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General Methods

All reactions were carried out under an atmospha&reargon in flame-dried
glassware with magnetic stirring. Tetrahydrofuraml alichloromethane were degassed
with argon and passed through two columns of neattemina. Toluene was degassed
with argon and passed through one column of neattahina and one column of Q5
reactant. CGl was purchased from Aldrich (99.9%) and redistilleéfore use.
Triethylamine, Hunig’'s base and methanol were Itksti from CaH. Column
chromatography was performed on SiliCycle®SHiEsh® P60, 40-63um 60A. Thin
layer chromatography was performed on SiliCycle®@ 2% 60A plates. Visualization
was accomplished with UV light, KMnQor agqueous ceric ammonium molybdate dips
followed by heating.

'H NMR were recorded on a Varian 300 or 400 MHz specetersat ambient
temperature. Data are reported as follows: chansigift in parts per milliond, ppm)
from deuterated chloroform (CD4Jlor deuterated acetone (acetone-D6), multipliSty
singlet, d = doublet, t = triplet, q = quartet, and= multiplet), integration, and coupling
constant (Hz).**C NMR were recorded a Varian 300 or 400 MHz specé&iers (at 75 or
100 MHz) at ambient temperature. Chemical shifesraported in ppm from (CDg}l
taken as 77.0 ppm.

General procedure for synthesis of tifeketo amides:

Q 9 DMAP (2.3eq) o 0
+ Me,NH-HCI -
Et)J\/U\OMe toluene, reflux, 24h Et)l\/u\NMez

A
94%

1eq 2eq

A toluene solution (10ml) of methyl 3-oxopentanogte mmol, 0.63 ml),
dimethylammonium chloride (10 mmol, 815 mg) and DRA2.3 mmol, 1.4 g) was
stirred under reflux for 24h. The solution was eabto room temp and then quenched
with water and extract with EtOAc. The organic layeas washed with brine and dried
with Na2S04. Concentration in vacuo followed byuroh chromatography provided
N,N-dimethyl-3-oxopentanamid@j in 94% yield.

Rf = 0.34 (EtOAc); 78 % yield'H NMR (300 MHz, CDCJ) & 3.48 (s, 2H), 2.94
(s, 3H), 2.90 (s, 3H), 2.53 (q, 2H,= 7.3 Hz), 1.00 (t, 3HJ) =7.3 Hz);**C NMR (75
MHz, CDCk) 6 205.3, 167.0, 49.1, 38.1, 36.5, 35.6, 7.8; IR (Na@at) 2939, 1719,
1647, 1398, 1137, 1050 EMHRMS (FAB+) calcd for @H13NO,, 143.0946. Found
143.0946.

All other non-commerical availableketo amides were all synthesized using this
general procedure.

! Holtz, E.; Albrecht, U.; Langer, Hetrahedron 2007, 63, 3293-3301.
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General procedure for synthesis of Michael accepstor

A flame-dried 5 ml round bottom flask with magnesiir bar was charged with
N,N-dimethyl-3-oxopentanamide (4.7 mmol, 670 mg@gete anhydride (14 mmol, 1.4
ml), and lithium bromide (0.94 mmol, 81mg). Theatan was then heated to 80 °C and
allowed to stir at this temperature for 4 hoursefihaldehyde (14 mmol) was added and
the mixture was further stirred for another 4 hourdpon cooling, the reaction was
guenched with water and extracted with EtOAc. ©hganic layers were washed with
brine and dried with Na2S04. Concentration in vacfalowed by column
chromatography provides the corresponding Michee¢ptors.

General procedure for enantio- and diastereoseleetiintermolecular
Stetter reactions:

A flame-dried 5 ml test tube was charged withzisiaum salt 3 (14.5 mg,

0.032 mmol), Michael acceptor (0.32 mmol) and MgS@2@ mg, 0.16 mmol). The test
tube was purged under vacuum and then refilled aigon 3 times. Glyoxamide 1 (23
mg, 0.16 mmol) was then added followed by 0.5 milisfilled CCl4. The test tube was
placed in an ice-water bath and Hunig's base (0r@R&®.16 mmol) was added dropwise
to the reaction. The mixture was allowed to stiD&C for 12 hours, quenched with 0.1
ml AcOH and directly purified by flash column chratagraphy to provide Stetter
products.

2Sylla, M.; Joseph, D.; Chevallier, E.; Camara,[umas, FSynthesis 2006, 1045-1049.
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Characterization of Michael acceptors and Stetteoducts

Me (2)-2-ethylidene-N,N-dimethyl-3-oxopentanamide (13): Rf = 0.18
~.CONMe, (EtOAc); 44 % yield;H NMR (300 MHz, CDCJ) § 6.68 (g, 1HJ = 7.1
Hz), 2.88 (s, 3H), 2.70 (s, 3H), 2.48 (q, 2H+ 7.2 Hz), 1.67 (d, 3H]
COEt =7.1 Hz), 0.89 (t, 3HJ =7.2 Hz);**C NMR (75 MHz, CDC}) 5 197.9,
167.9, 140.5, 139.0, 37.7, 34.3, 31.4, 15.6, &RO{NaCl, neat) 2925, 1672, 1638, 1503,
1400, 1144 c; HRMS (FAB+) calcd for H1sNO,, 169.1103. Found 169.1103.

(2R,3R)-N,N,3-trimethyl-5-mor pholino-4,5-dioxo-2-

ﬁN CONMe, propionylpentanamide (14): Rf = 0.25 (EtOAc); {i]p?* =

OJ o COEt +24.5 (c = 0.020 g/ml, CHg}t HPLC analysis — Chiracel
ASH column 90:10 hexanes : isopropanol 1.0 mL /.min

Major: 20.9 minutes, Minor: 17.5 minute$§ NMR (300 MHz, CDCJ) & 4.30 (d, 1H,J

= 9.9 Hz), 3.50-3.84 (m, 9H), 3.22 (s, 3H), 3.063d), 2.32-2.54 (m, 2H), 1.28 (d, 34,

= 7.2 Hz), 1.02 (t, 3HJ = 7.2 Hz);"*C NMR (75 MHz, CDCJ) 5 205.8, 201.3, 168.6,

164.9, 67.3, 66.9, 59.0, 46.6, 43.7, 42.0, 38.63,3%.2, 15.9, 7.8; IR (NaCl, neat) 2937,

1710, 1638, 1399, 1114, 999 ¢mHRMS (FAB+) calcd for GH4N,Os, 312.1685,

Found 312.1687.

e

Et (Z2)-N,N-dimethyl-2-propionylpent-2-enamide (12): Rf = 0.34

. CONMe, (EtOAc); 52 % yield;H NMR (300 MHz, CDCJ) 5 6.63 (t, 1HJ = 7.6

Hz), 2.96 (s, 3H), 2.78 (s, 3H), 2.56 (q, 2Hs 7.2 Hz), 2.10 (dq, 2H]

CORt = 7.5, 7.6 Hz), 1.00 (t, 3H] = 7.5 Hz), 0.99 (t, 3HJ = 7.2 Hz);*°C

NMR (75 MHz, CDC}) 6 198.3, 168.0, 145.2, 138.9, 37.9, 34.4, 31.6,,22%8, 8.1; IR

(NaCl, neat) 2939, 1671, 1637, 1458, 1400, 1143%cMRMS (FAB+) calcd for
C10H17NOs, 183.1257, Found 183.1261.

0 t (2R,3R)-3-ethyl-N,N-dimethyl-5-mor pholino-4,5-dioxo-
ﬁN CONMe, 2-propionylpentanamide (11): Rf = 0.26 (EtOAc); fi]p>* =
O\) o COERt +34.0 (c = 0.047 g/ml, CHgt HPLC analysis — Chiracel

AS-H column 90:10 hexanes : isopropanol 1.0 mL h.mi
Major: 16.4 minutes, Minor: 14.4 minute$§ NMR (300 MHz, CDCJ) § 4.28 (d, 1H,J
= 10.0 Hz), 3.50-3.82 (m, 9H), 3.20 (s, 3H), 3.823H), 2.30-2.52 (m, 2H), 1.68 (dq,
2H,J = 7.1, 7.6 Hz), 0.98 (t, 3H] = 7.2 Hz), 0.89 (t, 3H) = 7.4 Hz);*C NMR (75
MHz, CDCk) 6 206.0, 200.2, 168.4, 164.8, 67.2, 66.8, 58.6, 48667, 42.2, 38.6, 36.3,
34.2, 23.6, 11.5, 7.8; IR (NaCl, neat) 2971, 170840, 1461, 1114, 1000 cMHRMS
(FAB+) calcd for GgH26N20s, 326.1842, Found 326.1841.

oM

’

Pr (Z2)-N,N-dimethyl-2-propionylhex-2-enamide (15): Rf = 0.44 (EtOAc);
. CONMe, 40 % yield;"H NMR (300 MHz, CDCJ) § 6.74 (t, 1HJ = 7.6 Hz), 3.05
(s, 3H), 2.86 (s, 3H), 2.64 (g, 28= 7.2 Hz), 2.15 (q, 2H] = 7.4 Hz),

COEt 1.45-1.57 (m, 2H), 1.08 (t, 3H,= 7.3 Hz), 0.94 (t, 3HJ = 7.4 Hz);*°C
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NMR (75 MHz, CDC}) & 198.1, 168.0, 143.9, 139.5, 37.9, 34.3, 32.0,,3215/, 14.1,
8.0; IR (NaCl, neat) 2936, 2873, 1671, 1638, 140&2 cn'; HRMS (FAB+) calcd for
C11H19NO», 197.1416, Found 197.1413.

o

n g

r (2R,3R)-N,N-dimethyl-3-(2-mor pholino-2-oxoacetyl)-2-
ﬁN CONMe, propionylhexanamide (16): Rf = 0.32 (EtOAc); §]p** =
OJ 0  COEt +70.5 (c = 0.044 g/ml, CHgt HPLC analysis — Chiracel
AS-H column 90:10 hexanes : isopropanol 1.0 mL h.mi
Major: 12.3 minutes, Minor: 11.4 minute$§ NMR (300 MHz, CDCJ) & 4.26 (d, 1H,J
= 9.9 Hz), 3.50-3.82 (m, 9H), 3.20 (s, 3H), 3.023H), 2.28-2.52 (m, 2H), 1.45 -1.72
(m, 2H), 1.20 -1.40 (m, 2H), 0.98 (t, 3B= 7.2 Hz), 0.86 (t, 3HJ = 7.2 Hz);"*C NMR
(75 MHz, CDC}) & 206.1, 200.2, 168.6, 164.7, 67.1, 66.9, 59.4, 4827, 42.3, 38.5,
36.3, 34.1, 32.8, 20.5, 14.4, 7.8; IR (NaCl, neaf0, 1709, 1640, 1461, 1272, 1115 cm
1 HRMS (FAB+) calcd for GH2aN20s, 340.1998, Found 340.2006.

’

Bu (2)-N,N-dimethyl-2-propionylhept-2-enamide (17): Rf = 0.49
\KCONMeZ (EtOAc); 51 % yield;*H NMR (300 MHz, CDC}) § 6.58 (t, 1HJ = 7.6
Hz), 2.86 (s, 3H), 2.69 (s, 3H), 2.58 (q, 2H5 7.2 Hz), 2.11 (g, 2H] =
COEt 7.4 Hz), 1.36-1.44 (m, 2H), 1.23-1.32 (m, 2H), 1(@23H, J = 7.2 Hz),
0.83 (t,3HJ=7.2 Hz);13C NMR (75 MHz, CDCJ) 6 198.2, 168.1, 144.1, 139.4, 37.9,
34.5, 31.7, 30.5, 29.9, 22.7, 14.0, 8.1; IR (Na@at) 2935, 1671, 1640, 1458, 1400,
1142 cn; HRMS (FAB+) calcd for GH21NO,, 211.1572, Found 211.1571.

(2R,3R)-N,N-dimethyl-3-(2-mor pholino-2-oxoacetyl)-2-
ﬁN CONMe, propionylheptanamide (18): Rf = 0.25 (EtOAc); ¢]p>* =
O\) o0  COEt +72.5 (c = 0.040 g/ml, CHE) HPLC analysis — Chiracel
AS-H column 98:2 hexanes : isopropanol 1.0 mL /.min
Major: 45.7 minutes, Minor: 42.3 minute$§ NMR (300 MHz, CDCJ) § 4.19 (d, 1H,J
= 9.9 Hz), 3.42-3.72 (m, 9H), 3.12 (s, 3H), 2.943H), 2.86-2.93 (m, 2H), 2.20 -2.43
(m, 2H), 1.44 -1.62 (m, 2H), 1.10 -1.25 (m, 4HBD(t, 3H,J = 7.2 Hz), 0.75 (t, 3H] =
7.0 Hz);**C NMR (75 MHz, CDCJ) § 206.0, 200.3, 168.5, 164.7, 67.2, 66.9, 59.2,,48.4
46.7, 42.3, 38.6, 36.3, 34.2, 30.4, 29.2, 23.01,1A8; IR (NaCl, neat) 2934, 2858, 1709,
1641, 1461, 1115 ch HRMS (FAB+) calcd for GHsN»Os, 354.2155, Found
354.2156.

e

Me (Z2)-N,N,5-trimethyl-2-propionylhex-2-enamide (19): Rf = 0.47

(EtOAC); 28 % yield*H NMR (300 MHz, CDCJ) § 6.76 (t, 1H,J = 7.5

Me Hz), 3.04 (s, 3H), 2.85 (s, 3H), 2.64 (q, 2H; 7.1 Hz), 2.06 (dd, 2H] =

N CONMe; 7.1, 7.2 Hz), 1.81 (m, 1H), 1.08 (t, 3Bi= 7.2 Hz), 0.92 (d, 6H] = 6.6
COEt Hz): **C NMR (75 MHz, CDCJ) § 198.0, 167.9, 143.1, 139.9, 38.9, 37.8,

34.3, 31.5, 28.2, 22.6, 8.0; IR (NaCl, neat) 295863, 1672, 1637, 1399, 1141 ¢m
HRMS (FAB+) calcd for GzH21NO,, 211.1572, Found 211.1573.
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Me (2R,3R)-N,N,5-trimethyl-3-(2-mor pholino-2-oxoacetyl)-
o )\Me 2-propionylhexanamide (20): Rf = 0.26 (EtOAc); ]p>* =

: +64.0 (c = 0.025 g/ml, CHE), HPLC analysis — Chiracel

ﬁN CONMe2 - AD-H column 90:10 hexanes : isopropanol 1.0 mL hmi
OJ O COEt Major: 12.5 minutes, Minor: 14.9 minutedd NMR (300

MHz, CDCk) & 4.20 (d, 1H,J = 9.5 Hz), 3.48-3.82 (m, 9H),
3.16 (s, 3H), 3.02 (s, 3H), 2.43-2.57 (m, 1H), 2:288 (m, 1H), 1.10 -1.20 (m, 2H),
0.98 (t, 3H,J = 7.2 Hz);**C NMR (75 MHz, CDC}) § 206.5, 200.1, 168.6, 164.6, 67.1,
66.8, 60.6, 46.8, 46.2, 42.3, 38.5, 36.3, 34.10,283.7, 22.1, 7.8; IR (NaCl, neat) 2957,
1709, 1640, 1462, 1398, 1114, ¢rHRMS (FAB+) calcd for GaHaoNoOs, 354.2155,
Found 354.2157.

conme, 0-47 (EtOAC); 54 % yield"H NMR (300 MHz, CDCY) & 7.08-7.24 (m,
5H), 6.68 (t, 1H,J = 7.5 Hz), 2.92 (s, 3H), 2.74 (t, 38= 7.4 Hz), 2.56
COEt (s, 3H), 2.42-2.58 (m, 4H), 1.00 (t, 3Bi= 7.2 Hz);*C NMR (75 MHz,
CDCls) 6 198.1, 167.8, 142.9, 140.7, 140.0, 128.8, 1285.,5|, 37.6, 34.5, 34.4, 32.0,
31.6, 8.2; IR (NaCl, neat) 2935, 1671, 1638, 14a@2, 701 cnl; HRMS (FAB+) calcd
for C16H21N02, 259.1572, Found 259.1575.

(;ph (Z2)-N,N-dimethyl-5-phenyl-2-propionylpent-2-enamide (21): Rf =
N

o  ph (2R,3R)-N,N-dimethyl-5-mor pholino-4,5-dioxo-3-
CONMe, phenethyl-2-propionylpentanamide (22): Rf = 0.41

ﬁ N (EtOAC); [a]p™ = +42.8 (c = 0.042 g/ml, CHE} HPLC
o O COEt analysis — Chiracel OD-H column 85:15 hexanes
isopropanol 1.0 mL / min. Major: 19.5 minutes, Mind6.2 minutes;H NMR (300
MHz, CDCk) & 7.12-7.29 (m, 5H), 4.30 (d, 1H,= 9.6 Hz), 3.54-3.84 (m, 9H), 3.14 (s,
3H), 3.02 (s, 3H), 2.56-2.70 (m, 2H), 2.28 -2.54 @H), 1.94 -2.10 (m, 1H), 1.76 -1.90
(m, 1H), 1.00 (t, 3H) = 7.2 Hz);**C NMR (75 MHz, CDC}) § 206.1, 199.9, 168.4,
164.7, 141.8, 128.6, 126.2, 67.2, 66.8, 59.6, 4697, 42.3, 38.5, 36.3, 34.2, 33.6, 32.6,
7.8; IR (NaCl, neat) 2935, 1708, 1639, 1454, 13984 cn'; HRMS (FAB+) calcd for
C22H30N20s, 402.2155, Found 402.2157.

3

OBn (2)-5-(benzyloxy)-N,N-dimethyl-2-propionylpent-2-enamide (23): Rf
(;CONM% = 0.30 (EtOAc); 35 % yield*H NMR (300 MHz, CDC}) 6 7.14-7.28 (m,
5H), 6.72 (t, 1HJ = 7.4 Hz), 4.40 (s, 2H), 3.51 (t, 28I~ 6.1 Hz), 2.93
COEt (s, 3H), 2.71 (s, 3H), 2.36-2.60 (m, 4H), 1.003H, J = 7.2 Hz);**C
NMR (75 MHz, CDC}) & 198.0, 167.8, 140.9, 140.7, 138.1, 128.5, 1273%,768.2,
48.9, 37.9, 34.4, 31.5, 30.8, 8.1; IR (NaCl, néag9, 1672, 1641, 1454, 1399, 1100 cm
1 HRMS (FAB+) calcd for GH23NO;, 289.1678, Found 289.1680.

o ~ oen _(2R,3R)-_3-(2—(benzy!oxy)ethyl)-N,N_-dimethyl-5—
CONMe, mor pholino-4,5-dioxo-2-propionylpentanamide (24): Rf
hN = 0.35 (EtOAc); fi]p™* = +4.8 (c = 0.060 g/ml, CHe}t
o O COEt HPLC analysis — Chiracel AD-H column 60:40 hexanes
isopropanol 1.0 mL / min. Major: 12.4 minutes, Min®.1 minutes'H NMR (300 MHz,
CDCl) 6 7.24-7.36 (m, 5H), 4.40 (d, 2Hd,= 4.6 Hz), 4.33 (d, 1H] = 9.4 Hz), 3.44-3.72

s
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(m, 9H), 3.01 (s, 3H), 2.94 (s, 3H), 2.38-2.66 4H), 1.92-2.04 (m, 2H), 0.96 (t, 31 =

7.2 Hz);C NMR (75 MHz, CDCJ) § 205.9, 199.8, 168.1, 164.4, 140.8, 138.2, 128.6,
128.1, 127.9, 73.4, 68.2, 67.1, 66.8, 58.6, 46569,442.4, 38.2, 36.3, 34.1, 30.8, 29.8,
7.7; IR (NaCl, neat) 2939, 2847, 1711, 1640, 13944, cni; HRMS (FAB+) calcd for
CazHaaN2Os, 432.2260, Found 432.2264.

Cl (2)-6-chlor o-N,N-dimethyl-2-propionylhex-2-enamide (25): Rf = 0.26
(EtOAC); 43 % vyield'H NMR (300 MHz, CDC}) & 6.71 (t, 1HJ = 7.6
N CONMe2 17y, 3.55 (t, 2H,J = 6.3 Hz), 3.05 (s, 3H), 2.88 (s, 3H), 2.64 (g, I
COEt 7.3 Hz), 2.34 (q, 2HJ = 7.4 Hz), 1.92-2.00 (m, 2H), 1.09 (t, 3H= 7.2
Hz); *C NMR (75 MHz, CDCJ) 5 198.0, 167.7, 141.7, 140.4, 44.4, 38.0,
34.6, 31.9, 31.3, 27.4, 8.1; IR (NaCl, neat) 298473, 1633, 1402, 1229, 1144 ¢m
HRMS (FAB+) calcd for GH1sCINO,, 231.1026, Found 231.1028.

~_Cl (2R,3R)-6-chlor o-N,N-dimethyl-3-(2-mor pholino-2-
oxoacetyl)-2-propionylhexanamide (26): Rf = 0.36
N (EtOAC); [o]p2! = +33.8 (c = 0.050 g/ml, CHgl HPLC
O\) O COEt analysis — Chiracel AD-H column 60:40 hexanes

isopropanol 1.0 mL / min. Major: 7.4 minutes, Minér.1
minutes;*H NMR (300 MHz, CDC}) § 4.28 (d, 1H,) = 9.9 Hz), 3.48-3.84 (m, 9H), 3.23
(s, 3H), 3.04 (s, 3H), 2.94-3.00 (m, 2H), 2.30-2(6Q 2H), 1.70-1.88 (m, 4H), 0.98 (t,
3H, J = 7.2 Hz);**C NMR (75 MHz, CDCJ) & 206.0, 199.7, 168.3, 164.7, 67.1, 66.8,
59.5, 47.3, 46.7, 45.0, 42.3, 38.6, 36.3, 34.10,307.9, 7.7; IR (NaCl, neat) 2936, 1708,
1638, 1444, 1271, 1114, EmHRMS (FAB+) calcd for @H»7CIN.Os, 374.1608, Found
374.1610.

0
CONMe,

3

(EtOAC); 46 % yield'H NMR (300 MHz, CDCY) 6 6.59 (t, 1H,J = 7.2
Hz), 5.55-5.69 (m, 1H), 4.82-4.94 (m, 2H), 2.8834), 2.71 (s, 3H), 2.49
COEt (g, 2H,J = 7.2 Hz), 2.05-2.16 (m, 4H), 0.92 (t, 3Hz 7.3 Hz);"*C NMR
(75 MHz, CDC}) & 198.0, 167.8, 143.0, 139.7, 136.9, 116.0, 37.9},382.2, 31.5, 29.2,
8.0; IR (NaCl, neat) 2929, 1671, 1638, 1400, 10085 cni"; HRMS (FAB+) calcd for
C12H10NO,, 209.1416, Found 209.1422.

= (Z2)-N,N-dimethyl-2-propionylhepta-2,6-dienamide (27): Rf = 0.49
QCZNMeZ

o NF (2R,3R)-N,N-dimethyl-3-(2-mor pholino-2-oxoacetyl)-2-
propionylhept-6-enamide (28): Rf = 0.36 (EtOAC); §i]p**
N = +53.3 (c = 0.045 g/ml, CHEL HPLC analysis — Chiracel
o) O COEt AS-H column 90:10 hexanes : isopropanol 1.0 mL h.mi

Major: 13.7 minutes, Minor: 12.5 minute¥$4 NMR (300
MHz, CDCk) & 5.66-5.81 (m, 1H), 4.90-5.02 (m, 2H), 4.27 (d, ;9.8 Hz), 3.49-3.82
(m, 9H), 3.20 (s, 3H), 3.03 (s, 3H), 2.26-2.56 @Hl), 1.96-2.18 (m, 2H), 1.54-1.84 (m,
2H), 0.98 (t, 3H,J = 7.2 Hz);**C NMR (75 MHz, CDC}) & 206.1, 199.8, 168.5, 164.7,
137.8, 115.4, 67.1, 66.8, 59.4, 47.7, 46.7, 482%,36.3, 34.1, 31.3, 29.9, 7.7; IR (NaCl,
neat) 2924, 1708, 1639, 1443, 1114, 996'ciHRMS (FAB+) calcd for GaHogN,Os,
352.1998, Found 352.2003.

CON Mez

:
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— (Z2)-N,N-dimethyl-2-propionylhept-2-en-6-ynamide (29): Rf = 0.45
(EtOAC); 53 % yield'H NMR (300 MHz, CDC}) 5 6.81 (t, 1H,J = 7.2
g\ CONMez Hz), 3.06 (s, 3H), 2.88 (s, 3H), 2.68 (q, 2H= 7.2 Hz), 2.38-2.42 (m,
COEt 4H), 2.01 (t, 1H,) = 2.5 Hz), 1.10 (t, 3H] = 7.2 Hz);"*C NMR (75 MHz,
CDCls) 6 198.1, 167.6, 141.4, 140.5, 82.7, 70.0, 38.1,,33157, 28.9,
17.7, 8.1; IR (NaCl, neat) 2937, 1672, 1633, 15D08)0, 1143 cil; HRMS (FAB+)
calcd for GoH17/NO,, 207.1259, Found 207.1258.

Y (2R,3R)-N,N-dimethyl-3-(2-mor pholino-2-oxoacetyl)-2-
propionylhept-6-ynamide (30): Rf = 0.33 (EtOAc); ¢]p**
(\N CONMez = 1545 (c = 0.044 g/ml, CHEt HPLC analysis — Chiracel
0 O COEt AS-H column 90:10 hexanes : isopropanol 1.0 mL A.mi

Major: 22.3 minutes, Minor: 20.2 minute$4 NMR (300
MHz, CDCk) 6 4.27 (d, 1HJ = 9.2 Hz), 3.48-3.82 (m, 9H), 3.18 (s, 3H), 3.823H),
2.22-2.58 (m, 4H), 1.90-2.04 (m, 2H), 1.66-1.78 (H)), 0.98 (t, 3H,J = 7.2 Hz);"*C
NMR (75 MHz, CDC}) & 206.1, 199.0, 168.3, 164.6, 69.1, 67.1, 66.8,,59761, 46.7,
42.3, 38.5, 36.3, 34.3, 29.5, 16.8, 7.7; IR (Nat&at) 2924, 2847, 1707, 1637, 1444,
1113, cnt; HRMS (FAB+) calcd for @H26N2Os, 350.1842, Found 350.1845.

O

:

(\ (2)-5-(1,3-dithian-2-yl)-N,N-dimethyl-2-pr opionylpent-2-enamide
S S (31): Rf = 0.42 (EtOAC); 52 % yieldH NMR (300 MHz, CDCJ) § 6.72
(t, 1H,J = 7.6 Hz), 4.01 (t, 1H) = 6.9 Hz), 3.05 (s, 3H), 2.82-2.88 (m,
5H), 2.64 (g, 2H), 2.40 (q, 2H), = 7.6 Hz), 1.79-2.15 (m, 4H), 1.08 (t,
3H, J = 7.2 Hz);**C NMR (75 MHz, CDCJ) & 198.0, 167.6, 141.9,
140.2, 46.7, 38.0, 34.5, 34.0, 31.7, 30.3, 27.29,28.1; IR (NaCl, neat)
COEt 2933, 1671, 1634, 1511, 1399, 1143 tnHRMS (FAB+) calcd for
C14H23NO,S,, 301.1170, Found 301.1174.

X-CONMe,

(\ (2R,3R)-3-(2-(1,3-dithian-2-yl)ethyl)-N,N-dimethyl-5-
S. .S mor pholino-4,5-dioxo-2-propionylpentanamide (32): Rf
/\( = 0.35 (EtOAc); fi]p>* = +46.7 (c = 0.030 g/ml, CHE)!

o HPLC analysis — Chiracel AD-H column 30:70 hexanes

isopropanol 1.0 mL / min. Major: 15.1 minutes, Min@7.2
ﬁN minutes;"H NMR (300 MHz, CDCJ) 6 4.27 (d, 1HJ = 9.6
o) o CcoEt Hz), 3.50-3.80 (m, 9H), 3.22 (s, 3H), 2.76-2.84 @h),

2.30-2.54 (m, 2H), 1.70-1.90 (m, 6H), 0.98 (t, 3Hs 7.2
Hz): **C NMR (75 MHz, CDCJ) 5 205.9, 199.7, 168.2, 164.6, 67.2, 66.8, 58.8, ,47.7
47.3, 46.7, 42.3, 38.7, 36.4, 34.2, 32.8, 30.54,307.6, 26.1, 7.8; IR (NaCl, neat) 2924,
1709, 1638, 1444, 1114, 996 ¢rHRMS (FAB+) calcd for GoHsoN»0sS,, 444.1753,
Found 444.1756.

CONMe,

:

Et (Z2)-N,N-dimethyl-3-oxo-2-propylidenehexanamide (33): Rf = 0.47
x.~CONMe, (EtOAc); 61 % yield;*H NMR (300 MHz, CDCJ) & 6.58 (t, 1HJ = 7.6
top Hz), 2.90 (s, 3H), 2.46 (t, 2H,= 7.2 Hz), 2.00-2.10 (m, 2H), 1.42-1.55
' (m, 2H), 0.94 (t, 3H,) = 7.6 Hz), 0.77 (t, 3HJ = 7.3 Hz);"*C NMR (75
MHz, CDCk) 6 197.7, 167.9, 145.2, 139.2, 40.0, 37.8, 34.3,,2B7%5, 13.8, 12.8; IR
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(NaCl, neat) 2964, 2875, 1638, 1458, 1399, 1130%cHRMS (FAB+) calcd for
C11H19NO», 197.1416, Found 197.1417.

o Et (R)-N,N-dimethyl-2-((R)-1-mor pholino-1,2-dioxopentan-
ﬁN)S('\l/CONMez 3-yl)-3-oxohexanamide (34): Rf = 0.34 (EtOAc); ¢]p>"* =
OJ o0  COPr +82.0 (c = 0.050 g/ml, CHE)} HPLC analysis — Chiracel

AD-H column 60:40 hexanes : isopropanol 1.0 mL hA.mi
Major: 6.9 minutes, Minor: 6.1 minute¥$ NMR (300 MHz, CDCY)  4.29 (d, 1HJ =
10.1 Hz), 3.50-3.82 (m, 9H), 3.22 (s, 3H), 3.043(4d), 2.25-2.48 (m, 2H), 1.64-1.75 (m,
2H), 1.48-1.58 (m, 2H), 0.90 (t, 3H,= 7.4 Hz), 0.85 (t, 3HJ = 7.4 Hz);**C NMR (75
MHz, CDCk) 6 205.5, 200.1, 168.4, 164.7, 67.1, 66.8, 59.1, 4865, 42.7, 42.2, 38.6,
36.3, 23.6, 17.1, 13.7, 11.5; IR (NaCl, neat) 298833, 1708, 1640, 1397, 1114, tm
HRMS (FAB+) calcd for GH2gN2Os, 340.1998, Found 340.1998.

I (2)-2-(3-(4-chlorophenyl)propylidene)-N,N-dimethyl-3-
oxohexanamide (35): Rf = 0.39 (EtOAc); 45 % yield'H NMR (300
MHz, CDCk) § 7.22-7.27 (m, 2H), 7.07-7.12 (m, 2H), 6.68 (t, IH; 7.5
Hz), 3.00 (s, 3H), 2.77 (t, 3H, = 7.5 Hz), 2.66 (s, 3H), 2.44-2.57 (m,
4H), 1.54-1.67 (m, 2H), 0.90 (t, 3H,= 7.4 Hz);"*C NMR (75 MHz,
CDCl) & 197.6, 167.7, 142.4, 140.6, 139.2, 132.3, 13028.9, 40.4,
N ~CONMe; 378 34.5,34.0,31.8, 17.7, 14.0; IR (NaCl, neag3, 1670, 1637, 1491,
COPr 1400, 1090 ci; HRMS (FAB+) calcd for GH2:CINO,, 307.1339,
Found 307.1337.

(R)-2-((R)-5-(4-chlor ophenyl)-1-mor pholino-1,2-
dioxopentan-3-yl)-N,N-dimethyl-3-oxohexanamide (36):
Rf = 0.37 (EtOAC); §i]p>* = +49.6 (c = 0.046 g/ml, CHE)|
HPLC analysis — Chiracel AD-H column 60:40 hexanes
isopropanol 1.0 mL / min. Major: 10.8 minutes, Minb2.4
minutes;'H NMR (300 MHz, CDCJ) & 7.18-7.23 (m, 2H),
CONMez  7.04-7.08 (m, 2H), 4.27 (d, 1H,= 9.8 Hz), 3.50-3.82 (m,
OQ COPr 9H), 3.14 (s, 3H), 3.02 (s, 3H), 2.52-2.68 (m, 2RIR2 -
2.46 (m, 2H), 1.70-2.00 (m, 2H), 1.48 -1.57 (m, 26185 (t,
3H, J = 7.4 Hz);**C NMR (75 MHz, CDCJ) & 205.6, 199.6, 168.2, 164.7, 140.2, 131.8,
129.9, 128.6, 67.1, 66.8, 60.2, 47.7, 46.7, 4263,438.5, 36.3, 32.9, 32.6, 17.1, 13.7; IR
(NaCl, neat) 2963, 2931, 1708, 1640, 1492, 1114%chHRMS (FAB+) calcd for
C23H31CIN2Os, 450.1921, Found 450.1922.

-

t (Z2)-N,N-dimethyl-3-oxo-2-propylidenehept-6-enamide (37): Rf = 0.41
XCONMe, (EtOAc); 43 % vyield'H NMR (300 MHz, CDC})  6.70 (t, 1HJ = 7.6
P Hz), 5.72-5.84 (m, 1H), 4.92-5.40 (m, 2H), 3.20 3kl), 2.84 (s, 3H),
0 2.62-2.72 (m, 2H), 2.28-2.37 (m, 2H), 2.12-2.22 PH), 1.07 (t, 3H,) =
7.5 Hz);**C NMR (75 MHz, CDCJ) & 196.9, 167.9, 145.5, 139.2, 137.3, 115.6, 38.0,
37.6, 34.5, 28.0, 23.6, 12.9; IR (NaCl, neat) 298539, 1399, 1265, 1137, 912 tm
HRMS (FAB+) calcd for GH1gNO,, 209.1416, Found 209.1419.
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o E (R)-N,N-dimethyl-2-(R)-1-mor pholino-1,2-dioxopentan-
ﬁN ~~~CONMe,  3-y|)-3-oxohept-6-enamide (38): Rf = 0.33 (EtOAC); fi]p™*
OJ o = +68.1 (c = 0.053 g/ml, CHg)l HPLC analysis — Chiracel

o AD-H column 60:40 hexanes : isopropanol 1.0 mL hmi

Major: 7.5 minutes, Minor: 6.6 minute§4 NMR (300 MHz, CDCJ) & 5.65-5.79 (m,
1H), 4.93-5.02 (m, 2H), 4.30 (d, 18,= 10.1 Hz), 3.48-3.82 (m, 9H), 3.22 (s, 3H), 3.04
(s, 3H), 2.38-2.62 (m, 2H), 2.22-2.30 (m, 2H), 11646 (m, 2H), 0.91 (t, 3H] = 7.4
Hz): *C NMR (75 MHz, CDC}) 6 204.7, 200.1, 168.3, 164.7, 136.7, 115.8, 67.28,66
59.0, 49.5, 46.6, 42.2, 39.9, 38.6, 36.3, 27.56,281.5; IR (NaCl, neat) 2924, 2858,
1709, 1639, 1442, 1114 émMHRMS (FAB+) calcd for @H»gN»Os, 352.1998, Found
352.2007.

0 Et 2,4-diethyl-2-hydr oxy-N,N-dimethyl-5-(mor pholine-4-
(\NJ’/" < carbonyltetrahydrofuran-3-carboxamide (39): A flame-
OJ S CONMe:  dried 5 ml round bottom flask was charged with(50 mg,

OH 0.15 mmol) in 2 mL THF. Upon cooling to -78 °CgsBHLi

Et (1.0 M in THF, 0.46 mL, 0.46 mmol) was added drcgmvi
via syringe. After stirring for 2 h at -78 °C, 4L of saturated aq. NJ&€| was added at -
78 °C via syringe and the mixture was allowed tamnwaip to ambient temperature
slowly. The reaction mixture was then diluted WtOAc and the layers were separated.
The aqueous layer was extracted twice with EtOA® drganic extracts were combined,
dried over NgSQ, filtered, and concentratad vacuo. The crude product (7:1 dr) was
purified by column chromatography to give pure Hestal 40 (48 mg, 85%). Rf = 0.14
(EtOAc); 'H NMR (300 MHz, CDG}) § 6.33 (s, 1H), 4.20 (d, 1H,= 7.2 Hz), 3.45-3.80
(m, 8H), 3.34-3.42 (m, 1H), 3.10 (s, 3H), 2.9731d), 1.66 (g, 2H,) = 7.5 Hz), 1.44-1.55
(m, 2H), 0.89 (t, 3HJ = 7.5 Hz), 0.84 (t, 3H] = 7.5 Hz);**C NMR (75 MHz, CDC}) &
172.9, 169.3, 106.8, 80.4, 67.0, 51.9, 47.4, 4834, 38.0, 36.3, 33.0, 26.1, 12.2, 8.3; IR
(NaCl, neat) 3262, 2964, 2857, 1651, 1459, 1114%cMRMS (FAB+) calcd for
C16H25N>05, 328.1998, Found 328.1998.

o Et dimethyl 3,5-diethyl-2,3-dihydrofuran-2,4-dicar boxylate
Meo)l"" < (40): A flame-dried 5 ml round bottom flask was chargeith

(Q/COZMG 39 (20 mg, 0.06 mmol) in 2 mL dry HCl/MeOH (1M). The
reaction was allowed to reflux for 24 hours. Afteoling down

Et to ambient temperauture, the reaction mixture \ias tiluted
with EtOAc/water and the layers were separated. adweous layer was extracted twice
with EtOAc. The organic extracts were combinededrover NaSQO,, filtered, and
concentratedin vacuo. The crude product (10:1 dr) was purified by catum
chromatography to givd0 (11 mg, 75%). Rf = 0.76 (EtOAc)p]p>* = -4.5 (c = 0.011
g/ml, CHCE); HPLC analysis — Chiracel AD-H column, 99:1 heasiso-propanol, 1.0
mL/min. Major: 8.3 min, minor: 7.6 mirtH NMR (300 MHz, CDGJ) & 4.67 (d, 1H, =
3.9 Hz), 3.76 (s, 3H), 3.69 (s, 3H), 3.16-3.27 {H), 2.60-2.80 (m, 2H), 1.75-1.84 (m,
1H), 1.46-1.55 (m, 1H), 1.16 (t, 3d,= 7.6 Hz), 0.92 (t, 3H) = 7.4 Hz);"*C NMR (75
MHz, CDCk) 6 173.0, 171.5, 165.7, 104.2, 82.1, 52.5, 51.0,,4874, 21.5, 11.3, 10.1;
IR (NaCl, neat) 2960, 2868, 1760, 1704, 1434, 120%; HRMS (FAB+) calcd for
C12H180s, 242.1154, Found 242.1153.

10
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Et 4-ethyl-5-(mor pholine-4-car bonyl)-3-propionyldihydro-

o)
O furan-2(3H)-one (41): A flame-dried 5 ml sealed tube was

|
Q\' charged with39 (8 mg, 0.024 mmol) and 0.006 ml TFA in 1 mL
© toluene. The reaction was allowed to stir at 12G&CA8 hours.

o After cooling down to ambient temperauture, the ctiea
mixture was then diluted with EtOAc/water and thgdrs were separated. The aqueous
layer was extracted twice with EtOAc. The organitracts were combined, dried over
NaSQy, filtered, and concentrated vacuo. The crude product (8:1 dr) was purified by
column chromatography to givil (5 mg, 72%). Rf = 0.45 (EtOAc)p]p?* = -24.0 (c =
0.005 g/ml, CHG); HPLC analysis — Chiracel AD-H column, 70:30 heesiso-
propanol, 1.0 mL/min. Major: 8.8 min, minor: 12.2rm'H NMR (300 MHz, CDC}J) §
4.72 (d, 1HJ = 5.3 Hz), 3.45-3.76 (m, 8H), 3.34-3.44 (m, 1HRB(d, 1H,J = 6.6 Hz),
2.86-3.01 (m, 1H), 2.60-2.73 (m, 1H), 1.62-1.73 {H), 1.46-1.56 (m, 1H), 1.10 (t, 3H,

J = 7.2 Hz), 0.94 (t, 3H] = 7.4 Hz);"*C NMR (75 MHz, CDG}) § 201.8, 172.1, 165.8,
78.3, 66.9, 66.7, 58.3, 46.0, 43.0, 41.3, 35.01,261.6, 7.7; IR (NaCl, neat) 2965, 2853,
1774, 1657, 1465, 1115 émMHRMS (FAB+) calcd for G4H21NOs, 283.1421, Found
283.1421.

nOe experiment af2;
1.5%n0e ("

H Me
H
Et” o)
~Me
o
Me
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Relative configuration ofl:
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Copies of‘H and **C NMR Spectra

Spectra of N,N-dimethyl-3-oxopentanamide (A)
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Spectra ofl3
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Spectra ofl4
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Spectra ofl2
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Spectra ofll
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Spectra ofl6
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Spectra ofL7
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Spectra ofl8
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Spectra oR0
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Spectra o1

Bn

o
X
NMe,

o Et

)

AR

L

L A B B B
2.0 10 0.0

9.0 8.0 7.0 6.0 5.0 4.0 3.0
ppm (t1)

Bn

o
A
NMe,

o Et

I I I
200 150 100
ppm (t1)

24




Supporting Information

Spectra oR2
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Spectra o3
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Spectra o4
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Spectra o5
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Spectra o6
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Spectra o9
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Spectra o4
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Spectra oB5
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Spectra oB6
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Spectra o037
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Spectra o889
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Spectra o#il

Iy

o

) NN

9.0 8.0 7.0 6.0 5.0 4.0 3.0 20 1.0
ppm (f1)
(o] Et
A P
(\N :
(o} o
o

ais

200 150 100 50
ppm (f1)

44



