392, 1172, 1000, 959, 820
cm~1; EI MS m/z (rel intensity) 188 (M, 8), 157 (10), 129 (96),
128 (100), 115 (15), 102 (25), 77 (38), 63 (34), 51 (87); HRMS
(calcd for C12H120,) 188.0837, found 188.0829.

(2)-3-Undecen-2-one (2f). From 0.0960 g of a-diazo ketone
1f8 was obtained the (Z)-o,3-unsaturated ketone 2f as a colorless
oil (0.0757, 92%). TLC R (10% ethyl acetate/petroleum ether)
= 0.74; *H NMR (250 MHz, CDCl3) 6 6.10 (m, 2H, J = 11.7 Hz),
259 (q, 2H, J = 7.1 Hz), 2.19 (s, 3H), 1.39 (m, 2H), 1.26 (M,
8H), 0.86 (t, 3H, J = 5.3 Hz); 13C (62.9 MHz, CDCls) 6 up: 199.3,
31.7,29.3,29.2, 29.1 (x 2), 29.0; down: 148.8, 127.0, 31.5, 14.0;
IR (film) 2926, 2856, 2361, 1696, 1616, 1558, 1457, 1418, 1355,
1178 cm~%; EI MS m/z (rel intensity) 168 (M*, 2), 153 (2), 125
(3), 110 (10), 97 (100), 84 (21), 71 (19), 69 (43), 55 (44); HRMS
(calcd for C11H200) 168.1514, found 168.1517.
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