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Abstract: Treatment of 3,4-epoxyamides with LDA affords y-hydroxy-a,B-
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the epoxidation of ,y-unsaturated amides with meta-chloroperbenzoic acid. © 1998 Elsevier Science

The contiguous trlfunctlonahty f y-hydroxy o,B-unsaturated amides is found in a variety of natural
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treatment of neonatal Jaund1c e.3 Related is the saturated and conformationally constrained y-hydroxy amide
portion of the antibiotic TAN-868A whose geometry resembles the (E)-4-hydroxy-2-alkenamides herein
prepared. Additionally, many macrolide antibiotics such as cytochalasin B4?.5 possess a y-hydroxy o,f3-
unsaturated ester unit of defined alkene geometry, and the ability to synthesize aza analogues (i.e. y-hydroxy
o, B-unsaturated amidic units) could usefully enhance the therapeutic potential of the former compounds.

The chiral hydroxymethine unit attached to the B-position of y-hydroxy o,B-unsaturated amides can

have a powerful stereodirecting influence on 1,4-additions,® and the contiguous trifunctionali
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versatility as synthetic intermediates. Despite this, routes to y-hydroxy o,B-unsaturated amides are neither

1
suifoxonium ylides, but the latter depends upon the availability of the appropriate isocyanate.” Another
route uses hydrogenation over Lindlar's catalyst of y-hydroxy alkynamides, but the latter were prepared by
metallation of an alkyne and reaction with methyl chloroformate, an addition that proceeded typically in 40%
or lower yields.® One y-hydroxy o.,B-unsaturated amide was prepared by the cobalt(Il) porphyrin catalyzed

monohydration of an ,B,y,8-unsaturated amide.?

This manuscript is dedicated to Professor Alan Katritzky on the occasion of his 70th birthday
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We describe here a new two-step synthesis of y-hydroxy o,B-unsaturated amides from B,y—
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the best alternative route which uses specifically the N-methoxy-N-methyl substituent;!0 the NH hydrogen
atom(s) of primary or secondary amides does not interfere with the epoxide cleavage. The procedures are
simple, and (E)-stereoselectivity is preferred or exclusive (Table 1). The required o-deprotonation, effected
by the acidity of the carboxamide group, runs contrary to the normal regioselectivity of ring-opening of
unfunctionalized unsymmetrical epoxides,!! which arises by proton abstraction at the less (or least)
substituted carbon atom, owing to the substantial steric requirements of the base.!!® While an analogy can be
drawn with isolated examples of the base-induced opening of epoxy esters, 12 the present work discloses a

useful distinction: the epoxy amides afford amidic products, not lactams, when the (Z)-amides are formed. In
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amides, there appears to be no report of the formation of the corresponding (Z)-hydroxy unsaturated esters

by means of epoxide cleavage.
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The conditions to give satisfactory yields of products in part reflect the relative ease of deprotonation
of the epoxy amide, and in part the thermodynamic stability of the y-hydroxy o,B-unsaturated amide. The

effect of steric hindrance is seen in entry 4, as compared with the unsubstituted epoxide in entry 1.
Comparison of entry 4 with entry 5 indicates that substitution at the B-position hinders access of the base;
that is supported by entry 6, requiring a long reaction period owing to B-substitution (as part of the
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isomer can be obtained in substantial quantity simply by using a bulky N-substituent. The assignments of the
(E)- and (Z)-isomers of the 4-hydroxy-2-alkenamides were consistent with the expected larger coupling
constants for the trans-alkenic hydrogen atoms (17.0 Hz and 14.0 Hz for amides (E)-3a and (Z)-3a
respectively; and 14.5 Hz and 12.0 Hz, for the amides (E)-3¢ and (Z)-3c.

The base-promoted isomerization of epoxides provides a useful route to a variety of alcohols, though

not invariably allylic alcohols,!3 and in acyclic cases there can be less positional control of deprotonation,
resulting in mixtures Nvlic enoxides tynically oave 1:1 (E):(7) mixtur 13 14 Both solv f15 and the nature
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Table 1. Preparation of 4-Hydroxy-2-alkenamides from 3,4-Epoxy Amides

3,4-Epoxy amides Temperature Time 4-Hydroxy-2-alkenamides
€9 (h) (isolated yields)
I i i
: 2N \|'<]) 0 ) H,N j! on Hél’tl\/n
2a 67% ‘\/
E % (Z)-3a 9%

Bu IN Uril B‘Ju i
3, 0 78 15 | on no )
2¢ \l 80% \r \(
(E)-3¢ 67%  (Z)-3c 24%
0 o)
1] 1l
PhCH,HN o PhCHZHN/“W
4, PR 26 | OH
2d 61% <N
3d  47%

Z2e 75% 7N VAR
3e 83%
X I
6. m -i0 168 h/oﬂ
~ ~
oA 67% ¥ 62%

of the base!® can be crucial in obtaining regioselective product formation; in benzene at reflux, 1-methyl-1-
cycloheptene oxide affords a mixture of two allylic alcohols and 2-methylcycloheptanone.!5 In contrast, the
epoxy amides in Table 1 isomerize to products of a single constitution in every case, as with epoxy amides,
but differ from the latter in that (Z)-stereoisomers have been isolated, and in their reluctance to form lactams.
The trans-selectivity can be rationalized by invoking a concerted process of syn-deprotonation and ring

opening (Scheme 2).12,17
AS i
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Scheme 2
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In conclusion, an efficient and simple route to y-hydroxy o,-unsaturated amides has been developed

that depends upon the carboxamide group overriding the usual kinetic deprotonation of unsymmetrical

o

epoxides. No protecnve groups are required, and the process is more general than most methods that have
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General: Al
spectra were run on a Bruker AM-250 instrument at 250 and 68.8 MHz respectively. Microanalyticai data
were obtained on a Perkin Elmer 2400 CHN elemental analyser. Mass spectra were obtained on a Kratos MS-
25 or Fisons Prospec 3000 instrument. Infrared spectra were recorded on a Perkin Elmer Paragon 1000 FT-IR
instrument. Thin-layer chromatography was performed on Merck 0.2 mm aluminium-backed silica gel 60
F254 plates and visualized using an alkaline KMnOg4 spray or by ultraviolet light. Flash column
chromatography was performed using Sorbsil C60 40/60A silica gel. Petroleumn ether (40-60 fraction) and

tetrahydrofuran was distilled over sodium and benzophenone;

ethvl acetate were distilled before use;

Lily CIL WQisulicy L

3—Butenamide, 18 (E)-3-pentenamide,!® and 4-methyl-3-pentenenitrile,20 and cyclohexene-1-
acetamide?! were prepared according to literature procedures.

Preparation of 3-Alkenoic acids: General Procedure. To a solution of the 3-alkenenitrile (0.12 mol) in
dichloromethane (50 mL) cooled in an ice-bath were added 30% w/v aqueous hydrogen peroxide (0.60 mmol),
tetra-n-butylammonium iodide (0.60 mol), and an aqueous solution of 20% w/v sodium hydroxide (0.36 mol).
The mixture was allowed to warm to 20 °C and vigorously stirred. Progress of the reaction was monitored by
TLC; when the nitrile could no lon
aqueous layer was extracted with

aqueous layer was acidified with dilute hydrochloric acid, extracted with dichloromethane (5 x 30 mL) and the

combined organic layers dried (NapSQ4). Evaporation of the solvent afforded the 3-alkenoic acid.



P. B. Brooks, C. M. Marson / Tetrahedron 54 (1998) 96]3-9622 9617

(F)_2_Pontonnisc anid { YA Pantananitrile wae hvdralurad nver & dave ag decerihed ahnve tn oive FE_X_
(A 075 CERMWAMIUVIV SR, (L )TITE0 CIWIIVIRU LG Wwad 1ayUiuly/ZCu Uvel U Uayd ad ULSUIHIULU avuUve W giVe (agy=o
L L JS DU P 1) LFOAB/Y e 1OV AN OV LN o o TT AN 712 12D £ O A — TT . 11T
peacnvic aciu ad a Lar yciul \0470) DD 17£-2UVU ./ 70U mMIN )s (i1t Dp== 00 /4 HI )y ‘I

3-Methyl-3-butenoic acid. 3-Methyl-3-butenenitrile was hydrolyzed over 6 days as described above to give
3-methyl-3-butenoic acid as a clear colourless liquid (38%), bp 90-95 °C /53mmHg), (lit bp23 85 °C/20
mmHg); 'H NMR (CDCl3) 8 1.82 (3H, t, J = 2.0 Hz), 3.06 (2H, s), 4.90 (2H, dt, J = 15.5, 2.0 Hz), 10.92
(111, bd s); 13C NMR (CDCl3) & 22.3 (q), 43.1 (t), 115.3 (s), 137.9 (1), 178.0 (s).

A ¥4

P
4-methyi-3-pentenoic acid
°C/10 mmHg); 'H NMR (CDC13) 61.6
1.5 Hz), 5.27 2H, ¢, .J = 7.0, 1.5 Hz), 1

115.0 (d), 136.2 (s), 179.2 (s).
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N-Butyl-(E)-3-pentenamide (1c). To well-stirred (E) 3-pentenoic acid (3.90 g, 39.0 mmol) was added
he

dropwise thionyl chloride (11.7 g, 98 mmol) over 5 m The mixture was heated at 50 °C for 2 h, then
allowed to cool and excese thionvl chlaride remaved nunder vaciinim  The ( FV-3_nentanavl] chlaride so nrenared
allowed 10 COoo! and €XCess thiony! Cnlorge remoeved under vacuum, 1ne (4)-3-pentengy! chiorige so preparcd

was added in small portions with vigorous shaking after each addition, to a mixture of butylamine (2.90 g, 40
mmot) and 5% w/v aqueous sodium hydroxide (60 mL, 75 mmoi). The aqueous layer was then exiracted with
dichioromethane (4 x 30 mL), the combined organic layers were dried (Na2SO4) and the solvent evaporated to
give amide 1c as a cream solid (3.60 g, 58%), mp 32-35 “C (from butyl ether-petroleum ether); 1H NMR
(CDCl3) 6 0.90 (3H, t, J = 7.0 Hz), 1.26-1.50 (4H, m), 1.71 (3H, dd, J = 6.0, 1.5 Hz) 2.93 2H, d, J = 6.0
Hz), 3.21 (2H, q, J = 6.5 Hz), 5.44-5.70 (3H, m). HRMS (EI) m/e calcd for CoH;7NO 155.1310, found
155.1316 (M™).

N-(Benzyl)-3-methyl-3-butenamide (1d). To a solution of 3-methyl-3-butenoic acid (0.60 g, 6.0 mmol) in
Aichlaramathana 110 mT Y ~ranlad in an ina_hath une addad Aranurica avalyl ahlarida (1T SN0 o0 17 mmal) in
Miwviliviviliiviiiialis \ iuv 111]_4} VUUIVAL 111 All IvLTuaul vwwado auuuul ul UPWID\/ UACl.l'Y 1 VUL U \ 1.0V 5, 1L llllllul/ 1983
Jh LRy I IR aalo ot N 1N s 1 n nr 4l P | PR R N
AICIHOTomendne (1v l'l'l.L) over 1vu Imn 1ne l'anU,lI'e was surrea atU C tor )U IIlll'l then aliowead to warm o 2U

°C and stirred overnight. Evaporation gave a residue of 3-methyl-3-butenoy! chloride which was added in
portions with vigorous shaking after each addition, to a mixture of benzylamine (0.77 g, 7.2 mmol) and 10%
w/v aqueous sodium hydroxide (20 mL, 50 mmol). The precipitate was filtered and dried to give a pale yellow
solid (0.54 g). The aqueous layer was then acidified and extracted with dichloromethane (4 x 30 mL), the
combined organic layers were dried (NapSOy4) and evaporated to give a white solid (0.53 g). The two samples
were combined and recrystallized from water to give amide 1d as white prisms (0.97 g, 86%) mp 43-45 °c;

IR (nujol) 3285, 1640, 895 cm"! ; 'H NMR (CDCl3) & 1.69 (3H, s), 2.88 (2H, s), 4.28 (2H, d, J = 6.0 Hz),

4.81 (2H, d,.J=12.5 Hz), 7.03 (IH bd s), 7.11-7.26 (5H, m); 13C NMR (CDCl3 } (q), 43.6 (1), 46.1

) !
T 1 \ 1 deossd l‘lJ}, I\ 111, UM , Foaka\T \Jll, 111/, At D ) e i \v/
(v, 115.7 (s), 127.5 (d), 127.7 (d), 127.7 (d), 128.7 (d), 128.7 (d), 138.2 (1), 140.2 (1) , 170.5 (s); LRMS (ED)
m/e 189 (M, 14%), 174 (8), 91 (100); HRMS (EI) m/e calcd for Cj2H|sNO 189.1154, found 189.1157 (M*)
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N-Phenyl-4-methyl-3-pentenamide (1e). To a solution of 4-methyl-3-pentenoic acid (1.0 g, 8.8 mmol) in
dichlgremethane (1n mTI nnnlpt‘ in an u\p,kaﬁ'\ A VLT ﬂ[‘l‘]r‘f‘ r‘rr\r\ur;op nvq]ul [‘hl(\r‘;AP (7 Q a 77 mmnn m
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C for 30 min then allowed to warm to 20
o/‘ h } L h 4 4 ~ 1 o ' A a1 1 - n 1 11 1 ° 4% . coasall
C and stirred for 16 h. Evaporation gave 4-methyi-3-pentenoyl chioride which was added in portions, with

o

dichloromethane (10 mL) over 10 min. The mixture was stirred at 0

vigorous shaking after each addition, to a mixture of aniline (0.90 g, 9.6 mmol) and 10% w/v aqueous sodium
hydroxide (20 mL, 50 mmol). The precipitate was filtered and dried to give amide 1e as needles (1.4 g, 83%)
mp 109-110 °C (from diethyl ether-petroleum ether) (lit. mp25 101 °C); IH NMR (CDCI3) 8 1.71 (3H, d, J =
1.5 Hz), 1.84 (3H, d, J= 1.5 Hz), 3.11 2H, d, J= 7.0 Hz), 5.38 (1H, tt, /= 7.0, 2.2 Hz), 7.09 (1H, t, /= 8.0
Hz), 7.31 (2H, t, J= 8.0 Hz), 7.42 (1H, bd s), 7.49 (2H, d, J = 8.0 Hz).

3,4-Epoxybutanamide (2a). To a solution of 3-butenamide!8 (0.28 g, 3.3 mmol) in dichloromethane (10 mL)
cooled in an ice-bath was added dropwise meta-chloroperbenzoic acid (0.84 g, 4.9 mmol) dissolved in

dichloromethane e (20 mL) over 10 min. The ice-bath was then removed and the mixture heated at reflux for 48

RealaiiQIRalRaaal (1 U VI § 4130 N SH WL WIS IUL AW 10 e ax V al

h. Evaporation gave a residue which was purified by column chromatography on silica using ethyl acetate

4 OO 1 -_._:.l_ L W . c in f\r\ PG ITA T R @ PRSP | 1 shatais smate~nlaisses otk a-t- T
cmcm 10 4l1OTd AmMlue £a as prisms {(V.£Z£ g, 0/70), l'l'lp DI 36 U (1rom cuiyl dacciale-piroicuin Cuer), In
1IN AN 1 7~N 0nr~- ] 17y 2Th AT “f‘ 4T 11 r ~ N ~ N YT N ~ D /1YY . | Y 1L N
(nujol) 3205, 1670, 865 cm~'; 'H NMR (CDCli3) ¢ 2.27 (iH, dd, J = 15.0, 7.0 Hz), 2.38 (1H, dd, J = 15.0,

dd, J
4.0 Hz), 2.54 (1H, 80112)289(1HtJ 8.0 Hz), 3.23 (1H, ddd, J=12.5, 4.5, 2.5 Hz), 6.32 (1H, bd
s), 6.46 (1H, bd s); 13C NMR (CDCl3) 8 39.2 (1), 47.1 (1), 48.7 (d), 172.8 (s). Anal. Calcd for C4H7NO2.0.5

H>0: C,43.73 H, 7.32; N, 12.72%; found: C, 43.83 H, 7.33; N, 12.28%.

trans-3,4-Epoxypentanamide (2b). To a solution of (E)-3-pentenamide!? (0.50 g, 5.0 mmol) in
dichloromethane (5 mL) cooled in an ice-bath was added dropwise meta-chloroperbenzoic acid (1.74 g, 10.0
mmol) dissolved in dichloromethane (22 mL) over 20 min. The ice-bath was then removed and the mixture
stirred at 20 °C for 2 days. The mixture was then cooled in an ice-bath for 10 min, potass1um fluoride (0.87g,

1< mmaol) added und {be Sus
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eluent) to give amide Zb as microprisms (0.49 g, 84%), mp 94-95 °C (from ethyl acetate-petroleum ether); IR
(nujol) 3200, 1645, 855 cm~1; IH NMR (CDCI3) 8 1.32 (3H, d, J = 6.0 Hz), 2.29 (1H, dd, J = 15.5, 7.0 Hz),
2.65 (1H, dd, J = 15.5, 4.5 Hz), 2.86-2.92 (1H, m), 2.95-3.01 (1H, m), 5.72 (1H, bd s) 6.01 (1H, bd s); 13C
NMR (CDCIl3) 8 17.3 (q), 38.8 (), 55.0 (d), 55.6 (d), 172.5 (s). Anal. Calcd for CsHoNO»: C, 52.16; H, 7.88;
N, 12.17%; found: C, 52.10; H, 7.68; N, 11.93%.

trans-N-Butyl-3,4-epoxypentanamide (2¢). To a solution of N-butyl-(E)-3-pentenamide (1c) (2.0 g, 13
mmol) in dichloromethane (15 mL) cooled in an ice-bath was added dropwise meta-chloroperbenzoic acid
(4.50 g, 26.0 mmol) dissolved in dichloromethane (50 mL) over 20 min. The ice-bath was then removed and

L]
]
o
o]
o
w
b=
=N
-
-y
¢yl
<
W

the mixture stirred fo 0 poration ue which urif by column
chromatography on silica (1:1 ethyl acetate:petroleum ether as eluent) to afford amide 2¢ as microprisms
(1.80 g, 80%), mp 36-38 “C (from toluene); IR (nujol) 3095, 1645, 860 cm-1; 1H NMR (CDCIl3) 8 0.85 (3H,

t,J=6.5 Hz), 1.27 (3H, d, J = 5.5 Hz), 1.23-1.48 (4H, m), 2.19 (1H, dd, J = 15.5, 7.0 Hz), 2.57 (iH, dd,

J=15.5, 4.5 Hz), 2.81 (1H, dq, J = 5.0, 2.5 Hz), 2.89-2.94 (1H, m), 3.20 (2H, q, J = 6.5 Hz), 5.94 (1H, bd s);
13C NMR (CDCI3) 8 13.7 (q), 17.3 (@), 20.0 (q), 31.5 (1), 39.2 (1), 39.3 (1), 55.0 (d), 55.9 (d), 169.5 (s).
Anal. Caled for CgH17NO2: C, 63.13; H, 10.01; N, 8.18%; found: C, 62.92; H, 10.25; N, 8.12%.
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N-Renzvl.l d_enavv.l-methvihutanamide (2d)Y To a ecolution of M-henzvl_-3_-methvlbutenamide (1d) () 31
N-DBe
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acid (0.56 g, 3.3 mmol) dissolved in dichloromethane (15 mL) over 10 min. The ice-bath was then removed
and the mixture stirred for 20 °C at 48 h. Evaporation gave a residue which was purified by column
chromatography on silica (1:1 ethyl acetate:petroleum ether as eluent) to afford amide 2d as microprisms
(0.20 g, 61%), mp 63-65 °C (from chloroform); IR (nujol) 3290, 1635, 1500, 895 cm-1; 'H NMR (CDCl3) &
1.39 (3H, s), 2.31 (1H, d, J = 14.0 Hz), 2.58 (1H, d, J = 14.0 Hz), 2.66 (2H, q, J = 5.0 Hz), 4.38 (2H, d, J =
6.0 Hz), 6.33 (1H, bd s), 7.20-7.27 (5H, m); 13C NMR (CDCI3) 6 21.2 (q) 43.5 (1), 43.9 (1), 54.2 (1), 55.1 (s),
127.4 (d), 127.6 (d), 127.6 (d), 128.7 (d), 128.7 (d), 138.2 (s), 169.2 (s). LRMS (EI) m/e 205 (M*, 12%), 106

=N

(84), 91 (100); HRMS (EI) m/e calcd for Cj2H15NO3 205.1103, found 205.1099 (M*).

N-Phenyi-3,4-epoxy-4-methylpenianamide (2¢). To a solution of N-phenyl-4-methyl-3-pentenamide (1e)
(0.20 g, 1.06 mmol) in dichlioromethane (20 mL) cooled in an ice-bath was added dropwise meta-
chloroperbenzoic acid (0.36 g, 2.1 mmol) dissolved in dichloromethane (15 mL) over 10 min. The ice-bath
was then removed and the mixture stirred at 0 °C for 48 h. Evaporation gave a residue which was purified by
column chromatography on silica (1:2 ethyl acetate:petroleum ether as eluent) to afford amide 2e as an oily
solid (0.17 g, 75%); IR (CHCI3) 3140 1665, 1600 cm™!; 'H NMR (CDCl3) 8 1.34 (3H, s), 1.41 (3H, 5), 2.51
(11, dd, J = 15.0, 5.0 Hz), 2.73 (1H, dd, J = 15.0, 8.0 Hz), 3.20 (1H, dd, J = 7.0, 4.5 Hz), 6.90 (1H, bd s),
7.08 (1H, t, /= 7.0 Hz), 7.29 (2H, t, J = 7.5 Hz), 7.51 (2H, d, J = 7.0 Hz); '3C NMR (CDCI3) 8 18.8 (q).

24.5 (q), 37.3 (1), 59.7 (s), 60.5 (d), 120.2 (d), 124.5 (d), 124.5 (d), 129.0 (d), 129.0 (d), 137.7 (s), 168.8 (s).
LRMS (EI) m/e 205 (M™, 73%), 119 (28), 93 (100), 85 (22); HRMS (EI) m/e calcd for C12H15NO2 205.1103,
found 205.1099 (M™)

1-(2-Acetamido)-7-oxa-bicyclo[4.1.0]heptane (2f). To a solution of 1-cyclohexene-1-acetamide2! (0.23 g,
1.65 mmol) in dichloromethane (6 mL) cooled in an ice-bath was added dropwise meta-chloroperbenzoic acid
(0.57 g, 3.3 mmol) dissolved in dichloromethane (15 mL) over 10 min. The ice-bath was then removed and the
mixture stirred at 20 °C for 16 h. Evaporation gave a residue which was purified by column chromatography
ms (0.17 g, 67%), mp 107-108 °C (from

on silica (E;tuyl acetate as ell_]_enf) to mve amide 2f as cream p e), mp 107-10 C (

nropan-2-o1). IR (nuiol) 3190. 1660. 845 cm-1: lH NMR (CDCI?) § 1.17-1.50 (4H m'\ 1.72-2.05 (4H, m)
j ald o \RASya ) S LSV, AUV, UTS Vadl T, 4l AR A SRSy Y 4 R > 7> \ H 73
21 7117 1 7-14(\"[_..\ N £O0O 71TY A T_IAI\T'I,_.\ 7 11 /11T & T £ 1Ty ££0 /7117 LA DN £ 18 711 WA
231 (in,a,s =140 nz), 258 {in, a,/ = 14.0 nzj, 3.11 {in, t,s = 2.5 nzj, 5.5% {10, 04 §j, 0.15 {111, 6Q
s); 13C NMR (CDCI3) 8 19.2 (1), 19.7 (1), 24.4 (1), 27.9 (1), 44.6 (1), 57.9 (5), 59.2 (d), 172.4 (s) Anal. Calcd

for CgH13NO7: C, 61.91; H, 8.44; N, 9.03%; found: C, 61.52; H, 8.53; N, 8.99%.

(E)- and (Z)-4-Hydroxy-2-butenamide (3a). To a solution of freshly distilled diisopropylamine (0.40 g, 4.0
mmol) in freshly distilled THF (10 mL) under an atmosphere of nitrogen, and cooled to 0 °C in an ice-bath
was added a solution of n-butyllithium in hexane (1.5 mL, 2.5 M, 3.8 mmol). The solution of LDA was
stirred for 40 min pnor to addmon of amide 2a (0.16 g, 1.6 rnrnol) dissolved in freshly distilled THF (1 SmL).

Tha ivtiira ng @ an a naenha NnOYe Taves o

L1IC HIIALUWGL Waos o ali CLI,lLlUDlJllU 111 UEUJI Ve AN a

T M odP TSI [T o YUY Y P i TN s mnmAd tla saivtrama allanad ta
1LU upon alsdppedrcmce of the epoxmc bp()l cr 2 [1 Water (5.0 mik.) was added and the mixture allowed to
warm to 20 °C. The organic and aqueous iayers were separated and the aqueous layer exiracted with

dichloromethane (5 x 20 mL). Propan-2-ol (20 mL) was then added to the aqueous layer which was dried
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MNa~QNO Y and the remavad 1indar sntamy avanmaratinn 0 give an 7172 mivinra of 7/F)_ and 77)_icomare onf
UiYazuns4 ) aiiud uUiv IV VGG uliuGi l\)m‘] “va Lalivil v ELVb ail 0/.1J0 HuuAlulv vl (1) AL (L) 71OULLIIVED UL
arstda /22 oo AranTe ieEAREcRas N 1Y & NG/ D I\ n o100 180N n £ mpmamle L 77 2.1
AHNHUC (J#) a> CICdinl IMICTOPIISIS (V.12 B, /470), 11 (TYJO1) U, 108U, 10YU, 11V 2 Cm *; 10T ([i)-5a. *

Hz); lH NMR (CD30D) 8 62.1 (t), 122.8 (d), 145.7 (d), 170.9 (s): data for (Z)-3a: 'H NMR (CD30D) &
4.17 (2H, dd, J = 4.5, 2.5 Hz), 6.02 (1H, dt, J = 14.0, 3.0 Hz), 6.63 (1H, dt, J = 14.0, 4.0 Hz); 13C NMR
(CD30D) 6 62.4 (1), 128.2 (d), 142.5 (d), 175.5 (s). MS m/z (EI+) 101 (M+ 6%), 84 (M+ -OH, 41), 72 M+
-CO -H, 100); HRMS 101.0479 (C4H7NO; requires 101.0477).

(E)-4-Hydroxy-2-pentenamide (3b). To a solution of fres h]v distilled dnm’mmnv]amme (0.44 g, 4.3 mmol)

IR L ATRINIY LIDLNINLA Alllatnd r.) LIV

2-n a
in freshly distilled THF (15 mL) under an atmosphere of nitrogen, and cooled to 0 °C in an ice-bath was added
R utylithium in hexane (2.0 mL, 2.5 M, 5.0 mmol). The solution of LDA was stirred at 0 e
for 40 min. It was then cooled in ethyl acetate/liquid nitrogen, and a solution of amide 2b (0.20 g, 1.7 mmol) in
freshly distilled THF (30 mL) added, the temperature being maintained at -84 °C for 5.5 h under an
atmosphere of nitrogen. Water (5 mL) was then added and the mixture was allowed to warm to 20 “C. The
organic and aqueous layers were separated and the aqueous layer was extracted with dichloromethane (4 x 30
mL). All the organic layers were combined, dried (Na3S0O4) and evaporated to give a yellow oil.
Recrystallization afforded amide 3b as needles (0.114 g, 83%), mp 119-120 °C (from ethanol-
dichloromethane); IR (nujol) 3370, 3185, 1670, 1575, 1145, 990 cm~!; IH NMR (CD30D) 8 1.27 (3H, d, J=

6()[—[7\ A’!R(”—I an I_Rﬂ 5.5, 1.5 7\ 61()(11—1 AA I—1<ﬂ 1<I—I7\ A7§2{1H rlrl J=15.0, ‘§§H7\

13C NMR (CD30D) & 22.1 (q), 66.6 (d), 118.4 (d), 152.2 (d), 170.4 (s). Anal. Caled for CsH9NO2: C,
52.16; H, 7.88; N, 12.17%; found: C, 52.00; H, 7.82; N, 11.87%.

(E)- and (Z)-N-Butyl-(E)-4-hydroxy-2-pentenamide (3¢). To a solution of amide 2¢ (0.20 g, 1.2 mmol) in
freshly distilled THF (6 mL) kept at -78 °C in a bath of acetone/solid carbon dioxide, and under an atmosphere
of nitrogen, was added lithium diisopropylamide in hexanes (1.5 mL, 2.5 M, 3.8 mmol). The mixture was
stirred at -78 "C for 1.5 h. Water (10 mL) was then added and the mixture was allowed to warm to 20 °C.

‘The organic and aqueous layers were separated and the aqueous layer was extracted with dichloromethane (3 x

30 mL). The aqueous layer was then acidified and extracted with dichloromethane (4 x 30 mL). All of the
ramhinad Aarcanina lavare wara Ariad Avar anditim enlfata avamaratad and tha ragidina enhisantead +n
wUriniuULiivu Ulsalll\/ la)\alb VWULIL Ulivud JUvol DUULULRL Dullalb, bvayulatbu, Ailiu UV [WVDIUULY DU jvwilva Ly
Y PRI £1 a1 _ 1 ey N } PN N 17277 - £770/N\
cnro mdu)grdpny on blllbd \l l €lﬂyl dLCldlﬁ pelrmcum GIHCI’ as Clut:l'll) io glVﬁ (L} amia (O€) (U157 B, 0/770)

€
as an orange oil; IR (neat) 3300, 3090, 1670, 1555, 1150, 975 cm~!; '"H NMR (CHCl3) 8 0.91 (3H,t,J="7.0
Hz), 1.31-1.55 (41, m), 1.32 (3H, d, J = 7.0 Hz) 3.81 (2H, q, J = 6.5 Hz), 4.48 (1H, ddd, J = 7.0, 5.0, 1.5
Hz), 5.71 (1H, bd s), 6.00 (1H, dd, J = 14.5, 1.5 Hz), 6.83 (1H, dd, J = 14.5, 5.5 Hz); 13C NMR (CHCl3) 3
13.7 (q), 20.1 (1), 22.7 (q), 31.5 (1), 39.3 (1), 66.8 (d), 121.9 (d), 146.9 (d), 166.5 (s); LRMS (EI) m/e 171
(M*, 28%), 153 (52), 111 (100); HRMS (EI) m/e calcd for CoH17NO7 171.1259, found 171.1257; and (Z)-
amide (3¢) (47 mg, 24%) as a brown oil; IR (neat) 3300, 3090, 1655, 1560, 1060, 735 cm~!; 'TH NMR
(CHCIl3) & 0.85 (3H, t,.J= 7.0 Hz), 1.23-1.48 (4H, m), 1.26 (3H, d, /= 7.0 Hz), 3.22 (2H, q, J = 6.5 Hz),

ALQ ALY Ad~ T="T0N &§& 1 & AT I ld o §7P/1 Ad 7T=1270 1 S ANS(TH Ad T=120
“.00 (111, Uly, v PV, J.Jdy 1.0 X14J, .70 101, UQG D), J.74 111, UlU, v 14U, 1.0 11y, O.vJ (111, U4, v 1.V,
CCYI-N £ 1 /11T 1.1 A, 137 ANTAMAD /ATIAI AR 1277 AN T 28y AN T /- 21 Ay 208 /14 RAA A 1990
3.0 1iZ), 0.01 (1M, 04 §); *-“U NIVIKN (LiCi3) 0 1.7 ({J, <U.1 (1), £2.7 ({), 1.2 (1), 5F7.0 (1), V5.0 (4), 122.5
(d), 149.5 (d), 166.7 (s); LRMS (EI) m/e 171 (M*, 40%), 153 (80), 110 (100); HRMS (EI) m/e calcd ior

CoH7NO32 171.1259, found 171.1262.
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.5 mmol). The solution of LDA was
stirred at 0 °C for 40 min prior to addition of a solution of amide 2d (75 mg, 0.37 mmol) in freshly distilied
THF (7 mL). The mixture stirred at 15 °C for 26 h, under an atmosphere of nitrogen. Water (5 mL) was then

added, the organic and aqueous layers were separated and the agqueous layer extracted with dichloromethane (3
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x 30 mL). The organic layers were combined, dried (NapSO4) and evaporated to give a brown oil which was
subjected to chromatography on silica (1:1 ethyl acetate:petroleum ether as eluent) to give amide 3d as a
yellow oil. Recrystallization afforded amide 3d (35 mg, 47%) as needles, mp 142-144 °C from toluene; IR
(CHCI3) 3300, 1660, 1555, 1495, 1080, 850 cm™!; IH NMR (CHCI3) & 1.81 (3H,d, J=0.5 Hz) 4.15 (1H, s),

N-Phenyl-(E)-4-hydroxy-4-methyl-2-pentenamide (3e). To a solution of freshly distilled
diisopropylamine (0.24 g, 2.4 mmol) in freshly distilled THF (10 mL) under an atmosphere of nitrogen, and
cooled to 0 °C in an ice-bath was added a solution of n-butyllithium in hexane (0.96 mL, 2.5 M, 2.4 mmol).
The solution of LDA was stirred at 0 °C for 40 min prior to addition of a solution of amide 2e (0.163 g, 0.79
mmol) in freshly distilled THF (10 mL), and the mixture stirred at 20 °C for 4 h under an atmosphere of
nitrogen. Water (5 mL) was then added, the organic and aqueous layers were separated and the aqueous layer

17%

n
n
i

P30 &

,d,J=15.5Hz), 7.03
= 8.0 Hz); 13C NMR (CHCI3) § 29.3 (q), 29.3 (q),
71.3 (s), 121.4 (d), 121.7 (d), 125.4 (d), 125.4 (d), 129.9 (d), 129.9 (d), 139.9 (s), 153.3 (d), 166.8 (s). Anal.
Calcd for C12H1sNOa2: C, 70.22; H, 7.37; N, 6.82%; found: C, 70.09; H, 7.28; N, 6.78%.
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2-(2-Hydroxycyclohexylidene)-acetamide (3f). To a solution of freshly distilled diisopropylamine (0.29 g,
2.9 mmol) in freshly distilled THF (10 mL) under an atmosphere of nitrogen, and cooled to 0 °C in an ice-bath
was added a solution of n-butyllithium in hexane (1.15 mL, 2.5 M, 2.9 mmol). The solution of LDA was
stirred at 0 °C for 40 min, then cooled to -10 °C, prior to addition of a solution of amide 2f (0.18 g, 1.2 mmol)

in freshly distilled THF (15 mL) and the mixture was stirred at -10 °C for 13 days under an atmosphere of

it ogen. Water (5 mL) was added, the u15auw and aqueous 1a‘y’ €IS WEitT separ"ned and the agqueous

extracted with dichloromethane (6 x 20 mL). The organic layers were combined, dried (NazS0O4) an
evaporated. The residue was recrystallized from dichloromethane to give amide 3f as cream prisms (0.115 g,
62%), mp 156-158 °C; IR (nujol) 3320, 3125, 1680, 1610, 1090, 845 cm~!; 'H NMR (CHCI3) § 1.17-1.52
(4H, m), 1.92 (1H, dq, J = 13.0, 2.5 Hz), 2.04 (1H, m), 2.27 (1H, tdd, J = 13.0, 6.5, 3.0 Hz), 2.53 (1H, m),
2.84 (1H, dt,.J=13.0, 5.0 Hz), 4.62 (1H, ddd, J= 13.0, 7.0, 1.5 Hz), 5.68 (1H, s,); }3C NMR (CHCl3) 8 22.5
(1), 26.6 (1), 28.2 (1), 34.4 (1), 81.5 (d), 112.3 (d), 118.2 (s), 172.1 (s); LRMS (EI) m/e 155 (M*, 1%), 137
(78), 109 (100); HRMS (EI) m/e caled for CgH3NO, 155.0946; found 155.0954.
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