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Containing Heteroatoms at 1 and 4 positions.
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—_ Applications of the different disconnections are illustrated in the synthese of API's.
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//\N/w i Variations in stereoelectronics of electrophiles.
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+ JOC. 2012, 8556. i v
NH?Bu Br / i B) from diamine precursor via reductive amination
Bu  EtOH !
NH, 4 min, ! PTSA, reflux
e i i
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s DMF, rt. \) ! —\
K/ NH \\Q + [ W’ S N ! NH, 0 NO, EtOH, then HN NH
$-o Br o Lsto Het. 2012, 1675. ! * R1/<~/ m’
I ! NH a c
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Piperazine synthesis continued: D) from monoamine precursors via displacement
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better in general.

BMC. 1993, 43. Het. 1987, 2691. OL. 2011, 6568. and many examples.

[Pd,(dba);]CHCI, Me  DKP reduction: probably the most common to access (chiral) 2,5-disubstituted piperazine
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NHTs | OEt HO_ /K __ then NH;/MeOH T _KOtBu_ i R
Ts OL. 2012, 1234. ! HN\Bn o - (78"/) (67% (quant) //
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morpholine

Q :
(Janssen)\%\

Treats: embolism

(Pflzer)
Treats: bacterial infection

Morpholine synthesis:
A) from amino alcohol via displacement
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Thiomorpholine & 1,4-t
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N i TL. 2011, 3614
o + /i@ Me '
'B) from ether & thiolether o
NH, Me” “Me Et.N, CH,CI s\) | o_ !
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i OH 3 2 .
Me Me | 0%
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L H DBU s
\\ 0 Me Me,CHOH H3;BO,/Glycerol : S\/\SH + CI\/\CI (81%) f
NH Reflux /N | o CJC. 2006, 1529.
r W * Pk 0,S  NtBu H,0 :
Me” ~Me (95%) p— Syn. Comm. 2013, 191. | ! s
EJOC. 2003, 54. ! O .so,Me HS -~ DBU $ Me
S : AN SH —( o~
©0 R 20 sulfone 02 ! Me—. Ts (66%) B 2004. 1897
1 1T.LHWDS @S A Et;N, MeOH S ! O BCSJ.2004,1897.
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Case Studies:
" o
3[ ]5 B @ d H ° Ne\)\/ °
2 6 Ph=— , /NMe3 Me\N o N\S/ — HZN\s’
1 Ph' e o
1,4-dioxane -~ O O MK-2461. z ¥
’ antiviral agent M3 Muscarinic Receptor Antagonist OPRD. 2010, 849. N\/ ] o
""""""""""""""""""""""""""""""""""""""""""""" JMC. 2011, 4092. MeN Br

1) from chiral diols

\\//

NaH

i 1) Cbz-Cl
(82%) | 2) Chiral res.
EJOC. 2011, 993. | :\)o\/jo 3) Hy, PAIG HCI |,y H 0/\ EtN Me\N\/okj
: - - N o > -
HO  OH o 1. CSA, CH(OEt); H Ot | Me Me” & 0 o O°8
g + Me 2. LAH HO 07 e ! racemic ocl Ng” NH, (77%
Me HO (o) M | _NN-O~
EtO,C CO,Et o (68%) : N” "NBoc 4 steps)
H OEt ! @
JOC. 2002, 7618 ! Me,N then TFA
OBZ (:)Bz ! Process
BzO : A92C03 o, ; .
| o on BF,OEt, o
Me\“ 0 e 0 o< A OH ———— | > o~
ACIE. 2005, 4944, ; NaOH NaOH
. 0 0 4 "o MeNH, 0 TsCl_ oy L |
2 hiral catalyst LN
) from chiral catalys _ : Me/N\/'\/o (68%) TsO\)\/O (66% HO\/'\/O (73%)
PIDA Chiral phosH+ ! ® 99.6% ee)
. . _glycol _ CH,C, H o ea 5.43 kg
—_— o _: _____________________________________________________________________________________
O/\ (90% yield O\) i Nucleotide analogs containing chiral 1,4-dioxane
OH 90% ee) i
| Bu\S .Bu Br \
JACS. 2010, 4056. ! HO OH Bu,SnO =9 N
F : - tol - CsF HO O
| MeO,C  CO,Me MeO,C  CO,Me (70% 1 pot)
HO Chiral phosH+ OH i MeOC COzMe
~ o n !
(92% yield (o) i 0, (43%
99% ee) ACIE. 2015, 1900. e </N N\ ¢ ; N\V then Ac,0 | 2 steps)
Pd(OAc), b Base | - 3 TMSN—__ N OAc
o oH 052003 ! : = <
@ \C @ ]AOH R o oHN TMSHN °o o
I “OH (96% yield L ' : : TMSOTF —
96% ee) OL. 2015, 840. i E MeOZC Cone E Meozc COZMe (35%) MeOZC COzMe

Medchem vs. Process
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X=Br,Cl,0Ts R'=alkyl, aryl

_________________________________

R :' ;
R1R NHR, R NHRg ' X_ _Ry OR7 !
[N1,6] & [N4,5] I OTOI&MAST, oy I xR, !
— :> 1 6 .
diamine logic RZR3 NHR, am(;r]oallcohol Iotglc 2R, ] X" "Rg Rs = |
displacement Isplacemen R = aryl, alkyl T el B lan
R = aryl, alkyl R X=Cl Br, |, OH
[01,6] & [N45]  Ri NHRs iy Ewe OR !
R NHR — I i
[N1,6] & [N4,5] 1 9 aminoalcohol logic IOH * T W :
— - olefin electrophiles "2 EEEEEEPEEEEERPEERrE '
d'??JSZ:‘V’S ¢ R&TUNHR, X =Cl,Br
. - +
amination | Morpholine [01,2] & [01,6] ... EWG=CN COR, COR,S
INL61&IN45] R, NHR, | ¥ monoamine logic | 07 . pNp, |
— - X _EWG - o double displacement | x X i
diamine logic + W/ RO,C—=——CO,R! ! | :
olefin/alkyne R,” "NHR, ' . |

Plperazme electrophiles

(non-metal) = CN, JCOR 17T T e I IIIIIIIIIIIIIIII

| Ry _NHR ; i
[N1,6] & [N4,5]  RqeNHRq ¥ [S1,6] & [N4,5] ‘I P X R x __Ewe |
- ol o
diamine logic i aminothiol logic R, OH © X7 R '
olefin/alkyne R, NHR, i displacement/olefin | S L !
electrophiles ! electrophiles X=Cl, Br .
(metal) A [ EWG = NO,, COzR, COR, §7. Se
[N1,6] ! Ts ' | | Thiomorpholine [N3,4] & [N4,5] | R\/\SOZ ©)
— = ' 1 i e | o '
diamine logic . Rip N R I i monoamine logic | [ NH2 * _ ;
allylmine M=Pd&Au: ! vinylsulfone/sulfoxide ! R' = alkyl, aryl R = alkyl .
electrophiles ! R, NHR, : ! e R !
(metal) S ’ —_— T R_ "_“0_|:| ________________
' 1
Ry : . | R_ 04 Rsg R_ 54, Rg | dithiol & mercaptol logic
R n: Rg ; : | Rir” "FR7 || R "Ry | ether thioether logic R N e~ OH
Ry (R, [N1,2] & [N1,6] ! (\N/\ + R'NH ; | Ry Rg || R,—2 , N 2
— 2 ' I 0T e T 2 S X MeOH
R.—2s 'l R - - v x R ¥ i 'l Rj Rs R; * Rg Intramolecular
2 INTRLE monoamine logic | ' ! . cyclization R R=alkyl
32" ™5 double displacement ! R=H,Ts,Boc R = alkyl, aryl ! 'l 1,4-thioxane 1,4-thioxane S R X=50
4 i X=Br, Cl, OTs ! s PP O
Piperazine . : ! el
______________________________________________________________________________________ | [01,6] & [04,5] Ry.__OH ' X__Ry
e ' > . X EWG !
Ry : o : : diol logic : T( |
RR NS ng : R | 04, Rs diplacement/ R;” "OH ; X" "Rg !
R1 ; iy ; I I HN R : i j: ER olefin electrophiles chiral diol ~ ~~ 77 TTTTTTTTTTTTTTTTT
R2‘3 iN R56 reduction logic | R R#N/NH E ! R ¢ intramolecular forasym.
R, from pyrazine ! R | i ringopening | o __ i LG = oxetane, enone
Piperazine and DKP }  Hy M cat. o : : 1,4-d|oxane > ! HO/\/O\{\LG :
' (Pd, Pt, Rh etc.) (LAH, boranes etc.) | E ' :




