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1.

Fucalrobusone D

Isolation and purification

* Isolated from leaves of Eucalyptus robusta.!!
 Extracted with EtOH, then chromatographic

purification afforded a white solid.
 18.2 mg extracted from 15 kg leaves.

e In Vitro Activity vs. HepG2 cells (26.78 £ 2.31 uM).

Structural Features

 Formyl phloroglucinol meroterpenoid.

* Fused grandinol/bicyclogermacrene-
like system.

10 membered carbocyclic ring.

* 4 contiguous stereogenic centres.

Z.-C. Shang, M.-H. Yang, K.-L. Jian, X.-B. Wang and L.-Y. Kong, Chem. - Eur. J.,

0
Eucalrobusone D

2016, 22,11778-11784.
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B. Bharate, K. K. Bhutani, S. I. Khan, B. L. Tekwani, M. R. Jacob, I. A. Khan and I. P. Singh, Bioorg. Med. Chem., 2006, 14, 1750-1760.
.N. Tran and N. Cramer, Chem. - Eur. J., 2014, 20, 10654—-10660.
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Oxy-Anion Cope

vinyl bromide (1 M in THF) (1.2 equiv.)
Pd-P(t-Bu)3-G2 (4 mol%)

0 . 0
LDA (1.5 equiv.), THF, -78 °C LHMDS (1.3 equiv.)
» =
then Mel (2 equiv.), HMPA PhMe, rt
93 %™ 71 %0
(O LHMDS (1.3 equiv.) 0 )
Br Pd-P(t-Bu)3-G2 (4 mol%)
\A ’
o PhMe, rt 0~
71 %0
KOt-Bu/PhOH
Pd,(dba)s (30 mol%)
Xantphos (30 mol%)

THF, reflux

4. F.A.Marques, C. A. Lenz, F. Simonelli, B. H. L. N. S. Maia, A. P. Vellasco and M. N. Eberlin, J. Nat. Prod., 2004, 67, 1939-1941.
5. T.lJohnson, F. Pultar, F. Menke and M. Lautens, Org. Lett., 2016, 18, 6488—6491.

6. A. Asari, P. Angelov, J. M. Auty and C. J. Hayes, Tetrahedron Lett., 2007, 48, 2631-2634.
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Oxy-Anion Cope

vinyl bromide (1 M in THF) (1.2 equiv.)
Pd-P(t-Bu)3-G2 (4 mol%)

0 . 0
LDA (1.5 equiv.), THF, -78 °C LHMDS (1.3 equiv.)
: >
then Mel (2 equiv.), HMPA PhMe, rt

93 % 71 %0

(O LHMDS (1.3 equiv.) 0 )

Br Pd-P(t-Bu)3-G2 (4 mol%)
\/K '
o PhMe, rt o
71 %!

KOt-Bu/PhOH
Pd,(dba)s (30 mol%)
Xantphos (30 mol%)

THF, reflux

4. F.A.Marques, C. A. Lenz, F. Simonelli, B. H. L. N. S. Maia, A. P. Vellasco and M. N. Eberlin, J. Nat. Prod., 2004, 67, 1939-1941.
5. T.lJohnson, F. Pultar, F. Menke and M. Lautens, Org. Lett., 2016, 18, 6488—6491.

6. A. Asari, P. Angelov, J. M. Auty and C. J. Hayes, Tetrahedron Lett., 2007, 48, 2631-2634.
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Oxy-Anion Cope

e
=,/ .
0] . . . KH (1.2 equiv.)
isopropenylmagnesium bromide 18- 6(1.2 :
~ (0.5 M in THF) (2 equiv.) OH orown-6 (1.2 equiv.) _ ©
> - r —
Et,0, -78 °C I\ THF, rt 0]
OH
84 %l"8l 83 %101
e A
0 isopropenylmagnesium bromide OH
(0.5 M in THF) (2 equiv.)
Et,0, -78 °C
84 %!"]
o 2-Bromé>p[9pfge (2.1 equiv.) OH
t-Buli (4.2 equiv.) -~ ;_\_ o
Et,0 -90 °C to -70 °C
77 %)
\ J

7. L.Barriault, J. D. O. Thomas and R. Clément, J. Org. Chem., 2003, 68, 2317—-2323.
8. D. Gauvreau and L. Barriault, J. Org. Chem., 2005, 70, 1382—-1388.
9.

S. Kuwahara and K. Mori, Tetrahedron, 1990, 46, 8083—8092.
10. D. L.J. Clive, C. G. Russell and S. C. Suri, J. Org. Chem., 1982, 47, 1632—1641.
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Oxy-Anion Cope

e
=,/ .
0] . . . KH (1.2 equiv.)
isopropenylmagnesium bromide 18- 6(1.2 ;
= (0.5 M in THF) (2 equiv.) OH 8-crown-6 (1.2 equiv.) _ o@
. - r —
Et,0, -78 °C l‘ THF, rt 0]
OH
84 %78l 83 %[0l
( N\
0 isopropenylmagnesium bromide OH
(0.5 M in THF) (2 equiv.)
:
Et,0, -78 °C

84 %]

o 2-Bromoprc_)pene (2.j equiv.) OH

t-Buli (4.2 equiv.) —

- % >
Et,0 -90 °C to -70 °C
77 %%
. J

7. L.Barriault, J. D. 0. Thomas and R. Clément, J. Org. Chem., 2003, 68, 2317—2323.
8. D. Gauvreau and L. Barriault, J. Org. Chem., 2005, 70, 1382—-1388.
9.

S. Kuwahara and K. Mori, Tetrahedron, 1990, 46, 8083—8092.
10. D. L. J. Clive, C. G. Russell and S. C. Suri, J. Org. Chem., 1982, 47, 1632-1641.
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Oxy-Anion Cope

e
~,/ .
o ] ) ) KH (1.2 equiv.)
isopropenylmagnesium bromide 18- 6(1.2 i
=z (0.5 M in THF) (2 equiv.) OH 8-crown-6 (1.2 equiv.) _ o@
- =/ S —_
Et,0, -78 °C A THF, t o
OH
84 %l"8l 83 %101
- )
0 % KH, (1.2 equiv.) @
=,/ Y
KH (5 equiv.) OH THF, rt o
18-crown-6 (5 equiv.) . 83 %[10!
DME, rt /?Mﬁ —
KH, (1.2 equiv)
. ~F Sce
THF, rt o)
86 %! OH [0]
L 84 % y

7. L.Barriault, J. D. 0. Thomas and R. Clément, J. Org. Chem., 2003, 68, 2317—2323.
8. D. Gauvreau and L. Barriault, J. Org. Chem., 2005, 70, 1382—-1388.
9. S. Kuwahara and K. Mori, Tetrahedron, 1990, 46, 8083—8092.

10. D. L.J. Clive, C. G. Russell and S. C. Suri, J. Org. Chem., 1982, 47, 1632-1641.
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Oj(;k i. LHMDS (1 equiv.), TMS-CI (2 equiv.), THF, 4 °C \i}k <)
> Ho_ | N N
ii. HCHO 4q) (5 equiv.), Sc(OTf)3 (10 mol %), z ””é
1 (12 mol%), OH HO
75 % (92% ee)l11:12] 1

H,O/DME, -20 °C

e N
0O
OTMS HCHO5q) (5 equiv.), Sc(OTf)3 (10 mol %), ent-1 (12 mol%) \)J\/\
a4 > < Ph
Ph H,O/DME, -20 °C P
HO
73 % 92 % eel’?

OTMS , . . HO 0
HCHO5q) (5 equiv.), Sc(OTf)3 (10 mol %), ent-1 (12 mol%) N
T
H,O/DME, -20 °C
2]

62 % 90 % eel’ )

11. A. Kuramochi, H. Usuda, K. Yamatsugu, M. Kanai and M. Shibasaki, J. Am. Chem. Soc., 2005, 127, 14200-14201.

12. S. Ishikawa, T. Hamada, K. Manabe and S. Kobayashi, J. Am. Chem. Soc., 2004, 126, 12236-12237.
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Asymmetric hydroxymethylation

O i. LHMDS (1 equiv.), TMS-CI (2 equiv.), THF, 4 °C 0
> Ho_ |
ii. HCHO 4q) (5 equiv.), Sc(OTf)3 (10 mol %), z

1 (12 mol%),

1 )
@) =z

T |
Z8
Z/

z |
o X

H,O/DME, -20 °C 75 % (92% ee)l11:12] ,
( O N
OTMS HCHO ) (5 equiv.), Sc(OTf)3 (10 mol %), ent-1 (12 mol%) P
A% > Y Ph
Ph H,O/DME, -20 °C Z
HO

73 % 92 % eel'?

OTMS . . . HO 0
HCHO 44 (5 equiv.), Sc(OTf)3 (10 mol %), ent-1 (12 mol%) \
>
H,O/DME, -20 °C

62 % 90 % ee“zL

11. A. Kuramochi, H. Usuda, K. Yamatsugu, M. Kanai and M. Shibasaki, J. Am. Chem. Soc., 2005, 127, 14200-14201.
12. S. Ishikawa, T. Hamada, K. Manabe and S. Kobayashi, J. Am. Chem. Soc., 2004, 126, 12236-12237.




2_sp3 Suzuki Coupli '
sp2-sp3 Suzuki Coupling

(5-cyano-2-fluorophenyl)boronic acid('!

o Pd(OAc), (5 mol%)
o CBry, PPhg Br [HP(t-Bu);Me]BF4 (10 mol%)
—— =
= o

HO
: MeCN, reflux
- KOtBu (1 equiv.)
quant.'3 t-amyl-OH, A 60 04[15.16
. N\
HO.;-OH Pd(OAC), (5 mol%)
Br [HP(t-Bu),Me]BF4 (10 mol%)
SAEE .
KOtBu (1 equiv.)
t-amyl-OH, rt
89 %!
HO. _OH Pd(PPh3), (2.5 mol%)
B 2M K,COj3(aq)
NO, + Br\)\ - \O.
THF, 80 °C
16
~ 70 %!1°! )

13. J. A. Miller, G. M. Ullah, G. M. Welsh and P. Mallon, Tetrahedron Lett., 2001, 42, 2729-2731.
14. Can be purchased (£20/g, Fluorochem) or synthesised in 1 step from 4-Fluorobenzonitrile (US Pat. US200373849 A1, 2003.)

15. J. H. Kirchhoff, M. R. Netherton, I. D. Hills, and Gregory C. Fu, J. Am. Chem. Soc. 2002, 124, 13662-13663
16. F. Lu, S.-W. Chi, D.-H. Kim, K.-H. Han, I. D. Kuntz and R. K. Guy, J. Comb. Chem., 2006, 8, 315—325.
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sp?-sp> Suzuki Coupling

(5-cyano-2-fluorophenyl)boronic acid('!

o Pd(OAc), (5 mol%)
o CBry, PPhg Br [HP(t-Bu);Me]BF4 (10 mol%)
_— R
= o

HO

: MeCN, refl
- UX KOtBu (1 equiv.)
quant.['®! t-amyl-OH, A 5 115,16
( HO.,-OH Pd(OAC); (5 mol%) )
Br [HP(t-Bu),Me]BF4 (10 mol%)
S .
KOtBu (1 equiv.)
t-amyl-OH, rt
89 %"
HO._ _OH Pd(PPh3)4 (2.5 mol%)
B~ 2M K,CO30aq)
NO, + Br\)\ NO,
THF, 80 °C
16
- 70 %! )

13. J. A. Miller, G. M. Ullah, G. M. Welsh and P. Mallon, Tetrahedron Lett., 2001, 42, 2729-2731.
14. Can be purchased (£20/g, Fluorochem) or synthesised in 1 step from 4-Fluorobenzonitrile (US Pat. US200373849 A1, 2003.)

15. J. H. Kirchhoff, M. R. Netherton, I. D. Hills, and Gregory C. Fu, J. Am. Chem. Soc. 2002, 124, 13662-13663
16. F. Lu, S.-W. Chi, D.-H. Kim, K.-H. Han, I. D. Kuntz and R. K. Guy, J. Comb. Chem., 2006, 8, 315—325.
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NaBH4 (1 equiv.), CeCl3.7H,0 (1 equiv.)

MeOH, -78 °C
( O N\
o NaBH,4 (1 eq.)
", \\\\ CeCl3.7H50 (1 eq.) , ©
. O . > . .
\\\‘ O 'I/OMe MeOH \\‘\ II,OMe
| -78°C
[17]
L 95 %

17. D. A. Hansen, A. A. Koch and D. H. Sherman, J. Am. Chem. Soc., 2015, 137, 3735—-3738.
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Et,Zn (4 equiv.)
I,CMe5 (4 equiv.)

DCM, rt
89 %[18,19]
( Et,Zn (4 equiv.) OBn )
OBn I,CMe, (4 equiv.) ﬁ/ -
» BnO o) Ph Me
BnO O
Bn(;&@ogo\/\/% DCM. 1t BnO 7 \?/ Et\ E/’I
>
[ "zZnz /M
89 %8l NS
Et/Zn\ ’ s
o, /=
/\)\/\)\ Et,Zn (2 equiv.), CH,l, (1 equiv.) N
AN
HO Et,0, rt HO \
74 %'

18. A. B. Charette and N. Wilb, Synlett, 2002, 2002, 176—178.
19. A. B. Charette and A. Beauchemin, J. Organomet. Chem., 2001, 617—618, 702—708.
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Et,Zn (4 equiv.)
I,CMe5 (4 equiv.)

'
DCM, rt
89 %[18,19]
( EtyZn (4 equiv.) OBn h
OBn 1,CMe, (4 equiv.)
BnO ~
BnO OHO\/\/Ph DCM., rt BnO on Et\ :’{’/
[ “znz/ Me
89 %[l rN
_n_ 4 .
/\)\/\/k EtoZn (2 equiv.), CHals (1 equiv.) R R
AN
HO Et,0, rt HO \_ y,
19
L 74 %! )

18. A. B. Charette and N. Wilb, Synlett, 2002, 2002, 176—178.
19. A. B. Charette and A. Beauchemin, J. Organomet. Chem., 2001, 617-618, 702—708.
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SyAr, Nitrile alkylation

i. isobutylmagnesium bromide

(2 Min Et,0),
NaH (1.2 equiv.) Et,0, reflux
THF, DMF, 5-10 °C ii. H,O, reflux
s A
HO, NaH (1.2 equiv.) (@)
+ NC F >
CF; THF, DMF, 5 - 10 °C NC CF,
quant.l?
i. isobutylmagnesium bromide (2 M in Et,0),
p Etzo, reflux
NZ ii. 3 M H2S04(5q), 0 °C
[22]
L quant. )

20. R. Takano, M. Yoshida, M. Inoue, T. Honda, R. Nakshima, K. Matsumoto, T. Yano, T. Ogata, N. Watanabe, M. Hirouchi, T. Yoneyama, S. Ito and
N. Toda, ACS Med. Chem. Lett., 2015, 6, 266—270. 18

21. |. Lagoja, C. Pannecouque, G. Griffioen, S. Wera, V. M. Rojasdelaparra and A. Van Aerschot, Eur. J. Pharm. Sci., 2011, 43, 386—392.
22. Poonam, R. Kumar, P. Boora, A. Khatkar, S. P. Khatkar and V. B. Taxak, Spectrochim. Acta Part A Mol. Biomol. Spectrosc., 2016, 152, 304-310.
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SyAr, Nitrile alkylation

i. isobutylmagnesium bromide

(2 M in Et,0),
NaH (1.2 equiv.) Et,0, reflux
THF, DMF, 5-10 °C ii. HyO, reflux
( N
HO NaH (1.2 equiv.) @)
+ NC F :
CF,4 THF, DMF, 5 - 10 °C NC CF3
quant.l?%]
i. isobutylmagnesium bromide (2 M in Et,0),
Et,0, reflux
:
NZ ii. 3 M HySO4aq), 0 °C
quant.??]

20. R. Takano, M. Yoshida, M. Inoue, T. Honda, R. Nakshima, K. Matsumoto, T. Yano, T. Ogata, N. Watanabe, M. Hirouchi, T. Yoneyama, S. Ito and
N. Toda, ACS Med. Chem. Lett., 2015, 6, 266—270. 19

21. |. Lagoja, C. Pannecouque, G. Griffioen, S. Wera, V. M. Rojasdelaparra and A. Van Aerschot, Eur. J. Pharm. Sci., 2011, 43, 386—392.
22. Poonam, R. Kumar, P. Boora, A. Khatkar, S. P. Khatkar and V. B. Taxak, Spectrochim. Acta Part A Mol. Biomol. Spectrosc., 2016, 152, 304-310.
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Late-Stage Oxidations

PhI(OAc),, (2 equiv.)
RuCl,(p-cymene), (5 mol%)

t

TFA/TFAA, 50 °C

( PhI(OAC),, (2 equiv.) oh o h
o [RuCly(p-cymene)], (5 mol%)
TFA/TFAA, 50 °C
OH
[23]

L 65 % )

23. G. Shan, X. Han, Y. Lin, S. Yu and Y. Rao, Org. Biomol. Chem., 2013, 2318-2322.
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Late-Stage Oxidations

PhI(OAc),, (2 equiv.)
RuCl,(p-cymene), (5 mol%)

r o

TFA/TFAA, 50 °C
( PhI(OAC),, (2 equiv.) oH © )
o [RUCl,(p-cymene)], (5 mol%)

’

TFA/TFAA, 50 °C
OH
65 %23

23. G. Shan, X. Han, Y. Lin, S. Yu and Y. Rao, Org. Biomol. Chem., 2013, 2318-2322.
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Late-Stage Oxidations

KMnQOy, (7 equiv.)

acetone/H,0, rt

50 %24

KMnOy, (7 equiv.)

acetone/H,0, rt

25 % [24]

24. P. Yates and G. H. Stout, J. Am. Chem. Soc., 1958, 80, 1691-1700.
25. T. Zheng, R. S. Narayan, J. M. Schomaker and B. Borhan, J. Am. Chem. Soc., 2005, 127, 6946—6947.

26. |. Bruce, N. G. Cooke, L. J. Diorazio, R. G. Hall and E. Irving, Tetrahedron Lett., 1999, 40, 4279-4282.
27. US Pat., 20150132259, 2015.
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Late-Stage Oxidations

KMnQOy, (7 equiv.)

acetone/H,0, rt

50 %241

KMnOy (7 equiv.)
:
acetone/H,0, rt

24. P.Yates and G. H. Stout, J. Am. Chem. Soc., 1958, 80, 1691-1700.
25. T. Zheng, R. S. Narayan, J. M. Schomaker and B. Borhan, J. Am. Chem. Soc., 2005, 127, 6946—6947.

26. |. Bruce, N. G. Cooke, L. J. Diorazio, R. G. Hall and E. Irving, Tetrahedron Lett., 1999, 40, 4279-4282.
27. US Pat., 20150132259, 2015.
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Late-Stage Oxidations

1. OsO,4, NMO,
acetone/H,0, rt

-
2. Py.SO3, NEts,

DMSO
-
0Os0O4, NMO
» I
acetone/H,0 HO
91 %29
HO Q

'. O Py.SO3, NEt3> .. O
MeO Q DMSO MeO Q

96 %26

24. P.Yates and G. H. Stout, J. Am. Chem. Soc., 1958, 80, 1691-1700.
25. T. Zheng, R. S. Narayan, J. M. Schomaker and B. Borhan, J. Am. Chem. Soc., 2005, 127, 6946—6947.

26. |. Bruce, N. G. Cooke, L. J. Diorazio, R. G. Hall and E. Irving, Tetrahedron Lett., 1999, 40, 4279-4282.
27. US Pat., 20150132259, 2015.
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Final Steps

POCI5 (1 equiv.)
DMF (1.1 equiv.)
o

SOCl, (2 equiv.)

>

pyridine, 0 °C to rt EtOAc, rt

40 %28 40 %29

SOCl, (2 equiv.)

y
pyridine, 0 °C to RT

. 40 %28 y

28. J.Yang, Y. O. Long and L. A. Paquette, J. Am. Chem. Soc., 2003, 125, 1567-1574.
29. S. B. Bharate, S. I. Khan, N. A. M. Yunus, S. K. Chauthe, M. R. Jacob, B. L. Tekwani, I. A. Khan and I. P. Singh, Bioorg. Med.

Chem., 2007, 15, 87-96.
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Final Steps

POCI5 (1 equiv.)
DMF (1.1 equiv.)
-

SOCl, (2 equiv.)

>

pyridine, 0 °C to rt EtOAc, rt

40 %28 40 %29

SOCI, (2 equiv.)

-
pyridine, 0 °C to RT

28. J.Yang, Y. O. Long and L. A. Paquette, J. Am. Chem. Soc., 2003, 125, 1567-1574.
29. S. B. Bharate, S. I. Khan, N. A. M. Yunus, S. K. Chauthe, M. R. Jacob, B. L. Tekwani, I. A. Khan and I. P. Singh, Bioorg. Med.

Chem., 2007, 15, 87-96.
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Final Steps

S A £

: 0
£ >
STAA—A
w -
Z 5)
¢ ()
K%v

¥

B
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SOCl, (2 equiv.)

POCI5 (1 equiv.)
DMF (1.1 equiv.)

: :
pyridine, 0 °C to rt EtOAc, rt
40 %28
e A
HO O POCI; (1 equiv.) O
X DMF (1.1 equiv.
( quiv.) HO o\/\
o
EtOAc, rt
O OH
O OH
40 %2

28. J.Yang, Y. O. Long and L. A. Paquette, J. Am. Chem. Soc., 2003, 125, 1567-1574.
29. S. B. Bharate, S. I. Khan, N. A. M. Yunus, S. K. Chauthe, M. R. Jacob, B. L. Tekwani, I. A. Khan and I. P. Singh, Bioorg. Med.

Chem., 2007, 15, 87-96.

40 %29
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Summary

e 15 step, protecting group free
synthesis of Eucalrobusone Din 1.4 %
estimated overall yield.

» Single catalytic enantioselective step
sets first stereocentre. Subsequent
stereochemistry set through substrate
control. \

Thank you for listening! ©
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Appendix |

PPh3Y CBr4 0)
OH > Br
MeCN, refux

quant.['3]

13. J. A. Miller, G. M. Ullah, G. M. Welsh and P. Mallon, Tetrahedron Lett., 2001, 42, 2729-2731.
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Appendix Il

O2N NaH (2 equiv.)  O2N
Tl - 0
F ~on  DMR = 0

80 %!

30. R. A. Bunce, T. Nago, N. Sonobe and L. M. Slaughter, J. Heterocycl. Chem., 2008, 45, 551-557.
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Appendix Il

a,borc

3a R=CHO, X=CI (KF23540)
3b R=H, X=C| (KF23541)
3c R=H, X=Br (KF23542)

3d (KF23543)
Scheme 1.
Reagents and conditions: (a) POCl;, DMF, 0 °Ctort, 24 h, 51%; (b) concd HCI, dioxane, 0 °Ctort, 6 h, 45%;
(c) concd HBr, dioxane, 0 °Ctort, 6 h, 56%; (d) SOCl,, DMF,0°Ctort, 12 h, 62%; (¢) DTT, 50% DMSO,
37 °C, 2h.

31. T.Agatsuma, H. Ogawa, K. Akasaka, A. Asai, Y. Yamashita, T. Mizukami, S. Akinaga and Y. Saitoh, Bioorg. Med. Chem., 2002, 10, 3445—-3454.

31
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Appendix IV

NaBH4 (1 eq.)
CeCl3.7H50 (1 eq.)
-

\\\\\

MeOH

“IOMe
78 °C

17. D. A. Hansen, A. A. Koch and D. H. Sherman, J. Am. Chem. Soc., 2015, 137, 3735—-3738.




vinyl bromide (1 M in THF) (1.2 equiv.)

Pd-P(t-Bu);-G2 (4 mol%
( ) ( ) o isopropenylmagnesium bromide OH

(0.5 M in THF) (2 equiv.)

(e}
LDA (1.5 equiv.), THF, -78 °C LHMDS (1.3 equiv.)
- ’ =z -
then Mel (2 equiv.), HMPA PhMe, rt Et,0, 78 °C 74
93 % 71 % 84 %
KH (1.2 equiv.)
18-crown-6 (1.2 equiv.)
THF, rt
o CBry, PPhg o i. LHMDS (1 equiv.), TMS-CI (2 equiv.), THF, 4 °C o
Br. - HO. A - —
é MeCN, reflux H ii. HCHO (5 (5 equiv.), Sc(OTf)3 (10 mol %), -
1 (12 mol%), o
H,O/DME, -20 °C 83 %

75 % (92% ee)

quant.

(5-cyano-2-fluorophenyl)boronic acid
Pd(OAc), (5 mol%)
[HP(t-Bu),Me]BF4 (10 mol%)
KOtBu (1 equiv.)
t-amyl-OH, A
NaH (1.2 equiv.)

Et,Zn (4 equiv.)
1,CMe; (4 equiv.)

NaBHy4 (1 equiv.)
THF, DMF, 5-10 °C

CeCl3.7H,0 (1 equiv.)
> —_—
MeOH, -78 °C DCM, rt
quant.
i. iBuMgBr (2 M in Et,0),
Et,0, reflux
ii. H,0, reflux

PhI(OAc),, (2 equiv.)
RuCl,(p-cymene), (5 mol%)

-

1. OsOy4, NMO, acetone/H,0, rt; 2. Py.SO3;, NEt;, DMSO
TFA/TFAA, 50 °C

(or KnMOy, acetone/H,0) o

84 %
SOCl; (2 equiv.)
.- o POCI; (1 equiv.)
dine, 0 °Ctort 3
pynidine ° DMF (1.1 equiv.)
—»
EtOAc, rt

o
-

40 %

40 %



