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Abstract: The first tandem regioselective hydroformylation and
enantioselective organocatalytic anti-Mannich reaction is reported.
Starting from a-olefins, valuable functionalized amino acid deriva-
tives were obtained in excellent yields and with high levels of dia-
stereo- and enantioselectivities. The products represent valuable
building blocks for biologically and pharmaceutically interesting
targets.
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Functionalized a-amino acid derivatives are valuable
building blocks for the synthesis of target structures of bi-
ological and medicinal interest.! As such, the develop-
ment of methods for their preparation has drawn a lot of
attention.>* Among the many approaches used to achieve
this goal, an elegant process is the organocatalytic
Mannich reaction between enolizable aldehydes and
imines.>’ However, enolizable aldehydes themselves are
reactive substrates that may undergo side reactions such
as aldol reactions and oligomerization, which can be ob-
structive for obtaining high yields. One strategy to avoid
such undesired side reactions is to generate the aldehyde
in a low stationary concentration by way of a catalytic re-
action. As we have demonstrated recently, this can be ef-
ficiently achieved by generating an aldehyde in situ
through the application of atom-economic hydrofor-
mylation of alkenes. By applying this strategy, we were
able to develop an efficient enantioselective tandem re-
gioselective hydroformylation and organocatalytic enan-
tioselective aldol addition® as well as a tandem
regioselective hydroformylation—Biginelli reaction.”!°
We report herein on an extension of this concept with the
development of the first tandem regio-, diastereo- and
enantioselective hydroformylation—organocatalytic anti-
Mannich reaction.

Among the different known methods for organocatalytic
Mannich reactions, we were attracted by the anti-selective
Mannich methodology developed by Melchiore et al.
Central to this method is the generation of N-carbamate-
substituted imines in situ through base-initiated elimina-
tion of tolyl sulfinic acid from stable a-amidosulfones 2
(Scheme 1). An interesting aspect of this method is that V-
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Boc or N-Cbz protected a-amino acids are obtained di-
rectly, which allows for follow-up peptide construction.
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Scheme 1 Design of a domino hydroformylation—aminocatalytic
anti-Mannich reaction

A crucial factor for success of the envisioned tandem hy-
droformylation—Mannich approach was the selection of
the optimal catalyst system for the hydroformylation step.
First, the catalyst has to be compatible with the substrates,
reagents and the organocatalyst present at the same time.
Second, it has to operate under mild conditions to allow
for low reaction temperatures to ensure good enantiose-
lectivities in the organocatalytic Mannich step. Finally the
enolizable aldehyde reaction partner has to be generated
through hydroformylation in high chemo- and regioselec-
tivities.

A catalyst system that has the potential to fulfill all these
demands could be the self-assembling 6-diphenylphos-
phinopyridone/rhodium catalyst (6-DPPon see Scheme 1)
developed in our group.!! As demonstrated recently, this
catalyst allows for hydroformylation at room temperature
and ambient pressure in the presence of a large number of
functional groups, and even water can be applied as the
solvent in the presence of catalytic amounts of a suitable
surfactant.'>'3 Notably, this catalyst system has displayed
hydroformylation activity in an asymmetric tandem hy-
droformylation—aldol reaction at temperatures as low as
4°C3

Initial experiments applying the typical organocatalytic
conditions developed previously” in the presence of 1-oc-
tene, synthesis gas, 0.5 mol% rhodium catalyst and ami-
dosulfone 2a as the imine precursor, gave only moderate
yields under ambient pressure and at room temperature.
However, increasing the rthodium catalyst loading to 2.7
mol% furnished the tandem product in good yield (Table
1, entry 1). However, a catalyst loading of 2.7 mol% rho-
dium is unusually high for our 6-DPPon catalyst, which is
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significantly more active under standard hydrofor-
mylation conditions.'"!? Clearly, one of the reagents in
this tandem process retarded the hydroformylation cata-
lyst activity. We questioned whether this was due to the
excess of the fluoride salt (5 equiv) required to generate
the imine. However, reducing the amount of KF to two
equivalents did not give a better result (entry 2). Next, a
screening of alternative bases was undertaken and, inter-
estingly, dipotassium phosphate was found to be most ef-
ficient (entries 3-6). With this new base, which was
capable of initiating the necessary sulfinic acid elimina-
tion, it was possible to lower the rhodium catalyst loading
to 0.25 mol% when the pressure was raised to 20 bar and
the reaction temperature was increased to 45 °C, affording
4a in quantitative yield and in excellent selectivity (Table
1, entry 9).

Table 1 Optimization of the Tandem Reaction Conditions with 2a
and 3*

[Rh(CO),acac], 6-DPPon
CO/H; (x bar)

HNBoc 1 (20 mol%) O HNBoc
+ P pHex  P3se | :

B

Et0,C” ~SO.Tol CHCl, 24 h CO,Et
2a 3 4a  n-Hex
Entry Base Pressure Temp  Yield dre
(equiv) (bar)  (°C) (%)

14 KF (5.0) 1 r.t. 90 98:2
2¢ KF (2.0) 1 r.t. 58 >99:1
3d KHCO; (2.0) 1 r.t. 35 90:10
4d i-Pr,NEt (2.0) 1 r.t. 44 84:14
54 K,HPO, (2.0) 1 r.t. 72 97:3
6¢ K,HPO, (5.0) 1 .t 86 97:3
7° K,HPO, (5.0) 20 r.t. 67 98:2
8¢ K,HPO, (5.0) 20 50 99 95:5
9f K,HPO, (3.0) 20 45 99 98:2

2 1-Octene was used as standard olefin.

®Yield was determined by 'H NMR spectroscopic analysis with
1,3,5-trimethoxybenzene as internal standard.

¢ Determined by "H NMR spectroscopic analysis of the crude mix-
ture.

4 Reaction conditions: Rh-catalyst (2.7 mol%; ratio [Rh]/L, 1:5),
1-octene (4.0 equiv).

¢ Reaction conditions: Rh-catalyst (0.5 mol%; ratio [Rh]/L, 1:5),
1-octene (2.0 equiv).

f Reaction conditions: Rh-catalyst (0.25 mol%; ratio [Rh]/L,
1:5), 1-octene (1.5 equiv).

With the optimal reaction conditions in hand, the scope
and limitations of this new tandem reaction were evaluat-
ed. Linear olefins gave excellent yields and very good se-
lectivities (Table 2). For the N-protecting group, the Boc
group as well as the more unusual Cbz group in aminocat-
alytic Mannich reactions proved suitable (Table 2, entries
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1 and 2).>'° a-Branched olefins gave slightly lower yields,
however, the stereoselectivity remained high (Table 2, en-
tries 3 and 4). Many functional groups such as unprotected
hydroxyl groups (Table 2, entry 5), benzyl- and TBS-pro-
tected hydroxyl groups (Table 2, entries 6 and 7), acetates
or benzoates (Table 2, entries 8 and 9), as well as amides
(Table 2, entry 10) and acetals (Table 2, entry 11) were
tolerated and furnished the corresponding products in
high yields and very good selectivities. By employing a
diolefin substrate, bis(a-amino acid f-formyl), product 41
was obtained in a bidirectional tandem reaction in high
yields (Table 2, entry 12). An internal alkene was inert un-
der these reaction conditions (Table 2, entry 4).

Table 2 Scope of the Tandem Reaction of 2a (PG = Boc) or 2b
(PG = Cbz) with 32

[Rh(CO).acac], 6-DPPon

CO/H; (20 bar)
1(20 1%) O HNPG
HINPG A~ K2HP8; (3.0 equiv) I
Et0,C” SO,Tol Z "R CHClo, 45 °C, 24 1 COLEt
2 4 R
Entry Olefin PG 4  Yield (%)® dr ee (%)¢
I A phex Boc 4a 97 92:8 97
20 nHex Cbz 4b 98 91:9 99
3 B Boc d4c 70 95:5  >99
=
4 Cbz 4d 88 82:18 94
OH
S v Boc 4e 83 92:8 92
OBn
6 4, Boc 4f 85 92:8 94
OTBS
VA Cbz 4g 92 91:9 93
OAc
g 24, Boc 4h 98 93:7 89
(0]
9 Sobo N, Boc 4 76 96:4 93
4
(0]
10 /\Hf\lrph Boc 4j 96 96:4 99
Me
[e]
11 /\(,)/C(} Boc 4k 85 94:6 93
7
P v Boc 41 84 937 nd.

# Reaction conditions (0.24 mmol scale): olefin (1.5 equiv), Rh cata-
lyst (0.25 mol%; ratio [Rh]/L, 1:5).

® Isolated yield.

¢ Determined by 'H NMR spectroscopic analysis of the crude mix-
ture.

4 Determined by chiral HPLC analysis, for details see the Supporting
Information; n.d. = not determined.

¢ Rh catalyst (0.5 mol%; ratio [Rh]/L, 1:5).

fReaction carried out with olefin (0.65 equiv).

© Georg Thieme Verlag Stuttgart - New York
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While the efficiency of a new method in terms of low cat-
alyst loadings is certainly an important factor, of similar
importance is the aspect of practicality. Along this line,
we wanted to develop a tandem hydroformylation—
Mannich protocol that would allow for operation at room
temperature and at ambient pressure (RTAP) avoiding the
need for high-pressure autoclave equipment.'!' Indeed, af-
ter some experimentation, this goal could be reached. Op-
timal conditions were found to require 2.5 mol%
hydroformylation catalyst, 20 mol% chiral pyrrolidine
catalyst 1, and an excess of five equivalents of KF to gen-
erate the imine. Under these conditions, good yields and
excellent selectivities were noted (Table 3, entries 1 and
2). Furthermore, when the known N-PMP- and N-tosyl-
substituted imines were prepared and subjected to these
RTAP conditions the corresponding tandem-products 5
were formed, albeit in slightly lower yields and stereose-
lectivities (Table 3, entries 3 and 4).

Table 3 Reactions at Room Temperature and Ambient Pressure®

[Rh(CO).acac], 6-DPPon

NPG CO/M; (1 bar) ? HNPG
J N 1 (20 mol%) g
R CHClg, rt., 24 h
n-Hex
6 4,5
Entry  Imine Yield (%)° dr° ee (%)
NBoc
J
1¢ EtO,C 4a 90 98:2 98
6a
)ll\lez
2¢ EtO,C 4b 86 99:1 93
6b
J\IPMP
3 EtO.C 5a 73 89:11 84
6¢
i\lTs
4 i-Pr) 5b 76 93:7 78
6d

# Reaction conditions (0.24 mmol scale): olefin (4 equiv), Rh-catalyst
(2.5 mol%; ratio [Rh]/L, 1:5).

®Yield determined by 'H NMR spectroscopic analysis with 1,3,5-tri-
methoxybenzene as internal standard.

¢ Determined by '"H NMR spectroscopic analysis of the crude mix-
ture.

4 Determined by chiral HPLC analysis, for details see the Supporting
Information.

¢ Imine generated in situ from the corresponding a-amido sulfone
with KF (5 equiv).

To explore the synthetic utility of the a-formyl amino acid
derivatives 4, the tandem product 4a was subjected to a
Horner—Wadsworth—-Emmons reaction as well as to a
Wittig olefination applying two stabilized ylides (Scheme
2). In all cases, excellent yields of the corresponding E-
o,pB-unsaturated carbonyl derivatives 7-9 were obtained.

© Georg Thieme Verlag Stuttgart - New York

Interestingly, reaction of the tandem products 4a and 4b
with Grignard reagents led to the stereoselective forma-
tion of the y-lactones 10 and 11, respectively, in excellent
diastereoselectivity, albeit in moderate yield. A chelation
model can explain the observed stereochemistry, which
was assigned on the basis of the results of NOESY mea-
surements.

(0] HNBoc
= CO,Et
(0] HNBoc
H b n-Hex
a 8 (81%)
EtO = CO.Et =—— 4a ——>
quant.
n-Hex o o HNBoc
MeO = CO,Et
9 (91%) n-Hex
(o] c d . _0,
0 4a 4b M=o
n-Hex n-Hex
40% 62%
HNBoc HNCbz
10 (dr > 95:5) 11 (dr > 95:5)

Scheme 2 Follow-up chemistry of B-formyl-a-amino esters 4. Re-
agents and conditions: (a) (EtO),POCH,CO,Et, NaH, CH,Cl,, 0 °C
to r.t. 16 h; (b) Ph,PCHCOR (R = Me for 8, R = CH,CO,Me for 9),
THF, r.t. 16 h; (c) MeMgBr (1 M in THF), Et,0, -78 °C, 1 h, then
—78 °Ctor.t. 1 h; (d) CH,CHMgCl (1 M in THF), Et,0, -78 °C, 1 h,
then-78 °Ctor.t. 1 h.

In conclusion, we have reported the first enantioselective
tandem hydroformylation—organocatalytic anti-Mannich
reaction. Starting from abundant a-olefins, C1-chain elon-
gated functionalized and enolizable aldehydes were gen-
erated in situ through a highly regioselective
hydroformylation. Simultaneously, reactive N-carbamoyl
imines are generated through base-mediated elimination
of tolyl sulfinic acid from stable a-amidosulfones. En-
amine activation of the enolizable aldehyde by way of the
chiral amine organocatalyst followed by addition to the
imine (generated in situ) furnished the tandem hydrofor-
mylation—Mannich products 4 and S in good yields and
high stereoselectivities. These a-formyl N-carbamoyl pro-
tected a-amino acid derivatives are highly versatile chiral
building blocks, which allow for facile transformation
into artificial and functionalized a-amino acid derivatives
that are suitably functionalized for peptide chemistry.

All reactions were carried out in oven-dried glassware under an at-
mosphere of argon (Argon 5.0 from Sauerstoffwerke Friedrichs-
hafen). All solvents were dried and distilled by standard procedures.
Chromatographic purification of products was accomplished using
flash chromatography'# on Macherey—Nagel silica gel 60 (230-400
mesh).

Melting points were measured with a Biichi melting point apparatus
using open glass capillaries, and the values are uncorrected. Ele-
mentary analyses were preformed with an Elementar vario (Ele-
mentar Analysensysteme GmbH). Optical rotations were measured
with a Perkin—Elmer 241 polarimeter in 1.0 dm, 1.0 mL cells; the
concentration (g/100 mL) and the solvent are given in parentheses.
Chiral HPLC analyses were performed with Merck—Hitachi sys-
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tems with Daicel Chiralpak AD-H (25 cm % 4.6 mm ID), Chiralpak
AD-3 (15 cm x 4.6 mm ID), Chiralcel OD-H (25 cm x 4.6 mm ID),
Chiralcel OJ-H (25cmx4.6mm ID), Chiralcel OD-3
(15 cm x 4.6 mm ID), Chiralcel OJ-R (15 cm % 4.6 mm ID) or Chi-
ralpak IA (25 cm x 4.6 mm ID) columns in n-heptane—isopropanol
or n-heptane—ethanol mixtures.

NMR spectra were acquired with a Bruker AMX 400 spectrometer
(400.132 and 100.626 MHz for 'H and '3C, respectively) and refer-
enced internally according to residual proton solvent signals
[CDCly: & = 7.26 ppm ('H); 8 = 77.10 ppm (**C)]."* Data for 'H
NMR spectra are reported as follows: chemical shift (5, ppm), mul-
tiplicity (s, singlet; d, doublet; t, triplet; q, quartet; m, multiplet; m,,
symmetrical multiplet), coupling constant (Hz), assignment, inte-
gration. Data for '3C NMR are reported in terms of chemical shift,
assignment, integration. Low-resolution mass spectra were record-
ed with Thermo TSQ 700 spectrometers [EI: 70 eV; CI (NH;):
110 eV]. High-resolution mass spectra were obtained with a Finni-
gan MAT 95XL instrument [EIL: 70 eV; CI (NH;): 110 eV].

The following substrates were purchased from commercial sources:
l-octene (Acros, distilled prior to use), 4-vinyl-1-cyclohexene
(Acros), 5-hexen-1-ol (Merck), 5-hexen-2-one (AlfaAesar), 3,3-di-
methyl-1-butene  (AlfaAesar), 1,7-octadiene (Acros), ethyl
glyoxylate (Aldrich), benzyl carbamate (AlfaAesar), and K,HPO,
(Riedel-de-Haén). The following substrates were prepared accord-
ing to literature procedures: 6-diphenylphosphanylpyridin-2(1H)-
one (6-DPPon),'"* tert-butyldimethylundec-10-enyloxysilane,'®
hex-5-enyl acetate,'”” hex-5-enyloxymethylbenzene,'®  2-dec-9-
enyl[1,3]dioxolane,! undec-10-enoic acid methylphenylamide,?
hex-5-enyl benzoate,?' fert-butyl carbamate.??

Ethz}l tert-Butoxycarbonylamino(toluene-4-sulfonyl)acetate

2a

gert)-Butyl carbamate (2.01 g, 17.2 mmol, 1.0 equiv), ethyl glyoxyl-
ate (50% in toluene, 21.4 mL, 22.1 g, 34.3 mmol, 2.0 equiv) and so-
dium p-toluenesulfinate (12.9 g, 51.5 mmol, 3.0 equiv) were
dissolved in formic acid (50% in H,O, 17.0 mL) and stirred for 1.5
d atr.t. The reaction mixture was then poured into ice water (20 mL)
and the white crystals that were obtained were washed with water
and dried in vacuo to give 2a.

Yield: 3.46 g (9.78 mmol, 57%); mp 110 °C.

THNMR (400 MHz, CDCly): = 1.30 (s, 9 H, -Bu), 1.31 (&, Yo csp =
7.2 Hz, 3 H, CH,), 2.4 (s, 3 H, CH,-Tol), 4.33 (Q, *Jomp.crs =
6.2 Hz, 2 H, CH,), 5.56 (d, *Joy a = 10.0 Hz, 1 H, CH), 5.77 (d,
3o = 10.0 Hz, 1 H, NH), 7.35 (d, J = 8.1 Hz, 2 H, p-Ar-H),
7.78 (d, 3J = 8.2 Hz, 2 H, p-Ar-H).

13C NMR (100 MHz, CDCL): § = 14.1 (CH-ester, 1C), 21.8 (CH;-
Tol, 1C), 28.1 (CH,, £-Bu, 3C), 63.5 (CH,-ester, 1C), 73.5 (+-Bu,
1C), 81.5 (CH,, 1C), 129.7 (Ar, 2C), 129.8 (Ar, 2C), 133.8 (Ar, 1C),
145.7 (Ar, 1C), 153.4 [C(0), 1C], 163.4 [C(O), 1C].

MS (CI, NH,): m/z = 139.0 (15), 278.0 (29), 296.1 (100), 375.1 (1)
[M*+ NH,"].

The analytical data correspond to those reported previously.?’

Eth)g Benzyloxycarbonylamino(toluene-4-sulfonyl)acetate
2b

](Sen)zylcarbamate (117 mg, 1.00 mmol, 1.0 equiv), ethyl glyoxylate
(50% in toluene, 1.3 mL, 1.3 g, 2.0 mmol, 2.0 equiv) and sodium p-
toluenesulfinate (535 mg, 3.00 mmol, 3.0 equiv) were dissolved in
formic acid (1.0 mL) and stirred for 2 d at r.t. The reaction mixture
was then poured into ice water (2 mL) and the white crystals were
washed with water and dried in vacuo to give 2b.

Yield: 276 mg (0.70 mmol, 70%); mp 95 °C.

'H NMR (400 MHz, CDCLy): & = 1.31 (t, ¥/ye s = 7.2 Hz, 3 H,
CH,), 2.45 (s, 3 H, CH;-Tol), 4.31 (q, *Jey_cxs = 6.2 Hz, 2 H, CH,),
5.03 (s, 2 H, CH,-Bn), 5.62 (d, *Jeyyny = 10.0 Hz, 1 H, CH), 6.05
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(d, YJscn = 10.8 Hz, 1 H, NH), 7.20-7.42 (m, 7 H, Ar-H), 7.78 (d,
3J=7.3 Hz, 2 H, 0-Ar-H).

13C NMR (100 MHz, CDCL,): 8 = 14.0 (CH,-ester, 1C), 21.9 (CH,-
Tol, 1C), 63.6 (CH,-ester, 1C), 67.9 (CH,-Bn, 1C), 73.9 (CH, 1C),
128.1 (Ar, 1C), 128.2 (Ar, 1C), 128.3 (Ar, 1C), 128.5 (Ar, 1C),
128.7 (Ar, 1C), 129.6 (Ar, 1C), 129.8 (Ar, 1C), 129.9 (Ar, 1C),
130.0 (Ar, 1C), 133.6 (Ar, 1C), 135.5 (Ar, 1C), 145.9 (Ar, 1C),
154.8 [C(0), 1C], 163.3 [C(O), IC].

MS (CI, NH,): m/z = 91.0 (93), 108.0 (36), 139.0 (48), 192.1 (85),
251.1 (45), 392.1 (18) [M" + H], 409.1 (100) [M* + NH,"].

The analytical data correspond to those reported previously.?

Domino Hydroformylation—an#i-Mannich Reaction; General
Procedure

A steel autoclave, equipped with a gas inlet, was charged with
K,HPO, (188 mg, 1.08 mmol, 3.0 equiv) and dried for 15 min under
high vacuum. Under an inert atmosphere, CHCl; (0.24 M, 1.35 mL)
and a solution of [Rh(CO),acac] (50 or 100 uL of a stock solution
containing 1.8 mg in 400 pL CHCl;) and 6-DPPon (100 or 200 pL
of a stock solution containing 5.0 mg in 400 pL. CHCl;) were added
successively, followed by addition of the olefin (0.54 mmol, 1.5
equiv), organocatalyst 1 (43 mg, 80 umol, 0.20 equiv), 1,3,5-tri-
methoxybenzene (9.1 mg, 54 umol, 0.15 equiv) and a-amido sul-
fone 2 (0.36 mmol, 1.0 equiv). The reaction mixture was saturated
with synthesis gas (CO/H,, 1:1) by applying three cycles of careful
evacuating and refilling. The autoclave was pressurized with 20 bar
CO/H, (1:1) and the mixture was stirred for 24 h at 45 °C. After
cooling to r.t. and depressurization, the turbid mixture was diluted
with CH,Cl,, filtered through a plug of silica, and washed with
CH,CL,—Et,0 (1:1). The solvent was removed in vacuo and the res-
idue was purified by flash column chromatography (cyclohexane—
EtOAc) to give amino carbonyl compound 4a-1. The enantiomeric
excess was determined by chiral HPLC analysis (UV detector);
compounds that were not UV active were converted into the corre-
sponding O-benzyloxime and then reduced (see the Supporting In-
formation).

Ethyl (25,3R)-2-(tert-Butoxycarbonylamino)-3-formyldecano-
ate (4a)

Prepared according to the general procedure with 1-octene (84 pL,
61 mg, 0.54 mmol, 1.5 equiv) and o-amido sulfone 2a (129 mg,
0.360 mmol, 1.0 equiv). Purification was achieved by flash column
chromatography (cyclohexane—EtOAc, 10:1).

Yield: 120 mg (0.350 mmol, 97%); colorless oil; [a]p?? +25.4
(¢ = 1.50, CHC,).

"H NMR (400 MHz, CDCL,): & = 0.86 (t, %o cirp = 7.1 Hz, 3 H,
CHj,), 1.25-1.35 (m, 10 H, CH,), 1.37-1.46 (m, 11 H, CH,, 1-Bu),
3.05 (m,, 0.8 H, CH), 2.72* (m,, 0.2 H, CH), 4.18 (q, Jexpp.cuis =
7.1 Hz, 2 H, CH,), 4.56 (dd, 2oy ey = 4.0 Hz, *Jegn = 9.5 Hz,
0.8 H, CH), 4.68* (dd, Jeypcn = 4.2 Hz, Yoy = 8.4 Hz, 0.2 H,
CH), 5.24 (d, *Jyyy.cn = 9.3 Hz, 1 H, NH), 9.60 (s, 1 H, CH), 9.68*
(d, *Jeycn = 1.6 Hz, 1 H, CH). * = diastereomer.

13C NMR (100 MHz, CDCLy): § = 14.1 (CH,, 1C), 14.2 (CH,, 1C),
25.2 (CH,, 1C), 27.4 (CH,, 1C), 28.3 (CH,, 1C), 28.4 (CH,, +-Bu,
3C),20.0 (CH,, 1C), 29.5 (CH,, 1C), 31.8 (CH, 1C), 52.3 (CH, 1C),
53.1 (CH, 1C), 54.0 (CH, 1C), 61.8 (CH,-ester, 1C), 171.3 (C, 1C),
201.4 (C(0), 1C), 202.6 (C(0), 1C).

Anal. Calcd for C;3H33NOs: C, 62.95; H, 9.68; N, 4.08. Found: C,
63.04; H,9.71; N, 3.81.

Ethyl (25,3R)-2-(Benzyloxycarbonylamino)-3-formyldecano-
ate (4b)

Prepared according to the general procedure with 1-octene (84 pL,
61 mg, 0.54 mmol, 1.5 equiv) and a-amido sulfone 2b (141 mg,
0.360 mmol, 1.0 equiv). Purification was achieved by flash column
chromatography (cyclohexane—EtOAc, 10:1).

© Georg Thieme Verlag Stuttgart - New York
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Yield: 133 mg (0.350 mmol, 98%); colorless oil; 99% ee deter-
mined by chiral HPLC [Chiralpak-AD-H; 25 cm x 4.6 mm ID; n-
heptane—i-PrOH, 90:10; 1.0 mL/min; A =214, 254 nm]: #, = 10.8
(major), 11.6 (minor) min; [a]p>* +35.6 (¢ = 0.48, CHCL,).

"H NMR (400 MHz, CDCl;): § = 0.88 (t, *Jyecp = 7.2 Hz, 3 H,
CH,), 1.25 (m,, 10 H, CH,), 1.42-1.50 (m, 2 H, CH,), 3.11 (m_, 1 H,
CH), 2.75* (m,, 1 H, CH), 4.19 (q, *Jomp_cu3 = 7.2 Hz, 2 H, CH,),
4.63 (dd, *Joy oy = 3.7 Hz, *Joy g = 9.5 Hz, 1 H, CH), 4.74* (dd,
3eneen = 39 Hz, 3Joynu = 8.4 Hz, 1 H, CH), 5.14 (s, 2 H, CH,),
5.52 (d, 3Jwy_cu = 9.6 Hz, 1 H, NH), 7.14 (m,, 5 H, Ar-H), 9.60 (s,
1 H, CH), 9.69* (s, 1 H, CH). * = diastereomer.

13C NMR (100 MHz, CDCL,): § = 14.1 (CH,, 1C), 14.2 (CH,, 1C),
25.2 (CH,, 1C), 27.5 (CH,, 1C), 29.0 (CH,, 1C), 29.5 (CH,, 1C),
31.8 (CH,, 1C), 49.3 (CH, 1C), 52.7 (CH, 1C), 53.8 (CH, 1C), 54.1
(CH, 1C), 62.1 (CH,-ester, 1C), 67.3 (CH,, 1C), 128.1 (Ph-C, 1C),
128.2 (Ph-C, 2C), 128.6 (Ph-C, 2C), 136.2 (Ph-C, 1C), 200.8 [C(O),
1C], 201.5 [C(O), 1C].

Anal. Calcd for C, H;NOs: C, 66.82; H, 8.28; N, 3.71. Found: C,
66.86; H, 8.12; N, 3.57.

Ethyl (25,3R)-2-(tert-Butoxycarbonylamino)-3-formyl-5,5-di-
methyl-hexanoate (4¢)

Prepared according to the general procedure with 3,3-dimethylbut-
1-ene (77 pL, 45 mg, 0.54 mmol, 1.5 equiv) and a-amido sulfone 2a
(129 mg, 0.360 mmol, 1.0 equiv). Purification was achieved by
flash column chromatography (cyclohexane—EtOAc, 10:1).

Yield: 79 mg (0.25 mmol, 70%); colorless oil; [a]p?2 +6.7 (¢ = 1.2,
CHC,).

'"H NMR (400 MHz, CDCly): & = 0.93 (s, 9 H, #-Bu), 1.25 (t,
3Mvecmo = 7.1 Hz, 3 H, CHy), 1.32 (dd, *Jegacn = 7.1 Hz, *Jepacnp =
15.1 Hz, 1 H, CH,), 1.46 (s, 9 H, -Bu), 1.70 (dd, *Joyp_cy = 6.8 Hz,
3Jenp-cua = 14.5 Hz, 1 H, CHp), 3.08 (m,, 0.8 H, CH), 2.80* (m,,
0.2 H, CH), 4.18 (q, *Joypcnz = 7.1 Hz, 2 H, CH,), 4.60 (dd, *Jeyy oy =
4.0 Hz, 3Jcy nn = 8.3 Hz, 0.8 H, CH), 4.50* (m_, 0.2 H, CH), 5.33
(d, */g_cu = 8.3 Hz, 1 H,NH), 9.62 (s, 0.9 H, CH), 9.70* (d, *Jopcn =
1.6 Hz, 1 H, CH). * = diastereomer.

13C NMR (100 MHz, CDCl,): 8 = 14.1 (CH,, 1C), 21.8 (CH, 1C),
28.4 (CH,, -Bu, 3C), 29.3 (CHs, £-Bu, 3C), 37.2 (CH,, 1C), 50.3
(CH, 1C), 54.2 (CH, 1C), 62.0 (CH,-ester, 1C), 129.7 [C(O), 1C],
129.8 [C(0), 1C], 202.0 [C(O), IC].

MS (APCI, +ve): m/z=216.0 (36), 259.8 (51), 276.8 (39), 315.6
(100) [M]", 316.6 (21), 332.6 (44), 374.7 (63).

Ethyl (25,3R)-2-Benzyloxycarbonylamino-3-formyl-4-(cyclo-
hex-3-enyl)butyrate (4d)

Prepared according to the general procedure with 4-vinylcyclohex-
l-ene (58 mg, 0.54 mmol, 1.5 equiv) and a-amido sulfone 2b
(141 mg, 0.360 mmol, 1.0 equiv). Purification was achieved by
flash column chromatography (cyclohexane-EtOAc, 10:1).

Yield: 88 mg (0.32 mmol, 88%); colorless oil; 94% ee determined
by chiral HPLC (Chiralpak-OJ-H; 25 cm x 4.6 mm ID; n-heptane—
EtOH, 200:1; 1.0 mL/min; 40 °C; A =210 nm): #; = 65.2 (major),
76.3 (major), 85.1 (minor), 90.8 (minor)min; [a]y??+37.5
(¢ = 1.00, CHCL,).

"H NMR (400 MHz, CDCL,): & = 1.23 (t, *Jyje.cp = 7.1 Hz, 3 H,
CH;), 1.41-1.52 (m, 2 H, CH,, CH), 1.70 (m,, 4 H, CH, CH,), 2.10
(m,, 1 H, CH,), 3.27 (m,, 0.8 H, CH), 2.95* (m,, 0.2 H, CH), 4.19
(9> *Jemp_cnz = 6.0 Hz, 2 H, CH,), 4.62 (dd, 3Jcy_cy = 3.2 Hz,
3Jennn = 9.0 Hz, 0.8 H, CH), 4.71* (dd, *Jeycn = 3.4 Hz, 3y an =
8.2 Hz, 0.2 H, CH), 5.12 (s, 2 H, CH,), 5.55 (d, *Jyp_cy = 10.1 Hz,
1 H, NH), 5.65 (m,, 2 H, CH), 7.31-7.46 (m, 5 H, Ar-H), 9.60 (s,
0.4 H, CHpgenyage)s 9-62 (s, 0.4 H, CHppgenyae)s 9-71* (s, 0.1 H,
CHdenyde)s 9-73%* (s, 0.1 H, CHypjgenyqe)- * = diastereomer.

13C NMR (100 MHz, CDCL,): § = 14.1 (CH,, 1C), 24.9 (CH,, 1C),
28.3 (CH,, 1C), 29.0 (CH,, 1C), 30.9 (CH,, 1C), 31.0 (CH, 1C),
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51.2 (CH, 1C), 52.0 (CH, 1C), 62.1 (CHy-ester, 1C), 67.2 (CH,,
1C), 127.0 (CH, 2C), 127.3 (Ar-C, 1C), 128.1 (Ar-C, 2C), 1283
(Ar-C, 2C), 128.6 (Ar-C, 1C), 156.5 [C(0), 1C], 170.8 [C(O), 1C],
202.4 [C(0), 1C].

MS (CI, NH,): m/z = 91.0 (25), 360.2 (24), 374.2 (100) [M* + H].

HRMS (CI): m/z [M + H]" caled for C, H,sNOs: 374.19670; found:
374.19675 (A: 0.1 ppm).

Ethyl (25,3R)-2-tert-Butoxycarbonylamino-3-formyl-8-hy-
droxyoctanoate (4e)

Prepared according to the general procedure with hex-5-en-1-ol
(84 pL, 61 mg, 0.54 mmol, 1.5 equiv) and o-amido sulfone 2a
(129 mg, 0.360 mmol, 1.0 equiv). Purification was achieved by
flash column chromatography (cyclohexane-EtOAc, 5:1).

Yield: 99 mg (0.30 mmol, 83%); colorless oil; [a]y**+26.5
(c = 1.30, CHCL).

"H NMR (400 MHz, CDCL): 8 = 1.22 (t, *Jye i = 7.2 Hz, 3 H,
CH,), 1.42 (s, 3 H, -Bu), 1.55 (m,, 4 H, CH,), 1.65-1.84 (m, 4 H,
CH,), 3.05 (m,, 0.8 H, CH), 2.75* (m,, 0.2 H, CH), 3.60-3.66 (m,
2 H, CH,), 4.17 (q, ¥Jeypp-ciis = 7.2 Hz, 2 H, CH,), 4.56 (dd, 3y copy =
3.7 Hz, ey = 94 Hz, 0.8 H, CH), 4.67* (m,, 0.2 H, CH), 5.27
(d, Ygicn = 9.2 Hz, 1 H, NH), 9.58 (s, 0.8 H, CHyjgapy0)> 9-64* (d,
3Jercn = 1.5 Hz, 0.2 H, CH,pjgenya0). * = diastereomer.

13C NMR (100 MHz, CDCL): § = 14.1 (CH,, 1C), 25.0 (CH,, 1C),
25.7 (CH,, 1C), 28.3 (CH,, #-Bu, 3C), 30.3 (CH,, 1C), 32.2 (CH,,
1C), 46.3 (CH, 1C), 52.1 (CH, 1C), 53.9 (CH, 1C), 61.9 (CH,, 1C),
62.6 (CHy-ester, 1C), 171.3 (C, 1C), 202.4 [C(O), 1C], 205.2 [C(O),
1C].

MS (APCI, +ve): m/z=232.1 (96), 257.8 (82), 331.8 (100) [M]",
348.8 (72), 654.0 (60).

Anal. Calcd for C;sH,oNOg: C, 57.99; H, 8.82; N, 4.23. Found: C,
57.90; H, 8.87; N, 4.06.

Ethyl (25,3R)-8-Benzyloxy-2-tert-butoxycarbonylamino-3-for-
myl-octanoate (4f)

Prepared according to the general procedure with 1-[(hex-5-eny-
loxy)methyl]benzene (103 mg, 0.540 mmol, 1.5 equiv) and a-ami-
do sulfone 2a (129 mg, 0.360 mmol, 1.0 equiv). Purification was
achieved by flash column chromatography (cyclohexane—EtOAc,
10:1).

Yield: 129 mg (0.310 mmol, 85%); colorless oil; 94% ee deter-
mined by chiral HPLC (Chiralpak-AD-H; 25 cm x 4.6 mm ID; n-
heptane—i-PrOH, 95:5; 1.0 mL/min; A = 214 nm): #; = 15.6 (major),
17.2 (minor) min; [a]p?2 +23.6 (¢ = 0.48, CHCL,).

"H NMR (400 MHz, CDCl,): § = 1.18 (t, /e cip = 7.2 Hz, 3 H,
CHs;), 1.25-1.45 (m, 4 H, CH,), 1.37 (s, 9 H, #-Bu), 1.55 (m_, 2 H,
CH,), 1.62-1.78 (m, 2 H, CH,), 2.98 (m,, 0.7 H, CH), 2.66* (m,,
0.3 H, CH), 3.40 (t, *Joypcmp = 6.6 Hz, 2 H, CH,), 4.12 (q, *Jowp-cnz =
7.2 Hz, 2 H, CH,), 4.42 (s, 0.5 H, CH,), 4.43* (s, 1.5 H, CH,), 4.45
(dd, *Jeycy = 3.8 Hz, 3Joyng = 9.5 Hz, 0.8 H, CH), 4.61* (m,,
0.2 H, CH), 5.19 (d, *Jxg_cu=9.2 Hz, 1 H,NH), 7.20-7.32 (m, 5 H,
Ar-H), 9.53 (s, 0.8 H, CH), 9.61* (d, *Jcyy_cy = 1.1 Hz, 0.2 H, CH).
* = diastereomer.

13C NMR (100 MHz, CDCL): § = 14.1 (CH,, 1C), 25.1 (CH,, 1C),
28.0 (CH,, 1C), 28.3 (CH,, 1C), 28.4 (+-Bu, 3C), 29.5 (CH,, 1C),
29.6 (CH,, 1C), 52.3 (CH, 1C), 53.0 (CH, 1C), 53.9 (CH, 1C), 61.9
(CH,-ester, 1C), 70.2 (CH,, 1C), 73.0 (CH,, 1C), 127.6 (Ph-C, 1C),
127.7 (Ph-C, 2C), 128.4 (Ph-C, 2C), 138.7 (Ph-C, 1C), 171.2 (+-Bu,
1C), 201.3 [C(0), 1C], 202.4 [C(O), 1C].

MS (APCI, +ve): m/z=322.1 (52), 421.7 (100) [M]", 438.9 (64),
4543 (30).

HRMS (CI): m/z [M + H]" caled for C,3H;NOg: 422.25440; found:
422.25426 (A: 0.3 ppm).
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Ethyl (25,3R)-2-Benzyloxycarbonylamino-13-(tert-butyldi-
methylsilanyloxy)-3-formyl-tridecanoate (4g)

Prepared according to the general procedure with ferz-butyldimeth-
yl(undec-10-enyloxy)silane (154 mg, 0.540 mmol, 1.5 equiv) and
a-amido sulfone 2b (141 mg, 0.360 mmol, 1.0 equiv). Purification
was achieved by flash column chromatography (cyclohexane—
EtOAc, 20:1).

Yield: 182 mg (0.331 mmol, 92%); colorless oil; 93% ee deter-
mined by chiral HPLC (Chiralpak-AD-H; 25 cm x 4.6 mm ID; n-
heptane-EtOH, 95:5; 1.0 mL/min; A =210 nm): ¢, = 6.2 (major),
7.1 (minor) min; [o]p>* +23.28 (¢ = 1.04, CHCL,).

'H NMR (400 MHz, CDCl,): 3 = 0.05 (s, 6 H, CHj), 0.90 (s, 9 H, ¢-
Bu), 1.25 (t, *Jye.cmz = 7.2 Hz, 3 H, CHy), 1.29 (m,, 14 H, CH,),
1.50 (m,, 4 H, CH,), 3.12 (m,, 0.8 H, CH), 2.72* (m,, 0.2 H, CH),
3.59 (t, Yo o = 6.6 Hz, 2 H, CH,), 4.18 (q, Jeps cns = 7.2 Hz,
2 H, CH,), 4.63 (dd, *Jey_cn = 3-8 Hz, *Jepnn = 9.5 Hz, 0.8 H, CH),
4.74* (dd, 3Jep_cn = 3-8 Hz, *Jynn = 8.4 Hz, 0.2 H, CH), 5.14 (s,
1.6 H, CH,), 5.10* (s, 0.4 H, CH,), 5.51 (d, /¢ = 9.6 Hz, 0.9 H,
NH), 5.47* (d, 3Jyy_cu = 8.4 Hz, 0.1 H, NH), 7.30-7.40 (m, 5 H,
Ph), 9.61 (s, 0.9 H, CH 400> 9-69* (d, *Jeyy cn = 1.5 Hz, 0.1 H,
CH 1genyde)- * = diastereomer.

13C NMR (100 MHz, CDCly): 8 =—-5.2 (CH,, 2C), 14.1 (CH,, 1C),
18.5 (CH,, 1C), 25.1 (CH,, 1C), 25.2 (CH,, 2C), 25.9 (CH,, 1C),
26.1 (CH;, #-Bu, 3C), 27.5 (CH,, 1C), 29.4 (CH,, 2C), 29.5 (CH,,
1C), 52.7 (CH, 1C), 53.8 (CH, 1C), 62.0 (CH,-ester, 1C), 63.4
(CH,, 1C), 67.2 (CH,, 1C), 128.1 (Ar-C, 1C), 128.3 (Ar-C, 2C),
128.6 (Ar-C, 20), 128.7 (Ar-C, 1C), 136.3 (+-Bu, 1C), 156.6*
[C(O), IC], 171.0*% [C(O), 1C], 202.6* [C(O), IC], 202.5
(CH pygehydes 1C), [201.3* (CH pjgepyaer 1C)]. * = diastereomer.

HRMS (CI): m/z [M + H]" caled for C;iH5,NO4Si: 550.35639;
found: 550.35540 (A: 1.8 ppm).

Ethyl (25,3R)-8-Acetoxy-2-tert-butoxycarbonylamino-3-
formyloctanoate (4h)

Prepared according to the general procedure with hex-5-enyl ace-
tate (77 mg, 0.54 mmol, 1.5 equiv) and o-amido sulfone 2a
(129 mg, 0.360 mmol, 1.0 equiv). Purification was achieved by
flash column chromatography (cyclohexane-EtOAc, 10:1).

Yield: 132 mg (0.350 mmol, 98%); colorless oil; [o]p** +32.4
(c = 1.00, CHCL).

"H NMR (400 MHz, CDCl,): § = 1.25 (t, 3Jyecmp = 7.2 Hz, 3 H,
CH,), 1.35-1.45 (m,, 6 H, CH,), 1.48 (s, 9 H, #-Bu), 1.52-1.62 (m,
2 H, CH,), 2.05 (s, 3 H, CHj;), 3.05 (m., 0.9 H, CH), 2.54* (m,,
0.1 H, CH), 4.10 (m,, 2 H, CH,), 4.18 (q, *Jcyr-cnz = 7.2 Hz, 2 H,
CH,), 4.58 (dd, *Jegau = 3.7 Hz, *Joycy = 8.8 Hz, 0.9 H, CH),
4.68* (m,, 0.1 H, CH), 5.25 (d, *Jyy_cy = 9.4 Hz, 1 H, NH), 9.61 (s,
0.9 H, CHA]dehyde)a 9.69* (d, 3JC]-LCH =1.5 HZ, 0.1 H, CHAldehyde)'
* = diastereomer.

13C NMR (100 MHz, CDCL): § = 14.0 (CH,, 1C), 14.1 (CH,, 1C),
21.0 (CH,, 1C), 23.5 (CH,, 1C), 23.7 (CH,, 1C), 28.40 (+-Bu, 3C),
29.1 (CH,, 1C), 46.3 (CH, 1C), 63.5 (CH, 1C), 64.3 (CH,-ester,
1C), 73.5 (CH,, 1C), 145.9 [C(O), 1C], 181.0 [C(O), 1C], 205.0
[C(0), 1C].

MS (CI, NH,): m/z=200.1 (43), 274.2 (100), 318.2 (62), 335.2
(40), 374.2 (11) [M* + H].

HRMS (CI): m/z [M + H]" caled for C,gH;,NO;: 374.21788; found:
374.21730 (A: 1.5 ppm).

(2S,3R)-Ethyl 8-Benzoyloxy-2-tert-butoxycarbonylamino-3-for-
myl-octanoate (4i)

Prepared according to the general procedure with hex-5-enyl benzo-
ate (103 mg, 0.500 mmol, 1.4 equiv) and a-amido sulfone 2a
(129 mg, 0.360 mmol, 1.0 equiv). Purification was achieved by
flash column chromatography (cyclohexane-EtOAc, 10:1).

Yield: 119 mg (0.270 mmol, 76%); colorless oil; 93% ee deter-
mined by chiral HPLC (Chiralpak-AD-H; 25 cm x 4.6 mm ID; n-
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heptane—i-PrOH, 90:10; 1.0 mL/min; A =214 nm): #; = 14.8 (ma-
jor), 17.6 (minor) min; [a]p?2 +27.2 (¢ = 0.69, CHCL,).

"H NMR (400 MHz, CDCl,): § = 1.30 (t, *Jye.cp = 7.2 Hz, 3 H,
CH,), 1.43 (s, 9 H, +-Bu), 1.51 (m,, 4 H, CH,), 1.78 (m,, 4 H, CH,),
3.07 (m,, 0.7 H, CH), 2.75* (m,, 0.3 H, CH), 4.20 (q, YJerp.ci3 =
7.2 Hz, 2 H, CH,), 4.32 (t, 3Jey_cin = 6.9 Hz, 2 H, CH,), 4.58 (dd,
3cncn = 3-8 Hz, 3Jgy .y = 9:3 Hz, 0.7 H, CH), 4.70* (dd, *Jeycny =
3.4 Hz, 3oy ny = 8.0 Hz, 0.3 H, CH), 5.25 (d, *Jyyy cn = 9.1 Hz,
1 H,NH), 7.44 (m,, 2 H, Ar-H), 7.55 (m,, | H, Ar-H), 8.04 (m,, 2 H,
Ar-H), 9.62 (s, 0.7 H, CH g jgepyqe)> 9-69* (d, *Jey o = 1.5 Hz, 0.3 H,
CHgenyde)- * = diastereomer.

13C NMR (100 MHz, CDCL,): § = 14.1 (CH,, 1C), 27.2 (CH,, 1C),
28.3 (CH,, 1C), 28.4 (+-Bu, 3C), 28.5 (CH,, 1C), 28.6 (CH,, 1C),
52.2(CH, 1C), 53.1 (CH, 1C), 54.0 (CH, 1C), 61.9 (CH,-ester, 1C),
64.9 (CH,, 1C), 128.4 (Ph-C, 2C), 129.6 (Ph-C, 2C), 132.9 (Ph-C,
1C), 166.7 (Ph-C, 1C), 201.1 [C(O), 1C], 202.2 [C(O), 1C].

MS (CI, NH,): m/z =336.0 (23), 435.6 (98) [M]*, 452.5 (100),
757.9 (18).

Anal. Calcd for C,;H33NO;: C, 63.43; H, 7.64; N, 3.22. Found: C,
63.68; H, 7.70; N, 3.47.

Ethyl (2S5,3R)-(2-tert-Butoxycarbonylamino)-3-formyl-12-
(methylphenylcarbamoyl)dodecanoate (4j)

Prepared according to the general procedure with N-methyl-N-
phenylundec-10-enamide (145 mg, 0.540 mmol, 1.5 equiv) and o-
amido sulfone 2a (129 mg, 0.360 mmol, 1.0 equiv). Purification
was achieved by flash column chromatography (cyclohexane—
EtOAc, 10:1).

Yield: 174 mg (0.345 mmol, 96%) colorless oil; 99% ee determined
by chiral HPLC (Chiralpak-1A; 25 cm x 4.6 mm ID; n-heptane—
1,4-dioxane, 85:15; 1.0 mL/min; A = 214 nm): ¢, = 18.6 (major), 9.4
(minor) min; [a]y*? +22.6 (¢ = 0.83, CHCL,).

"H NMR (400 MHz, CDCl,): 6 = 1.10-1.21 (m,, 8 H, CH,), 1.25 (&,
3Me-c2 = 7.1 Hz, 3 H, CH;), 1.22-1.30 (m,, 6 H, CH,), 1.42 (s,
9H, #Bu), 1.55 (m, 2 H, CH,), 2.05 (m,, 2 H, CH,), 3.02 (m,,
10.8 H, CH), 2.71* (m,, 0.2 H, CH), 3.25 (s, 3 H, CH;), 4.18 (q,
3emr-cms = 6.9 Hz, 2 H, CH,), 4.54 (dd, *Jcy_cy = 3.5 Hz, *Joyan =
9.5Hz, 0.8 H, CH), 4.67* (m,, 0.2 H, CH), 524 (d, *J\ycu =
9.5Hz, 1 H,NH), 7.15 (m,, 2 H, Ar-H), 7.34 (m,, 1 H, Ar-H), 7.40
(m,, 2H, Ar-H), 9.59 (s, 0.8 H, CHypgepyac)> 9-66* (d, *Joy o =
1.5 Hz, 0.2 H, CH pjgepyqe)- * = diastereomer.

13C NMR (100 MHz, CDCLy): § = 14.1 (CH,, 1C), 25.6 (CH,, 1C),
27.4 (CH,, 1C), 28.3 (CH,, 1C), 28.4 (+-Bu, 3C), 29.3 (CH,, 2C),
29.4 (CH,, 1C), 29.5 (CH,, 1C), 34.1 (CH,, 1C), 37.4 (CH,, 1C),
52.3(CH, 1C), 53.1 (CH, 1C), 53.9 (CH, 1C), 61.8 (CH,-ester, 1C),
127.4 (Ph-C, 1C), 127.7 (Ph-C, 2C), 129.8 (Ph-C, 2C), 144.4 (Ph-
C, 1C), 171.3 [C(O), 1C], 201.4 [C(0)O, 1C], 202.6 [C(0)O, 1C].

MS (APCL +ve): m/z=388.1 (12), 405.0 (7), 448.8 (18), 504.8
(100) [M]*, 505.9 (26) [M* + H], 520.9 (15).

HRMS (CI): m/z [M + H]" calcd for CpgH,sN,Og: 505.32776; found:
505.32860 (A: —1.7 ppm).

Ethyl (28,3R)-2-tert-Butoxycarbonylamino-12-[1,3]dioxolan-2-
yl-3-formyldodecanoate (4k)

Prepared according to the general procedure with 2-(dec-9-enyl)-
1,3-dioxolane (127 pL, 115 mg, 0.540 mmol, 1.5 equiv) and o-ami-
do sulfone 2a (129 mg, 0.36 mmol, 1.0 equiv). Purification was
achieved by flash column chromatography (cyclohexane—EtOAc,
15:1).

Yield: 136 mg (0.306 mmol, 85%); [a]p? +7.2 (¢ = 1.10, CHCI,).

"H NMR (400 MHz, CDCl,): § = 1.20-1.35 (m, CH,, 15 H, CH,),
1.20-1.35 (m, 2 H, CH,), 1.44 (s, 9 H, #-Bu), 1.56-1.64 (m, 2 H,
CH,), 1.68-1.80 (m, 2 H, CH,), 3.04 (m,, 0.8 H, CH), 2.71* (m,,
0.2 H, CH), 3.82 (m,, 2 H, CH,), 3.95 (m,, 2 H, CH,), 4.18 (q,
3emo-cus = 7.2 Hz, 2 H, CH,), 4.55 (dd, *Jep_cn = 3-8 Hz, ey =
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9.4 Hz, 0.8 H, CH), 4.68* (dd, *Jcy_cy = 3.7 Hz, 3Jcywu = 8.1 Hz,
0.2 H, CH), 4.82 (t, *Jep_cin = 4.8 Hz, 1 H, CH), 5.24 (d, /e =
9.6 Hz, 1 H), 9.58 (s, 0.8 H, CH}jgenyac)s 9-66% (d, *Jey cn = 1.5 Hz,
0.2 H, CHypjgenyqe)- * = diastereomer.

13C NMR (100 MHz, CDCL,): § = 14.1 (CH,, 1C), 24.1 (CH,, 1C),
25.1 (CH,, 1C), 27.4 (CH,, 2C), 28.3 (CH,, 1C), 28.3 (CH,, -Bu,
3C), 29.3 (CH,, 1C), 29.4 (CH,, 2C), 29.5 (CH,, 1C), 29.6 (CH,,
1C), 52.3 (CH, 1C), 53.9 (CH, 1C), 54.6 (CH, 1C), 61.8 (CH,-ester,
1C), 64.9 (CH,, 2C), 171.3 (¢-Bu, 1C), 201.4 [C(O), 1C], 202.5
[C(0), 1C].

MS (APCI, +ve): m/z=344.1 (35), 387.9 (20), 443.7 (100) [M]",
459.3 (28).

HRMS (CI): m/z [M + H]J" caled for C,;H,,NO,: 444.29613; found:
444.29610 (A: 0.1 ppm).

Diethyl (2S,115,3R,10R)-2,11-Bis(fert-butoxycarbonylamino)-
3,10-diformyl-dodecanedioate (41)

Prepared according to the general procedure with octa-1,7-diene
(26 mg, 0.23 mmol, 0.65 equiv) and a-amido sulfone 2a (129 mg,
0.360 mmol, 1.0 equiv). Purification was achieved by flash column
chromatography (cyclohexane-EtOAc, 10:1).

Yield: 173 mg (0.302 mmol, 84%); colorless oil; [o]p>* +10.7
(¢ = 0.90, CHCl).

"H NMR (400 MHz, CDCl,): § = 1.25 (t, 3Jyecmp = 7.2 Hz, 6 H,
CHs;), 1.38-1.46 (m, 8 H, CH,), 1.43 (s, 18 H, #-Bu), 1.62—1.85 (m,
4 H, CH,), 3.04 (m,, 1 H, CH), 2.73* (m_,, 1 H, CH), 4.20 (q,
3ews-cny = 7.2 Hz, 4 H, CH,), 4.55 (m, 1.3 H, CH), 4.67* (dd,
3eneen = 3.7 Hz, 3Jeynn = 7.8 Hz, 0.7 H, CH), 5.25 (d, 3Jyycn =
9.6 Hz, 2 H, NH), 9.59 (s, 1.3 H, CH), 9.66* (s, 0.7 H, CH).
* = diastereomer.

13C NMR (100 MHz, CDCLy): § = 14.1 (CHs, 2C), 23.6 (CH,, 1C),
24.8 (CH,, 1C), 25.1 (CH,, 1C), 27.0 (CH,, 1C), 27.4 (CH,, 1C),
28.3 (CH,, 1C), 28.4 (CH,, #-Bu, 6C), 29.2 (CH, 1C), 61.9 (CH,-es-
ter, 2C), 1553 (C, 1C), 155.9 (C, 1C), 170.9 [C(O), 1C], 171.2
[C(0), 1C], 201.3 [C(O), 1C], 202.4 [C(O), 1C].

MS (APCI, +ve): m/z=417.0 (100), 516.7 (32), 572.7 (94) [M]",
589.7 (76), 741.8 (20).

Domino Reaction under RTAP Conditions; General Procedure
[Rh(CO),acac] (2.5 mg, 9.7 umol, 0.025 equiv) and 6-DPPon
(13.5 mg, 48 umol, 0.125 equiv) were dissolved in a Schlenk flask
in CHCI; (1.5 mL) and stirred for 5 min at r.t. After the addition of
1-octene (230 pL, 163 mg, 1.45 mmol, 4.0 equiv) the mixture was
stirred for 3 min, then aminocatalyst 1 (43 mg, 80 pumol, 0.20 equiv)
and trimethoxybenzene (9.1 mg, 54 pumol, 0.15 equiv) were succes-
sively added. After addition of either the corresponding a-amido-
sulfone 2 (0.36 mmol, 1.0 equiv) and KF (105 mg, 1.80 mmol,
5.0 equiv) or the corresponding imine 6a—d (0.36 mmol, 1.0 equiv),
the reaction mixture was saturated with synthesis gas (CO/H,, 1:1)
by applying three cycles of careful evacuation and refilling. The
flask was pressurized with 1 bar CO/H, (1:1) and the mixture was
stirred for 24 h at r.t. After depressurization, the mixture was diluted
with CH,Cl,, filtered through a plug of silica where appropriate and
washed with CH,Cl,—Et,0 (1:1). The solvent was removed in vacuo
and the residue was purified by flash column chromatography (cy-
clohexane-EtOAc) giving the amino carbonyl compound 4 or 5.
The enantiomeric excess was determined by chiral HPLC analysis.

Ethyl (4-Methoxyphenylimino)acetate (6¢)

To a solution of ethyl glyoxylate (50% in toluene, 2.5 mL, 2.6 g,
4.0 mmol, 1.0 equiv) in CH,Cl, (15 mL), a solution of p-anisidine
(0.50 g, 4.0 mmol, 1.0 equiv) in CH,Cl, (5 mL) was added at r.t.
The mixture was stirred for 30 min, then molecular sieves (4 A)
were added. After 1 h at r.t., the reaction mixture was filtered and
concentrated in vacuo. Purification by flash column chromatogra-
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phy (cyclohexane—EtOAc, 5:1; silicagel deactivated with 5% Et;N)
gave 6¢. The analytical data correspond to those reported previous-
1y.24

Yield: 716 mg (3.50 mmol, 86%); yellow oil.

'H NMR (400 MHz, CDCly): § = 140 (t, 3y s = 7.2 Hz, 3 H,
CH,), 3.81 (s, 3 H, OCH,), 4.40 (q, *Jeypcus = 7.1 Hz, 2 H, CH,),
6.86 (d, *J=9.0 Hz, 2 H, 0-Ar-H), 7.35 (d, °J = 9.1 Hz, 2 H, 0-Ar-
H), 7.87 (s, 1 H, CH).

13C NMR (100 MHz, CDCL): 8 = 14.3 (s, CHj, 1C), 55.6 (s, OCHL,
1C), 62.0 (s, CH,, 1C), 114.6 (s, Ar-CH, 2C), 123.7 (s, Ar-CH, 2C),
141.5 (s, Ar-C, 1C), 148.1 [s, C(N), 1C], 160.6 (s, Ar-C, 1C), 163.7
[s, C(0), 1C].

MS (EI): m/z = 77.0 (8), 107.0 (12), 134.0 (100), 207.1 (50) [M]".

N-Isobutylidene-4-methylbenzenesulfonamide (6d)

A mixture of isobutyraldehyde (0.91 mL, 0.72 mg, 10 mmol,
1.0 equiv), toluenesulfonamide (1.7 g, 10 mmol, 1.0 equiv) and so-
dium p-toluenesulfinate (1.8 g, 10 mmol, 1.0 equiv) in formic acid
(15 mL) and distilled H,O (15 mL) was stirred for 12 h at r.t. The
white precipitate was removed by filtration, washed with H,O
(2 x 10 mL) and cyclohexane (10 mL), then dissolved in CH,Cl,
(100 mL). Aqueous NaHCO; (70 mL) was added and the mixture
was stirred for 2 h at r.t. After separation of the layers, the aqueous
phase was extracted with CH,Cl, (70 mL) and the combined organic
phases were dried (NaHCO;) to give 6d. The analytical data corre-
spond to those reported previously.?

Yield: 571 mg (2.50 mmol, 25%); colorless solid; mp 50 °C.

'H NMR (400 MHz, CDCL): 8 = 0.76 (d, *Joy cus = 6.9 Hz, 6 H,
CH,), 1.93 (s, 3 H, CHy), 2.10 (dsept, *Jeyy_cys = 3.8 Hz, Jeypcaps =
1.1 Hz, 1 H, CH), 6.85 (d, 3/=8.0 Hz, 2 H, o-Ar-H), 8.03 (d,
3J=8.2 Hz, 2 H, 0-Ar-H), 8.59 (d, /ey cn = 3.9 Hz, 1 H, CH).

13C NMR (100 MHz, CDCL,): & = 17.5 (s, CHs, 2C), 21.1 (s, CH,
1C), 34.4 (s, CH, 1C), 128.4 (s, Ar-CH, 2C), 129.8 (s, Ar-CH, 2C),
136.4 (s, Ar-C, 1C), 144.1 (s, Ar-C, 1C), 181.2 [s, C(N), 1C].

MS (CI, NH,): m/z = 155.1 (8), 226.2 (100) [M]*, 243.1 (41) [M* +
NH,]".

Preparation and Characterization of 4a,b and 5a,b under

RTAP Conditions

Ethyl (25,3R)-2-tert-Butoxycarbonylamino-3-formyldecanoate
4a

%reg)ared according to the general procedure with 1-octene (230 pL,
163 mg, 1.45 mmol, 4.0 equiv) and 6a (129 mg, 0.360 mmol, 1.0
equiv). Purification was achieved by flash column chromatography
(cyclohexane—EtOAc, 10:1) to obtain 4a.

Yield: 111 mg (0.324 mmol, 90%); colorless oil; 98% ee deter-
mined by chiral HPLC of the corresponding O-benzyloxime (Chi-
ralpak-AD-H; 25 cm X 4.6 mm ID; n-heptane—i-PrOH, 85:15; 1.0
mL/min; A=214nm): ¢, = 14.5 (major), 10.4 (minor) min;
[a]p?2 +23.1 (¢ = 1.10, CHCly).

For analytical data, see above.

Ethyl (25,3R)-2-Benzyloxycarbonylamino-3-formyldecanoate
(4b)

Prepared according to the general procedure with 1-octene (230 pL,
163 mg, 1.45 mmol, 4.0 equiv) and 6b (141 mg, 0.360 mmol, 1.0
equiv). Purification by flash column chromatography (cyclohex-
ane—EtOAc, 10:1) gave 4b.

Yield: 118 mg (0.310 mmol, 86%); colorless oil; 93% ee deter-
mined by chiral HPLC (Chiralpak-AD-H; 25 cm x 4.6 mm ID; n-
heptane—i-PrOH, 85:15; 1.0 mL/min; A =214 nm): ¢; = 10.8 (ma-
jor), 11.5 (minor) min; [a]p?? +39.1 (¢ = 1.20, CHCL,).

For analytical data, see above.

Synthesis 2014, 46, 1311-1320

Downloaded by: UC Santa Barbara. Copyrighted material.



1318 S. Diezel, B. Breit

SPECIAL TOPIC

Ethyl (25,3R)-3-Formyl-2-(4-methoxyphenylamino)decanoate
Sa

%reg)ared according to the general procedure with 1-octene (230 pL,
163 mg, 1.45 mmol, 4.0 equiv) and ethyl (4-methoxyphenylimi-
no)acetate (6¢; 74 mg, 0.36 mmol, 1.0 equiv). Purification was
achieved by flash column chromatography [cyclohexane—EtOAc,
50:1 — 10:1; Alox (deactivated with 8% H,0)] to give 5a.

Yield: 92 mg (0.263 mmol, 73%); yellow oil; 84% ee determined
by chiral HPLC (Chiralpak-AD-3; 15 cm x 4.6 mm ID; n-heptane—
i-PrOH, 98:2; 1.0 mL/min; A =214 nm): #, = 4.3 (major), 4.8
(minor) min; [a]p** —19.3 (¢ = 1.00, CHCl,).

"H NMR (400 MHz, CDCl;): § = 0.83 (t, *Jye.cp = 7.1 Hz, 3 H,
CH,), 1.26 (m,, 13 H, CH,, CH,), 1.55 (m_, 2 H, CH,), 2.76 (m,,
1 H, CH), 2.95*% (m., 1 H, CH), 3.81 (s, 3 H, OMe), 4.13 (q,
ez = 7.1 Hz, 2 H, CH,), 4.91 (d, *Joyny = 10.2 Hz, 1 H, CH),
4.99 (d, 3Jypcu = 17.5 Hz, 1 H, NH), 6.65 (d, >*J=9.4 Hz, 2 H, o-
Ar-H), 6.79 (d,3J = 9.0 Hz, 2 H, 0-Ar-H), 9.66 (d, *Jop_cn = 2.7 Hz,
1 H, CH), 9.70* (d, *Joy_cy = 2.3 Hz, 1 H, CH). * = diastereomer.

13C NMR (100 MHz, CDCLy): § = 14.1 (CHs, 3C), 22.7 (CH,, 1C),
22.8 (CH,, 1C), 25.5 (CHs, 1C), 26.8 (CH,, 1C), 28.9 (CH,, 1C),
29.0 (CH,, 1C), 29.5 (CH, 1C), 29.6 (CH,, 1C), 30.0 (CH,, 1C),
31.0 (CH,, 1C), 53.7 (CH, 1C), 55.6 (OMe, 1C), 60.4 (CH,, 1C),
114.3 (Ar-CH, 2C), 114.5 (Ar-CH, 2C), 1322.5 (Ar-C, 1C), 144.2
(Ar-C, 1C), 159.0 [C(0), 1C], 160.0 [C(O), 1C], 166.0 (CH, 1C).

Anal. Caled for C,,H;,NO, (349.23): C, 68.74; H, 8.94; N, 4.01.
Found: C, 69.24; H, 8.93; N, 3.86.

(3R,4R)-2-Methyl-3-(4-methylbenzenesulfonamido)-4-formyl-
undecane (5b)

Prepared according to the general procedure with 1-octene (230 pL,
163 mg, 1.45 mmol, 4.0 equiv) and N-isobutylidene-4-methylben-
zenesulfonamide (6d; 81 mg, 0.36 mmol, 1.0 equiv). Purification
was achieved by flash column chromatography (cyclohexane—
EtOAc, 50:1) to give 5b.

Yield: 100 mg (0.274 mmol, 76%); colorless oil; 78% ee deter-
mined by chiral HPLC (Chiralpak-AD-H; 25 cm x 4.6 mm ID; n-
heptane—i-PrOH, 85:15; 1.0 mL/min; A = 214 nm): £, = 6.3 (major),
6.8 (minor) min; [o]p>? +4.3 (¢ = 1.20, CHCI,).

'"H NMR (400 MHz, CDCl,): & = 0.85-0.92 (m, 9 H, CH;), 1.14—
1.40 (m, 10 H, CH,), 1.32-1.40 (m, 2 H, CH,), 1.56 (m,, 1 H, CH),
2.42 (s, 3 H, CH;), 2.43-2-47 (m, 1 H, CH), 3.48 (m., 1 H, CH),
3.41% (m,, 1 H, CH), 4.85 (d, *Jxy = 9.1 Hz, 1 H, NH), 4.97* (d,
3aren = 10.0 Hz, 1 H, NH), 7.28 (t, *J=7.8 Hz, 2 H, o-Ar-H),
7.74 (t, *J= 8.2 Hz, 2 H, o-Ar-H), 9.57 (m,, 1 H, CH), 9.48* (d,
3Jencn = 3.3 Hz, 1 H, CH). * = diastercomer.

13C NMR (100 MHz, CDCL,): 8 = 14.2 (CH,, 3C), 21.6 (CH,, 1C),
25.8 (CH,, 1C), 26.1 (CH, 1C), 27.8 (CH,, 1C), 29.1 (CH,, 1C),
29.2 (Mey,, 1C), 29.4 (CH, 1C), 29.6 (CH,, 1C), 31.8 (CH,, 1C),
53.7 (CH, 1C), 54.9 (CH, 1C), 127.1 (Ar-CH, 2C), 129.7 (Ar-CH,
20), 138.5 (Ar-C, 1C), 143.4 (Ar-C, 1C), 203.9 [C(0), 1C].

Continuative Reactions

Diethyl 5-zert-Butoxycarbonylamino-4-heptylhex-2-enedioate
(7) through Horner—Wadsworth—-Emmons Reaction

To a suspension of NaH (60% in mineral oil, 3.8 mg, 96 pmol,
1.1 equiv) in CH,Cl, (1 mL), ethyl (diethoxyphosphoryl)acetate
(22 mg, 96 umol, 1.1 equiv) was dropped at 0 °C and the mixture
was stirred for 1 h at the same temperature. Aldehyde 4a (30 mg,
87 umol, 1.0 equiv) was added and the solution was stirred for 16 h
at r.t. The reaction mixture was then quenched with sat. aq NH,Cl
(1 mL) and H,O (1 mL), the phases were separated, and the aqueous
phase was extracted with CH,Cl, (3 x 2.5 mL). The combined or-
ganic phases were washed with brine, dried over Na,SO,, filtered
and the solvent was removed under reduced pressure. Purification
was achieved by flash column chromatography (cyclohexane—
EtOAc, 25:1) to give 7.
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Yield: 41 mg (86 pmol, 99%); colorless oil; [a]y?? +27.5 (¢ = 1.50,
CHCL,).

"H NMR (400 MHz, CDCly): & = 0.80 (t, %o cirp = 7.1 Hz, 3 H,
CHj), 1.20 (m,, 16 H, CH,, CH,), 1.39 (s, 9 H, -Bu), 1.42-1.57 (m,
2H, CH,), 2.53 (m,, 0.8 H, CH), 2.50* (m,, 0.2 H, CH), 4.12 (q,
Ve = 7.2 Hz, 2 H, CH,), 4.14 (q, Jopcus = 7.2 Hz, 2 H,
CH,), 4.37 (dd, Jeycn = 43 Hz, *Joyny = 9.1 Hz, 0.8 H, CH),
4.29% (m,, 0.2 H, CH), 4.86 (d, *xyy . = 9.1 Hz, 0.8 H, NH), 4.89*
(d, iy = 9.1 Hz, 0.2 H, NH), 5.75 (dd, Jey s = 15.6 Hz,
Jenacn = 0.9 Hz, 0.8 H, CH,), 5.77* (dd, Jeys oo = 15.7 Hz,
Yenncn = 0.9 Hz, 02 H, CH,), 6.63 (dd, YJeus cun = 15.7 Hz,
3emscon = 9.5 Hz, 0.8 H, CHy), 6.64* (dd, Yoy cua = 15.9 Hz,
3Jenp-cu = 9.7 Hz, 0.2 H, CHy). * = diastereomer.

13C NMR (100 MHz, CDCl,): § = 14.1 (CH;, 1C), 14.3 (CH;, 2C),
22.7 (CH,, 1C), 27.2 (CH,, 1C), 28.4 (CH;, t-Bu, 3C), 29.1 (CH,,
1C), 29.5 (CH,, 1C), 30.4 (CH,, 1C), 31.9 (CH,, 1C), 45.5 (CH,
0.8C), 46.0* (CH, 0.2C), 56.6 (CH, 1C), 60.5 (CH,-Ester, 2C),
123.9 (CH,, 0.8C), 124.1* (CH,, 0.2C), 146.8 (CHg, 0.8C), 147.2*
(CHg, 0.2C), 155.6 [C(0O), 1C], 166.0 [C(O), 1C], 171.4 [C(O), 1C].
* = diastereomer.

MS (CI, NH,): m/z=314.3 (53), 375.3 (100), 431.3 (61) [M +
NH,]".

HRMS (CI): m/z [M + H]" caled for C,,H,sNO,+ NH;: 431.31211;
found: 431.31180 (A: 0.7 ppm).

General Procedure for the Wittig Olefination'®

Aldehyde 4a (1.0 equiv) was dissolved in THF (0.07 M) and the
corresponding phosphorous yilde (1.2—1.5 equiv) was added at r.t.
The reaction mixture was stirred overnight at r.t., then the solvent
was evaporated under reduced pressure and the product was puri-
fied by flash column chromatography (cyclohexane—EtOAc).

Ethyl 2-tert-Butoxycarbonylamino-3-(3-oxobut-1-enyl)decano-
ate (8

Prefgazed according to the general procedure with 4a (30 mg,
87 umol, 1.0 equiv) and (triphenyl-15-phosphanylidene)propan-2-
one (42 mg, 0.13 mmol, 1.5 equiv) in THF—-CH,CI, (1:1). Purifica-
tion was achieved by flash column chromatography (cyclohexane—
EtOAc, 10:1) to give 8.

Yield: 27 mg (70 pmol, 81%); colorless oil; [a]y>? +30.5 (¢ = 1.00,
CHCL,).

'"H NMR (400 MHz, CDCl,): § = 0.86 (t, *Jye.cp = 7-1 Hz, 3 H,
CH,), 1.18-1.32 (m, 13 H, CH,;, CH,), 1.43 (s, 9 H, ¢-Bu), 1.52—
1.60 (m, 2 H, CH,), 2.24 (s, 0.8 H, CH;), 2.25* (s, 0.2 H, CH;), 2.66
(m, 0.8 H, CH), 2.59* (m,, 0.2 H, CH), 4.19 (q, *Jcyp_ci3 = 7.2 Hz,
1.6 H, CH,), 4.20* (q, *Jemp_cus = 72 Hz, 0.4 H, CH,), 4.36-4.46
(m, 1 H, CH), 5.01 (d, *Jyu_cu = 8.7 Hz, 0.8 H, NH), 5.08* (d,
3aicn = 8.7 Hz, 0.2 H, NH), 6.06 (dd, *Jeys cus = 16.0 Hz,
Jenacn = 0.8 Hz, 0.8 H, CH,), 6.07* (d, *Jeyacns = 16.0 Hz,
0.2 H, CH,), 6.54 (dd, *Jeys-cua = 159 Hz, *Jeyp oy = 9.4 Hz,
0.8 H, CHy), 6.56* (dd, *Jeys cua = 15.7 Hz, Jopp o = 9.4 Hz,
0.2 H, CHy). * = diastereomer.

13C NMR (100 MHz, CDCly): 8 = 14.1 (CH,, 1C), 14.3 (CH,, 1C),
22.7 (CH,, 1C), 26.9 (CH,, 1C), 27.1 (CH,, 1C), 27.2 (CH,, 1C),
28.3 (CH;, #-Bu, 3C), 29.1 (CH,, 1C), 29.4 (CH,, 1C), 31.8 (CH,,
1C), 46.1 (CH, 0.8C), 46.2* (CH, 0.2C), 56.6 (CH, 1C), 61.6
(CH,-ester, 2C), 133.1 (CH,, 0.8C), 133.4* (CH,, 0.2C), 146.0
(CHjg, 0.8C), 146.6* (CHg, 0.2C), 155.5 [C(0), I1C], 171.1 [C(O),
1C], 198.1 [C(O), 1C]. * = diastereomer.

MS (CI, NH,): m/z = 182.1 (34), 239.0 (83), 284.2 (34), 328.2 (50),
345.2 (100), 384.3 (29) [M* + H], 401.3 (30) [M" + NH,].

HRMS (CI): m/z [M + NH,]" calcd for C,H,N,O5: 401.30155;
found: 401.30110 (A: 1.1 ppm).
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1-Ethyl 8-Methyl 2-tert-Butoxycarbonylamino-3-heptyl-6-oxo-
oct-4-enedioate (9)

Prepared according to the general procedure with 4a (30 mg,
87 umol, 1.0 equiv) and methyl 3-oxo0-4-(triphenyl-15-phosphanyl-
idene)butyrate (50 mg, 0.13 mmol, 1.5 equiv). The reaction mixture
was stirred at 60 °C for 6 d. Purification was achieved by flash col-
umn chromatography (cyclohexane-EtOAc, 10:1) to give 9.

Yield: 35 mg (79 pmol, 91%); colorless oil; [a]y?? +42.5 (c = 0.40,
CHCL,).

"H NMR (400 MHz, CDCl,): § = 0.80 (t, /e cp = 7.1 Hz, 3 H,
CH,;), 1.20 (m, 13 H, CH;, CH,), 1.45 (s, 9 H, #-Bu), 1.52-1.67 (m,
2 H, CH,), 2.69 (m,, 0.8 H, CH), 2.50* (m,, 0.2 H, CH), 3.58 (s,
2 H, CH,), 3.70 (s, 3 H, OMe), 4.19 (q, *Jemo-cus = 7-2 Hz, 2 H,
CHZ) 4.42 (m, 1 H, CH), 501(d 3icu = 9.1 Hz, 1 H,NH), 6.15
(dd 3enacup = 16.1 Hz, “Jepya_cy = 0.8 Hz, 0.8 H, CH,)), 6.16* (d,
3Jenacus = 15.7Hz, 0.2 H, CH,), 6.61 (dd, *Joyp cya = 16.5 Hz,
JCHB%H = 9.4 Hz, 0.8 H, CHy), 6.67* (dd, *Joyp cua = 16.4 Hz,
3Jeuscu = 9.4 Hz, 0.2 H, CHy). * = diastereomer.

13C NMR (100 MHz, CDCL,): § = 14.1 (CH,, 1C), 14.3 (CH,, 2C),
22.7 (CH,, 1C), 27.2 (CH,, 1C), 27.5 (CH,, 1C), 28.4 (CH,, ¢-Bu,
3C),29.1 (CH,, 1C), 29.2 (CH,, 1C), 29.5 (CH,, 1C), 45.9 (CH, 1C),
46.1 (CH,, 1C), 46.9 (CH, 1C), 52.5 (OMe, 1C), 61.8 (CH,-ester, 2C),
131.6 (CH,, 1C), 148.0 (CHj, 1C), 155.0 [C(O), 1C], 167.7 [C(O),
1C], 173.2 [C(O), 1C] 192.0 [C(O), 1C]. * = diastercomer.

MS (CI, NH,): m/z=240.2 (56), 324.2 (63), 386.2 (14), 403.2
(100), 442.2 (10) [M* + H].

HRMS (CI): m/z [M + NH,]" caled for C,;H;3N,05: 459.30703;
found: 459.30750 (A: —1.0 ppm).

Grignard Addition Reactions; General Procedure

The Grignard reagent (1.0 M in THF, 1.4 equiv) was cooled to
—78 °C and a solution of the corresponding aldehyde 4a or 4b (1
equiv) in Et,0 (0.5 mL) was added dropwise. The reaction mixture
was maintained at —78 °C for 1 h, then warmed to r.t. over 1 h. The
reaction was then quenched with sat. aq NH,Cl and stirred for
15 min. Subsequently, the reaction mixture was acidified with aq
HCI (1 M) and the layers were separated. The aqueous phase was
extracted with Et,0O (3 x 3 mL) and the combined organic phases
were washed with brine, dried over Na,SO,, filtered, and the solvent
was evaporated under reduced pressure. Purification was achieved
by flash column chromatography (cyclohexane-EtOAc,
50:1-25:1).

tert-Butyl (4-Heptyl-2-oxo0-5-methyltetrahydrofuran-3-yl)car-
bamate (10)
Prepared from aldehyde 4a (68 mg, 0.2 mmol, 1.00 equiv).

Yield: 25 mg (0.08 mmol, 40%); colorless oil; [a]p>* 3.1 (c = 0.45,
CHCl,, 22 °C).

'H NMR (400 MHz, CDCly): § = 0.88 (t, 3y o1 = 6.7 Hz, 3 H,
CH,), 1.26 (m,, 12 H, CH,), 1.43 (d, *Jy o = 6.6 Hz, 3 H, CH,),
1.46 (5, 9 H, -Bu), 2.39 (m,, 0.9 H, CH), 448 (9, /sy cun = 6.7 Hz,
1 H, CH), 4.60 (dd, *Jey o = 6.7 Hz, 3Joy i = 8.5 Hz, 1 H, CH),
4.90 (m,, 0.9 H, NH).

13C NMR (100 MHz, CDCL,): § = 14.1 (CH;, 1C), 20.6 (CH;, 1C),
22.7 (CH,, 1C), 26.8 (CH,, 1C), 27.3 (CH,, 1C), 28.3 (CH,, 10),
29.1 (CH,, 1C), 29.6 (CH,, 1C), 31.8 (CH,, 1C), 44.4 (CH, 1C),
52.5 (CH, 1C), 79.9 (CH, 1C), 80.6 (¢-Bu, 1C), 155.6 (C(0O), 10),
175.1 (C(0O), 1C).

MS (CL, NH;): m/z=85.0(24),213.2 (17),3258.2 (37),275.2 (100),
314.3 (22) [M + HJ%, 331.3 (19) [M + NH,]". Signal assignment in
the NMR spectra was based on H,H- and C,H-COSY experiments.
Assignment of relative configuration was based on NOESY exper-
iments.

HRMS (CI): m/z [M + NH,]" caled for C,,H;sN,0,: 331.25968;
found: 331.26000 (A: 1.0 ppm).

© Georg Thieme Verlag Stuttgart - New York

Benzyl (4-Heptyl-2-o0xo-5-vinyltetrahydro-furan-3-yl)carba-
mate (11)
Prepared from aldehyde 4b (109 mg, 0.289 mmol, 1.00 equiv) to

give lactone 11.

Yield: 64 mg (0.18 mmol, 62%); colorless oil; [a]p>* —3.1 (¢ = 0.45,
CHCL,).

"H NMR (400 MHz, CDCl,): § = 0.88 (t, *Jyecm2 = 6.6 Hz, 3 H,
CH;), 1.25 (m, 12 H, CHZ) 2.60 (m,, 0.9 H, CH), 2.62* (m_, 0.1 H,
CH), 4.59 (dd, *Jey-cu = Jepnu = 7.2 Hz, 1 H, CH), 4.81 (m_, 1 H,
CH), 5.13 (m, 3 H, NH, CH,), 5.28 (d, 3JCH cu=10.1 Hz, 1 H, CH),
537(d 3Jen.cn = 17.3 Hz, 1 H, CH), 5.90 (ddd, 3Jcy cy = 17.3 Hz,
3Jencen = 10.1 Hz, *J oy oy = 5.2 Hz, 1 H, CH),7.35 (m,, 5 H, Ar-H).
* = diastereomer.

13C NMR (100 MHz, CDCl,): § = 14.1 (CH,, 2C), 22.7 (CH,, 10),
26.7 (CH,, 1C), 26.8 (CH,, 1C), 29.1 (CH,, 1C), 29.6 (CH,, 10),
31.8 (CH,, 1C),43.5 (CH, 1C), 52.6 (CH, 1C), 67.6 (CH,, 1C), 82.3
(CH, 1C), 117.4 (CH,, 1C), 128.2 (Ar-C, 2C), 128.5 (Ar-C, 1C),
128.7 (Ar-C, 2C), 134.5 (CH, 1C), 136.0 (Ar-C, 1C), 156.1 [C(O),
1C], 174.7 [C(O), 1C]. Signal assignment in the NMR spectra was
based on H,H- and C,H-COSY experiments. Assignment of relative
configuration was based on NOESY experiments.

MS (CI, NH,): m/z =91.1 (18), 360.2 (100) [M" + H], 364.2 (48),
377.2(77) [M* + NH,].

HRMS (CI): m/z [M + H]" caled for C, H;,NO,: 360.21748; found:
360.21710 (A: —1.1 ppm).
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