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Important figures in Galbulimima
alkaloid chemistry

Jack Baldwin (Oxford)  Mohammad Movassaghi (MIT) Dawei Ma (Shanghai 10C)
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http://www.fossilflowers.org/imgs/ws1/na/
Himantandraceae_Galbulimima_baccata_18730.html

11T. MAGNOLIACEA.

Botanical: Galbulimima baccata
Common: Magnolia, Northern Pigeonberry Ash
Family: Himantandraceae

https://www.thieme-connect.com/media/synthesis/201022/e274 _f1.jpg



Traditional uses

 “In Papua New Guinea, a decoction of bark of
Galbulimima belgraveana is drunk to invigorate health
before war, and to give hallucination and premonition.”

 “The chewing of Galbulimima bark is reported to
produce a destructive frenzy often accompanied by
violence. Physical restraint is sometimes required.”

e Large doses may account for hallucinogenic effect
(atropine overdose) or an alkaloid with novel
psychoactive activity (possibly G.B. 18) may be
responsible

Source: Psychoactive properties of Galbulimima bark. J Psychoactive Drugs. 2005 Mar;37(1):109-11.



Modern medicine

The medicinal properties of Galbulimima 0
belgraveana are attributed to piperidine

alkaloids, such as (+)-himbacine, which are o) |
structurally similar to acetylcholine and are N7

therefore muscarinic receptor antagonist/ |
agonist (Zholos AV et al., 1997). acetylcholine

Anticholinergic activity has prompted their
study as potential source of drugs for the

treatment of Alzheimer’s diseases, cardiac
bradycardia and glaucoma. §

Q H H

(+)-himbacine



Modern medicine (cont.)

* SCH 530348

— Thrombin receptor (PAR-1)
inhibitor in Phase-lll clinical trials
for acute coronary syndrome and
secondary prevention of CV events
in high-risk patients

— Synthesized as an analog as a result
of total synthesis of himbacine by
Chackalamannil

— Was originally synthesized as an
analog as a result of total synthesis
for antimuscarinic drug program

— Anti-PAR-1 activity found by HTS

NHCO,Et




The Galbulimima alkaloids — Class |

himbacine

(+)-himbacine



The Galbulimima alkaloids — Class I

OBz OMe
H

himandrine himandrine
Alkaloid R R2 R3 R4
7 himbosine OAc OCOPh OAc OAc
8 himandridine OCOPh OMe OH OH
9 G.B. 1 OAc OCOPh OAc OH
10GB.2 OAc OAc OAc OAc
11 GB. 3 OH OH OAc OAc
12G.B. 4 OH OH OCOPh OAc
13G.B.5 OH OH OH OAc
14G.B.6 OCOPh OMe OAc OH
15GB.7 OCOPh OMe OH OAc
16 G.B. 8 OH OMe H OH
17G.B.9 OAc OMe H OH
18 G.B. 10 OAc OMe H OAc
19 G.B. 11 OH OH H OAc
20G.B. 12 OAc OAc H OAc

Class Il Scaffold

U. Rinner et al. Synthesis 2010, No. 22, pp 3763-3784



The Galbulimima alkaloids — Class I

Hd: himgaline

G.B.13,R=H
himbadine, R = Me

himgaline himgaline himgaline

U. Rinner et al. Synthesis 2010, No. 22, pp 3763-3784



The Galbulimima alkaloids — Class IV




The Galbulimima alkaloids — summary

1 \““'

Class | Scaffold

Class Il Scaffold Class lll scaffold



Early biosynthetic proposals

Taylor and Ritchie
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Modern biosynthetic proposals

L. N. Mander et al. /Tetrahedron Letters 50 (2009) 7089-70892

Baldwin

.
o
.
-
.

00O

Scheme 1. Baldwin's hypothesis for the biosynthesis of Class 1 alkaloids.

Mander

Scheme 2. Hypothesis for the biosynthesis of Class Il and [l alkaloids.



Modern biosynthetic proposals (cont.)

T. A. Bradford et al. / Tetrahedron Letters 52 (2011) 188-191

Mander
. |
N+ AT To (442
2 A "R - = ---3 himbacine (1)
R
path (a)‘." H§/\C01R‘ endo
0 NT
R
R=
COR" s, =~
path (b) ‘i H
“-r ©
= [4+2]
f CoR ... . ---3= GB18(10), GB 20 (9)
H
endo

Scheme 1. Biosynthetic speculations.



Modern biosynthetic proposals (cont.)

Mander

L. N. Mander et al./ Tetrahedron Letters 50 (2009) 7089-7092

Scheme 4. Structure of GB17 (12) and its speculative biosynthesis from 10.



Biosynthesis — can the different classes
of Galbulimima alkaloids be derived
from each other?

enolate formation
and C ring closure

»
,*’ imine formation/
OH OHH ’ tautomerization

D ring closure/
tautomerization

functional group
manipulation

himgaline skeleton



Total Synthesis of Galbulimima alkaloids

3766 U. Rinner et al. REVIEW

Table1 Syntheses of Galbulimima Alkaloids

Alkaloid class Compound Author Publication year Number of steps Overall yield

class I himbacine/himbeline Hart, Kozikowski** 1995 19 (himbeline) 5.4% (himbeline)
20 (himbacine) 3.8% (himbacine)

class 1 himbacine/himbeline Chackalamannil* 1996 11 (himbeline) 12.4% (himbeline)
12 (himbacine) 9.7% (himbacine)

class I himbacine (formal synthesis) Terashima™ 1999 18 12.6%

class 1 himandravine Chackalamannil* 2001 12 17.0% |

class 1 himbacine (formal synthesis) De Clercq® 2002 13 6.6%

class I himbacine (formal synthesis) Sherburn®® 2003 26 2.4%

class I himbacine/himbeline Baldwin®’ 2005 12 (himbeline) 3.1% (himbeline)
13 (himbacine) 2.3% (himbacine)

class 11 himandrine Movassaghi® 2009 28 0.7%

class 111 (£)-G.B. 13 Mander™ 2003 30 0.2% |

class 111 G.B. 13/himgaline Chackalamannil®® 2006 31 (G.B. 13) 0.5%
33 (himgaline) 0.3%

class III G.B. 13 Movassaghi®’ 2006 19 1.7% |

class 111 ent-G.B. 13/ent-himgaline Evans™ 2007 31 (ent-G.B. 13) 1.0% (ent-G.B. 13)
32 (ent-himgaline) 0.9% (ent-himgaline)

class 111 (+)-G.B. 13 Sarpong® 2009 18 1.2%

class Il (-)G.B. 13/(+)-G.B. 16 Ma 2010 19/17 6.1%




Retrosynthetic analysis — Himbacine -
Chackalamannil

e “@

Diels-Alder ¢

selective
reduction

—

epimerization

olefination Boc._
— N
Sonagashira

lactonization




Total synthesis - Himbacine

OH
CHO A
. ) 2. sec-BulLi, Et,0, 4,
HN 0. L-tartaric acid BOC\N TMEDA, -78°C BOC\ N 3. CrCl,, CHI5, THF BOC\ /\\\
— > - o _—
1. (Boc,)O, NaOH, then DMF (50%) N PdCI,(PhCN),, Cul,
then NH,OH o’ o piperidine, THF
» (86 /o) » R ’
(96%) (81%)
5 idars . M@ % e
H,, quinoline OH S0 8 DBU
MeOH/CH,ClI, H EDC, DMAP, 9. BOCQ)O NaOH
(95%) BOC\ X TEMPO, DCM
(91%)

(60%, 3 steps)

Boc

.
o

o
o
4

Qv
0}
11. TFA/DCM
12. HCHO (37%),
10. RaNi, H,, MeOH NaBH3CN, ACN s
>

—_—

(72%)

o .
(78%, 2 steps) 10% overall yield

.
Y
o
)

(+)-himbacine



Total synthesis - Himbacine

0 O
Qa Qa
A\ 74
Ty —— 1 ¢
' 3.' '
/333 :‘332




Biosynthesis — Movassaghi’s proposal

HO
H

N-C9

)
Me OH O S9

Cie-
decarboxylation \ l reduction

C13-, C14-
elmination oxugabon
_— O-alkylation,
conjugate O-acylation
additon

Me OMe OH
galbulimima alkaloid 13 (2) oxohimgaline (S10) S15
A-methytation carbonyl I
l Class Il sucta
galbulimima alkaloids

himbadine (S11) himgaline (3)

Class Il
galbulimima alkaloids



Retrosynthetic analysis — Himandrine -
Movassaghi

Oqu OMe o OMe
MeOZC

spirocyclization

HO HO HO
himandrine

formal [3+3]

aldol
cycloaddition TBSO

condensation

carboxylation Diels-Alder




Total synthesis - Himandrine

2. 4A-MS,
Proton-sponge

r\/Y\ o 1. TBSCl Me3O+BF,, DCM 4'SPOMSF9}IPD%'\|</|EL
H  imidazole (\/Y\OTBS (93%) r\/Y\OH a°Pyr,

— = L >
| OH DMAP, DMF | OH 3. HCI, MeOH | OMe 5. CBry, PPhg, DCM

(94%) (98%) (65%, two steps)

//—B(OH),

6

L TBSO TBSO
| >
OMe Br Pd(PPhs),, TI,COs,

THF, H,0
(97%) Br

% PhMe, 120°C
OMe (85%)

8. TBAF, THF
9. DMSO, PryNEt,
SOS'Pyr, DCM X
(80%, two steps) Y, 11. Ru cat. (10 mol%)
> >
10. TBSOTHf,

N 0 (85%)
NEts, DCM Q¢
(82%)




Total synthesis - Himandrine

OHC :
o="> \
12. BHT, 13. TiCl,, DCM, N OMe 5 Il
TBSO diethylaniline -78°C H H
> >
/ \ / , ACN, 95°C 14. Martin sulfurane, H THF, CuBr-DMS,
OMe (75%,51d) TBSO

PhH \
(57%, two steps) O ="

-78°C—-10°C

HO
H HO
19. POCI,
16. NaBH,, EtOH, 0°C . 18. TsOH+H,O H- DMF, DCM
> —_— — >
OMe 17. CICO,Bn, Pr,NEt, H PhH H (71%)
Me N K,COg, THF, Ho0 (81%) OMe

(50%, three steps)
0=

21. NaClO,, NaH,PQO,,
2-methyl-2-butene,
BuOH, H,O

22. CH,N,, THF
(61%, three steps)

20. DDQ, SiO,,
ACN, H,0




Total synthesis - Himandrine

HO S
H I HO
N
23. TMS-I, DCM 25. NCS, ACN
(66%) (89%)
H >
OMe 24. Et3N+(HF)3, THF OMe
Me  “OMe O (90%) Me  “OMe O

26. NaBH,, EtOH

(90%) 27. BzCl, pyridine
> >
7 days
(87%)

himandrine

0.7% overall yield



Spirocyclization

_ =

>98% C9-D

CH,OH
>98% C9-H




Retrosynthetic analysis — G.B. 13 and
G.B. 16 - Ma

Carbonyl-alkene
reductive coupling .,
N et

)

7

Mukaiyama-
Michael addition

Intramolecular
condensation




Total synthesis — G.B. 13

. o) )
. o N2 1. 4A-MS, . H 3.PUC, Hp (80 atm) H H 4. (Boc),0, NaOH,
THF, reflux AcOH, 40°C PhH/THF/H,0, reflux
* - > >
2. CBry, PPhg, ACN, (72%) 5. IBX, DMSO, 65°C
OH o then, iPrNEt,, reflux H i (79%, two steps)
(71%, two steps) o OH
1. (5)-1-phenylethylamine, 3. NaBH,,
Me0,C” XX 4A-MS, MgSOy, THE Me0,c” MeOH, -78°C
—>
2. KOH, MeOH, reflux 4. TsOH-H,0,
acid workup, then DCM, reflux
fo) CH,N,, Et,O o (89%, two steps)
(75%, 91% ee)




Total synthesis — G.B. 13

7. 1BX, DMSO, 70°C
>

2,
“,,
.

(84%)

(o) (0]

DMP, NaHCO,, DCM
(99%) DBU, DCM, RT
(100%) |

8. Pd/C, H,, iPrOH o,
- E

9. glycol, TsOH*H,0,

PhMe, Dean-Stark 56%
10. LiAlH4, THF, 0°C (80% combined yield
(91%) after two cycles)

11. (CF5C0),0, DMSO, 12. (CF3C0),0,

DBU, DCM, -78°C Et;N, DCM
»
(85%) 13. TsOH-H,0,
acetone, reflux,
4 days
o o (74%, two steps)




Total synthesis — G.B. 13

14.Smly, THF, %, 15. IBX, DMSO, ‘.,

reflux, then DMP 70°C
_— _—
(75%) 16. CF3CO,H, DCM,
then NaOH

(71%, two steps)

17. HOACc,
ACN, then
NaBH(OAC);

lx-
XZ7\<7 ’Zh’/ Bj HO ' 46-0xohimgaline
1,3-diequatorial 1-axial-3-equatorial 1,3-diaxial
connection connection connection
(@)
H HS  Me
OMe - ‘4 HO himgaline
NBoc ~— NBoc
oc
H 0=
H H
conformation A conformation B

Scheme 6. The favored conformation for carbonyl-alkene reductive
coupling of the enone 7.



14. PCC, DCM
(60%)

Total synthesis — G.B. 16

11. LiAlH,, THF
12. (CF3CO),0,
DMSO, DBU,
9. NaBH4, DCM, -78°C
MeOH/THF, '78°C> (71%, two steps)
10. TBSCI, imidazole, 13. HF, ACN, -20°C

(98%)

DMAP, DMF
(76%, two steps)

15. CF3CO,H, DCM

16. PhMe, NaOAc,
Dean-Stark
(87%)




Sarpong’s Retrosynthesis — G.B. 13

HO
(-)-G.B. 13 (2)




Total Synthesis — G.B. 13 - Sarpong

HH
N cat. Yb(tmhd), FVP
+ O - > 6
110°C, neat, 65h 1890 600 °C
TBSO 85% 86%
7 8
: H OH
1. LDA (2.3 equiv) SO4pyr, DMSO
Me | Narr™e  1iF -78°C. then 6 Ny OMe pyridine, CH,Cls, rt
-
Br = 2 HCl. THFMeOH 0 I 2 then KH,PO,/NaOH buffer, 60 °C
: 0°C, then K,COj, rt H ‘0 Br 55%
58% yield (over 2 steps)
OH N\ Ok Na,CO; (5 equiv)
o1 | - -
Br™ N\ EtOAc, 0°C
o)
H 93%

1 12 (955 dr)



Total Synthesis — G.B. 13 - Sarpong

(Bpin),, cat. Pd.(dba)s*CHCl5 1. DMP, CH_ClI,

cat. PCy,HBF,, 'éHEtgrlu, SIO,
KOAc, DMF, 80 °C oLl
12 -
65% 78% vyield

(over 2 steps)

13 14

1. NaSEt, DMF, 120 °C

cat. [Rh{cod)(MeCN),]*BF ;- 2. TL,O, pyr, 0°C

EtsN (2 equiv) 3. AlMe,, cat. Pd(Phs),, THF
- OMe o
PhMe, 80°C 54% yield (over 3 steps)
77%

1. cat. Rh/ALLO5, H, (1000 psi),
EtOH

TMS!. CH.CI
2. BnOCOCI, aq. NaHCO4/PhMe o, Lig. ae ol o
Me 3 18X TsOH. DMSO/PhH. 65 °C R ki I G_Agag‘fz)

- 79%

80% yield (over 3 steps)




Takai olefination mechanism

U, £1.£.3,10.0

Mechanism:

The exact mechanistic pathway is not known. However, it is believed that the T-U olefination proceeds via geminal-
dichromium intermediates that are nucleophilic and attack the carbonyl compound. The (E)-alkene is formed from the

[f-oxychromium species.

X v X i
CrX, CrX
RZ—{ —_— - R2 f\ e R
X Cr''X
geminal
dihalide geminal dichromium species
X
), CrX. X CrX,
H——X - H—K_X B
X Cr'"X

haloform

Cri'x
.(O H

H R’

CriX, |
B-oxychromium species

<OCr‘ Y,

X. _H

E,
R‘l/\(’}' X

(E)-Alkenyl
halide(major




Sonogashira

R'—————R
PdL,
reductive RX
elimination
(n-2)L oxidative additon
R L
|
R —=—hd-L R —Pd-X
|
L L
trans - Cu——R
metalation .
trans/ cis ’? NR"HX
iIsomerization L —Pd-L
||| CuX
RI

R%N + H——R'



dibromoolefin

(’\Br—\wCB@ & Br, o~ Br
PhyP : ~ PhsP—Br + C—Br - >r
Br' © Br
0
N php Br. @ HJLR B. R
Br~"~Br - _9—PPh, - )=

Br H



Parikh doering oxidation
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Cross methathesis
/_f’

AL;%

-
e,



S)

ClO,

Pinnick oxidation mechanism

©
+ H2P04

H H* 0
O d \O % H /43 /C|‘3 O 1 iO:
/ ) ’
JJ\H"‘C{\ ' HOR O H\C”RJ\
+3
o RAP o q.
O O
H,O\(4:'1 — » 2CIO, + (I + OH
2CIO,
Side reaction
Me
O, +1
H Cl 2-methyl-2-butene» O'\;'e Cl\llle

Scavenging



Martin sulfurane elimination

3.7.3 Mechanisn’

F;C CFy FsC CFs

Z FiaC CF | o~ 0
g o Q\ )kO FaC_ CFs z
| s'
§: NS S\ — R
1'm2 .
FiC CFs /|\'< R "
1 R’ 12

14 11

The mechanism commences with rapid exchange between the alkoxy Iigands on
sulfurane 1 and the reacting alcchol 2 to yield sulfurane 13 and alcohol 5. lonization of the
other fluorinated alcohol yields alkoxide 11 and key alkoxysulfonium ion 14. The structure
of the alkoxy substituent in 14 (originally the starting alcohol) determines the ultimate course
of the reaction. Reactions with tertiary alcohols follow option #1 below (R’ and R?=C)and
eliminate via an E1 pathway. Carbocation 15 is converted into alkene 3 upon reaction with
alkoxide 11. Secondary alcohol starting materials also yield the desired alkene products 3 but
only after an E2 elimination (option #2). The requisite antiperiplanar geometry in this step
enables stereospecific alkene generation from chiral secondary alcohols. Primary alcohols do
not furnish alkenes and instead participate in Sn2 reactions that provide ethers like 16 (option
#3).



Formal 3+3 cycloaddition

Me O\ H

- a N .
NeHCl + (=15 — H :
- H N
Me H OMe

-)-5 Me N
(=) 180A7




Vilsmeier reagent

— | )LV, =L




DDQ dihydrofuran cleavage

\
MeCbzOH O




TMS-I cleavage of carbamate

OSiMe.
R'RENCO,R’ + Me,Sil === RIRIN=CTs
No-p¥T
»/
(n (2) (6)

l

OH OSiMe
mosam;'}‘n’n-—( J._"‘ﬁ RIRIN—C” 4 /Y

o Y
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o
R'RINH
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SCHEME



IBX enone oxidation

B: SET mechanism (likely)
o g,\ex uo>?
{ on
“J\L —_———— n/‘\L --------- > g
76 R v wh
§se1'
20 *
o\
! HO(T,
HO B*A j@t"
s
' Va R
77

Figure 3. Possible ionic- (A) and SET-based (B) mechanisms for the
dehydrogenation of carbonyl compounds by IBX. Alternatively IBX may
also be considered to effect the initial enolization of the carbonyl compound

to yield IV directly.



SmI2-DMP oxidation

quench, then DMP




