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>  Central chirality at a carbon alpha to a carbonyl group is preserved as
transient axial chirality of the intermediate enolate and is then regenerated
as central chirality in the reaction product (memory of chirality).*

>  The chirality of the starting material is preserved in a reactive intermediate
for a limited time.?

>  The chirality of a starting material having a chiral sp3-carbon is preserved in
the reaction product even though the reaction proceeds at the chiral carbon
as a reaction center through reactive intermediates such as carbanion,
singlet monoradicals, biradicals, or carbenium ions.3

1 Kawabata, T.; Yahiro, K.; Fuji, K. J. Am. Chem. Soc. 1991,113, 9694.
2 Fuji, K.; Kawabata, T. Chem.—Eur. J. 1998, 4, 373.
3Wanyoike, G. N.; Onomura, O.; Maki, T.; Matsumura, Y. Org. Lett. 2002, 4, 1875.
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a) Static chirality

NHs NH,
| COOH HOOC
b) Dvnamic chirality
H ‘ H
Ph. AH He Ph
\/]\CODH Hooc'l\/

> Dynamic chirality is not a sufficient condition for MOC since the
intermediate has to be formed enantioselectively.

L Fuji, K.; Kawabata, T. Chem.—Eur. J. 1998, 4, 373.
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Requirements for memory of chirality

>  The three requirements for memory of chirality are:?

base _ Mel
(S)-A-H T ast (M)-A Py (S)-A-Me
very
very .. slow“ ‘H?ry slow
slow el “x
(A-A — (R-AMe

1Zhao, H.; Hsu, D.C.; Carlier, P.R. Synthesis 2005, 1, 1.
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EtO. CO,Et
Etozc/\l/COgElLDA =
OH — OLi OLi
3 4
lEX
E
CO.t-Bu = CO,Et
fBUOgC/\l/ 2 EtOzo/\l/ 2
NHCHO OH
6 5

OtBu

BuO COqt-Bu
W f—BUOgC/\%\OLi

OLi N N

.“ =~
; OLi g Ol
Meli Meli
Me
CO,t-Bu CO,t-Bu
r-Bquc/\l/ Buozo/>(
NHCHO NHCHO

9 (85% yield) 10 (15% yield, 60% ee)

> Seebach, D.; Wasmuth, D. Angew. Chem. 1981, 93, 1007.
> Zhao, H.; Hsu, D. C.; Carlier, P.R. Synthesis 2005, 1, 1.
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Ph
MeOQ 0
QEt
QEt
.
Ph
MeQ,,
R 0
QEt
QEt
4 a: R=Me
b: R= Et
& : A= CHzPh
d: R= %c"tcﬂg
Table I. Enantioselective Alkylation of 1¢
entry RX product? yield, % ee, % []*p (e)* confign
1 Mel 4a 48 66 -15.8° (2.3) R
2 Etl 4b 27 65 +18.5° (1.3) R
3 PhCH,Br 4c 31 67 +25.6° (2.3) e
4 CH,=CHCH,Br 4d 36 48 +13.9° (1.8) e

¢ Chiral ketone 1 of 93% ¢¢ was used. For the experimental procedure, see ref 9. ®Enol ethers were also obtained in 12-30% yield. ¢ Determined
by HPLC analysis (CHIRALPAK AD, hexane:2-propanol = 95:5). ¢Measured in chloroform. ¢Not determined.

> Kawabata, T.; Yahiro, K.; Fuji, K. J. Am. Chem. Soc. 1991, 113, 9694.
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R? Ph
OAc
R MeO OMe
OEt OEt
OE! OEt
9 : R'= OMe, R%= Ph 11

10 : R'= Ph , R®= OMe

Ph Ph

MeQ Me
OEt OEt

CEt OEt

13 14

> Kawabata, T.; Yahiro, K.; Fuji, K. J. Am. Chem. Soc. 1991, 113, 9694.
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RY Fl2 i) Mel/THF Me l‘;l;ﬂz
1 2 °

compd R! R2 base product yield, % % ee?
la Me CHPh LDA 2a 45 ~Q¢
1b Me CHO LHMDS? 2b 66 ~0
lc Me COPh LDA 2¢ 50 12
1d Me CO,CH,Ph LHMDS®  2d 40 26

¢ 3R 35
if Me CO/Bu LHMDS 2f 30 36 |
g H CO,Bu LDA* 2g 57 ~0
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Table 2. Asymmetric a-Methylation of 3¢

ee of
equiv yield eeof recovery recovered

entry base  ofbase of5 % 6°% of3, % 3%

1 LTMP 1.1 38 79 (S) 23 87

2 LDA 1.2 57 22(8) 25 d

3 LHMDS 1.2 0° d d

4  KHMDS 1.2 79 20 (R) 0
I 82 (5) 36 2]

6 LIMP L5 42 77 (S) 17 73

7 LTMP 20 42 73(S) 13 48

8§ LTMP 4.0 36 66 (S) 13 54

9 LTMP 6.0 37 35(8) 22 48

# Substrate 1 of >84% ee was treated with the base (1.1—1.8 equiv)
at —78 °C for 30—60 min followed by methyl iodide at —78 °C to
room temEerature Reactions were run in THF unless otherwise
indicated. ® Ee was determined by HPLC analysns using Daicel
CHIRALCEL OD (5% ‘PrOH—hexane) after conversion to 2¢ unless
otherwise indicated. © Determined on 2a using Daicel CHIRALCEL
OJ (1% ‘PrOH—hexane). ¢ Lithium hexamethyldisilazide. ¢ Run in
THF—-DMF (10:1). / Overall yield of 2¢. # 1-Adamantyl ester. * The
amount of base used was 2.4 equiv.

23 (98% ee) was treated with the base in THF at —78 °C for 15
min followed by methyl iodide at —78 °C for 4 h. ® Determined by
HPLC analysis using Daicel CHIRALPAK AS (3% EtOH—hexane).
The letter in the parentheses indicates the absolute configuration. < The
absolute configuration was S in each entry. Ee was determined by
HPLC analysis using Daicel CHIRALPAK AS (3% EtOH—hexane).
4 Not determined. ¢ This result was in sharp contrast to that from 1
(Table 1, 1f). Reproducibility of the results was confirmed by repeated
experiments.

> Kawabata, T.; Yahiro, K.; Fuji, K. J. Am. Chem. Soc. 1991, 113, 9694.
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Table 1. Asymmetric a-methylation of a-amino acid derivatives.®]
R CO,Et a) KHMDS R CO,Et
H "N—CH,OMe  b)Mel / THF toluene (1:4) Me"™ “N—CH,0Me
CO,8Bu -8 c CO,fBu
Entry R Substratel® Product Yield [%] ee [% ] [a]# (¢ in CHCL) Configuration®]
1 PhCH, 3 4 96 81 —89(1.2) by
|¢N
2 )—CHy 5 6 83 93 —43(L1) le]
rBuoco'N‘)_
3 MeoGH0—_H—GHy 7 8 94 79 ~ 81 (1.0) s
MeO,

4 Meo@cHg 9 10 95 80 ~96 (1.0) S
CH2
5 O\_Nﬂ/ 11 12 88 76 — 64 (0.9) le]

I
CH,0OMe

6 Me,CH 13 1419 81 87 +85 (1.2) S
7 Me,CHCH, 15 1619 78 78 +20 (0.5)m S

[a] The substrate was treated with 1.1 equiv of KHMDS at — 78 °C for 30 min (for 3, 5, 7, 9, and 11) or 60 min (for 13 and 15) followed by 10 equiv of methyl
iodide for 16 -17 h at — 78 °C. See the Supporting Information for the experimental procedure and physical data. [b] The ee value of cach substrate is >99%.
[c] Determined by HPLC using columns with chiral stationary phases: 4: Chiralpack AD, 2% iPrOH in hexane: 6, 8: Chiralpack AD, 5% EtOH in hexane:
10, 12: Chiralpack AD, 5% iPrOH in hexane; 14 (benzoate): Chiralpack AS, 3% /PrOH in hexane; 16 (benzoate ): Chiralpack AD, 1% /PrOH in hexane.
[d] Absolute configuration of the corresponding a-methyl-a-amino acid. [e] Not determined. [f] Obtained as an inseparable mixture with the substrate. The
yield was determined on the basis of the ratio of signals observed in the 400 MHz 'H NMR spectra. Complete separation was achieved with the corresponding
N-benzoyl derivative. [g] Optical rotation of the corresponding N-benzoyl derivative.

> Kawabata, T.; Suzuki, H.; Nagae, Y; Fuji, K. Angew. Chem. Int. Ed. 2000, 39, 2155.
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Ph/\ifff’l\oms Ph/\%’J’\oEt 074
N N 0.6
Boc MOM Boc MOM
0.5+
17 18
0.4-
In (ee%ee) ‘

0.3+

0.2+ >
0.1

0 T T 1
0 500 1000 1500
t/min ———
OTBS co OK 0
EtO}NMCHEOM . }N””CHQOMG o k%,__
Ph—"1 Sco.Bu |Ph—"" “co.Bu ] "L
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D E F

> Kawabata, T.; Suzuki, H.; Nagae, Y; Fuji, K. Angew. Chem. Int. Ed. 2000, 39, 2155.
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O—mM 0
= S g O
B c D
i) KHMDS H
(\j\ 2o rw(ﬁ
. R "N-Boc
MOM E!.cuc i) A-X, —78 °C MOM
3 4
Entry R-X Solvent Yield (%) Ee (%a)®
1 Mel Toluene:THF =4:1 81 88® (B1)
2 Mel THF 83 75 (35F
3 CH,=CHCH-I Toluene: THF = 4:1 71 82 (55
4 (CH;),C=CHCH,Br Toluene:THF=4:1 47 87 (60"
5 frans-PhCH=CHCH,I Toluene:THF=4:1 89 83 (48)°

* Ee was determined by HPLC analysis with a chiral stationary phase.

B (§)-Isomer.
<% Ee of the corresponding product from 1.

> Kawabata, T.; Kawakami, S.; Fuji, K. Tetrahedron Lett. 2002, 43, 1465.
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CO,Et
h/YCOQEl Table 1 Ph\ IIII 0. O-Et
P.(\I/C N Br = O,Et KHMDS R
NH5 CI Boc™ "~ Boc= N |
(a) 3-bromo-1-propanol, K,CO D:nF (b} (Boc),O, Pr,NEt 2 Boc"'N\ DMF B (CHJ),
(c) CBra, PPhg (63% overal) R (CHz)Br  _60 °C, 30 min
entry base? solvent temp, time 2, yield (%) 2, ee"(%) entry  substrate n R product  yield (%) ee (%)°
1 KHMDSY THF —78 °C. 30 min 92 89 1 1 3 PhCH, 2 04 98 (5)
2 KHMDS?  toluene —78°C.2h 92 47 5 3 3 4-FtO-CgHs-CH, 4 05 07
3 KHMDSY  DMF —60 °C. 30 min 94 98 2 . ) 5 -
4 LHMDS* DMF  —60°C. 30 min 60 77 3 S 3 MeSCHCH; 6 2' o’
5 LTMP DMF  —60°C.30min  ~0 4 7 3 MeCH 8 8
5 9 3 CH; 10 o1 95 (R)
@ 1.2 equiv of base was used. ? The (§)-isomer was obtained in every 6 11 2 PhCH, 12 61 95
entry. See the Supporting Information. ¢ Determined by HPLC analysis. 7 13¢ 4  PhCH; 14 84 97
4 Potassium hexamethyldisilazide. ¢ Lithium hexamethyldisilazide. /Lithium 8 15¢ 5  PhCH; 16 31° 83 (S)
2.2.6.6-tetramethylpiperidide. gd 15¢ 5  PhCH> 16 61 72(S)

2 A solution of substrate (0.25 mmol) in dry DMF (2.4 mL) was treated
with 1.2 mol equiv of KHMDS (0.50 M in THF) for 30 min at —60 °C,
unless otherwise mentioned. ? The ee was determined by HPLC analysis.
The letter in the parentheses indicates the absolute configuration. See the
Supporting Information. ¢ >99% ee. 4 The reaction was run for 2 h. €15
(70% ee) was recovered in 52% yield. / 15 (54% ec) was recovered in 17%

vield.

> Kawabata, T.; Kawakami, S.; Majumdar, S. J. Am. Chem. Soc. 2003,125, 13012.
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> Kawabata, T.; Kawakami, S.; Majumdar, S. J. Am. Chem. Soc. 2003,125, 13012.
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( =~ e
s=—N N
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X
0 CO,Me . ° ved
N2 AN ’

MeOC
48 MeO_ o MeO. M;
N
S
NaOMe LA s,
MeOH . O o

¢ S
NQ glﬂﬂ M MeQ MeO
. olvle 5 a0 e
D:; COsMe N Oi ;NH S/“{ . q(‘
NE _N N

MeQC - *
H MeOC ° N

49 (37% yield) 50 (35% yield)

> Zhao, H.; Hsu, D. C.; Carlier, P.R. Synthesis 2005,1, 1.
> Vohra, S. et al. J. Chem. Soc. Perkin Trans. 1 1993, 1761.
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(S
M
(S 0 O
N ~_keN + RO™ “Me
0 COoi-Pr MeOH
O 9a R = EtsNH
y bR =K
e —
56 cR=H

57:58 = 72:28 (combined yield 68%)

> Zhao, H.; Hsu, D. C.; Carlier, P.R. Synthesis 2005,1, 1.
> Vohra, S. et al. Chem. Commun. 1998, 299.
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Ph Ph
3 1 30 30
R3_COR! R #COR R [ Ry [
r \H " “N""CcO,Me YSNTCo,Me
NH, Ar-CHO g2 4N H . N H
NaBH4/MeOH o2 N
H-L-Xaa-OR' 4 158 1019 © R 0 R?
T 58a-61a 58b-61b
1. TFA or NaOH
CICH,COC| CICH,COCl 2 H-L-Phe-OMe/BOP
R3Y002‘Bu R3Y002R1 R3 R®
N N Base )r—‘r-cozw )—!-.ICOZW
CI/\I'/ CH30CH,CI Cl/\n/ “R2 Solvent @ N 2 ’ o} N 2
0 NaOH 0 R R
9 20-38 39a-57a 39b-57b
Compd. R R? R® Compd, R R? R®
1,20, 39 'Bu Pmb CH,Ph 10, 29, 48 Me Pmb CH,CgHy(p-O-di-Cl-Bzl)
2,21,40 e Pmb CHaPh 11, 30, 49 Bu Pmb CHzIn(N-Boc)
322,41 py Pmb CHyPh 12,31, 50 Bu Bzl CHyln
4,23,42  py 2,4-Dmb  CHyPh 13,32, 51 Me Pmb {CH;)3-NHZ
5,24, 43 Me 2,34-Tmb  CHaPh 14,33, 52 Me Pmb {CH3)s-NHZ
6,25, 44 Bzl 2,46-Tmb  CHsPh 15,34, 53,58 e Pmb CH,CO,'Bu
7,26,45 e 3,45Tmb  CHyPh 16, 35, 54,59 e Pmb (CH,),CO,'Bu
8,27,46 gy Nph CHzPh 17,36, 55,60 e Pmb CHzCH(CH3)z
9,28,47 gy Mom CHyPh 18, 37,56,60 gy Pmb CH,CH(CH3);
19,38,57,61 1, Bl CHs

>

Bonache, M2, A. Et al. Tetrahedron Asymmetry 2003, 14, 2161.
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Table 1. Influence of the R' group on the selectivity of the cyclization of L-Phe derivatives.

Entry Starting compd R! Base Solvent Final compd Yield (%)* a:h® e.e.

| 20 ‘Bu Cs,CO, MeCN 39 71 78:22¢ 56

2 21 Me Cs.CO, MeCN 40 74 78:224 56

| 3 22 Bzl Cs,CO, MeCN 41 15 19:21° 58 |

4 20 ‘Bu BTPP MeCN 39 73 T76:24° 52

5 21 Me BTPP MeCN 40 68 67:334 34

6 22 Bzl BTPP MeCN 41 58 57:.43¢ 14

7 20 ‘Bu BEMP MeCN 39 81 T6:24° 52

8 20 ‘Bu BTPP DCM 39 38 T4:26° 48

9 21 Me BTPP DCM 40 65 67:334 34

10 20 ‘Bu BEMP DCM 39 65 75:25° 50

11 21 Me BEMP DCM 40 68 68:324 36

12 20 ‘Bu BTPP NMP 39 36 43:57¢ 147
3 21 Me BTPP NMP 40 79 34:664 32f

14 20 ‘Bu BEMP NMP 39 52 51:49¢ 2

15 21 Me BEMP NMP 40 81 43:574 14"

* Isolated yield.

® Measured by chiral HPLC (Column: OL-389).
 Hexane/acetone (96:4), 1.5 ml/min.

9 Hexane/EtOH (95:5), 1 ml/min.

¢ 0OL-321, hexane/EtOH (97:3). 1 ml/min.

“Major isomer has R configuration.

> Bonache, Mg, A. et al. Tetrahedron Asymmetry 2003, 14, 2161.
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Cl
o. N Ph
H = H X Swe
Me' N= ‘Ph Me 4 |
N\ T Cl
o Me
pseudoequatorial methyl pseudoaxial methyl
in {M)-conformer of in (P)-conformer of
(35)-2b (39-2b

Table 1. Racemizing (2b) and Enantioselective (2¢, 3c)
Deprotonation/Trapping Reactions of 1,4-Benzodiazepin-2-ones

" C 1. 12equiv.LDA, -
N7 6 equiv. HMPA, N7
\ THF, -78°C, 15 min; g )\\/)
Flg"%_{N 1.2 equiv. n-Buli, \S/"N
E \ 15 min; Rz \

o] R, —_— o R,
R, R, 2. 10 equiv. E-X, -78 °C
(3S-+)2b Me M 0.5 to 10 hours 4-10
(39)-(+}2c iPr Me O NHiCl{aa)
(35-(+)-3c Pr Bn

[+

entry R R: =] product % yield % eel

1 Me Me Bn ()4 72 0°

2 #Pr Me Bn (+)-5 74 97 3R)
3 iPr Me  4-MeCgHsCH, (+)-6 68 95 (3R)
4 i-Pr Me 2-PhCsH4CH, (+)-7 70 99

5 i-Pr Me  allyl (+)-8 76 94

6 iPr Me D (+)-9 85¢ 99 (35)
7  #Pr Ban Me (—)-5 64 95 (35)
8 i-Pr  Bn allyl (+)-10 57 86

@ Electrophiles used: BnBr, 4-MeCsH,CH;Br, 2-PhCsH4CH,B1, allyl
bromide, D-OTFA. Mel. ® % ee measured by chiral stationary phase HPLC
(Chiralcel OD, AD). © Racemic 4 1s also obtained if BnBr 15 added only 10
s after deprotonation by LDA. 9 The extent of deuteration is 96%.

> Carlier, P. R. et al. JACS 2003, 125, 11482.
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CH3 @CH; Ha jH#—HEkcalmGN @_\ﬁ
CHs
‘\

Cr(CO)s Cr CO)s Cr(CO)s Cr(CO)s
Y R
@/_\cm o @/_\cm
Cr(C0O)3 Cr(CO);
3 4
| .,©
+1e l-Y W RX
@/x\cm +le @\cm
*Cr(CO); Otr(co),
(17 VE) (18 VE)
2 5

> Schmalz, H.-G.; Koning, C.B.S.; Bernicke, D.; Siegel, S.; Pfletschinger, A. Angew. Chem. Int. Ed.

1999, 38, 1620.
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MEWBH 1. Reduce | Bn H .
0] —_— \N + n
2. (DDQ) ! © Me S

CN O
1ax or 1eq 3ax 3eq
entry substrate conditions® ratio (3ax:3eq)’

1 1ax Li/NH; (—78 °C) 66:34
2 leq Li/NH; (—78 °C) 4:96
3 lax LiDBB (—78 °C) 66:34
4 leq LiDBB (—78 °C) 5:05
5 lax Li/NH; (—33 °C) 39:61
6 leq Li/NH; (—33 °C) 5:95
7 lax LiDBB (—95 °C) 71:29

> Buckmelter, A.J.; Powers, J.P.; Rychnovsky, S.D. J. Am. Chem. Soc. 1998, 120, 5589
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slow ring inversion

Mefvﬂ” A eN (10M) B CN
0 Me
- 9] +
O O-N" "= BusSnH (0.15 M) g[b‘ \er/Bn
Me

NS hv, 78°C N o
dax or deq Starting Material 5ax oeq
dax 62 : 38
deq 4 : 96

> Buckmelter, A.J.; Powers, J.P.; Rychnovsky, S.D. J. Am. Chem. Soc. 1998, 120, 5589
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> Buckmelter, A.J.; Kim, A.l.; Rychnovsky, S.D. J. Am. Chem. Soc. 2000, 122, 9386

25. October 2012

/:E?\Ph >97% ee

1 CO.H = N,.DH

i. DIPDI, DMAP, ~~-%g
if. hv, 1 M PhSH, -78 °C

%Ph PhSH ﬁ?\%

3 H
2
o 93
ring-inversion — 86% ee
l (racemization) 7
H
o Ph O Ph
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slow ring inversion

LiDBB
o it LiDBB %Ph
L\?\Ph R {

4 CN -78°C 2 6 U

= 97% ee ‘y l MeOH
o]
Ph
% B%_\Ph
COsR

R=H(1 3 HoN 3 A
R = Me (7)— CHzNz see Table 3
(49% ee, 42% yield from 4)

Table 3. Reductive Decyanations of 4 with LiDBB in THF

conditions® optical purity of 3
0.12 M LiDBB, —78 °C 26% ee
0.31 M LiDBB, —78 °C 30% ee
0.47 M LiDBB, —78 °C 39% ee
0.63 M LiDBB. —78 °C 40% ee
Inverse addition, —78 °C 9% ee

@ The nitrile in THF was added to the solution of Li in NH; unless
otherwise noted.

> Buckmelter, A.J.; Kim, A.l.; Rychnovsky, S.D. J. Am. Chem. Soc. 2000, 122, 9386

25. October 2012

24



Memory of chirality in radical chemistry

emorv nf chiralit tv In radical o CVC | Tale
IVINLOCDITINU ‘y \J1 |||| CAl 'l y 111 1 CAUAIL s CAI ‘y 11 INJI11
Q
i. oxalyl chloride H
i s7N 6] LN =-
HO HO" VAP CO,Bn
BnO,& CO,Bn S CO,Bn 8
s toluene, hv H
N pafhal
l  enantioselective?? ) ] ¥
Bl .
s 0 E
| N'O\rHLO T4 10 E
= o] BnO>;C CO-Bn BnO-C CO5Bn
s 7 L
r
Hy
COQBI"I
CO,Bn
H
5

> Dalgard, J.E.; Rychnovsky, S.D. Org. Lett. 2004, 6, 2713
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Memorv of chiralitv in radical cvclisation
‘y J1 IIII CAl y 11T 1 CAUUITL v LA U]Ulldul.l\.lll
i. oxalyl chloride |
ii. = | N
Ho L owe cozen
BnO,C CO,Bn oluene. hy CO2Bn
4
94:6er
entry? temp ("C) vield (%) er?
1 23 38 63:37
2 67 79:21
3 15 51 84:16
4 35 43 84:16

? Reaction mixtures were photolyzed with a 500-W tungsten lamp.
b Enantiomeric ratio determined by chiral HPLC analysis (Diacel OD-H

column), 90:10 hexanes/TPA, 0.9 mL/min.

> Dalgard, J.E.; Rychnovsky, S.D. Org. Lett. 2004, 6, 2713
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Memorv Nt chiralityvy in radiecal cevelicatinn
NI 1I\UJUI ‘y \J1 il LA.IIL] 111 1 CAUAIL s CAI U‘y VITWUALIUIN I EINIVEHSITJQT
o O o
2 A2 2
H"JJ\N'H — H')J\N' H‘)J\N'
X Me Me X Me .
, rapid rotation at room temp 3

IT

1 X=
2 X = H, slow rotation at room temp

> Curran, D.P.; Liu, W.; Chen, C.H.-T. J. Am. Soc. 1999, 121, 11012.
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IVI

>

emorv nf o
Jl v

Hivi y il y il y ii
0 o] o)
.Me NMe
R\"‘)LN BugSnH | Xy~ -Me Mo
Et;B/0, .
25°C, CgHg
Me
Me Me
M-4a (97% ee) R-5a 84%ee

{87% ee, corrected)

|
e y
. (2)

0] 0 0
\‘\\.‘/IJ\N,ME e N’Me NMG‘- M
! e
| Me — Me i =
=
Me
Me Me

P-4a (95% ee) S-5a B2%ee

(86% ee, corrected)

Curran, D.P.; Liu, W.; Chen, C.H.-T. J. Am. Soc. 1999, 121, 11012.
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Nemorv nf chiralitv in radical cvelication
|V|\l|||U|‘y JIiI vilill ULIIL] 111 1 CAUUIL U Al U‘y VVITWOUOALIVI I EINIVEHSITJKT
BERN
R O 0
M M
HEMN'H BusSTH 2 NR
Me A X - X Me
ElngG‘z RE |
25°C, CgHe >
Me Me
M- 4b-e R-5b-e
entry precursor RN RE RZ X product vyield "% ee’%

1 M-4b-1 Me Me H I R-5b 73 89
2 P-4b-1 Me Me H I S-5b 70 85
3 M-4b-Br Me Me H Br R-5b 60 02
4 P4b-Br Me Me H Br 5-5b 60 87
5 M-4c Me Ph H I R-5¢ 75 04
s} P-4c Me Ph H I S5-5c 73 92
7 M-4d Me Me Me 1 R-5d o1 40
8 P-4d Me Me Me 1 5-5d 88 50
4 M-4e Et Me H I R-5e 03 o0
10 P-4e Et Me H I 5-5e 86 90

@ Determined by NMR against an internal standard. ® Corrected for
ee of 4, which was 95—98%.

> Curran, D.P.; Liu, W.: Chen, C.H.-T. J. Am. Soc. 1999, 121, 11012.
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emorv nf chiralit tv In radical o CVC | Tale
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O 0 Ph
Ph\)LNM Bu;SnH Ph\)l\Nf“\//’ \"J:{‘
Et;B/O5 *
22 °C, CaHg
P-17¢, 99%ee 20 S-18¢
:»: 54% yield, 93% ee
B ] o)
0 o Ph_[[
Ph A~ P A~ N
| B S . . i
M-17¢c, 97% ee ent-20 R-18c

53% yield, 87% ee

> Curran, D.P.; Chen, C.H.-T.; Geib, S.J.; Lapierre, A.J.B. Tetrahedron 1999, 60, 4413.
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Neamorv nf chiralitv in radical cvelicatinn
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e} RZ o}
Ar e Ar
T\%JLN’\)\RE BusSnH \%N
n RZ
Me | Me a..,<
Et;B/O, RE
25 °C, CgHg
Me Me

M-17a-g R-18a-g
Entry Precursor® Ar n R R* Product Yield® Toeesn” Toeep” Chirality transfer® (%)
1 P-17a Ph 0 H H S-18a Q5 99 6 03
2 M-1T7a Ph 0 H H R-18a 02 =09 87 93
3 P-17h 4-BrC H, 0 Me Me S-18h 72 99 48 72
A M-17h 4-BrC H, 0 Me Me R-18h Q5 08 47 72
5 P-17¢ Ph 1 H H S-18¢ 54 =09 93 a7
i M-17¢ Ph 1 H H R-15¢ 53 o7 87 Q5
7 P-17d Ph 1 H Ph S-18d 40 =09 74 87
8 M-17d Ph 1 H Ph R-18d 50 Ch 76 Rt
9 -17e Ph 1 H Me S-18¢ 77 =099 79 839
10 M-17e Ph 1 H Me R-15e 71 =09 83 o1
11 P-17f Ph 1 Me Me S-18F 79 =09 63 81
12 M-17f Ph 1 Me Me R-18f 81 =00 57 78
13 P-17g Ph 2 H H S-18g 67 E L] 85 E
14 M-17g Ph 2 H H R-18¢g 74 =09 G Q5

* The P configuration is assigned to the dextrorotatory enantiomers and M to levorotatory.

b Isolated vield after chromatography.

¢ ee of precursor.

4 ee of product 18.

Yield (not excess) of the major enantiomer of 18 expected from an enantiopure sample of 17.

> Curran, D.P.; Chen, C.H.-T.; Geib, S.J.; Lapierre, A.J.B. Tetrahedron 1999, 60, 4413.
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emorv nf
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hv

Ig!e
Meozc’u\/\ql"\[(‘m '
Ts 0O

1

Me

CO:Me OH
Zal ZaCOzMe
- Z ; .u\Me + ,: ; o
l;s] COzEL |~|l CO,Et
Ts Ts
3 4

CO,Me

GH
Me

Ts O
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Conditions Jent-3  dient-4  cis:trans  Overall
yield [%]F

hv/naphthalene (1m) 24 16 5.7 470
hvimaphthalene (0.5M) 18 13 5.3 500+
hvfisoprene (0.5 M) 9.4 3.0 2.9 470
/O, 9.6 3.6 2.6 48[l
hv/Ar 2.4 L6 0.9 35l
hv/benzophenone (1m)/Ar 1.4 1.4 0.8 104l

[a] Based on the conversion (80-90%). [b] Irradiation time 10 h.
[c] Irradiation time 2 h. [d] Irradiation time 20 min.

> Giese, B. et al. Angew. Chem. Int. Ed. 1999, 38, 2586.
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Memorv of chiralitv involving carbocation
U1 ‘y \J1 IIII CAlL y IIIV\JIVIII& VAL U UVLALIVIL I EINIVEHSIT}KT
Intermediates
NaOMe
in MeOH
1a 2a 39%%ee
>< 2 Fimol
COOH NaoMe
Ftcathude
O graphite anode O
MeOH -30°C
1b 2b 80 %ee

> Wanyoike, G. N.; Onomura, O.; Maki, T.; Matsumura, Y. Org. Lett. 2002, 4, 1875.

25. October 2012



Memory of chirality in radical chemistry b

u

Memorv f iralit tv iNvnluvino carhneatinn
\J1 ‘y \J1 IIII CAl 'l y IIIV\JIVIII& AL NN U UVUULALIVUVI ] Emlvsnsrrjn
Intermediates
Me Me Me
5
>( 2 F/mol >( 4.
D‘GDH DM HDM
Pt cathode © ©
+ (3)
Pt anode 8] 0
MeOH, -30°C
P 10moleq P PH
assma ove (4R5R4a (4S5R)-4b
' 98% 29

(4R5R)4a (45,5R)-4b

Figure 1. NOESY for 4a and 4b
> Wanyoike, G. N.; Onomura, O.; Maki, T.; Matsumura, Y. Org. Lett. 2002, 4, 1875.
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IVI III

o’
5
>L coon 2 F/mol OMe " OMe
F'tcathc-de
(4)
O Pt anode 0
MeOH, -30'{:
P 10 mol eq Ph
45555 NaOMe {4;?5.5]-63 (45,55)-6b
10%
Me

5
>{\ OMe

3. Dﬁ

aI-

(4R,55)-6a
> Wanyoike, G. N.; Onomura, O.; Maki, T.; Matsumura, Y. Org. Lett. 2002, 4, 1875.
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Memory of cl
Intermediates
OOH

1b

Most Stable

Conformation?®
-120.8Kcal/mol

2F/mol
NaOMe 10 equiv

Pt cathode
Pt anode
MeOH, -30°C

*Determined by MOPAC AM1 calculation

anif
4 Nu
Chiral iminium ion

b

u

11 b
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(£

Retention 4/2b 90%
Inversion M
0 oV “OMe
452b 10%

> Wanyoike, G. N.; Onomura, O.; Maki, T.; Matsumura, Y. Org. Lett. 2002, 4, 1875.
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Memory of chirality is an emerging strategy for enantioselective synthesis

V

To date, most MOC experiments were carried out in enolate chemistry, but
MOC is also performed in radical chemistry and with involvement of
carbocations as reactive intermediates.

V

>  Three conditions have to be fulfilled for MOC:

>  The chiral starting material must be transformed in a conformationally chiral
intermediate

> The intermediate must not racemize during the timescale of the reaction
> The reaction from the reactive intermediate has to work with a high ee.
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