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Abstract: Diastereocontrolled reactions with 3-iodozinc-2-methylbutanamide were
examined. When the iodozinc reagent was reacted with aromatic and o,B-unsaturated
aldehydes in the presence of iodotrimethylsilane, C2-C3 anti-derivatives were

obtained almost exclusively. Whereas, after transmetallation to Ti(IV), the reaction

with aldehydes gave C2-C3 syn-derivatives exclusively. Acylation of the zinc reagent
with acid chlarides in the nrecence of PA/O) catalvet oave C2-C3 cvn -derivatives

With acig ¢hlondes m e presence of ra(v) catalyst gave Ca-Ls syn-derivalives
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The stercochemical aspects in the reaction of enolates and aliylic organometaiiic reagents which react
at sp2 carbon centers are well documented. In the most cases, extensive degrees of diastereocontrol have
been accomplished by using facial control of the organometallic reagents. 1) In contrast, only a little have
been disclosed on the stereochemical aspects in the reaction of organometallics with chiral sp3 carbanionic
centers. For example, Carstens and Hoppe investigated the reaction of chiral lithium carbanion with some
electrophiles and proposed that electrophiles with an energetically low LUMO prefer antarafacial attack and
if the lcaving group has a high tendency to interact with the lithium cation, suprafacial substitution with

.............. Wfiguration takes place.<) Furthermore, [2,3] g rearrangement was proved to proceed
ith tnoares H R T o 1
with inversion of a carbanionic center.3) Rychnovsky and Skalitzky reported a diastereo divergent synthesis

of syn- or anti-1,3-diols by using a stereocontrol of sp3 carbanion.4) Knochel et al have widely investigated
the chemistry of organozinc reagents, and they also reported some stereochemical features of chiral
organozinc reagents with several electrophiles.5\) In addition to these studies, more versatile stereochemical
investigation of the reaction with a chiral carbanion is strongly desired.

In proceeding communications, we reported two types of diastereomerically complemental reactions

with sp3 carbon attached organometallic compounds. 6)
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In the previous paper, 6a) we reported that in the presence of iodotrimethylsilane, zinc amide -
homoenolate A reacted with aromatic aldehydes to result in diastereoselective formation of the
corresponding adducts (Scheme 2).

To examine the stereochemistry in the conversion of iodide 1 into the corresponding organozinc

T mined starting with diastereomerically pure iodides syn-1 and anti-1. In both cases, almost the
same results were obtained (Table 1, entries 1 and 2) which implies that the above reactions proceeded via
the same organozinc reagent A whose configuration should be the most stable one
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aldehydes were carried out and the results are shown in Table 1 entries 3-7. Although simple aliphatic
aldehvdes did not afford desired products presumably due to their low reactivity. o B-unsaturated aldehvdes
yaes did not afiorg desireC progucts presumably que (o thelr 1ow reachivity, aup-unsaturaied alachydes

ive enough under these reaction conditions and gave the corresponding a
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When indazine reacent A (Metal=7nl) wac reacted with aromatic aldehvde< in the nrecence of

winen 1odozinc reagent A (Melal=Zni) was reacted with aromatic aigenydes 1 tne presence of
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from the results of the preliminary study. 6a) In contrast, the relationship between C2-C3 was highly anti-
selective (2a+2b : 2¢+2d =99 : 1- 94 : 6, Table 1 entries 1-9). A reaction via copper rcagent in the presence
of BF3.Et20 also showed high C2-C3 anti-selectivity, however, the yield was poor (entry 10). After the
transmetallation of A [Metal= Znl — TiCl(OiPr) 2}, reactions with several aromatic and o,f-unsaturated
aldehydes were also carried out. The product distribution changed remarkably. High C2-C3 syn-
selectivities (2a+2b : 2¢+2d =0 : 100 - 3 : 97, Table 1 entries 11-18) were observed. In most cases, the

corresponding 2d were m_a}or products as expected from the preliminary results. 6a) In contrast, when ortho

substituted aromatic aldehyde s were used, 2¢ became the major products (enmes 15 and 16). The
Y
acid afief acetyiaiion fo
The stereostructures of the products were assigned based on their coupling constants of C2, C3 and
C4 protons (Table 3 in the experimental section) and the relative stereochemistry of C2-C3 was confirmed
by the following conversions. The treatment of a mixture of diastereomers (R=Ph, 2a:2b:2¢:2d=0:0:16:84
and R=0-Tol, 2a:2b:2¢:2d=0:1:72:27) with PCC gave diastereomerically pure keto amide syn-3 in 77 and
94% yields, which means that 2c and 2d have the same C2-C3 relative stereochemistry. The syn
stereochemistry was confirmed by the fact that the treatment of syn-3 (R=Ph) with NalO4-cat. RuCl3 gave
syn-5.7) The direct oxidation of the

the acid syn-4 which was also obtained from the known compound The direct oxidation of th
diastereomixture of 2¢ and 2d (R=Ph, 2¢:2d=16:84) with NalO4-cat. RuCl3 also gave the same acid in 57%
yield.
O O
R PCC _ R
i-ProN T I-PrpN
' OH o
syn-3  R=Ph 77 %
2e+ 2 R=0-Tol 94%

syn3  R=Ph  cat RuCl, 0 cat. RuCl )OKKL
OH <« ;
or > i-PrQN/W PN Ph

NalO, 1 5 NalO,

syn-4

Scheme 3
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The PCC oxidation of the 2a and 2b predominated mixtures obtained in entries 3, 4, 5, and 7 in Table 1 gave
diastereomerically almost pure anti-3 (Scheme 4). NalO4-cat. RuCl3 oxidation of anti-3 (R=Ph) gave anti-4

0 - N 0
LI SRR A
2a+2b(+2c42d) —>  PoN I PN
1 0 i1 0O
anti-3 syn-3
R=Ph 82 % 99 : 1
p-Tol 94 % 98 : 2
p-MeO-C¢H, 84 % 98 : 2
o-Tol 84 % 94 : 6
Scheme 4
o o o o :
anti-3 R=Ph z OH
cat. RuCli i‘szN)ﬁ/\ﬂ/
o NalO, 0
2a +2b (+ 2c + 2d) .
anfi-4
Scheme S

Although both the syn - and anti-diastereomers of 2,3-dimethyl-4-oxo-butanamides 3 can be prepared in a
highly diastereoselective manner by the above PCC oxidation, preparation of syn-3 by a more convenient
method was also envisioned. Benzoylation via copper reagentg) A [Metal=Cu(I)] prepared by the

transmetallation with CuCN-2LiCl or NiClp(Ph3P)2 catalyzed direct benzoylation of A (Metal=Znl) with

benzoyl chloride showed low diastereoselectivities (Table 2; entries 1 and 2). An almost exclusive

preparation of syn-3 was achieved by a Pd(0) catalyzed acylation.9) Use of 1,4-dioxane as solvent was

W111CVE ] .

nreferahle ¢
preicrabie s

1ation ol. a
Tol)3P]4 rather than Pd(Ph3P)4 gave the better results. These results are shown in Table 2.

nce use of THF caused disadv,

1
AkR L A iiid Lausy (e 4
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Table 2 Acylation of 3-iodozinc-2-methylbutanamide with acid chlorides.

entry R additive colvent  femp  time  yield ratio
or cat. O (h) (%) anti-3 : syn-3

1 Ph CuCN2LiCi(leg THF 781t 135 50  77:23°
2 Ph NiCl,(PPh 3), dioxane rt 16 26 36:64"
3 Ph Pd(PPhj)4 THF rt 13 52 1:99°
4 Ph Pd(PPhs)4 dioxane rt 13 51 2:98%
5 Ph Pd[(o-tol);P]4 dioxane rt 15 90 1 :992
6 P-MeO-Celly  Pdi(o-tol);Pl4 dioxane rt 13 56 1:99°
7 p-Tol Pd[(o-tol);P];  dioxane rt 135 73 4:96°
g  0-MeO-CeHy  Pd[(o-to)3P];  dioxane rt 19 33 7:93P
9 p-Cl-CeHy  Pd[(o-to)sPl;  dioxane rt 14 47 1:99"
10 o-Tol Pd[(o-to)3Ply  dioxane rt 155 69 4:96*

a) Determined by 'THNMR. b) Determined by HPLC.

In summary, C2-C3 anti-derivatives were obtaincd in the reaction of the zinc reagent with aldehydes
in the presence of iodotrimethylsilane and in the reaction of the copper reagent with benzaldehyde in the
presence of BF 3-Et20, whereas, C2-C3 syn-derivatives were preferentially formed in the reaction of the
Ti(IV) reagent with aldehydes or in the reaction of Pd(IT) reagents with acid chlorides. In the other words,

the reactions which require an additional activator of electrophiles afforded C2-C3 anti-derivatives and the
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inversion of configuration of the metal bounded sp3 carbon center, and the reaction with the Ti(IV) reagent
or the Pd(II) reagent proceeded with retention of configurations at the metal bounded sp3 carbon center via
the thermodynamically favorable intermediates A [Metal=Ti(IV) or Pd(11)].10)

Further elucidation of the stereochemical aspects in the above and related reactions are currently under

investigation.

EXPERIMENTAL

General; Melting points were recorded on MITAMURA RIKEN Model 7-12 Melting point apparatus.
Infrarcd QR) spectra were recorded on a HITACHI 260-50 spectrometer and recorded in wave number
(cm'l) IH and 13C NMR spectra were taken on a JEOL JMN-EX270 (270 MHz) with CDCI13 as solvent.

Chcmlcal shifts were reported in parts per million (8 value) down field shift from Me4Si (8 =0 ppm) or
nl x

1CHUCIA (& ..'7 ’)K n.\m far lu nr "7'7n nnm for l’%f‘\ ag intarn
LIy \V =/ pPpiii il 18t

Signal patterns are indicated as s, singlet; d, doublet; t, trinlet; a g, quartet;

Coupling constants (J) are given in hertz. Flash chromatography was erformcd w1th WACO C- 300 sxhca
gel. Analytical thin layer chromatography was performed on Merck silica plates with F-254 indicator.
Analytical high pressure liquid chromatography (HPLC) was performed on SHIMADZU SCL-10A solvent
delivery systems equipped with CR-4A variable wavelength detector operated 222 nm and a column of

T MYt O AT

Waters N 21018. ble and THF were dried and distilied from SOGlUI’n metal / Denzopnenone Kﬁtyl CH2CLI2

132l Pylll (A V) \_/) an 111t ise
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LiAlH4 and stored over 4 A sieves. All reactions sensitive to oxygen or moisture were conducted under an
argon atmosphere in flame dried flasks.

N,N-Diisopropyl-3-iodo-2-methylbutanamide (1)
To a solution of diisopropylamine (31 mL, 234 mmol) in CH2CI2 (200 mL) was added dropwise 2-

bromopropanoyl bromide (23 g, 107 mmol) at 0 °C. The mlxture was stmed for 10 min at 0 °C and warmed

MIAMA and xing Thad
Il l/ allu wasnea
W

h AcOEt. The

t rAAn tarmnaratiara A Frar 2 main 3
Up W ivuil LClll}}CldlulC LALCL JU L Ul. Blull

with 2 M HCl aq. The oroanic la ayer was

v HCl The organic layer was separ e aqu
combined organic layers were dncd ( MESO 4)and concentrated in vacuo to afford crude N, N-diisopropyl-2-
bromopropanamide (20.3 g), which was used directly in the next step. 1HNMR & 1.22 (d, J=6.9 Hz, 3H),
1.28 (d, J=6.6 Hz, 3H), 1.39 (d, J=6.9 Hz, 3 H), 1.39 (d, /=6.6 Hz, 3H), 3.49 (m, 1H), 4.09 (m, 1H), 4.52 (q,
J=6.6 Hz, 1H).

Toa suspensmn of activated zinc (/ 3 g, ii2 mmol) in CH2Cl7 (100 mL) was added aropwxse a soiution of
IV,IV'UUSU}HUP)H L UlUlllUPlUpdlldllllUC kLU J 5} 1u \.,ﬂ Lclz (ﬁ) mL) Wlll.l GXi(—‘,maL LUUUUE 1 Ilb lhllll)bldlulc
was maintained at 20 - 30 °C during the addition. The resulting mixture was stirred for 1 h at room
temperature, and to this was added acetaldehyde (9.6 mL, 172 mmol) at 0 °C. After 1 h of stirring, the
resulting mixture was diluted with CH2Cl2 and washed with 2 M HCl ag. The organic layer was separated
and the aqueous layer was extracted with AcOEt. The combined organic layers were dried (MgSO4) and
concentrated in vacuo. The residue was distilled under reduced pressure to give a mixture of
diastereoisomers N, N-diisopropyl-3-hydroxy-2-methylbutanamide (10.2 g) in 59 % yield (2 steps).
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syn-isomer: THNMR 8 1.13-1.27 (m, 12 H), 1.35 (d, J=6.9 Hz, 3 H), 1.36 (d, J=6.6 Hz, 3 H), 2.48 (dg,
J=2.3,7.7 Hz, 1 H), 3.61 (br s, 1 H), 3.96 (m, 1 H), 4.09 (dq, J=2.3, 6.6 Hz, 1 H), 4.70 (br s, 1H).
1.27 (m, 12 H), 1.30-1.50 (m, 6 H), 2.53 (dg, J=5.3,6.9 Hz, 1 H), 3.61 (br s,

anti-isomer: 1H NMR & 1.13-
1 H), 3.82 (m, 1 H), 3.96 (m, 1

g
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To a solution of N, N-diisopropyl-3-hydroxy-2-methylbutanamide (10.2 g, 50.7 mmol) in pyridine (100 mL)
was added p-TsCl (29 g, 152 mmol) at rt. After 11 h of stirring, to this was added dropwise water (20 mL) at
0 °C. The mixture was stirred for 20 min, and then Et2O and 2 M HCI aq. were added. The organic layer

nnnnnnnnnn tad and wackad urith D M LI an Tha arganie nhaca wng driad MMASCN ) and ~nncanteatad s
wad auyanatcu alll WAadIILU Wil £ 1VI Tivd ay. 1 né Ulgailiv piastc wad Uit (Ivigow 4 ) allu LuliLLitatiu ul

vacuo to mvn=l crude N, N_dnqnnrnnvl 2-methvl-3- (n lnlnPnPcnlf"nnvlan\hnga namide (‘5_8 g, 75 -

LU (93 4138 Lugp LI YT SULLLAIV S Y AV A Y jUw L

dizmtereoxsomenc ratio), Wl’llCh was used directly in the next step. 1THNMR & 0.98 and 1.07 ( 2d,J =6.9 and
6.9 Hz, 3H), 1.05-1.30 (in, 9H), 1.30-1.44 (m, 6H), 2.44 (s, 3H), 2.76 and 2.97 (dq and m, J=10.6, 6.6 Hz,
1H), 3.30-3.63 (m, 1H), 3.96 (m, 1H), 4.72 and 4.83 (2dq, J=8.9, 6.2 and 5.4, 5.4 Hz, 1H), 7.31 and 7.33 (2d,
=6.0 and 7.8 Hz, 2H), 7.78 and 7.82 (2d, J=8.24 and 8.24 Hz, 2H).
To a solution of ¥, N-diisopropyl 2-methyl -3-(p- tolucnesulfonyloxy)butanamide (15.8 g) in acetone (100
uu,) was added sodium iodide \40 6 g, 178 uuuul) The mixture was refluxed for 5 h and cooled to room
temperature. The resulting TsONa was removed by filtration and the filtrate was evaporated. The residue
dissolved in AcOEt was washed with 10 % Na2S203 aq. and water. The organic layer was separated, dried
(MgS04) and concentrated in vacuo. The residue was distilled under reduced pressure to give a mixture of
diastercoisomers (11.3 g) in 82 % yield (based on hydroxybutanamide). The diastereoisomers were
separated by column chromatography to afford anti-1 (less polar) and syn-1 (more polar) in 1:1 ratio.

anti-1: IR(KBr), 2950, 1635 cm~l; IHNMR & 1.23 (d, J=6.6 Hz, 3H), 1.25 (d, J=6.6 Hz, 3H), 1.32 (d

t
4 YY_ 1LY\ QA 5™ 7 T

3 re} £ £
aq,/=9.6, 6.6 Hz

LY ATIVN A QM
Z

J=6.6 Hz, 3H), 1.37 (d, J=6.9 Hz, orl), 1.94 (d, J=6.6 Hz, 3H), 2.82 (dq, 6 , 1H), 3.57 (m, 1H),

4.01 (m. 1. 4.39 {(da. J=9.9. 6.9 Hz. 1H): 13C NMR 8 20.6.20.7. 21.4.21.6. 28.0. 34.2. 46.0. 47.5. 171.9
\n, a0z, 57.097 (G4, =57, 0.7 1z, 111y, ANV U LULG, LU F, Laay L1100, LOWU, 5504, 80U, 700, LT T,

syn-1: IR (KBr), 2950, 1630 cm-1; THNMR & 1.13 (d, J=6.9 Hz, 3H), 1.23 (d, J=6.6 Hz, 3H), 1.30 (d, J=6.6

Hz, 3H), 1.38 (d, J=6.6 Hz, 3H), 1.42 (d, J=6.9 Hz, 3H), 1.94 (d, J=6.9 Hz, 3H), 3.17 (dq, J=8.9, 6.9 Hz,
1H), 3.51 (m, 1H), 4.05 (m, 1H), 4.49 (dg, J=8.9, 6.9 Hz, 1H); 13C NMR 6 15.9, 20.5, 20.7, 21.1, 21.3,
25.5,30.0, 46.0, 47.9, 173.2.

Reaction of the Zinc Reagent with Aldehyde. General Procedure.

Tn a mivinra nf u'\rl:rln 1 and acts ad 7Tn (RS mo 1 2 mmalNin CHACIH ar CHA 2 T ) wae
iav a 11ILALRILV UL TUAGIULY 3 \l llllll\ll} aliud ﬂ\-blVﬂl\/U £i13 \U llé, LS llllllUl’ By L VAL YA S ST S e A \L lllLJ} wad
added Me 3SiCl (13 pL, 0.1 mmol) at rt. After stirring for 1-2 h, an aldehyde (1.2 mmol) and Me3Sil (1.4

mmol, 199 ul)) were added, and the resulting mixture was stirred for 2 h at rt. After 2 M HCI aq. was added,
the reaction mixture was extracted twice with ethyl acetate. The combined orgamc layers were washed with
10% Na2S5203 aq. and water. The organic layer was dried (MgSO4) and concentrated in vacuo. The residue
was purified by column chromatography on silica gel with hexane-AcOEt [5 :1 ~3:1 v/v]. The

TYDY

diasterecoisomeric ratio was determined Dy Hric ana1y81s

Reaction of the Titanium Reagent with Aldehyde. General Procedure.

To a mixture of iodide 1 (1 mmol) and activated Zn (85 mg, 1.3 mmol) in THF or CH3CN (4 mL) was added
Me3SiCl (13 uL, 0.1 mmol) at rt. After stirring for 1-2 h, to the mixture was added dropwise a 1 M solution
of TiC12(0-iPr)2 in toluene(0.7 mL) at - 30 °C and the mixture was stirred for 30 min at -30 °C and then to
this mixture was added an aldehyde (1.2 mmol) at - 20 °C. The resulting mixture was stirred for 12 h and

allowed to warm gradually to rt. After 2 M HCIl aq. was added, the reaction mixture was extracted with ethyl
tarica Tha mnlatmand Aranmin Javass wasra wrag had wxath 1N07 \an’\c‘f\n’\ o 1 atar Tha Arganis

acetate twice. 1nc comoined Ulgalub Ld)’ClD WEIre wasnéda wiin 1u7e INa252U 3 a{. daiii waill, xne Orgainic
layer was dried (MgSO4) and concentrated in vacuo . The residue was purified by column chromatography
on silica gel with hexane-AcOEt [5 :1 ~3 :1 v/v]. The diastereoisomeric ratio was determined by HPL.C
analysis.

Reaction of the Copper Reagent with Aldehyde To a mixture of iodide 1 (2 mmol) and activated Zn (170

mixture was added dropwise a solution of CuCN (179 mg, 2. 0 mmol) and LiCl (170 mg, 4.0 mmol) in THF

(2 mL) at -78 °C and the mixture were stirred for 30 min at -78 °C, and then to this mixture was added p-

\& 1i1iaf Gy Ao GLING LU LIAAALULIU VYURL Suravia 1Us 11113 LIV EL WU LRiAS RidAAvuLIN Qs QU

tolualdehyde (284 uL, 1.2 mmol) and BF3-Et20 (504 uL, 2.0 mmoll at -78 °C. The resulting mixture was
stirred and allowed to warm to rt for 20 h. After 2 M HCl aq. was added, the reaction mixture was extracted
with ethyl acetate twice. The combined organic layers were washed with 10% Na2S203 aq. and water., The

organic layer was dried (MgSO4) and concentrated in vacuo . The residue was purified by column
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diasiereoisomeric ratio was

(2R*,35* 4R*)-N,N-Diisopropyl-4-hydroxy-2,3-dimethyl-4-phenylbutanamide (2a: R=Ph).

Mp 95.5-100.5 °C (pentane); IR (KBr), 3400, 1650 cm1; IHNMR & 0.78 (d, J=7.3 Hz, 3 H), 1.20-1.43
(m, 12 H), 2.13 (m, 1 H), 2.7 (dq, J=2.0, 7.3 Hz, 1 H), 3.62 (brs, 1 H), 3.97 (m, 1 H), 4.46 (d, J=8.9 Hz, 1
H), 6.62 (br s, 1H), 7.26-7.34 (m, 5 H); "CNMR0125 17.5, 20.6, 21.3, 41.5, 42.0, 46.2, 76.0, 127.06,
127.13, 128.0, 145.0, 177.6. Anal. Calcd for C18H2902N: C, 74.18; H, 10.03; N, 4.81 %. Found: C, 74.08;

IO 1nNN1. N AQS 0
iy, LJJL, 1N, 9.0 70

(2R*3S5*,45%)-N,N -Diisopropyl-4-hydroxy-2,3-dimethy-4-phenylbutanamide (2b: R=Ph).
IHNMR § 0.64 (d, J=6.6 Hz, 3 H), 1.20-1.43 (m, 12 H), 2.13 (m, 1 H), 2.88 (dq, J=9.2, 7.3 Hz, 1 H), 3.62
(brs, 1 H), 4.14 (m, 1 H), 497 (d, /=2.0 Hz, 1 H), 7.26-7.34 (m, 5 H) .

(ZR* 3R* 45%)-N,N-Diisopropyi-4- ily(iroxy-z 3- dimethy 4- phenyibutanamide (Zc: R=Ph):.
Mp 144.5-145.5 °C (CH2Cl2-hexane); IR (KBr), 3400, 1620, 685 cm 1; *HNMR & 0.67 (d, J=6.9 Hz, 3
H), 1.10 (d, J=6.9 Hz, 3 H), 1.21 (d, J=6.6 Hz, 3 H), 1.25 (d, J=6.6 Hz, 3 H), 1.37 (d, J=6.6 Hz, 3 H), 1.41

(d, J=6.9 Hz, 3 H), 2.19 (m, 1 H), 2.64 (d, J=4.3 Hz, 1 H), 3.02 (dq, J=5.3, 6.9 Hz, 1 H), 3.41 (br s, 1 H),

4.21 (m, 1 H), 4.36 (dd, J=4.3, 8.7 Hz, 1 H), 7.21-7.36 (m, 5 H) ; 13C NMR & 12.4, 13.2, 20.5, 20.9, 21.2,
38.1, 42.0, 45.8, 48.1, 78.0, 126.9, 127.6, 128.34 143.9, 175.7. Anal. Calcd for C18H2902N : C, 74.18; H,
10.03; N, 4.81 %. Found: C, 73.96; H, 10.12; N, 4.78 %.

* AT A7 TR2s o L I P— ’1 |,
-N,N-Diisopropyi-4-hydroxy-2
O

1

C (CHAClA- “\PV‘\“F\ IR (YR \ 34(M) . VR A
\\/ll‘\/ L AvAadliv fy EAN | A%ATL CTTU,, AUV O AN v
(d,

H),119(d J—66Hz 3 H), 1.20 (d, 7=6.9 Hz, ’%H) 1.26 (d, /=73 Hz, %H) 1.40

D
p

73 Hz. 3

1dy o

0. =73
J=6.6 Hz, 3 H), 1.42
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(d, J=6.6 Hz, 3 H), 2.02 (m, 1 H), 2.85 (quintet, J=7.0 Hz, 1 H), 3.48 (br s, 1 H), 4.03 (m, 1 H), 4.98 (s, 1 H),

7.18-7.39 (m, 5 H); 13C NMR & 10.9, 16.5, 20.6, 20.7, 21.0, 21.2, 40.4, 43.9, 46.2, 49.0, 72.5, 126.0, 126.5,

127.9, 144.6, 176.2. Anal. Calcd for C18H2902N: C, 74.18; H, 10.03; N, 4.81 %. Found: C, 74.30; H,
10.31; N, 4.85 %.

(” R RCR ARKI_AI A _Diicanranvi A _ hvdravv.? Idimathvl A (Ad_.mathvinhanviihnutanamidao

AL I3 T g AR =iy VRSO PTUPY ==l Y GROXKY =4, S =GHICULL Y i=S=\F=INICul Y paCh Y yoRiaiiaiiniGe
(22_1, R=p-Tol). Mp 80.5-81.5 °C (Pentane); IR (,J) 3240, 1600, 830 cm-1 ; ITHNMR & 0.77 (d, /=7.3
Hz, 3 H), 1.20 (d, J=6.6 Hz, 3 H), 1.22 (d, /=6.9 H), 1.28 (d, J=7.3 Hz, 3H)137(d J=6.9 Hz, 3 H),

1.41 (d, J=6.9 Hz, 3 H), 2()9(m 1 H), 2.32 (s, 3H) 277(dq,J-2() 7.3 Hz, 1 H), 3.40-3.80 (brs, 1 H),
3.97 (m, 1 H), 4.42 (d, J=8.9 Hz, 1 H), 6.04 (br s, 1 H), 7.11 (d, J=7.9 Hz, 2 H), 7.22 (d, J=7.9 Hz, 2 H) ;
13CNMR8 13.0,17.9, 21.0, 21.6, 21.7, 41.8, 42.4, 46.6, 49.0, 76.3, 127.4, 129.1, 136.9, 142.4, 178.0.
Anal. Calcd for C{9H3102N: C, 74.71; H, 1 ¢ :H

2R*35*,45%)-N,N -Diisopropyl-4-hydroxy-2,3-dimethyl-4-(4-methylphenyl)butanamide

(2b: R=p-Tol). ITHNMR & 0.69 (d, J=6.6 Hz, 3 H), 1.19-1.39 (m, 15 H), 2.08 (brs, 1 H), 2.12 (m, 1 H),
2.33 (s, 3 H), 2.87 (dq, J=9.2, 6.9 Hz, 1 H), 3.30-3.70 (br s, 1 H), 4.13 (br s, 1 H), 5.04 (d, J=3.3 Hz, 1 H),
7.12 (d, J=8.1 Hz, 2 H), 7.20 (d, J=8.1 Hz, 2 H)

124 0 ° {r“llnr‘ln hovann N
1J9.u b (RS YA 4‘11»1\:111\,},

opropyl—q-nyuroxy 2,3-dimethyi-4-(4-methylpheny
n T Q
S 1 (&)
, J=6

_a
-~
3-

Y. 1.0 .
B AVAAS He, . ’
. J=6.6 Hz, 3 H), 217 (m, 1 H), 2. (s 3H), 2.48 (d, J=43 Hz, 1 | :
H), 3.40 (br s, 1 H), 4.23 (m, 1 H), 4.32 (dd, J=4.3, 8.9 Hz, 1 H), 7.14 (d, J=8.1 Hz, 2 H), 7.20 (d, J=8.1 Hz,
2H); 13CNMR & 12.3,13.0,20.5, 20.9, 21.1, 21.2, 37.9, 41.9, 45.7, 48.1, 77.8, 126.8, 129.0, 137.3, 140.9,
175.7. Anal. Caled for C19H3102N: C, 74.71; H, 10.23; N, 4.59 %. Found: C, 74.82; H, 10.20; N, 4.61 %.

QQR*,3R*,4R*)-N,N-Diisopropyl-4-hydroxy-2,3-dimethyl-4-(4-methylphenyl)butanamide
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(2d: R=p-Tol). Mp 129.0-130.0 °C (CH2Cl2-hexane); IR (KBr), 3300, 1595, 840 cm-1; lHNMR & 0.82
(d /=69 Hz, 3 H), 1.19 (d, J=6.6 Hz, 6 H), 1.24 (d,J=7.3 Hz, 3 H), 1.40 (d, /=63 Hz, 3 H), 1.42 (d, J=6.3
Hz, 3 H), 2.00 (m, 1 H), 2.33 (s, 3 H), 2.83 (quintet, J=7.0 Hz, 1 H), 3.30-3.60 (br s, 1 H), 4.02 (m, 1 H), 4.81
(s, 1 H), 4.94 (5,1 H), 7.12 (d, J=8.1 Hz, 2 H), 7.25 (d, J=8.1 Hz, 2 H) ; 13C NMR 8 10.9, 16.4, 20.6, 20.7,

C, 74 71_ H, 10 23; N_ 4.59 % Found C‘ 74 36( H, 10.53, N, 4.67 %.

(2R*,35*,4R*)-N,N-Diisopropyl-4-hydroxy-2,3-dimethyl-4-(2-methylphenyl)butanamide
(2a: R=0-Tol). Mp 75.0-76.0 °C (Pentane); IR (KBr), 3430, 1600, 770 cm1; 1H NMR & 0.79 (d, J=7.3 Hz,

~r o7 ~

3 H), 1.24 (d, J=6.6 Hz, 3 H), 1.25 (d, /=6.9 Hz, 3 H), 1.31 (d, J=7.3 Hz, 3 H), 1.39 (d, J=6.9 Hz, 3 H), 1.44
A T_£0O0LI- 2 LIy D10 /. 11T\ M 2T /- 2 I N Q1 7 I_"7YTN 21 1 TIIY 224 20N M o 1T IIN AN £amn
{4, y=0.7 0Z, 5 nj, .10 {1, 1 0, .3/ {8, 3 1}, 4.01 (Uq, J=L.U, /.0 £1Z, 1 11}, 3.3U- 3.0V {OT §, 1 ), 4.Uc (1M,
1 H), 4.80 (dd, J=3.0,9.2 Hz, 1 H), 6.02 (br s, 1 H), 7.06-7.22 (m, 3 H), 7.44 (d, J=7.9 Hz, 1 H) ; I13C NMR
4 124,169, 19.7,20.5, 206 21.2,41.4,42.0,46.2, 48.6, 71.6, 126.2, 126.7, 127.1, 130.1, 135.2, 143.2,

177.6. Anal. Calcd for C19H3102N: C, 74.71; H, 10.23; N, 4.59 %. Found: C, 74.51; H, 10.45; N, 4.59 %.

2R*,35*%,45%)-N,N -Dnsopropyl 4-hydroxy-2,3-dimethyl-4-(2- methylphenyl)butanamlde

(2b: R=0-Tol). Mp 158.5-159.5 °C (CH2Cl3-hexane); IR (KBr), 3380, 1580, 730 cm-1; ITHNMR & 0.73
(d, J=6.9 Hz, 3 H), 1.23 (d, J=6.6 Hz, 3 H), 1.25 (d,/=7.6 Hz, 3 H), 1.31 (d,/=6.6 Hz, 3H), 1.36 (d, J=6.3
7 Q

=5.6 Hz. 3 H) H), 2.31 (s, 3 H), 2.94 (dq, J=9.2, 6.6 Hz, 1 H)

7
5 i
e}

i1, 1. i)y L.01 D, J T Uy, v sy UuU KR4y 1 X,

708724(m 3H),748 (d,J=79Hz, 1

rs, 1 H),
.-,3984 .0, 45.8, 483696 125.5, 12591267
C, 74.71; H, 10.23; N, 4.59 %. Found: C, 74.48;

F_“:
Z .
E

AT AT WaTr_ o __________ A

>N £ sde Jh Ty < "y B __ AR __ 0 A4 s 40 <INE e .

(LI O™ 4D 7 )~ IV, (V= Ullb()pl'()py ‘I' yaro yY-&L0-almeinyi-4-(2-meiny p cnyl)puilanamiae
oo Re=n_Tnall Mn 144 S_.145 5 °C ICHAIA_hevane) TR (KR 2440 16920 750 m‘l- 11—1 NMR & NAA (A
\ﬂ\.— AN=UT AULS. l'ly F S an SV AL B g Ry A% \\/“.A‘Jlé lle“llU/’ AAN \Lwll J""U, LUQU’ IETAV LI ¥ S § ) LA LVIVIAIN VW U U \u’
J=6.9 Hz, 3 H), 1.14 (d, J=6.9 Hz, 3 H), 1.21 (d, J=6.9 Hz, 3 H), 1.25 (d, J=6.6 Hz ,3 H), 1.36 (d, J=6.9 Hz,

3 H), 1.41 (d, J=6.6 Hz, 3 H), 2.24 (m, 1 H), 2.36 (s, 3 H), 2.40 (d, J=4.6 Hz, 1 H), 3.15 (dg, J=4.6, 6.9 Hz,
1H),3.41 (brs, 1 H), 4.23 (br s, 1 H), 4.64 (dd, J=4.6, 9.2 Hz, 1 H), 7.10-7.25 (m, 3 H), 7.41 (d,J=7.3 Hz, 1
H); 13CNMR § 12.2, 12.8, 19.6, 20.5, 20.9, 21.2, 37.9, 41.9, 42.7, 45.7, 48.1, 73.9, 126.2, 126.4, 127.2,

130.4,135.3, 142.4, 175.8. Anal. Caled for C19H3102N : C, 74.71; H, 10.23; N, 4.59 %. Found: C, 74.46;
H, 10.44; N, 4.67 %.

(2R* 3R* 4R*)-N,N-Diisopropyl-4-hydroxy-2.3- ethyl-4-(4-methylphenyl)but tanamide

______ 2010 < 1ACE YLy

dim
(2d: R-o-Tol) Mp 146.5- 1470°C( H2Clp-hexan ) R(KBr), 3430, 1600, 740 (,m‘l THNMR & 0.83
d,

(d, J=7.3 Hz, 3 H), 1.23 (d, J=6.9 Hz, 3 H), 1.30 (d, J=7.3 Hz, 3 H), 1.42 (d, J=6.6 Hz, 3 H), 1.44 (d, J=6.6
Hz, 3 H), 1.91 (m, 1 H), 2.31 (s, 3 H), 3.01 (quintet, /=7.1 Hz, 1 H),. 330370(brs 1H), 4.17 (m, 1 H), 5.20
(d, J=1.7 Hz, 1 H), 7.08- 7.24 (m, 3 H), 7.58 (d, J=7.3 Hz, 1 H); 13C NMR & 10.31, 16.68, 19.17, 20.12,
21.10, 21.28, 40.54, 40.77, 49.22, 49.09, 68.88, 125.41, 126.45, 126.57, 130.17, 134.1“, 142.42, 176.17.
Anal. Caled for C{9H3102N: C, 74.71; H, 10.23; N, 4.59 %. Found: C, 74.79; H, 10.38; N, 4.59 %.

(2R*,35* 4R*)-N,N-Diisopropyl-4-hydroxy-4-(4-methoxyphenyl)-2,3-dimethylbutanamide

(2a: R=p-MeO-CgHy4). Oil; IR (NaCl), 3400, 1600 cem-l; IH NMR & 0.75 (d, /=73 Hz, 3 H), 1.22 (4,
J=6.9 Hz, 3 H), 1.24 (d, J=6.9 Hz, 3 H), 1.29 (d, /=7.3 Hz, 3 H), 1.38 (d, J=6.9 Hz, 3 H), 1.41 (d, J=6.9 Hz,
3 H), 2.08 (m, 1 H), 2.78 (dq, J=2.3, 6.9 Hz, 1 H), 3.40-3.70 (br s, 1 H), 3.80 (s, 3 H), 3.98 (m, 1 H), 4.41
(dd, J=2.6, 6.6 Hz, 1 H), 6.07 (br s, 1 H), 6.85 (d, J=8.8 Hz, 2 H), 7.26 (d, J/=8.8 Hz, 2 H) ; 13C NMR 8

A 17 £ ME N1 €812 785 112 4 197010 1272 15Q 7 ’l’l£
1L‘+,1/U,LUU,L;7 ‘T,LLOL,I)I 3y L0/, 17 17.0.

..

31 A7 1 AED AQ &
, £1.3,41.0, 42,1, 40.2, 40.0,53.0, /3.3, 11.

(2R*,35*,45%)-N,N -Diisopropyl-4-hydroxy-4-(4-methoxyphenyl)-2,3-dimethylbutanamide

(2b: R=p-MeO-CgHg). LHNMR & 0.71 (d, J=6.9 Hz, 3 H), 1.21-1.42 (m, 15 H), 2.08 (m, 1 H), 2.86 (dg,
J=9.2,6.9 Hz, 1 H), 3.40- 3.70 (br s, 1 H), 3.79 (s, 3 H), 4.13 (m, 1 H), 5.02 (s, 1 H), 6.03 (br s, 1 H), 6.87 (d,
J=8.6 Hz, 2 H), 7.24 (d, J=8.6 Hz, 2 H).
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(2R*3R*45%)-N, N-Diisopmpyl-4-hydroxy -4-(4-methoxyphenyl)-2,3-dimethylbutanamide
(2c: R=p-MeO-CgHyg). Mp 143.5-144.0 °C (CH2Cl2-hexane); IR (KBr), 3450, 1640, 850 cm-1; IHNMR 6
0.65 (d, J=6.9 Hz, 3 H), 1.00 (d, J=6.9 Hz, 3 H), 1.21 (d, J=6.6 Hz, 3 H), 1.26 (d, J=6.6 Hz, 3H) 1.38 (d,

J=6.6 Hz, 3 H), 1.42 (d, J=6.9 Hz, 3 H), 2.16 (m, 1 H), 2.46 (d, J=4.3 Hz, 3 H), 3.02 (dg, J=5.3, 6.6 Hz, 1 H),
3.41 (m, 1 H), 3.80 (5, 3 H), 4.23 (m, 1 H), 4.30 (dd, J=4.3,89 Hz, 1 H ),68, (d,J=8.6 Hz, 2 H), 7.23 (4,
J=8.6 Hz, 2 H); 13CNMR ® 12.4, 13.1, 20.5, 20.9, 21.2, 38.0, 2 5.7,48.1,55.3, 113.7, 128.0, 136.1,
159.1,175.7. Anal. Caled for C19H3103N: C, 70.99; H, 9.72; N, 4.36 %. Found: C, 70.86; H, 9.85; N, 4.41

%.

2R*3R*4R¥%)-N,N- uusopmpyl -4- nyaroxy 4- (4-metnoxypnenyu-z,.s-mmetnymutanamme
(YA Deos RN O EX 17 8.11Q 0 ° ¢ NN 14 1£00 -1. 1111\r\rn I
{4dls NSP=IVICU 0114} l\ﬂp 11 foo= 110 LV B ) \\JH‘L\AZ'MCAdUC), 11\ \I\Dl), J‘f‘UU, 1OV, OUU Cimi 5, M1 INIVIN O

0.83 (d, J=6.9 Hz, 3 H), 1.20 (d, J=6.6 Hz, 6 H), 1.25 (d, J=7.3 Hz, 3 H), 1.40 (d, J=6.6 Hz, 3 H), 1.42 (d,
J=6.6 Hz, 3 H), 1.97 (m, 1 H), 2.83 (quintet, J=7.1 Hz, 1 H), 3.47 (m, 1 H), 3.80 (s, 3 H), 4.02 (m, 1 H), 4.81

(brs, 1 H), 4.94 (s, 1 H), 6.86 (d, J=8.6 Hz, 2 H), 7.25 (d, /=8.6 Hz, 2 H) ; 13C NMR & 10.9, 16.4, 20.6,
20.7,21.0, 21.2, 40.3, 43.8, 46.2, 48.9, 55.3, 72.4, 113.3, 127.1, 136.7, 158.3. Anal. Calcd for C19H3103N:

C, 70.99; H, 9.72; N, 4.36 %. Found: C, 71.05; H, 9.83; N, 4.42 %.

- ar a

(2R*.35%*.4R*)-N.N-Diisovrony )73 VO RUGR” [p7. WINPT RN TPRRE A, T S TNUURDIPE T | TP ORI 0 D

WLdUT ¢ I Ty )= 1V, [¥= ll&upmpy -~k yuruxy"'“llt“ﬂlclllu y piiciiyl)-4,o-aHneuyiputdiamiuce

(2as R=o-Mo(-C (“A\ Mn 97 5-Q8 0 °C (Pentane): IR (KRBr) 33801590 760 cm- 1 1” NMR 8 0.85 (r‘
intiie AWV ATAWNS ™ w}n l"l} P TS AR S 2LV N A WALl } / ISy A ANy U LA N 4 v o4 \

IR (KBr), 33 0.8
J=13 Hz, 3 H), 1.17 (d, J=6.9 Hz, 3 H), 1.20 (d, J=6.9 Hz, 3 H), 1.27 (d, J 2,3 H), 138 (d, J=6.9 Hz,
3H), 1.43 (d, J=6.9 Hz, 3 H), 2.19 (m, 1 H), 2.75 (dq, J=3.0, 6.9 Hz, 1 H), 354(brs 1H), 3.81 (s, 3 H),
3.99 (m, 1 H), 4.96 (dd, J=4.6, 8.6 Hz, 1 H), 5.44 (br s, 1 H), 6.83 (d, J=8.3 Hz, 1 H), 6.95 (m, 1 H), 7.19 (m,
1 H), 7.42 (dd, J=1.7, 7.6 Hz, 1 H) ; 13C NMR 6 13.7, 16.1, 20.6, 20.7, 21.0, 21.3, 40.6, 42.1, 46.0, 48.5,

55.4,70.1, 110.3, 120.7, 127.8, 128.1, 133.1, 156.7, 177.4. Anal. Caicd for C19H3103N: C, 70.99; H, 9.72;
N, 4.36 %. Found: C, 70.90; H, 10.12; N, 4.42 %.

(2R*,35%,45%)-N,N -Diisopropyl-4-hydroxy-4-(2-methoxyphenyl)-2,3-dimethylbutanamide
(2b: R=0-MeO-CgHy). 1H NMR & (0.72 (d J=6.9 Hz, 3 H), 1.16-1.44 (m, 15 H), 2.20 (m, 1 H), 2.91 (dq,
J=9.2, 6.6 Hz, 1 H), 3.30-3.70 (br s, 1 H), 3.81 (s, 3 H), 4.20 (br s, 1 H), 5.30 (s, 1 H), 5.49 (br s, 1 H), 6.83

(m, 1 H), 6.95 (m, 1 H), 7.21 (m, 1 H), 7.38 (d, J=7.6 Hz, 1 H)

Ha N
). iz
0.63 (d, J—69Hz 3H),110(d,J—69H2 3 H), 1.21 (d, J=6.9 Hz, 2 H) 1.25 d =6.6 Hz, 3 H), 1.36 d,
J=6.9 Hz, 3 H), 1.42 (d, J=6.6 Hz, 3 H), 2.30 (m, 1 H), 3.06 (d, J=8.3 Hz, 3 H), 3.20 (dq, J=4.3, 6.6 Hz, 1 H),
3.40 (brs, 1 H), 3.85 (s, 3 H), 4.25 (m, 1 H), 4.48 (dd, J=8.3,9.2 Hz, 1 H), 6.89 (d, J=8.3 Hz, 1 H), 6.95 (m,
1 H), 7.23 (d, J=7.3 Hz, 1 H), 7.27 (m, 1 H) ; 13C NMR 4 10.8, 11.2, 19.4, 19.8, 20.0, 20.2, 36.4, 39.6, 44.6,

46.9, 54.2, 74.4, 109.6, 119.8, 127.4, 127.6, 130.2, 155.7, 174.7. Anal. Calcd for C19H3103N: C, 70.99; H,
9.72; N, 436 %. Found: C, 70.72; H, 9.97; N, 4.52 %.

c_m
$

(2R* 3R* 4R*)-N,N-Diisopropyl-4-hydroxy-4-(2-methoxyphenyl)-2.3-dimethy lh anamide

SRR ESYE TR TN TEETT DT T TS

(2d: R=0-MeO- C6H4). Mp 154.0-155.0 °C (CH2Cl2-hexane); IR (KBr), 3200 750 cm-1; THNMR 5
0.83 (d, J=6.9 Hz, 3 H), 1.18 (d, J=6.6 Hz, 3 H), 1.19 (d, J=6.9 Hz, 3 H), 1.31 (d J:=7.3 Hz, 3 H), 1.39 (d,
J=6.6 Hz, 3 H), 1.41 (d, J=6.9 Hz, 3 H), 2.02 (m, 1 H), 2.89 (quintet, J=6.8 Hz, 1 H), 3.30-3.70 (br s, 1 H),
3.81 (s, 3 H), 4.01 (m, 1 H), 5.28 (d, /=23 Hz, 1 H), 5.52 (s, 1 H), 6.83 (dd, /=0.7,, 8.2 Hz, 1 H), 6.96 (m, 1
H), 7.20 (m, 1 H), 7.53 (dd, J=1.7, 7.6 Hz, 1 H) ; I3CNMR § 11.1, 15.8, 20.6, 20.8, 21.1, 21.3, 40.7, 41.0,
46.2, 49.0, 55.1, 67.3, 110.0, 120.3, 127.4, 127.8, 132.7, 155.8, 176.4. Anal. Calcd for C19gH3103N: C,
70.99; H, 9.72; N, 4.36 %. Found: C, 71.03; H, 9.80; N, 4.38 %.

(SE)-2R*,3S*,4R*)-N,N-Diisopropyl-4-hydroxy-2,3-dimethyl-6-phenyl-5-hexenamide

481
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(2a: R=PhCH=CH). Oil; IR (NaCl), 3400, 1600, 910, 730 cm-1; THNMR & 0.98 (d, J=6.9 Hz, 3 H), 1.21
(d, J=6.9 Hz, 3 H), 1.24 (d, J=6.9 Hz, 3 H), 1.25 (d, J=7.3 Hz, 3 H), 1.36 (d, J=6.6 Hz, 3 H), 1.38 (d, J=5.6
Hz, 3 H), 2.02 (m, 1 H), 2.75 (dq, J=3.3, 7.3 Hz, 1 H), 3.63 (br s, 1 H), 4.00 (m, 1 H), 4.14 (1, J-78Hz,1

n (AQn“-o1Ll'\A’)1IAA J=73.15.8 Hz \(Anl,l J=158 H; 1T\ 7 Iy . MR
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(SE)-2R*,35*,45*)-N,N-Diisopropyl-4-hydroxy-2,3- -dimethyl-6-phenyl-5-hexenamide
(2b: R=PhCH=CH). Oil; IR (NaCl), 3400, 1610, 910, 730 cm" IHNMR & 0.90 (d, J=6.6 Hz, 3 H), 1.21
(d, J=6.6 Hz, cm), 1/.4((1 J=6.9 Hz, 3 H), 1.38 (d, J=6.9 Hz, 6 H), 2.06 (m, 1 H), 2.83 (dq,J=9.2,6.9 Hz, 1

n),.)..).)(bfs 1r1) 41.)\111 11‘{) 459(dd J=2.3,5.0 Hz, 1n),627(dd,J—56,162H2,lH) 660((’1 J
=16.2 Hz, 1 H), 7.21-7.39 (m, 5 H) ; I3C NMR 8 11.6, 16.2, 20.6, 20.8, 21.4, 39.5, 41.5, 45.8, 48.2, 71.9,
126.4,127.4, 128.6, 129.4, 132.3, 136.9, 175.8. HRMS calcd for C20H31NO2: 317.2353; Found: 317.2355.

(SE)-(2R*,3R*,45*)-N,N-Diisopropyl-4-hydroxy-2,3-dimethyl-6-phenyl-5-hexenamide
(2¢: R=PhCH=CH). 'HNMR 6 0.93 (d, /=6.9 Hz, 3 H), 1.10 (d, J=6.9 Hz, 3 H), 1.19 (d, J=6.9 Hz, 3 H),
1.20 (d, J=6.6 Hz, 3 H), 1.41 (d, J=6.6 Hz, 6 H), 1.92 (br s, 1 H), 2. 12 (rn 1 H), 2.7 8(qumtet,J-7OH z,1
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(5E)-2R*,3R* 4R*)-N,N-Diisopropyl-4-hydroxy-2,3-dimethyl-6-phenyl-5-hexenamide

(2d: R=PhCH=CH). Mp 93.5-94.5 °C (Et20-pentane ); IR (KBr), 3200, 1600, 750 cm -1. ITHNMR 6§ 0.97
(d, J=6.9 Hz, 3 H), 1.15(d, /=6.6 Hz, 3 H), 1.21 (d J=73 HZ, 3 H), 1.22 (d,J=6.9 Hz, 3 H), 1.39 (d, J=6.9
Hz, 3 H), 1.41 (d, J=6.6 Hz, 3 H), 2.03 (m, 1 H), 2.84 (quintet, J=7.0 Hz, 1 H), 3.45 (brs, 1 H), 4.10 (m, 1
H), 4.53 (dd, J=2.3, 4.6 Hz, 1 H), 6.24 (dd, J=4.6, 16.0 Hz, 1 H), 6.66 (dd, J=1.5, 160HZ 1 H), 7.17-7.40
(m, 5 H); I3C NMR 6 12.4, 17.0, 20.6, 20.7, 20.9, 21.1, 40.4, 42.0, 46.2, 49.0, 71.9, 126.3, 127.1, 128.5,
129.3, 131.9, 137.3, 176.4. Anal. Calcd for Co0H3102N: C, 75.67; H, 9.84; N, 4.41 %. Found: C, 75.55; H,

9.83; N, 4.42 %.

.q

(5E)-(2R*3S* 4R*)-N,N-Diisopropyl-4-hydroxy-2,3-dimethyl-5-heptenamide (2a; R=MeCH=CH). Mp
83.5-84.5 °C (Pentane); IR (KBr), 3400, 1610, 970 cm™! ; THNMR & 0.90 (d, /=6.9 Hz, 3 H), 1.19 (d, J=7.3
Hz, 3 H), 1.24 (d, J=6.9 Hz, 6 H), 1.35 (d, J=6.6 Hz, 3 H), 1.36 (d, J=6.6 Hz, 3 H), 1.70 (dd, J=1.5, 6.3 Hz, 3
H), 1.87 (m, 1 H), 2,69 (dq, J=3.6, 6.9 Hz, 1 H), 3.59 (brs, 1 ), 392 (dd, J=7.7, 8.5 Hz, m) 4.00 (m, 1

H), 5.44 (ddd, J=1.5,7.7, 15.2 Hz, 1 H), 5.66 (dg,J=15.2, 63 Hz, 1 H) ; I3C NMR & 12.9,16.7, 17.8, 20.5,

20.6,21.2,21.3,40.4, 41 2,46.1, 48.5,74.1, 127.4, 133 4, 1772 Anal. Calcd for C15H2902N C, 70.54; H,
11.45; N, 5.49 %. Found: C, 70.77; H, 11.35; N, 5.51 %.
(5E)-(ZR*,35*,45%)-N,N-Diisopropyi-4-hydroxy-2,3-dimethyi-5-heptenamide (2b:
105.0-106.0 °C (Pentane); IR (KBr), 3400, 1615, 970 cm~1 ; IHNMR & 0.84 (d, J=6.9 Hz, 3 H), 1.16 (d
J=69 Hz, 3 H), 1.20 (d, J=6.6 Hz, 3 H), 1.22 (d, J=5.9 Hz, 3H\ 1.37 (d, J=6.9 Hz, 6 H), 1.71 (d, J=5.9 Hz,
3 H), 190(rn 1H) 276(dq,J—94 6.9 Hz, IH) 3.53 (brs, 1 H), 413(brs 1H) 4.34 (brs, lH) 5.55
(dd, J=5.3, 15.8 Hz, 1 H), 5.66 (dq, J=15.8,6.9 Hz, 1 H) ; I3CNMR 6 11.3,16.2, 17.7, 20.6, 20.8, 21.3,
21.4,39.4,41.5,45.8,48.1, 71.9, 125.8, 133.4, 175.9. Anal. Calcd for C15H2902N: C, 70.54; H, 11.45; N,

5.49 %. Found: C, 70.51; H, 11.57; N, 5.60 %.

UllDUljl OopYi-

A
p= K Axjf.
z, 3 H), 1.06 (d, J=6.9 ), 1.38 (d,J=6.9 Hz, 3 H

M 3 e

IMR 8 0.8 .1 A
40 (d, J=6 6 Hz, 3 H), 170 (dd, J=1.3, 6.3 Hz, 3 H), 1.97 (m, 1 H), 2.71 (quintet, J=6.9 Hz, 1 H), 3.39 (m,
1 H), 3.84 (dd, J=7.3,7.9 Hz, 1 H), 4.13 (m, 1 H), 5.46 (ddd, /=13, 7.9, 15.2 Hz, 1 H), 5.64 (dq, J=15.2, 6.3
Hz 1 H); 13C NMR 8 12.0, 143, 17.5, 20.6, 20.8, 21.2, 38.4, 41.0, 45.7, 48.1, 76.1, 128.6, 132.5, 175.6.
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(SE)-(2R*,3R*,4R*)-N,N-Diisopropyl-4-hydroxy-2,3- dlmethyl -5- heptenamlde (2d: R=MeCH=CH). Mp

64.0-65.0 °C (Pentane); IR (KBr), 3300, 1610, 970 cm -1 5 IHNMR 6 0.91 (d, J=7.3 Hz, 3 H), 1.15 (d, J=6.9

Hz, 3 H), 1.22 (d, J=6.6 Hz, 3 H), 1.23 (d, J=6.6 Hz, 3 H), 1.38 (d, J=6.6 Hz, 3 H), 1.39 (d, J=6.9 Hz, 3 H),
1’7(\h~| I—A2H> 2HY 1 01 (m 1LI\ YIA (anintet T=T2H> THY 345 (hre THY 417 (m HY 421

ST, JULT (1L, T A1), l ZL NIy L A1)y &e/U\MULLIC, U=/ L 114, & 11 ), I \UL Oy L Xhj, Tedl 41, 1 ML), T.Ld
4.24 (m, 2 H), 5.50 (dd, J=5.3, 15.0 Hz, 1 H), 5.68 (dg, J=15.0, 6.3 Hz, 1 H) ; 13CNMR & 12.2, 16.7, 17.8,
20.6,20.7, 20.9, 21.1, 40.0, 41.8, 46 48.9,72.5,125.6, 132.8, 176.4. Anal. Caled for C15H2902N: C,
70.54; H, 11.45; N, 5.49 %. Found: C 70.58; H, 11.57; N, 5.61 %

e -

Tabie 3 The coupiing constants (FHz) of Za-Zd

R 2a 2b 2¢ 2d
Jo3 34 Jog  Jza J23 J34 oz J3a
Ph 2.0 9.2 2.0 53 8.7 7.0 0
p-Tol 2.0 8.9 9.2 33 5.6 8.9 7.0 0
o-Tol 2.0 9.2 9.2 0 4.6 9.2 71 17
p-MeO-C6H4 23 6.6 9.2 0 53 8.9 71 0
0-McO-C6H4 3.0 8.6 9.2 0 4.3 9.2 68 23
PhCH=CH 33 7.8 9.2 2.3 7.0 7.6 70 23
MeCH=CH 3.6 8.5 9.4 0 6.9 7.3 72 0

Palladium Catalyzed Acylation of the Zinc Reagent. General Procedure.

To a mixture of iodide 1 (1 mmol) and activated Zn (85 mg, 1.3 mmol) in dioxane (2 mL) was added
Me3SiCl (13 pl. 0.1 mmol) at rt.  After stirring for 1 h, to the mixture were added a mixture of

Pd2(dba)3 - CHCI3 (0.025 mmol, 26 mg) and (o-Tolyl)3P (0.1 mmol, 61 mg) in dioxane (1 mL) and an acid
chloride (0.7 mmol) at rt. The mixture was stirred 13- 15 h at rt, and then 30% NH3 aq.(1 mL) was added.

After stirring for 15 min., 2 M HCl aq. and ethy! acetate were added. The organic layer was separated and
aqueous layer was extracted with ethyl acetate. The combined organic layers were dried (MgSO4) and
concentrated in vacuo. The residue was chromatographed on silica gel to afford a mixture of diasteroisomers

(syn-3:anti-3=99:1~93:7).
Diastereoisomeric ratio was determined by HPLC analysis.

Preparation of anfi-3. Typical Procedure
To a solution of am nd Zb (19 (5ml

~ AN ndd et Adiniiana
2 \W 1l was auucu p_yuuuuuun

a mixture of 2a and 2b (195 mg, 0.61 mm I 2
chlorochromate (264 mg, 1.22 mmol) at rt. The mixture stirred for 4 h, and then hexane (5 mL) was
added. The resulting mi xture was purified by short column chromatograohv with hexane-AcOEt [2:1 v/v] to

afford product anti-3 (163 mg) in 82-94 % yield.

(2R*,3R*)-N,N-Diisopropyl-2,3-dimethyl-4-oxo0-4-phenylbutanamide (syn-3: R=Ph). Mp 91.5-92.0 °C
(pentane); IR (KBr), 1675, 1620, 720 cm-l, IHNMR & 1.16 (d, J=7.3 Hz, 3 H), 1.16 (d, J=6.6 Hz, 3 H),

Yl’\ 1”1/.«‘ Tl £ TT. £ 1IN 2 NQ A~ =04 7210, 110 3

4 Ny T Yr. 2 IIN 1 A7 7 r(nrr \
nj, 1 {4, =0.0 nnZ, O 11}, 3.6 (Uq, J—7.U, /1.5 11, 1 11),

1L.2U (4, J= /Jﬂl,Jn),lLJ(U =0.7 ris
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(m, 1 H), 3.86 (dq, J=9.6, 7.3 Hz, 1 H), 4.19 (m, 1 H), 7.36-7.57 (m, 3 H), 7.98 (m, 1 H); I3CNMR & 15.5,
20.2,20.7, 20.8, 20.9, 40.1, 44.2, 45.6, 48.6, 128.4, 128.5, 132.5, 136.7, 174.9, 205.1.
Anal. Calcd for C1g8H?2702N: C, 74.70; H, 9.40; N, 4.84 %. Found: C, 74.77; H, 9.67; N, 4.84 %.

(2R*,35*)-N,N-Diisopro ry! -2,3-dimethyl-4-oxo0-4-phenylbutanamide (anfi-3: R=Ph). Mp 77.5-78.0 °C
(pentane); IR (KBr), 1670, 1630 cm-1; IH NMR 6 1.03 (d, J=6.9 Hz, 3 H), 1.13 (d J-66Hz,3 H), 1.24-
1.27 (m, 6 H), 1.39- 1.42 ( 6 H), 317(dq,J~99 6.6 Hz, 1 H), 3.58 (in, 1 H), 3.98 (dq, J=9.9, 6.9 Hz, 1
H), 4.20 (m, 1 H), 7.36- 757(m 3H),7.98 (m,1H); 13C'NMR 8 17.4,17.6,20.7, 20.8, 21.4, 40.1, 44.2,
45.9, 48.1, 128.4, 128.7, 133.2, 137.1, 174.5 .

Anal. Caled for C18H2702N: C, 74.70; H, 9.40; N, 4.84 %. Found: C, 74.42; H, 9.68; N, 4.97%.

(2R*,3R*)-N,N-Diisopropyl-2,3-dimethyl-4-0x0-4-(4-methylphenyl)butanamide (syn-3: R=p-Tol).

Mp 66.3-67.0 °C (pentane); IR (KBr), 1670, 1630 cm-1; lHNMR & 1.15 (d, J=7.3 Hz, 3 H), 1.16 (d, J=6.9

Hz, 3 H), 1.19 (d, J=7.3 Hz, 3 H), 1.22 (d, J=6.6 Hz, 3 H), 1.30 (d, J=6.6 Hz, 3 H), 2.39 (s, 3 H), 3.07 (dq,

J=9.6,6.9 Hz, 1H), 3.31 (m, 1 H), 3.84 (dq, J=9.6, 7.3 Hz, 1 H), 4.19 (m, 1 H), 7.23 (d,/=8.2 Hz, 2 H),

7.88 (d, /=82 Hz, 2 H); 1°CNMR 0 15.5, 15.6, 20.2, 20.7, 20.8, 21.0, 21.6, 40.0, 44.0, 45.6, 48.6, 128.5,
129.1, 134.2, 143.2, 175.0, 2047

1 Malnd Cne o ALY AN AN ‘7

= Q£2-N 0. Teannd: A Q7. LT
Anal. Calcd for C1gH2902N: C, a a5

£91. LY AED UL . el . 9 85: N. 4.60 %
J.4l; i, ¥.05; IN, 4.02 o, yOUNG. U, /4.5/, 11, 7.0 70.

A
U, Ny 4.0V

(2R*,35*)-N,N-Diisopropyl-2,3-dimethyl-4-0x0-4-(4-methylphenyl)butanamide (anti-3: R=p-Tol).

Mp 72.0-73.0 °C (pentane); IR (KBr), 1680, 1620 cm-1; IHNMR 8 1.01 (d, J=6.6 Hz, 3 H), 1.11 (d, J=6.9
Hz, 3 H), 1.24 (d, J=6.6 Hz, 3 H), 1.26 (d, J=6.6 Hz, 3 H), 1.40 (d, J=6.6 Hz, 3 H), 1.41 (d, J=6.6 Hz, 3 H),
241 (s, 3 H), 3.15 (dq,/=9.9, 6.8 Hz, 1 H), 3.56 (br s, 1 H), 3.85 (dg, /=9.9, 6.9 Hz, 1 H), 4.20 (br s, 1 H),

T vy P ]

B Hz 2 H); 13C NMR & 17.3,17.6,20.7, 20.8, 21.4, 21.6, 40.1, 44.0,
A
4.

—~y

7.27(d, /=78 Hz,2H),7.95(d, J
;H, 9 63,N 4.62 %. Found: C, 74.27; H, 10.0; N, 4.63 %.

(2R* 3R*)-N,N-Diisopropyl-2,3-dimethyl-4-0xo-4-(2-methylphenyl)butanamide (syn-3: R=o0-Tol).

Mp 88.2-83.1 °C (pentane); IR (KBr), 1680, 1620, 740 cm-1; 1H NMR & 1.09 (d, J=7.3 Hz, 3 H), 1.17 (d,
J=7.3 Hz, 3 H), 1.24 (d, J=6.6 Hz, 3 H), 1.26 (d, J=6.6 Hz, 3 H), 1.31 (d, /=6.6 Hz, 3 H), 1.35 (d, J=6.9 Hz,
3 H), 2.39 (s, 3 H), 307(dq,J—97 6.9 Hz, 1 H), 3.35 (m, 1 H), 366((1qu-97 7.3 Hz, 1 H), 4.21 (m, 1 H),

"71('\/.1 T_J'Y’)I_l',-.1 TN (s DTLIN TON LA T_177 77 £ 1T, 1 ONMT R 148 18 A ’)f\') MN L
AZ(Q,/=/010Z, 1 n), 7.2/ (M, 201, /.5U(00, v=1./, /.001Z, 11 QU NMR O 145, 15.4, 2U.5, ZU.D,

20.7,20.9, 39.6, 45.6, 48.0, 48.6, 125.6, 128.5, 130.4, 131.0, 137.1,1 9.0, 175.1, 209.1.

Anal. Calcd for C19H2902N: C, 75.21; H, 9.63; N, 4.62 %. Found: C, 75.18; H, 9.65; N, 4.70%.

(2R*,38%)-N,N-Diisopropyl-2,3-dimethyl-4-o0x0-4-(2-methylphenyl)butanamide (anti-3: R=0-Tol).

Mp 86.7-88.0 °C (pentane); IR (KBr), 1680, 1620 cm-1; IHNMR 8 1.09 (d, J=6.9 Hz, 3 H), 1.10 (d, J=6.6
3 H), 1.25 (d, J=5.9 Hz, jn) u/(d /_391-12,51—1), 140(0 J=0.9 Hz, bﬂ),z49(s 3H),316(dq,
.6 Hz, 1 H), 3.58 (br s, 1 H), 3.79 (dq, /=9.9, 6.9 Hz, 1 H), 4.21 (“i’ S 1H),7.26 (m, 1 H), 7.38 (m, 2

d, J=7.6 Hz, 1H); 13CNMR 5 17.1, 17.4,20.7, 20.8, 21.1, 21.4, 39.9, 45.2, 47.5, 48.2, 125.7,
31.4,131.8, 138.3, 138.4, 174.4, 208.2.

(2R*3R*)-N,N-Diisopropyl-4-(4-methoxyphenyl)-2,3-dimethyl-4-oxobutanamide (syn-3: R=p-MeO-
CgH4). Oil; IR (NaCl), 1680, 1620 cm-1; THNMR § 1.14 (d, J=6.6 Hz, 3 H), 1.15 (d, J=6.9 Hz, 3 H), 1.19
(d, J=7.3 Hz, 3 H), 1.22 (d, J=7.3 Hz, 3 H), 1.29 (d, J=6.6 Hz, 3 H), 1.30 (d, J=6.9 Hz, 3 H), 306(dq,J 9.7,

1 YYI\ 1 Q41 71 FNT o N0TT_ 1 1Y fo AT A 10 /... 1 TIN £ 01 71 OO0 YT
/?l'u ln),o.‘u(m 1n),s.81{0q,s=Y./,0.Y iz, i n), 5.60 (§, or1), 4.10 {11, ln),o.vl\UJ oy[uL
H). 797 (d. J=89Hz. 2 H): 130 NMR 8150 157 2072 ’){\’7 208 210 400 437.45.5. 4R8K(.554
Khjy 1740 \MUy J—=0.7 134, L K1), N ANIVEIN U 10Ty LJel g LVUsky LU T 5 LU0y L1.Uy TUNI, Tldaiy TJ0y TUWN s St T
113.6,129.7, 130.7, 163.1, 175.0, 203.5

(2R*,35%)-N,N-Diisopropyl-4-(4-methoxyphenyl)-2,3-dimethyl-4-oxobutanamide (enti -3: R=p-MeO-
Ce¢Hyg). Mp 68.5-71.8 °C (pentanc); IR (KBr), 1680, 1620 cm-1; IHNMR 8 1.01 (d, J=6.9 Hz, 3 H), 1.12

(d, J=6.6 Hz, 3 H), 1.26 (m, 6 H), 1.40 (m, 6 H), 3.15 (dq, J=10.0, 6.6 Hz, 1 H), 3.61 (m, 1 H), 3.88 (s, 3H),



M. Asaoka et al. / Tetrahedron 54 (1998) 471-486 485

3.93 (dg, =100, 6.9 Hz, 1 H), 4.20 (br s, 1 H), 6.95 (d, /=89 Hz, 2 H), 8.04 (d, J=8.9 Hz, 2H) ; 13CNMR

611.9,17.4,17.7,20.7, 20.8, 21.4, 22.8, 40.1, 43.7, 45.9, 48.1, 55.5, 113.8, 130.1, 130.8, 163.7, 174.7,
203.0. Anal. Calcd for C19H2903N : C, 71.44; H, 9.15; N, 4.39 %. Found: C, 71.90; H, 8.92; N, 4.17%.

(2R*,3R*)-N,N-Diisopropyl-4-(2-methoxyphenyl)-2,3-dimethyl-4-oxobutanamide (syn-3: R=0-MeO-
CeHg). Mp 106.9-107.3 °C (pentane); IR (KBr), 1660, 1620 cm-l; IHNMR & 1.13 (d, J=7.3 Hz, 6 H),
1.22 (d, J=6.9 Hz, 3 H), 1.27 (d, J=7.0 Hz, 3 H), 1.31 (d, J=6.9 Hz, 3 H), 1.33 (d, J=6.9 Hz, 3 H), 3.04 (dq,
J=9.3,7.1 Hz, 1 H), 338(m,1H),371 (dq, J=9.3, 72Hz 1 H), 387(5 3H), 4.12 (m, 1 H), 6.87-7.00 (m, 2

’Jﬁ‘

H), 7.36-7.43 (m, 1 H), 7.70 (dd, J=2.0, 7.6 Hz, 1 H); 1°C NMR 6 14.1, 15.3, 20.5, 20.8, 20.9, 21.0, 39.7,
AL & AQ 77T S& £ 111 723 179N 4 10N 1720 1717 A 1E"T £ 17758 N NINL £
45.5,406.7,35.0, 111.3, 120.4, 12%.U, 15U.2, 132.4, 157.6, 175.0, 206.6 .
Anal. Caled for C19H»002N : C. 71.44 Q15-N. 430 9% Fpund: C 7146 H Q14- N 427 9,
ATFREPNT AN s Nvg [ 17T Ty Ly Zeldatg ANy TTad 7 /U A VUM Sy 7 AeTTU, 33y oAUy 1Yy Tele ! /U

(2R*,35*)-N,N-Diisopropyl-4-(2-methoxyphenyl)-2,3-dimethyl-4-oxobutanamide (an#i-3: R=0-MeO-
C6H4). IR (KBr), 1670, 1630 cm~1; THNMR 6 1.08 (m, 6 H), 1.25 (m, 6 H), 1.38 (d, J=6.6 Hz, 6 H), 3.15
(dg, J=9.9, 6.6 Hz, 1 H), 3.55 (m, 1 H), 3.88- 3,90 (m, 1 H), 3.89 (s, 3H), 4.19 (m, 1 H), 6.93-7.01 (m, 2 H),
7.41-7.47 (m, 1 H), 7.70 (dd, J=1.6, 7.6 Hz, 1 H); 13C NMR & 16.8, 17.2, 20.6, 20.8, 21.4, 40.1, 45.5, 45.5,
45.8,49.0, 55.5,111.4, 120.5, 129.7, 129.9, 133.0, 158.1, 174.6, 208.2.

(2R* 3R*)-N, N-Dllﬁgpmpylzg r_l methyl-4-0x0-5-phenylpentanamide (syn -3: R=PhCH)>).
Oil; IR (NaCl), 1715, 1620, 705 ¢ HNMR 61.01(d,J=73Hz 3 H), 1.10 (d, J=7.3 Hz, 3 H), 1.20 (d,

J=6.6 Hz, 3 H), 1.21 (d, J=6.9 Hz, 3 H), 1.31 (d, J=6.6 Hz, 3 H), 1.35 (d, J=6.9 Hz, 3 H), 2.85 (dq,J=9.9,7.3
Hz, 1 H), 3.09 (dq, J=9.9, 6.9 Hz, 1 H), 3.33 (m, 1 H), 3.87 (s, 3H), 4.04 (m, 1 H), 7.16-7.29 (m, 5 H); 13C
NMR & 14.6, 15.4, 20.4, 20.7, 20.8, 40.6, 45.6, 48.4, 48.5, 49.4, 126.6, 128.3, 129.8, 134.6, 174.9, 212.5.

Ruthenium Catalyzed Oxidation of 2a,b.
One drrm of Ruthenium ("H chloride hvdrate was added to a mixture of 2a.b (53 me. 0.182 mmnl\ NalOa

(846 mg, 3.64 mmol), CC ]4 (1mL), CH%CN (1 mL), and H2O (1.5 mL). The mixture was stirred for 3 days
at rt, then diluted with Et20, and extracted with 1M NaOH aq. three times. Combined aqueous layers were
acidified with 2M HCI, then extracted with CH2Cl twice. Combined organic extracts were dried over
anhydrous MgSQO 4 and concentrated in vacuo . The residue was dissolved in AcOEt and filtrated through a

A N

short pad of celite. The filtrate was concentrated in vacuo to afford anti-4 (30 mg) in 73 % yield.

¢ Acid (anti-4). Oil; IHNMR & 1.19 (d, /=7.1 Hz, 3

1am
H), 1.21 (d, J=7.3 Hz, 3H)126( 6.6 H H) 9(d]-69Hz 3H)139(d J=6.6 Hz, %H)141
(d, J=6.6 Hz, 3 H), 2.73 (dq, J=1.0, 73Hz lH) 296(dq,J 1.0,7.3 Hz, 1 H), 3.55 (br s, 1 H), 3.98 (m, 1
H), 11.0 (br s, 1 H); 13C NMR 8 13.0, 16.5, 20.1, 20.5, 20.9, 21.0, 40.5, 40.9, 47.0, 49.6, 174.7, 177.5.

(2__ 35 %)- NN-nncnnrnnv -2.3- dimgthvls_! cci

A7 BT W WTR ATy

(2R* 3R*)-N,N-Diisopropyi-2,3-dimethyisuccinamic Acid (syn-4). Oil; 1H NMR & 1.34-1.40 (m, 3 H) ),
1.49 (d, J=6.9 Hz, 3 H), 1.50 (d, J=6.6 Hz, 3 H), 2.90 (quintet, /=6.9 Hz, 1 H), 2.99 (quintet, J=6.9 Hz, 1 H),
3.64 (brs, 1 H), 4.15 (m, 1 H), 115 (brs, 1 H); 13C NMR § 15.9, 16.3, 20.36, 20.41, 20.7, 21.0, 39.2, 45.7,

U Sy 2 IR W L0, &YV £L1.U 2 7.4

47.0,49.7, 176.3, 176 8.
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