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Abstract

A cascade process for the straightforwarg-potconversion ofp-ketonitriles intog-
hydroxyamides is presented. The process, that edsce water employing the arene-
ruthenium(ll) complex [RuG(;®-p-cymene){P(4-GHsF).Cl}] as catalyst in
combination with sodium formate, involves the wlithydration of thes-ketonitrile
substrates to generate the correspongikgtoamide intermediates, which subsequently
undergo the transfer hydrogenation (TH) of the eayb group. Employing a family of
forty different g-ketonitriles, featuring diverse substitution patte the scope and

limitations of the process have been established.
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1. Introduction

Catalytic cascade reactions, a concept that encssapaall those processes in
which two or more catalytic transformations occequentially in a single reaction
vessel [1], are of prime interest in contempordmgnistry since, in comparison with
classical multistep syntheses, they allow an easleraper and cleaner access to a wide
variety of organic products [2]. In this context, gonnection with our studies on the
metal-catalyzed hydration of nitriles [3], we rettgrcommunicated that this hydration
reaction can be combined in a concurrent manndr thé transfer hydrogenation (TH)
of carbonyl compounds, thus opening a straightfodveecess to synthetically usefil
hydroxyamides C from p-ketonitriles A, via the correspondingp-ketoamide
intermediatesB (Scheme 1) [4]. Interestingly, this unprecedentedcade process
proceeds in water, without the need of any orgaoisolvent, and making use of a
single metal sourcei.e. the half-sandwich chlorophosphine ruthenium(lhmgbex
[RuCIz(nG-p-cymene){P(4-(§I—|4F)20I}] (1), in combination with inexpensive sodium

formate (Na@CH) [5,6].
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Scheme 1. Access tg-hydroxyamide<C by Ru-catalyzed hydration/TH gfketonitrilesA.

At present, three general routes for the synthadsishydroxyamides can be found
in the literature: ij the amidation ofp-hydroxy-esters and -acids [q}i) the aldol
addition of amide enolates to carbonyl compounds 48d (i) the reduction ofs-

2



ketoamides [9]. However, these protocols have lbaexly employed in the preparation
of N-unsubstituted p-hydroxyamides C [79,8d,9c,e,k]. The generation of such
compounds is usually achieved by hydration of theespondings-hydroxynitrilesD
employing classical acid/base-promoted reactio®$ ¢t enzymatic catalysis [11], but
problems associated with the overhydrolysis ofdh@des into carboxylic acids have
been in most cases observed. Surprisingly, th@usetal catalysts for the hydration of
S-hydroxynitriles D remains practically unexplored [12]. In this redjathe most
outstanding work in the field was published by &aihd co-workers, who developed a
straightforward procedure for the synthesigdfydroxyamide<C from aldehydes and
nitriles through a sequentiahe-pottwo-steps aldolization/hydration process, invodyvin
compoundsD as intermediates (Scheme 2) [13]. Both steps atalyzed by the
rhodium(l) dimer [{Rh(1-OMe)(cod)}] (cod = 1,5-cyclooctadiene), with the hydration
of the &GN bond ofD requiring the addition of a base to the reacti@udimm. However,
although novel and appealing, a major drawbachisf protocol is the large excess of

the nitrile partner employed (38-77 equiv.).
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Scheme 2. Rhodium-catalyzed a nitrile aldolization/hydratjmmcess.

All these precedents, along with the ease of adwe® startingg-ketonitrilesA

(many are commercially available) [14], confer tee truthenium-catalyzed tandem



reaction depicted in Scheme 1 a high syntheticevfl®,16]. In this regard, given that
in our preliminary communication we basically foedson the behavior of:-
unsubstituted aromatig-ketonitriles, i.e. substrates of type ArC(=0O)GHB=N, we
considered pertinent to carry out a broader studyrder to outline the scope and
limitations of the process. Accordingly, a full mpon this reaction is herein presented.
A family of forty differents-ketonitriles featuring diverse substitution patgehas been

employed along this study.

2. Experimental
2.1. General information

All the manipulations were performed under arganadphere using vacuum-line
and standard sealed-tube techniques. The rutheftjurcétalyst [RuCh(°-p-
cymene){P(4-GH4F).Cl}] (1) was synthesized by following the method repontethe
literature [3e]. Thep-ketonitriles 2a-n,0-p,af-ah,an were obtained from commercial
suppliers and used as received. Thketonitriles 2g-ae,ai-aj were synthesized by
acylation of the corresponding nitrile followingettgeneral procedure developed by
Trenkle and co-workers [17]. Compoun2isab-ad have not been previously reported
(details on their synthesis and characterizatiengiven below). The-disubstituteds-
ketonitriles2ak-am were prepared following the methods reported alitierature [18].
IR spectra were recorded on a Perkin-Elmer 1720-Xpé&ctrometer. NMR spectra
were obtained on Bruker DPX-300, AV-400 or AV60@sipometers*C{*H} and *H
chemical shifts were referenced to the residualaigf deuterated solvent. All data are
reported in ppm downfield from (G}Si. For **F{*H} NMR spectra, the chemical
shifts were referenced to the CgGtandard. All NMR measurements were carried out

at 25 °C. HRMS data were obtained on a ESI-g-TOlkk8r Impact Il mass



spectrometer. For column chromatography, Merclcailjel 60 (230-400 mesh) was

employed.

2.2. Synthesis and characterization of the ngyvattonitriles2z,ab-ad
These compounds were obtained by following theaion procedure developed
by Trenkle and co-workers [17]:
(@] O

KO'Amyl (3 equiv.) VN
T, 4+ )J\ -
R® SN 7 R TOEt  THF/0°Ctortor60°c R

(4 equiv.) R2
2z,ab-ad

R' = Ph; R? = "Pent (2z), CH,Bn (2ab)
R? = Et; R' = Cy (2ac), CH,Cy (2ad)

To a solution of the corresponding nitriléGH,C=N (4 mmol) in THF were
added dropwise, at 0 °C and in an ice bath, 6.24frd.1.7 M solution of K&myl in
toluene (12 mmol). The corresponding ethyl estelC®Et (16 mmol) was
subsequently added at 0 °C, and the resulting neixtirred at room temperature*(R
Ph) or 60 °C (R = alkyl) till complete consumption of the startimitrile (TLC
monitoring;ca. 4 h). Then, 100 mL of a 0.97 M solution of HChMmter and 100 mL of
EtOAc were added. The organic phase was sepanatsthed with water (2 x 50 mL)
and brine (2 x 50 mL), dried with anhydrous MgS#&hd filtered. Evaporation of the
organic solvents under vacuum led to a yellow malsidue which was purified by flash
column chromatography over silica gel using a nixtinexane/EtOAc (4:1) as eluent.
Characterization data for compourttsab-ad are as follows:

2-Benzoylheptanenitrile (2z): Colourless oil. Yield: 0.809 g (94%jH NMR
(CDCls, 300 MHz):6 = 7.99-7.97 (m, 2H), 7.70-7.65 (m, 1H), 7.58-7(62 2H), 4.37
(dd, 1H,J = 7.5 and 6.6 Hz), 2.06-1.97 (m, 2H), 1.65-1.52 2#i), 1.39-1.32 (m, 4H),
0.92 (t, 3H,J = 6.9 Hz) ppm*3C{*H} NMR (CDCls, 75 MHz):6 = 190.9, 134.4, 134.0,

129.1 (2C), 128.7 (2C), 117.4, 40.1, 31.1, 29.98282.3, 13.9 ppm. IR (film) =
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2250 (G=N), 1694 (C=0) crit. HRMS (ESI):m/z 238.120130, [M + N3 (calcd for
Ci14H17NONa: 238.120235).

2-Benzoyl-4-phenylbutanenitrile (2ab): Colourless oil. Yield: 0.907 g (91%H
NMR (CDCk, 300 MHz):6 = 7.85-7.82 (m, 2H), 7.67-7.47 (m, 3H), 7.39-7(&8 5H),
4.28 (dd, 1HJ = 7.2 and 7.2 Hz), 3.04-2.82 (m, 2H), 2.37-2.30 2id) ppm.>*C{*H}
NMR (CDChk, 75 MHz):5 = 190.6, 139.2, 134.5, 133.8, 129.1 (2C), 128()(228.7
(2C), 128.6 (2C), 126.8, 117.1, 38.9, 32.9, 31.Ap[R (film): v = 2250 (&N), 1691
(C=0) cm’. HRMS (ESI): m/z 272.104550, [M + N3 (calcd for G;HisNONa:
272.104585).

2-(Cyclohexanecar bonyl)butanenitrile (2ac): Colourless oil. Yield: 0.645 g
(90%).*H NMR (CDCk, 300 MHz):6 = 3.47 (dd, 1H, = 7.5 and 6.0 Hz), 2.79-2.72
(m, 1H), 1.98-1.70 (m, 6H), 1.42-1.25 (m, 6H), 1(L03H,J = 7.5 Hz) ppm*3C{*H}
NMR (CDClk, 75 MHz):6 = 203.8, 117.5, 49.2, 43.7, 28.6, 28.3, 25.5, 2563, 22.5,
11.5 ppm. IR (film):y = 2245 (GN), 1711 (C=0) cril. HRMS (ESI):m/z202.120632,
[M + Na'] (calcd for G{H;7/NONa: 202.120235).

4-Cyclohexyl-2-ethyl-3-oxobutanenitrile (2ad): Colourless oil. Yield: 0.727 g
(94%).*H NMR (CDCk, 300 MHz):5 = 3.34 (dd, 1H) = 7.8 and 6.0 Hz), 2.56 (d, 2H,
J = 6.6 Hz), 1.94-1.89 (m, 3H), 1.72-1.69 (m, 5HB2t1.17 (m, 3H), 1.11 (t, 3H, =
7.2 Hz), 1.02-0.94 (m, 2H) ppm3C{*H} NMR (CDCls, 75 MHz):§ = 200.5, 117.5,
48.6, 45.9, 33.4, 33.0, 32.9, 26.0, 25.9 (2C), 22163 ppm. IR (film)y = 2244 (&N),
1725 (C=0) crt. HRMS (ESI):m/z216.136105, [M + N3 (calcd for G-H:gNONa:

216.135885).

2.3. General procedure for the catalytic conversioh S-ketonitriles into p-

hydroxyamides



Under argon atmosphere, the correspondirgetonitrile 2 (1 mmol), water (3
mL), the ruthenium(ll) comple (0.028 g, 0.05 mmol; 5 mol%) and N&CH (1.360 g,
20 mmol) were introduced into a Teflon-capped sk#élbe, and the reaction mixture
stirred at 100 °C for 24-48 h. The solvent was themoved under vacuum and the
resulting solid residue purified by flash colummrrahatography over silica gel using,
unless otherwise stated, a mixture of MeOH/EtOAA ) as eluent. Characterization
data for the isolatef-hydroxyamides are as follows:

3-(4-Fluor ophenyl)-3-hydroxypropanamide (4a) [7g]: Light brown solid. Mp
108-110 °C. Yield: 0.135 g (74%)X NMR (DMSO-ds, 300 MHz):5 = 7.37 (dd, 2H,)
= 8.7 and 5.7 Hz), 7.30 (br, 1H), 7.14 (dd, 2H 8.7 and 8.7 Hz), 6.84 (br, 1H), 5.43
(d, 1H,J = 4.5 Hz), 4.95 (m, 1H), 2.46-2.29 (m, 2H) pprC{*H} NMR (DMSO-d,
100 MHz):6 = 172.6, 161.6 (dJ = 241.9 Hz), 142.0, 128.1 (d, 2C= 7.9 Hz), 115.1
(d, 2C,J = 21.2 Hz), 69.5, 45.8 pprtF{*H} NMR (CDs0D, 282 MHz):6 = -117.5 (s)
ppm.

3-Hydroxy-3-phenylpropanamide (4b) [10c,e]: Light brown solid. Mp 117-119
°C (Lit. 120 °C). Yield: 0.135 g (82%JH NMR (DMSO-ds, 300 MHz):6 = 7.35-7.20
(m, 6H), 6.83 (br, 1H), 5.37 (d, 1Hd,= 4.5 Hz), 4.94 (m, 1H), 2.51-2.29 (m, 2H) ppm.
13c{*H} NMR (DMSO0-ds, 75 MHz):6 = 172.8, 145.9, 128.4 (2C), 127.2, 126.2 (2C),
70.1, 45.9 ppm.

3-(4-Chlorophenyl)-3-hydroxypropanamide (4c) [10a]: Light brown solid. Mp
129-131 °C (Lit. 130-131.5 °C). Yield: 0.176 g (88%1 NMR (DMSO-ds, 300 MHz):

§ = 7.37 (m, 4H), 7.31 (br, 1H), 6.85 (br, 1H), 548 1H,J = 3.3 Hz), 4.94 (m, 1H),
2.45-2.29 (m, 2H) ppm-3C{*H} NMR (DMSO-dg, 75 MHz):6 = 172.5, 144.9, 131.7,

128.4 (2C), 128.1 (2C), 69.4, 45.7 ppm.



3-(3-Chlorophenyl)-3-hydroxypropanamide (4d) [10a]: Light brown solid. Mp
133-135 °C (Lit. 134-135 °C). Yield: 0.139 g (7098. NMR (DMSO-ds, 300 MHz):6
= 7.38-7.26 (m, 5H), 6.85 (br, 1H), 5.53 (d, 1Hs 4.5 Hz), 4.94 (m, 1H), 2.46-2.32
(m, 2H) ppm.*C{*H} NMR (DMSO-ds, 75 MHz): 6 = 172.4, 148.5, 133.2, 130.4,
127.2, 126.0, 124.9, 69.5, 45.6 ppm.

3-(2-Chlorophenyl)-3-hydroxypropanamide (4€) [10a]: Light brown solid. Mp
190-192 °C (Lit. 192.5-193 °C). Yield: 0.140 g (7p%1 NMR (DMSO-ds, 300 MHz):
§=7.60 (dd, 1H) = 7.8 and 7.8 Hz), 7.39-7.26 (m, 4H), 6.90 (br),1%{55 (d, 1H,J =
4.5 Hz), 5.29 (m, 1H), 2.38-2.23 (m, 2H) pprC{‘*H} NMR (DMSO-ds, 75 MHz):6 =
172.4, 143.1, 130.9, 129.4, 128.9, 128.0, 127.7,6(3.8 ppm.

3-(3,4-Dichlor ophenyl)-3-hydroxypropanamide (4f): Light brown solid. Mp
140-142 °C. Yield: 0.171 g (73%) NMR (DMSO-ds, 300 MHz):6 = 7.57 (m, 2H),
7.36-7.30 (m, 2H), 6.87 (br, 1H), 5.61 (d, 1H= 4.8 Hz), 4.94 (m, 1H), 2.46-2.33 (m,
2H) ppm.C{*H} NMR (DMSO-ds, 75 MHz):6 = 172.2, 147.1, 131.1, 130.7, 129.6,
128.2, 126.6, 69.0, 45.5 ppm. IR (KBp)= 3399 (O-H), 3294 (N-H), 3192 (N-H), 1655
(C=0) cm*. HRMS (ESI): m/z 255.989536, [M + N3 (calcd for GHsCl.O-NNa:
255.990255).

3-(4-Bromophenyl)-3-hydroxypropanamide (4g) [11b]: Light brown solid. Mp
137-139 °C. Yield: 0.207 g (85%H NMR (DMSO-ds, 300 MHz):6 = 7.50 (d, 2H,) =
8.1 Hz), 7.29 (d, 2H) = 8.1 Hz), 6.82 (br, 1H), 5.47 (d, 1Bl= 4.5 Hz), 4.92 (m, 1H),
2.50-2.29 (m, 2H) ppn*C{*H} NMR (DMSO-ds, 75 MHz):d = 172.5, 145.3, 131.3
(2C), 128.5 (2C), 120.2, 69.5, 45.7 ppm.

3-Hydroxy-3-(3-trifluor omethylphenyl)propanamide (4h): Light brown solid.
Mp 99-101 °C. Yield: 0.179 g (77%JH NMR (DMSO-ds, 300 MHz):5 = 7.69-7.53

(m, 4H), 7.32 (br, 1H), 6.88 (br, 1H), 5.62 (d, 1Hs 4.5 Hz), 5.04 (m, 1H), 2.47-2.36



(m, 2H) ppm.*C{*H} NMR (DMSO-ds, 75 MHz): 6 = 172.4, 147.3, 130.4, 129.5,
129.2 (qJ = 31.4 Hz), 124.8 (q] = 272.4 Hz), 124.0 (¢l = 3.6 Hz), 122.6 (9J = 3.5
Hz), 69.5 (s), 45.6 (s) ppntF{*H} NMR (DMSO-ds, 282 MHz):d = -61.0 (s) ppm. IR
(KBr): v = 3391 (O-H), 3310 (N-H), 3195 (N-H), 1657 (C=0OWt HRMS (ESI):m/z
256.055747, [M + N§ (calcd for GoH1oFsO.NNa: 256.055584).

3-Hydroxy-3-(4-methylphenyl)propanamide (4i) [11b]: Light brown solid.
Yield: 0.150 g (84%). Mp 136-138 °CH NMR (DMSO-ds, 300 MHz):d = 7.28 (br,
1H), 7.21 (d, 2H,J = 8.1 Hz), 7.11 (d, 2H] = 8.1 Hz), 6.82 (br, 1H), 5.31 (d, 1BI=
4.5 Hz), 4.90 (m, 1H), 2.51-2.27 (m, 2H), 2.27 gpm. *C{*H} NMR (DMSO-ds, 75
MHz): § = 172.8, 142.9, 136.2, 129.0 (2C), 126.1 (2C)9695.8, 21.1 ppm.

3-Hydroxy-3-(3-methylphenyl)propanamide (4j): Light brown solid. Mp 125-
127 °C. Yield: 0.147 g (82%3H NMR (DMSO-ds, 300 MHz):6 = 7.29 (br, 1H), 7.22-
7.10 (m, 3H), 7.25 (d, 1H, = 7.2 Hz), 6.83 (br, 1H), 5.33 (d, 1Bl= 4.5 Hz), 4.89 (m,
1H), 2.44-2.27 (m, 2H), 2.29 (s, 3H) ppMC{*H} NMR (DMSO-ds, 75 MHz): 6 =
172.8, 145.8, 137.4, 128.3, 127.8, 126.8, 123.31,75.8, 21.6 ppm. IR (KBry =
3381 (O-H), 3303 (N-H), 3189 (N-H), 1657 (C=0) tntiRMS (ESI):m/z202.084358,
[M + Na'] (calcd for GoH130,NNa: 202.083849).

3-Hydr oxy-3-(4-methoxyphenyl)propanamide (4k) [10b]: Light brown solid.
Mp 179-181 °C (Lit. 184 °C). Yield: 0.166 g (85% NMR (DMSO-ds, 300 MHZz):5
= 7.28 (br, 1H), 7.25 (d, 2H, = 8.7 Hz), 6.85 (d, 2H] = 8.7 Hz), 6.81 (br, 1H), 5.28
(d, 1H,J = 4.5 Hz), 4.88 (m, 1H), 3.73 (s, 3H), 2.45-2.8Y, @H) ppm.**C{*H} NMR
(DMSO-ds, 75 MHz):6 = 172.9, 158.6, 137.8, 127.3 (2C), 113.8 (2C)7695.4, 45.8
ppm.

3-(3,5-Dimethoxyphenyl)-3-hydr oxypropanamide (4l): Light brown solid. Mp

105-107 °C. Yield: 0.194 g (86%) NMR (DMSO-ds, 400 MHz):6 = 7.28 (br, 1H),



6.82 (br, 1H), 6.50 (d, 2Hl = 2.0 Hz), 6.34 (s, 1H), 5.36 (d, 1Bi= 4.4 Hz), 4.87 (m,
1H), 3.72 (s, 6H), 2.41-2.29 (m, 2H) ppMC{*H} NMR (DMSO-ds, 75 MHz): 6 =
172.8, 160.6 (2C), 148.5, 104.0 (2C), 98.9, 705.552C), 45.8 ppm. IR (KBr)v =
3389 (O-H), 3370 (N-H), 3197 (N-H), 1651 (C=0) tnHRMS (ESI):m/z248.089455,
[M + Na'] (calcd for G1H:504NNa: 248.089329).

3-Hydroxy-3-(5,6,7,8-tetrahydronaphthalen-2-yl)propanamide (3n): Light
brown solid. Mp 150-152 °C. Yield: 0.167 g (76%) NMR (DMSO-ds, 300 MHz):6
=7.26 (br, 1H), 6.99 (m, 3H), 6.79 (br, 1H), 5@31H,J = 4.5 Hz), 4.84 (m, 1H), 2.68
(br, 4H), 2.38-2.27 (m, 2H), 1.71 (br, 4H) ppFC{*H} NMR (DMSO-ds, 75 MHz):6
=172.9, 142.8, 136.4, 135.4, 128.9, 126.7, 178)4), 45.8, 29.4, 28.9, 23.3 (2C) ppm.
IR (KBr): v = 3400 (O-H), 3362 (N-H), 3214 (N-H), 1657 (C=0)t HRMS (ESI):
m/z242.114808, [M + N3 (calcd for G3H:70,NNa: 242.115149).

4-(3-Amino-1-hydroxy-3-oxopropyl)benzamide (4n): White solid. Mp 195-197
°C. Yield: 0.181 g (87%)'H NMR (DMSO-ds, 300 MHz):6 = 7.94 (br, 1H), 7.82 (d,
2H, J = 8.3 Hz), 7.40 (d, 2H) = 8.3 Hz), 7.33 (br, 1H), 7.31 (br, 1H), 6.84 (bH),
5.51 (d, 1H,J = 4.5 Hz), 5.02-4.96 (m, 1H), 2.50-2.32 (m, 2HNPP*C{'H} NMR
(DMSO-ds, 75 MHz):6 = 172.7, 168.3, 149.1, 133.2, 127.7 (2C), 125(%)(B9.8, 45.6
ppm. IR (KBr):v = 3383 (O-H and N-H), 3186 (N-H), 1653 (C=0) tnHRMS (ESI):
m/z231.074429, [M + N3 (calcd for GoH1:03N.Na: 231.074013).

3-(2-Furyl)-3-hydr oxypropanamide (40) [13]: Light brown solid. Mp 121-123
°C. Yield: 0.124 g (80%)H NMR (DMSO-ds, 300 MHz):d = 7.56 (d, 1H,) = 1.8 Hz),
7.37 (br, 1H), 6.87 (br, 1H), 6.37 (dd, 145+ 3.0 and 1.8 Hz), 6.85 (d, 1B~ 3.0 Hz),
5.45 (d, 1HJ = 5.4 Hz), 4.91 (m, 1H), 2.50 (m, 2H) ppMC{*H} NMR (DMSO-ds,

75 MHz):5 = 172.2, 157.8, 142.2, 110.6, 105.7, 63.7, 4212.pp

10



3-Hydroxy-3-(2-thienyl)propanamide (4p): Light brown solid. Mp 94-96 °C.
Yield: 0.120 g (70%)'H NMR (DMSO-ds, 300 MHz):6 = 7.37 (m, 2H), 6.94 (m, 2H),
6.87 (br, 1H), 5.74 (d, 1H] = 4.8 Hz), 5.18 (m, 1H), 2.56-2.41 (m, 2H) ppAC{‘H}
NMR (DMSO-ds, 75 MHz):6 = 172.3, 150.4, 127.0, 124.6, 123.1, 66.3, 45/9.p0R
(KBr): v = 3390 (O-H), 3303 (N-H), 3188 (N-H), 1658 (C=0Wt HRMS (ESI):m/z
194.024385, [M + N3 (calcd for GHgO,NSNa: 194.024620).

4,4-Dimethyl-3-hydr oxypentanamide (4q) [13]: Light brown solid. Mp 96-98
°C. Yield: 0.118 g (81%)'H NMR (DMSO-ds, 300 MHz):6 = 7.31 (br, 1H), 6.84 (br,
1H), 4.69 (d, 1H, = 4.8 Hz), 3.50 (m, 1H), 2.18 (dd, 1B= 14.4 and 2.7 Hz), 2.18
(dd, 1H,J = 14.4 and 10.2 Hz), 0.82 (s, 9H) ppHC{*H} NMR (DMSO-ds, 75 MHz):
§=174.8,75.2, 38.1, 34.9, 26.2 ppm.

3-Hydroxy-4-methylpentanamide (4r) [19]: Light brown oil. Yield: 0.073 g
(56%)."H NMR (DMSO-ds, 300 MHz):6 = 7.27 (br, 1H), 6.80 (br, 1H), 4.57 (d, 1H,
= 4.8 Hz), 3.63-3.56 (m, 1H), 2.14-2.01 (m, 2H531.48 (m, 1H), 0.82 (d, 3H,= 6.6
Hz), 0.80 (d, 3HJ = 6.6 Hz) ppm*C{*H} NMR (DMSO-ds, 75 MHz): 6 = 174.2,
72.3,33.5,19.2,17.7 ppm.

3-Cyclohexyl-3-hydroxypropanamide (4s) [13]: Light brown solid. Mp 92-94
°C. Yield: 0.121 g (71%)'H NMR (DMSO-ds, 300 MHz):6 = 7.26 (br, 1H), 6.80 (br,
1H), 4.55 (d, 1H) = 5.1 Hz), 3.62-3.55 (m, 1H), 2.19-2.02 (m, 2HYQt1.59 (m, 5H),
1.21-0.92 (m, 6H) ppm-3C{*H} NMR (CDCls, 75 MHz):6 = 175.7, 72.7, 43.4, 39.5,
28.8, 28.3, 26.4, 26.1, 26.0 ppm.

3-Cyclopropyl-3-hydroxypropanamide (4t) [11c]: Light brown oil. Yield: 0.067
g (52%).*H NMR (DMSO-ds, 300 MHz):5 = 7.27 (br, 1H), 6.79 (br, 1H), 4.67 (d, 1H,

J = 4.5 Hz), 3.36-3.23 (m, 1H), 2.22 (d, 2Hz= 6.3 Hz), 0.82-0.75 (m, 1H), 0.35-0.16
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(m, 4H) ppmBC{*H} NMR (DMSO-ds, 75 MHz):6 = 174.5, 71.1, 43.9, 17.8, 2.7, 2.3
ppm.

3-(Adamantan-1-yl)-3-hydroxypropanamide (4u): Light brown solid. Mp 169-
171 °C. Yield: 0.172 g (77%JH NMR (DMSO-ds, 300 MHz):d = 7.28 (br, 1H), 6.81
(br, 1H), 4.55 (d, 1HJ = 4.8 Hz), 3.34-3.28 (m, 1H), 2.21-1.99 (m, 5HHE1.42 (m,
12H) ppm.**c{*H} NMR (DMSO-dg, 75 MHz):6 = 175.0, 75.5, 38.1 (3C), 37.3 (3C),
36.7, 36.5, 28.2 (3C) ppm. IR (KBr):= 3380 (O-H), 3304 (N-H), 3177 (N-H), 1674
(C=0) cm'. HRMS (ESI): m/z 246.145915, [M + N3 (calcd for GsH»:O.NNa:
246.146450).

4-Cyclohexyl-3-hydroxybutanamide (4v): White solid. Mp 93-95 °C. Yield:
0.154 g (83%)H NMR (DMSO-ds, 300 MHz):5 = 7.25 (br, 1H), 6.77 (br, 1H), 4.55
(d, 1H,J = 5.4 Hz), 3.94-3.84 (m, 1H), 2.12-2.09 (m, 2HY,71.63 (m, 5H), 1.42 (m,
1H), 1.24-1.16 (m, 5H), 0.91-0.78 (m, 2H) ppAC{'H} NMR (DMSO-ds, 75 MHz):6
=173.7, 65.3, 45.2, 44.4, 34.2, 33.8, 32.7, 28674, 26.2 ppm. IR (KBr)v = 3318 (O-
H and N-H), 3158 (N-H), 1673 (C=0) ¢mHRMS (ESI):m/z208.130494, [M + Nj
(calcd for GoH190-NNa: 208.130800).

3-Hydroxy-2-methyl-3-phenylpropanamide (4w) [20]: This compound was
obtained as a mixture of diastereocisomers whichldcdae separated by column
chromatography using EtOAc as elugdyn diastereoisomer (Rf = 0.53)hite solid.
Mp 132-135 °C (Lit. 134-136 °C). Yield: 0.070 g €% *H NMR (DMSO-ds, 300
MHz): 6 = 7.36-7.22 (m, 6H), 6.78 (br, 1H), 5.34 (d, 1H; 4.5 Hz), 4.52 (dd, 1H] =
8.7 and 4.5 Hz), 2.48-2.43 (m, 1H), 0.70 (d, 3+ 6.9 Hz) ppm.°C{*H} NMR
(DMSO-ds, 75 MHz):6 = 177.2, 144.5, 128.4 (2C), 127.5, 127.2 (2C)5787.6, 15.3
ppm. Anti diastereoisomer (Rf = 0.35White solid. Mp 87-90 °C (Lit. 84-85 °C).

Yield: 0.088 g (49%)'H NMR (DMSO-ds, 300 MHz):6 = 7.32-7.18 (m, 6H), 6.64 (br,

12



1H), 5.29 (d, 1HJ = 4.8 Hz), 4.64 (dd, 1H} = 7.2 and 4.8 Hz), 2.48-2.44 (m, 1H), 1.04
(d, 3H,J = 6.9 Hz) ppm**C{*H} NMR (DMSO-ds, 75 MHz):d = 176.8, 144.7, 128.1
(2C), 127.1, 126.9 (2C), 74.2, 47.7, 13.9 ppm.

2-(Hydroxy(phenyl)methyl)butanamide (4x) [21]: This compound was obtained
as a mixture of diastereoisomers which could barsged by column chromatography
using EtOAc as eluengyn diastereoisomer (Rf = 0.30)hite solid. Mp 130-133 °C.
Yield: 0.081 g (42%)'H NMR (DMSO-ds, 300 MHz):6 = 7.35-7.21 (m, 6H), 6.85 (br,
1H), 5.33 (d, 1H,) = 4.8 Hz), 4.51 (dd, 1H] = 8.7 and 4.8 Hz), 2.29 (m, 1H), 1.32 (m,
1H), 0.90 (m, 1H), 0.71 (t, 3H,= 7.2 Hz) ppm*3C{*H} NMR (DMSO-ds, 75 MHz):6
= 176.2, 144.9, 128.4 (2C), 127.5, 127.2 (2C), 748.3, 22.7, 12.1 ppmAnti
diastereoisomer (Rf = 0.59\White solid. Mp 119-122 °C. Yield: 0.064 g (33%i1
NMR (DMSO-ds, 300 MHz):5 = 7.31-7.15 (m, 6H), 6.63 (br, 1H), 5.27 (br, 14)%55
(d, 1H,J = 8.1 Hz), 2.34 (m, 1H), 1.72 (m, 1H), 1.57 (m,)1B.83 (t, 3HJ = 7.2 Hz)
ppm. BC{*H} NMR (DMSO-ds, 75 MHz):§ = 175.6, 144.9, 128.1 (2C), 127.2 (3C),
74.2,55.7,21.9, 12.3 ppm. A Mp range of 117-10@&as given in the literature for the
mixture of diastereoisomers.

2-(Hydroxy(phenyl)methyl)hexanamide (4y): This compound was obtained as a
mixture of diastereoisomers which could be sepdrhayecolumn chromatography using
EtOAc as eluentSyn diastereoisomer (Rf = 0.3%)\hite solid. Mp 104-106 °C. Yield:
0.095 g (43%)H NMR (DMSO-ds, 400 MHz):6 = 7.34-7.22 (m, 6H), 6.81 (br, 1H),
5.31 (d, 1HJ = 4.8 Hz), 4.49 (dd, 1H = 8.4 and 4.8 Hz), 2.39-2.33 (m, 1H), 1.38-1.30
(m, 1H), 1.14-1.07 (m, 4H), 0.85 (m, 1H), 0.723(, J = 6.0 Hz) ppm>*C{*H} NMR
(DMSO-ds, 100 MHz):6 = 176.4, 145.0, 128.4 (2C), 127.5, 127.2 (2C)1753.6,
29.5, 29.2, 22.5, 14.2 ppm. IR (KBn):= 3331 (O-H), 3283 (N-H), 3166 (N-H), 1685

(C=0) cm'. HRMS (ESI): m/z 244.130570, [M + N3 (calcd for GsH:1gO-NNa:
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244.130800) Anti diastereoisomer (Rf = 0.67)MWhite solid. Mp 103-105 °C. Yield:
0.119 g (54%)H NMR (DMSO-ds, 300 MHz):6 = 7.31-7.20 (m, 5H), 7.12 (br, 1H),
6.59 (br, 1H), 5.24 (d, 1H}, = 4.4 Hz), 4.53 (dd, 1H] = 7.6 and 4.4 Hz), 2.38 (m, 1H),
1.67 (m, 1H), 1.58-1.50 (m, 1H), 1.29-1.15 (m, 4B)84 (t, 3H,J = 6.8 Hz) ppm.
3c{*H} NMR (DMSO-dg, 75 MHz): 6 = 175.7, 144.8, 128.0 (2C), 127.1 (3C), 74.4,
54.1, 29.8, 28.5, 22.7, 14.4 ppm. IR (KBr)= 3359 (O-H), 3303 (N-H), 3178 (N-H),
1683 (C=0) crit. HRMS (ESI):m/z244.130933, [M + N3 (calcd for GsH1g0-NNa:
244.130800).

2-(Hydroxy(phenyl)methyl)heptanamide (4z): This compound was obtained as
a mixture of diastereoisomers which could be sépdrdy column chromatography
using EtOAc as eluenByn diastereoisomer (Rf = 0.33)ight brown solid. Mp 127-
129 °C. Yield: 0.066 g (28%JH NMR (DMSO-<ds, 300 MHz):5 = 7.31-7.21 (m, 6H),
6.79 (br, 1H), 5.29 (d, 1H), = 4.8 Hz), 4.48 (dd, 1H = 9.3 and 4.8 Hz), 2.39-2.30 (m,
1H), 1.31-1.22 (m, 2H), 1.16-1.04 (m, 6H), 0.763, J = 5.7 Hz) ppm**C{*H} NMR
(DMSO-ds, 75 MHz):6 = 176.8, 145.4, 128.8 (2C), 127.9, 127.6 (2C)5754.1, 32.0,
29.9, 27.3, 22.8, 14.7 ppm. IR (KBn):= 3376 (O-H), 3305 (N-H), 3164 (N-H), 1684
(C=0) cm'. HRMS (ESI): m/z 258.146230, [M + N3 (calcd for G4H»:0-NNa:
258.146450) Anti diastereoisomer (Rf = 0.74)ight brown solid. Mp 102-104 °C.
Yield: 0.094 g (40%)'H NMR (DMSO-ds, 300 MHz):6 = 7.28-7.21 (m, 5H), 7.12 (br,
1H), 6.59 (br, 1H), 5.24 (d, 1H,= 4.5 Hz), 4.51 (dd, 1H = 8.1 and 4.5 Hz), 2.41-2.34
(m, 1H), 1.68-1.47 (m, 2H), 1.23 (br, 6H), 0.8331, J = 5.9 Hz) ppm**C{*H} NMR
(DMSO-ds, 75 MHz): 5 = 175.7, 144.8, 128.0 (2C), 127.1 (3C), 74.4, 53119, 28.8,
27.1, 22.5, 14.4 ppm. IR (KBry: = 3359 (O-H), 3313 (N-H), 3172 (N-H), 1682 (C=0)

cm’. HRMS (ESI):m/z258.146986, [M + N3 (calcd for G4H210,NNa: 258.146450).
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2-Benzyl-3-hydroxy-3-phenylpropanamide (4aa): This compound was obtained
as a mixture of diastereoisomers which could barsged by column chromatography
using EtOAc as eluenByn diastereoisomer (Rf = 0.770ight brown solid. Mp 116-
118 °C. Yield: 0.145 g (57%JH NMR (DMSO-ds, 300 MHz):6 = 7.37-7.12 (m, 10H),
6.93 (br, 1H), 6.46 (br, 1H), 5.47 (d, 18= 4.8 Hz), 4.62 (dd, 1H] = 7.5 and 4.8 Hz),
3.03-2.71 (m, 3H) ppm-3C{*H} NMR (DMSO-dg, 75 MHz):6 = 174.4, 144.4, 140.9,
129.2 (2C), 128.4 (2C), 128.1 (2C), 127.3, 127@)(2A26.1, 74.6, 56.1, 34.8 ppm. IR
(KBr): v = 3399 (O-H and N-H), 3186 (N-H), 1653 (C=0) tnHRMS (ESI):m/z
278.115523, [M + N (calcd for GgH170.NNa: 278.115149)Anti diastereoisomer (Rf
= 0.46): Light brown solid. Mp 60-63 °C. Yield: 0.038 g @5. '"H NMR (DMSO-ds,
300 MHz):6 = 7.37-7.03 (m, 11H), 6.75 (br, 1H), 5.51 (d, 1Hs 5.1 Hz), 4.58 (dd,
1H,J =7.2 and 5.1 Hz), 2.82-2.67 (m, 2H), 2.29 (dd, 1& 12.0 and 2.7 Hz) ppm.
13c{*H} NMR (DMSO-ds, 75 MHz): 6 = 175.3, 144.6, 140.1, 129.1 (2C), 128.5 (4C),
127.6, 127.2 (2C), 126.2, 74.7, 55.1, 35.5 ppm(KBr): v = 3362 (O-H and N-H),
3156 (N-H), 1685 (C=0) cth HRMS (ESI):m/z 278.115557, [M + N3 (calcd for
CieH170-NNa: 278.115149).

2-(Hydroxy(phenyl)methyl)-4-phenylbutanamide (4ab): This compound was
obtained as a mixture of diastereocisomers whichldcdae separated by column
chromatography using EtOAc as eluedyn diastereoisomer (Rf = 0.41)ight brown
solid. Mp 128-130 °C. Yield: 0.097 g (36%H NMR (DMSO-ds, 300 MHz):6 = 7.41
(br, 1H), 7.28-7.11 (m, 8H), 7.00-6.95 (m, 3H),% (@, 1H,J = 4.8 Hz), 4.58 (dd, 1H]
= 8.1 and 4.8 Hz), 2.49-2.43 (m, 2H), 2.34-2.28 i), 1.67-1.61 (m, 1H), 1.19-1.11
(m, 1H) ppmC{*H} NMR (DMSO-ds, 75 MHz):6 = 176.1, 144.7, 142.3, 128.7 (2C),
128.4 (4C), 127.5, 127.2 (2C), 126.1, 74.8, 53%5331.7 ppm. IR (KBr)y = 3318

(O-H and N-H), 3195 (N-H), 1684 (C=0) dmHRMS (ESI):m/z292.130825, [M +
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Na'] (calcd for G7H190.NNa: 292.130800)Anti diastereoisomer (Rf = 0.74):ight
brown solid. Mp 139-142 °C. Yield: 0.124 g (46%) NMR (DMSO-ds, 300 MHz):6
= 7.29-7.12 (m, 11H), 6.71 (br, 1H), 5.32 (d, TH 4.5 Hz), 4.59 (dd, 1H] = 7.8 and
4.5 Hz), 2.58-2.37 (m, 3H), 1.98-1.85 (m, 2H) pprC{'H} NMR (DMSO-ds, 75
MHz): 6 = 175.3, 144.7, 142.7, 128.7 (2C), 128.5 (2C),.148C), 127.2, 127.1 (2C),
126.1, 74.3, 54.1, 33.7, 31.0 ppm. IR (KBr)= 3384 (O-H and N-H), 3196 (N-H),
1653 (C=0) crit. HRMS (ESI):m/z292.130540, [M + N3 (calcd for G/H1g0-NNa:
292.130800).

2-(Cyclohexyl(hydroxyl)methyl)butanamide (4ac) [22]: This compound was
obtained as an inseparable mixture of $lga andanti diastereoisomers in 1.4:1 ratio.
Light brown solid. Mp 160-163 °C (Lit. 164-165 °CYield: 0.121 g (61%).Syn
diastereoisomertH NMR (DMSO-ds, 300 MHz):6 = 7.35 (br, 1H), 6.79 (br, 1H), 4.38
(d, 1H,J = 5.7 Hz), 3.26-3.16 (m, 1H), 2.24-2.12 (m, 1HH7:1.09 (m, 13H), 0.81 (t,
3H, J = 7.2 Hz) ppm**C{*H} NMR (DMSO-ds, 75 MHz):d = 176.7, 75.5, 51.2, 41.1,
30.7, 26.7, 26.6, 26.4, 25.8, 22.2, 12.4 ppmti diastereocisomerH NMR (DMSO-ds,
300 MHz):6 = 7.32 (br, 1H), 6.92 (br, 1H), 4.56 (d, 1H= 7.5 Hz), 3.26-3.16 (m, 1H),
2.24-2.12 (m, 1H), 1.67-1.09 (m, 13H), 0.85 (t, 3tk 7.5 Hz) ppm*C{'H} NMR
(DMSO-dg, 75 MHz):0 = 177.7, 75.7, 49.3, 41.7, 29.9, 27.9, 26.6, 2842, 23.4,12.4
ppm.

4-Cyclohexyl-2-ethyl-3-hydroxybutanamide (4ad): This compound was
obtained as an inseparable mixture of $lga andanti diastereoisomers in 1.2:1 ratio.
Light brown solid. Mp 135-137 °C. Yield: 0.117 ¢g5@). IR (KBr):v = 3350 (O-H),
3294 (N-H), 3174 (N-H), 1681 (C=0) émHRMS (ESI):m/z236.161645, [M + N3
(calcd for GoH230.NNa: 236.162100)Syn diastereoisometH NMR (DMSO-ds, 300

MHz): & = 7.24 (br, 1H), 6.75 (br, 1H), 4.42 (d, 18= 6.3 Hz), 3.51-3.43 (m, 1H),
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1.83-1.73 (m, 1H), 1.62-1.13 (m, 15H), 0.83 (t, 3 7.2 Hz) ppmC{'*H} NMR
(DMSO-ds, 75 MHz): 6 = 176.4, 68.9, 55.5, 43.3, 34.7, 33.7, 32.2, 28675, 26.1,
22.1, 12.4 ppmAnti diastereoisomer'H NMR (DMSO-ds, 300 MHz):6 = 7.24 (br,
1H), 6.85 (br, 1H), 4.48 (d, 1H,= 6.9 Hz), 3.64-3.56 (m, 1H), 2.15-2.01 (m, 1HB2k
1.13 (m, 15H), 0.80 (t, 3H] = 7.5 Hz) ppm**C{*H} NMR (DMSO-ds, 75 MHz):6 =
176.9, 68.7, 53.7, 43.0, 34.5, 33.8, 32.5, 26.A2,286.1, 22.2, 12.5 ppm.

2-Benzyl-3-hydroxypropanamide (4ae) [11d]: Light brown solid. Mp 122-125
°C (Lit. 127-130 °C). Yield: 0.090 g (50%H NMR (DMSO-ds, 300 MHz):d = 7.28-
7.14 (m, 6H), 6.74 (br, 1H), 4.70 (t, 1Bi= 5.1 Hz), 3.57-3.50 (m, 1H), 3.40-3.33 (m,
1H), 2.54-2.78 (m, 3H) ppnt*C{*H} NMR (DMSO-dg, 75 MHz): & = 175.5, 140.6,
129.2 (2C), 128.5 (2C), 126.2, 62.8, 50.7, 34.9 ppm

3-Hydr oxy-2-(4-methoxyphenyl)-3-phenylpropanamide (4ai): This compound
was obtained as an inseparable mixture ofsyreandanti diastereoisomers in 1.4:1
ratio (Rf = 0.49) Light brown solid. Mp 107-109 °C. Yield: 0.08938%). IR (KBr):v
= 3520 (O-H), 3415 (O-H), 3305 (N-H), 3169 (N-HBE5B (C=0) crit. HRMS (ESI):
m/z 294.109547, [M + N3 (calcd for GeHi7OsNNa: 294.110064). Syn
diastereoisomer'H NMR (DMSO-ds, 300 MHz):6 = 7.39-7.22 (m, 8H), 6.86 (d, 28,
= 8.7 Hz), 6.54 (br, 1H), 5.11 (d, 1B= 5.1 Hz), 5.04-4.97 (m, 1H), 3.74 (s, 3H), 3.62
(d, 1H,J = 10.0 Hz) ppm**C{*H} NMR (DMSO-dg, 75 MHz):6 = 174.0, 158.4, 144.8,
130.2, 128.1 (2C), 127.5 (2C), 127.4 (2C), 12718.6 (2C), 74.3, 58.9, 55.5 ppdnti
diastereoisomertH NMR (DMSO-ds, 300 MHz):6 = 7.45 (br, 1H), 7.39-7.22 (m, 7H),
6.80 (br, 1H), 6.68 (d, 2H),= 8.7 Hz), 5.47 (d, 1H] = 4.8 Hz), 5.04-4.97 (m, 1H), 3.69
(d, 1H,J = 8.4 Hz), 3.64 (s, 3H) ppm°C{*H} NMR (DMSO-ds, 75 MHz):6 = 174.7,
158.2, 144.2, 130.0, 128.0 (2C), 127.5 (2C), 122@), 127.1, 113.6 (2C), 75.3, 59.0,

55.3 ppm. The amid@ (Rf = 0.69)was also isolated in 10% yield (0.016 g).
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2-(3,4-Dimethoxyphenyl)-3-hydr oxy-3-phenylpropanamide (44)): This
compound was obtained as a mixture of diasterea@s®mhich could be separated by
column chromatography using EtOAc as elu&yn diastereocisomer (Rf = 0.32)hite
solid. Mp 141-143 °C. Yield: 0.084 g (28%H NMR (DMSO-ds, 300 MHz):8 = 7.40-
7.20 (m, 6H), 7.04-6.86 (m, 3H), 6.57 (br, 1H),B(#, 1H,J = 5.1 Hz), 5.01 (dd, 1H]
= 9.3 and 5.1 Hz), 3.74 (s, 6H), 3.66 (d, TH; 9.3 Hz) ppm**C{*H} NMR (DMSO-
ds, 75 MHz): 6 = 173.9, 148.5, 148.1, 144.7, 131.8, 128.1 (2Q).1 (2C), 127.3,
121.6, 113.1, 111.8, 74.3, 59.3, 56.0, 55.9 ppm(KBr): v = 3371 (O-H and N-H),
3191 (N-H), 1666 (C=0) cth HRMS (ESI):m/z 324.120168, [M + N3 (calcd for
Ci7H1004NNa: 324.120629)Anti diastereoisomer (Rf = 0.64White solid. Mp 150-
152 °C. Yield: 0.042 g (14%¥H NMR (DMSO-ds, 300 MHz):d = 7.45 (br, 1H), 7.15-
7.11 (m, 5H), 6.81 (br, 1H), 6.75-6.66 (m, 3H),B(d, 1H,J = 4.5 Hz), 5.02 (dd, 1H]
= 8.4 and 4.5 Hz), 3.63 (s, 3H), 3.61 (s, 3H), A&91H,J = 8.4 Hz) ppm*3C{*H}
NMR (DMSO-ds, 75 MHz): 6 = 174.6, 148.3, 147.8, 144.3, 130.7, 128.0 (2@Yy.4
(2C), 127.1, 121.2, 112.9, 111.5, 75.3, 59.4, 55537 ppm. IR (KBr)» = 3398 (O-H
and N-H), 3195 (N-H), 1654 (C=0) émHRMS (ESI):m/z 324.121060, [M + N3
(calcd for G7H1d0sNNa: 324.120629). The amide(Rf = 0.77)was also obtained in
16% vyield (0.031 g).

3-Hydroxy-2,2-dimethyl-3-phenylpropanamide (4ak) [10c]: Light brown solid.
Mp 132-134 °C (Lit. 134-136 °C). Yield: 0.116 g ) *H NMR (DMSO-ds, 300
MHz): 6 = 7.31-7.21 (m, 5H), 7.08 (br, 1H), 6.87 (br, 18)53 (d, 1H,J = 4.5 Hz),
4.77 (d, 1HJ = 4.5 Hz), 1.00 (s, 3H), 0.92 (s, 3H) pplHC{*H} NMR (DMSO-ds, 75
MHz): § = 179.1, 143.0, 128.1 (2C), 127.7 (2C), 127.24747.0, 22.9, 21.1 ppm.

3-(4-Chlorophenyl)-3-hydroxy-2,2-dimethylpropanamide (4al): Light brown

solid. Mp 127-129 °C. Yield: 0.168 g (74%). IR (KBy = 3345 (O-H), 3284 (N-H),
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3230 (N-H), 1663 (C=0) cth 'H NMR (DMSO-ds, 400 MHz):d = 7.35-7.29 (m, 4H),
7.06 (br, 1H), 6.88 (br, 1H), 5.60 (d, 1Bi= 4.4 Hz), 4.78 (d, 1H] = 4.4 Hz), 1.00 (s,
3H), 0.90 (s, 3H) ppm>C{*H} NMR (DMSO-ds, 75 MHz):§ = 178.7, 142.0, 131.8,
129.8 (2C), 127.6 (2C), 76.5, 47.1, 22.3, 21.4 pdRMS (ESI):m/z250.060362, [M +
Na'] (calcd for G1H140,CINNa: 250.060527).

3-(3-Chlorophenyl)-3-hydr oxy-2,2-dimethylpropanamide (4am): Light brown
solid. Mp 133-135 °C. Yield: 0.171 g (75%). IR (KBp = 3344 (O-H), 3283 (N-H),
3243 (N-H), 1665 (C=0) cth *H NMR (DMSO-ds, 300 MHz):5 = 7.32-7.24 (m, 4H),
7.07 (br, 1H), 6.93 (br, 1H), 5.67 (br, 1H), 4.18,(1H), 1.01 (s, 3H), 0.91 (s, 3H) ppm.
3c{*H} NMR (DMSO-ds, 75 MHz): 6 = 178.6, 145.8, 132.6, 129.6, 127.7, 127.2,
126.7, 76.5, 47.1, 22.1, 21.6 ppm. HRMS (E81)z250.060264, [M + N§ (calcd for

CuH 14OZC| NNa: 250.060527) .

3. Resultsand Discussion

In a previous study we demonstrated the utility tbé arene-ruthenium(ll)
complex [RuC(n°-p-cymene){P(4-GH.4F),Cl}] (1) as catalyst for the hydration ff
ketonitriles A into p-ketoamidesB in pure water [3e]. This fact along with known
ability of Ru(ll) complexes to promote the TH ofrisanyl compounds in aqueous
media, employing NagCH as the hydrogen source [6], led us to screethiegotential
of the 1/NaQ,CH combination for theone-pot conversion offs-ketonitriles into -
hydroxyamides. Commercially available 3-(4-fluorepkl)-3-oxopropanenitrile 28)
was chosen as model substrate to monitor convédyittre course of the reactions by

¥F{*H} NMR spectroscopy (see Table 1).
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Table 1. Metal-catalyzed hydration/transfer hydrogenatibthe s-ketonitrile 2a: Optimization of the reaction conditiohs.

O

M] (2-5 mol%)

N NaO,CH (1-20 equiv.)
H,O / 80-100 °C / 24 h NH,
F 2a F 3a

o O

OH O

OH

N
=
F 4a F 5a

Entry Catalyst Loading NaQCH Temp. ConV. Yield 3a” Yield 4a° Yield 5a°
1 [RuCh(5°-p-cymene){P(4-GH.F),Cl}] (1) 2 mol% 1 equiv. 80 °C > 99% 91% 5% 0%
2 [RuCh(5°-p-cymene){P(4-GH.F),Cl}] (1) 2 mol% 5 equiv. 80°C > 99% 67% 27% 0%
3 [RuCh(5°-p-cymene){P(4-GH.F),Cl}] (1) 2 mol% 10 equiv. 80 °C > 99% 44% 52% 0%
4 [RuCh(5°-p-cymene){P(4-GH.F),Cl}] (1) 2 mol% 20 equiv. 80 °C > 99% 24% 71% 0%
5 [RUCkL(;°-p-cymene){P(4-GH,F).CI}] (1) 2 mol% 20 equiv. 100 °C > 99% 15% 76% 0%
6 [RuCh(5°-p-cymene){P(4-GH.F),Cl}] (1) 5 mol% 20 equiv. 100 °C > 99% 0% 92% 0%
7 [RuCh(°-p-cymene){P(4-GH,F),OH}] 5 mol% 20 equiv. 100 °C > 99% 0% 91% 0%
8 [{RUCI(u-Cl)(5°-p-cymene)}] 5 mol% 20 equiv. 100 °C > 99% 0% 0% 62%
9 [RuCh(°-p-cymene)(PP})] 5 mol% 20 equiv. 100 °C > 99% 4% 0% 22%
10 [RUCL(17°-p-cymene){P(4-GH4F)s}] 5 mol% 20 equiv. 100 °C 98% 18% 1% 18%
11 [RuCL(PPh)3] 5 mol% 20 equiv. 100 °C > 99% 3% 0% 24%
12 [RuCL(DMSO),] 5 mol% 20 equiv. 100 °C > 99% 2% 1% 34%
13 [RUCl¢>-CsMes)(PPh).] 5 mol% 20 equiv. 100 °C > 99% 1% 0% 24%
14 [RuCl¢>-Indenyl)(PPh)] 5 mol% 20 equiv. 100 °C 95% 1% 0% 75%
15 RuC}-nH,O 5 mol% 20 equiv. 100 °C > 99% 7% 5% 44%
16 [RUCh(1°-p-cymene)(PMgOH)] 5 mol% 20 equiv. 100 °C > 99% 0% 86% 0%
17 [RUCL(17*:#>-C1oH16) (PM&OH)] 5 mol% 20 equiv. 100°C  >99% 30% 34% 8%
18 [OsCh(n°-p-cymene)(PMgOH)] 5 mol% 20 equiv. 100 °C > 99% 0% 92% 0%
19 [PtH{(PMe&O),H}(PMe,OH)] 5 mol% 20 equiv. 100 °C > 99% 0% 91% 0%

2 Reactions performed under Ar atmosphere with 1 hohithe f-ketonitrile 2a (0.33 M in water)® Determined by°F{*H} NMR spectroscopy.
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Thus, in a first series of experiments solution2&fin water were treated with
complex1 (2 mol%) at 80 °C for 24 h in the presence ofal@g amounts of sodium
formate (from 1 to 20 equivalents; entries 1-4)alnthe cases, complete consumption
of the startings-ketonitrile took place as assessed'#{'H} NMR spectroscopy [23].
The major reaction products in the crude reactiotiures were thg-ketoamide3a and
the desiregi-hydroxyamideda, increasing the amount of the latter with the qinaof
NaQO,CH added (up to 71% yield with 20 equiv. of sodiformate; see entry 4). Minor
amounts of some unidentified products were alsemiesl in the crudes, but in no case
the p-hydroxynitrile 5a resulting from the TH oRa was present. These results clearly
indicate that the transfer hydrogenation stepesr#tte limiting one of the hydration/TH
cascade process, with theketoamide intermediat8a forming rapidly in the reaction
medium prior to the reduction of the carbonyl fumeality [24]. Further experiments at
a higher temperature (100°C) and with a higherenitim loading (5 mol%) allowed to
increase the yield afa from 71 to a maximum of 92% (entries 5-6). As shawentry
6, employing 5 mol% of complek, 20 equivalents of sodium formate and a working
temperature of 100 °C, the intermediAtketoamide3a was not longer present in the
crude. From this experiment, tifehydroxyamideda could be isolated in 74% yield
after solvent removal and subsequent chromatogeaplrification.

On the other hand, in complete accord with our ipre findings indicating that,
when dissolved in water, hydrolysis of the chlorogiphine ligand in complex
[RuChy(i7°-p-cymene){P(4-GH4F),Cl}] (1) readily takes place leading to the
phosphinous acid derivative [RuGI®-p-cymene){P(4-GH.4F),OH}] [3e], the direct
use of this latter compound as catalyst in the ads@rocess led to almost identical
results (entry 7). The key role played by thesitu formed phosphinous acid ligand in

the reaction was fully confirmed with the experirtsenollected in entries 8-15, where
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different commercially available or easily acceksituthenium compounds lacking of
P-OH or hydrolizable P-CI ligands where employedpatential catalysts [25]. Only
trace amounts of the desirgehydroxyamideda were generated, and in most cases the
[-hydroxynitrile 5a resulting from the exclusive TH dfa was the major product
present in the reaction crudes. Additional expenits@vere also performed employing
other transition-metal complexes bearing the phiogpis acid ligand PM®©H (entries
16-19). All these compounds, that were successtiiyployed in previous reports as
nitrile hydration catalysts [3b,d,g,26], were abbegeneratela as the major reaction
product. Among them, the osmium(ll) derivative [CDz{ﬁf-p-cymene)(PMgOH)]
(entry 18) and the Parkins-Ghaffar catalyst [PtH{@30),H}(PMe,OH)] (entry 19)
showed an effectiveness and selectivity comparaiole that of [RuCl(;°-p-
cymene){P(4-GH4F).Cl}] (1). However, from a practical point of view, the usdhese
compounds instead df is less convenient given the higher price of Od &t in
comparison to Ru.

Having established the optimal reaction conditioms,next focused on the scope
of the process. To this end, the behavior of a drfzamily of a-unsubstituteds-
ketonitriles was firstly investigated (see Table Phus, as observed f@a (entry 1),
other aromatic system2b-m could be cleanly converted into the corresponding
hydroxyamidesib-m, regardless of the substitution pattern and elaatrproperties of
the aromatic ring (entries 2-13). After appropriateomatographic work-up, amides
4b-m were isolated in 70-88% yield and their identipnirmed by multinuclear NMR
spectroscopy, as well as IR and high resolutionsnsgectrometry (HRMS) in the case
of previously unreported examples (details are mgive the Experimental section).
Interestingly, when 4-(2-cyanoacetyl)benzonitide was employed as substrate, the

corresponding diamidén was exclusively formed as the result of the hydraof the
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two nitrile functionalities plus the TH of the cariyl group (87% isolated yield; entry
14). On the other hand, as exemplified wih and 2p, the present hydration/TH
process tolerates the use of heteroaronfakietonitriles (entries 15 and 16). However,
we should note that a longer reaction time 824 h) was needed to convert 3-oxo-(2-
thienyl)propanenitrile Zp) into 3-hydroxy-3-(2-thienyl)propanamiddp) in high yield
(70%), due probably to the competing coordinatibswfur atom to the metal [27]. As
shown in entries 17-22, differepgtketonitriles containing aliphatic substituerig-v
could also be transformed into the correspongiiydroxyamidegiq-v in moderate to
good vyields (52-82%) applying the standard reactionditions, thus confirming the
wide scope of the process concerning the natutleeoc$ubstituent of the carbonylic unit.
In all the reactions collected in Table 2 the ohlyproducts detected b{H NMR
spectroscopy in the crudes were the corresponglikeggoamide intermediates (present

in ca. 3-10%).

Table 2. Ru-catalyzed synthesis fhydroxyamidegla-v from g-ketonitriles2a-v.*

1 (5 mol%) oH ©

_N NaO,CH (20 equiv.)
RM R)\/U\NH2

H,0/100°C/24 h

2a-v 4a-u
Entry [-Ketonitrile 2 S-Hydroxyamided Yield (%)
1 o} N OH O 74
=
. (2a) F (4a)
2 o) N OH O 82
=
(2b) (4b)
3 o) OH O 88

_N
o (2c) cl (4e)
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17 o N OH O 81
P
‘BUM tBu/UJ\NHz
(29) (4q)
18 o N OH O 56
_
iPr)]\// iPr/K)J\NH2
(2r) (4r)
19 QN OH O 71
= WNHZ
(28) (4s)
NH,
20 (4t)
21 (0] OH O 77

@)X

N
22 O\)OJ\//N OH O 82
74
NH,

(2v) (4v)

% Reactions performed in a Teflon-capped sealed tnder Ar atmosphere with 1 mmol of the
correspondingg-ketonitrile (0.33 M in HO). ” Isolated yields after chromatographic work-6ip.

Reaction time 48 h.

To delineate more precisely the scope of the pmce® next explored the
reactivity of a series ai-monosubstituteg-ketonitriles. In this regard, we were glad to
find that, under identical reaction conditions, takkyl-, benzyl- and homobenzyl-
substituted substrate®w-ae also participate in the hydration/TH cascade react
delivering the respectivg-hydroxyamidesiw-ae in moderate to excellent yields (50-
97%; see Table 3). Only in the case of the stdyitehdered ketonitrilac the reaction
time had to be extended from 24 to 48 h to gendfaeamide producdac with a
satisfactory yield (entry 7). The result obtainethvihe S-formylnitrile 2ae merits to be
highlighted since it demonstrates that the proces®t restricted to ketone substrates
(entry 9). On the other hand, during the hydraii#hteaction of compound8w-ad

two stereogenic carbons are generated, and comgbqulee final f-hydroxyamide
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products 4w-ad were isolated as mixtures of the correspondsy;n and anti
diastereoisomers in ratios ranging from 3.8:1 tb.4l:(entries 1-8). In the case of
compounds 4w-ab, the two diastereocisomers could be separated bymeo
chromatography and thegyn or anti nature determined by comparison of thay
coupling constants between théHOH and GHR(=O)NH, protons of both isomers,
assuming that, accordingly to previous studies elated systems [28], theyn
configuration gives rise to a larger coupling canstin comparison with thanti one

(the measuretlyy values are given in Table 4).

Table 3. Ru-catalyzed synthesis gthydroxyamidesAw-ae from the a-substituteds-
ketonitriles2w-ae.®

1 (5 mol%)
NaO,CH (20 equiv.)

H,O/100°C /24 h

o

VN
R1

OH O

R? R?
2w-ae 4w-ae
Entry S-Ketonitrile 2 S-Hydroxyamided Yield (%)  syn/antiratio
1 0 N OH O 88 1:1.3
@)H/ ©/KHLNH2
(2w) (4w)
2 8 N OH © 75 1.3:1
(2x) (4x)
3 N OH O 97 1:1.3
NH,
(2y) (4y)
4 N OH © 68 1:1.4

NH,

(22)

P2 g2,
p%:

(42)



5 o N OH O 72 3.8:1
2
g e
(2aa) O (4aa) O
6 o\ OH o 82 1:1.3
2
s o
(2ab) (4ab)
7 o N OH O 61 1.4:1
(2ac) (4ac)
8 o _N OH O 55 1.2:1
=
NH,
(2ad) (4ad)
9 0 N 0 50 @ aemee-

Z
H HO NH,
(2ae) (4ae)

% Reactions performed in a Teflon-capped sealed tuler Ar atmosphere with 1 mmol of the
correspondingg-ketonitrile (0.33 M in HO). ” Isolated yields after chromatographic work-6ip.

Reaction time 48 h.

Table 4. Comparison of the coupling constants of siya andanti diastereocisomers of

B-hydroxyamidegiw-ab.?

H,, 01 © H, OH ©
R1MNH2 R1)>%J\NH2
! Hy e R2
syn anti
Entry S-Hydroxyamided JHaHb SYN JHanp anti
1 4w (R' = Ph; B = Me) 8.7 Hz 7.2 Hz
2 4x (R' = Ph; R = Et) 8.7 Hz 8.1 Hz
3 4y (R* = Ph; R ="Bu) 8.4 Hz 7.6 Hz
4 4z (R* = Ph; R ="Pent) 9.3 Hz 8.1 Hz
5 4aa (R' = Ph; R = Bn) 7.5 Hz 7.2 Hz
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6 4ab (R* = Ph; R = CH,Bn) 8.1 Hz 7.8 Hz

214 NMR spectra recorded in DMS@-

In contrast todw-ab, all attempts to separate thgnandanti diastereocisomers of
the aliphaticf-hydroxyamidesdac-ad by column chromatography were unsuccessful,
and the overlapping of theHDH and GIR(=O)NH; signals of both isomers in tHel
NMR spectra of the mixtures prevented to determiina straightforward manner the
configuration of the major and minor isomers. Ieg@ cases, the assignments were
made indirectly by reducing first thieketonitriles2ac-ad to thef-hydroxynitriles5ac-
ad with NaBH,; in MeOH (Scheme 3). Theeynandanti isomers obac-ad could neither
be separated by column chromatography but, fortiyaino overlapping of the
respective €IOH and GHRC=N signals was observed in te NMR spectra, thus
allowing to assign asyn configuration to the major stereoisomer formed bibth
reactions (as in the case 4fv-4ab, a Jsyn > Jani Was assumed) [29,30]. Subsequent
hydration of5ac-ad by means of complex [Rugh®-p-cymene){P(4-GH.F),Cl}] (1)
generated thg-hydroxyamidestac-ad. As shown in Scheme 3, the hydration reactions
were performed under neutral and mild temperatoreditions to avoid racemization
processes. To our delight, the isomeric ratios diofion 4ac-ad were identical to those of
the starting nitrile$ac-ad. In this way, comparison of tHel NMR spectra recorded for
these experiments with those obtained in the higdvétH reactions collected in Table
3 (entries 7 and 8) allowed to determine s$lga/antiratio of the products generated in

the latter.
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N NaBH, (7 equiv.) (5 mol%)
MeOH /r.t./2h H,0 /60 °C / 14 h
(68% yield) (89% yield)

2ac Sac 4ac
syn/anti ratio = 1.2:1 syn/anti ratio = 1.2:1
Q N
" NaBH, (7 equiv.) (5 mol%)
MeOH /rt./2h H,O0/60°C /14 h
(61% yield) (94% yield)
2ad 5ad 4ad
syn/anti ratio = 1.1:1 syn/anti ratio = 1.1:1

Scheme 3. Two-step synthesis gfhydroxyamideglac-ad from S-ketonitriles2ac-ad.

The behavior of differeng-aryl-p-ketonitriles was also explored and the results
obtained brought to light an important limitatiorf ¢the present Ru-catalyzed
hydration/TH cascade reaction. Thus, as shown ihe®e 4, when the phenyl-
substituted substrat@af-ah were subjected to the combined action of comjlend
NaO,CH, in all the cases, 2-phenylacetami@glevas the major reaction product that
could be isolated after the chromatographic workftip-91% vyield). Formation o8
can be rationalized in terms of the instabilitytbé desiregf-hydroxyamide products
4af-ah under the reaction conditions needed for the hiav@H process to proceed. A
retro-aldol type reaction of compoundaf-ah, facilitated by the NagCH base, could
explain the formation o6. Inspection of the crude reaction mixtures befsobsent
removal by gas chromatography indicated also thesemrce in solution of the
corresponding alcoholgaf-ah, resulting from TH of the retro-aldol aldehyde gwots
F. The marked differences in stability between déhghenylf-hydroxyamidesiaf-ah
and their alkyl-, benzyl- and homobenzyl-substidut®unterpartgiw-ae (Table 3) is
probably related with the electronic delocalizatmnthe negative charge in the amide
enolate intermediaté by conjugation with the aromatic ring, which wotiétilitate the

cleavage of the C-C bond gfhydroxyamidedglaf-ah.
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o 1 (5 mol%)

N NaO,CH (20 equiv.) Q PN
R + R” TOH
NH

H,0/100°C /24 h

(R=H @), CF;(ag), Ph(ah) )  (77-91%yield)

2af-ah

TH
OH O 0® o
® ‘)f“

R NH, -H R NH, P
L + R g
+H®

F
4af-ah E

Scheme 4. Generation of 2-phenylacetami@drom thea-phenyl substitute@-ketonitriles2af-

ah.

We reasoned that the introduction of electron dogasubstituents on the
aromatic ring should decrease the stability of a@dolates of typE, thus disfavoring
the competing retro-aldol reaction. To confirm thygothesis, thg-ketonitriles2ai and
2aj, containing methoxy-substituted aryl groupsahposition, were synthesized and
their behavior explored (Scheme 5). In completeoatavith our expectations, the
correspondingf-hydroxyamides4ai and 4aj were stable enough to be isolated.
Nonetheless, the yields were only modest sincerg¢he-aldol reaction could not be
completely suppressed, as evidenced by the isolaifosignificant amounts of the
cleaved amide8 and9 after the chromatographic work-up of the reactif8ld. As in
the previous examples (see Table @fubstituteds-hydroxyamidesdai and4aj were
generated as mixtures of the correspondyrgandanti diastereosiomers, which could
be separated by column chromatography only in #se ©f4aj. The coupling constants
between the BOH and GHAr(=0)NH, protons were again employed for configuration

assignments.
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1 (5 mol%)

0 OH O

N NaO,CH (20 equiv.) Meom

NH, *
0
H,0 /100 °C / 24 h ‘ NH,
O 8

(10% yield)

Q
N

OMe OMe
2ai 4ai
syn/anti ratio = 1.4:1
(33% yield)
o) 1 (5 mol%) OH

o}
2 NaO,CH (20 equiv.) . MeO o
O H,0/100°C/24h O NH, MeO NH
2
¢ °
OMe (16% yield)

OMe OMe
2aj 4aj
syn/anti ratio = 2:1
(42% yield)

Scheme 5. The Ru-catalyzed hydration/TH @fketonitriles2ai-aj.

Finally, to complete the study, some examplesx-afisubstituteds-ketonitriles
were also considered. Thus, as shown in Schemehite Wwhe dimethyl-substituted
substrate®ak-am could be converted into the correspondirgydroxyamidegak-am
without major problems, starting froan, in which a phenyl substituent is present, the
only amide-containing product that could be isalatas 2,3-diphenylpropanamidé®
[32]. The formation oflO evidences again the low tolerance of the presgiriation/TH

process ta-aryl substituted substrates.

[o) N 1 (5 mol%) OH O
Z NaO,CH (20 equiv.)
= =
R H,O/100°C /24 h R | NH
S (60-75% yield) X
2ak-am 4ak-am
(R = H (ak), 4-Cl (al), 3-Cl (am) ]
o 1 (5 mol%) o
N NaO,CH (20 equiv.) O
NH

=~
O H,0/100°C /24 h 2
O (75% yield) O

10

Scheme 6. Catalytic reactions involving thedisubstitutegs-ketonitriles2ak-an.
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4. Conclusions

In summary, a catalytic procedure for thee-potconversion of;-ketonitriles into
S-hydroxyamides in water, involving a ruthenium(btalyzed hydration/transfer
hydrogenation cascade process, has been developpdrticular, in this contribution
we have presented a detailed study on the optimoizaf the reaction conditions and
the scope and limitations of this unprecedentedstoamation. Forty differeng-
ketonitriles, featuring diverse substitution patgerhave been employing along the
study leading in most cases to satisfactory resiilie only restriction found concerns
the presence of aryl substituents on the cenm#absition of the substrates. In these
cases, the correspondifihydroxyamide products were found to be unstabiieuthe
experimental conditions needed for the hydrationprbicess to proceed, decomposing
through a retro-aldol type reaction. Regardleshist we believe that the feasibility and
scope of this catalytic agueous transformation esgmts a competitive and very
appealing methodology for the preparation of vakgbhydroxyamide derivatives,

which could find applications in different syntheegirograms in the near future.
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Copies of the NMR spectra of the noykketonitriles2z,ab-ad and all thes-

hydroxyamideg} synthesized in this work.
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FOR GRAPHICAL ABSTRACT USE ONLY

Synthesis of p-hydroxyamides through ruthenium-catalyzed
hydration/transfer hydrogenation of g-ketonitriles in water:

Scope and limitations

Rebeca Gonzalez-Fernandez, Pascale Crochet araivi€adierno

A ruthenium(ll)-catalyzed cascade process for the-jpot conversion gf-ketonitriles

into f-hydroxyamides in water is presented.
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Highlights
- A hydration/transfer hydrogenation cascade procasswater has been
developed.
- The process is catalyzed by an arene-rutheniumgiplex as the single metal
source.
- Straightforward access to synthetically usefgdhydroxyamides from j-

ketonitriles has been achieved.
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- A hydration/transfer hydrogenation cascade process in water has been
developed.
- The process is catalyzed by an arene-ruthenium(l1) complex as the single metal
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ketonitriles has been achieved.



