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A Short Trip to Physics Lecture Py

600

STM AFM
Scanning Tunneling Microscopy Atomic Force Microscopy

Sharp metal tip Cantilever

» Density of electronic states is decisive for » Structure of molecule determines image
molecule image contrast

K. Bian, C. Gerber, A. J. Heinrich, D. J. Miller, S. Scheuring, Y. Jiang, Nat. Rev. Methods Prim. 2021 11 2021, 1, 1-29. 2
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Breakthrough in AFM
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CO-tip

Cu(111)-substrate

L. Gross, F. Mohn, N. Moll, P. Liljeroth, G. Meyer, Science 2009, 325, 1110-1114, D. Martin-Jimenez, A. |hle, S. Ahles, H. A. Wegner, A.
Schirmeisen, D. Ebeling, Appl. Phys. Lett. 2020, 117, 131601. 3



Determination of Organic Structures

Organic structure determination using atomic-
resolution scanning probe microscopy

Leo Gross'*, Fabian Mohn', Nikolaj Moll', Gerhard Meyer', Rainer Ebel?, Wael M. Abdel-Mageed?®
and Marcel Jaspars?

Chemical formula from HRMS Substructures from NMR data
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L. Gross, F. Mohn, N. Moll, G. Meyer, R. Ebel, W. M. Abdel-Mageed, M. Jaspars, Nat. Chem. 2010, 2, 821-825. Application in characterization of asphaltenes: B. Schuler, G. Meyer,
D. Pefia, O. C. Mullins, L. Gross, J. Am. Chem. Soc. 2015, 137, 9870-9876; B. Schuler, Y. Zhang, S. Collazos, S. Fatayer, G. Meyer, D. Pérez, E. Guitian, M. R. Harper, J. D. Kushnerick,
D. Peiia, et al., Chem. Sci. 2017, 8, 2315-2320; B. Schuler, S. Fatayer, G. Meyer, E. Rogel, M. Moir, Y. Zhang, M. R. Harper, A. E. Pomerantz, K. D. Bake, M. Witt, et al., Energy and
Fuels 2017, 31, 6856—6861; L. Zhang, P. Chen, S. Pan, F. Liu, V. Pauchard, A. E. Pomerantz, S. Banerjee, N. Yao, O. C. Mullins, Energy & Fuels 2021, 35, 13610-13632. 4



Determination of Organic Structures
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Organic structure determination using atomic- -
resolution scanning probe microscopy

Leo Gross'*, Fabian Mohn', Nikolaj Moll', Gerhard Meyer', Rainer Ebel?, Wael M. Abdel-Mageed?®
and Marcel Jaspars?
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Comparison of experimental adsorption position (left) with DFT-calculate-
ed adsorption geometries for 1 (middle) and 2 (right)

L. Gross, F. Mohn, N. Moll, G. Meyer, R. Ebel, W. M. Abdel-Mageed, M. Jaspars, Nat. Chem. 2010, 2, 821-825. Application in characterization of asphaltenes: B. Schuler, G. Meyer,
D. Pefia, O. C. Mullins, L. Gross, J. Am. Chem. Soc. 2015, 137, 9870-9876; B. Schuler, Y. Zhang, S. Collazos, S. Fatayer, G. Meyer, D. Pérez, E. Guitian, M. R. Harper, J. D. Kushnerick,
D. Peiia, et al., Chem. Sci. 2017, 8, 2315-2320; B. Schuler, S. Fatayer, G. Meyer, E. Rogel, M. Moir, Y. Zhang, M. R. Harper, A. E. Pomerantz, K. D. Bake, M. Witt, et al., Energy and
Fuels 2017, 31, 6856—6861; L. Zhang, P. Chen, S. Pan, F. Liu, V. Pauchard, A. E. Pomerantz, S. Banerjee, N. Yao, O. C. Mullins, Energy & Fuels 2021, 35, 13610-13632.
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Assigning the Absolute Configuration by Visual Inspection gff

* 2018 Ebeling et al. Assigning the absolute Configuration of [123]tetramantane by visual inspection

a Hydrogen in imaging plane b c
@ Hydrogen in surface plane

D. Ebeling, M. Sekutor, M. Stiefermann, J. Tschakert, J. E. P. Dahl, R. M. K. Carlson, A. Schirmeisen, P. R. Schreiner, Nat. Commun. 2018, 9, 1-8. 5



Assigning the Absolute Configuration by Visual Inspection )
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Cu tip

<_/_

~130 pm :
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Hydrogen in imaging plane

@ Hydrogen in surface plane
@ Specific hydrogen ~130 pm below imaging plane
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D. Ebeling, M. Sekutor, M. Stiefermann, J. Tschakert, J. E. P. Dahl, R. M. K. Carlson, A. Schirmeisen, P. R. Schreiner, Nat. Commun. 2018, 9, 1-8. 5



Expanding the scope to Lauren... what? "

[123]tetramantane laurentristich-4-ol
Structure revised

after synthesis HO

(M)-1 (-)-(1'S,2'S)-2 2

natural sesquiterpene

o Spiro center and
from Red Alga Laurencia tristicha

Oxygen heteroatom quarternary carbon

Methyl[3.1.0]bi- Planar benzyl moiety
cylcohexyl moiety

J. Sun, D. Shi, M. Ma, S. Li, S. Wang, L. Han, Y. Yang, X. Fan, J. Shi, L. He, J. Nat. Prod. 2005, 68, 915-919; P. Chen, J. Wang, K. Liu, C. Li, J. Org. Chem. 2008, 73,
339-341; P. R. Schreiner, A. A. Fokin, H. P. Reisenauer, B. A. Tkachenko, E. Vass, M. M. Olmstead, D. Blaser, R. Boese, J. E. P. Dahl, R. M. K. Carlson, J. Am. Chem.

Soc. 2009, 131, 11292-11293; D. Ebeling, M. Sekutor, M. Stiefermann, J. Tschakert, J. E. P. Dahl, R. M. K. Carlson, A. Schirmeisen, P. R. Schreiner, Nat. Commun. 6
2018, 9, 1-8;



The Literature Path towards Laurentristich-4-ol

77\

Lo % o)
S (0]
1. Me,S0,, K,COs; S~
acetone, reflux 5,
2. Iy, HIO3;AcOH, H,0, Pd(PPh3),Cl, (5 mol%),
H(jij\ H,S0,, 70 °C HOJI;E' Cul (13 mol%), Et,N RW
3. BBr3; DCM, °
OH "30 OH DMF, 80 °C 16 h o
-78°Ctort, 12h 60% o
3 4 0 ACZO, K2CO3, R=H:6
DCM, r.t., o.n. , R=Ac 7
88%
Sml,, HMPA,
'BUOH; THF, 0 °C, 16 h
Initial proposed structure 65%
HO 1. MsCl, DABCO;  AcO .
. NaOH DCM, r.t. o.n.
~<| MeOH, THF, 2. ZnEty, CHyly, 0 )
i r.t., 30 min DCM, -23°C, 10 h OH
10 quant. 9 68% 8
4 AMS, CHCl, . ,
90% Structures confirmed by XRD
rt., 24 h
AcO
ACzo, KzCO3
DCM, rt., o.n. -
2 11
P. Chen, J. Wang, K. Liu, C. Li, J. Org. Chem. 2008, 73, 339-341. 7



Synthesis of the Starters e 4§

* Synthesis of 2-lodo-5-methylbenzene-1,4-diol 10:

1.Me,S0O,4 (2.4 equiv.), K,CO3 (5.0 equiv.);
acetone, reflux; quant.
HO 2.1, (0.5 equiv.), H5I06°(0.2 equiv.); HO |
D\ AcOH, H,0, H,S0,, 70 °C, o.n.; 84 % . J@[
OH s) a) CAN (2.5 equiv.), AcCN:H,0O (2:1), 0 °C, 30 min; OH
3

NasS,04 (20 equiv.), Et,0:H,O (2:1), r.t., 1 h; 96 % 4

* Synthesis of 6-heptyn-2-one 11:

Eschenmoser fragmentation Weinreb keto synthesis
i 0
0
N\ B w
ij\ \\/\)J\ OH
5 14
12 AoA
O~
H,0, (aq. 30 wt.%, 3.0 equiv.), 97% H «HCI (1.3 equiv.),
NaOH (0.04 equiv.); MeOH, 88% 0 EDC-HCI (1.3 equiv.),
10 °C, 2.5 h Et3N (1.3 equiv.), DMAP
(10 mol%); DCM, r.t., o.n.
Y
Q o
pTsNHNH, (1.0 eq.) MeMgBr (1.5 equiv.) w o
o} CH,Cly:AcOH (2:1); THF, 0 °C tor.t., o.n. N™TS
-20 °C, 7 h; -15°C, 2 h; 95% |
13 0°C,3h;rt,4h 15
58%

Eschenmoser fragmentation: J. Schreiber, D. Felix, A. Eschenmoser, M. Winter, F. Gautschi, K. H. Schulte-Elte, E. Sundt, G. Ohloff, J. Kalovoda, H. Kaufmann, et al.,
Helv. Chim. Acta 1967, 50, 2101-2108; A. Eschenmoser, D. Felix, G. Ohloff, Helv. Chim. Acta 1967, 50, 708-713, D. Felix, J. Schreiber, G. Ohloff, A. Eschenmoser,

Helv. Chim. Acta 1971, 54, 2896—-2912; P. Chen, J. Wang, K. Liu, C. Li, J. Org. Chem. 2008, 73, 339—-341;B. M. Trost, M. J. Bartlett, A. H. Weiss, A. J. von Wangelin,

V.S. Chan, Chem.: Eur. J. 2012, 18, 16498-16509. Weinreb keto synthesis: S. Nahm, S. M. Weinreb, Tetrahedron Lett. 1981, 22, 3815-3818. 8



Walk the route

Sonogashira-coupling
S 0]
Protection, lodination, \\/\)J\

OH OH 0]

3 4 R=H:6
Acetylation |:
R=Ac:7

Sml,-mediated ketyl
radical cyclization

Deprotection A 1. Dehydration

2. Simmons-Smith
reaction

Isomerization

P. Chen, J. Wang, K. Liu, C. Li, J. Org. Chem. 2008, 73, 339-341. 9



Leaving the path already?

O ‘ ‘ Organic
LetterS & Cite This: Org. Letr. 2019, 21, 412-416 pubs.acs.org/OrglLett

Synthesis of Benzannulated [6,6]-Spiroketals by a One-Pot
Carbonylative Sonogashira Coupling/Double Annulation Reaction

Kuirong Xiang, Pei Tong, Baorun Yan, Lingling Long, Chunbo Zhao, Yuan Zhang,**® and Ying Li*

State Key Laboratory of Applied Organic Chemistry, College of Chemistry and Chemical Engineering, Lanzhou University, Lanzhou
730000, P. R. China

Table 1. Optimization of Reaction Conditions”

Ha PACI,(PPh); (2%) 0 0 OH
C[I Cul {2%), CO (1 atm) (D\)j\j m
+ L ocon + +
OH solvent, base, 25 °C o o o
1a 5a O 4a Ta

2a \\‘b‘
entry solvent base time (h)  yield (%)" 5a: 4a: 7a
1 DMF DBU 20 0:92:0
2 DMF Et;N 30 0:79:0
3 DMF Cs,.CO, 24 0:73:0
4 CH,CI, DBU 10 0:0:83
5 CH,CN DBU 24 0:16:63
6 1,4-dioxane DBU 24 0:10:61
7 Et,N Et;N 40 25:48:13
8 Toluene DBU 48 15:44:25
9 THF DBU 40 30:58:5
10° THF DBU 40 81:7:4
11 THF DBU 60 4:38:0
12°° THF DBU 40 55:6:17
13 THF DBU 40 35:6:8

“All reactions were carried out by using la (1.1 mmol), 2a (1.0
mmol), PAClL,(PPh;), (0.02 mmol), Cul (0.02 mmol), and solvent (5
mL) under CO (1 atm) at 25 °C, except as noted. bIsolated yield.

P. Chen, J. Wang, K. Liu, C. Li, J. Org. Chem. 2008, 73, 339-341; K. Xiang, P. Tong, B. Yan, L. Long, C. Zhao, Y. Zhang, Y. Li, Org. Lett. 2019, 21, 412—

416.



Leaving the path already?

I
E;[OH
17 (1.1 equiv.),

DBU (1.1 equiv.),
PdCI,(PPh3)s (2 mol%),

\/\A Cul (2 mol%), CO (1 atm) _ A\ "0
OH DCM, 25 °C o

16 83% 18

OH

O
\/\)J\
5 (2.5 equiv.),
Pd(PPh3),Cl5 (5 mol%),
Cul (13 mol%), EtzN

OH DMF, 80 °C 16 h

4 60%

HO 0)
)

4 (1.1 equiv.),
DBU (1.1 equiv.), PdCI»(PPh3),
O (2 mol%), Cul (2 mol%)
\/\)J\
DCM, r.t.
5 75%

OH

4 (1.1 equiv.),
DBU (1.1 equiv.), PACly(PPhj),
\ o) (2 mol%), Cul (2 mol%)
\\/\)J\ DCM, r.t.
5 75%

6

Ac,0 (3.8 equiv.)

quant.

/
Lo % ,\\\‘.
0

HO
O

6

> A\ > A\
o DCM, r.t. o

P. Chen, J. Wang, K. Liu, C. Li, J. Org. Chem. 2008, 73, 339-341; K. Xiang, P. Tong, B. Yan, L. Long, C. Zhao, Y. Zhang, Y. Li, Org. Lett. 2019, 21, 412—

416.



First Crisis

Sml, (5.0 equiv.),
HMPA (20.0 equiv.),  AcO

Acm ‘BUOH (2.0 equiv.)
5 THF, 0 °C, 16 h
7 P RO B\‘ 8

* Molander and Harris in 1989: Sequential Ketyl Olefin Coupling//-Elimination Reaction

Sml, (5 equiv.)
0] 2
HMPA (25 equiv.) HO\} OH
OV/ > N\ \\\\/
THF, r.t. ~H
50 %

19
66%

G. A. Molander, C. R. Harris, J. Org. Chem. 1998, 63, 812—-816; P. Chen, J. Wang, K. Liu, C. Li, J. Org. Chem. 2008, 73, 339—-341.
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First Crisis

Sml, (5.0 equiv.),
HMPA (20.0 equiv.), AcO

ACW BUOH (2.0 equiv.) o
o THF, 0 °C, 16 h \_
7 >, ”

B\G PROP :

HO

23% 66%

,,Carbonyl fir chanlsm
*  Molan er an Harris in 1989: Sequential Ketyl Olefin Coupling//S-Elimination Reaction
OSm”I osm!" osm"
2 O Smly_ ﬂb Q Sml2 Q)
\ HMPA 25\equit.) HHO 3

NF ( =

22 THF, r.t. ~ |_§m
24 25

21
/i;,@li%inationl
OSm'” Sm'l HO

28

> Alternative Mechanism: ,,Alkene first”

G. A. Molander, C. R. Harris, J. Org. Chem. 1998, 63, 812—-816; P. Chen, J. Wang, K. Liu, C. Li, J. Org. Chem. 2008, 73, 339—-341. 11



Principles in Sml,- reactions

Sml, (5.0 equiv.),
HMPA (20.0 equiv.),

O\\\

H

AcO R HO
AcO N 0 'BUOH (2.0 equiv.) o
- * Y h
o THF, 0°C, 16 h O 5
OH
19

HMPA

» Increase of reducing power
> Increase in rate of reaction

» Influence on product ratios and
diastereoselectivities

8

1.Sml, (2.2 equiv.),

0 3¢ OH
THF, additive HO N
X 2. H;0* A
H
30 31

29
conditions Product/%. time %de for Combined
30 yield (%)
8 equiv. 30 <15 >99 90
HMPA min
4 equiv. 30 <15 >99 89
HMPA min
2 equiv. 30(98),31(2) 2h 96 91
HMPA
none 29 (33), 30 (62), 36h 92 95
31 (5)

G. A. Molander, J. A. McKie, J. Org. Chem. 1992, 57, 3132—-3139;T. K. Hutton, K. W. Muir, D. J. Procter, Org. Lett. 2003, 5, 4811-4814; E. Prasad, R. A. Flowers, J.

Am. Chem. Soc. 2005, 127, 18093—-18099; D. V. Sadasivam, P. K. Sudhadevi Antharjanam, E. Prasad, R. A. Flowers, J. Am. Chem. Soc. 2008, 130, 7228-7229; R. A.

12

Flowers, Synlett 2008, 2008, 1427-1439 ;S. Maity, A. Nimkar, S. Hoz, J. Org. Chem. 2019, 84, 1994-1998; S. Hoz, Acc. Chem. Res. 2020, 53, 2680-2691.



Principles in Sml,- reactions

Sml, (5.0 equiv.),

HMPA (20.0 equiv.),
AcO o) o L (o
A BuOH (2.0 equiv.)
o THF, 0 °C, 16 h
7
Me OH
5 (0] Me
LS\ Sml, THF |, Smly, THF =
QO =——— € A —_—
MeOH O 'BuOH
o) o
33 32
34 OH
0 MeOH ‘BuOH
R R L
S
= fast” O “cyclization
— protonation
0]
36
L = MeOH L =THF
j proton donor proton donor not
coordinated to Sml,

coordinated to Sml,
33

34

AcO

Proton Donors

»H,0, MeOH and glycols:
complexation to Sm

> PrOH, 'BuOH and TFE: no
complexation

G. A. Molander, J. A. McKie, J. Org. Chem. 1992, 57, 3132—-3139;T. K. Hutton, K. W. Muir, D. J. Procter, Org. Lett. 2003, 5, 4811-4814; E. Prasad, R. A. Flowers, J
Am. Chem. Soc. 2005, 127, 18093—-18099; D. V. Sadasivam, P. K. Sudhadevi Antharjanam, E. Prasad, R. A. Flowers, J. Am. Chem. Soc. 2008, 130, 7228-7229; R. A

Flowers, Synlett 2008, 2008, 1427-1439 ;S. Maity, A. Nimkar, S. Hoz, J. Org. Chem. 2019, 84, 1994-1998; S. Hoz, Acc. Chem. Res. 2020, 53, 2680-2691
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Principles in Sml,- reactions

Sml, (5.0 equiv.),
HMPA (20.0 equiv.), AcO

BuOH (2.0 equiv.) .
THF, 0 °C, 16 h

7
’
‘r

O\\l

8
HMPA Proton Donors
» Increase of reducing power »H,0, MeOH and glycols:
complexation to Sm
» Increase in rate of reaction
> Influence on product ratios and > 'PrOH, '‘BUOH and TFE: no
diastereoselectivities complexation

» Role of additives in Sml, reductions is important in planning and optimizing reactions

G. A. Molander, J. A. McKie, J. Org. Chem. 1992, 57, 3132—-3139;T. K. Hutton, K. W. Muir, D. J. Procter, Org. Lett. 2003, 5, 4811-4814; E. Prasad, R. A. Flowers, J.
Am. Chem. Soc. 2005, 127, 18093—-18099; D. V. Sadasivam, P. K. Sudhadevi Antharjanam, E. Prasad, R. A. Flowers, J. Am. Chem. Soc. 2008, 130, 7228-7229; R. A. 12
Flowers, Synlett 2008, 2008, 1427-1439 ;S. Maity, A. Nimkar, S. Hoz, J. Org. Chem. 2019, 84, 1994-1998; S. Hoz, Acc. Chem. Res. 2020, 53, 2680-2691.



Time for change

0] "9 HO
0] (0]
22 OH OH
38
26 28

Entry Sml,/ HMPA/  Proton Donor/ T/°C Conversion®/% 26:28:38°
equiv. equiv.? equiv.

1¢€ 5.0 4.0 ‘BuOH, 2.0 O tort. 100 11:89:0
2¢ 4.0 5.0 none 0 100 1:99:0
3¢ 5.0 4.0 ‘BuOH, 2.0 -70 100 73:16:11
4¢ 5.0 4.0 none -70 93 86:14:0
e 4.4 4.5 none -70 100 42:54:5
6 2.3 none H,O, 340 0 27 67:7:26

arelated to Sml,, determined by *H-NMR, € 0.25 mmol substrate 22; ¢ 0.10 mmol substrate 22; ¢ 0.05 mmol substrate
22.

13



Time for change

AcO OH
AcO N\ Q conditions N AcO AN . AcO A HO
0] © (0]
OH OH 39
8 19

7

Entry Sml,/ HMPA/ tBUOH/ T/°C t/min Conversion®/% 8:19:39b
equiv.  equiv.® equiv.
1€ 5.0 4.0 2.0 0 n.d.d 100 24:76:0
2¢ 4.0 5.0 2.0 20 n.d.d 100 44:56:0
3fe 3.3 4.0 none -78 90 100 65:25:10
4f 3.1 6.0 none -60 30 100 73:1:26
5f 3.0 6.0 none -60 60 100 88:2:10
6f 3.0 6.0 2.5 -60 90 100 78:8:14

arelated to Sml,, ® determined by H-NMR, ¢0.5 mmol substrate 7; 9 not determined (reaction run until decolorization); ¢0.25 mmol
substrate 7 and gradual addition of a Sml,-HMPA solution; f 0.05 mmol substrate 7; & average of 4 experiments

14



Time for change

0 i HO
©[o \—/ o}
22 OH OH
38
26 28

Entry Sml,/ HMPA/  Proton Donor/ T/°C Conversion®/% 26:28:38°
equiv. equiv.? equiv.

1¢€ 5.0 4.0 ‘BuOH, 2.0 O tort. 100 11:89:0
2¢ 4.0 5.0 none 0 100 1:99:0
3¢ 5.0 4.0 ‘BuOH, 2.0 -70 100 73:16:11
4¢ 5.0 4.0 none -70 93 86:14:0
e 4.4 4.5 none -70 100 42:54:5
6 2.3 none H,O, 340 0 27 67:7:26
7¢ 3.0 4.0 TFE, 3.0 -60 88 86:4:11

arelated to Sml,, ® determined by *H-NMR, € 0.25 mmol substrate 22; ¢ 0.10 mmol substrate 22; € 0.05 mmol
substrate 22.

15



The journey continues

/
Lo % ,\\\‘.
0

Sonogashira-coupling
S 0]
Protection, lodination, \\/\)J\

OH OH (0]

3 4 R=H:6
Acetylation |:
R=Ac:7

Sml,-mediated ketyl
radical cyclization

Deprotection A 1. Dehydration

2. Simmons-Smith
reaction

Isomerization

P. Chen, J. Wang, K. Liu, C. Li, J. Org. Chem. 2008, 73, 339-341. 16



Once again ...?

AcO ) 1. MsCI (10 equiv. ) AcO 2. EtyZn (5.5 equiv.)  aco
DABCO (10 equiv.) Mel, (11 equiv.)
O DCM, DCM,
OH 0°C,4 h;rt., o.n. -23°Ctort, 10 h
8 40 9

» The first attempt was a failure ...

MsCI (10 equiv. )
DABCO (10 equiv.)
DCM,
0°C,4 h;rt., o.n.

» 'H-NMR of crude mixture indicated
problem with dehydration step

o'
T

26

» Using another model

O 1. NaH (1.1 equiv.), THF, 0 _ HO
reflux, 1.5 h MeMgBr (1.4 equiv.)
2 .Mel (1.1 equiv.), DE, -35°Ctor.t., 2.5h
O°Ctort;rt,3h
42 62% 43 88% 44

> All tested conditions were successful

P. Chen, J. Wang, K. Liu, C. Li, J. Org. Chem. 2008, 73, 339-341.

17



My Journey so far and what is up next?

AcO . 1. MsCI (5 equiv.) 2. EtpZn (5.5 eq-uiv.) AcO
Et3N (10 equiv.) Mel, (11 equiv.)
O s DCM, DCM,
OH 0°C,1h;rt., o.n. -18°Ctor.t., o.n
8 40 30 % over two steps 9

P. Chen, J. Wang, K. Liu, C. Li, J. Org. Chem. 2008, 73, 339-341.



My Journey so far and what is up next?

1. CH3NHOCH3HCI (1.3 equiv.), EDC- HCI
(1.3 equiv.), Et3N (1.3 equiv.), DMAP

S o (10mol%); DCM, r.t. 929, o st
\\/\)J\OH 2. MeMgBr (1.5 equiv.); THF, 0 °C o overiwo steps
tor.t., o.n. o
14 N
\\/\)J\
1. M62804 (24 eqUiV.), K2003 (50 5 )
equiv.); acetone, reflux Pd(PPh3),Cl5 (2 mol%),

2.1, (0.5 equiv.), H5lO¢ (0.2 equiv.); Cul (2 mol%),

HOJi)\ ACOH, H,0, H,S0,,70 °C,o.n. HOJIII DBU (1.1 equiv.) RW
OH 3. a) CAN (2.5 equiv);AcCN:H,0, 0 °C OH DCM, r.t., o

b) Na,S,04 (20 equiv.), Et,0:H50, r.t.

0, — .
3 4 5% Ac,0,KCOs [~ R=H:6
80 % over three steps (1.1equiv.) DCM, rt.Le R - ac: 7
quant.

Sml,(3.0 equiv.),
HMPA (12 equiv.);
THF, - 60 °C
1. MsClI (5.0 equiv.), Et3N

AcO (10 equiv.); DCM, -10 ° AcO R

NaOH B C,1h;rt., o.n. N
MeOH, THF, = 2. ZnEty, CHyly,DCM, m
rt., 30 min ; ~18°Ctort., o.n. OH

9 8
30 % over two steps
4 AMS, CHClI,4
rt., 24 h

HO

» Finish the synthesis and assign the absolut configuration!

2

P. Chen, J. Wang, K. Liu, C. Li, J. Org. Chem. 2008, 73, 339-341. 18



Acknowledgements

Prof. Schreiner
Lab B205 & B204

The PRS Group

19



