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Part I. Overview of Guanidines "Y Aromaticity”
? — Guanidine/Guanidinium has 61T electrons

— All electrons in the bonding orbitals
— Guanidinium has Delocalization energy about 26.4

kcal/mol Y [ Y W [ BN 4
— Guanidine has Delocalization energy of 19.8

History
— Crystalline Solid
— First "synthesis" in 1861 from Guanine

sucrose

]
]
]
1
1
]
1
1
]
1
]
]
i kcal/mol
— First Crystal Structure 2009 ! (Benzene: 33 kcal/mol) H #
| . ) H 2
— Present in proteins and DNA bases P Consequence_s. gapable of _Tr-stackmg intereactions
) o i — Prefers substitution to addition (central carbon) Guanidinium Guanidine
— In its protonated state under physiological '
e ]
conditions i Gund, J. Chem. Ed., 1972, 100
: el iininiuininintt it
H i ;
HN N  HCI, KCIO; Oﬁ.)( NH i o ! Sweetners o
)\ | /> _— HN NH ' f'».:,‘_ E HO
N ]
H,N N N \« HyN NH, ' __'-:- iy i N O/\O
0 : - | c HN
_ . i — i -
Strecker, Justus Liebigs Annalen der Chemie, 1861 , 155 ' y o ! )\N
Dronskowski et. al. Chem. Eur. J. 2009, 5651 ' & ! H
] ]
------------------------------------------------------------ i i Lugduname
1
Properties i E ca. 220,000 times as sweet as
1
i i

— Strongly basic (pKa=13.6)
— Some derivatives are organic "superbases"

]
(more basic than OH) E Explosives
— Some derivatives more basic than the classical '
"Proton Sponge" ' O,N
— Conjugate acid (guanidinium) stabilized by resonance . N
stabilization. E )'\
] HoN™ “NH,

Other applications include
plastics, protein denaturant,
anion recognition etc.

Some Guanidine Superbases

Me
NH (\N/j N N _NH, N/\>
H

H H N

Key Reviews

TMG TBD Berlinck et. al., Nat. Prod. Rep., 2012, 29, 1382 and their previous reviews in NPR
pKa Ishikawa, Chem. Pharm. Bull. 2010, 58, 1555
(MeCN) 233 25.96 19.43 24.55 Ishikawa, Superbases for Organic Synthesis, Wiley, 2009

Katritzky et. al., Arkivoc, 2005, 4, 49

Koenig et al. Mini-Rev. in Org. Chem.,2006, 315
Ishikawa, Superbases for Organic Synthesis, Wiley, 2009
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Part l. "Classical” Guanidine/Cycloguanidine Synthesis i Extensions of "Classical" Methods
]
1
O
SMe : NMe
A | Me NBS, Q:N’)_ ?
S RN™ "NHR ! Me,NCN (neat) Me
1
RHNJLNHR NG=NH, ; 25 ;%;/4 hr Yeung et al. Org. Lett., 2011, 5804
] 0
NHR i
1
HgCI,/EDC NR | /lSL H Bn
X J : TsHN” “NHBn N NTs
| @, N”  NHR | Neg, ————> s
NS =N : N EDCI, CHClg,rt NBn
| '@ NR N i 67% H
Mukaiyama's |::> or E Madalengoitia et al. Org. Lett., 2004, 3409
Reagent RHN” “NHR NR i
N/’\N N/\\N . - . - .
— \=/ Part Il. Alternative Guanidine/Cyclic Guanidine Synthesis
Approaches not discussed:
SO,H NTf
RHN NHR 1. Tandem Michael/Condensation Approach
RN NHR Goodman's Eg. Snider's Crambine Synthesis NH
Reagent 0]
NR
NH, BrCN Jz‘R [0X] RNJ\NHR
{——— RN — 1 Me

2. Buchwald-Hartwig/Ullman Type of Guanidine Arylation
R

R
\\ X NHR2 Pd or Cu; Ligand;base NR?2
| > — 3
= )\ N/ NHR

s
N” “NHR3

DEAD,
PPhs,
Ns L P®
RN’< N¢\<

NHR HR DMC Maes et. al. Chem. Soc. Rev., 2012, 2463

Np
2"

Katritzky et al. Arkivoc, 2005, 49
Koenig et al. Mini-Rev. in Org. Chem.,2006, 315
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@ | i Snider et. al., J. Org. Chem. 1992, 2926
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Cycloguanidinylation with Carbodiimide
[n+2] Cycloaddition Vinyl Carbodiimide [4+2]
H —C=
N N=C=NR

E:KRN R:{) (N:’\E{N

[4+2]

————> Q\/NR

[n+2] ,C”
N” NHR RN
RNLéNR — \'@ K, /> LA,
[3+2]
\>—002Me PhN=C=NPh _ ROC N
"BUN —_— > NPh
(PhCN),PdCl, (10%) J:N>=
PhCH3, 120 °C, 5 Psi By
20 hr 60%

Alper et al., J. Am. Chem. Soc. 1995, 4700

PhN= C NPh

s

n
BuN Pd(OAc)2 (2%) /\[ J=NPh
nBu

PPh3 (10%) E
THF, rt, 2 hr 1 5 ! Application in Total Synthesis:
74% | H
Alper et al. J. Org. Chem., 2000, 5887 E Ve PPhs, DCM, 75%
-------------------------------------------------------------------------------- i - ——
Intramolecular UncgﬁllqyzeE(tJ’ {\l 3+2] i N3 PhMe,ESZC,
3, Ei3N, | 67%

Ph 1
(o) CCly, reflux |

i aval o e Mechariom

N” SNTXIN —_— | />/N\ ! Possible Mechanism:

H H /CcN )\N Ph Concerted Process
N PhN® i Mannich

~Ph ! 6 pi electrocyclization
Kang et al. Tet. Lett., 1995, 2815 '
_________________________________________________________________________________ ]
[5+2] i

| i HZN@
D_\ RN=C=NR (1.2 equiv) | < -
— = ' HN :
N\ Pd(OAc), (10 mol%) N\\( i \/H\o
Y Bu dppentane (20 mol%) nB E 2CF,C000 e \\“ CHAY-CH
130 °C, 24 hr : (CHz)gCH3

]

81% H Batzelladlne D
R= O-C|C6H5 :
)
]
1

Apler et al. Tetrahedron, 2004, 73

O
0~ 'N” 'N

(2 equiv)
CH3CN, reflux
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H Early Example:
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E 3h

Ph
= N
>=NPh
N
"Bu

0” °N
Me Q Me
NC SOMe  Aza-Wittig
Wambhoff et al. Heterocycles, 1993, 1055

-
BnO,C

0
MeN | PhN=C=0 MeN MeN Z N
)\ _PPhj (2.2 eng), )\ | /C,NPh » )\ ~ )§

0~ 'N N

Stable enough

H
Me%Coan to be purified

Ny
C“NPMB

OTBDPS

=N (1.0equiv)

DCE, rt, 4 hr
88%

TBDPSO

"y
W

1)

Me |l:l|/gNPMB

Gin et al. J. Am. Chem. Soc., 2006, 13255
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Cycloguanidinylation via Heterocumulene Metathesis 1 Cycloguanidinylation via Oxidative Diamination
. . 1
NR —Similar approach to ! NR
/« Br-CN reaction ! ,/( Pd (I/1V) _«NR
HNTA ) NHp —Allows introduction of | RN\ = RHN
L L different R groups ! ~ NHR
—Works for less reactive '
. . 1
Cyclic Guanidine from Diamines diamines | INBoc Pd(OAc), (10 mol%) BocN R=Ph. 'Bu. M
= u, Me
H | HN CuCl, (2.1 eq. o
NH2  iprn=canpr NP ; g(N\Hi)\C CuCl21ea) N’ “NBoc
R - K,CO;3 (1 €q.) R7Q——(
©/\/NH2 10 mol% cat ©/\/NH i R 5 “OME. 1t R D
Toluene o ' R ' ~80%
115 °C 95% | .
8 hr Catalyst '
1
. . - L 1 syn- Syn as a result of Sh2 t
Bicyclic Guanidines from Tr|am|r1es E Aminopalladation| strong guanidine coordination dg al)llsjation
(\N/\ 'PrN=C=N'Pr (\Nw i p
—_—
H 10 mol% cat N/J\N i NBoc
NH NH Toluene | NBoc N
! A
115°C 7% : N— ~ ___ Oxidation . oNR
10d ' NR
i | / [PdIV]
Proposed Mechanism N ' [Pd"] ®
H NH . ' Muniz et. al., Chem. Comm., 2008, 2334
RNH 2 L TiNM | ’ 3 ’
2 NH, n ' INVI€2 E Muniz et. al., J. Am. Chem. Soc., 2008, 763
1
b e mmm e e mmmmmmm e mmmmmm e mmmmmmmmm e e
H2N/\ Aminopalladation in Synthesis
NHMe,
y\ —7 (\N HN§\/NHOMe Y
HN NH H HN— oBz PdCIy(CH3CN), (1 eq)
2

HoN

(\ /> Intramolecular NHR Intermolecular !
/I\ MetatheS|s j Metathe5|s ;\IIR

\HZNW HZN/\ (—NH HN—< TILn
NH
NHR 2
RHN

RNH, Xie et. al. Org Lett, 2011, 4562

N\/§(\ > Bzo/ﬁ/\/
\(/\/ DCM, rt 0%

Pd(PPh3)4 (10 mol%)
Et;N (5 eq)
CH3CN, 50°C

NH OMe
PdCI,(CH3;CN), (1 e
ol ey | ) FPY
YK/ A6%

(@]

;UZ Zm

Alchorneine

Buchi et. al. J. Org. Chem., 1989, 4494
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Cyclic Guanidines via Alkyne Hydroamination

NR NR

RN’« Jl\
A,

NR

RN N
NR RN NR >
or

\
R

HR

R
BocN
[Rhy(oct)s] (10 mol%) JNLB“ NBoc
NBoc DCM, rt MeN” ~NBoc MeN\)%\
————

BocHN” “~NMe k/\R R

R=pCFsPh 5 1 60 %
A

R > 1 >20  80%

AgOAc (10 mol%)
DCM, AcOH

Application in Total Synthesis

1) AgOAc (1 eq)
2) AgOAc (1 eq),

R= Alkyl;

—EtOH; —EtCI;PMB;Ph

H)\

NHMe

H
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One-Pot Guanidinylation/Cycloguanidinylation
SMe
J\ NBoc NH,
BocN? “NHBoc  pen—4 TFA/DCM N=
R NBoc — ™t o ~_NH
AgNO; (1.4 eq) H™ Y H
Et;N (2 eq), MeCN H
rt, 100%
Van der Eycken et. al. Angew. Chem. Int. Ed., 2010, 9465
CHO
—_—
DCC,DCE, N
X bn  A9(OT (10 mol%)
50-60 °C, overnight Z Ph
Wu et. al., Tetrahedron, 2011, 5871
Ph Ph
// PhNCO _
NEt,H NPh
N
_PPh, AGNO; (5 mol%) ~{  No6-endo
NEt, dig
84%

> (2 eq) NBoc ©
3) AcOH (5 eq) Jj\ |
- >
BocHN H NBoc
NHBoc Bn’N
NBoc

OBn

57-67% in one pot

\

©
2 CF3CO,
Saxitoxin

Looper et. al. J. Am. Chem. Soc., 2011, 20172

Ding et. al. J. Org. Chem., 2009, 6874

Cyclogunidinylation via Radical Cyclization

BU3SnH (2 eq) 2\ //g,w Me group needed to
AIBN (1 5 eq) J\ block 6-endo-trig
added (0.6 mol h™)

Benzene, reflux
73%

_BusSnH (2eq) 2\
AIBN (1 5 eq) J\
added (0.6 mol h™")

Benzene, reflux
76%

Both diastereomers
1:1

Lacote et. al., Angew. Chem. Int. Ed., 2010, 2178




Ming Yan Guanidine Derivatives B S ormots Y

Cycloguanidine Synthesis via Nitrene Insertion Cyclic Guanidines via Tiemann Rearrangement (Aza-Lossen)

TcesN

NHBn | PRy
MSOsy H,NTY N=C=N

Me Rhy(esp), (2 mol%) HN” NH _
S A L_NBn
Cl THF,TMEDA, rt NHBn

H
NTces
Me)\/N\( PhI(OAC),, MgO  Me
NH, toluene, 40 °C Me

Ph

Du Bois et. al., Org. Lett., 2006, 1073

TcesN TcesN USRI
|
H,N”~ ~NH Rhy(esp), PhI(OAc), HI\?s NH | Overman's Biginelli Approach CbzHN
S MgO, DCM “\\\\OTBDPS ! 1. AcOH, H,O
~ ~>~otBDPS —— > 4 ! OMe
42 °C N NH ' 2. Nay,SO,4,CF3;CH,OH
N\_N_ _NH N | o o]
61% N | MeO)\/\‘/\_/\(\/)/\Me morpholinium acetate Y
AcO  Ncoccl l £ 5 > N
NCOCCl, 3 ; H2N\n/NH OH o o — o
( ~\ 1
® Me
HoN / i NHHCI )l\/u\o/\/\/NHCbz HN~<N
H R
Sy i
HOLN . JL !
0550w 07N, | More details on Bigineli
3SOm ore details on Biginelli,
S N\H/NH ! DeMartino, Biginelli and Related Reactions, Overman et. al., Org. Lett., 1999, 2169
]
® NH, E GM 2003
||| o o o o o o o o o o - - - = - - -
L Gonyautoxin 3 y

Part llI: "Non-Classical" Reactivities of Guanidines
Du Bois et al., J. Am. Chem. Soc., 2008,12630

Misc. (Cyclo)Guanidine Synthese
Cyclic Guanidine From 2-Aminopyrimidine

_ m NH,OH HCI (12 eq) H
< ) - N, N NEts (12 eq),EtOH HN.__N
\ N 2-Aminopyrimidine (2 eﬂ \« N\ 1 h, reflux \N« N\
—_—
O DMF/CH,CN N

== Br, (2 eq) Br. N Br
<NH 2 m W
Br NH O

Classical Guanidine Reactivities: Strong base (TMG); strong nucleophile (Misunoubu); strongly
coordinating ligands (Diamination)

Chemistry of Guanidinium Ylides

oY oY |4

PhLi

2y

NH ©O HN\,( — > HN\,(N _— @/NH
~y: AR, i ",

2-Aminopyrimidine is a more nucleophilic \NWQ TFA/DCM
N

protected guanidine than (bis-boc)guanidine. Decomposition when treated with

nitrosobenzene

Douglas et. al., JCS Chem. Comm., 1976, 266

z

Al Mourabit et. al., Org. Lett., 2006, 2961 33% Hymenidin
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Aziridination with Guanidinium Ylides

Ph/\ﬁ/\
| CO.Et
MeN,( ArCHO
L_NMe NaH, DMF
-20°C
Sio2

@ CO,R
Ph R COLR Ph— @ )—Ar >\\§ 2
I N o

Ph Ph
( Ar=Ph,PMB, 4-

< N
)N)‘COZEt ))-mICOZEt CIPh, 4-NO,Ph, (1-
boc)indolyl
Ar A Jindoly

f
Yield: 68-95 %

de:46-96% JZ)
MeN
© L Nve
Ar

N Ph

MeN” NMe =~ ———— MeN—/ COR ———3 XX "~
/ k/NMe NMe
Enantioselective Aziridination
o CO,'Bu
Ph—\
N"Noo gy DATCHO, &
2BU TMG (1.1 eq), THF, rt, 5h N—.,
MeN—X (1.1eq) - " ,
L NMe 2) Ac,0, CHCl,, rt, 30mins  ph !
ph™ _ . OMe !
bh Ar=PMB 77% yield |
91% ee !
)
]
)

Ishikawa et. al., J. Am. Chem. Soc., 2001, 7705

Aziridination with Epoxides

NBn C|)>...uph BnN: Bh
MeN '
L_\Me TsOH H,0 (1 eq) 41% yield
Toluene, Reflux 96% ee

l 90 h

*Ph ~
\ﬁ(o /(
MeN e - MeN \N(l\)/le

]

1

1

]

1

1

|

1

1

]

1

]

1

1

|

1

1

]

1

1

]

Sn2 |
1 ph !
F ]
]

1

1

]

1

]

]

]

]

]

]

]
Ishikawa et. al., J. Org. Chem., 2004, 8504 i
1

Guanidine Umpolung Chemistry

Preparation of "Schizophrenic" Guanidines

g NP TsO,
' H,NO N

MeNZX TEA M- Stable at 0 °C for 3 months
ONMe . VO Me
2)H* L
3) TsCl, py

Narasaka et. al. Bull. Chem. Soc. Jpn., 2003, 1063

1) CsOH
Ethylene Glycol
150 0°C, 1 h PhNH,
TsO 2) HCI/Et,0 95%
N Ph,
//( PhMgBr N
MeN — / —
NMe Et0, 0°C, Mel\|‘\/NMe LAH, THF
15 mins rt, 12 h PhNMe

Narasaka et. al. Bull. Chem. Soc. Jpn., 2003, 1063

l @
N@ HN— =N, &
- S
DMF/TEA, rt
12h 64%
0]
NO~d©o PhCHO,NaOH, N Sluagish reaction with
70 HN N uggish reaction wi
)\\NOH H,0, it, 12h - «/N/ O cyclic ketones; no reaction
HN with acyclic ketones.
\_J ~ Y
Ph
74%
CS,, DMF, TEA (1eq)  HN—=N,
40°C, 12 CN(\«S
L
S
74%

Saczewski et. al. J. Org. Chem. 2003, 4791
Saczewski et. al. Tet. Lett. 2007, 7264
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"Friedel-Crafts" Type Reaction

i
i Proposed Mechanism NC\N
o : NCN |
]
ﬁ/\OMe : 4 tBuNéNtBu
(@) H BuN
N : /k/N‘Bu LCuCl
N S, ooM \N : R
~N" "N—” rt, 15 min \ , i
/ 86% :
Narasaka et. al., Chem. Lett., 2003, 548 i
]
]
_________________________________________________________________________________ !
! NCN
Guanidine Oxime as dienophile i NCN
| 1) t
Bu,NIO,, ot ‘BuN” “N'Bu Bul” WBu
NBoc 1,3-cyclohexadiene NBOC Na(Hg) Amalgam ! LCuCI\\\- LCuCl
)
U on DCM BocHN N-° NaZHPO4, EtOH | R
BochN™ "N 61% HN :
0,
° 5 % NHBoc |
]
NBoc OMe BocN | P
J on \ W BocHN i Shiet. al. Org. Lett, 2008, 1087 2 R
4 ]
SOGHNES BugNIO,, NBoc e
86% ! " :
BocHN N”O E Aza-Ugi" Equivalent JNliBu g, O
Batey et. al., Org. Lett., 2004, 699 . i N
e O e R e © e o v, Moy K,
| 0 Dioxane/H,O O 'Bu
Diaziridinimines from Guanidines E Reflux
Generation e 0% ... Questet al, Synthesis 2010, 3358
'BUOK, 'BuOCI | . ,
NC. THF —-78 °C NC\N E , a QUICk OVeereW
IN 3 h | H Partial List of Reactions Catalyzed
M 'BUN=N'Bu : — Michael/Henry
'BuHN NHBu o H
66% ! — Aldol
. ] — Mannich
L'abbe et. al. J. Org. Chem., 1981, 4478 E _ Claisen Rearrangement
T - . ! — Strecker
Application in Cycloguanidinylation E — Alcohol Silylation
NC‘N ) E — Azidation
B NJ\NEB eq) ‘BUN’Q E Two modes of activation
UN— u t |
_n = e Bu . . ;
Ph XX Ph/\/K/ E Pinches like a crab 1. Hydrogen bonding
CuClI-PPh3 (1:1) ' 2. Base/Nucleophilic
(10 mol%) 86% !
CDCl,, 50 °C ! Key Reviews: Tan et. al., Chem. Asian J., 2009, 4, 488
’ )
]
|

Williams et. al., Chem. Soc. Rev., 2012, 2109
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Guanidinium as a strong hydrogen bond donor
Strecker Reaction

Ph Ph
)\ HCN, cat (10 mol%) )\
)NI Ph toluene HN Ph
—_— H
R —40°C, 20 h R7CN
>80% yield ca. 80% ee
R= aryl
R= alkyl/aryl @ oPh

Reversal of enantioselectivity N
observed when alkyl R groups I W—N_
are present. Ph

Tr-stacking between phenyl and guanidine stabilizes the TS for
aryl imines. Steric hindrance between tBu and guanidine destabilizes

the TS.

Corey et. al., Org. Lett., 1999, 157

Nucleophilic Catalysts

N
CN
)IN\> NC/\/ i »
-
H MeCN, TBD,

Ph
10 mins, rt NC/K/
\ 95% /
(\N/j
PN
N N
C

N CN

Horvath et. al., Tet. Lett., 1996, 4423

Proven by NMR studies

CN  Regioselectivity= 99:1

Ph
HN™ "Ph

X

R™ "CN

ca. 75% ee
R= alkyl

@ oPh

N
YN
/EN% H._ Ph

H ‘;N)rPh
\ H

W

C

S}




