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4 Born: Lynbrook, NY 1953
¢ B.S.-MIT 1975
o Richard H. Holm
* Ferredoxin analogs
o Daniel S. Kemp
* Functionalized cyclophanes
4 D.Sc.Tech. — ETH Ziirich 1980
o Albert Eschenmoser
« Stereochemistry of Sy’ reaction
4 Reynold C. Fuson Professor of Chemistry - UIUC

= e s
Holm, R. H.; et al. J. Am. Chem. Soc. 1975, 97, 1032-1045. S=> Ferredoxin 2Fe-2S
Kemp, D. S.; et al. J. Org. Chem. 1979, 44, 4469-4473. Me:N cluster binding domain

Denmark, S. E. J. Org. Chem. 1981, 46, 3144-3147.
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Carbanion-Accelerated Claisen Rearrangement

€ Initial study

B AR

KH (1.5 eq) o
3:1 HMPA/THF Ts
- |
20 °C, 15 min €=
Me

91%
w/o KH: no reaction

o Stereosel. Consistent w/ chair-like TS*

€ Vicinal quat. centers

KH (3.3 eq)
o) LiCl (14 eq)
DMSO

X 50 °C, 75 min

Ts

87%
w/o KH: 135 °C, 90 min, 100%

Denmark, S. E.; Harmata, M. A. J. Am. Chem. Soc. 1982, 104, 4972-4974.
Denmark, S. E.; Harmata, M. A. J. Am. Chem. Soc. 1983, 48, 3369-3370.
Denmark, S. E.; Harmata, M. A. Tet. Lett. 1984, 25, 1543-1546.

Denmark, S. E.; Marlin, J. E. J. Org. Chem. 1987, 52, 5742-5745.

€ Asymmetric Claisen

98:2 dr
KH (2-2.5 eq) 77:23 dr
= -2.0 €q
Me (PI O/\/\Me LiCl (ggq) Me 9 O\r(l\:lle
Meﬁ\of\)ﬁ — Mei\O’P ANF
N —t-Bu Me 20 °C, 15 min N —t-Bu =
80% yield ~7M
. o 0, H
w/o KH: 100 °C, 84% yield 92:8 dr
58:42 dr
€ Stereocenters on HWE reagents
Me KH (2.2 eq)
LiCl (5.9 eq)
o o/\) DMSO o 0 Ve
(t-BuO),P \2\| 20°C,1.5h (t-BuO),P \)W
79% yield
Me Me
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Allylmetal Addition

€ Early model studies

0]

OH HO H
H Lewis acid

\_/ M]

-[M] = SiMej3: poor selectivity
-[M] = SnBuj : 82-97% syn

syn anti

€ Preliminary Lewis base studies

/ 0

additive OH
+
ClsSi PhJ\ H  CgDg rt Ph/'\/\
-DMF (1 eq) 70 h 83% conv.
-HMPA (1 eq) 4 min 63% conv.
Me
N O
{ S ,P~;\O
N
Me
OH
/ * i Skl > /\/\
ClSi Ph” “H Ph A

DCM, -78°C, 6 h
81% vy, 60% ee

Denmark, S. E.; Weber, E. J. Helv. Chim. Acta 1983, 66, 1655-1660.
Denmark, S. E.; Weber, E. J. J. Am. Chem. Soc. 1984, 106, 7970-7971.
Denmark, S. E.; et al. Tetrahedron 1989, 45, 1053-1065.

Denmark, S. E.; et al. J. Org. Chem. 1994, 59, 6161-6163.

Denmark, S. E.; Fu, J. J. Am. Chem. Soc. 2000, 122, 12021-12022.
Denmark, S. E.; Fu, J. J. Am. Chem. Soc. 2001, 123, 9488-9489.

€ Enantioselective catalysis

Me O Me
— N # ‘
1
N
Me

/ 0 o OH
(10 mol %) :
P ph TN

ClgSi Ph”“H  ipr,NEt (5.0 eq)
- DCM, -78 °C, 6 h 67% Yy, 80% ee
Me
Z N
l?\_N\
X Me O Me
N NeQ Me
| P-N
Z N
Me”
Q (10 mol %) oH
R SiCly 4 o . :
\(\/ Ar/vinyl)LH . > Ar/vmyl/Y\
R i-Pr,NEt (5.0 eq) A
DCM, -78 °C, 6 h
57-92%y,

(E) gives 99:1 anti:syn
(2) gives =95:5 syn :anti
81-96% ee
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€ Propargylation

H
O

\/\ SiCl, (1.1 equiv)
/U\ H SnBus

+

R “H

5¢ (5 mol %)

OH H
- - = tereochemical m |
f GHLCl, /78 °C / 8h R‘/\/ ¢ Stereochemical mode
1 7 8 B n
RN
8a: R'=Ph 81% (97% ee (R)) H i oNR;
8b: R' =cinnamyl  90% (87% ee (R)) Me A Cl ~P NR,
; ' HS e
8c: R' = 2-naphthyl 95% (93% ee (R)) NS h g
/P‘NJ— (CHy)s Yy
N 1 /2 0
Me Me
5c J -
cationic trigonal bipyramid cationic octahedron
€ Synthesis of serotonin antagonist LY426965
o Evidence shows always chair-like TS#
oh Lewis base OH with phosphoramide catalysis
(0] .\ >_\; catalyst z dr: 99/1
— T T Ph Y g
Ph H HaC SiCly m er. 97/3
- - /gj R = phenyl
—_— 0 K\N R = cyclohexyl
R)S/VNJ OCH,
Ph” "CH,

Denmark, S. E.; Wynn, T. J. Am. Chem. Soc. 2001, 123, 6199-6200.
Denmark, S. E.; Fu, J. Org. Lett. 2002, 4, 1951-1953.
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Enoxysilacyclobutane Aldol

O O 1.CDClgrt o on
LS, tyo=22h
P Me (o] + 1/2 »
: " T2 HF ITHF MeO o
: MeO ™™ ) Me
o
ANY  Mpase Me 95:5 syn :anti
X2 (E)
Hye” CHO — —
! | (S\ (S\ PhCHO " (s.\ A C(s|\
> 2 ‘ —_— i [ = =
MO ° Me' I~O + D3C' I~O CGDG’ 18 OC o' \O + so' \o
H
N H 3 xMe ~Me t,,=4.5min ' |
T Meo)Y Dsco)\/ 172 MeO” " Ph DsCO7 Ny “pPh
ii, antiperiplanar Me Me Me! Me Me! Me

€ 59-96% stereoselectivity Fast, uncatalyzed

Direct [Si]-group transfer
Non-Zimmerman-Traxler selectivity

OTBS, | e acid °+ 0 Boat-like TS* proposed
~sovemt .
CHO HyC H

2. desytation HoH "y
1 2 (syn) 3 (anti)

LR B R 2

H,C

A 1) AryICHO
PhMe, -35 °C, 7 d o  oH

AAG* ¢ =i, 45-68%, 90-94% :
. . . . ! ~0—>°!. -68%, 90-94% ee :
entry Lewis acid syn/anti® syn/anti®c kcal/mol MMe\Ph 0 > 11e0 J\/\ Ar

1 Ti 1 , M S)\ 2) HF /THF /H,0 :
iCly 21/79 25/175 -0.43 e | 3 Hg(ohe, Fte

Na,HPO,
MeOH, 12 h

Denmark, S. E.; Henke, B. R. J. Am. Chem. Soc. 1991, 113, 2177-2194.
Denmark, S. E.; Lee, W. J. Org. Chem. 1994, 59, 707-709.

Denmark, S. E.; Griedel, B. D.; Coe, Diane M. J. Org. Chem. 1993, 58, 988-990.
Denmark, S. E.; Griedel, B. D. J. Org. Chem. 1994, 59, 5136-5138.
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Trichlorosilyl Enolates

0 . 1. 5 mol% (S,S)-27,
OsiCle e h)]\ DCM, -78 °C OH O OSiCl, CH,Cly, —78 °C O OH
H )

t—Bu/k/U\OMe R*CHQ + PhCHO N R)l\/:\ Ph

OMe Me

Me (1eq) 2. NaHCOj;(aq.)
No additive 120 min 50% yield 0 entry  enolate R product er® yieldf %
-HMPA (10 mol %) <3 min 100% vyield Me,N ,IID “NMe, 1 1 Me (—)-12 14.6/1¢ 98
NMe 2 2 n-Bu (—)-13 12.0/1 98
HMPA 3 3 i-Bu (—)-14 10.1/1 95
4 4 i-Pr (—)-15 9.751 97
5 5 -Bu (—)-16 3.17/1 95
6 6 Ph (—)-17 292/1 93
. /, 7 7 TBSOCH, (—)-18 13.5/1 94
0SiClg /E O O OH @ Reactions performed at 0.5 M for 2 h. ? Ratio of the S/R isomer;
. .
©)L (10 o %) é/\@ OTMS 1) Hg(OAc),, SICI, o oM
. M 2)PhCHO (1 eq),rt  m
(solvent) 78C2h 61:1 anti:syn ) ﬁ/& > ﬁ/ll\)\Ph
95% Y, 93% ee OTBS OoTBS
Me Additive yield anti:syn
i
Ph., N, 0 -No additive 82% 1.2:1

o LN'P *[\O 85% 1:73
0SiCls Ph Me 7 "
NG ©)LH (10 mol %) >Ph)‘\i/\ﬂj \E O
-78°C, 2h Me

(solvent) 1:18 anti:syn .
95% v, 95% ee (5 mol %)

€4 Phosphoramide enantiomer gives 1:1.5 anti : syn
€ Electron-poor aldehydes give higher dr’s
€ Stereocenter on aldehyde: Felkin-Anh

Denmark, S. E.; et al. J. Am. Chem. Soc. 1996, 118, 7404-7405.
Denmark, S. E.; Wong, K.-T.; Stavenger, R. A. J. Am. Chem. Soc. 1997, 119, 2333-2334.
Denmark, S. E.; Stavenger, R. A.; Wong, K.-T. Tetrahedron 1998, 54, 10389-10402.
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Mechanistic Duality

OSiClj 1. cat. (10mol%) O OH O OH P
CH,Cl,, -78°C -
+ PhCHO - Ph Ph
2. N&HCOg/ H>0 +
NH4F
1 2 anti-3 syn-3
cat. = (S,5)-4 (95%) anti/syn, 60/ 1 (anti, 92%ee)
cat. = (S,5)-6 (94%) anti/syn, 1 /97 (syn, 51%ee)
B ] + — —_
RN NR;
H C| 2 \F;‘NRZ
|
A\ NR ©
H' O~gi_ /2 —=syn 0. L L
4 ’/C|O\‘F)'l, P O/ | \CI

cationic trigonal
bipyramid

Denmark, S. E.; Su, X.; Nishigaichi, Y. J. Am. Chem. Soc. 1998, 120, 12990-12991.

cationic octahedron
(L = (RoN)3P=0)

Me

N"Oph

(S’S)°4

— anti

Ph

s

(S5,5)-6
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Trichlorosilyl Enolates

€ Syn-selectivity of catalyzed reaction: € Silyl ketene acetals
two-ligand mechanism, chair TS+

_ (0] OTBDMS 3 (1 mol %) OH

OSiCl JI\H + SiCly + ’)\O R E B
u

® (R*2N)sP=0Q OR B £BU o cl, 1 -78°C /30

Me PhCHO Cl. CH3 CH,;

CH2 Sl\

OR + ‘ < 2a-l (E)-5d 6dx
(R*2N)3P=0 (R'2N)3P entry R product  yield, %°  dr° erd
- - 1  CeHs (2a) 6da° 93 99:1  >99:1
2 1-naphthyl (2b) 6db 98 96:4 97:3
3 2-naphthyl (2¢) 6dc 95 >99:1  >99:1
3 5  4-CF;CeH,4 (20) 6df 93 >99:1  96:4
MG\HK/L Ph 6  (E)-PhCH=CH (2g) 6dg 98 >99:1  >99:1
OR R 7 (E)}-PhCH=C(CHz) 2h)  6dh 9  >99:1  96:4
8 phenyl propargyl (21) 6dl 92 96:4 84:16
major I
I
. No
30:1 dr (R A3 /F/E
osiCl 0 o\\ oH N N CHas
. « ::vl HMPA (15 mol %) _ Oe Me CH,
e e e
\l)\/ * "~ bcm,-79°c Ph 2
OTBS 79% yield TBSO?(MG € Bidentate ||gand
15:1 dr encourages chair-like TS#

€ Alkyl substrates:
49-71% vy, 89-93% dr, 68-95% er

Denmark, S. E.; Stavenger, R. A. J. Am. Chem. Soc. 2000, 122, 8837-8847.
Denmark, S. E.; Pham, S. M. Org. Lett. 2001, 3, 2201-2204.
Denmark, S. E.; Wynn, T.; Beutner, G. L. J. Am. Chem. Soc. 2002, 124, 13405-13407.
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Method Expansion

4 Addition to ketones

t-Bu t-Bu

0 n-Bu—0

OSiClg . 0 n-Bu” (10 mol %) - Me, OH O
J\Me DCM, rt,2h PhA) OMe

OMe Ph
96% vy, 91% er

€ “The First Catalytic, Asymmetric a-
Additions of Isocyanides”

I
N
\P'/O J—
/7 (CHy)s
N ’}l 2

() (@] OO ‘Me Me OH
e (5 mol %) N
Me >r > + H mol 7 > Ph N \ﬁMe
Me " e SiCl, (1.1 eq) 0 M e
i-PrNEt (10 mol %), DCM
(1.2 eq) (1.0 eq) -74°C, 5.5 h 96% y, >99% er

Denmark, S. E.; Fan, Y. J. Am. Chem. Soc. 2002, 124, 4233-4235.
Denmark, S. E.; Fan, Y. J. Am. Chem. Soc. 2003, 125, 7825-7827.
Denmark, S. E.; Beutner, G. L. J. Am. Chem. Soc. 2003, 125, 7800-7801.
Denmark, S. E.; Bui, T. PNAS 2004, 101, 5439-5444,

4 Vinylogous aldol

L
NP
/s )—(CH)
2.
Me
0 Me OH Me O
(5 mol %) ; N

Me OTBS :
)\/l\ + H r OEt
OEt i-PrNEt (5 mol %), DCM

Ph -78°C, 24 h Ph
73% Yy, 98% er

¢ Crossed-aldol of aldehydes

(T Nt
Me

M

o e

OSiCl, 2 Y OH OMe
mo
Me %\H + H ( ) > s 9 OMe
4:1 CHCI; : CH,CI Me M
M 3 2Ll Me e Me
Me ° -78 °C, 30 h;
MeOH

80% Yy, 91% er
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Trialkylsilyl Nucleophiles

€ Acetaldehyde-derived enolate
L
N\P'P g—
. CH
N/ [}j 2( 2)s
|ee Me Me

OTMS o) (15 mol %) OH OMe
+ > :
H  Ph” O H  SiCl, (2 eq) Ph”"0Me
i-PrNEt (1 eq), DCM 80% vy, 97% er
-65°C,24h

€ Glycolate-derived enolate

OH O
g gt
RO _~ SiCi4 R - ORe SYN
L \/kORS catalyst OR S
0 (1~5 mol %) L
/U\ + or or
- (o]
R™ H CH,Cl,, -78 °C OH O
OTBS - :
R, = large .
RSO\/\ Rg = small R OR, ant
OR, OR
S

Denmark, S. E.; Bui, T. J. Org. Chem. 2005, 70, 10190-10193.
Denmark, S. E.; Chung, W. J. Org. Chem. 2005, 73, 4582-4595.
Denmark, S. E.; et al. J. Am. Chem. Soc. 2007, 129, 14864-14865.
Denmark, S. E.; Wilson, T. W. Nat. Chem. 2010, 2, 937-943.

¢

Silyl ketene imine addition

OO Me
N
AN ':O

P
7 N (CHp)
N [}] A 2)5
‘Me Me
NTB
i S 0 (5 mol %) OH o
+ >
L Ar)l\H sicl, (1.1 eq) T
P M eq) DCM, -78 °C, 2 h e
(1.2 eq) 76-93% y
296:4 dr
=95% er
¢ Silyl oxyketene imine addition
L
N\P'P ;
L. /7 CH
- SiFPs NN OH
g 0 Me Me / R
Iy + A)LH (2.5 mol %) A
+Bu0” R r > NC Ot-Bu
14 (1.0eq)  SiCls(1.1eq)
(1.4 eq) i-Pr,NEt (1.0 eq) MeOH (3.3 eq)
DCM, -78°C, 2 h KF/NaHCO 34
OH
‘R
Ar/\n/
(0]

75-84% y, 299% er



Steven Shuken Career in Review: Scott E. Denmark Burns Group

Trialkylsilyl Nucleophiles: Mechanism

€ Stereochemical model for bidentate ligand € Full catalytic cycle

Cly
< Me / Si
~ ) N Ir\\l/le / o Yo SiCl,
. \Me Y AN RoN NR2
\ / P— +-Bu0” Y "R .N-Ps Dimeric
MeMp ¢l o’ : ’ o Rest
+
0 o - -
N SgiMe = Me TBS-Cl V sl
.. O RaN
| / e NR,
Me ClI I_|C|
Z'(+Sc)syn ol Cl CT'® NR
N N NR:
0.00 kcal/mol H Ph BS. S\ NR; N, ®
| CIG{.T 2 9 5. O-NR, NP @ 150
-0 ™S N | Si-Cl
t-Bu t-BuO R P N, "N‘P"O/é|
“I°N, .
CHgz R;N 'LRQ RoN'NR,
iv i
0
-~
= i\ H)LR
\ ol
R2N NR2 @ RzN NR2
- ®
VeNp NPy 9'0j C'@ ~~N-Pso_ ¢ o 1
. >Sil ' S o
“N-p=0” ¢y ‘OC “N-pz0" 40 C
7 H H 1
RN'NR, 7 3 RNNR, g
Z'apanti TBSO™ Ot-Bu "
m
+2.99 kcal/imol H Ph oTBS
Me\
(o) (o) Z ~0Ot-Bu
| CHs
TMS

Denmark, S. E.; et al. J. Am. Chem. Soc. 2009, 131, 11770-11787.
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Total Synthesis

€ Synthesis of antifungal RK-397

Me
N O

transetherification o HWE >p': ;CH
N 2
Meo LA NN S8 ~OH OO N
e . 'é. 1 \_xOH aK , oS O (15 'I\/Ij/) QH (0]
. .5 mo :
31 . 26 . 39 /\)\ + H > > X OEt
Me“‘ 7 /.\|/\/\/\r. . ~ OEt | SiCl; (1.1 eq) |
27 : : 19 : BnMe,Si i-PrNEt (20 mol %), DCM  BnMe,Si
_ ~ OH OH OH OH OH O _ (1.2 eq) (1 eq) -70°C,3h 75% v, 98% er
diastereoselective aldol diastereoselective aldol Y, °
PO(OE), BnMe,Si
SN Y e )
EtO 1 2
Me
-+, OPMB 26 )
Me) a1 Me\n/\/\/\/SMean o)
“ H : :
3 Me SN o 6_0 "
© P 2
_z v
H 24 SiMean 5 0

OH
19
™ 21
TBSO = EtOM‘%\/\SiMean ¢ 20 steps
4

. 22
EtO"ps ¥ X 6
enantioselective aldol

Denmark, S. E.; Fujimori, S. J. Am. Chem. Soc. 2005, 127, 8971-8973.
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R-Si Cross-Coupling

¢ Silacyclobutanes

N TBAF " Me
i 1.0 equiv) e ,~
n-CsHy™ 77y 0 n-C5H11/\/S' OH

Me R?

Si S +. |]/ TBAF rﬁT\(

<) Pd(dbta)g‘ (()s mol %) R (Ey1 (E)-16
r min

Me Me

R'=H, R? = n-CgHyy: (E)1 " S g
R' = n-CsHyq, R? = H: (2)1 - € ) Me

Si____Si
n-CsHyi” X-"">0 I\/\n-CsHﬂ

N n'CsH" S (E)-17
MeOC n-CSH11
MeOC o

(E)-2, 84%| (2)-2, 88% i ; .
(99.7/0.3) (2.0/98.0) € Vinylsilanol reactivity

o~ X
1. TBAF (2.0 equiv)
e0 MeO n-CsHis Me, Me

2. 4-iodoacetophenone

n-CsHyq

Si.
(E)-3, 94% (2)-3, 90% n-CsHir X-""x ~ Pd(dba); (5mol %) M
(99.0/1.0) (2.5/97.5) rt. 10 min o)
X " n-C5H11 A X =0H: (E)'18 79%
n-CsHyq X = 0Si(Me),C7H43: (E)-19  82%
OH OH X =F: (E)-20 78%
(E,E)4, 95% (E,2)-4, 74%
(98.4/1.6) (3.0/97.0) .
o Vvia Me, Me
. . Si. N n-Bu
¢ Also works with Ar-Si n-C5H11/\/ O ( )4

€ Exceptional exotherm observed when
adding TBAF to silacyclobutane

Denmark, S. E.; Sweis, R. F. Acc. Chem. Res. 2002, 35, 835-846.
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R-Si Cross-Coupling

4 Silanol cross-coupling € Reagent availability

HO, .2 R?
s * TBAF % X
| + l | Pd | R
(dba), (5 mol %) <, R! R R dio R R
I'xd I_ Ay ‘l
r.t., 10 min R.ﬂ\/s{OH |\ RS o
R=Me R=iPr n 2
R' = n-CgHqy, R? = H: (2)-18 R'=n-CgHyy, R? = H: (2)-25
R'=H, R?=n-CsHyy: (EF18  R'=H, R?=n-CsHyy: (E)-25 R R R_R
Si -Si
R™TX (0]
0 I
O/\/"'CSHH /©/\\ R-/k(V)J
n-C5H11 !
eOC MeOC
GE @2 o e Mo, <
R = Me: 93%, (96.5/3.5) R = Me: 92%, (4.8/95.2) Me-Si" SI T\ oo
R = i-Pr: 80%, (99.5/0.5) R = i-Pr: 86%, (1.0/99.0) o 0 & di-Me
N\_§i - Si-Me s
7 ~0 Me /)
X N-CsH1s S e
e0 MeO st $0.76/g $4.60/g
(E)-3 (23 Me, Me,
R = Me: 95%, (97.2/2.8) R = Me: 94%, (2.6/97.4) Sl/ \
O Me_ Me S \|_//
c Me Si~o—S|\/ //—Si—O-SI
(\/\/\/n- sH11 (\/\/\' O\s'/ A K
|
OH OH n-CsHn Me” Me
47 48
(EE)4 $3.30/g $5.30/g

R = Me: 91%, (95.8/4.2)
R = i-Pr: 87%, (97.8/2.2)

[ (E.2)-4
R = Me: 72%, (4.6/95.4)

Denmark, S. E.; Sweis, R. F. Acc. Chem. Res. 2002, 35, 835-846.
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€ “Net hydroarylation”

1. TMDS

Sequential processes

OH

T /—OH 2 Pt(DVDS) nBu.

3. iodobenzene
TBAF
Pd(dba),

(10 mol %)

69

40 min, r.t. L84% (E1Z:97.7/2.3)

€ Metathesis-coupling: “aryl-homoallylation”

1. allylMgBr (85%)

Me, Me

CHO
©/ 2. CISiMe,CH=CH;

i-Pr
HaC(FaC)2CO\ //N ibr
Mo
AN
HsC(F4C)oCO°  CHC(CH3)Ph
(5 mol %)

Denmark, S. E.; Sweis, R. F. Acc. Chem. Res.

Ph)\/\

70

Me, Me
_Si

g
Ph

71

2002, 35, 835-846.

78, 89%

O
=

Me Me
O

_Si n-CsH13

Me_ !\Ae

O,Sl |
Me

me. Me
Si
o\

—

TBAF (2.0 equiv)

S
n+ || 4R Pd(dba),
Z (3-5 mol %)

HQ,

®

HO
e

72
30 min, 92%

I =
®

HO,
74

30 min, 89%

W

HQ

Q
(o)
N

m

73
30 min, 93%

75
90 min, 86%

(J
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1 KOSIM83
R B._R +' (2.0 equiv)
e ! | ~~"R™Pd(dba), O/\(
OH (5 mol %)

R' = n-CsHy1, R2= H: (218
R'=H, R?=n-CsHqq: (E)-18

/@/\/ n- C5H11
MeOC

(E)-2
9 h, 82%
(98.8/1.2)

O/\/n CsHqq
MeO

(E)-3
1h, 88%
(99.3/0.7)

O,N

(E)-87
15 min, 95%

(98.5/1.5)

Denmark, S. E.; Sweis, R. F. Acc. Chem.

Meocm n-CsHyq

(2)-2
13 h, 83%
(2.9/97.1)

/©/\‘" -CsHy4

(2)-3
9.5h, 91%
(1.1/98.9)

m n-CsHyq

(2)-87
15 min, 85%
(3.8/96.2)

Res. 2002, 35, 835-846.

Fluoride-Free Cross-Coupling Reactions

ArPdL,X
Me Me b Me Me
S _Dbase _ ST
R OH RN -mt
i
M*X
Me Me R
Me Me L R/\/Sl MeS'N
R/\/SI n Q_ O Me
o— Pd Ayl ~—— —/—
ii R/ d(Ln)AryI
iii
transmetalation RNy Pd(Ln)Aryl j_, XA
PdL,
m*
RHC=HCMe,si"O"s ©
Me Me

Burns Group
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Fluoride-Free Cross-Coupling Reactions

€ Alkynylsilanols

==\_R
SiMe,OH /== _R KOSiMe; (2.0 equiv) Y
Y + \ 7
CH 7 (PPh3),PdCl, (5 mol %)
s I Cul25mol %)
14 DME, rt, 3 h LT
€ Heterocyclic silanolates
—.R
Y,
Me Me  NaOf-Bu (2.0 equiv) — R
@(\H T\
N OH  Pd,(dba)y*CHCl, N
Boc (5 mol %) Boc
1.2 equiv Cul (1.0 equiv)
18 toluene, temp 20
Me N,OH K C ) N
Ph—=—8i-OMe + Ji_ 1. KHCO; B0equiv)  Ph~¢ 0
Me Ph” ClI dioxane, reflux Me‘s =
_ 2.1.0 M HOAc .S, Ph
3.0 equiv CH4CN HO Me
23 24 52% 22
Ly
Ph /N‘o Pd,(dba)z*CHCl; (5 mol %) Ph /N~O
Me )= NaOt-Bu (2.5 equiv) —
HO'S‘Me Ph dioxane, 80 °C Ph
22 R 25

Denmark, S. E.; Regens, C. S. Acc. Chem. Res. 2008, 41, 1486-1499.

€ Sequential cross-coupling

Me
Me.s'_ ’R‘
oH (77
\ 7
Me, /— TMSOK (2.0 equiv)
Si 30
Me' ) Pd(dba); (2.5 mol %)
Ph dioxane, rt
CN OMe
IQ f/j;>Me -
Me, /— Me, /—
Si Si
Me \ Me \
Ph Ph
31a 31b
0.5h, 93% 6 h, 96%
1
720 e
I\ 7
TBAF (2.0 equiv)
Me‘s. 31
Me '\ Pd(dba), (2.5 mol %)
» N THF, rt

Burns Group
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Silanolate Salts

¢ Cross-coupling with aryl bromides € Cross-coupling with aryl chlorides

Br / T\M:S Me "' g (alyiPdCl @5 mol %) R' (NN o
S >
Me Me [aIIyIPdCI]2 (2.5 mol %) ___R R? 0 P aEomol%) R NN\F
‘ THF, 60 °C b
PhgP=0 (5.0 mol %)
toluene, 90 °C 0 R'=nCsHy, R2=H (2)-4
K*16 — P(Cy)s
0 Owe R'=H, R? = n-CyH,, (E)-4
()
O T ey
O i
Me
> > S Neoa N ealL 3 e
S "
MeO MeO MeO CeHyy CgHyy N
17b 179 (B)-13e B13f "o
90 min, 80% 30 min, 9 29% 60 mm 77% 0.5 h, 98% 2h 91% (2139
(99 5/0.5) (99 '2/0 8) 2h, 87%
: (99.8/0.2)
MeSMe APC (0.5-2.5%) /\/(ﬁ Hnw 850
2> hoNat Br 22 (20 mol %) Cary N7 SN H“CQ/Q/'
< "
Me \/Me /.~ toluene, “toluene, 70°C °c (B)-13h (213h
Me R (%S'e%of) 1.5h, 91% (2-13i
B 3a-h (R) (E)-20a-h (99.3/0.7) 1.5 h, 98%
Na*(R)-(2)-18 (99.6/0.4)
94:6 er 0
- /‘/\)‘\/\‘\ O\/ /\/©/‘L ore /\D IN
O CsHyy
FsC CF4 CeHs Me
4,4'-(trifluoromethyl)dibenzylideneacetone (22) (613 213k ()13
0.5 h, 97% 1.25h, 91% 1.0 h, 98%
(99.6/0.4) (99.7/0.3) (>99.5/0.5)

Denmark, S. E.; Regens, C. S. Acc. Chem. Res. 2008, 41, 1486-1499.
Denmark, S. E.; Werner, N. S. J. Am. Chem. Soc. 2010, 132, 3612-3620.
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Synthetic Applications

Me HO HO
4
Ne HO Oe OH
P ~~_O0 P
Y HO &
H
(+)-papulacandin D (26)
Me, Me Bno OBn Pd,(dba)yCHCly
o Oy -Sion (5.0 mol %)
Bu. & | +
+BU o +-BuONa (2.0 equiv)
-Bu OTES PivVO PhMe, 50 °C, 5 h
1.0 equiv 1.0 equiv 82%
27 28

0OBn

Denmark, S. E.; Regens, C. S. Acc. Chem. Res. 2008, 41, 1486-1499.

10
1
Moo NN O
) ’6. v OH
Me” " o
Me'* S -
OH OH OH OH OH OH
RK-397
ﬂ PO(OEY),
(O, 10
NN

l

0 l SiMe,OH OTHP
N7+ BaMe,Si ST 4
OEt 17N
49 30 50
OTHP
SiMe,OH 1. NaH /
/~ 2% ﬁ/‘J
BnMe,Si 20 3. Pdy(dba); CHCly BnMe,Si B 51
(5 mol%)
toluene, rnt
77%
OTHP / OTHP
T -
/S TBAF (2.0 equiv) S
BnMe,Si 51 Pd(dba), (2.5 mol %) 52
THF, rt o)
79% OFEt

Burns Group




Steven Shuken

Career in Review: Scott E. Denmark

Burns Group

Further Developments

€ Sequential Larock annulation-coupling

PhsP (5 mol %)
I CsH14 Pd(OAc), (5 mol %) CsHl1v1I
1. H,0 (3.0 equiv e
@E + |’| 20 (3.0 equiv) N—si-oH
NH . LiCl (1.0 equw.) N Me
Bn Me/SII\Ot-Bu K,CO3 (5.0 equiv) Bn
Me DMF, 100 °C, 2 h
24 15 2.100mMHCI, 2 h 25
(72% overall)
CsH14 CsH14
1 1 2
R A g"‘f’ 1. NaH / toluene N R ‘ N\ R
N o 2. catalyst (2.5 mol %) N
Y Me . o \
Bn ligand (5.0 mol %) Bn
toluene, temp., time
R' = OMe: 27 — R? = OMe: 39
R'=H: 25 X@ R1 H: 38
=Cl: 29 =Cl: 40

Denmark, S. E.; Baird, J. D. Tetrahedron 2009, 65, 3120-3129.
Denmark, S. E.; et al. J. Org. Chem. 2015, 80, 313-366.

€ Enantioselective cross-coupling

Ph Ph
' 2\
N N-N

l l Me
Me (5 mol %) OO
>
O O [allylPdCI], (2.5 mol %)
toluene, 70 °C, 2 h

(1.5 eq) (1.0 eq) 90% Y, 95% er
99 (
CO

Reductive Oxidative

Addition

Elimination

A

Qs o
1
L...O Me L. .Br L. .Br
* Pd * *
L CL/ (L,Pd P (L,Pd A
.(L,Pd _ Me B y Sr— P
J _ S ‘\/
C . “ A
Transmetalation O Displacement
Me
Me !
Si M
Me. OK
Me o Me ®si
“_O'S]i')ﬁ
- Y oo N
=z
B
>

DiarylPd(ll) complexes C and C' are the common intermediates.
Reductive elimination is likely the stereodetermining step.
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Mechanism of Selenolactonization

© PhSeCl
A (0) AN
Ph Ph CO,SePh
/\/\g/ fast "
N
Ph” > COLH
fast | PhSeCl slow
PhSeCl - PhSeCl
Ph., o Ph., o) cl
(0] o] SePh RO Cl
Ph*T>""CcoH
PhSe PhSe Ph*:/\COﬂ" @S? - * Ph/k:/\CO'zH
11 11 ¢l Ph SePh
thermodynamic kinetic
cl (anti-Markovnikov) RDS‘ -HCI (Markovnikov)
Ph’T\ CO,SiR
& 2 Ph"> coz
Ph
6-ENDO R3SiCl @ Ph
RDS A ) (N RDS
Ph 0 6-endo
o@ Ph’é?"“ ©
PhSe SiR3 ® ph
©
o)
-R3SiCl 5-ENDO PhSe"
Ph_o
O
PhSe"

Denmark, S. E.; Edwards, M. G. J. Org. Chem. 2006, 71, 7293-7306.

4 VT-NMR and React-IR
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Catalytic Selenocyclization

O

Lewis Base Ph. o
(0.10 equiv)
P N-"COH + [ N-SePh )/\):o Ph, o
CH,Cl,, 23°C, 3 h o )/\):

PhS (0]
o uncatalyzed 8% PhSe
catalyzed 95%
entry Lewis base catalyst yield,® %
1 (Me2N)sP=0 (7) 55 0
2 (Me2N)sP=S (8) 89 0‘<
3 (MezN)sP=Se (9) 95 @
4 Isolated yield of chromatographically homogeneous material SQ:L
Ph
Ph
O o}
N-SePh + Me,N” NMez 23°C,30s Me,N—P-Se-N
Me,N
0 2 Ph 4
31P NMR §: 60.2 ppm
77Se NMR 3P NMR 7~7’p.393 488 Hz
5: 1181 ppm 8: 122 ppm Se NMR 3: 290.4 ppm
Jp.se: 488 Hz

OO
<10

o (1o mol %) Ph-©
NN * 34
MsOH (1.0 eq) ArSe‘«

CDCl3, 25°C, 14 h
100% y, 69:31 er

Denmark, S. E.; Edwards, M. G. J. Org. Chem. 2006, 71, 7293-7306.
Denmark, S. E.; Kalyani, D.; Collins, W. R. J. Am. Chem. Soc. 2010, 132, 15752-15765.

4 VT-NMR and React-IR

35m (1.0 equiv) OO

MsOH (1.0 equiv)
—

CDCly, 25 °C
(0.1 M]

COo

O,N

45
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Catalytic Enantioselective Thiocyclization

OO NMe, g¢

p? 1 + MsOH

R1
N
o0 x
o MsOH
(10 mol %) e )\Lj ”
’ .
MsOH (1.0 eq) PhS*

M HO _S.
°" + Ph7O°N
(¢}

DCM, -20 °C, 48 h

71% yield
1 17:1 endo:exo I*
96:4 er Me SPh MsO"
N Se

OO Me Me s N
NMe Sej/ PhS\

3e
NMe
O k(Me - -
o)
< m(a . PnoSn (10 mol %) Me m
o 1 2
EtSO3H (1.0 eq), DCM R /:>/RM o AR
R temp -20/0/20 °C NuH _AS* 8 R!
R = alkyl or aryl time 1-6 days 61-92% y 3e” pp
R' =Me or H 52-97% er 13
Me
(S)-3f (0.1 equiv) Ts SPh 1 O :
R/W NHTs PhthSPh 2 (1.0 equiv) R..N Ns N, Se R=aryl: endo
n - or R L R=alkyl or H: exo
(1.0 mmol) MsOH (0.5 equiv) PhS )n ) O N N(i-Pr), 68-93% yield
R=H,alkyl, aryl: n=0,1,2  CH2Cl> (0.10 M) endo exo Me 63-97% er
0°C, 24-48 h (S)-3f catalyst

Denmark, S. E.; Kornfilt, D. J. P.; Vogler, T. J. Am. Chem. Soc. 2011, 133, 15308-15311.
Denmark, S. E.; Jaunet, A. J. Am. Chem. Soc. 2013, 135, 6419-6422.
Denmark, S. E.; Chi, H. M. J. Am. Chem. Soc. 2014, 136, 8915-8918.
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o}
Hi)ﬁ
Ph N

-No catalyst
-PhsP=S

0
Hl)ﬁ
Ph

-No catalyst
-Ph;P=S

Ph
HO

Ph/\/j

HO

Denmark, S. E.; Burk, M. T. Proc. Natl. Acad. Sci. 2010, 107, 20655-20660.

NBS (1.2 eq)
cat. (5 mol%)

Catalytic Halocyclization

DCM, 23 °C

0
-
Ph ™
Br

180 min 13% yield 25:1 endo:exo
8 min 82% yield 91:1 endo:exo
NIS (1.2 eq) Q
cat. (5 mol%) - o
DCM, -45 °C
Ph -
i
2h 4% yield 9.5:1 endo:exo
1h 92% yield 5.5:1 endo:exo
NBS (1.2 eq) Br
Ph3P=S (5 mol%)
> Ph
AcOH (1.0 eq) o
DCM, 23 °C, 5 min
80% yield

NIS (1.2 eq)
n-BusP=S (5 mol%)

<1:19 endo:exo

TFA (5 mol%)
DCM, -45°C, 2 h

i
Ph7

i
75% yield
23:1 endo:exo

Denmark, S. E.; Burk, M. T. Org. Lett. 2012, 14, 256-259.

Rﬂ'\/\/\

Chiral Brensted acid / Achiral Lewis Base Cooperative Catalysis
NBS (1.2 equiv) Br Br

M HY™* (chiral Brgnsted acid)

H (S)-TRIP (0.05 equiv) :
PhgP=S (0.05 equiv) R)\|/\> or R/\|i>
PhMe, 0 °C 12-14 h o o

(Z)-alkene (E)-alkene
up to 94:6 er upto97:3er

N-bromosuccinimide
LB: (Lewis base) Br

P R/\Ii>
+ *— % Y
| B ..,..Br + Y

—~ b NT<E

succinimide LB: + Br—Y*  LB: y~ OH
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Miscellaneous Intermolecular Reactions

€ Silyl enol ether a-sulfenylation

i. N-phenythiosaccharin Me
) (R)-cat (0.15 equiv) O /
OSiMe3 ) N .Se
CH,CI, (0.5 M) S0 b
R1X R? TR CIR O N Ni-Pr,
ii. HFspy/MeOH : )
Py SPh | Me
66-80% vyield  up to 98:2 er (R)-cat
€ Syn-dichlorination
PhSeSePh (5 mol%)
BnEt;NCI (3.0 equiv.)
R! R2 [PYF*][BF,7111 (1.3 equiv.) Cl Cl
— > 1\"?_‘"11 2
R4 R3 Me3SiCl (2.0 equiv.) R R4 RaR
23 (1.0 equiv.)
28 MeCN (0.2 M), rt 29
N: _ Me I}J: Me
i F B o-
1 23

Denmark, S. E.; et al. J. Am. Chem. Soc. 2014, 136, 13016-13028.
Cresswell, A. J.; Eey, S. T.-C.; Denmark, S. E. Nat. Chem. 2015, 7, 146-152.

3 @ + IV e I

f;l+
Initiation F BFS
Py + Me3SiF
@ 3 Py + 3 MesSiF
-~ + MesSiCl
hll.q. = PhSeCl; Nl\-
F BFs dat \
4 Reoxidation +Cr .
PhSeCl,
Cl PhSeCl + CI” 30 R2
/k‘/ R?2 R1 /\/
R1
cl Chlorodeselenylation Alkene additionY
Cl (I:I Ph
- Cl
N/ Sey C\ 7 en
: R2 use
R1 /3\r R1 /\7 R
- Cl
Cl , 31
Allylicivinylic . Cl
chloride —---==---" : CIndg PP h
by-product(s) E2 elimination E Nucleophilic “Cl
. RZ | ring-opening
cr R‘/\r
Cl
32
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€ Nitrosoalkene synthesis

N O
1) H,NOH
2) Et;N
?
R "instantaneous" R
R' R'
observed by UV-Vis

€ Intramolecular nitrosoalkene [4+2]

.0 OMe
OMe N
CsF, MeCN | H
—
20°C,20h
Me
83%

€ Intramolecular vinylnitrosium [4+2]

) cy ®.o M
cy 2.0 Me TMSOTF; Yan® | ©
NI | KCN
—_— X
(0]
OTMS
(+-) - -

Denmark, S. E.; Dappen, M. S. J. Org. Chem. 1984, 49, 798-806.

51%

Denmark, S. E.; Dappen, M. S.; Sternberg, J. A. J. Org. Chem. 1984, 49, 4741-4743.
Denmark, S. E.; Cramer, C. J.; Sternberg, J. A. Helv. Chim. Acta 1986, 69, 1971-1989.

Intermolecular nitroalkene [4+2]

Early Studies
L 4
00520
A O
(5eq)
i SnCl, ]
0.9.0
I
H®

SnCl, (1.2 eq)
DCM, -78 °C, 5h

*“nitronate”
i SnCl;
. 0.9.0
1,2-shift N

— | @
LiAlH,

THF, 66 °C

66%
Me
MeLi /Et,0  HO. FO-

-10-5°C |
—_—
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Intramolecular cyclization

€ Intramolecular nitroalkene [4+2] €4 Reduction to lactone
® ® Me
e0-\0 Me SnCl,, toluene 0%NONn H O...O. ,OBu Q

65°C, 1.5 h | H

oH CHy0,Cmk N HeRaneyNi o, N

Me Me CHSOH

H H H H

80-82%

95% 4bB or 4bB’ 12
(exo)
4 Tandem [4+2]-[3+2]
e poor e rich e poor e rich
0.%.0 SnCl,, toluene

I -78—20°C,7h

+ >
N

EtO =

72%
single diast.

Denmark, S. E.; et al. Tetrahedron 1990, 46, 7373-7392.
Denmark, S. E.; Cramer, C. J.; Dappen, M. S. J. Org. Chem. 1987, 52, 877-887.
Denmark, S. E.; Moon, Y.-C.; Senanayake, C. B. W. J. Am. Chem. Soc. 1990, 112, 311-315.
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Tandem Cycloaddition Stereochemistry

€ Chiral auxiliary for asymmetric process

; Me
+.,0 Me H .
0‘N‘ Oz O‘N’ OG
Mo H CO:Me OCH,t-Bu T1¢12(0P)2/ CHCl MeO
| Me temp / time H m H
y

1.2 eq vinyl ether

3.0 eq TiCl,(Oi-Pr), 94%
-78°C. 8 h 17:1 o:p
. o)
N Mo -Me

H/RaN HO- N OH

MeOH HAG . 5

H A
86% CH,-Bu
(114 3

(98.3% @.0) 92%
€ Reversal of stereoselectivity by Lewis acid

4 =

T
] 1 L

» H‘ .
elc : ! . Or, L OG!
TI(OF-Pr)aClp CH CHy 0 u
MeOZC ME /4»0 : A ”‘. MAPh ’ Meozc .....
HA Mo J<H —, Y ! H (Ve

HY
708 )___()G 78R Me
o

o L. A. Sterics affect O-vinyl rotation = facial & exo/endo sel.

Denmark, S. E.; Senanayake, C. B. W.; Ho, G.-D. Tetrahedron 1990, 46, 4857-4876.
Denmark, S. E.; Schnute, M. E. J. Org. Chem. 1991, 56, 6738-6739.
Denmark, S. E.; Schnute, M. E.; Senanayake, C. B. W. J. Org. Chem. 1993, 58, 1859-1874.

t-Bu t-Bu
Me
AL

Me

t-Bu t-Bu
MAPhHh
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Additional Substrates

€ Propenyl ethers

€ 2-(Acyloxy)vinyl ethers

"Q.+,0 o Higher [O] state
’

Jr TlClz(Ol-Pr)g
CHZCP‘;
MeO2 -78°C
84% PtO2, Hz (160psi)
MeOH
O~ :j 0 ,o OCH3
MeO2C XH H 50%
8a m s Me OCH,
6 oo
O OnyrOmB t. PtO, / Ha (160 psi)
. cat. i
Table I. Effect of Reaction Time on the Anomer Ratio of 6 | u + HOAc 2 i
and 7¢ L H MeOH, t, 24 h
! R R 1.05 equiv
entry 1-propenyl ether time, h OEt(C(5)), (a:8) i 14
1 (E)-2 1 95:5° i H, H Tls
g (g))'g 3 g5=5: I N(OAc EtsN or DBU, TsCl N
(£)- 5 5:6 | ‘

4 (E)-2 8 95:5° ! RZQ CH,Clp, 0°C,1h Rzp
5 (2)-2 1 1.3:1¢ i R R!
6 2)-2 3 T

Denmark, S. E.; Senanayake, C. B. W. J. Org. Chem. 1993, 58, 1853-1858.
Denmark, S. E.; Schnute, M. E. J. Org. Chem. 1994, 59, 4576-4595.
Denmark, S. E.; Marcin, L. R. J. Org. Chem. 1993, 58, 3857-3868.
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Additional Substrates

4 Dienes o Spiro products

o Bridged products

2 2 R2__R? 0.0 O-n-Bu 'o\ﬁ,o O-n-Bu
6 40 R R M

- +
o.r 0 MAD
YA R? R LA —
M./K, [ M Y Z>Co,Me CO,Me

CHLChy i, 1oc Mo
R'  2equiv -15°C : 26-100% R! (E)-2 L 19 i

1 2 55-91%
Ac? R2 R? O‘N’O O-n-Bu O\N,O O-n-Bu
v OAc 1. Ha/ Raney N MeQ,C j .\ Meozow
‘ © . MeOH. \

Acuwmé1 2. AcyO / pyridine @) |
59-78% (distal) (proximal)
s 20a 20b
o Aminocyclopentanes oG
o\ /O.
0.0 8 - {-0,-0G" CeHe NT~( R
N (1 59quuv NaH003 o\ 0- i Cotether | 2
R'™, MAPh reflux N7 "BRIDGED (0)"
R2 (2 equiv) R OG* - — R Re oo
4 6 o‘ltl’o bridged (o) C-5 tether \
e T i N _—TBRibGED B O, 2
HO OH AcO OAc Spiro” » 'Y~ 5 “bridged (B) Ry R N

, fused

o) i /
N | NiCl, \ QZ ----- pyr Q
_ i NaBH4: HZN'"' ACZO ACHN";1 R2 \ C-3 tether \ ?'4 tether
3 |

ISPIROH FUSED"
_________________ ()-1 ()-8 o ow

- OG‘
61-96% y O’ /T
>95% ee H
Denmark, S. E.; et al. J. Am. Chem. Soc. 1995, 117, 2100-2101. (CHa)n (CHZ)n

Denmark, S. E.; Dixon, J. A. J. Org. Chem. 1997, 62, 7086-7087.
Denmark, S. E.; Middleton, D. S. J. Org. Chem. 1998, 63, 1604-1618.
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Additional Substrates

€ Double-intramolecular cycloaddition

NO, MeO Sncl = toluene H
n
§ | 4y .0 NaHCO4 o o
Me CH.Cl, |o-Ns— 1h,rt N7
) 18°C me OMe 87% Me Ome
6 7 overall 8
CO-Me CO,Me
MeO,C H
NO. SnCly O. toluene HH
2 —_— 6 ———=0_ 0 S
toluene NaHCO
X 3 N
Me -78°C,2h Me 3.d, 100°C Me
98% 44%
(E)-2 4 (+ 40% 4) 5
H
: 1. H, /Ra-Ni
@U MeoH n_Ac °
+
N 2. Ac,0 / pyridine AcN
OMe 12h,25°C
46 51

81%

Denmark, S. E.; Senanayake, C. B. W. Tetrahedron 1996, 52, 11579-11600.

Denmark, S. E.; Gomez, L. Org. Lett. 2001, 3, 2907-2910.
Denmark, S. E.; Gomez, L. J. Org. Chem. 2003, 68, 8015-8024.
Denmark, S. E.; Hurd, A. R. J. Org. Chem. 1998, 63, 3045-3050.

€ Unactivated dipolarophiles

2 OnBu *0.4.0_,On-Bu
+ ﬁ TICI{OFPr); N !
Me” —_—
R CHCl Me
i 78°C  Re o
R
V4 Rz
RE H, Me
RZ =H, Me
benzene X
NaHC Rz
70°C
series a: a anomer
series b: p anomer
70-83%
4 Nitroethylene
oG* _
+ *
NG o ONOrO% 20 20
A — > b 20:1
MAPh, ¢ >50:1
toluene, -78 °C 84-89% y
G* = M Me
Ph ©~}-Ph

Ph

a ., I b ", c ., \ ;Ph
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€ Nltroethylene

Additional Substrates
COgMe .
0.+.0__0G* 0-N-OnprOC
- 3
MeO,C H
.0 ,OG* H> (180 p.s.i.) e)
Meozcw Raney nickel . 4<\;|I|:>
HO— 2
Ph H
HO jPh X
(+)-13
O
LiAlHg4, THF
76%
MeO,C H HO H
(+)9 .
(+)-macronecine (14)
[o]p = 42.7 °

Denmark, S. E.; Hurd, A. R. J. Org. Chem. 1998, 63, 3045-3050.
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Application to Synthesis

€ Pyrrolidine natural products

HO.,

HO" /1 HO" ?
8l H 6 H OH
OH OH
(+)-castanospermine ((+)-1) (+)-6-epicastanospermine ((+)-2)
/O H
%3
N
HO HO:
1 =7 H
Ho " oH HO M oK
(+)-australine ((+)-3) (+)-3-epiaustraline ((+)-4)
(-)-crotanecine
OH
OH
® N
3 3
N 5 HO: HOmwn ]
HO|||| 217 6 "“OH 1:. z a
) Ho P OH HO OH
HO OH , , "(+)-7-Epiaustraline" ((+)-1)
(+)-casuarine (1) 14 (+)-1-epiaustraline ((+)-5)
1-epicastanospermine OMe
Denmark, S. E.; Parker Jr.,, D. L.; Dixon, J. A. J. Org. Chem. 1997, 62, 435-436. Me ~N OM
Denmark, S. E.; Hurd, A. R.; Sacha, H. J. J. Org. Chem. 1997, 62, 1668-1674. H ©
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€ 1-Azafenestranes

intramolecular OH

displacement HN
H ‘'H
33 H
hydrogenolysis
[3+2]
{— H
34 H
conjugate
addition NO: ||

36

Denmark, S. E.; Montgomery, J. I.; Kramps, L. A. J. Am. Chem. Soc. 2006, 128, 11620-11630.
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4 Complex natural product cores

(0]
0]
Me > e—
N
H . H

1
daphnilactone B

o Me Me
Route B [4+2)/[3+2] |
Cycloaddition OMOM MOMO 0N XY 0 I Me
(0] -0 R — —— :
N W N OH &—— ZcoMe
7

10

(+)-scandine, 1

ﬂ Hydrogenation

Tandem
QOR
Q, o, 040G [4+2)[3+2] NO,
£ : Cycloaddition e
&
CO,Me
PO CO,Me
6

Denmark, S. E.; Cottell, J. J. Adv. Synth. Catal. 2006, 348, 2397-2402.
Denmark, S. E.; Nguyen, S. T.; Baiazitov, R. Y. Heterocycles. 2008, 76, 143-154.



