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Tetrahydropyrans as Backbones of Natural Products

MeO;,

Leucascandrolide A (1)

{+)-Phorboxazole A (1)

Potent antimitotic agents
Mean GI50 value: 1.58 X 10-° M
against NCI panel of 60 tumor cell lines

Potent cytotoxicity against
KB and P388 tumor cell lines

(-)-Zampanolide

IC5,=1-5 nM against several tumor cell lines
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Approaches to Tetrahydropyran Skeleton

» Hetero-Diels-Alder Cyclizations (C-C and C-O formation)
 Cyclizations onto Epoxides (C-O formation)

 Cyclizations onto Oxocarbenium Ions (C-C formation)

e Other Methods

Review: Clarke, P. A.; Santos, S. Eur. J. Org. Chem. 2006, 2045.
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[4+2] Hetero-Diels-Alder Approach
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(+)-Ambruticin

Liu, P.; Jacobsen, E. N. J. Am. Chem. Soc. 2001, 123, 10772.
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Cyclizations onto Epoxides

@ (a) cat. PPTs, CH,Cl,, 0 °C, 1 h (70%). (b) H,NNH,, H,0,,
EtOH, 30 h (70%). (¢) BuyNF, THF (90%). (d) T1(O-i-Pr),. toluene,
50 °C, 2 h (58%).

1 R=0OH
Meo H Me
2 R= {5\ D /Mo Thyrsiferol
HO H OH
Me H
) 2.0 Me
3R= <W\(~Me Venustatriol
HO H OH

McDonald, F. E.; Wei, X. Org. Lett. 2002, 4, 593.
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Cyclizations onto Oxocarbenium Ions

Br

OAc
o)
OBn 84% TsO OBn
MeO OH

(-)-Centrolobine

TsO

Marumoto, S.; Jaber, J. J.; Vitale, J. P.; Rychnovsky, S. D. Org. Lett. 2002, 4, 3919.

Shuli Mao @ Wipf Group 6

1/14/2007



[3+3] Cyclocondensation Approach

\I/\I/ Rem QR R R®
P B \I/\E/\jéNHCOR“
Y - = O - = OH O
: A e

R

A: Biselectrophile “1” 3

1
B: Bisnucleophile “2”
l LA! R3 P Prins and Ritter Reaction

R Sakurai Reaction R2

Epstein, O. L.; Rovis, T. J. Am. Chem. Soc. 2006, 128, 16480.
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Sakurai Reaction

O HO, \RZ R2 OH
R%. . SiMe3 | gwis acid, CH,CI 1\ X R N R4
R R2 *+ (4 A [3 > + R | X
3
ketone or R Temp range: -78°C to RT R R
aldehyde Homoallylic alcohol Homoallylic alcohol

When R,=H: Syn-diastereomer When Ro=H: Anti-diastereomer

In this paper:
R1\|/\|/OAC R R R RS
R? he 2 SR Y relationship
2 R
1

R2
CeH13 OAc CeH13 = -~ .OAc RN
YT N 1ws Y Y L

0O 0
o\ro BF5OEt, O\(O O I/O TMSOTf ] :
tBu CH3;CN, -30°C Bu B CHxCly, -78°C fBu
96% . 86% single diastereomer

axial . equatorial
favored

Rychnovsky, S. D.; Skalitzky, D. J. Synlett 1995, 555.
Boons, G.-J.; Eveson, R.; Smith, S.; Stauch, T. Synlett 1996, 536.
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Prins Reaction

1 3 1 3 1 3 1 3
R>_<— A + JOJ\ ErOt!C or_d A & RR4 N and/or NuR%—ﬁRRAfs + oth duct
ewIS acC 5 otner products
RZ R*! R H wis aci R2>—3<R5 » R2>_$<R i " 0
Ho o o M
Allylic alcohol 3-Substituted alcohol
In this paper:

Qi
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R! R3 R R3 R R®
T w Yy N
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R2 3 R2

R2

Rational for 2,6-cis tetrahydropyran formation:

/Rs Rs3
R 7/ _ » R
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Ritter Reaction

R-C=N + & )p — R1—CEN+I§3 -~ R'-C= N%Rﬂ )@H—20> R1 N)<R4
R3 R H
Nitrilium ion N-Alkyl carboxamide
In this paper:
R1 R3
4
Ny OH O
3 R?

Stereochemistry depends on R?
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Sequential Sakurai-Prins-Ritter Reactions

) TMSOTF 1

R1\|/\|/OAC R
iiy TFOH v
0 o + ’)LRs + MeCN mNHAc
e

™S iii) H,O :
1a-d R? 2a-c R2 3aa-ca
Entry 1,3-Dioxane Allyl silane Product, yield (%) (dr)
R1\|/YOAC ) R! _‘VNHAC
™S :
o__0 N Y\j
Y OAc O
R? 2a R2
1 1a: R'= ¢-CgHqy; R%=t-Bu 3aa 79(97:3)
2 1b: R'=¢-CgHyq: R?=n-Pr 3ba 80 (97:3)
3 1c: R'= Ph(CH;),; R?=t-Bu 3ca 77(97:3)
4 1d:R'= Ph(CH»),: R?=n-Pr 3da 75 (98:2)
5 1e: R'= PivO(CH,); R?=(CH;)sCl 3ea 59(90:10)
R Me
b : NHAc
)\/TMS OH O
2b R2
6 1a 3ab 88 (97:3)
7 1b 3bb 71 (97:3)
8 1c 3cb 80 (96:4)
g 1d 3db 72 (96:4) Oac
b c-CgH14
OAc :
OH 6 NHAC
TMS =
-Bu
10 1a 2c 3ac 61(99:1)°

@Procedure A: (1) TMSOTTY (1 equiv), —45 °C; (1) TfOH (2 equiv),
—45to — 15 °C; (ii1) AcyO, — 15 to 0 °C, CH,Clo/MeCN (1:1). ? Procedure
B: (1) TMSOTT (1 equiv), —45 °C; (11) TfOH (2 equiv), —45 to 0 °C;(1i1)
NaHCOs3, MeCN; see Supporting Information for details. ¢ Tertiary alcohol
8 was isolated in 8% yield as a 1:1 mixture of diastereomers at the
4-position. A
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Stereochemistry Rational
Alder’s model:

1) THP cation 4 has an increased stability relative to the open-chain oxocarbonium
ion due to delocalization. The calculated optimal geometry for delocalization
places the H atom at C4 in a pseudoaxial position.

2) 4-Methyl substituted THP cation 5 1s much more stable than 4.

3) Destabilization of the intermediate tertiary cation was observed if 4-methyl
was replaced by 4-acetoxymethyl substituent.

3

R®1® RCN T
S g S
07 - N

4 R®=H or CH,0Ac R
lwhen R?® = Me }II
Me N ‘s.;x
RCN RCN
e W = G e
6 7
kinetic thermodynamic

Alder, R. W.; Harvey, J. N.; Oakley, M. T. J. Am. Chem. Soc. 2002, 124, 4960.
Epstein, O. L.; Rovis, T. J. Am. Chem. Soc. 2006, 128, 16480.
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Nitriles Scope

Cc-CgH11 OAc C-C6H1 1 o NHCOR
T Procedwrer &)
o\ro . + RCN - OAc O._

1a  tBu T™MS 2a 3aa,9a (-Bu
entry product R dr yield (%)

1 3aa Me 97:3 79
2 Oa Et 96:4 84
3 9b i-Pr 94:6 81
-+ O¢ -Bu 95:5 71
5 9d CH>F 99:1 83
6 Q¢ CH-,Cl 97:3 79
7 of CH-Br 95:5 89

O9¢ CH,OMe 94:6 66“

9 %h vinyl 98:2 75¢
10 i allyl 95:5 42
11 9j Ph 93:7 77

@ Isolated yield after aqueous workup and acetylation of unpurified
reaction mixture with Ac;O/Py/DMAP.

Epstein, O. L.; Rovis, T. J. Am. Chem. Soc. 2006, 128, 16480.
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Extension of Sakurai-Prins-Ritter Reactions

o)
C'C6H11\|/\I/OAC OTIPS i i i C-CGH11 . ',,N/>\
O\I/O +LTMS+ MeCN | I N
1a tBu 2d 10 By

50% (98:2 dr)
i) TMSOTE, CH,Cl,, -78 °C: ii) MeCN, TfOH, -45 to 0 °C; iii) NaHCO;

C-CeHi1 OAc Procedure A ¢-CgH14 \NHAc
\(lj/\cl)/ + S\ + MeCN - : )
\r OAc O (2)

t-Bu SiR; 12 ;—BU

1a 11a: SiIR; = TMS (E/Z = 80:20) 92%, 85:15 dr \.Nith 11a
11b: SiR3 = SiMe,Ph (E/Z = 95:5) 81%, 91:9 dr with 11b

Epstein, O. L.; Rovis, T. J. Am. Chem. Soc. 2006, 128, 16480.
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Conclusions

« Another THP formation method was developed using a sequential
Sakurai-Prins-Ritter Reactions

« Reactions involved are all diastereoselective
 The introduction of the amide made further functionalization possible

 Up to four new stereocenters may be controlled from a single
stereocenter present in the starting material
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