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Total Syntheses of Cyﬁindricines, Fasicularin, and (+)-Lepadiformine
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Isolation and Structure of Cyclindricines

Blackman et al. Tetrahedron 1993, 49, 8645

isolated from the ascidian Clavelina cylindrica by HPLC in 0.039% and 0.034% yield
modest cytotoxic in brine shrimp larvae assay

exists in equilibrium of 3 : 2 mixture in solution
absolute configuration unknown

R = OH, OMe, OAc, SCN R =SCN, NCS



Isolation and Structure of Lepadiformine and Fasicularin

Biard et al. TL. 1994, 35, 2691-4
isolated from the ascidian Clavelina lepadiformis Muller by HPLC in 0.053% yield

modest cytotoxic against a few tumor cell lines IC50 0.74 ng/mL to 9.20 pg/mL
proposed as zwiterionic form from the evidence below:

13 acidic proton
C NMR P :
d0H 8=10 ppm FT-IR failed to acylate or
4 JA 12 C2:65.34 1 15y pmac sharp bands alkylate
sl WN13 C5: 76.58 2350 to 2700 cm!
2%H
-0

Cofia  c13:5871 J=75Hz

lepadiformine

Patil et al. TL. 1997, 38, 363-4

isolated from the ascidian Nephteis fasicularis in a DNA damaging assay
modest cytotoxic against Vero cell line IC, 14.0 pg/mL
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X-ray Structure of Cylindricines A and B
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ylindricine A
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Syntheses of Cyclindricines by Double-Amino-Michael Reaction

CsH13 & :> X\N ‘_—‘_'> X<NH X

C6H13 C6H13 C6H13

cyclindrine A cyclindrine B [l
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NR; + ||l
CeH1s
C6H13
NR2 |

the main issue to be addressed:
relative stereo-control at C2, C5, and C10



Snider's Syntheses of Cylindricines A, D and E

CHO OH
CH(OMe), 1. C4H,MgBr
2, HCI! heat 3. LiCECC6H13 \\
60% 64% CH
0 — - 613
M |
0 |
f Hb < H P 4. LAH, NaOMe
= H< R Hb 5. MnO,
M 7é "N ) 71%
Hy3C6HC Ha ®he 0
26.5 kcal/mol 25.6 kcal/mol
B NH3, H20
A 56% y 19% MeOH ||l
¥ = .
Ha 73 °C, 16h 613
Hb
HN$ . I
Hc O C6H13 B &> B + C - C
H13Cs 3 1
\ A > A + B
26.1 kcal/mol 0 s
31.5 kcal/mol . 90% 6%
not observed Cc 6%

A, B ration is kinetically controlled, while B,C
ratio is thermodynamically controlied.

Snider, B. S.; Liu, T. J. Or. Chem. 1997, 62, 5630.



Double Michael Addition Reaction

N\
O
H go o
H ~H\
I I ~ H\N | Hb T /@Hb Ha . N\ C6H13
~N Hc
CeHyz —— H;cch I!Ia R

26.5 kcal/mol 25.6 kcal/mof
MeOH / NH,OH A 56% B 19%
3/1
MeOH/NH,CI/NH,0H  47% 34%
1/13
MeOH/NH,CI/NH,OH  20% 26%
1.3/1

A possible rationale:

7

¢} Hb

H

26.1 kcal/mol
C 6%

5%

9%

The first attack on monosubstituted enone, then the stability of two rotamers in different medium
determines A/ B ratio; Retro-Michael is very slow presumably due to the steric hinderince around

Ha.

0O
H,N ,(
Z )4{"
CgHq3 A
y

more stable in low pH medium



Snider's Syntheses

o7 N-chlorosuccmlmlde
TAY CH,Cl,, 11,18 h <\ Cl

C6H13 C6H13 A
A CuCl, CuCl, A
°C 50min 86%
o
MeOH NaOMe N
CeHis C6H13 CeHis
Cl
42% HN%
lindricine D
Cylindricine Cylindricine A
NaOAc
CeHis Heathcock reported similar synthesis

JOC. 1999, 64, 8263.
Cylindricine E



Metal Mediated Olefin Cyclization with N-Chloroamine

review on chemistry of N-chloroamine:

Stella, L. ACIEE, 1983, 22, 337
\NH cl ®
\, @,
NH
\. o | I-@ / ammoniumyl
,N ion
! "@/‘ > a
D) M nitiat
CI-M 45\ \N—- initiator
/
\ @
noH /
ammyl heat
radical o CI@

review on intramolecular
olefin cyclization/functionalization
Cardillo, G. Orena, M. Tetrahedron 1990, 46, 3321

highly stereoselective radical cyclization:

H
M:>=CI\ N —EIN "&N ' Cl\e\uj
“Me H e Mo me} Me
yield
CuClI-CuCl, 80% 100
FeCl, 78% 100
MI$>—'_—-"“\
CI—N\Me
CuCl-CuCl,  79% 9 91
FeCl, 76% 0 100

Stella et al. TL. 1981, 22, 61

CiCu—Cl
o 3
H —
Me * ’ o H H\\
CU/N “Me —» Me \
cI\ /N “Me
Cl CU
cI\
Cl

Metal acts as catalyst for redox process as well as
organization center.



Molander's Enantioselective Synthesis of (-)-Cylindricine C

1. LDA;
NNMe, 9 Q 9 2. (iPr),NMgBr; ot

TMSCI, NEt,, HMPA

.-llo

o 3. MelLi;
(CuOAc,) Tf,NPh, TMEDA
0,
77% 86% 4. Pd(PPh;),, LiCI
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79% C.H
Me3Sn/\/ 813
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| |l i) Nan,, DMF, 60 °C
C6H13<__
N, 86%

5. PACl,(MeCN),
OH 5mol%
~“MeCN, H,0
83%

OTBS  +.) CrCl,,H;0* rt o

i) TBAF
N
45% HO CeH1s
H
(-)-cylindricine C

Molander et al. JOC, 1999, 64, 5183.



Molander's Rationale for Observed Stereoselectivity

/ epimerization
H 0

o N

I I / TBSO% ﬁel_h:\ \ 0

CeHi3 favored N

N; HO ‘\‘f”w
o H reversible
OTES \ Cylindricine C Michael reaction

ﬁ yield range from 37 to 55%
HN /
e
o H "'\ CeHq3
OTBS

N
R CeHs

H

Tandem reaction is efficient in terms of creating complexity, but ...



Weinreb's Intramolecular Nitro/olefin Dipolar Cycloaddition Approach

H
proposed structure

Lepadiformine
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Weinreb et al. JOC. 1999, 64, 686



Weinreb's Intramolecular Nitro/olefin Dipolar Cycloaddition Approach

5 -o
PhO \
.. @

R observed whenR=H
when R = Me, slow

10. 3N HCI 11. DMSO
(o]
_ 929, 190 °C, 16h
0 =
O\A C6H13 63% C
PhO PhO eH13
NHOH PhO
H 12. Zn, AcOH
91%
13. Dess-Martin
t-BuOH OH
71% /
/C6H13 4__ NH CsH13
PhO o,
H
14. Zn(Hg)
HCI jl 15. Li / NH, ﬂs
Tolt;ene N :K + N EtOH
90 °C PhO / PhO 4 1 4
'H \_/ /H (] l
51% H,, Pd/C 6% not Iepadlformme !

0,
70% Weinreb et al. JOC. 1999, 64, 4865



Pearson's 2-Azaallylanion Cycloaddition Approach to Lepadiformine

tin-lithium exchange for the generation of non-stablized 2-azaally anion
G
P Ria N Ry N
nBulLi —>» R;
+ / . I R4X
0 "\ R, _N_ _R, & \ R
d 4
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/”\ Review: Pearson, W. H. Pure & Appl. Chem. 2002, 74, 1339.
R R,
R
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s A\ [§ 5 -y 25
N NH || ~==" "~ SPh
HO_ > K . ’ /I
2, R “z, R ’
{ H  reductive 2H

from olefin amination

How to establish desired stereochemistry at
C2, C5, and C10...7



Pearson's 2-Azaallylanion Cycloaddition Approach to Lepadiformine
1. nBu,SnLi; NH,CI

2. Phthalimide Né"tz(')“ﬁ'z

SnBu

\/\cuo PPh;, DEAD _ SnBu, . Z 3
51% NH
NPhth 2
O .o

69% AlMe

SPh ° CeHis 3

4 0 °C, Benzene
/\w‘"% SnBu; Y

sgo, | 19% HCI; /\)\N J_ )
'y NaBHi MeOH N\ cu,, mix with I 0
SPh

h
o] - x5P CeHy3
A diluted with THF
NN nBull, -78 °C
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" H,sph
W’L‘N
il SN

0
CeHy3 k/o

Pearson et al. TL.1997, 38, 3369.

CeHy3




Epimerization to Other Stereoisomers

SPh 1. MeCO,CHO, NEt,
91% =
/\‘Om 2.03 NaOH,MeOH  Me0,c™ My
N\ 3. Na,CO;, 110 °C Lo R
R —
0,
46% 4. H,, Pd/C
5. LIBEt;H
Bno\/Om Bno\\\“-‘ N separation; pHo
'il | protection N
j NaH, BnB I
CHO + CHO a nBr Lo
CgH C.H
O 6'"13 (o) 613
o) o) 1:1 mixture O CeHu3
k/ k/o
1. MeLi;
2. HCI; _
53%| 3.NaBH,, MeOH 50% next to examine
4. Raney Ni, H,, EtOH
CeHi3
N
HO 4 CeHq3 4
H H™ *—oH

both epimers are not lepadiformine !
Pearson et al. JOC.1999, 64, 688



Kibayashi's Hetero-Diels-Alder Approach

"} BN
= (0]
Oo CeHis

lepadiformine

(original structure) NHOH

"“\

oc N

el

NCcS®

CeHy3
fascicularin
This approach has an intrinsic drawback: too linear!!

Kibayashi et al. TL. 2000, 41, 1205.
Kibayashi et al. JACS. 2000, 122, 4583.



Kibayashi's Hgtero-ljiels-Alder Approach

— OMOM
10steps NHOH PryNIO,
o i —_> _
O TOTHP A 0°C X *

30-45min O~y

N
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OMOM trans yield
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in H,O/MeOH 4.5 80%
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NHOH o)
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LS °
OBn M
e 84% benzene 1 75% 5.5
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Me

Kibayashi et al. TL. 2000, 41, 1205.
Kibayashi et al. JACS. 2000, 122, 4583.



Rationa|e4 for Stereo-selectivity
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lepadiformine



Kibayashi's Synthesis of Lepadiformine

OMOM 1. Na(Hg) OH
Na,HPO, o NH 3.tBuOK Cbz—N
EtOH 91%
_90% >
\
N 2. MsCl, Et,;N 4.i) LINH,BH, MOMO
trans 89% OMs ii) CbzCl, Na,CO,
OMOM 63%
5.Swern oxid. 6 CeH43MgBr
81% 84%
CGH13 “ CGH13
c6H13 7. Hy, PdIC
33% Cbz—N Cbz—N
8.PPh3;, CBry,  MOMO MOMO
Et;N, rt
96%
9. HCI ;neOH' K,CO 1. mixture; PCC
1N HCI, MeOH B e 2. H,, Pd/C
3. HC', MGOH, K2C03
CeH4
J\k c©
CeH
H—N 6'7113 N
@

HO
HO now the spectrum are the same!



Weinreb's Synthesis of Lepadiformine
CeHqz

H CH, \
H PO~ 2
P Xk 2. NaBH,, t—
N~ “Me 1.i)LDA; N\ Cu(acac)
+ N 5%
i) 0-NO,PhCOCI
TMS 1) o-NO, 3 NaNO,, HCI
iii) TFA, CH,CI, o cucl,
Z 57% MeOH
° N02 810A’

| X-ray

. X
ont NHP\E:> -WN' A= Z

T™S

U
v~z

N\ 4 MeZSi\/MgBr

CU Brz'Mezs

-78°Ctort
87%

: HO

MeOH, HCI
u) 35% H,0 if) , HCI,
P NaH(°20:, MeOH Ph o] (M:?o}sCH, rt
7:1 b

87% 95% X-ray i) 15% LiOH

EtOH, H,0, 99%

Weinreb et al. Org. Lett. 2001, 3, 3507.

Weinreb et al. JOC.

2002, 67, 4337.



Weinreb's Synthesis of Lepadiformine

7. NaH, BnBr ~ 8. pTsOH, Me2CO
-8°Ctort t OMe H20, reflux
——-
- - BnO
75% L NH OMe 9- HCI,MeOH, KCN
10. CgH,3MgBr _ C—ian'
BF,-Et,0 g C.H
-20 °C to rt A\ | t 13
—» bo —  BnO
67% N=— N
N Ht H
axial attack
N Ce¢H
H CeHys H 61113
Enantioselective version: 1 3
, 1. PhMe,SiCl equatorial attack o
“...-& Li, CuCN “,...& Na, NH;, -78 °C
| N0 —— | N" 0 100%
. SiR
Br 2. KH, CbzCl SIR, Cbz rac lepadiformine
15 steps total
11% yield
™
tBUL| M-» ’\I
s R RaS1 -lepadif
iR; Cb Fs 3 \ —>»—p (-)-lepadiformine

Cbz






—OCN

—NCO

—SCN

—NCS

—SeCN

—NCSe

cyanide

isocyanide

cyanate

isocyanate

thiocyanate

isothiocyanate

selenocyanate

isoselenocyanate

Do you know their names?

prefix

cyano-

isocyano-

cyanato-

isocyanato-

thiocyanato-

isothiocyanato-

selenocyanato-

isoselenocyanato-

—NO

+ -
——=N—O nitrile oxide

—=—=NOH oxime

+
N7 © nitrone

PN
—NHNH, hydrazine

—NHN=< hydrazone

prefix

nitroso-

hydroxyimino-

hydrazono-



