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General. The 'H NMR and '*C NMR spectra were recorded at 400 MHz
and 100 MHz, respectively. The chemical shifts are reported in ppm

relative to CDCl 3 (d = 7.26) for H NWR and relative to the central

resonances of CDOs (d = 77.0) for *C NWR Chromatography was
carried out by flash chromatography (FC) using Merck silica gel 60
(230-400 nmesh) using m xtures of Et,O and n-pentane or EtQAc and n-
pentane as eluents. Optical rotation was neasured on a Perkin-
Elmer 241 polarineter. NVR data of known conpounds are in

agreenent with literature val ues.

Materials. Al solvent were of p.a. quality and were dried by
standard procedures prior to use if necessary. Unless otherw se
specified, materials were obtained from commercial sources and
used without purification. a,-Unsaturated al dehydes (7e, 7f, 7g,
7h, 7i, 7)) were prepared follow ng the procedure described in the
literature.!Y Cinnanyl al dehyde (7a) was purified by distillation
before usage and stored under nitrogen. Catalysts (R)-10 and (S)-
10 were prepared as described in the literature.!?



Ceneral procedure for the organocatal ytic addition of malonates to
a, B-unsaturated al dehydes: The catalyst 15.0 nmg (0.025 mmol, 0.1
equiv.) 10 was added to a stirred ice-cooled (0 °C) solution of
t he a, B-unsaturated al dehyde (0.50 mml, 2.0 equiv.) 7 in 1.0 nL
solvent followed by the addition of (0.25 mmol, 1.0 equiv.)
mal onate 8. The reaction m xture was stirred for 96 h at 0 °C and
then filtered through 1-2 cm bed of silica washing through wth
Et O and CHO ,. The solvents were evaporated under vacuum The
crude product was subjected to FC on silica gel (Et.Qn-
pentane/ CH,Cl , 1:10:0.1) to yield the desired addition product.

(R) - 2- (3- Oxo- 1- phenyl propyl ) mal oni ¢ aci d di benzyl ester (6a)
O Yellow solid. Yield: 80% using catalyst (S)-10.
| 'H N\R (CDO3) d 9.59 (t, 3J = 1.5 Hz, 1H), 7.43-
v, COBNn 7.09 (m 15H), 5.20 (s, 1H), 5.19 (s, 1H, 4.95
&an (s, 1H), 4.94 (s, 1H), 4.10 (m 1H, 3.89 (d, % =
9.0 Hz, 1H), 2.92 (dd, 3J = 1.5 Hz, %] = 6.3 Hz,
(R)-6a 2H). 3C NMR (CDO3) d 199.9, 167.7, 167.1, 139.5,
135.0, 134.9, 128.8, 128.6, 128.5, 128.4, 128.3, 128.3, 128.2,
128.0, 127.5, 67.5, 67.2, 57.4, 47.2, 39.5. HRVS: GCpHpsQ [MtNa]*
cal cd: 439.1521, found: 439.1507. [a]p®® = -15.7 (¢ = 1.03, CHO s,

84% ee (R).

(S)-2-(3-0xo- 1- phenyl propyl ) mal oni ¢ aci d di benzyl ester (6a)
Yellow solid. Yield: 75% using catalyst (R)-10.

C|) 'H N\R (CDO3) d 9.59 (t, 3J = 1.5 Hz, 1H), 7.43-

CO,Bn 7.09 (m 15H), 5.20 (s, 1H), 5.19 (s, 1H), 4.95

(s, 1H), 4.94 (s, 1H), 4.10 (m 1H, 3.89 (d, 3% =

COBN 5 0 e, 1M, 2.92 (dd, % = 1.5 H, 3 = 6.3 M,
(S)-6a 2H). [a]®® = +16.8 (c = 0,81, CHO 3 90%ee (9)).



(R) - 2- (3- Oxo- 1- phenyl propyl ) mal oni ¢ acid di nethyl ester (6b)
'e) Colourless liquid. Yield: 85% using catalyst (S)-
| 10. H NWR (CDCl3) d 9.61 (t, 33 = 1.6 Hz, 1H),
4, CO,Me 7.33-7.22 (m 5H), 4.04 (m 1H), 3.78 (d, *J = 2.5
CEDZMe Hz, 1H), 3.76 (s, 3H), 3.52 (s, 3H), 2.94 (m 2H).
3C NWR (CDCl3) d 199.8, 168.2, 167.6, 139.5,
6b 128.6, 127.8, 127.4, 57.0, 52.6, 52.3, 47.2, 39.3.
HRVS: CusHhieQ® [MeNa] ¥ cal cd:  287.0895, found: 287.0882. [a]p® =
-29.8 (¢ = 0.56, CHO 3 93%ee (R).

(R) - 2- (3- Oxo- 1- phenyl propyl ) mal oni c acid diethyl ester (6c)
o) Colourless liquid. Yield: 42% using catalyst (S)-
| 10. 'H NMR (CDCl3) d 9.58 (t, 3 = 1.5 Hz, 1H),
s, CO,Et 7.30-7.19 (m 5H), 4.20 (q, J = 7.1 Hz, 2H), 4.01
(;ZEt (dt, 33 = 9.7 Hz, % = 5.3 Hz, 1H), 3.93 (g, %J =
7.1 Hz, 2H), 3.70 (d, % = 10.1 Hz, 1H), 2.90 (m
6c 2H), 1.25 (t, 3% = 7.1 Hz, 3H), 0.99 (t, 3 = 7.1
Hz, 3H). ¥C NWR (CDd3) d 200.0, 167.9, 167.3, 139.6, 128.6, 128.0,
127.4, 61.7, 61.3, 57.4, 47.3, 39.4, 13.9, 13.6. HRMS: Gt
[ MiNa] * cal cd: 315. 1208, found: 315.1210. [a]p®® = -25.8 (¢ = 1.02,

CHC 3, 89% ee (R)).

(R) - 2-(3-Oxo-1-(4- bronophenyl ) propyl ) mal onic acid dibenzyl ester

0 (6f)
| Wiite solid. Yield: 84% using catalyst (S)-10.

co,Bn ‘HNVR (CDO5) d 9.53 (dd, %3 = 1.0 Hz, % = 1.5

'&)B Hz, 1H), 7.36-7.26 (m 10H), 7.06-7.04 (m 4H),

n

Br ? 5.15 (s, 2H), 4.92 (s, 2H), 4.00 (dt, 3 = 9.4
6f Hz, 3 = 5.3 Hz, 1H), 3.78 (d, 3J = 9.4 Hz,

1H), 2.85 (m 2H). 3C NMR (CDOs) d 199.2, 167.6, 138.6, 134.8,
134.7, 131.8, 129.8, 128.6, 128.6, 128.5, 128.4, 128.3, 128.3,
67.6, 67.4, 57.0, 47.1, 38.7. HRVE: GCuhhsBrOs [MNa]* cal cd:



517.0627, found: 517.0637. [a]o™ = -14.9 (¢ = 0.53, CHO 3 90% ee
(R).

(R)-2-(3-0xo0-1- (4-bronmophenyl ) propyl )mal onic acid dinmethyl ester
(69)

o) Yellow liquid. Yield: 40% using catalyst (9S)-

| 10. 'H NW\R (CDCl3) d 9.59 (s, 1H), 7.41 (d, 3 =

., CO,Me 8.4 Hz, 2H), 7.12 (d, %) = 8.4 Hz, 2H), 3.99

&zMe (dt, %3 = 9.1 Hz, % = 5.1 Hz, 1H), 3.72 (s,

Br 3H), 3.71 (d, 3J = 9.1 Hz, 1H), 3.53 (s, 3H),

69 2.95 (ddd, 2J = 17.5 Hz, %) = 5.1 Hz, % = 0.8

Hz, 1H), 2.88 (ddd, 2J = 17.5 Hz, %3 = 9.1 Hz, 3 = 1.7 Hz, 1H. cC

NVR (CDCl3) d 199.3, 168.1, 167.6, 138.8, 131.8, 129.7, 121.4,

56.8, 52.8, 52.6, 47.0, 38.7. HRVB: CyHisBrQ [MtNa]* cal cd:

365. 0001, found: 365.0016. [a]p®® = -20.0 (¢ = 0.30, CHO 3 95% ee

(R).

(R) -2-(3-0xo0- 1- (2- bronmophenyl ) propyl ) mal onic acid dibenzyl ester

o (6h)
| Colourless liquid. Yield: 34% using catalyst (S)-

il v, _CO,BN 10. H N\R (CDd3) d 9.57 (s, 1H), 7.52 (dd, 3J =
CE)an 8.0 Hz, J = 0.6 Hz, 1H), 7.37-7.04 (m 13H), 5.12

(s, 1H, 5.11 (s, 1H), 5.01 (s, 2H), 4.56 (m 1H)),

6h 4.06 (m 1H), 2.97 (d, 3J = 7.1 Hz, 2H). *C NWR

(cbd ;) d 199.7, 167.5, 167.1, 138.6, 134.9, 133.5, 128.9, 128.5,
128.4, 128.3, 128.2, 127.7, 124.6, 67.4, 67.3, 55.2, 45.9, 38.1.
HRVS: CusHesBr O [ MtNa] * cal cd: 517.0627, found: 517.0615. [a] > =
-0.1 (c =0.46, CHC 3, 88%ee (R).



(R) - 2- (3- Ox0- 1- (4- net hoxyphenyl ) propyl ) mal oni ¢ acid di benzyl ester
o (6i)

| Yellow solid. Yield: 93% using catalyst (S)-

co,Bn 10 'H NMR (CDO3) d 9.53 (t, 3] = 1.4 Hz, 1H),

r 7.34-7.24 (m 8H), 7.10 (d, %] = 8.7 Hz, 2H),
~ COZBn
o 7.05 (dd, %) = 7.5 Hz, 4 = 1.8 Hz, 2H), 6.75
6i (d, %3 = 8.6 Hz, 2H), 5.15 (s, 2H), 4.91 (s,

2H), 3.99 (dt, 3 = 9.6 Hz, 3 = 5.5 Hz, 1H), 3.78 (d, %) = 9.6 Hz,
1H), 3.76 (s, 3H), 2.83 (m 2H. '¥C NWR (CDC3) d 200.1, 167.7,
158.7, 134.9, 131.3, 129.1, 128.6, 128.5, 128.4, 128.3, 128.3,
128.2, 114.1, 67.4, 67.2, 57.6, 47.3, 38.8. HRVE: GCutheQs [ M+Na] *
cal cd: 469. 1627, found: 469.1607. [a]p®® = -28.4 (¢ = 0.96, CHO s,
81% ee (R).

(R) - 2- (3- Ox0- 1- (4- net hoxyphenyl ) propyl ) mal onic acid di nethyl ester
(6j)

e} Yellow liquid. Yield: 73% from usi ng catal yst

| (S)-10. H N\R (CDCl3) d 9.56 (s, 1H), 7.13 (d,
COo,Me °J = 8.6 Hz, 2H), 6.80 (d, °J = 8.6 Hz, 2H),
3.96 (dt, %J = 9.6 Hz, % = 5.4 Hz, 1H), 3.74
(s, 3H), 3.72 (s, 3H), 3.68 (d, 3J = 9.6 Hz,

6i 1H), 3.49 (s, 3H, 2.8 (m 2H. ¥C NWR
(CDA ;) d 200.1, 168.3, 167.8, 158.7, 131.4, 128.9, 114.0, 57.3,
55.0, 52.6, 52.4, 47.2, 38.7. HRMVB: CisHigOs [MtNa]*™ cal cd:
317.1001, found: 317.1000. [a]®® = -22.3 (c = 0.65, CHO3 92% ee

(R).

1y, (

~ COZMe

(R)-2-(3-0xo0-1-(4-chl orophenyl ) propyl )mal oni c acid di benzyl ester
(6k)

Wiite solid. Yield: 85% using catalyst (S)-10.
| 'H NMR (CDCl3) d 9.52 (t, 3 = 1.6 Hz, 1H),

7.35-7.04 (m 14H), 5.14 (s, 2H), 4.91 (s, 2H),
COan

1, (

Cl COan

6k



4.07 (m 1H), 3.78 (d, 3J = 10.0 Hz, 1H), 2.86 (m 2H. '3C NWR
(CDCl3) d 199.3, 167.4, 166.9, 138.0, 134.8, 134.7, 133.2, 129.4,
128.8, 128.6, 128.5, 128.4, 128.3, 128.3, 128.2, 67.7, 67.3, 57.0,
47.1, 38.6. [a]p™® = -15.4 (¢ = 1.00, CHO 3, 86% ee).

(R)-2-(1-(Bi phenyl -4-yl)-3-oxopropyl) malonic acid di benzyl ester
(6l)

o) Wiite solid. Yield: 76% using catalyst (9S)-
| 10. H NW\R (CDd3) d 9.57 (t, 3J = 1.6 Hz,
., CO,Bn 1H), 7.55-7.03 (m 19H), 5.16 (s, 2H), 5.92

&an (s, 2H, 4.10 (m 1H), 3.86 (d, 3J = 10.0

Hz, 1H), 2.91 (dd, %J = 6.4 Hz, 33 = 1.6 Hz,
6l 2H). ¥C NWR (CDO3) d 199.8, 167. 167. 1,
140.3, 140.1, 138.5, 134.9, 134.8, 128.7, 128.5, 128. 128. 4,
128.3, 128.2, 128.2, 128.1, 127.3, 126.9, 67.4, 67.2, 57.3, 47.1,
39.0. [a]p®® = -12.3 (¢ = 1.00, CHO 3 86%ee (R).

6,
35,

(R)-2-(3-0x0-1-(4-fl uorophenyl)propyl)malonic acid dibenzyl ester

0 (6m
| White solid. Yield: 72% using catalyst (S)-10.

co,Bn ‘HNVR (CDO3) d 9.50 (s, 1H), 7.35-7.23 (m 8H),

r 7.11 (dd, 3 = 5.3 Hz, %] = 8.6 Hz, 1H), 7.03
COan

F (dd, %3 = 7.1 Hz, *J = 1.8 Hz, 1H), 6.86 (t, 3J =
6m 8.6 Hz, 1H), 5.12 (s, 2H), 4.88 (s, 2H), 4.00

(dt, 3 = 9.5 Hz, 3J = 5.2 Hz, 1H), 3.76 (d, % = 9.5 Hz, 1H), 2.83
(m 2H. C NWR (CDO3) d 199.5, 167.0, 134.9, 129.7, 129.6, 128.86,

128.6, 128.5, 128.4, 128.3, 128.3, 115.7, 115.5, 67.5, 67.3, 57.3,
47. 3, 38. 6. HRIVES: CostbsFOs  [MrNa] ©  cal cd: 457. 1427, f ound:

457.1445. [a]p®>® = -15.0 (¢ = 0.56, CHO 3 86%ee (R).



(R)-2-(3-0xo0-1-(4-fornyl phenyl ) propyl)mal onic acid dibenzyl ester
0 (6n)

| White solid. Yield: 95% using catalyst (S)-10.

CO,Bn 'H NMR (CDCl3) d 9.92 (s, 1H), 9.55 (t, 33 = 1.2

r Hz, 1H), 7.70 (d, 3J = 8.3Hz, 2H), 7.34 (m 2H),
COZBn
| 7.28-7.21 (m 10H), 7.05 (dd, %) = 7.7 Hz, 4J =
O on 1.7 Hz, 2H), 5.15 (s, 2H), 4.91 (s, 2H), 4.11

(m 1H), 3.84 (d, 3 = 9.8 Hz, 1H), 2.94 (m 2H). *C NWR (CDO3) d
198.8, 191.6, 167.3, 166.8, 146.6, 135.4, 134.8, 134.6, 130.0,
128.8, 128.6, 128.6, 128.5, 128.4, 128.4, 128.3, 67.6, 67.3, 56.7,
47.0, 39.2. HRVS: Gy7HsOs [MtNa] * cal cd: 467.1471, found: 467.1481.

[a] o?® = -16.8 (c = 0.37, CHO 3 86%ee (R).

(R) - 2-(3-Oxo-1- (4- net hyl phenyl ) propyl ) mal oni ¢ aci d di benzyl ester

o (60)

| Colourless oil. Yield: 95% using catalyst (S)-
1 3 —

.. _comn 10 "M NWR (CDOg) d 9.53 (t, % = 1.6 H, 1H),
g 7.39-7.02 (m 14H), 5.14 (s, 2H), 4.90 (s, 2H),
COan 3

4.01 (m 1H), 3.80 (d, 3J = 10.0 Hz, 1H), 2.83

60 (dd, %J = 6.4 Hz, 3J = 1.6 Hz, 2H), 2.27 (s, 3H.

13C NMR (CDO3) d 200.0, 167.6, 167.1, 137.0, 136.3, 134.9, 134.8,
129.4, 128.5, 128.4, 128.3, 128.2, 128.1, 128.1, 127.8, 67.3,
67.1, 57.5, 47.2, 39.1, 21.0. [a]p®® = -18.6 (¢ = 1.00, CHO 3 88%
ee (R).

(R - 2-(1- (napht hal en-2-yl ) - 3- oxopr opyl ) mal oni ¢ acid di benzyl
ester (6p)

o) Waite solid. Yield: 69% using catal yst (S)-10.
'H NV\R (CDCl3) d 9.56 (t, 3J = 1.6 Hz, 1H),
., CO,Bn 7.79-6.81 (m 17H), 5.16 (s, 2H), 4.83 (s,
OO &ZBH 2H), 4.22 (m 1H), 3.94 (d, % = 10.0 Hz, 1H),

6p



2.96 (m 2H). 3C NWR (CDCl3) d 199.7, 167.6, 167.1, 136.9, 134.9,
134.6, 133.2, 132.6, 128.6, 128.5, 128.4, 128.2, 128.1, 128.0,
127.8, 127.6, 127.1, 126.2, 126.0, 125.7, 67.4, 67.2, 57.3, 47.1,

39.6. [a]p®® =-13.1 (¢ = 1.00, CHO 3 88%ee (R).

(R)-2-(3-0Oxo-1-thi ophen-2-yl propyl )mal onic acid dibenzyl ester
e} (69)
| Yel low Liquid. Yield: 83% using catalyst (S)-10.
., _CO,BN 'H NMR (CDCl3) d 9.59 (t, %3 = 1.4 Hz, 1H), 7.38-
7.26 (m 8H), 7.15 (m 3H), 6.86 (m 2H), 5.15 (s,
1H), 5.15 (s, 1H), 5.00 (s, 2H), 4.39 (dt, 3J = 7.0
6q Hz, 3% = 8.8 Hz, 1H), 3.87 (d, 3J = 8.8 Hz, 1H),
2.93 (dd, %) = 1.4 Hz, 3 = 7.0 Hz, 2H). 3C NWR (CDC3) d 199.4,
167.3, 167.0, 142.5, 134.9, 128.5, 128.5, 128.3, 128.3, 128.2,
126.8, 126.0, 124.6, 67.5, 67.4, 57.8, 47.7, 34.7. [a]p® = -13.5
(c = 0.51, CHA 3, 92%ee (R)).

\ N
S COan

Oxi dation of the al dehydes to the carboxylic esters:

General nethod A Representative procedure: 50 ng (0.10 mmol) 6h
were diluted with 3.0 nL t-BuOH and 3.0 nL 1 M NaHL,PO: (aq.). 3.0
m. 1 M KMy were added successively. After 5 mn of vigorous
stirring 5.0 nL saturated NaHSO; was added and the pH was adj usted
to approximately 3 with 1 ™M HO. The resulting mxture was
extracted 3 tinmes with 10 nL EtOAc, the conbined organic |ayers
were washed with 10 nL of water and 10 nlL brine, and dried over
MySQ;. The organic |ayer was concentrated in vacuum and the resi ual
acid was dissolved in 2.0 nL toluene and 5.0 nL MeOH TMSCHN, (2.0
M in n-hexane) was added dropwise until the vyellow colour
persisted. The solution was stirred for an additional 10 mn and
guenched with a drop of concentrated AcOH The solvents were
evapor ated under vacuum The crude product was subjected to FC on



silica gel (Et.Qn-pentane/CHC , 1:10:0.1) to give 11h (29 ny,
0.06 mmol, 60% as a yellow Iiquid.

General nethod B: Representative procedure: 84 ng (0.17 mml, 1.0
equiv.) 6l were dissolved in 1.0 nL MeCOH, 1.0 nL CHCN, and 1.0 niL
water. The solution was cooled dowmn to O °C and 63 ng (0.46 mmol,
2.7 equiv.) KHPO, and 46 ng (0.43 mml, 2.5 equiv.) Nad O were
added. After the injection of 0.5 mL HOG (35% the mxture was
warnmed up to rt and stirred for 2 h. The pH was adjusted to 3 with
1 M HdO and 5 nL saturated Na,SO; solution were added. The
resulting mxture was extracted 3 tinmes with 10 nL CHdO ,, the
conbi ned organic |layers were washed with 10 nL of water, and dried
over MgSQ,. The organic |ayer was concentrated in vacuum and the
resiual acid was dissolved in 2.0 nL toluene and 5.0 nL MOH.
TMSCHN, (2.0 M in n-hexane) was added dropwise until the yellow
col our persisted. The solution was stirred for an additional 10
mn and quenched with a drop of concentrated AcCOH The solvents
were evaporated under vacuum The crude product was subjected to
FC on silica gel (EtQAc/n-pentane 1:9) to give 111 (80 ng, 0.15
nmmol , 90% as a yellow |iquid.

(R) - 2- Benzyl oxycar bonyl - 3- phenyl pet anedi oi ¢ acid 1-benzyl ester 5-
[e) nmet hyl ester (1la)

\O Yellow solid. Yield: 50% using general oxidation
u, CO,Bn method A *H NMR (CDA3) d 7.33-7.19 (m 13H), 7.04
CE)an (dd, 4J = 2.0 Hz, 3 = 7.0 Hz, 2H), 5.16 (s, 2H),

4.87 (s, 1H), 4.86 (s, 1H), 3.96 (dt, 3J = 4.6 Hz,

11a 3 = 9.9 Hz, 1H), 3.87 (d, % = 9.9 Hz, 1H), 3.50

(s, 3H), 2.83 (dd, 3J = 4.6 Hz, 2 = 15.7 Hz, 1H), 2.73 (dd, 3J =
9.9 Hz, 2J = 15.7 Hz, 1H). '3C NWR (CDd3) d 171.5, 167.7, 167.2,
139.6, 135.1, 134.9, 128.5, 128.5, 128.4, 128.2, 128.1, 128.0,
127.4, 67.3, 67.1, 57.2, 51.6, 41.4, 38.3. HRVB. GCytxsQs [MtNa]*



cal cd: 469.1627, found: 469.1632. [a]®® = -7.1 (¢ = 0.58, CHO s,
86% ee (R)). HPLC. Daicel Chiral pak AD, hexane/ 2-propanol (80/20),
flowrate = 1.0 nL/mn (t; = 19.1 mn. (mjor enantioner); t, = 25.4

mn. (mnor enantiomer)).

(R) - 2- Met hyl oxycar bonyl - 3- phenyl pet anedi oi c acid 1, 5- di met hyl
e) ester (11b)

~o0 Yellow solid. Yield: 40% using general oxidation
,, CO,Me method A. *H NMR (CDd3) d 7.30-7.19 (m 5H), 3.92
g)zMe (dt, 33 = 4.9 Hz, %3 = 9.9 Hz, 1H), 3.78 (d, 3% =

9.9 Hz, 1H), 3.74 (s, 3H), 3.53 (s, 3H), 3.48 (s,

11b 3H), 2.85 (dd, %J = 4.9 Hz, 23 = 15.7 Hz, 1H), 2.75

(dd, 33 = 9.5 Hz, 2J = 15.7 Hz, 1H). **C NW\R (CDO ) d 171.5, 168.4,
167.9, 139.7, 128.5, 127.9, 127.4, 57.0, 52.7, 52.4, 51.6, 41.4,
38.3. HRVS: CisHigOs [M+Na] * cal cd: 317.1001, found: 317.0994. [a] >
= -16.5 (¢ = 0.37, CHO3 91% ee (R). HPLC Daicel Chiral pak AD,
hexane/ 2- propanol (80/20), flow rate = 0.5 niL/mn (t; = 20.1 mn.

(rmaj or enantioner); tp = 23.3 mn. (mnor enantiomer)).

(R) - 2- Et hyl oxycar bonyl - 3- phenyl petanedioic acid 5-ethyl ester 1-
met hyl ester (11c)

e} Col ourless |iquid. Yi el d: 59% using general

~0 oxidation nmethod A *H NWVR (CDO3) d 7.28-7.18 (m

., CO,Et BH), 4.12 (q, °J = 7.1 Hz, 2H), 3.91 (m 3H, 3.73

CgDZEt (d, % = 10.3 Hz, 1H), 3.52 (s, 3H), 2.85 (dd, 3J =

4.6 Hz, 2J = 15.6 Hz, 1H), 2.74 (dd, 3J = 9.9 Hz, 2J

m = 15.6 Hz, 1H), 1.26 (t, %) = 7.1 Hz, 3H), 0.98 (t,

3 = 7.1 Hz, 3H. *¥C NWR (CDds) d 171.6, 168.0, 167.5, 139.8,

128.4, 128.1, 127.3, 61.7, 61.4, 57.3, 51.6, 41.4, 38.5, 14.0,

13.7. HRVB: GC7H»Os [ MtNa] * cal cd: 345.1314, found: 345.1320. [a]p?®

= -29.0 (¢ = 0.10, CHCl 3, 89% ee (R)). HPLC Daicel Chiral pak AD,

10



hexane/ 2- propanol (80/20), flow rate = 0.5 nL/mn (t; = 18.5 mn.

(rmaj or enantioner); t, = 27.4 mn. (mnor enantiomer)).

(R) - 2- Benzyl oxycar bonyl - 3- (4- br onophenyl ) pet anedi oi ¢ acid 5-benzyl

o ester 1-nethyl ester (11f)
~o VWiite solid. Yield: 72% using general oxidation
., _CO,Bn Method B. *H NVR (CDOs) d 7.34-7.26 (m 10H),
( 7.06-7.03 (m 4H), 5.16 (s, 2H), 4.90 (s, 2H),
COan
Br 3.91 (dt, %J = 10.0 Hz, 3J = 4.4 Hz, 1H), 3.82
11f (d, 3J = 10.0 Hz, 1H), 3.51 (s, 3H), 2.80 (dd,

3 = 15.8 Hz, %) = 4.3 Hz, 1H), 2.67 (dd, %) = 15.8 Hz, 3J = 9.7 Hz,
1H . *¥C NWR (CDds) d 171.5, 167.7, 167.3, 138.8, 135.2, 135.0,
131.9, 130.1, 128.9, 128.7, 128.6, 128.6, 128.5, 128.4, 121.6,
67.7, 67.5, 57.1, 52.0, 41.1, 38.3. HRVS: GCy7HsBrQs [ M+Na] * cal cd:
547.0732, found: 547.0728. [a]p®® = -3.7 (¢ = 0.59, CHO3; 90% ee
(R)). HPLC: Daicel Chiralpak AD, hexane/2-propanol (80/20), flow
rate = 1.0 nb/mn (t; = 22.5 min. (major enantioner); t, = 35.2 mn.

(mnor enantioner)).

(R) - 2- Met hyl oxycar bonyl - 3- (4- br onophenyl ) pet anedi oi c acid 1, 5-
di met hyl ester (11Q)

e} Colourless liquid. Yield: 51% using general

~o oxi dation nethod B. *H NVR (CDO3) d 7.41 (d, 3J

u, CO,Me = 8.5 Hz, 2H), 7.12 (d, 3 = 8.5 Hz, 2H), 3.90

&ZMe (dt, 3J = 10.0 Hz, %) = 4.8 Hz, 1H), 3.75 (s,

Br 3H), 3.73 (d, 3J = 10.0 Hz, 1H), 3.55 (s, 3H),

11 3.52 (s, 3H), 2.83 (dd, 2J = 15.9 Hz, %) = 4.7

Hz, 1H), 2.72 (dd, 2J = 15.9 Hz, %J = 9.8 Hz, 1H). C NWR (CDd 3) d

171.4, 168.2, 138.8, 131.6, 129.7, 121.4, 56.7, 52.8, 52.6, 51.7,

40.8, 38.0. HRMS: CsHi;BrOs [MtNa]® calcd: 395.0106, found:

395.0099. [a]p® = -3.5 (¢ = 0.01, CHCl3, 95% ee (R)). HPLC. Daicel
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Chi ral pak AD, hexane/ 2-propanol (80/20), flowrate = 1.0 nL/mn (t1

= 9.8 mn. (major enantioner); t, = 12.7 mn. (mnor enantiomner)).

(R) - 2- Benzyl oxycar bonyl - 3- (2- br onophenyl ) pet anedi oi ¢ acid 5-benzyl
0 ester 1-nethyl ester (11h)
_ Yellow liquid. Yield 60% using general oxidation

iy ., CO,Bn Method A 'H NWR (CDO5) d 7.51 (dd, °J = 8.1 Hz,
&)ZBH = 0.8 Hz, 1H), 7.34-7.03 (m 13H), 5.30 (s, 1H)),

5.13 (s, 1H), 5.12 (s, 1H), 4.99 (s, 2H), 4.47 (m

11h 1H), 4.12 (d, %) = 8.4 Hz, 1H), 3.52 (s, 3H), 2.91

(m 2H). °C NWR (CDd 3) d 171.4, 167.5, 167.2, 138.7, 135.0, 133.4,
128.7, 128.5, 128.4, 128.4, 128.2, 128.2, 128.1, 127.5, 67.3,
67.2, 55.0, 51.6, 36.2. [a]s™ = -10.0 (¢ = 0.01, CHOs; 88% ee
(R)). HPLC. Daicel Chiralpak AD, hexane/2-propanol (80/20), flow
rate = 1.0 nb/mn (t; = 17.5 mn. (major enantioner); t, = 21.7 mn.

(mnor enantioner)).

(R) - 2- Benzyl oxycar bonyl - 3- (4- nmet hoxyphenyl ) pet anedi oi c acid 5-

0 benzyl ester 1-nmethyl ester (11i)
~o Yel |l ow solid. Yi el d: 90% using general
1., _CO,BN oxi dation nethod A. *H NMR (CDO3) d 7.34-7.22
r 8H), 7.11 (d, 33 = 8.7 Hz, 2H), 7.04 (dd,
“ CO,8n im H) ( H) (

J = 7.9 H, 4 = 1.6 Hz, 2H), 6.74 (d, 3J =
11i 8.7 Hz, 2H), 5.15 (s, 2H), 4.88 (s, 2H), 3.90
(dt, 3 = 9.8 Hz, 3 = 4.5 Hz, 1H), 3.82 (d, % = 9.8 Hz, 1H), 3.76
(s, 3H), 3.50 (s, 3H), 2.79 (dd, 3J = 15.6 Hz, 3J = 4.5 Hz, 1H),
2.68 (dd, %3 = 15.6 Hz, 3J = 9.8 Hz, 1H. ¥C NWR (CDd3) d 171.5,
167.7, 167.3, 158.6, 135.0, 131.4, 129.0, 128.5, 128.4, 128.2,
128.1, 113.8, 67.3, 67.1, 57.4, 51.2, 40.7, 38.5. HRVS: CughhsO
[ MiNa] * cal cd: 499. 1733, found: 499.1728. [a]p™ = -6.7 (¢ = 0.56,
CHC 3, 81% ee (R)). HPLC. Daicel Chiralpak AD, hexane/2-propanol
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(80/20), flowrate = 1.0 nL/mn (t; = 23.7 mn. (major enantiomner);

t, = 38.2 mn. (mnor enantioner)).

(R) - 2- Met hyl oxycar bonyl - 3- (4- net hoxyphenyl ) petanedioic acid 1, 5-
di met hyl ester (11j)

e} Yel low |iquid. Yi el d: 84% using general

~0 oxidation method A 'H NWR (CDd3) d 7.12 (d,

i, CO,Me °J = 8.7 Hz, 2H), 6.78 (d, °J = 8.7 Hz, 2H),

- g)ZMe 3.86 (dt, %J = 9.9 Hz, % = 4.8 Hz, 1H), 3.74

O (s, 3H), 3.72 (s, 3H), 3.72 (d, 3J = 9.8 Hz,

1] 1H), 3.51 (s, 3H), 3.47 (s, 3H), 2.80 (dd, 3J

= 15.6 Hz, 3J = 4.8 Hz, 1H), 2.70 (dd, 3J = 15.6 Hz, 3J = 9.8 Hz,

1H). ¥C NWR (CDO3) d 171.5, 168.4, 167.9, 158.6, 131.5, 128.9,

113.7, 57.1, 55.0, 52.6, 52.3, 51.5, 40.6, 38.4. HRMS: CisHoOr

[ MiNa] * cal cd: 347.1107, found: 347.1112. [a]p®® = -12.9 (¢ = 1.21,

CHC 3, 92% ee (R)). HPLC. Daicel Chiralpak AD, hexane/2-propanol

(80/20), flowrate = 0.5 nmb/mn (t; = 24.3 mn. (mjor enantiomner);

t, = 32.3 min. (mnor enantioner)).

(R) - 2- Benzyl oxycar bonyl - 3- (4- chl or ophenyl ) pet anedi oi c acid 5-
benzyl ester 1-nmethyl ester (11k)

VWaite solid. Yield: 81% using general oxidation

\OO method B. 'H NVR (CDO3) d 7.35-7.03 (m 14H),

. _copn 16 (5. 2H, 4.90 (s, 2H, 3.90 (m 1H, 3.81

I (d, 3J = 10.2 Hz, 1H), 3.51 (s, 3H), 2.79 (dd,

cl COBN 55 _ 16.0 Mz, 3 = 4.4 Hz, 1H), 2.67 (dd, 3 =
11K 16.0 Hz, 3J = 10.2 Hz, 1H). ¥C NWR (CDd3) d

171.2, 167.4, 167.0, 138.0, 134.9, 134.8, 133.1, 129.4, 128.7,
128.6, 128.5, 128.4, 128.3, 128.3, 128.2, 67.5, 67.2, 56.9, 51.7,
40.8, 38.2. HRMS: CyHsOOs [MeNa]*® calcd: 503.1237, found:

503.1237. [a]o™® = -6.4 (¢ = 1.00, CHd 3 86% ee (R)). HPLC Daicel
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Chi ral pak AD, hexane/ 2-propanol (80/20), flowrate = 1.0 nL/mn (t1

= 15.3 min. (major enantioner); t, = 18.1 mn. (mnor enantiomner)).

(R -1, 1-di benzyl 3- net hyl 2- (bi phenyl - 4-yl ) propane-1, 1, 3-
tricarboxylate (111)

Yellow oil. Yi el d: 90% using general

oxidation method B. *H NMR (CDd3) d 7.57-
v, _CO,BN 7.02 (m 19H), 5.17 (s, 3H), 4.90 (s, 3H),
I 4.00 (m 1H), 3.90 (d, % = 10.0 Hz, 1H),
COBN 553 (s, 3H), 2.85 (dd, %) = 16.0 Hz, 3] =
111 4.8 Hz, 1H), 2.77 (dd, 3J = 16.0 Hz, %) =
10.0 Hz, 1H). ¥C NWR (CDO ) d 171.5, 167.6, 167.2, 140.5, 140.0,
138.6, 135.0, 134.8, 128.7, 128.6, 128.5, 128.4, 128.3, 128.2,
128.2, 127.1, 126.9, 67.4, 67.2, 57.1, 51.6, 41.0, 38.2. HRM:
CszHsoOs [ MFNa] * cal cd: 545. 1940, found: 545.1941. [a]o> = -2.3 (¢ =
1.00, CHCl 3, 89% ee (R)). HPLC. Daicel Chiralpak AD, hexane/2-

propanol (80/20), flow rate = 1.0 nb/mn (t; = 22.7 mn. (mgjor

enantioner); t; = 44.1 min. (mnor enantiomner)).

(R) - 2- Benzyl oxycar bonyl - 3- (4-f | uor ophenyl ) pet anedi oi c acid 5-

0 benzyl ester 1-nmethyl ester (11m
~o Waite solid. Yield: 16% using general oxidation
., _CO,Bn Method A 'H NMR (CDA3) d 7.27-7.19 (m 8H),
( 7.07 (dd, %) = 5.3 Hz, %) = 8.6 Hz, 1H), 6.98
COan
F (dd, %J = 7.6 Hz, *J = 1.6 Hz, 1H), 6.81 (t, 3J =
11m 8.6 Hz, 1H), 5.09 (s, 2H), 4.82 (s, 2H), 3.86

(dt, 33 = 10.1 Hz, % = 5.7 Hz, 1H), 3.75 (d, 3J = 10.1 Hz, 1H),
3.44 (s, 3H), 2.73 (dd, 2J = 15.8 Hz, 3J = 4.4 Hz, 1H), 2.60 (dd,
2J = 15.8 Hz, 3J = 9.9 Hz, 1H). C NWR (CDCl3) d 171.3, 167.5,
167.1, 135.1, 135.0, 134.8, 129.7, 129.6, 128.6, 128.5, 128.4,
128.3, 128.2, 115.5, 115.2, 67.4, 67.2, 57.1, 51.6, 40.7, 38.4.

HRVB: CpsHhsFO; [MtNa] * cal cd: 487.1533, found: 487.1513. [a]p® =
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-4.6 (c = 0.20, CHOg3; 86% ee (R)). HPLC. Daicel Chiralpak AD,
hexane/ 2- propanol (80/20), flow rate = 1.0 niL/mn (t; = 19.7 mn.

(rmaj or enantioner); tp = 30.7 mn. (mnor enantiomer)).

(R) - 2- Benzyl oxycar bonyl - 3- (4- met hoxycar bonyl phenyl ) pent anedi oi c

0 acid 1-benzyl ester 5-nmethyl ester (11n)
~o Wiite solid. Yi el d: 70% using general
., _CO,Bn oxi dation nethod A, 'H NMR (CDCl3) d 7.86 (d,
0 g)an 3] = 8.4Hz, 2H), 7.33 (m 2H), 7.28-7.22 (m
10H), 7.03 (dd, 3 = 7.4 Hz, 4 = 1.4 Hz,
0O 11n oH), 5.16 (s, 2H), 4.87 (s, 2H), 4.00 (dt,

3 = 9.9 Hz, 3% = 4.5 Hz, 1H), 3.90 (s, 3H), 3.87 (d, 3J = 9.9 Hz,
1H), 2.84 (dd, 3%J = 16.0 Hz, 3J = 4.6 Hz, 1H), 2.72 (dd, %) = 16.0
Hz, 3 = 9.9 Hz, 1H. ¥C NWR (CDC3) d 171.1, 167.4, 166.9, 166.7,
144.8, 134.8, 134.7, 134.6, 129.8, 129.2, 128.6, 128.5, 128.4,
128.3, 128.3, 128.2, 67.5, 67.2, 52.1, 51.7, 41.2, 38.0. HRMS:
CooHpsOs [ M+Na] * cal cd: 527. 1682, found: 527.1678. [a]o> = -4.2 (¢ =
0.26, CHOj; 86% ee (R)). HPLC. Daicel Chiralpak AD, hexane/2-
propanol (80/20), flow rate = 1.0 nb/mn (t; = 31.2 mn. (mgjor

enantiomer); t; = 63.7 mn. (mnor enantiomner)).

(R) - 2- Benzyl oxycar bonyl - 3- (4- et hyl phenyl ) pet anedi oi c acid 5-

0 benzyl ester 1-nmethyl ester (110)
~o Colourless oil. Yield: 92% wusing general
., _CO,Bn OXidation method B. 'H NVMR (CDOs) d 7.32-7.00
( (m 14H), 5.15 (s, 2H), 4.87 (s, 2H), 3.91 (m
COan
1H), 3.84 (d, %J = 10.0 Hz, 1H), 3.50 (s, 3H),
110 2.79 (dd, 3J = 15.6 Hz, %) = 4.4 Hz, 1H), 2.70

(dd, 3J = 15.6 Hz, %J = 10.0 Hz, 1H), 2.28 (s, 3H). ¥C NWR (CDd 3)
d171.8, 168.0, 167.5, 137.1, 136.7, 135.3, 135.2, 129.4, 128.8,
128.6, 128.4, 128.4, 128.3, 128.0, 67.6, 67.3, 57.5, 51.8, 41.3,
38.6, 21.3. HRMS: CythsQs [ MFNa] * cal cd: 483.1783, found: 483.1786.

15



[a]o?® = -6.2 (c = 1.00, CHCl 3, 88%ee (R)). HPLC Daicel Chiral pak
AD, hexane/2-propanol (80/20), flow rate = 1.0 nL/mn (t; = 15.5

mn. (major enantiomer); t; = 21.6 mn. (mnor enantiomner)).

(R -1, 1- di benzyl 3- net hyl 2- (napht hal en- 2-yl ) propane-1, 1, 3-
tricarboxylate (11p)

O Colourless oil. Yield: 86% using general

~0 oxi dation nethod B. *H NVR (CDCl3) d 7.93-6.86

//,,,(COZBH (m 17H), 5.17 (s, 2H), 4.82 (s, 2H), 4.14 (m
OO co,Bn 1H), 3.98 (d, *J = 10.4 Hz, 1H), 3.74 (s, 3H),
2.87 (m 2H. ™C NWR (CDd3) d 171.4, 167.6,

11p 167.2, 137.1, 135.0, 134.7, 133.2, 132.7,

128.5, 128.4, 128.3, 128.2, 128.2, 128.1, 128.0, 127.9, 127.6,
127.0, 126.0, 125.9, 125.8, 67.4, 67.1, 57.2, 51.6, 41.5, 38.3.

HRVS:  GCaiHhsQs [MrNa] ¥ cal cd: 519.1783, found: 519.1791. [a]p® =
-2.1 (c = 1.00, CHO3; 88% ee). HPLC Daicel Chiralpak AD,
hexane/ 2- propanol (80/20), flow rate = 1.0 nL/mn (t; = 21.6 mn.

(rmaj or enantioner); t = 30.1 mn. (mnor enantiomer)).

(R) - 2- Benzyl oxycar bonyl - 3-t hi ophen- 2-yl pentanedioic acid 1-benzyl

0 ester 5-nethyl ester (11q)
~o Yellow Liquid. Yield: 40% using general oxidation
1
\ N\ _-CO,BN method A. "H NWR (CDCl3) d 7.33-7.26 (m 8H), 7.13
3H), 6.85 2H), 5.16 (s, 1H), 5.15 (s, 1H),
g CO,Bn (m 3H) (m 2H ( H) ( H)

4.98 (s, 2H), 4.27 (dt, 3J = 9.1 Hz, 3 = 4.9 Hz,

11q 1H), 3.91 (d, % = 9.1 Hz, 1H), 3.57 (s, 3H), 2.87

(dd, 3J = 16.0 Hz, %) = 4.8 Hz, 1H), 2.78 (dd, 3J = 16.0 Hz, 3J =
9.3 Hz, 1H). C NWR (CDCl3) d 171.3, 167.1, 142.5, 135.0, 128.5,
128.5, 128.3, 128.2, 128.2, 126.7, 125.8, 124.4, 67.4, 67.2, 57.86,
51.7, 40.0, 36.7. HRVS: CpsHOsS [MtNa]* cal cd: 475.1191, found:
475.1197. [a]p®® = -11.0 (¢ = 0.26, CHO 3, 92%ee (R)). HPLC. Daicel
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Chi ral pak AD, hexane/ 2-propanol (80/20), flowrate = 1.0 nL/mn (t1

= 20.7 mn. (major enantioner); t, = 23.8 mn. (mnor enantioner)).

(R R) - 2- Oxo- 4- phenyl t et r ahydr opyr an- 3-car boxylic acid nethyl ester
(9a)
299 ng (1.13 nmmol, 1.0 equiv.) 6b were solved in 5
Qi mL THF. The solution was cooled to 0 °C and 1.25 nL
©“\\\ O concentrated AcOH and 112 nmg (1.70 mmol, 1.5 equiv.)
CO;Me NaCNBH; (95% were subsequently added. The reaction
9a m xture was warnmed up to rt overnight. 5 nL brine
were added and the pH was adjusted to 7 with saturated NaHCG;
solution. The aqueous |ayer was extracted 3 tinmes with 10 nL Et,0
and the conbined organic l|ayers were dried over MSO,.. After
evapouration of the solvents under vacuum the crude product was
dissolved in 8.1 nL CHCO,. 1.21 g of silica were added and the
m xture was stirred slowy for 4 d. After filtration the solvent
was evapourated under vacuum and the crude product was subjected
to FC on silica gel (Et,On-pentane/CHC, 1:1:0.1) to give
di astereonerically pure 9a (151 ng, 0.64 nmmol, 57% as a colorless
oil. '"H NMR (CDO3) d 7.37 (tt, 33 = 7.4 Hz, 4 = 1.4 Hz, 2H), 7.32
(tt, 3 = 7.4 Hz, %3 = 1.4 Hz, 1H), 7.25 (dd, 33 = 7.4 Hz, 3 = 1.5
Hz, 2H), 4.55 (m 2H), 3.75 (d, 3J = 10.5 Hz, 1H), 3.68 (s, 3H),
3.64 (dt, 3J = 5.5 Hz, 3J = 10.5 Hz, 1H), 2.23 (m 2H). C NWR
(Cbd3) d 168.5, 168.0, 140.8, 129.0, 127.6, 126.7, 68.8, 55.0,
52.7, 41.0, 29.7. HRMS: CizHi4Op [MtNa] © cal cd: 257.0790, found:
275.0781. [a]p®® = -52.3 (¢ = 0.39, CHO 3 90%ee (R)). HPLC. Daicel
Chi ral pak AD, hexane/ 2-propanol (70/30), flowrate = 1.0 nL/mn (t;

= 8.4 mn. (major enantioner); t, = 10.6 mn. (mnor enantiomner)).

(R R) - 2- Ox0- 4- (4- bronmophenyl ) t et rahydr opyr an- 3- car boxyl i c acid
met hyl ester (9b)
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70 ng (0.20 mml, 1.0 equiv.) 6g were solved in 2

mL THF. The solution was cooled to 0 °C and 0.50

O nL concentrated AcOH and 22 ng (0.35 mmol, 1.5

COMe equiv.) NaCNBH; (959 were subsequently added.

9b The reaction mxture was warnmed wup to rt

overnight. 5 nL brine were added and the pH was adjusted to 7 with
saturated NaHCO; sol ution. The aqueous layer was extracted 3 tines
with 10 nL Et,O and the conbined organic layers were dried over
MySQ,. After evapouration of the solvents under vacuum the crude
product was dissolved in 1.4 nL CHO ,. 272 ng of silica were added
and the m xture was stirred slowly for 28 h. After filtration the
sol vent was evapourated under vacuum and the crude product was
subjected to FC on silica gel (Et,On-pentane/CHC , 1:1:0.1) to
give diastereonerically pure 9b (31 ng, 0.10 mml, 49% as a
colorless oil. H NWVR (CDA3) d 7.47 (d, %3 = 8.4 Hz, 2H), 7.09 (d,
3] = 8.4 Hz, 2H), 4.54 (dt, %) = 4.9 Hz, %) = 11.3 Hz, 1H), 4.47
(td, 33 = 4.0 Hz, 23 = 11.3 Hz, 1H), 3.66 (s, 3H), 3.64 (d, 3J =
10.9 Hz, 1H), 3.57 (dt, %3 = 5.1 Hz, % = 10.9 Hz, 1H), 2.16 (m
2H. *¥C NWR (CDds) d 168.3, 166.6, 139.8, 132.2, 128.5, 121.6,
68.7, 54.8, 52.9, 40.6, 29.7. HRMS: CisHisBrQ, [M+Na]* cal cd:
334.9895, found: 334.9897. [a]y> = -56.5 (¢ = 0.26, CHO 3 93% ee
(R)). HPLC: Daicel Chiralpak AD, hexane/2-propanol (70/30), flow
rate = 1.0 nb/mn (t; = 15.7 mn. (major enantioner); t, = 22.1 mn.

(mnor enantioner)).

(R S)-1-Benzyl -4- (4-fl uorophenyl ) - 2- oxo- pi peri di ne- 3-car boxylic
acid benzyl ester (12)
h To a solution of 136 ng (0.31 mmol, 1.0 equiv.)

(R -2-[1-(4-fluoro-phenyl)-3-o0xo-propyl] mal onic

[:;;L> acid dibenzyl ester 6m and benzylamne 34 ny
/l:::]N\ (0.31 mol, 1.0 eq) in 3.0 nL dioxane at 0 °C was
COBn added 86 ng sodium triaacetoxyborohydride (0.40
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mmol, 1.3 eq). The resulting mxture was stirred at rt for 24 h.
After this tine, the reaction mxture was quenched by adding 10 nL
aq. saturated NaHCO; and the product was extracted three tines with
10 nL Et OAc each. The organic extract was dried over Na,SO, and the
sol vent was evaporated in vacuum to give the crude product, which
was purified by FC on silica gel (EtQAc/n-pentane 1:5) giving 14
(91 nmg, 0.22 mmol, 70% overall yield, dr = 13:1) as a yellow oil.
Maj or diastereoisomer: *H NVR (CDO3) d 7.34-6.90 (m 14H), 5.16
(d, 2J = 12.4 Hz, 1H), 5.05 (d, 2J = 12.4 Hz, 1H), 4.75 (d, 2J
14.4 Hz, 1H), 4.55 (d, 2 = 14.4 Hz, 1H), 3.63(d, 3J = 11.2 Hz,
1H), 3.44-3.36 (m 2H), 3.28 (m 1H), 2.04-1.96 (m 2H. **C NWR
(CDO 3) d169.7, 165.5, 161.8 (Jor = 244.4 Hz), 136.8, 136.4, 135.4,
128.7, 128.4, 128.3, 128.1, 128.0, 127.9, 127.8, 127.6, 115.6 (Jcr
= 21.2 Hz), 66.7, 56.8, 50.3, 46.2, 41.9, 29.3. HRMS: CythsFNaNGs
[ MtNa] * cal cd: 440. 1638, found: 440. 1640.

(S, R - 1-Benzyl - 4- phenyl - 2- oxo- pi peri di ne-3-carboxylic acid benzyl
ester (14)

pp 10 a solution of 129 ng (0.31 mml, 1.0 equiv.)
) (S)-2-[1-phenyl - 3- oxo- propyl ] mal onic acid dibenzyl

ester 6a and benzylanmne 33 ng (0.31 mmol, 1.0 eq)
B O in 3.0 nL dioxane at 0 °C was added 85 nmg sodi um
COBN 111 acet oxyborohydride (0.40 nmol, 1.3 eq). The

14 resulting mxture was stirred at rt for 24 h. After
this time, the reaction mxture was quenched by adding 10 nL aq.
saturated NaHCO; and the product was extracted three tines with 10
nmL Et OAc each. The organic extract was dried over Na,SOQ, and the
sol vent was evaporated in vacuum to give the crude product, which
was purified by FC on silica gel (EtQAc/n-pentane 1:5) giving 15
(83 mg, 0.21 mmol, 67% overall yield, dr = 12:1) as a yellow oil.
Mayor di astereoi somer: *H NVR (CDCl3) d 7.33-7.05 (m 15H), 5.14 (d,

2) = 12.4 Hz, 1H), 5.04 (d, 23 = 12.4 Hz, 1H), 4.75 (d, 2 = 14.6
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Hz, 1H), 4.57 (d, 2 = 14.6 Hz, 1H), 3.71(d, 3J = 11.2 Hz, 1H),
3.47-3.37 (m 2H), 3.29 (m 1H), 2.06-2.03 (m 2H). C NWR (CDd 3)
d 169.9, 165.7, 141.0, 136.4, 135.4, 128.7, 128.6, 128.3, 128.0,
127.8, 126.7, 66.7, 56.5, 50.2, 46.2, 42.5, 29.2. HRVS: GCysHsNaNO;
[ MENa] * cal cd: 422.1732, found: 422.1733.

[ 1- Benzyl - 4- (4-f 1 uor o- phenyl ) - pi peri di n- 3-yl ] - met hanol (13)
(R S)-1-Benzyl -4- (4-fl uorophenyl) - 2- oxo-

)Ph pi peri di ne-3-carboxylic acid benzyl ester 12 (28

. N nmg, 0.07 mml, 1.0 equiv.) dissolved in THF (2
@ m.) was added dropwise to a stirred solution of
F OH VLiAIH (65 nmg, 1.71 mml) in THF (3 nlL), whil st
13 bei ng cooled by an ice bath. The reaction m xture

was then warnmed to rt and then heated at reflux overnigth. After
this time the flask was cooled to rt, water (1 nlL) was added
dropwi se and the mxture was stirred for 10 mn. 2M NaCH (3 nl)
was then added and the reaction mxture was left to stir for a
further 10 mn. The mxture was then poured into saturated
Rochelle"s salt solution (30 nmL) and extracted with EtOAc (4 x 20
m.). The organic extracts were conbined, washed with brine (3 x 20
m.), dried with MgSQ,, filtered and concentrated in vacuo to give
the crude product, which was purified by FC on silica gel
(Et CAc/ n-pentane 1:1) giving 15 (18 ng, 0.06 mml, 85% yield) as
an oil. H NWR (CDO3) d 7.40-6.96 (m 9H), 3.62 (d, J = 13.4 Hz,
1H), 3.58 (d, J = 13.4 Hz, 1H), 3.37 (dd, J = 11.0, 2.2 Hz, 1H),
3.30-3.12 (m 2H), 2.99 (m 1H), 2.35 (m 1H), 2.13-1.65 (m 6H).
13C NW\R (CDO3) d 161.3 (Jocr = 244.1 Hz), 140.1 (Jcr = 3.0 Hz),
137.9, 129.3, 128.8, 128.2, 127.1, 115.4 (Jcr 21.2 Hz), 63.8,
63.4, 57.2, 53.8, 44.2, 44.1, 34.4. HRVS: CioHFNaNO [ M+Na] * cal cd:

322.1583, found: 322.1584. [a]p®™ = -20.1 (¢ = 1.00, CHO 3 87%ee).
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(1- Benzyl - 4- phenyl - pi peri di n-3-yl ) -net hanol 15.

Ph (S, R) -1-Benzyl - 4- phenyl - 2- oxo- pi peri di ne- 3-

) carboxylic acid benzyl ester 14 (83 ng, 0.21 mmol,
1.0 equiv.) dissolved in THF (3 nL) was added
dropwi se to a stirred solution of LiAlH, (38 ng, 1.0

\OH mml) in THF (10 nmL), whilst being cooled by an ice

15 bath. The reaction mxture was then warned to rt
and then heated at reflux overnigth. After this tinme the flask was
cooled to rt, water (1 nL) was added dropwi se and the m xture was
stirred for 10 mn. 2M NaOH (3 nL) was then added and the reaction
mxture was left to stir for a further 10 mn. The mxture was
then poured into saturated Rochelle’ s salt solution (30 nlL) and
extracted with EtOAc (4 x 20nm). The organic extracts were
conbi ned, washed with brine (3 x 20nmL), dried with MySQy, filtered
and concentrated in vacuo to give the crude product, which was
purified by FC on silica gel (EtQAc/n-pentane 1:1) giving 15 (46.1
my, 0.16 mmol, 79%yield) as an oil. *H NVR (CDA3) d 7.38-7.20 (m
10H), 3.63 (m 2H), 3.39 (dd, J = 10.8, 3.2 Hz, 1H), 3.24 (m 2H),
3.03 (m 1H), 2.36(m 1H), 2.11 (m 3H), 1.08 (m 1H, 0.85 (m
1H). ¥C NWR (CDO ) d 144.2, 129.4, 128.6, 128.2, 127.4, 127.2,
126.5, 64.0, 63.4, 57.2, 53.8, 45.0, 43.8, 34.0. HRMS: GCioHuNO
[ MiH] * cal cd: 282.1857, found: 282.1857. [a]p®® = +15.1 (¢ = 1.0,
CHCl 3, 90% ee).
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