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Total Synthesis of (—)-Calyciphylline N,
a Member of Daphniphyllum Alkaloids

Daphniphyllum Alkaloids are traditionally used in the treatment of asthma
rheumatism, and snakebites.

Due to their complex structures, Daphniphyllum Alkaloids have attracted
various synthetic strategy.

Presented here is the first total synthesis of (-)-Calyciphylline N reported
by Artem Shvartsbart and Amos B. Smith, IlI.

(-)-Calyciphylline N was isolated from the leaves and stems of
Daphniphyllum calycinum by Kobayashi.

Yahata, H.; Kubota, T.; Kobayashi, J. J. Nat. Prod. 2008, 72, 148.
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Synthesis

EtsN (1.02 equiv.) (S)-4-benzyl-2-oxazolidinone (0.8 equiv.)

@\ Pivaloyl chloride (1 equiv.) n-BuLi (1 equiv.) ? Y\[
THF, -78 °C, 40 min

THF, -78 °C, 1 h

86%
Imide (+)-S1
AMDS (1.1 equiv.) Mel (4.8 equiv.) ? wH\©\
1F, -78 9C, 1 h THF, rt, overnight o, ©/ [ \FO
Imide (+)-S2 )-4-benzyl-2-oxazolidir
NaBH 4 (4 equiv.)
> Na®*
THF/H,0 (1:1), OH 9
) OC to rt, overnight SgirNogi”
J 91% SRR >HL
Alcohol (-)-8 NaHMDS Pivaloyl
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\©\ Li/NH3 (5 equiv.) KOt-Bu (4 equiv.) =
EtOH DMSO/PhMe OH

00
Ctort,3h
(Birch reduction) 99%

10l (-)-8 Alcohol (-)-9 Alcohc

Ph pyridine (2.5 equiv.), -78 °C .0
TfOH (2 equiv.) alcohols 6 and (-)-9 (0.8 equiv.) /SIH
' - \

AN
N CH,Cl,, 0°C, 1 h

CO,Et CH,Cl,, -78°C, 1 h CO,Et
crylate 7 triene 10
Birch, A. J. J. Chem. Soc. 1944, 430 used for the next step w/o purif

Sieburth, S. M.; Lang, J. J. Org. Chem. 1999, 64, 1780
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) Et,AICI (0.8 equiv) LiAIH, (1.3 equiv.)

PhMe, 0 °C O\Si - Yy Et,O, rt, 1 h O\Si\
O,Et (Diels-Alder) /N Go,Et /

9:1 d.r 4%
iene 10 Ester (-)-5 Alcohol (
13 (1 equiv.),
lazole (1 equiv.),

1.2 eqiv.) O , NaCN (1.5 equiv.) DIBAL-H (2.2 equiv.) &
> \SI - "y, > > ~ i -
: 0 -
°C to rt, 10 min SN PMSO, 60°C, 3h  CHCl -78°C /™ 2
859% | 91% C
lodide (-)-12 Aldehyde (-]

W. R.; Kageyama, M.; Riva, R.; Brown, B. B.; Warmus, J. S.; Moriarty, K. J. J. Org. Chem. 1991, 5
J.; Sustmann, R. Angew. Chem., Int. Ed. 1980, 19, 779
.. N.; Strozier, R. W. J. Am. Chem. Soc. 1973, 95, 4094
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NaBH, (1.2 equiv.)

NaHCO3; (2equiv),
m-CPBA (1.2 equiv)
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99%
Alcohol (-)-27

“CHO

1yde (—)-18

CH,Cl,, 0°Ctort, 1h

' o
~

Si7 N
/ N =z ‘
70%

Epoxide (—)-2:

NaHCO3; (2 equiv.)

PPTS (5 mol%) DMP (1.2 equiv.)

>

>H,Cl,, 0°C, 1 h

. "o
(:)~\

Si

/ \

' III/L//J
"I"I///
67%

Ketone (+)-29

CH,Cly, rt, 1 h

O o

fond
O

Pyridinium p-toluenesulfonate (

N

NH*
%

Dess-Martin periodinane (C
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O O . . O
imidazole (3 equiv.),
g Sml, (4 equiv.) _ TBSCI (1.2 equiv.) _
vl O\ . ‘e, O O\
,/ THF/MeOH (20:1), 4.5 h /s.\ <" DMF,07Ctort, 2h /Si\ _
~__OH <
82% 97%
e (+)-29 Alcohol (+)-30 Ketone (+)-

ander, G. A.; Hahn, G. J. Org. Chem. 1986, 51, 1135

A (2 equiv), 0.5 h, 2) NaHCO3 (2 .2 equiv.),

2CHO (2.2 equiv.) DMP (1.4 equiv.)
THF, -78 °C CH4Cly, 0 °C (15 min) P
then rt (0.5 h) ~_-OTBS
_ _ 91%
ith, A. B.; Levenberg, P. A. Synthesis 1981, 567 > 20:1 selectivity
Diketone (+)-34
AN STATE

RSITY

Dess-Martin periodinane
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NaH (1.2 equiv.),

_ p-TsOH (20 mol%)
Allyl acetate (1.2 equiv.)

r

MeOH, 0 °C, 0.5 h

: THF,0°%Ctort, 0.5h

(Tsuji-Trost Allylation)

92%

ne (+)-34 Diketone (-)-35 Alcohol (-)

'Phs (1.2 equiv.),

nidazole (2.2 equiv), O
, (1.2 eqiv.) ./< LDA (3.5 equiv.)
g O\ . ‘y 0 . g O
"HF, 0 °C, 10 min AT 7 THR 2076, 45min RS
- | /
07% > 77%
lodide (-)-32 Diketone (+)-31

Trost, B. M.; Fullerton, T. J. J. Am. Chem. Soc. 1973, 95, 292.
Tsuji, J.; Takahash, H.; Morikawa, M. Tetrahedron Lett. 1965, 4387.
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NaOH (10 equiv.), E
9-BBN (2 equiv.) H20,, (20 equiv.)
> . O\ ~
THF, rt, 1 h THF 0 °C (10 min), i
thenrt, 1 h 9-BE
71%
ne (+)-31 Alcohol (+)-42
OTBS OTBS
HO
ole (3 equiv.),
| (1.3 equiv.) 4-MeOPhLi (5 equiv) W
F,0°C,1h Et,O, rt, 10 min ArMe,Si
94% 95%
Silyl ether (+)-43 Alcohol (+)-59
own, H. C.; Knights, E. F.; Scouten, C. G. J. Am. Chem. Soc.1974, 96, 7765.
I\(j t-BulLi (2 equiv.) Li
o~ Et,0,-78 °C, 20 min
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OTBS

phthalimide (2.2 equiv.),
PPh3 (2.2 equiv.),
DEAD (2.8 equiv.)

PhthN

WY

Y

THF,09%C tort, 0.5 h

(Mitsunobu reaction)
Alcohol (+)-59

OTBS

LiCl (4 equiv.)
Pd(PPh3)4 (5 mol%),
CO (balloon)

4) (/\tSn (1.5 equiv.)
DMF, 90 °C, 10 min

73%

flate (+)-61 (Stille carbonylation)

oy, W. S.; Brestensky, D. M.; Stryker, J. M. J. Am. Chem. Soc. 1988, 110, 291
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RSITY

ArMe,Si

99%
Pthalimide (+)-60

OTBS

PhthN

ArMe,Si

97%
Enone (+)-62

OTBS

/O PhN(Tf), (1.5 equiv.),
KHMDS (2 equiv.)

Y

THF, -78°C, 0.5 h

O F<
o [J
phthalimide
Ph
Ji§
/\ //N O\/
0" NI S

O
Diethyl azodicarboxylate (DEAD) Kt
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KF (10 equiv.),

HBF,.OEt, (10 equiv.) m-CPBA (10 equiv.)

CH,CIy, rt, 0.5 h DMF, rt, 5 h
(Fleming-Tamao oxidat
82%
Silyl fluoride (+)-63

imidazole (3.2 equiv)

TESCI (1.5 equiv.)
DMF,0°C, 1.5h

74% 83%
Diol (+)-58 Alcohol (+)-64

Fleming, I.; Henning, R.; Plaut, H. J. Chem. Soc., Chem. Commun.1984, 29.
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i _E .0
O” 0" o
I

I-ProNEt (11 equiv.),

MOMBr (10 equiv.) 2-lodoxybenzoic acid (I

1,2-C,H,Cl,, 80 °C, 4 h (3.5 equiv.)
DMSO, rt, 12 h
0 88%

N Enone (+)-65

H2 F>‘)J\ -

N . O

F PhthN CHO
dibenzylammonium trifluoroacetate
(1.3 equiv.)
Benzene, 50 °C, 17 h
95% (Aldol condensation) 69%
Aldehyde (+)-66 Aldehyde (+)-67

Y. K.; Huang, J. H.; Shen, X.; Hu, Q.; Tang, C. J.; Li, L. Org. Lett. 2002, 4, 2141.
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PhthN CHO

NaCN ( 20 equiv.) |
AcOH (15 equiv.) MnO; (70 equiv.)

Y

MeOH, 0.5 h MeOH, 12 h

82%
Aldehyde (+)-67 Ester (+)-68

Pfaltz-modified Crabtree catalyst)

cod)(Py)(PCy)s]IrBArF (1 equiv.)
12 (900 psi)

1,2-dichloroethane, 19 h

84%, 4:1 d.r
Ester (-)-69

NVuestenberg, B.; Pfaltz, A. Adv. Synth. Catal. 2008, 350, 174
>rabtree, R. H.; Davis, M. W. J. Org. Chem. 1986, 51, 2655
3rown, J. M. Angew. Chem., Int. Ed. 1987, 26, 190
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COzMe

N-oH4.H,O (50 equiv.) aq. NH,CI

r r

EtOH, rt, 12 h EtOH, 70 °C, 18 h

Ester (-)-69 Imine (-

’h,BBr (5 equiv.)
added at -40 °C)

3H2C|2, rt, 0.5h

(-)-Calyciphylline N (1)

79%
on, Y.; Yoakim, C.; Morton, H. E. J. Org. Chem. 1984, 49, 3912.
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THANK YOU!!!
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