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. Introdumymmetry : The q_g%)éeing Translational Symmetry Reflectional Symmetry Rotational Symmetry Scale symmetry Helical symmetry

« Evident Symmetry made up of exactly

— Strategies in dimerizations ;Similar parts facing each

. . . . ] i
— Dimerization reactions other or around an axis.
Immune to change.

— Pseudosymmetry : . st
- Cases : Types of symmetry | An object has An object has a An object has a An objecthasa  An object has a rotation
¢ Hidden Symmetry : e Translational Etranslational symmetry reflectional symmetry rotation symmetry scale symmetry  symmetry when it can be
- Ways to identify H.S. e Reflectional (bilateral) ! when it moves from when it does not when it can be rotated  when it does not  simultaneously translated
— Cases : e Rotational (radial) . one place to another change upon about a fix point or axis change shape when  and rotated in three-
e Desymmetrization : « Scaling - without rotating undergoing a reflection  without changing the it is expanded or dimensional space along a
(see Newhouse's GP on « Helical ' (sliding) overall shape contracted line known as a screw axis
.. desymmetrization) i ... e e
Where we can find symmetry? P e L L L L L EEEEEEEDEEEEEEED SRR DL, .
« Goometrical objects e Y R « Psychology (Law of Symmetry)
! - _ Frontal Flane " s . . :
, o e Social interaction (symmetric !
; b % behavior translates into "we are :
! HE Transverse Flane '. the same" whereas an :
: ' : / - asymmetric one is perceived as :
Triskeles - o > ,' "I'm better than you" :
(Tpt + okehog, : Supersymmetry b " Symmetric behavior !
three + leg) LLLBUSY) % The Golden Rule is the . - .
! i L : we are the same"
; Adenovirus U B principle of treating others as !
; lcosahedral symmetry Bilateral symmetry Body Planes : one wants to be treated :

.............................

Symmetry conveys a
sense of stability/trust

e Symmetry influences judgments of aesthetic

traits of physical attractiveness and beauty * Symmetry in Architecture

mandelbrot set
(Scale symmetry)

The word Symmetry is derived from the R R L EEEEEEEEEEE
Greek word "Summetria" meaning ' Asymmetry conveys
“similar measure.” ! a sense of
It implies that each part of an object is : motion/dynamism
in harmony with each other and ; -
is well balanced. ' You Tuhe
Symmetry is a subset of isometry (isos : )
in Greek means “equal,” metron in '
Greek means“measure”) :‘. V .

e Philosophy

L

L

Palindrome (1TaAiv + 8p6pog, again + way,direction) : va)]::tﬁrn(;hiln/\rzfcfe?:tion
L

\"

NIYON ANOMHMATA MH MONAN OWIN Cleobulus
'Wash your sins, not only your face' in Greek (Hagia Sophla One of the seven Sages of Greece
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e Symmetry in Chemistry

The scientific meaning
of the words asymmetry
and dissymmetry are in
accordance with the
grammar of these words

A study of ~3000 papers
related with natural products
revealed that 17% of them
included molecules regarded ,100% 1
as "derivatized dimers" and
7% posses bilateral symmetry.

Asymmetry refers to the
complete absence of symmetry
Dissymmetry refers to the
absence of certain symmetry

Why is it important in Chemistry?

— Insights into properties (Dipole
moment, Vibrational/Electronic
transitions, Equivalent atoms
/groups, orbital symmetry).

. 69%
In order for a molecule to be chiral it has .

to lack an improper axis of rotation (S,))

Symmetry in Chemisty can be

orientation equivalent to its original one Hidden (partial): molecules which contain fragments that

(|den_t|ty,_ rotat_|on, reflection, improper either are symmetric or they derived from the same precursor.
rotation,inversion). v

A symmetry element is a point, line, or Why using symmetry in total synthesis? - N

realized by means of group theory. Bilateral symmetry: molecule belonging to C,, Cg or Cz_v point group; The question of

Pseudosymmetry (from Greek weudng, pseudes, "lying, false"): :  why nature makes 20% - 14%  16%
A symmetry operation is an operation nonmathematically symmetric molecule. 3 and uses pilatgral .
which moves a molecule into a new Evident: Bilateral and pseudosymmetric molecules. ' mog‘:c:::v';rzgu to e, C. Cov

plane with respect to which a * Rapid increase in molecular complexity _ . .
symmetry operation is performed. « Two-dimensional synthesis (step economy) c-bond rotation changes everything

A point groups consist of an * Highly efficient. =/= V4 AN
identical set of symmetry operations. . . . . VS.

Ways of exploiting symmetry in Organic Synthesis s-trans s-cis
oot G e Symmetry at the starting point (Desymmetrization) butadiene butadiene
oint Groups Me H Con c

C,: no element apart from identity E. Me 0 Ou, 0 . 2y
C.: identity E. inversion i | —_ Conformatlon plays an important

i y E, . o Me R — ! L role in unravelling the symmetry
C, : identity E, mirror plane c. =

* Point group? Point group? H ~ Me "0

C,: identity E, n-fold axis. Resources: Encyclopedia of Physical

C,: identity E, C,, axis, n vertical planes. Angew. Chem. Int. Ed. 2001, 40, 4082 Organic Chemistry
Cn: identity E, i, C,, axis, n horizontal plane e Symmetry at the target (Evident, Hidden) 0 o) Chem. Biodivers. 2010, 7, 2660
D,: identrity E, C,, principal axis, n C, axis. T™S T™MS  TMS J. Nat. Prod. 2004, 67, 1141

i) 10,

i) $i0

Nat. Prod. Rep. 2011, 28, 897
Nat. Prod. Rep. 2017, 34, 1345
Tetrahedron 2007, 63, 1487

D,4: Dh + n dihedral mirror planes og.

— .
D,n: Dh + a horizontal mirror plane oy, — o) M

..-..-.--.--..-..sn..-..-..-..--..-............-..-

S,: rotation about a 360°/n and Ar Ar Tetrahedron Lett. 2014, 55, 7147
mirror plane reflection. o prunolide core http://www.pci.tu-bs.de/aggericke/
Ar Org. Lett. 2005, 7, 2357 PC4e_osv/Molecular-Symmetry.pdf
(o] o

R "/OH N
A M H Me Br Ho 4
Acremine G teurilene chloranthalactone F polyozellic acid tyrian purple

Ci C Cs C, Coy C,h
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Dimers - Oligomers(Evident Symmetry) and Pseudo-symmetric Natural Products

Symmetry related Strategies™

®® - —
2x@®-® !!e®-®e

Q®-®Q @@-@@

Three component coupllng followed by

two-directional synthesis

>0, e

=® 20, geom=mee

e 2 e=ee
© ©

Two-directional synthesis

Dimerization Strategies*
®®—@-®
2x -0 — @-BO-®-@

Dimerization

®® —
x2®-® — O
B-®-®-6® — O-B-B®-®-®-0

Dimerization followed by two-directional synthesis

* Not exhaustive Tetrahedron 2007, 63,1487
o O
C'\/H\)]\/u\
3 OEt Me)J\/U\OEt

1. Ru(ll)-S-BINAP
2.LiBH4
3. PPTS, dimethoxypropane

Me Me

00—>|

CI\/H\/E\) N/
3

Examples

=

T

R : -SiMe,Ph

OH TBSO t-BuOOH, L-DET og TBSO o:\)nom HQ
Ti(O/-Pr), —
— >

Me

o 0 Me_ O _o

_E Me_ H HO -

: XN —

! o < Me OH / —

: Me”\ H %z’_cqus neat,

: (o] 110 °C Ci2Hzs

! paracaseolide A O C12Has Cq2H2s

Me Me '/

oo o |

: ~H Ho, Rh/AI203
ﬁ

— I N/ /,

(-)-Xestospongin A

/\

Org. Lett. 2012, 14, 3565

J. Am. Chem. Soc.
2 1998, 120, 8559
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Ways of binding monomers

~N

Dimers and pseudosymmetry - Non-symmetrical dimers

Me
§ J

( (®)
H O :
re NI :
N~ N E
/0\ S :
L neothiobinupharidine U dibefurin 0 Y, .

(-)-calycanthidine

juglorescein

0 0 000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000CCCCCICIOCIEOCIEOCECECOCEOCIECOCECOCREOCECOCRECOCREOCIEOCIEOCTOTOTE®

clavosolide A

\.

Dimerization reactions

Me

Angew. Chem. Int. Ed.

2019, 58,10718 ) L )

(s N \( S R )
 Coupling_ reactions ;  Cycloadditions/oxidative cyclizations
Me
[4+2]
) \_ —_—
OAc K<\
© I
o
AcO Me
(-)-calycanthidine
hv, air
Org. Lett. 2014, 16, 3613 flueggenine C o
~HO Angew. Chem. Int. Ed.
(J- Am. Chem. Soc. 2017, 139, 6302 )| thymarnicol 2017, 56, 6813 Me
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................................................................................

Challenges:

Introducing
Where to break ?

imer (di-, "two" + -mer, "parts"): An oligomer consisting of two monomers.

I T O

Preparing the two monomer,
Dimerization K

chiraliry step |
' | Heterodimer: A dimer consisting of two non-identical monomers.
1 )

mmmm ...

A
\
,
1
omodimer: A dimer consisting of two identical monomers. !
:
.
’

Bidirectional
?H OH synthesis OH OH
N =AY
Me - OAc Me OAc
(S)-Ir-BINAP
Point group ? 4-CN-3-NO,-BzOH
Is it asymmetric ? K,CO3
Dioxane

53%, >20:1 dr, >99%ee
Angew.Chem. Int.Ed. 2019, 58,10718

Me Me
Tetrahedron 2008, 64, 5162
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+ Coupling reactions :
"""""""""""""" Me, Me Me
i Me
Me, 1. Dehydrogenation O NH
a3 ( 2. Triflation \{\/gz (o) 0
— e e — — £ o—= Y ).
oo N. @
= H
N OoTf
(o) NH
H ‘\\Me + NH2 2
, HN (
complanadine A S\ . Me, Me,
j BPIN XN e Pd(OAC)dppf ] [Ir(COD)(OMe)], HN
Point group? | HCO,NH.. Et=N dtBu-dipy .
P/ 2 4, 3 B.pi Bp|n
N DMF, 60°C 2PINg | S Me
N SN — SN ——>
H | 90% : | N 75% N/
L OoTf H
....................................................................................................................... J. Am. Chem. Soc. 2010, 732, 5926
Boc z°° H,N ~
meo,C, N M0 o
N\\- N
Diazene K \ I\\\¢ N CO,Me
fragmentation SAY HN_ O |

HN ‘\\\| ArO;SHN \\\,
~co,Me wNooo e @.\\N\
N 2 N CO,Me

| |
SO,Ar Ar0,S

Chem. Sci. 2014, 5, 333

J. Am. Chem. Soc. 2014, 136, 5571 6
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---------------------------- (o] \ H
(o] o H X
e/ @‘\\_H — md OH @\ H M @‘\\_ e M—Me
N~ N RN :> N /=N :> Ne=
Me N Me
I\ S I\ Me /Y S I\ S
S (o)
o neothiobinupharidine o Me é3Na ° S;Na
Me Me Me meH
= " &— ~AN E— N® — N=
N z 'Yy 00 N @
P s O J. Am. Chem. Soc. 2013, 135, 1209 __
CycloaddltlonIOX|datlve cycllzatlons -
OH
HO
OH :
HO HO
KS[Fe(CN)G] Me
NaHCO5 e
49% epicoccine eudesmic aC|d
H
S dl.hqu.r L4 Angew. Chem., Int. Ed. 2014, 53, 13414__
Me
OH “\ 7 0 Hetero . o
WO, S0 k() o Diels-Alder Me 0
@D e Me __ o™ reaction \” o) j Me _
Me\ﬂ\\o ol:|°“ :>\[| ,,,,n/Me — Me o — - \[|
pTSA m-CPBA | u, Me /\Me (+)-limonene
bodiacetal 44% r oxide
(+)-cymbodiaceta J. Org. Chem. 2010, 75, 8465
OMe o

H H _ Ho 1/
: — = > —\OH / Angew. Chem. Int. Ed.
O HO e <«—_ MeO 2015, 54, 2204
(o] Q OH FeCI3 6H20
(o)

489
MeO %
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Strategies towards total synthesis of trichodimerol - A comparison between centrosymmetric and biomimetic strategy

oo

, : OTMS
! . TMSO Me Me M
: : »_ TmMso Me & Mo
: . Me— ’
5 : "M‘* -2c:o2 00 17=o0
: : Me OTMSMe
=Break here! :
"""""""""""""""""""""""""""""" ! Me_O._0O 0
. L X S
¢ 07707 “Me | |
: Me_ _O.__OTMS X OMe Inverse-electron-
Me . I I . demand DA
Me P LDATMSCI 1p e oA e o o —X>
: quant.
: 07Ny ome
Double : ~
Michael reaction ¢
TMSO Me Double Me Me
: dehydrogenation 0. _0 o
Me : —— o
Mo 2 M . Mukaiyama 0~ "o "
; e : OTMS'VIe cyclization Me e
RO OR : OTMS "
Me : ) —%Me g
: Z
_~ Me__O__OR t/ro Me OR o - MeIO\IArOTMS /\“Z we. o .0 e, . e
+ I I + : — > TMso7 P
: OTMS
o/l/; ROT N0 Me  c— X;I: : TMSO™ 0" “Me 0 0" MMe o o
Me OR Me : Me v—
Chem. Eur. J. 1999, 5, 3651 ' TMSO Me
9000000000000 000000000000000000000000000000000000000CCOCOCOOOIOIEOIEOIEOIEOIES ZnIZ;HF
Me_ OTMS Me. o o Me
OTMS (o) OTMS TMSOTf i
og” o1 ~mso o S Potms
Me — Me 0
TBSOTf + 1
EtN Me  OTMS Me
Me OTMS €
TBSO
o’ O 0" tmso © me

Me 8
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HO HO HO mMe
R;3SiO 0.z 9 MmeAldol-type 0= \Me o: -
Me Meo OTMS OSIR y e, OTMS OSiR; |Me >A OH reactions  Me o Med _—=0
3
= D/ D/ —OH A L) — ~0, 3 —
0”0 X " e 7 K o o
Me 00 ™S~
o’ Me M
5.9™s
= Me
o. Me 9
> = 0/
R . OTMS Me §
Me OTM : o ' z
o SN oPhsec; ! Me OTMS ! Mo 3 —a © 0 OTMS
H20;, — iMe = 0; Intramolecular Med TN
o : > o/ : ; o o
0 ' : . \ Michael reaction py
Megd” 9 e : oo } 250 °C ) 0
' Me o o O\H » Me H
Double bond ~ 77T TTTTTTTTTOTTTTTTTTT ~ Me o
isomerization hv l
Intramolecular Diels-Alder reaction

Y

[2+2]
instead of [4+2]

Second generation retrosynthetic analysis Total synthesis of trichodimerol

Me OH RICOOH, Me OH Me H M

0] e Me (o]
BF; Et,O Pd(OAc),
Me 3.EL Me THF/H,O Me Me+ Me
OAc
R' OH
OH R'—\ P R OH 0 R’ OH
o 5.9 O

R= 2 P o) OBF;

CsOH.H,0
NaH2P04_H20

sorbicillin

Angew. Chem. Int. Ed. 1999, 38, 3555

J. Am. Chem. Soc. 2000, 122, 3071 bisorbicillinol, 22% trichodimerol, 16% 9
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: Removing ~How can | identify hidden symmetry?
Partial _molecular symmetry the cloak of ~ ® Look for same-size rings with identical substitution pattern
- Hidden Symmetry invisibility e Look for identical functional group relatioships, e.g. 1,3-diol

e Beware of subsequent transformations which mask the symmetry

N
TiCl,
Zn/Cu Me—M®
DME, A | Me
—_—
o "y Me
53%
)-myrtenal
Yy J o,
Methylene Blue
02, hv
Mn(dpm); "
tBuOOH Me Me_ Me M Me Me e
PhSiH; 0, Me pu; Me
PPh, | DMP |
~ « l,,l
52% 53% SR
(0] g ~O'j
J. Am. Chem. Soc. 2014, 136, 5287
( 0 ) i) 5 mol% Cu,
HO Br OH
OH OH OH NaOH ) Ks[Fe(CN)g]
o Four steps ii) NaBH,4 THF/HZO NaHCO3
Me —_— i Me — 3
HO oMe | OMe 59% MeCN/H,0
0\ OH O Me over 2 steps OH Me
Me oi_o Vanillyl 0
epicolactone alcohol

Mgly,
quinoline
THF, 60°C

75%

Nature Chem. 2015, 7, 879
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( 0 N\
Me
TBSO , oH

Me \_Me TBSO i OPiv

I o

OH L

| amphidinolide F Me )
(+)-N-methylephedrine OPi
Zn(OTf . . 1.AgBF,4 iv
Et N( Ph,z,'z . OPiv. AD mix p OPiV 10 mol% *Ag
Y LN Do _ +BUOH/H;0 _ PhH, 80°C Ho, 2% O
BzCl, Ets;N, DCM OB - 2 0Bz ’ "
I SR F I 2TBS0T \_o e
+ 35%, 89.7% ee ’ 60% (2 Steps) OH
A one-pot OH TBSO
¥ otss TBSO TBSO _ ¢
HO O OH H
$ H HO 0. _Ph

0
B20 © :)\—\ TBSO” Ag”"SN"
g OPiv OPiv

TBSO = - | ?\6

1. (Ph3P)3RhCl

R EREEEEEETTTLEEEEEE . PhMe, H MeLiLi
' ' o e M2, LDA, THF:; DMPU, 1 MeL'o LiBr, tho e .
: TBSO : 89%, 10:1 dr TBSO Eschenmoser's salt TBSQ 4 -78°C, 81% . :
5 0= i 2. Barton-McCombie HoH 1% 0 2. Barton-McCombie: TBSO :
' | 1 o deoxygenation 7 _ deoxygenation 1 z .
; 5 = TBSO OPi > :
i o e OPIVi 3.HEPyr BzO "l 3. LiAH, : ;
s + 4. Swern oxidation Divergent Point 4. Swern oxidation 1 -
PhO,S
.

. OPiv u

amphidinolide F

J. Am. Chem. Soc. 2013, 135, 10792
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(0] (0]
HN\n/NMez
o
pactamycin Me Me Symmetrical
L o) ) o starting point
=z
o o N o o O OH o OTBS
Me Me . M M LTBA, Me Me
z ’ e e o Me Me
HN_ _NMe, — " . /HN._NMe, THF, -40 °C 4//% NMe, TBSOTf /2 NMe,
il NS 700 Ph—" Nu I Ph NH T ph—"  NH [
* o] ° o] 72% o o 88%
98:2 er o =<OB O=< o
OBn n OBn
Ph—//—\\N—COZBn
LDA,
CH,O
OTBDPS OH 70%
p oT8s O oTBS
o 1. HyO,, NaOH .
- HN. ~NMe, - Me 2. NaOMe, THF HO
75% o NH T 62% AN_NMe, — <——"— Me
ﬁ/ over 2 steps o _NH T]/ 50% / —,HNT]/NM%
OBn o Ph NH
OBn fo} (o)
1. 3-Acetylaniline OBn
Sc(OTh);
2. TBAF Me O
59% 0" CcN
OH H,, HN— N,
HO K2CO3 Pd(OH),/C
80 % 07> 0Bn 82% Me
Me pactamycin o
(0]
Science 2013, 340, 180 12




