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Importance of 1,2-Diamines in Chemical Fields

B Penicillin

B Penicillin: a group of antibiotics

\"/ \_fl/\><CH3 B Penicillum fungi

B Discovered by Sir Alexander Fleming in 1928

B Fleming, Florey and Chain - Nobel Prize, 1945

B saved millions of people from baterial infection

" When | woke up just after dawn on September 28, 1928,
| certainly didn't plan to revolutionise all medicine by
discovering the world's first antibiotic, or bateria killer,

but | suppose that was exactly what | did"

- Sir Alexander Fleming




Importance of 1,2-Diamines in Chemical Fields

B Medicinal agents
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Eloxatin: anticancer drug Tamiflu: antiviral drug
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Biotin: vitamin H diaminocylcohexane:
opioid receptor agonist



Importance of 1,2-Diamines in Chemical Fields

B Ligands in catalysis

Grubbs metathesis catalyst
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Jacobsen epoxidation catalyst
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Maruoka organocatalyst



Importance of 1,2-Diamines in Chemical Fields

B Structural motif in natural products
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Importance of 1,2-Diamines in Chemical Fields

B total synthesis of pactamycin

pactamycin

Malinowski, J. T.; Sharpe, R. J.; Johnson, J. S. Science. 2013, 340, 180.



B part 2: synthetic methods

1,2-Diamines: Synthesis and Ultility
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Synthesis of 1,2-Diamines
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Synthesis of 1,2-Diamines
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Synthesis of 1,2-Diamines NH,

B aziridine openning by nitrogen nucleophiles

1,2-diamines

B N-aziridines protection is necessary

B "unactivated" aziridines - protonation, or quarternarization,

R
N
X7 TY or activation by a Lewis acid
R,NH M "activated" aziridines - Ts, Ns, Acyl, etc.

B regioselectivity

B aziridine openning by nitrogen nucleophiles
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Synthesis of 1,2-Diamines NH,

B nucleophile addition into a-amino imines
1,2-diamines
M chiral pool

NH, B chelation control feasible

B non-chelation - Felkin-Anh model
NR
M syn or anti diamine

B access to both syn and anti diamines
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Reetz, M. T.; Jaeger, R.; Drewlies, M.; Hubel, M. Angew. Chem. Int. Ed. 1991,30, 103.



Synthesis of 1,2-Diamines NH,

B nitro-Mannich or aza-Henry

1,2-diamines

Noble, A.; Anderson, J. C. Chem. Rev. 2013,113, 2887.

B diastereoselective example - Anderson

1) nBuLi, THF, -78°C PMB\NH 60-95% vyield
NO, 2) PMBN=CHR! :
) R1 R
R 3) AcOH, THF
-78°C to 0°C NO,
R R
~oy—H ~=y—H
RE NS HE N
O/ Ar RO/ Ar

favored Adam, H.; Anderson, J. C.; Peace, S.; Pennell, A. M. K. J. Org. Chem. 1998, 63, 9932.



Synthesis of 1,2-Diamines Hs
X@ v
NH,

B enantioselective syn nitro-Mannich reaction - Shibasaki

Boc\

1,2-diamines

N 20° catalyst (2.5-10 mol%) INH 62-99%
j R NO, ——> i RI >20:1dr
R THF, -40°C 83-98% e.e.
NO,
ArQ catalyst
Q B OtBu ] B m
¥ OfBu
—N
el N)§O \N)§o\
/ ~
7 o HL_NO, or AIL_NO,
“~ >
9 : Sk
Sm\ /FU R b H
o~ | 0
OAr favored 1
Ar = 4-1BuPh - -
catalyst

Shibasaki, M. J. Am. Chem. Soc. 2007,129, 4900.
Shibasaki, M. J. Am. Chem. Soc. 2010,132, 4925.

Handa, S.; Gnanadesikan, V.; Matsunaga, S.;
Handa, S.; Gnanadesikan, V.; Matsunaga, S.;



Synthesis of 1,2-Diamines NH,

B enantioselective anti nitro-Mannich reaction - Wang

1,2-diamines

5 BOC\NH
~Boc catalyst (2.5-10 mol%)
N
J R17 O NO, > )\/F”
- THF, -40°C ™
NO,
85-99%
>03:7 dr
96-99% e.e.

O\ S Ph CF4 R R
J\ - Ph
Y /\( )‘\\N —H /J~\~~ _—H

A W HN RELN-g HE NL\lo'l
e - 1 - 1
? s CF5 g A \fZ/ Ar
0, H R
favored B B
catalyst

Wang, C.-J.; Dong, X.-Q.; Zhang, Z.-H.; Xue. Z.-Y.; Teng, H.-L. J. Am. Chem. Soc. 2008, 130, 8606.



Synthesis of 1,2-Diamines NHy

B Mannich reaction of a-aminol carbonyl with imines

1,2-diamines

N
J lﬁ B NR is often Ph)J\Ph
X Y B Syn-diastereoselectivity

M both syn and anti can be obtained

B enantioselective processes - well precedented

Arrayas. R. G.; Carretero, J. C. Chem. Soc. Rev. 2009,38, 1940.
B recent examples - Maruoka

H_ _B

(l) oo OH \l_\]/ oC OHH\[_\]/BOC NHTf
N 1. amine catalyst K/\ :

lk > : " 3 NH

N R 2. NaBH ]
Z/ \H 4 Z/N\H Z/N\H
7— Cbz syn anti
L-proline : syn major, > 98% ee (S)-1

(S)-1 : anti major, > 97% ee

Kano, T.; Sakamoto, R.; Akakura, M.; Maruoka, K. J. Am. Chem. Soc. 2012, 134, 7516.



Synthesis of 1,2-Diamines NH;

B stereoselectivity rationale

1,2-diamines
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Kano, T.; Sakamoto, R.; Akakura, M.; Maruoka, K. J. Am. Chem. Soc. 2012, 134, 7516.



Synthesis of 1,2-Diamines NHs

NH
B Mannich reaction glycine ester Schiff bases with imines - Lambert i

1,2-diamines
NHBoc

Boc
CO,R SN 10 mol% 1 R CO2R Bn

Ph N
~~
T L, “SRmorseves ™ o
Ph R 4A mol sieves Na. _Ph N
PhMe, rt Y |

Ph
n CysN NC
B gram scale 63-99% yield y2 Y2
. >91:9 dr
B alkyl and aryl imines 38.979% e 1

Bandar, J. S.; Lambert, T. H. J. Am. Chem. Soc. 2013, 135, 11799.



Synthesis of 1,2-Diamines NHs

NH
B Mannich reaction glycine ester Schiff bases with imines - Lambert i

1,2-diamines
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Ph R 4A mol sieves Na. _Ph N
PhMe, rt Y |

Ph
n CysN NC
B gram scale 63-99% yield y2 Y2
. >91:9 dr
B alkyl and aryl imines 38.979% e 1

B Stereochemical rationale

Ph

Bandar, J. S.; Lambert, T. H. J. Am. Chem. Soc. 2013, 135, 11799.



Synthesis of 1,2-Diamines

B Mannich reaction glycine ester Schiff bases with imines - Lambert

Boc
CO,R SN

PhYN\/ ”\
Ph

R

B gram scale

B alkyl and aryl imines

B Stereochemical rationale

Ph
PhAN
~_OR
_OH”
______ H\N

10 mol% 1

NHBoc
CO.R

4A mol sieves

PhMe, rt

y o

N Ph

Y
Ph
syn
63-99% yield
>91:9dr
38-97% ee

Ph

A

Ph N

. _OR

NH,

1,2-diamines

Bn
J\/OH
N
|
Cy2N NCy2
1
NCYQ

Bandar, J. S.; Lambert, T. H. J. Am. Chem. Soc. 2013, 135, 11799.



Synthesis of 1,2-Diamines

B transition metal catalyzed 1,2-diamination of alkenes

B stoichimetric examples with Osmium (VIII)
M relatively young field for catalytic processes
B alkene stereochemistry - product

B enantioselective processes are known

NH,

1,2-diamines

B early examples - Li

TsNCl,
o X ACOR  +
MeCN
Cl Ts
\ /
N®
Ph ""“COPh

Muniz, K. New J. Chem. 2005, 29, 1371.
Cardona, F.; Goti, A. Nature Chemistry. 2009, 1, 269.

condition a:
[(C5F7C0O,),Rh], (20mol%) CH,Cl,
PPh; (4 mol%), 4A MS
CH3CN, rt N7 N/Ts
— >
condition b: )—/
CHLCN, rt, 4A MS Ph ‘COR

condition a: 66%, 26:1 d.r.
condition b: 60%, 95:1 d.r.

Li, G.; Wie, H.-X.; Kim, S. H.; Carducci, M. D. Angew. Chem. Int. Ed. 2001, 40, 4277.
Chen, D.; Timmons, C.; Wei, H.-X.; Li, G. J. Org. Chem. 2003, 68, 5742.



Synthesis of 1,2-Diamines NH

NH,
B metal-catalyzed intramolecular 1,2-diamination

1,2-diamines

0
o 0
" ’lLN/TS Pd(OAc), (5-25 mol./o) N//(
N Phl(OAc), (2.2 equlv.)) @\/N_TS
g A CH20|2, rt n
n=1.23 1
78-95%
2 1+ "0OAc
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O\ NTs /TS
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I
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Streuff, J.; Hévelmann, C. H.; Nieger, M.; Muiiz, K. J. Am. Chem. Soc. 2005, 127, 14586.



Synthesis of 1,2-Diamines A

NH,

B syn-aminopalladation mis-assignment

2005: Jians = 8.6 Hz

1,2-diamines

Pd(OAc), (5-25 mol%) /(
N PhI(OAC), (2.2 equiv.) @N\/N_TS
CHQC|2, rt n
78-95%

2

NH -Ts

0
JLH
M
U D
0
N)I\N/Ts
H

2008: J. =8.8Hz

Jtrans = 44 HZ

Streuff, J.; Hévelmann, C. H.; Nieger, M.; Muiiz, K. J. Am. Chem. Soc. 2005, 127, 14586.
Muifiz, K.; Hovelmann, C. H.; Streuff, J. J. Am. Chem. Soc. 2008, 130, 763.



B syn-aminopalladation mis-assignment

2005: Jians = 8.6 Hz

Synthesis of 1,2-Diamines

Pd(OAc), (5-25 mol%)
PhI(OAc), (2.2 equiv.)

2008: J. =8.8Hz

Jtrans = 44 HZ
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Streuff, J.; Hévelmann, C. H.; Nieger, M.; Muiiz, K. J. Am. Chem. Soc. 2005, 127, 14586.

Muifiz, K.; Hovelmann, C. H.; Streuff, J. J. Am. Chem. Soc. 2008, 130, 763.



Synthesis of 1,2-Diamines Mt

NH,
B metal catalyzed intermolecular 1,2-diamination of alkenes

1,2-diamines

(MeCN),PdCl, (5 mol%) i
O Benzoquinone (1 equiv.) RN NR
N 2 N J\ -
B dienes required as substrates R"  60-99%

B least substituted alkene >95% alkene regioselectivity

Bar, G. L. J.; Lloyd-Jones, G. C.; Booker-Milburn, K. I. J. Am. Chem. Soc. 2005, 127, 7308.
B diaziridinone as source of diamine

0]
e d(PPh3)4 (10 mol%) é\ )I\ /%
AN Sl A e S
R2 N— l(

R% 'Rs
46-95%
M no external oxidant necessary >95% dr
M highly stereospecific >95% alkene regioselectivity

B more substituted alkenes

Du, H.; Zhao, B.; Shi, Y. J. Am. Chem. Soc. 2007, 129, 763.



Synthesis of 1,2-Diamines Mt

NH,
B metal catalyzed intermolecular 1,2-diamination of alkenes

O
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7
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1,2-diamines

R3
46-95%
B no external oxidant necessary >95% dr

B more substituted alkenes

0
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B proposed mechanism

—O
prd
Y

0]
AL A
R1—K_|Td/, RN\ /NR
. 1] Pd
0 Ln
RN, _NR
Pd Il
/7 N\

Du, H.; Zhao, B.; Shi, Y. J. Am. Chem. Soc. 2007, 129, 763.



Synthesis of 1,2-Diamines s
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M 1,2-diamination of alkenes
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Du, H.; Zhao, B.; Shi, Y. J. Am. Chem. Soc. 2007, 129, 763.



Synthesis of 1,2-Diamines il

B enantioselective 1,2-diamination of alkenes

A

L1

R1/\/\

L2

' JL

Pd,(dba)s (5 mol%)

NH,

1,2-diamines

R

ot

' JL

L1 (22 mol%)

-

R1 —_
60-95%
91-95% e.e.

Du, H.; Yuan, W.; Zhao, B.; Shi, Y. J. Am. Chem. Soc. 2007, 129, 11688.
B enantioselective allylic and homoallylic diamination of terminal olefins

Pd,(dba)s (5 mol%)

b

L2 (22 mol%)

NJOI\N
e

50-85%
89-94% e.e.

Du, H.; Zhao, B.; Shi, Y. J. Am. Chem. Soc. 2008, 130, 8590.



1,2-Diamines: Synthesis and Ultility
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Utilization of 1,2-Diamines

B resolution of racemates

2) hydrolysis

Me .
Ne_~F" 1) separation
R—CHO > R—< l » R—CHO
N
. Me Ph .
racemic chiral

Alexakis, A.; Mangeney, P.; Marek, I.; Rose-Munch, F.; Rose, E.; Semra, A.; Robert, F. J. Am. Chem. Soc. 1992, 114, 8288.



Utilization of 1,2-Diamines

B resolution of racemates

2) hydrolysis

Me .
Ne_.~F" 1) separation
R—CHO > R—< l » R—CHO
N
. Me Ph .
racemic chiral

Alexakis, A.; Mangeney, P.; Marek, I.; Rose-Munch, F.; Rose, E.; Semra, A.; Robert, F. J. Am. Chem. Soc. 1992, 114, 8288.
B chiral auxiliaries

O CF3 CF3
)I\ Ph .Ph NHR
Me~N""“NH ,—< (
— N_ _N-< ““NHR
R 3 F.C 57 Ng” S CF5
Me Ph s o, B 0O

Lucet, D.; Gall, T. L.; Mioskowski, C. J. Angew. Chem. Int. Ed. 1998, 37, 2580.



Utilization of 1,2-Diamines

B chiral ligands

B Lewis acid derivatives

o ﬁOZCF3 o ﬁOzCF3 ﬁozR
\ \
\[: :AI—R \[ Ru—Br U JTi(OPr),
~ TN TN "N
Ph" S0,CF, Ph" 50,CF, SO,R

Lucet, D.; Gall, T. L.; Mioskowski, C. J. Angew. Chem. Int. Ed. 1998, 37, 2580.



Utilization of 1,2-Diamines

B chiral ligands

B Lewis acid derivatives

o ﬁOZCF3 o ﬁOQCF3 ﬁozR
\ \
\[: :AI—R \[ Ru—Br U JTi(OPr),
~ TN TN "N
Ph" S0,CF, Ph" 50,CF, SO,R

B salen-type ligands from 1,2 diamines and aromatic aldehydes

—N N=—

OH HO

Lucet, D.; Gall, T. L.; Mioskowski, C. J. Angew. Chem. Int. Ed. 1998, 37, 2580.



Utilization of 1,2-Diamines

B chiral ligands

B Lewis acid derivatives

o ﬁOZCF3 o ﬁOzCF3 ﬁozR
\ \
\[: :AI—R \[ Ru—Br U JTi(OPr),
~ TN TN "N
Ph" S0,CF, Ph" 50,CF, SO,R

B salen-type ligands from 1,2 diamines and aromatic aldehydes

=N N=—
OH HO

B N-heterocyclic carbene ligands B Miscellaneous

7_\@ X D\/NRZ

/N / N\Ar |’\\l/|e

Lucet, D.; Gall, T. L.; Mioskowski, C. J. Angew. Chem. Int. Ed. 1998, 37, 2580.



1,2-Diamines in Synthesis

B formal synthesis of (-)-Agelastatin A

AN

0 Boc 30 mol% N g

H N \I _ Leproline NiCly, CrCly
_N k/\ CH3CN DMSO

69%
6.4:1 dr, 98% ee

H02C Br
\Q/
1 OH
NH
Hoveyda-Grubbs

1) TFA, CHoCl catalyst Mt
> > BN N MH
2) 1, EDCI, HOBt toluene , p
DMAP, CH,Cl, Br O
67% over 2 steps 78%

Kano, T.; Sakamoto, R.; Akakura, M.; Maruoka, K. J. Am. Chem. Soc. 2012, 134, 7516.



. . . . \ O
1,2-Diamines in Synthesis HO, N_qN ]
- : Br—N NH
B formal synthesis of (-)-Agelastatin A m
0
OH - o, -
1 /
NH NH
@’ IBX é’ iPr,NEt
B. H % o= | g >
N NH DMSO r N ‘NH
W |y
Br ) Br (@]
0 \ O
Z
I HO,
o Ay p
e 3 steps
BrMNH > 5 -
, P N NH
Br 0] m
0
81%

(-)-agelastatin A

Kano, T.; Sakamoto, R.; Akakura, M.; Maruoka, K. J. Am. Chem. Soc. 2012, 134, 7516.



