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Biology of Vitamin B,

*Vitamin B,,, common name cobalamin, is a water HENjD

soluble molecule produced by bacteria and algae

*It is involved in the metabolism of every cell of the
human body, especially affecting DNA synthesis and
regulation HaC™™
*Vitamin B, deficiency can potentially cause sever kol
and irreversible damage to the nervous system

HN

Vitamin B12 is
important for
metabolism, the
formation of red
[ blood cells, and
' the maintenance

y & ‘ﬁ of the central
: ‘8 nervous system,

which includes

the brain and
Red blood spinal cord

| / cells
3 o

FADAM.

Brown, K. L. Chem. Rev. 2005, 2075-2149



The Pigments of Life

HO;‘C COQH

Heme
porphin, 1929

I 00,C Me 0 Me Me Me

0 o’\-’)\/\/‘\/\/k/\/'\m
Vitamin B, Chlorophyll A

corrin, 1973 chlorin, 1960

Fischer, H. et al. Justus Liebigs Ann. Chem. 1929, 468
Woodward, R.B. Pure Appl. Chem. 1973, 145-177 R. B. Woodward et al. J. Am. Chem. Soc. 1960, 3800



X-Ray Crystal Structure

X-Ray Crystal Structure
Solved 1956

’:?O
P th.!&o
HO O HO ISOPROPANOL
PHOSPHATE
O RIBOSE
HO DIMETHYLBENZIMIDAZOLE —> COBALT

Hodgkin, D. C.; et al. Nature 1956, 1032-1033



Structural Analysis

0 OH

= Vitamin B42 {2}

*Cobalt complex
*15-membered macrocycle
7 4 heterocyclic rings
HG,_(C. 9 stereogenic centers
*6 contiguous stereogenic centers
*4 quaternary carbon atoms
*6 amide side chains
1 carboxylic acid side chain

*Direct linkage between A-D rings
Mulzer, J. Eur. J. Org. Chem. 2005, 30-45 Bernhauer, K.; et al. Helv. Chim. Acta 1960, 704-712

Cobyric Acid (1)




Retrosynthetic Analysis

[ref. 5]

1: vitamin B4z
CO;Me

Me " co,me
14 |3 -corrnorsterone
Woodward, R.B. Pure Appl. Chem. 1968, 519-520 SPh
Woodward, R.B. Pure Appl. Chem. 1971, 283-304 13 6: cyanobromide 7: thiodextrolin
Woodward, R.B. Pure Appl. Chem. 1973, 145-177 Bernhauer, K.; et al. Helv. Chim. Acta 1960, 704-712




B-Corrnorsterone Retrosynthetic Analysis

19 18: pentacyclenone

Woodward, R.B. Pure Appl. Chem. 1968, 519-520
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Woodward’s Western Fragment Synthesis

CMe
1. MeMgl

2. propargyl
NH gmml e

Me
28

OMe

1. separation

(+)-22

[o]p + 54.4
m.p. 93-94 °C

2. pyrolysis

[ The (—)-enantiomerw

.

was used to test

synthetic routes |

p -y

OMe MeO Me
MeOH, ®N=

—_— H Me
BF5, HgO Jl/-g>\0 "
I

L0
b au -
OMe Mf OMe
C':E:N—l_l’h
H
-
O  31: u-phenylethyl-
(] Me Y isocyanate 0
NH
H—'*—Ma
32 (1)-22

+ diastereomer

“our experience has been such that this is just
about the only kind of model study which we
regard as wholly reliable” —R. B. Woodward

Woodward, R.B. Pure Appl. Chem. 1968, 519-520



Preparation of Pentacyclenone

OMe

COocCl

(+)-22 21

OMe

1. HO(CH,),0H, H® N~
- -
OEt 2. Et;OBF,

33 - 19
1. NaOMe, dry MeOH
21 Pthag &

OMe OMa

18: pentacyclenone



Preparation of Beckmann Precursor

o
HNO,, 18: pentacyclenone
17 —~—— - .
AcOH | H,0®

wrong epimer ¢co,Me

(9]
HO HO
N 1. Oq, MeOH, -80 °C Ny o
) —_—
2, HIO,
0 3. CH:sN» Me o]
Me Me Q Me
17 38

1. mesylation

3. HIO,
4. CH,N,




Preparation of B-Corrnorsterone

(Corrnorsterone R

ecorr for corrin

enorsterone for norsteroid
ecornerstone (Slurvian

_ ( )

0°C

l :-HEOH, polystyrenesulfonic acid,
7

Me ™ co,Me

a1 42: o - corrnorsterone 14: P - corrnorsterone
(major product) (desired)

- - CO;Me



Equilibration of Corrnorsterones

GD;ME szﬂ

42: o - corrnorsterone 14: [ - corrnorsterone {deslréd]
concentrated base (excess), A 1. H.0® -
1 2 CloN, Brominated

CDze

6o ent-B-corrnorsterone

©o,c




First Generation A-D Ring Synthesis

COOMe
MeOQQC
* kMo
_Igle
N NH
“H

N
: *

B -Corrnorsterone Hesperimine

CONH,——> Me00C, Me0OC

COOH =—> COoOMe

COCMe

\ _H
=—NH 2. Ms,0
e
—=N
E I MeQOC

% CHyOMs

I

COOMe



The Solution to Side-Chain Differentiation

Vle H CHzCOOMe

B -Corrnorsterone

l jOOMe

(Complete C-0 |
bond cleavage

Me M CH,COOMe

H'icH, ¢, CF.CO-H
COOM 2Clp 3L0, COOMe
observed J e
\_ )
Me | H Me ; .H
c 2 NH 0 Me NH
HOCH, CH,” ® 4 HSCH, CHg™ N~
Me H CH;COOMe Me H CHCOOMe

Amax. 388 Mp uv Aoy 325 mp



Preparation of A-D Ring Cyanobromide

reactive / i

carbonyl! group me H CO,Me

14: [§ - corrnorsterone

NH; (1)

1. NaBH,
2. Ms,0, pyr., 0 °C
3. LiBr, DMF

T

Thioester vs Ester

*Similar reactivity O-bases

Less reactive to acid hydrolysis
*More reactive to N-nucleophiles

cOMe

MeOH, PhS

—
PhSH, HCI

cyanobromide 6

Me..» H
2 N\M’e,_l _A o
0

SPh

13

\_

Oxidation at
sulfur is
observed with
other thiols

/




Thiodextrolin Retrosynthetic Analysis

o
o |[.Me + HNC wMe
mMe' | B 0 Me
HN
cO,Me
8 9 002Me
Me Me
7: thiodextrolin ( ;g
. (9] Me
11
0
+
0 10: (+)-camphor-

quinone
Me
I')LMe



Eschenmoser Synthesis of B-Ring

Me,,
MaWCDRH . i’ PhH, SnCl (73% yleld) e
T

9 ©  CoH
12 11: 1,3-butadiene (+)-27

i« - phenylethylamine l

ﬂt’ua, Me,,
- — We_
HoS0,, ;
(CH,),CO o i H
I (75% yield) CO.H
(+)-26 49 (+)-27
_ 1. SOCI, [o]p +85.7
Arndt-Eistert | 2. CH;N; m.p. 51-52 °C
. 3. MeOH, Ag,0, 65 °C
Homologation (69% overall)
O
Q NH;, MeOH,25°C - © P,Ssg
Me=- > Mor —_—
0 (55% yield) HN

COQME CQ;ME




Preparation of the C-Ring

Me0,C

CH.N,, Et,0,

-

MeOH, NaOMe (cat.)
(92% yield)

H,S, TFA, 25 °C
(78% yield)

MeQ,C

(Ph3P);RhCI, PhCHg3, 110 °C

Rings B and C can be prepared
from a common intermediate




Group Question

Me Me OAc
" work-up step
Me BF*OEt,, NaOAc,
—_— —_—
N Aﬂzﬂ ® qu

10: (+)-camphorquinone

work-up step
O3 Zn, MeOH

—— -

1. (COCI),
2. NHy

l MeQH, HCI

MeQ Me
Me

Me

CDEME‘

Please provide a mechanism for the formation of 52 and 55.



Vinylogous Amidine

(a) The condensation of enamines with iminoesters (Figure 4)° T CN
0

4 The condensation of )
enamines with iminoesters
was successfully used in
simple model systems, but
failed with complex

\_ intermediates Y,

Fig. 14. “*Whenever in the synthesis of com-
plex organic molecules one is confronted with
a situation where the success of an inter-
molecular synthetic process is thwarted by any
type of kinetically controlled lack of reactivity,
one should look out for opportunities of alter-
ing the structural stage in such a way that the
critical synthetic step can proceed intra-
molecularly rather than intermolecularly.”’

Eschenmoser, A. Pure Appl. Chem. 1963, 297-316 Eschenmoser, A. Pure Appl. Chem. 1969, 1-23



Eschenmoser Sulfide Contraction

The sulfide contraction method via alkylative precoupling

Br 0 T
/-—\ . .
YS J/: Y base 5\)\_
“ o \"/ 5
ANy 60 N o } NH O
N -
59 ) 61 ®y
B: L _
R;P
-[H3P=Slt
RNH R430BF,
\H/Y 2 = W
ANOHN N ©OR NH O
64 . 63 62
- The sulfide contraction method via oxidative precoupling
: o " H® ]
vinylogous amidine system X 4 5
5 benzoyl I A
Y \I/ peroxide S ‘\{
* N —_— L —— W HN
g N T S
0 -~ H/N\n/ o
59 &5 X: ) 66
X = oxygen i
S

Eschenmoser, A. Pure Appl. Chem. 1969, 1-23 67 © 0



Preparation of Thiodextrolin

..Me benzoyl peroxide,

0 -
Me  yel, CH,Cl,
CcO;Me
9
0
o
Mo H CO:Me
1. MeHgOKPr (EtO)3P, xylene,
-l ]
2. Me;OBF, 125 °C
3. HoS o (85% overall)
COQME CDZMG COEME
7: thiodextrolin 70 69




East Meets West

cOo.Me

6: cyanobromide 7: thiodextrolin 71: thioether type |

[NC(CHg);15P
-
TFA, CH3NO,

73: cyanocorrigenolide 72: thioether type ll



Secocorrin to Corrin

0
MeO,C 2 MeO,C
H CO;Me
MeO,C MeO,C
. 1. P,Ss, y-picoline, .
toluene  Me™ CO;Me
E
Me
CN COMe | v-picoline = | RS CN CO,Me
73: cyanocorrigenolide Z 74: S-methyldithiocyano-
N corrigenclide

1. Me;NH, MeOH, 25 °C

2. CoCly, charcoal,
THF then aq. KCN,
air

MQOzc

DBN,

—~-t

CH3CON(CH;),,
60 °C MOOzC

DBN = CNL\/j

N

75: bisnorcobyrinic acid 5
abdeg pentamethyl ester
¢ dimethylamide f nitrile




Outline of the Utopian Synthesis

INTRODUCTION OF
THO METHYL GROUPS
ON THE CHROMOPHORE

SYNTHESIS OF A,B,C,D
RING PRECURSORS IN
OPTICALLY ACTIVE FORM

INCORPORATION OF
THE METAL TON

CONH2  11. Produce all four rings from a
common racemic starting
COUPLING OF :
RING PRECURSORS; material
CONSTRUCTION OF : .
e chromoenore |1 2. Secocorrin = corrin metal-
templated ring closure

Eschenmoser, A.; et al. Science 1977, 1410-1420



Retrosynthetic Analysis

g \

g M 3
Ring closure o Co
H,Noc” X p N
H

4: cobyric acid

Eschenmoser, A.; et al. Science 1977, 1410-1420



Synthesis of the A-Ring

O
MeO,C MeQ,C

wMe 1. KCN, MeOH, 25 °C P,Ss5, THF, 25 °C

Me*
HN > o -
2. CH;Ns, Et,0, MeOH (57% after
separation
3 COLMe Me0,C P }
NC Me
51 76
(=95% as diastereoisomers,
epimeric at C , in favor of 76.)
o
1. NHg, MeOH,
CrO;, HaS0y, o a5 o0
M=t - 'H - -
0= ‘con (CH3)2C0,25°C ! 2. CHjN,, Et;0,
T\ : . ; MeOH
Me (75% yield) 5
s} CO:H (64% overall)

KCN, MeOH,
25 °C (72%)

1. HCI, dioxane, 1. SOClIy, THF, 25 °C

90 °C 2. CHyNo, THF, 25 °C
- e
2. CHzNE, Etgo, 3. Agzo, MEOH, 65°C HO,C
is MeOH :
o ' coMe oM come (68% overall)

80 79 78



Synthesis of the D-Ring

1. Ra-Ni, MeOH, 25 °C
2. Ac;0, pyr., 25 °C (86%)
-

MeQH, 80 °C (76%)
Me 2. P,Sg, THF, 25 °C (81%)

> 3. 40% AGOH, 60 °C
3 ¢o,Me 4. Ac,0, pyr., 25 °C (94%) o Me ‘Ac
80 81 82
1. HCI, MeOH, 65°C
2. NH;,OH=HCI, NaOAc,
MeOH, 65 °C (>95%)
1. HCl{g), CHCI,
Me0,C 2. SOCI,, 25°C MeO,C
¢ 3. piperidinomethyl-
Br,, MeOH, phosphate buffer, ' -'PI gg lygtyrene, CHCl,,
- Me \, -
pH 7.5, 10 °C (69%) e (78%
overall)
NC

84



Attachment of D-Ring

P,Ss5, 4-methylpyridine,
xylene, 130 °C (84%)

meo,c_ H. /=N 1. +BuOK, +-BuOH,
LD\ Br THF, 25°C
(64% overall
2 (25) yield)

Me
k 3. [NC(CH;)15P,
25 CON TFA, suifolane,
80 °C '

MezNH,
MeOH, 25 °C

—t-




Attachment of A-Ring

The cadium complex is
helically labile

N-iodosuccin-
imide, CHaCl,,
0°C

1. , NaHMDS,

MeO,C H PhH, 25 °C (A/B coupling)

:
2. Cd(ClO4)2, MeOH, 25 °C
(complexation)




Woodwood & Hoffman’s Prediction

| !'I'll_'u..v-':-"" --;,-

>

00 CH3
CH, OOCHg H
Fig. 10 (above). X-ray structure analysis of the chlorocadmium A/D-
secocorrinate 11 (M is CdCl) (20). Fig. 11 (right). Diastereomeric Ha
reaction paths for the photochemical cycloisomerization of cobyroid
A/D-secocorrin complexes. Unnatural Natural

Eschenmoser, A. Pure Appl. Chem. 1969, 1-23

Woodward, R. B. Angew. Chem. Int. Ed. 1969, 781-853 Eschenmoser, A.; et al. Science 1977, 1410-1420



Secocorrin = Corrin

CONMe,

H 1. PhyP, TFA,
CO:Me PhH, 80 °C
{sulfide contraction)

2. Cd(CIOy)s, FPryNE,
PhH, MeOH, 25 °C;
then NaCl workup
(recomplexation)
{46% overall from 86)

CN CO:Me
89
N 1. DBU, sulfolane, 60 “C
DBU = iy 2. AcOH, Cd(C10,),, MeOH,
N 25 °C; then MNaCl workup
MeO,C  MeO,C ]

1. hv (visible), 60 °C Me0D,C

2. CoCly, 58 °C Me”” o N
- "cd(cl) CO,Me
3. KCN, alr, H,0, S K Me
Mo0,C CH,Cl,, 0°C MeQ,C o
(46% from 90)
CN CO;Me | CN CO,Me

75: bisnorcobyrinic acid 23
abdeg pentamethyl ester
c dimethylamide f nitrile




A/D JUNCTION

Remaining Challenges

INTRODUCTION OF
THO METHYL GROUPS
ON THE CHROMOPHORE

CONH,

COUPLING OF

RING PRECURSORS;
CONSTRUCTION OF
THE CHROMOPHORE

SYNTHESIS OF A,B,C,D
RING PRECURSORS IN
OPTICALLY ACTIVE FORM

INCORPORATION OF
THE METAL TON

Eschenmoser, A.; et al. Science 1977, 1410-1420



Selective Methylation

CN COOMe CN COOMe



Application of Selective Methylation

l», AcOH
—_—
75: bisnorcobyrinic acid
abdeg pentamethyl ester
¢ dimethylamide f nitrile 1. CICH,OCH,Ph
sulfolane, 75 °C
2. PhSH
MeD,C
MEG;C
1. Raney Ni
-

2. CHN; oo,

96: cobyrinic acid abcdeg
hexamethylester f nitrile



End-Game

96: cobyrinic acid abcdeg
hexamethylester f nitrile

NH,

4: cobyric acid

MEDE{:
CG!ME
MGCI';C
Me"
conc. H,SO
2 4 - COsMe
MEUEC
T~ g8
CONH, Cﬂ,lﬂ! e p i/n at
97: cobyrinic acid abcdeg
hexamethylester f amide
N204, CCly,
NaOAc
70-80%
NH; (1),
HO{CH-),0H,
NH4CI, 75 °C

CO.H CO;Me

98: cobyrinic acid abcdeg
hexamethylester f acid



Eschenmoser’s Amide Solution

97: cobyrinic acid abcdeg

hexamethylester f amide
Cl.®
Y

%9
99

o,

g ‘/"\‘ — -
o H®
oY
H
MeN.) by
98: cobyrinic acid abedeg 104 103

hexamethylester f acid i i
Y “a diabolically clever scheme” —R. B. Woodward

Eschenmoser, A.; et al. Science 1977, 1410-1420 Woodward, R.B. Pure Appl. Chem. 1973, 145-177



Conclusions

*The asymmetric total synthesis of Vitamin B, stands as one
of the most significant achievements in organic chemistry.
*Produced chemical understanding in the form of:
*Synthetic Strategy & Methods
*Physical Organic Chemistry
*The Woodward-Hoffman Rules
*Corrin Chemistry
*Diastereoselective Synthesis
*Remains unrivaled even after almost 40 years

cooMe Co®Me

For additional analysis and references:

Nicolaou, K.C.; Sorensen, E. J. Vitamin B,,. Classics in
Total Synthesis, VCH: New York, 2003; 100-136

For additional references on the chemistry of corrins:
Eschenmoser, A. Pure Appl. Chem. 1963, 297-316
Eschenmoser, A. Angew. Chem. Int. Ed. 1988, 5-39




