Y

m@mﬂmmm 1 "# $

RIBEIRAO PRETO

“Sintese da estrutura macrociclica dos

furanoeliangolidos”

% & -
(C )
* $
+ , Quimica
-./- 01 /(1"

2334



Livros Gratis

http://www.livrosgratis.com.br

Milhares de livros gratis para download.



Y

m@mﬂmmm 1 "# $

RIBEIRAO PRETO

“Sintese da estrutura macrociclica dos

furanoeliangolidos”

% & "

-./- 01 /("
2334



FICHA CATALOGRAFICA

%

274

&

/ 6
23345
5, 5873

5 75




Acima de tudo o amor

“Ainda que eu fal



Dedico este trabalho aos meus amados pais,

Dirce &1 Valdemar

Vocés sdo muito importantes para mim!



Oferego ao meu querido noivo,

Alexandre

Aquele, escolhido por Deus, para estar ao meu lado!



Agradecimentos

A Deus, pelo seu infinito amor! E, por todas as béngdos derramadas em minha

vida!

A toda minha familia, que sempre me incentivou! Amo muito todos vocés!

Aos meus pais, Dirce e Valdemar, que sdo grandes exemplos em minha vida.

As minhas queridas irmds, Luciana e Cristiana, e ao meu querido irmdo Paulo.
A minha irmdzinka Lucimara (in memorian,),

A minha linda sobrinha, Amanda.

Aos meus estimados cunhados, Antonio e Marcelo.

As minhas avés, Vicentina e Ana (in memorian).

Ao meu notvo, Alexandre, por toda ajuda, incentivo e apoio! Amo muito vocé!
A toda familia Leoneti, ao Sr. Edson e D. Mércia, Marcelo e Gerusa, que me

acolheram tdo carinhosamente. Que Deus os abengie!

Aos amigos que Deus me presenteou durante estes anos: Adriana, Aline,



Ao meu orientador, Prof. Dr. Mauricio Gomes Constantino, pelos seus valiosos

ensinamentos que, com certeza, me ajudardo sempre!

Ao Pof. Dr. Gil Valdo José da Silva e ao Prof. Dr. Paulo Marcos Donate, por
toda colaboragdo.

Ao Prof. Dr. Noberto Peporine Lopes, pelas andlises de massa de alta
resolugdo.

A Virginia, pela excelente obtengdo dos espectros de RMN.

Ao Prof. Dr. Adilson Beatriz, pela colaboragdo.

Ao Dr. Kleber, pela ajuda e ricas discussoes de quimica. Ao Dr. Alvaro, pela
colaboragdo nos estudos tedricos. As amigas, Dra Mirela e Erica, pelo carinfio e apoio.

Aos colegas de laboratorio: Dr. Alvaro, Ana, Prof. Dr. Cldudio, Daiane,
Edilene, Elen, Emilio, Fausto, Dr. Felipe, Francisco, Dr. Kleber, Dr. Luiz Carlos,
Luiz Felipe, Marco, Rodrigo C., Rodrigo, R, Dra. Rosingela, Shirley, Dra. Susimaire,
Prof. Dr. Valdemar, Viviane e a todos os outros colegas que estiveram no laboratério
durante estes anos, agradeco pela convivéncia agraddvel.

Aos alunos de iniciagdo cientifica que trabalharam comigo: Francisco, Giovana
e Roberta, pela colaboragdo e apoio.

Aos funciondrios do Departamento de Quimica: Ldmia, Bel, Sonia, Emerson,
André, Mércia, Djalma, Lousane, Vera, Olimpia, Dias; e também aos funciondrios da
Secdo de Pos-Graduacdo da FFCLRP: Denise, Inés, Sénia, por toda atengdo e ajuda.

A todos os docentes do Departamento de Quimica, que contribuiram nesta
etapa de minha formagdo.

A Fapesp pela bolsa concedida.

Enfim, a todos que contribuiram, direta ou indiretamente, na execu¢do deste

trabalho, meus sinceros agradecimentos!



Indice

indice

- $>

?

5 $
th:5 ; - - 7

2525

=575 $ =" 2:
251§ 7:
75 & 77
<5 TA
<55 / B 74
<525 / B C7
<575 / B CD
<5<5 > 43
Ch 4:
Ad /* 4<
ASz5 - $ 4C
A525 /* 44
E $> 44
F7
4 3% / 6; )
F5 - G 272




Abreviagoes

Abreviagoes

ol B

- 21 m -
.1 " "l =his:
TOJHK

1*

L<5753ll

=6

=C=

T=N

-7¢°




Resumo

Resumo
5 - W
G & 5 NG
&
B B $ &
| b -
4=
* LA525: 11 5/
! , & 1* 5
Goiazensolido
; | N $ = 5
"1 $ $
B i 5
')\\ $ * 2
- \‘ - ?
|;> X Q //' S 7 5%/} _ % )
/ ’
7 ’/// I
: N B $
Y G 5
; B $ S | 2=
= S75T 7= S90T
5




Resumo

1,6 1 1
= I \
- c7z - 126
75 20 C4
91a 91b
" $ $
5( N $>
@ *
5
1 1
1
/l/\</ 1,6 - ; Y
= 2
- 1 1
94 .[ 1,6 95 .[ 1,6
2[H 2[H
104 .[ 1,6 105 .[ 1,6
o[ 1,6 2[ 126
109 .[H 110 .[H
2[H 2[H
/ | $>
$ 51
I 1
B 5
; ! |
$
A B SB T5
1
1 - 1 1 1H
\/ T "H. v 1 PN %
/ 7 1,6 4FZ 7 /JJ\H 117 7
—16 —16 16
21 6 | 20Z \16
115 16 4FZ 116 16 118
1 116 V
$ ! 118 B G 5N I
/ 6



Resumo

* 115
G 51 118
$> 5
; B $
B $> =" [
$ I ! $ 5
" & 141 65"
. 141 142 v
i 5
1, Hy 1 1
12 Hy - 133 e 136

5T 1,
25T S H7T2

142 B YN 1
$ ! B $ & I
G 5
1 136 ="
80 1515 © $> 151
| 1
$ 5
1
1
135 X 80 1, H, 117 1, Hy
TS HiT, 1, H,
D3z 1
152




Resumo

; Y B 142 152

TA7TZ <2 :Z 5




Summary

Summary
N
2 5(N 2 N N N
N 5- N u? N
N 2 N N N
N N N ?
21 5 (N N N4
* 2 LAB25:| ? 5N N
N N ) * - 2
Goyazensolide
1 N ? _? N =* 57 N
N 2?2 2 N N N
N N N ? 0%
N = * 2
O ) — Ay - )
/ I
NU_ N 2N N N
N N U 5
N N Uu 2= N? S75T
N? 7= $90T U N 2N N 2




Summary

1,6 1 1
— T \/
e YAl I v
. c7Z - 1,6
75 90 -C4
91a 91b
(N 21 N N 29 2 U
UNN 5H U N
N N * *

1 1
94 [ 1,6 95 .[ 1,6
2[H 2[H
104 [ 1,6 105 [ 1,6
o[ 1,6 o[ 1,6
109 .[H 110 .[H
2[H 2[H
(N N U N ? ? 1
N ? 5 AN N
N U N
U ? N 5
N Uu u N =
N U *= 8§ N U N
U U N N N 5
1
- 1
g TR A N .
" 2 AFZ Cl/\ H 117 g/l
. 716 2 ‘416 ‘ 16
2T 6 2AZ 16
115 16 4z 116 1° 118
(N N? 116 ? N
118 ? 5" U N * UN115 N N? ?




Summary

N ? & N 5% 118 U
UN N U N 5
N N 2N N N ? N
? 7 ? N N U =" U ? | ?
N 5
(N N ? N 141 U ? ;6 5
O 141 N N N
1425
1, Hy 1 1
1, Hy * 133 te 136

:33Z
80
* | ;— N
CbZz S U T
] e I
25T S H7T2

"N 142 ? N? 2 N
U N N
) 136 =" UN
N? U UNSO 1515 (N U 151
? N N N | ? N
N 5
1
1
5T 1
135 X 80 1, H, 7 1, Hy
25TS H.T, 1, Hy
D3Z 1
152




Summary

N ? N N ? 142 152 U
U ch UN ? TAS7TZ
<2:Z 2%




Introducdo




Introducdo

1. Introdugéo

B G
& & W 57/ Y B
&
G
B $ 5
I I
8 NG B = B &
1$ $
$ 5:27 NG
* $ B G
15
1 N & W B B G *
N 5 ; I
N 1$ 57/ B N
$ $

1.1. Produtos naturais biologicamente ativos;
1.2. Furanoeliangolidos8

1.3. Reagéo de Diels-Alder.




Introducdo

1.1. Produtos Naturais Biologicamente Ativos

! G
G B
5 /
G G B 51
G
5/
& 15
1 ! G I
H 1
&
H &
W
I & BN i
$ 5/*
& W
- I I
W N 5/ B %
G $ & N
* ]
$ $ 5

57

\-\ &

$>
$>




Introducdo

Figura 15/ &

& )
Y 5"
I &
"B
$
5C
W
=" 5
Pseudopterogorgia elisabethae B &
! 5/ 233C H U
5 -
$T= =N
N 2 3 TAZ
/ & $
6 $ & 6 F3Z
$ =" 6 SA:Z
$ N * HM4FZ T
Y A1 &

=Th







Introducdo

$ =" S B * T &
14 $ 155 *
16 & $
" & 17 44z
5o $> * g $
$1= " STT SAMAZ
T - W

& & B - »1/ > &T= - 5871

D<Z 5
Esquema 2

11 2 |
- | sz O\ .
N 1
1/ 65 5< " 1 "1/
9 10 F-z 12

16 r11sc zres s<- ~ 16
13 + |
21H § 516 1H 17 \‘
1 acz H L 1n
14

6 1. NH
—_— *
=, 6
6 44z
A
16
1H
W3 n. ; H N6 * . #1/, H, , _ _
(-)-colombiasina A (-)-elisapterosina B
25T ¢ 7 N;6 2 H2 2 A4Z 7 D<Z 8




Introducdo 4

1 ! Amaryllidaceae G
$ & W ) B
5 *
B =4 231 S & 775 U
$ ="
2= = I I
I 237
& 7 18 $
S:ACa T I
$> # S 1.B 33T 225 b
& $ $  L<X2l |
19 * &
4= * [2525:0N
G 20" &c ! $
21 G 22 F3Z 5y =
$> | 235
" U
! Amaryllidaceae | $> ="
2= =




Introducdo F

Esquema 3

1 B 1
ce 1.
sepaR=Nlsg'p
_ N
1 él 1
=
18 1
1,6 9 1,6
. -

20 X
1 1,6 HT 1,6
1 1
<1ﬁﬁ' . D
F3z 1 é% 1 N
22 i 23 =
1,6

anidrolicorin-7-ona

23 I )
| $ =" Sone-pofl
2: 7<= x| S & <52/ $ I
$> B $ G 29 Y
B & 24 2735 " %
$ L<X2l N 25 & ;2
265 G I B
$ 275 1> $ N
) $ U 18
G 28 & I $ G
295 -
23 3 $ B 29 * %
G I Us




Introducdo

Esquema 4




Introducdo :3

$ $ S;- T
1$ S* LAT 1= & = 8377 4=epi=StT=
& " 5381
Esquema 5
X H 25 ¢| o, " H. o,
H "1 4F — =C3 n <7 /\m =
30 1- .1 H .1 H
31 32 33

\\\\\

\>?\/ H 44z j\ t- 1T\i1

1
R N SO 4/\‘ %
> N X R
H

T Yo H
34 35 SC3ZT 36 SC3zT
d@ W\dﬁ
37 38
(¥)-baquenolida A (¥)-7-epi-baquenolida A
1 *
N §2CF:<




Introducdo

1.2. Furanoeliangolidos

&
G & & <333
" 5 6 B
$
& 5:¢
* 1" Ao W
1*
5:A 4 :F
/ 1
& , germacranolido $
T SAA T
sC4 T
25 /
5
# B &
&
54 "B B
& 5:F
Figura 25 &
1
1 1 1
germacranolido




Introducdo 2

; $ &
$ $> ,
& & trans-trans §
:S:3T=cis <=trans§  heliangolido :S: 3T=trans <=cis§
cis cis= S 7154023
Figura 35 5

1 1, 17N,

heliangolido =

heliangolido & G
* =7 =:3 furanoeliangolidos) 1
I * $397 - D435
" B N Y
<5




Introducdo

Figura 45 /* pA2: 2227

42 [ Goiazensolido

N & &
$ o B=
o= =y= o P:
i 5/ !
$ 6 N 5
*
G & 54
; &
o= =y= 6 &




Introducdo

g G
1 522
1 ! G
Lychnophoras®s = B Lychnophora
N ] A A ] A
B 1 5" Lychnophora
ericoides S6 T B B & N |
I T
B :F | 5427
$43T & !
B Lychnophora ericoides
52A
"B ! I 5427
& I* 5/ W
Eremanthus goyazensis &
527 24
- 8
5
1$ $ = =y
B & $>
2: 2F / -
44 45 46 5
1/ * 5447 B
&
522 2D737:72 ;
5
/ :DD: .
& A52D -
& = _ 47 . 1R
H / " 544T5




Introducdo

Esquema 6

9

Eremantolido A

/ :DDC ( _
/ " 54415 1 B 48
49 B &c 7<
$ !
50 & 1
/ " 544T5
Esquema 7
1
- ><1\“\ “,\B< 7<

N
& /"

Eremantolido A

44




Introducdo

6 Y
G *
52: 227: 77 HG B
$>
* 7< 7C5
5
/ DFD 6 &
G 522 & F
| $ =" 515§
T §521 53 " 1
$> 53 54 &
$ 1 ! $ 555
Esquema 8
1 1
N _ H , N
1+ | 1. — 1
S 2C
1 1
U :
1
6 1 1
N i 6 1 1
- N 5Ty N o)
1| = N
1 25TS HoT,
1 1
55 D2Z 54
. U & | 60 &
N I 52 & D
57 <=
! 56 58/ !
59 & B i L7 7N 1
60 Y 5
/ 6



Introducdo

Esquema 9
1
s~ H2 2 B\
JL X1 "1 /)
;7 -4C5333 ] /
56 1 DFZ 1.
57 5|8
1
R2 17 >\/ N
#L%@
* A !
<z 1N\ anl
"1
60 59
1 *
g 5 - G 61
$ =" S & 30 /
V 62 635/ B
$ $ $ 645

Esquema 10

) T A9H,1 1 1
C 5 1 1
L L) | i
\ / 1 \1H £ /\
257 (. H G
1(C. H
61 acz 62 ¢
[—\ ., I 1
/ - / 71
( 1 /\1 -4F 1/ \1 H
— A3Z
64 63 1 _(




Introducdo

1 B
& &
* 5
&
B B $ &
| 54215 *©
4=
* LAS25: |l S CTs
Figura5:# | 4= * LAS25:1 5

7-oxabiciclo[6.2.1]Jundecano

Goiazensolido

b N B B $
B $ = 5/ $
B B $
@ S AT57A 74 7F 7D <3 <:
Figura65/ B B $ 5
')\\ $ *




Introducdo

/ 2333 685 &
el A $ ="
I & 655
=G 66 & ! $
N * B S 67T
$ e i 685
Esquema 11

w0 o




Introducdo 23

/ 2337 LAS25:1I 74 |
1 P $ $  LAX<I
71T §721 73 & 1 C
745 & Al
Esquema 13
(H:
1 3
@ ) | D3 ; c ;
F<Z \
71 72 73 \1H 24
( 1 $
2= = S757 $ =" |
| 54275 " B
4= * [2525:IN  =C=
G 5<2

Esquema 14

3 (N
.
—/
PH
A

7-Oxabicyclo[2.2.1]hept-5-eno

I ! $ G * 5




Introducdo

1.3. Reacédo de Diels-Alder

1.3.1. Introdugéo

-D2F </ $
N W
Y z G $ B
5<< ; $ @ 1 &
$
5<C <A<4
Esquema 15
x|
/ $ *
1 S:F4A-:DC2T R - §:D32=:DCFT
& :DC3 ; N
W $ & w 5T
" $ S77 78 & AT
$ S7T17 1 & S7T6T "
N 5:<<7
Esquema 16
1
1 R H ‘ H 1 H
OO —— Q)0 1
71 z
71 1 H 1 H 1 H
76 77

78




Introducdo 22

i :D2F <7
& $
5 Cc3 g u <
<D e I
- :DC2 # (N @
$> 5 %G
B 5<A
$85TS & =47
$ 4= * [25252IN  =C= & B
$ s797 *
S80T1 =N $ 82
$ 835 "
$> $ 84
$8575%
Esquema 17
1, Hy 1 j
Cae . Aj 1, H, LLT L 2
79 L O a2 12 Hr
80
1 1
12 H7 85 1
1, Hy -
cantaridina
. $ .
B = 5
! 5 & G
N G =
B N 5 & $
\ B * &
5<C




Introducdo 27
- l ) $ :-
&
| * & B $ z
- )
1.3.2. O diendfilo
1 $ =
&
G i N G 5 = 1
b # $ =
] AS B T & Y
B $ B
1 5<C
- $ :I B
H161 SN N T
615 U T
& $
$ G 1 ] *
* 5 $ B
H161 61 1S 4T5¢7
Figura 75 - H161 61 L
/ =" ] & !
B B $ B
H161 61 1 5/ 1




Introducdo

2<

& &
: B a B=
( &
B 1
* B T ;
B
H161 ! 61 5
- B $
1$ )
& B B
& * B * g
1
88 N ) 5
& S Hy [ [AT
N & L<X2ll ioo5

Esquema 18

H7;1 Hp

Dwany b — A7

86 87
88
1 N 1
w5 * Y
1.3.3. O dieno

$>

b1
5
B
N
B
$
o~
H71 Hoo
_ /
89

$

L2X20




Introducdo 2C

=& S & :DT5 1 N
B I 5
Esquema 195 5
\ \
=
L1 — O
=&
$ & $ B $
cisoide S & | $
T = $> $
B & 5
! $> S
F™ =T * %
$ 51 B B $ )
$ S F=_T* $
$ ! $ | =
<= = I* 5C7
Figura 85 / B 5
H
A I
B
; $> ch ! 5
1 I W 5<CC7
1 N G
$ =" B 5
1 4= * [25252IIN  =C=
G B I




Introducdo

1.3.4. Regioquimica

- $ = - &
! 5 # NG
$> orto para & 235
Esquema 20

S H2 H7T2 ) H2 H7T2

_ 1, Hy Hy 23 1, Hy Hy
x|
A D<Z
H7 Hzl\( X & :AS H7 Hzl\O\
A 12 H7 C3Z 12 H7

51 &




24

Introducdo
Figura 95
&> =" 5
$T1 2B & ; . e B
B S /T5
2‘ e
;s . 2 81T =315 = g
sT1 =<B & woonet ) B
B S /T =35
, /
2/: 2 :
7 !
/B T e
- . . -« Hie1l & B
B s /T =25
/\( / :
5 2
X !
ST $ = $ ¢ : i
5
$ orto
) -, s 7 /
+ ‘ —_—
] , I 2
$ para




Introducdo

1.3.5. Estereoquimica

# &
$ cis $ endos
1 $ cis
1 &
cis
trans
* " & 2:Th

Esquema 215

\

cis

$

trans

Cish

2F




Introducdo

Esquema22'" $§ endoST exoST

H
(b)
PQ H P
N \An
. Y ~——H
7 — H-
H; —
H
1
G G
$ ch
endo 5
Esquema 23
Méxima superposi¢cdo 1 ! . -
de orbitais 17
1

Minima superposigdo

I 1
de orbitais x /at

$

Produto exo

2D



Introducdo 73

1.3.6. Reacgbes de Diels-Alder em Sintese Orgéanica

N5b G &




Objetivo 7:

2. Objetivo




Objetivo

2. Objetivo

51

S421

72




Plano de Pesquisa

3. ®lano de Pesquisa




Plano de Pesquisa 7<

3. Plano de Pesquisa

Esquema 24

1,6 1 1
/1 2 1 l/ 1.6 %126 1> 126
R YAk A5
) 92 %

75 90 El 6 1, 1
93
| e 9" 1H
1 1 1
>< G( =T ; -He A 1 _ >/ 1,6
/ () - / -/
= 27 (
O~ ‘H
- 6 12 1 6 12 1 6 12 1
95

2= : $75




Plano de Pesquisa 7C

$
B 975 -~
$ # 5Py $ I $
| S H "
Sht= B * $
S & 2CT5
Esquema 25
1
RH6 ; [ 5 @%
1,6 6 1,
s+T
1 & G * 1 i
Y $> &
N
& | 5




Discussdo dos Resultados

4. Discussdo dos Resultados




Discussdo dos Resultados




Discussdo dos Resultados

7F

Esquema 27
1,6 1,6
l I
) "1, 5
100 FAZ 90

4.1.2. Reacdo de Diels-Alder entre o 2-metil-furano (75) e o 3-

bromopropiolato de metila (90)

$
5C4
- $ 7=
$ == 1 2- -
I I
5 ( $
& B
2N 5F $ $
N B G
$
*
V 91a 91b SC7Z T
5/
N
5
b
5
Esquema 28
1,6 1
- c7z :C4 - )
75 20 91a

S90T
S75T5 1

2 N

T5

b1

:C4,:




Discussdo dos Resultados 7D
- i * B
$ 1 6 S 61T
\Y 5 * 75 ! 90 |
B "6: Vv B
B 5
; 12 SH161
61 1T $> & 91a
91b 5
Figura 115 G 61" $ &
91ah
HOMO LUMO




Discussdo dos Resultados

<3

Figura 125

61"
91b5

HOMO

LUMO

; 7 < v
L
Figura 135 Y " $ & 91ab
HOMO LUMO
1,6 1
X 370D X3 A2 X3 AFA >
1,6
1 — LA
=3<D4
=3 77C =3 C<4
91a -
75 90
/ 6



Discussdo dos Resultados <:

Figura 145 \Y " $ & 91b5
HOMO LUMO
_ 1
X 3 7DD X3 CA2 3 <04 l
1 — =/ %
X3 AFA
=3 77C =3C<4 91b 12 H7
1,6
75 90
1 &
v B & $
== )
$ ) S 617
S I 22T NG 1
& $ B 5
$ N
61 SH161- 9 61- L = & B
5
" & s =
T 5 6 B
&
I Y
S 7 <
z I ! B 5
/ ! I $ 5 5
# % Q B ! "G i
W 6 B ; S " 1 6;T z 5




Discussdo dos Resultados

<2

4.1.3. Transformagbes quimicas no aduto de Diels-Alder 91a

1 91a
7N $ 3a
51 W
B . 1R (H 3a 7
935§ Vv T B
B fj: $
& | B & i
V &
= 1 51
$ FAZ ! $

ZLT 1,6 92 Ai//z 126
. 1R (H H
91a FAZ 61, /ﬂ<1
93
$ $
93 [ G B =
$ * S
& 94 <3Z
5
Esquema 30

S921




Discussdo dos Resultados <7

" $ v

B B

& 5 3 N
Y & *
6; ‘H $<33 6HIT 5
- & 94 B
$ ! *
N H=20H-7 H=79H=<5
Figura 155/ & 945

6 1, 1
94
- l W
N & * 6
6 W 6 " $ 66\1°
Figura 165 9453

Cis Trans




Discussdo dos Resultados <<

* $ =
& & 94 B cis
* 5
Tabela 15 % 1 J V Cis trans
* J 945
Jo3 (HZ) J34 (HZ)
Tedrico-Trans CD 3A
Tedrico-Cis ::D A2
Experimental D: <2
& B |
* 1/ - H=2 H-=7 N 5
G BN
$ ! ;1/ H-=2 H=7
* & W B <k
& $ ;17 S t4T5 3 *
;17 - | N & H=2
H=7 nao verificamos efeito NOE N
& 5
Figura17s W N 9453
42484 o> -"'i "N o
3064 A ‘ !




Discussdo dos Resultados <C

R e $ $ 94
& 95 5
Esquema 31
1;/ 1,6 T 1
A7 A
6 1, 1 6 1, 1
94 95
/ $ , - H t=. 1R
6 1; ™ - | - H £. 1R
* Y $ 6;
‘H $<33 6HIT $
i 5 QG 6 1; 96 1H $ $
B $ 1$ g
] 1015 ; & *
B ,
Esquema 32
1 1 1
\/ \/ 1
% 1,6 6 196 1H A’J 1,6 $6 1HT AJ 1,6 )k
A ‘/\* ~ \/16 + 16
/—<3 16 U% o1 1,6
6 1, 1 6 1, 1
94
/ * 3 $ 5




Discussdo dos Resultados

<A

4.1.4. Modificagbes na Proposta Inicial

- $> |

91ab

= * $1021

5
& S & 2<m5 ~
1045 & 7<T

B 5
Esquema 33
1
1 6 1, Q& 1,6 1\ Y

Ai% 1,6 102 A;V

_ £. 1R (H w 1.6
91a 72Z

6 1, 1
103
1 102 . 1R S(H
3 T $
$ |
I (H 5 =
<N 3a )
$ 103 § Vv
72Z ! $
1 I G B
2 N e * &
104 S < Vv & 2
& T 73Z ! $
S & 7<T5 G
Vv
$ 5

3a




Discussdo dos Resultados <4

Esquema 34
1 . 1
;4/ 1,6 e 9™ 1H i?ﬁ 1,6
g/l / : ]
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6 12>L< 6 1, /—<
103 104
; &c $ 1$ 104
| 94, ; H t=. 1R
6 1; 5 B $
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1
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104 105
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Esquema 36

1,6 . I 1,6
e 4
107 108
g 1;5 9
1 1 1
4/1 z z - %26
110 1 109 1
1 $ =2 <=
$106T . 1R S(H 3a :C T
$ $ $ 51 91a
$ 2< N
$ 3a )
107 <7Z ! $
5 ;3 N $
\Y% iG & N &
B 5
Esquema 37
1 I I 1
Aﬁf 1,6 )Jk,gu\ 77 126
o1 t. 1R (H
<7Z 1 1
107
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€1 i 108 74Z
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(H
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* 5(
i G 1115 & 7DTh

Esquema 38
1 L6 1
A7 el 126
1 1 74z 1 1
107 108
111 $ 108
& 7D5
Esquema 39
+
H
o N
'1;/ 1,6 13)/ 1,6
/ - =/
?1 1 1
108
1
11 4
B 108 1*
! S24 9T 5" 7
N 3a $ B )
5 1 109 SADZ
T $ $ 5°* $ I
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Esquema 40

1
- & $
SJT H=20H=7  H:=7IH=<

* A3g -F 215 =
& & 109 B cis

* 5
Figura 185 1095™

11,7 Hz .0 Mz

4,7 K
Trans
Tabela 25 % 1 J \Y cis trans
* J 1095

J23 (HZ) J34 (HZ)
Teodrico-Trans A3 34
Teoérico-Cis e CF
Experimental DF <C
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/ $ $ B
1075 © $> I
$ G
1125 & <:T B 5
Esquema 41
1 1H
1,6 6 1; 7
6
1 1H
112
R el $ 1S 109
, > H . 1R5;
$ i S $ 6; H
$ T
Esquema 42
1 1 1
1,6
/ X~ L
109 1 110 N
1 $
$ B 5

Investigacdo de um caminho alternativo para a preparacdo do composto 108

$ $ f 107 -
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N $ 108

G 104 94 w T
5
) $ =" 2=
: S757 $100T5
$ $ 6 N 106 113
1085
Esquema 43
1 1

108
"8 =" $> I
1 51
I I 2 N )
22N * 5F 1
$ Y S
™3 Y = 114
$ 1135
B & $1007 &
2= = S75T5 $>

Esquema 44
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4.2. Estudos da segunda proposta sintética

; B & <C
$> B S »B T
B G
$ P05
$ B $ -
121 5
1 G
B 1 !
$> 5 ( 118
* = G 5
Esquema 45
1>/¥ : 1% 15§_L1L
A\( 1,6 6 196 1H A\ 16126 ;T " H. A\16 H
91a 115 e a0 116 16

17
1, 1H
. g \
~~/ 16
DE— -
1 16 1
118

- - 1 121
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91a I* ! S: 97
3a 5F - 2N
B) 51
115 FAZ 5
Esquema 46
1 1
(< : .16
Jl 7 1.6 6 116 1H /7 2
F4Z 16
91a 115 16
- & o
$ & 5 B N G *
$ $ = 123 § ! B
G * &
7§ & <47
Esquema 47
1 1 1
Aﬁ 1,6 :T; 1HSCZT Ai?; 1LH - H 1, \AP\%—
1616 - 1616 4’R_7 7 ~ 1616
115 FaZ 122 <DZ 1
123
1B ; 1HSCZT <CN
$ & H S:,:7T
G 122 FA4Z 51 ; H 1;53C
9 T $ & G 5 -
23N ) 15°2 = =
123 <DZ
& 5
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$> SH ) 4
N T 115 124 F2Z 5
B * $ $
G v =75
Esquema 49
+
(H H, .
1/ 5 1 1 6 1H
/ ile —»H ;\6 — /] - [
1,6 2 1,6 ~+ 1,6 =~ 1,6
16 16 16 16
115
$ 115
1$ G V S B i3
G & <DT
N I ! $ $ SHY =T
* &
4Z S & C3m
Esquema 50
1 1
e 1,6 H 126
2 , X
16 126 .
16 1
125 1H
126 427
127 SFZT
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B 115 | G 128 " H< 4FZ
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51 4AFZ
B G
Esquema 51
(~16 —16
16 (H 16 Hy >
115 4FZ 128 4FZ 116
- $ 6 |
PO G 2= = 11 $1297
G G Y 7CN AC° ¢ 1
A4Z5 / 130
2N
G B 2 N FCo 5™ = $
1 $ 2 151
S 1317 ;H 1
A7Z5
Esquema 52
1 1
LA gl has,
R. 1, My H1IT o~ \11
Hy, 1. "ol N |
129 AMZ 430 o 131
DMP
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1165 1 B
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B)
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$ i G &
i 118 $ $ 1325
B $ 2AZ 118 FZ 132 B
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Esquema 53
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117
- (—16 : 16 F16
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116
118 S2AZT 132 SFzZT
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4.3. Estudos da terceira proposta sintética

- B B
$> =" I ! $
PSS & <2 = 1 Y
Y
1 $
& 1415
Esquema 54
1, H; 1 1
Egl+|| — = L/ 12H7H29—:,A§712H7
= i 1, H 1, H
2 7 2 7
75 1, Hy 133 134
80 BT " H
1 - <
216
1 1 1
p 1 - Aﬁi H,16
1 $ H,16
137 Y 136 135
1 1
% 1
1
1
1
138
2= = S757 *
s807 I
* <N 5
133 :33Z G
5
| = = 1G=
& B 5 3 $
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D3Z
5
Esquema 55
1, Hy 1
& T R
1, H
75 1, Hy :33Z 133 2
80
/ | N $ $>
133 H = ) A 7N 51 134
DDZ 5
Esquema 56
1 1
ﬁf 12 H7 Hzg = :| /721111 12 H7
12 H7 DDZ < 7"'/ 12 H7
133 134
- & 134 $
1 * H=<§ $
TH=7 H=79H=2 71 !
6 6 W 6 $
66\T15"
Figura 195 1345
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- -

o

‘. 3 .. 3 B0 Mz
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o

’ J J‘% 1 J s
4 He X 04 Hz
2 s

4

Cis Trans

N
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Tabela 35 % ! J \Y cis trans
* J 1345
J2.3 (Hz) J3.4 (Hz)
Teoérico-Trans A3 3<
Tedrico-Cis 12 CD
Experimental D: <2
iG ol g N o
! 134 & endob
1 B 134 | 139 B
"HH " C3 3 C3
) 51 DAZ 5
Esquema 57
1 ; 1
Hn 12 H7 - H< :' /71111 H21H
“ 1, Hp o (H " H,1H
134 DAZ 139
139
5 - $ 2C N 3
135 F2zZ 5
Esquema 58
1 ; 1
Hn H21H 6 :| /71111 H216
" H,1H /73 " H,16
139 F2Z 135
- $ $
1365 / $ | Y | B &
$> & &
1 1365 - $ . 1R
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- 141 § \Y [
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136 * 141 1
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" $ & 141 &
5* & $ cisdtrans
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237 1/ N <C a N
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" B N 6; H 7 /G
:7C 1 P H6 HG. N 5
; 6; H=<
H-C B H=:3F H:=DF} © B
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7F AT N 3B S 23T
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Esquema 62
1 3 1
1 511,
/ - N
= N 25TS HiT,
141 1 4pZ 1 1
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4.3.2. Modificagbes na terceira proposta sintética

" $ B B $ !
$ =" =
[ i 5" $ B
& * 5
Esquema 66
12 H7
1 148 1
12 H7 :be 1, Hy 31y 1, H;
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136 {
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Esquema 68
n 1, Hy
X [ X - 1, H;
1, Hy 1, Hy
136
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| $ I !
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4.4. Sugestoes para estudos futuros

* $ Y B | G
$> 2 7 5 /
N 5
; & 4?2 47 > b
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1, H; 1 1
L N, HI
- 1+ || - ﬁf 12 H7 7 A ﬁi 12 H7
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><1 2 1, H
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1
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1
1, Hy 4 1
61/1+|| Glj‘ﬁ—lgm 61 1, Hy
*
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6. Parte Experimental

6.1. Introducao

$>

International Union of Pure and Applied
ChemistryS- = 1

W 5
e 1 W B N S 6;
‘H <33 (33 6HIT Y -
\=<33 . _ \=C335 1 & S3T
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L L
1 L T
SJT H 1 SHIT Y
N I 5
e 1 W B =17
s 6; 7 :33 :2C 6HIT Vv
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6.2. Procedimento Experimental

Indice das Reagées Descritas

6.2.1.
1,H 1,6
[
H2 1< H
99 S 100
ACZ 555555555555555555555555555555555559555F 7
6.2.2.
1,6 : 1,6
) "1, 5
100 FAZ 90 555555555555555555555555555555555555F <
6.2.3.
1,6 1> 1>
= I
=/ * Aj AN/ W,
N N
- c7z - 126
75 90 :C4
91a 91b 5555555555955 FC
6.2.4.
1
1 )& 1,6 1
l;/ 92 v 1,6
t. 1R (H H
91a FAZ 6 1, 1
93 5555555555555555555555 F A
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6.2.5.
1 .
1,6 e 1H K
A5 : A e
>5Hg <3Z /_<
6 1, 1 6 1, 1
93 94 Hh55555555555555555555F F
6.2.6.
1
& 61, J_ 16 ' 1,6
A\% 1,6 102 Aj 2
t. 1R (H w 126
91a 2z 6 1, 1
103 35555555F D
6.2.7.
1 1
;/7 1,6 e 9" 1H Al\/zﬂ 1,6
4/1 / - Z
H 126 126
732
103 104 5555555555555555555D =
6.2.8.
1 1
] £. 1R (H
91a <7Z 1 1
107 5555555555555555555555D 7
6.2.9.

1

108 HHHHHHHHH5595555555555DC
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6.2.10.
6 1: 9 1|§f
6 ? 7 e 126
ADZ
109 ‘<1
5555555555555555555555DA
6.2.11.
1
1> : %4 1,6
A7 1.6 6 196 1H dz 2
(—16
oa - F4Z 16
a 115 555555555555555D4
6.2.12.
1 1
Aﬁ 1,6 :T; 1HsSCZT ZP?--- 1,H
1616 2TH 1616
115 F4AZ 122 55555555555555555D F
6.2.13.
1 1
16 ' 16
) 1
16 Rz _\( 16
122 <DZ 1
123 555555555555555555DD
6.2.14.
1 1
/:P?--- 1,6 H 96 1H Zli---- 1,6
16 F2Z
16 1
115 124 H5555555555555 - 33
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6.2.15.
1 1
; v 1,6 Hy 9 :‘ 1,6
16 A 16
16 16
115 4FZ 425 5555555555555 - 3
6.2.16.
1 1
:'\/ 1,6 "H :P/ Hp1H
i 2 < (NN 2
2 716 (H 2 716
16 AFZ 16
115 128 5555555555555 - 32
6.2.17.
1 1
:ll/ H,1H :l’w ‘1L
" Hp 6 "=
2 716 2 716
16 Ha 2 16
128 AFZ 116 55h5555555555555 - 37
6.2.18.
1
s A s
d iy 117 A
Z 216 —-> ‘*16 1
16 16
116 2AZ 118 555555555 - 3<
6.2.19.
1 1
1H Lo T oa-
) 1 L. _/_1-
R. 1, iy HLT T 1 N
Hy 1. FC
129 A4z 130 ATZ 131
DMP 555555 3A
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6.2.20.
1, H, 1
S — A
= 1, H
] 2 Hy
75 1, H; :33Z 133
80 Dh555555555555 - 3F
6.2.21.
1 1
Aii 1, Hy HEE " 1; He
1, Hy ADDZ "1, Hy
133 134 5555555555555 = 3D
6.2.22.
1 1
:| /7|||| 12 H7 'H< &nn H21H
"1, Hy (H " H,1H
134 DAZ 139 h55h555555555 = = 3
6.2.23.
1 1
:' /71111 H21H 6 :'E\/\/.... H216
" H,1H /7 " H,16
139 F2z 135 H555555555555 < = =
6.2.24.

1 1
:li /7|||| H216 . 1R %

" H,16 A
135 136 555555555555955555555 = = 2
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6.2.25.
1
1 140 Q:— N 1
A% Y :
=N
136 * 141 1
cbz 135 Dh55h5555555555 < = 7
6.2.26.
1 1
1 5T,
/ :— N
.~ N 25T S H7T2
141 1 40z 1 1
142 Hh5H55555555555 - = <
6.2.27.
1
1, H
H,1H 2 M7
[él w1 L
A 1, Hy
1 4z
52 148 5555555555555555555555555555555 : = C
6.2.28.

A5 A — Ay

12 H7
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Procedimento

6.2.1. Propiolato de metila (100)

‘ 1,H 6 1H ‘ 1,6
Hy 1. U
55
99 ACZ 100
Procedimento: * $ G ! 99 <3 C4: T
SFC T 3 G Y
$: 23 3 A43 T b " $ <F
N )
N G §:3 T 51 * B
B ! :3Z $
G ! G 51
B short-path

D2 C-DC 5 Rendimento: ACZ5

RMN 'H'S 7 <33 6HIT &5 T, 7F:§ 7HT§2D2S :HT

RMN '3C 2 233 6HIT 865 T,C738S H84<<$ HI84<DS T :C72
S A
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6.2.2. 3-Bromopropiolato de metila (90)

1,6 ; 1,6
||
100 FAZ 90
Procedimento:* * $ 100523 27F T
sac 1)
S3<3 27C T ;- <D 24 C T ! -
$ N !
= N
G C23 51 51
= N G
:C23 5 1 ! N
$ N | I 2C 92 HT =
! 5 Rendimento: FAZ5 Produto altamente lacrimogéneo!

RMN 'H'§ 7 <33 6HIT &5 T,74DS 7 HT

RMN 3C s 2 233 6HIT 8S T,C73S T8C7:S H-,T842CS T8 :C2D
S [T
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6.2.3. (¥)-(1R,4S)-3-Bromo-1-metil-7-oxabiciclo[2.2.1]hepta-2,5-dieno-2-
carboxilato de metila (91a) e (¥)-(1S,4R)-3-bromo-4-metil-7-
oxabiciclo[2.2.1]hepta-2,5-dieno-2-carboxilato de metila (91b)

1,6

1,6 1 1

= I N e A

~ 1 X H - / //7 2 X / / -
N AN
- C7Z ”

75 20 :C4 :

91a 91b

Procedimento:‘" 2 - $75 3DFA :232 T 7=
$90 : DA/R11 11.27% ()3.1%15()46.5% -538.12 1 2480.13 5279.
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6.2.4. (*)-(1S,4R)-3-[1-(Metoxicarbonil)-2-oxopropil]-1-metil-7-oxabiciclo-
[2.2.1]hepta-2,5-dieno-2-carboxilato de metila (93)

91a 6 1,
93
Procedimento,
Preparacdo do enolato do acetoacetato de etila,
b $ . 1R SA47 3A T (H 3C T
N G
Sn3 3AC nAD 4 n3 A T ;5T
7 S  $ T5
Reacéo de adicdo do enolato ao aduto 91a,
/ $
$ 91a $:2: 4 3C T (H
$s:2 T N G 5°
7N $ N G 5" 1
= $ & s H<
* 5" w 6 1.
G 51
1 = N* 9 SF,2T
: !
\% 5 Ponto de Fusao: A3-A7a 5 Rendimento, FAZ5

RMN'HS ; <33 6HIT 85 T, :AFS 7HTB :43S 7HT8 2235 7HT
22DS 7HW7CAS 7HB7C4S T7HB7A<S :HTB7A4S 7HB7ADS :HT
74DS 7HBC<<S :H J[:FHIBCA3S :H J[:FHIBA3DS :H J[
CAHITBA::S :H JLCAHIBA<4S :H J.[CAHIBJL[:FHIBA<D
S :HJ.[CAHBJL[:FHIB
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RMN ®Cs ; :336HIT 65 T, :4AS2* H;B2DAS HB2DF S H.T
C:DS H/MC235 HMC23S HBC225 HMCC: S HBCCAS HIB F27
S HEF24 S HBFADS BFADS T :244 5 T8 :2F4S B :77AS HWB :77<
S HT8 :7F<S HB :7FCS HTB :CFAS T8:CD<S T8:AC4S [1T8 :ACFS [1T8
:AD<S [1T8:AD<S [1T8:D4DS [1T8:DF4S [1T5

IV (KBr) Vmax, 2DC<8 :47D8 :AD78:<7A8 -72D8 - :AD8 :3D3 ™5
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6.2.5. (¥)-(1R,2R,3R,4S)-3-[1-(Metoxicarbonil)-2-oxopropil]-1-metil-7-oxabi-
ciclo[2.2.1]hept-5-eno-2-carboxilato de metila (94)

6 1, 1
94
Procedimento:*" * $ B 93 SCA3
23 T G B S< T | 1§<83 1T
N -
2N h " 1 Hy 51
$ & ; &
* Hy 5~ W G
$ & ; H 1y G
6 1. i G
| -
N* 9 4,715 1 5 Ponto de Fusao: :3:-:37a 5

Rendimento, <325

RMN'HS  ; <336HIT 8S T,:CAS 7HB223S 7HT2DAS :H J[
D:HIB72DS  :H J.[:27HIBL[D:HIBJL[<2HIB7C:S :H J[
“27HIB7C7S THT7A:S 7HT<44S :H J.[<2HI8J [ :CHIBA:D
S :H JLCFHIBA24S :H J.[CFHIBJ [ :CHIT

RMN 3C s 7 233 6HIT 85 T, F2S5 H7182D4 S H{I8<C3S HIBC3D
S HI8C:4S H/8C2CS H/MBCDFS HIBF33S HBFF7S T :7<2S HI§ 7D :

S HI8 :AD3S [1T8:42:5 [1T232<S [1Ts

IV (KBr) vimax, 2DCC8 :4<<8§ :4:<8 :<748 :7A28 -23:8 -3A: 5
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6.2.6. (%)-2-[(1S,4R)-3-(Metoxicarbonil)-4-metil-7-oxabiciclo[2.2.1]hepta-2,5-

dien-2-ila]-3-oxopentanodioato de dimetila (103)

1
1 61, J_ 1,6 1
1.6 N 1,6
v 2 102 A7
_ t. 1R (H >j_H( 16
91a 2z 6 1, 1

103

Procedimento,

Preparacao do enolato do 3-oxogqlutarato de dimetila,

" $ t. 1R SC<D <D T (H < T
N G 7= *
Sn3 24 n7:< n: F T 35"
3 S 8 $

T5

Reacao de adicido do enolato ao aduto 91a,

+ $ N G
$ 91a 5<33 T A7 T
(H S7 I <N
$ N G 5°1 = $
& s H< * 5 =
W 6 1.
G 51
I z N* 9 SF,2T = !
Vv 5

Rendimento, 7275

RMN "H § 7 <33 6HIT &5 T, 2438 7HT -4:§ 7HW7C4S THTS
7CFS THB7A<"™ 7F3S 2% :H§2* 2H8 2* 7THBCC3S :H J [ 23 HIT
CAFS H JL23HIBA:2S :H JLCAHITBA:<S H JLCAHITBA<4
S HJ.[CAHBJL[23HIBAC3S :H J.LCAHI8J[23HIH
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6.2.7. (£)-2-[(1S,4R)-3-(Metoxicarbonil)-4-metil-7-oxabiciclo[2.2.1]hept-5-en-

2-ila]-3-oxopentanodioato de dimetila (104)

1 1

Aié 1,6 e o 1H ﬂiﬁ” L6
H,— 1,6 - 1,6
103 104
Procedimento:®° * $ B 103 S:FA
3CC T G B S: 4 T | 1
5:43 T N
= 2N h - 1
Hr 251 $ & ;
& * H, 5 * W
G $ & ; H 1; G
6 1. 51 G
I -
N * 9 54,71 = !
& \Y 1045 Rendimento, 7325

RMN 'HS ; <33 6HIT S T, :C4S 7HB:C4S 7HT :C4S T7HT
2D7S :H JLD:HIB®2DAS :H J[D:HIB733S :H JLD:HITB72F
S 7*:HB7C3S 7HB7C:S 7HB7C2S 7HT7C7-74DS 7* :H§ 7* 2H8
A*THTE<4:S :H J.[<:HBL[:CHIB<4DS :H J. [<:HIBL[
“CHIB<F7S :H J.[<:HIBL[:CHIBA3DS :H JLCFHIBA:7S
‘H JLCFHIBA:AS :H JLCFHIBA72S :H J.[CFHI8J [ :CHIT
A74S :H J-[CFHIBJL[:CHIBA<2S :H J. [CFHI8J [ :CHIT

RMN %C s 7 233 6HIT 85 T, 2F2S H/ F7S HI8<<CS HI§ << 4
S HI8 <4D S Hyl8 <FCS Hof§ C3:S5 HIBC:-3S HIBC:-4S5 HC-F S H7T8
C225 HM8C2CS H/18C24 S HT8C2D S HBCEDS HIB CDC S HTS F3 3
S HBF3CS HIBFF7S MFFCS T :7<4S§ HB:7C2S HB :7F7S HB :7F 4




Parte Experimental D2

S HT8 :AAF S [178 :A43 S [1T8 :AF2 S [1T :AFC S [1T :427 S [1T
:42CS [1T:DAFS [1T8:DADS [1T5

IV (KBr) Vimax: 2DC48 -47D8 :<7A8 - 7A78 :2:C8 :3F2 ™5




Parte Experimental D7

6.2.8. (*)-(1R,4S)-3-(1-Acetil-2-oxopropil)-1-metil-7-oxabiciclo[2.2.1]hepta-

2,5-dieno-2-carboxilato de metila (107)

101
1 1
PN 1,6
A 15 106 7L
o1a - t. 1R (H
<7Z 1 1

Procedimento,

Preparaciao do enolato da pentano-2,4-diona,

) $ . 1R S243 2< T  (H 24 T

N G =2 <= 5106

n3 2C3 n2<< n2 << T 320
C S $ 15

Reacdo de adicdao do enolato ao aduto 91a,

m $ N G
$ 91a $<33 1 A7 T
(H < T = 2< N
$ N G 5" 1 E $
& s H< * "
W 6 1. G 51
| -
N* 9 SF,215 1 5 Ponto de

Fusao, 44-4D° 5 Rendimento, <775

RMN "H § 7 <33 6HIT &5 T, 2438 7H82:DS 7HW22DS 7HTS
7CFS T7HW®7A2S :tHBC77S H JL23HIBA::S :H JLCAHIBA<F
S HJ.[CAHIBBJL[23HIT




Parte Experimental D<

RMN "3C s 2 1336HIT &S T,:4485 H, 187335 H/M873<S H/T8C2:
S H,T8C<2S HBF23S HBFADS T8:7<:S HW:747S T:7F7S HW :C7C
S B:AD<S [1T8:DF4S [1T8:DD7S [1T

IV (KBr) Vimax, 2DC78 :47<8 :A4C8 :<7A8 - :DF§ :3F4 5




Parte Experimental bC

6.2.9. (¥)-(1R,2R,3S,4S)-3-(1-Acetil-2-oxopropil)-1-metil-7-oxabiciclo[2.2.1]-

hept-5-eno-2-carboxilato de metila (108)

I 1,6
77 e 9" 1H
1 N 74z
107
Procedimento:®° * $ 107 $::7 3<22 T
G B S: < T | 15:<3 T
N = 23
5 - 1 Hy 51
$ & ; &
* Hy 5" W G
$ & ; H 1y G
6 1. S G
I -
N* 9 S4,77 z ! 5> Rendimento, 7425

RMN 'HS ; <33 6HIT S T, :C4S 7HB23AS 7HB2:<S 7HT
2D<S :H JLD:HIB77CS  :H J-[:2<HBBJL[D:HIBJ [<3HITS
7<DS TH7A4S :H J[:2<HIB<AAS :H J-[<7HIBJ [ :FHIT
A:FS :H JLCFHIBA7:S :H J.[CFHIBJLI :FHIB

RMN 3C s ;2 1336HIT &S T, :F7S H/82F4S H,782D2S H;T8<C2
S HI8C3CS H-T8C:AS H8432S HI84DDS HIBFF7S T8 :7<<S HI :7FD

S HT8 :422S [17823245 [118237 7S [1T

IV (KBr) Vimax, 2DC<8 4738 Az A8:<748 :7A78 ::DF ™




Parte Experimental DA

6.2.10. (¥)-(1R,2R,3S,4S)-1-Metil-3-(2-oxopropil)-7-oxabiciclo[2.2.1]hept-5-

eno-2-carboxilato de metila (109)

1

6 1; 9 N

° /:|5. 1,6

ADZ ‘<
109

1
Procedimento: * $ 108 <2 3 3 :CF T
6 1H 3° 52 3 3AA

6 1; 24 9 S ™"
7N $ B) 5
"1 = G

* 5 ° W 6 1.

G
I - N* 9 54,71
= ! 5 Rendimento, ADZ5

RMN 'H § 7 <33 6HIT &5 T,2CCS 7HT823:S 7HI82:75 THB J.
L:F2HBULL[4FHITB2<FS :H J.L:F2HIBJ,[4FHITB2FAS :H JL
DFHIT873CS H J.[DFHIB L [4FHIBJ, L4FHIBJ.[<CHIT87CC
S THW<FFS H JL<CHIT8A24S 2H J[ : 3HIT

RMN "3C S 2 2336HIT 65 T, :F7S HT87335 HM8<:25 HIB<72
S H8 C:CS H-T8C-4S HBF3DS HBF44 S T8 :7<C S HT8 7D : S HTS

42<S [11823425 [1T

IV (KBr) Vimax, 2DFC8 -47D8 - 7478 :2<<§ :3<F ™5




Parte Experimental D4

6.2.11. (*)-(1R,2S,4S)-3,3-Dimetoxi-1-metil-7-oxabiciclo[2.2.1]hept-5-eno-2-

carboxilato de metila (115)

% : 1§
A\T 1,6 6 196 1H LL ‘16126
91a e 115 18
Procedimento:“" $ 91a $:3:  <:2 T
SA T $ 1> !
9 $23 T < 5"
2 N * = B)
b 3 <
$ & H S§:,:T B HC 1 G
* B 5 " W
$ & ; 6 1. 5
1 G
| z N*
4,715 1 5 Ponto de Fusao: A3-A2 5 Rendimento: F4Z5

RMN 'H S 7 <33 6HIT 6§ T, 2C7S 7HT82D3S :tHW7:7S 7THT
77DS T7HTW®7A2S T7HW<ACS :tH JL:FHIBAT7CS H J. [CFHI§ J,
[:FHIBAA3S :H JLCFHIT

RMN C § 7 33 6HIT 6§ T, :F2S5 H/18C345 H/MC:38 H/BC:- 4
S H/ICD3S HIMF<3S HIBF4AS T8::735 T8:7:25 HT8 :<3FS HI§ :AD 4

S [1T

IV (KBr) Vimax: 2DC78 2F748 :47F8 :<7A8 :7:A8 ::<28 :3A3 75




Parte Experimental DF

6.2.12. Acido (t)-(1R,2S,4S)-3,3-dimetoxi-1-metil-7-oxabiciclo[2.2.1]hept-5-

eno-2-carboxilico (122)

1 1

Aiér 1,6 :T; 1HSCZT Aﬁ 1,H
1616 2 1616
115 FAZ 122
Procedimento: * 115 5:32 : 3 <<F T
$ & ; IHCZ S2A " N
G <CN B $ 1155 = 1
G SFC T
B ! SFC - & <
$ & H S:,:T B H2 *
! 5 7 W 6 1.
G b ! 5 Ponto de Fusado: :4A-:4F 5

Rendimento: F4Z5
RMN 'H S 2 <33 6HIT & § T, 2 ACS T7HT§8 2DAS :HW 7245 7HTS
7<<S THW<4<S H J[:FHIBA<CS ‘H JLCFHIBJ, [ - FHIT

AC4S :H JLCFHIT

RMN 3C s 2 2336HIT &S T, :F<S$ H/78C:3S HMC:7S H/T8CF<
S HIBF<3S HFF2S T8::2DS T:72:5 HB:<34S HI8:42FS [1Th

IV (KBr) vmax: 2D748 2F2C8 :4338 :CCD8 :24F§ ::<78 :3C< ™5




Parte Experimental DD

6.2.13. (#)-(1R,2S,3S,6R,7S)-2-lodo-9,9-dimetoxi-7-metil-4,8-dioxatriciclo-
[4.2.1.0*"Inonan-5-ona (123)

1 1
122 e <RD-£ 1_\(1 16
123

Procedimento:"? * $ G 12252A4 3:2C T (H
$34C T $ & ; H 1;,3C 9 S34C T

$ -2 SA7 C 32C MR- S:2<C 34C T Ho,1
S3C TS = R- H,1 = - "

I 23N ) 5=
* B W $
> 2 21c $ - H 1, 6 1.
G 5 1 5 Ponto de Fusao, :DD-23: ° 5

Rendimento, <DZ5

RMN 'H S 7 <33 6HIT 8§ T, - ACS 7HT 2CAS =:HW 72CS 7HTS
72DS T7HT8<22S :HW<C2S :HW<42S :HN

RMN "3C s 2 2336HIT 68 T,:4:5 H/T2:FS H8<D4S H,T8C: 4
S H/8C7FS HIBF4CS HWBD: AS HBD: DS T8:3DCS T8:4: 35 [1T5

IV (KBr) Vmax: 2DCF8 2F7C8 :4DF§ : 7328 :2<F§ ::2<§ :32: ™5




Parte Experimental

8.2.14. (¥)-(1R,2S,4S)-1-Metil-3-oxo-7-oxabiciclo[2.2.1]hept-5-eno-2-

carboxilato de metila (124)

1

16
115

Procedimento, " $

s:C 1)
$:3 T "

RMN 'H S

CAHIT

RMN "3C S 2 33 GHIT &

7 <33 6HIT 6§
<4AS :H JL23HIBA<3S

1

/IB%I“ 126 H 6 1H / i 126
16 F2z :Z

1
124

115 5:37 § 3<C<

H
4 N
B " W
; H 14 6 1.

5 Rendimento: F275

t4<§ THW 7 :CS HW§ 74<8§
H J.LCAHI8J, [ 23 HIT8A4CS

T, -F<§S HI8C2AS HICC:S HIBF7C

S HI8F4DS T8:2D<S HM:<<7S HW:A4FS [AT8:DD<S [AT5

IV (KBr) Vimax: 2DCA8 2F<38 :4728 :<7A8 :7378 :23C8 327 75




Parte Experimental :3:

8.2.15. (¥)-(1R,2S,4S)-3,3-Dimetoxi-1-metil-7-oxabiciclo[2.2.1]heptano-2-

carboxilato de metila (125)

1 1
7 1,6 Hy 9 1,6
L‘ilG A—’ L‘ile
15 O 4FZ  4p5 1O
Procedimento, $ 115 S:A: 3434 T
S: T 5/ = 9 CZ
H, SA T
7N h~ B
b~ W 6 1.
G z ! 5

Rendimento, 4FZ5

RMN'HS ; <336HIT &S T,:<35 :H J.[JL[:2CHI8J[C3
HISJ.[23HIT:<FS 7HB:44S :H J. [ [:2CHI8J; [CFHIB L[
<CHIT:D2S  :H J.[:2CHI8L[DAHISJL [C3HIB2F3S :H J[
23HIB2F3S  :H J.-[:2CHIBL[DAHISJ, [<CHIB7 :DS 7HT7 77
S THB7435 T7HW<74S :H J[CFHIT

RMN *C § 7 33 6HIT 8§ 1,2:75 H7I82<DS H8 7335 Hyl8 <D :
S H/M8C-3S8 H/BC:AS H/BCDFS HT8F7 S HI8FA4S T8 :3D45 T8 :AD<

S [1T

IV (KBr) vVimax: 2DC:8 2F748 -47<8§ -2:78 ::C:8 :34: =5




Parte Experimental 132

6.2.16. (%)-[(1R,2S,4S)-3,3-Dimetoxi-1-metil-7-oxabiciclo[2.2.1]hept-5-en-2-
illmetanol (128)

1 1
/:Pi 1,6 " He /:Pi Hp1H
16 16

| (H |
115 e e 128 16
Procedimento: * $ N S<CA 12 T (H
S: C T 3° 1o
$ B 115 S22F : T (H 3C T -
73 3° 73 ) 5
" $ 3° &c
$> G S$33C T $ & ; 1H :CZS33C T G

SB:x T $
B 5 W 6 1.

G = ! 5 Rendimento: 4FZ5

RMN'HS  ; <336HITS8S T,:C:S 7HB2:7S :H J.-[F:HBLI
<FHIB2:45 "1HB7:FS 7HB724S 7HB72DS :H J.[::AHIJ
[F:HIB7<4S :H J-[::AHIBBL[<FHIT<CDS :H J[:FHIBA27
S :HJ[CFHIBA77S :H J. [CFHI8J [ : FHIT

RMN C § 7 233 6HIT 6§ T,2F2S H/8<DFS H;T8C3AS H/8C<<
S HIBAz AS Hal8F7 7S HIBF4DS T8:::<S T8:7245 HIB:7DFS HT

IV (KBr) Vmax: 7<<A8 2D7F8 2F7C8 :AC28 :7F48 - :<78 :3A4 5




Parte Experimental 137

6.2.17. (¥)-(1R,2R,4S)-3,3-Dimetoxi-1-metil-7-oxabiciclo[2.2.1]hept-5-eno-2-
carbaldeido (116)

16 Hz 2 fa
128 AEZ 116
Procedimento:"® * $ G 128 S:DF - 3 T
ST A T 32 $
6 SA7A :C T SA T "
23 ) 5"l
B §22 < T = $
; H 1;58:2 T s 2 217 S2A :3C 15
- B I
5" & * B W
; H 1, 6 1.
G 5 1 5 Ponto de Fusao: C4:A3 5

Rendimento: 4FZ5
RMN 'H S 7 <33 6HIT 85 T,:C2S 7THW®243S H JL7FHITB7 :<
S 7THTW772S 7HW<ADS :H J[:4HIBA<CS :H JLC4HITBA<FS

HJ. [CA4HBULL[:4HIBD 25 :H JL7FHI®

RMN 3C s ;2 1336HIT &S T, :FCS H;18C325 H,T8C3DS H;/A<C
S HIBF7CS HI8F4DS T8::7CS T:7<:S HB:7D3S HI823345 [1T

IV (KBr) Vimax: 73C<8 2D-A8 2F<D§ :47<8 :C:2§ :2AC8 :327 ™5




Parte Experimental 13<

6.2.18. (*¥)-4-[(1R,2S,4S)-3,3-Dimetoxi-1-metil-7-oxabiciclo[2.2.1]hept-5-en-
2-il]-4-hidroxibutan-2-ona (118)

Procedimento:’*

Preparacao da solucido de LDA,

$ - S7A : 33C 37C T
(H s$3c 1 3° T2 n= = :2F
9 $327 32D T " :C
N * sc:C 33C 32D T
$ 3 57§ =4F°
N G 5

Preparacao do enolato da acetona,
m $ - =4F° 117 Sn23 A
n3 32A n37C T $ :C 5

Reacio de condensacao do enolato ao aldeido 116,

116 S7D C 323 T )
$ z4F° N 3° 7N
) N 5" $
s H< * B b T $ W
G $ ! 6 1. 5
1 G
| = N* 9 SF,2T5

Rendimento, 2AZ




Parte Experimental :3C

RMN'HS  ; <336HIT 85 T,:4:5 7HB23:S :H JLFFHITB2:A
S 7HB2A3S :H J.[4FHBJL[D:HIB2D7S :H J.[4FHIBJL[
2FHITB722S 7HB72FS 7HTB742S  H J.[D:HBJL[FFHIBJ[
2FHIB<A<S :H J[:FHIBA74S :H J.[CAHIBJL[:FHIBA<4S
‘H J[CAHIT

RMN 3C s 2 1336HIT &S T,23AS H;T87345 H/18<D<S H,T8<DD
S H,78C34S H/,T8CCAS HIBA4CS HIBF2DS HTSFDFS T8 ::3AS T8 :722

S H§ :<:z -S HI823DDS [ATS

IV (KBr) Vimax: 7<FF8 2D7F8 2F778 :4:C8 :7F<§ ::<:8:34D 75




Parte Experimental

:3A

6.2.19. Periodinana de Dess-Martin (DMP) 131

1? Etapa
1
12H- 1\;/1’
R- 1, “1H
H2 1<
129 A4z 130
Procedimento:"° . G 57C4 2:< T
C3 $ G =2=
It 129 S< 3< A7 T 7<7 G Y S3 47
$ *
CCe 5/ AC®°
N 5 = 3° G 1
<4 H1 2C 52 I 1

| 2 N 5 1
Ponto de Fusao: 27D-2<: 5 Rendimento: A4Z5

9T

7C




134

Parte Experimental
2° Etapa
1 1
1\_+/1’ 1\_’_11'-
STIRE AP | \ -
FC
130 ATZ 131
DMP
Procedimento:"* * 1305<3: :<7: T
B §:2C T G B S:3A T Io
& FC° N $ S:3 &
$ T~ $ S T
N F FCe
51 $ N |
$ * | 2 5 - $ S
B 96 B T
B SC I 1

.5 Ponto de Fusdo: :2F=:73 § 5:2<=:2A 1% Rendimento:

A7Z5




Parte Experimental :3F

6.2.20. (¥)-(1R,4S)-1-Metil-7-oxabiciclo[2.2.1]hepta-2,5-dieno-2,3-
dicarboxilato de dimetila (133)

1, H; 1
| AT
75 1 H, 332 ws 2T
80
Procedimento: 2= = S75 F4F 34 T
* 80 :C23 34 T S:
T 7N *hH" 1 $ 2=
= 75 FAF - 34 T *
N 51 G !

5> Rendimento, :3325

RMN H § 7 <33 6HIT &5 T, 24DS 7THWB74FS 7HW 7FCS 7HTS
CAzS HJ[L23HIBADDS :H JLC7HIT®B4:DS :H J.[C7THIBUL[
2 3 HIT

RMN 3C s 2 2336HIT &S T,:C2S$ H/18C27S HMC27S H/T8F7 <
S HB D7D S T8 :<<A'S HT8 :<A3 S HI :C: 7S T8 :CAAS T8 :A2D S [1T8

AC3S [1T5

IV (KBr) Vimax, 2DCA8 -4238-A7F8:<7F8 :2AF8 : :7<8 :3FA ™5




Parte Experimental :3D

6.2.21. (¥)-(1R,2R,3S,4S)-1-Metil-7-oxabiciclo-[2.2.1]heptano-2,3-
dicarboxilato de dimetila (134)

133 te bbZ 134 te
Procedimento: $ 1335: :A 8C:F T 54
T 5/ z 9y CZ
H, SA T
7N h " B
5= W 6 1.
G S 1 5 Rendimento, DDZ5

RMN'HS  ; <336HIT8S T,:<<S HJ[hL[:2:HBL[<7

HISJ< [27 HIT8 s CAS 7HT8 : F< S ‘H J.[L[:2:HIBJ [CT7HIS L
[<3HBJ[:FHIB234S :H J.[:2:HIBJL[D:HIBJ [<7HIT
2:AS  H J.[:2:HBJL[D:HIBJ [<3HIB2D2S :H J.[::D

HI8J, [27HITB7 7<S$ J-L::DHBULLC7HISJ; [ FHITE7AAS T7HTS
7TAFS 7HW<A7S :H J.[JL[C7HIT

RMN 3C s 2 2336HIT &S T,23FS H-T824AS H,M87: FS H,T8C32
S HBC:4S H/C:4S HI8C77S HB4F2S HBFAD S T8 z4:2 S [1T8

4275 [AT

IV (KBr) Vmax, 2DC<8 :4<A8 :<7A§ :7C<8 :233§ :34A 5




Parte Experimental 23

6.2.22. (¥)-[(1R,2S,3R,4S)-1-Metil-7-oxabiciclo-[2.2.1]heptano-2,3-
diilldimetanol (139)

1 ; 1 /
e 12 H7 'H< i H21H

"1, Hy (H " Hp1H
134 DAZ 139

Procedimento: " $ N §73: D 4DC T (H
$:3 T 3° 32
$ B 134 SA37 F 2 AC T (H
s$:C T~ Cc3 3 C3 )
5 %1 $ 3°
&c $> G 377 1 $ &
; 1H:CZ$377 T G $3D< T5~ $

6 15" W 6 1.
G 5 1 5 Ponto de Fusao: <4-C3 5}

Rendimento: DAZ)
RMN 'H § 7 <33 6HIT &S T, 2725 :HW®B :<4S 7HT§ :CCS 2HTS
cAFS :HW2:CS :HWB2CFS :HB7C4S 2HTW7F3S 2HT8<72S5

2HT8<<:S :H J. [J [C7HIT

RMN *C § 7 33 6HIT 6§ 7,23DS H7T82A<S HI§ 73D S Ho8<AC
S HIBC3CS HIBCD4S HI8CDFS Hyl84F 7S HIBFA-S TS

IV (KBr) Vmax: 77AA8 2DAAS 2FF28 :<C<8 : 7F<§ :24A8 :37F ™5




Parte Experimental

6.2.23. (*)-[(1R,2S,3R,4S)-1-Metil-7-oxgbiciclo-[2.2.1]heptano-2,3-

diillbis(metileno)dimetanossulfonato (135)

A5 A




Parte Experimental 112

6.2.24. (¥)-(1R,4S)-1-Metil-2,3-bis(metileno)-7-oxabiciclo-[2.2.1]heptano
(136)

1 1
:| /71111 H216 t‘_ 1R
H,16 A
135 136
Procedimento: 135 S7C3 134 T . 1R
S4:F A <3 T & N $ N
SR N .Cc N #R =C3T :C3° N b &

I 1> 5

RMN 'H S 7 <33 6HIT 859 T, 2CDS 7HT : A<S 7HT8232S5 :HT
<4AS H J[C7HIMB<F<S :HB<D3S :HWC:4S :HWBC:DS :HT

RMN *C § 7 33 6HIT 6§ T,24DS HyI87:78 HM87C S HoI8 F33
S HIBFA - S TDD S Hpf8:33:8 Hpl8:<D<S T8:CzCS T6




Parte Experimental 117

6.2.25. (*)-(1R,4R,5S,8S)-N-Fenil-1-metil-11-oxatriciclo-[6.2.1.0>"Jundec-
2(7)eno-4,5-dicarboximida (141)

136 * 141 1

cbz 135
Procedimento: 136 N- z 140 5743
2:7 T S< T AN *5hd

G
| = N * 9 SA,<TH
! 5 Ponto de Fusao: :2<=:24 5 Rendimento $
T, CDZ5

RMN 'H S 7 C33 6HIT &6 T,2225 2HT - C<S :HW :CAS 7HT
:D4S  :HI8 2248 H J. [ :4<HIBJ, [4CHITB27DS H J. [ :4<
HI8 J, [44 HIT8 2F: S H J. [ :4<HIBJ, [ 23 HIT82F4S H J. [
A<HBBJ, [23HI8724S 2HM<4<S :H J[<CHI8424S 2HWB47F
S :HW4<AS 2HT

RMN *C s 7 2C 6HIT 8§ T, ZAFS H/T8 :D2S H8234 5 HyI8 2F :
S Hol87:7S H874CS HI874FS HI84D4S HT FA4S T :2A<S HI :2FC
S HT8:2D:S HI8:7:DS T:7F4S T§:7D<S T8 :4FAS [AT8:4F 4S5 [T

IV (KBr) Vimax: 2D7F8 :43F8 :<DA§ :7F3§ ::C<§443 75

HRMS (ESI-TOF): oH.pz17; $63 XT 772 12C48
772 224C5




Parte Experimental i<

6.2.26. (2)-[(1R,4R,8S,11S)-1-Metil-6-fenil-14-oxa-6-azatriciclo-
[9.2.1.0*%]tetradecano-2,5,7,10-tetrona (142)

1 1
1 i
/ - N
= N TS HyTp
141 1 4Dz 1 1
142
Procedimento: " $ 141 523 §3 3A<4 T
SA 2 T N v <N 4F° 5/
S3 :A T
:CN B) 5 =
$ B S:CA T $ &
T 2 0217 :3Z S:CA T $ & R, 1; :3Z S:CA T
6 1. i G 5 1 5
Ponto de Fusao: :D2-:DA 5 Rendimento: 4DZ5
RMN 'H'S 7 <33 6HIT 85 T,-<4S 7THT§ - C45 H J. [ :2<HI8 J;
[ ::AHI8BJ; [AAHIT823CS H J. [:7:HBJL[::AHIBJ; [ FFHIS
J<[<7HIT82<DS HJ. [:7:HBL[DFHBJ;[AAHIBJ. [ 2CHITS

2AAS HJ. [<:HIB8BJL[23HITB243S :H J[ :<:HIB2425
HJL[2<HBJL[DFHIBJ [<7HIB7CF"744S <HW<C:S :H J.
[FFHIBL [2CHIT842DS 2HT4<:§ :HW4<DS 2HD

RMN 3C s 7 :336HIT §S T,2:AS H182<DS Hol87:7S H,8777
S Hal87<7S Hy87DDS HWB<3:S HIBF<<S HT FD7S T :2A7S HWB:2FF
S HIB :2D2 S HT :7:4 5 T8 :447 S [1T :44A S [11823D7 S [1T 23D <
S [4Ts

IV (KBr) Vimax: 2D228 :4:<8 :<DF§ :7FF8 ::438 :3CA 5

HRMS (ESI-TOF): oH23; e SBH*T 7<2 :77A8
7<2 17<25




Parte Experimental

6.2.27. (2Z)-But-2enodioato de dimetila (148)

1
1, H
H,1H 2
(o
2 <
1 4DZ 12 Hr
52 148
Procedimento: / $ 62 73 73A
SC T 3 G Y
S3A<7 37A T 5" * CN
B& G 51
* B W
:3Z G 1
= ! 5 Rendimento: 4DZ5
RMN 'H'S 7 <33 6HIT &8 T, 7F3S AHT8A 245 2HT
RMN 3C S 7 33 6HIT &89S T,C2CS H7B :73:S HIB:AA3S [1T5




Parte Experimental 1IA

6.2.28. (%)-(1R,8S)-1-Metil-11-oxatriciclo[6.2.1.0>"Jundeca-2(7),4-dieno-4,5-

dicarboxilato de dimetila (151)

£ sy




Parte Experimental

IV (KBr) Vimax: 2DC<8 :42<8 :A7A8 :<7A8 :2428 :3CA ™5

HRMS (ESI-TOF): cH:ple S6H'T 24D :2248
24D :2<35




Parte Experimental ::F

6.2.29. (¥)-(1R,4Z,8S)-1-Metil-2,7-dioxo-11-oxabiciclo[6.2.1]Jundec-4-eno-
4,5-dicarboxilato de dimetila (152)

1 1
1, H, S HD 1, H,
151 D3Z {
152
Procedimento: " $ 151 §23 83342 T
4 T N v N 4F° 5/
SS3:F T
N 4F° N 3° 2N ) b " $
B S:4< T $ & > 2 217
:3Z S:4< T $ & R, 1; :3Z25S:4< T
6 1. 51 G 5 1 5 Ponto de
Fusdo: :7C-:7D 5 Rendimento: D3Z5
RMN'HS . C33 6HI _* A Al O3S T, 22FS 7THT§ - 4: S
‘HJ[2FHBL[F2HIBJ [4DHITB:D3S :H J. [:73HBL[JH[
ADHIBJ.[42HIT82 :<S ‘HJ. [:2FHB8JL [4DHIBJ; [CDHITB22C
S HJ[:73HB8L [FAHIBJL [F2HBBJ-[LCDHIT®737S :H J[

23HIB734S :H J[L:B3AHIB7AFS 7HWB7ADS 7HWB<:CS :H J[L
2 3HIT<2DS :tH JL:3AHIT8<7FS J.[FAHIBJ, [ 42HIT

RMN™®CS . :2C6HI = A Al 8S  T,277S H/B2FAS H,T8
7<75 Hyl8<33S HoB8<3CS Hol8C:z =S H/WC::S HI8F74S5 HT FDDS T8
173<S T8:7:7S TB:AC:S [118232DS [1T723<DS [1T5

IV (KBr) Vmax: 2D:F8 :42A8 :<7F8 :2438 ::3A 75

HRMS (ESI-TOF): cH.pds SBH'T 7:: ::2C8
7::::2C5
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7. Se¢do de Espectros de RMN




Se¢cdo de Espectros de RMN

7. Secao de Espectros de RMN

7.1. Introducéo

b1

—

123




Se¢cdo de Espectros de RMN

7.2. Espectros de RMN Selecionados

Composto 91a

Espectro de RMN 'H do composto 91a

Ly p

/0
34

75(81

34
34
71
89 (=

779>" 5
7
7?.8

=/
9/

i

12

12
112

( Cs 6; H 91as 45
d (ppm) Atribuicao Sinal J (Hz)
434 H=C J[CT8LL:F
A D2 H=A J[C7
C:< H=< JL:F
742 H=D S1 HT
tF2 H=4§ H7T




Se¢cdo de Espectros de RMN

Espectro de RMN *C {'H} do composto 91a

( Ab 6; ' 91as$

" #
&t #
[ G
Wi,
- L% #
/0 #
34 #
5. #
5% #
75(81 #
7 #
- #
34 #
3 4 #
/1 %
89 ("= ¢
= #
779>" 5 ¢
7 #
7?.8 #
5 #
5" #
Dt
=/ #
9/ #
70 #
7 #
",
1+8 #
248 ¥
719

12

12
112

122

3 (ppm)
Atribuicao

:A7D F
:C37 7
<4< A
<<F 2
:<2C c
D< <

FF < <
Cc23 D
tAF 4

0 I = B $ H6 H6.




Se¢cdo de Espectros de RMN 127

Espectro de RMN *C (DEPT-135) do composto 91a

LI # $%
& " #
[ G
|| .
- L% #
/0 # 112
34 # )
5", # A
5% # 6
75(81 % )
7 #
= # 12
34 # )
34 # )
/1 # 89 i
89 ("= ¢ %
= #
779>" 5 ¢
7? #
7?.0 # 12
5 #
5" # A
Dot
=/ #
‘ Y4 # 12
‘ ‘ ‘ 70 # 112
7 #
o,
1+8 # )
He )
( 45 6;7 s/ G7CT 91as b
é (ppm) Atribuicao
<4< A
:<2C c
FF < <
c23 D
AF 4
o I = B $ , H6 H6. 5
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Composto 91b

/0
34

5%
75(81

34
34
/1
89 ("=

LG
148 ¢ )
T )

( F5 6; H 91b § 719
d (ppm) Atribuicao Sinal J (Hz)
423 H=C J.[C78J,[23
A D3 H=A JLC7
C A2 H=< J[23
74D H=DS1 H.T
- 4< H=4S HT




Se¢cdo de Espectros de RMN :2C

Espectro de RMN *C {'H} do composto 91b

I |

112

8 1 ; <

12

12
112

( D5 6; " 91b $ 7T
S (ppm) Atribuicao

A2D F
:C72 2
<C2 c
<< C A
<< 7
DC :
F7 4 <
C:F )
:CA 4

o 1 = B $ , H6 H6. §
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i2A

Espectro de RMN *C (DEPT-135) do composto 91b

LI # $%
& " #
[ G
N e
/(;- N : 112
34 # )
5", # A
5".% #
75(81 %
7 #
= # 12
34 # )
34 # )
/71 # 89 i
89 ("= ¢ %
= #
779>" 5 ¢
;:@ : 12
| Lol
Dot
=/ #
9/ # 12
70 # 112
7 #
LIS
1+8 # )
248 # )
( 235 6; 7 S/ (70T 91b
S 715
6 (ppm) Atribuicao
:<C2 c
1<<C A
F7 4 <
C:F D
:CA 4
o 1 = B $ , H6 H6.
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Composto 93 (mistura diastereoisomérica)

93

By Y | I N

75(81

34
34

/1
‘ 89 ("=

“ 779>" 5

12

12
112




Se¢cdo de Espectros de RMN :2F

( 5 6; °H 93 §
B TS 7T

6 (ppm) Atribuicao Sinal J (Hz)
A<D H=C J.[JCMJL[:F
A<4 H=C J.[JCMJL[:F
Ac:: H=A JLCA
A 3D H=A JICA
CA3 H=< J[:F
C<< H=< JL:F
74D H=:<51 H T
7 AD H=:3
7 A4 H=:<§1 H/T
7 A< H=:3
7C4 H-D S1 H.T
7 CA H-DS1 H.T
22D H=:2§5 H/T
223 H=:2§5 H/T
143 H=4 S HT
. AF H=4S5 H/ T




Se¢cdo de Espectros de RMN

Espectro de RMN ®*C {'H} do composto 93 (mistura diastereoisomérica)

N R e e S I BN

75(81

34
34
71
89 (=

779>" 5

7?.8 12

12
112

:2D




Se¢cdo de Espectros de RMN

:25

B

TS

715

93

S

3 (ppm)

Atribuicao

:DF 4
:D4D
AD <
AD <
:ACF
:AC4
:CD<
:CFA
:7F C
TF<
1< <
7T A
2F4
124 4
F4D
F4 D
F2 4
F27
CCA
CC:
Cc22
c23
c23
C:D
2DF
2D A
4A

A0
AO
co

co

400

:73

00




Se¢cdo de Espectros de RMN

Espectro de RMN 'C (DEPT-135)

diastereoisomérica)

do

composto 93

4y y N

89

(mistura

112

12

12
112




Se¢cdo de Espectros de RMN

: 75

TS

719

6_:7

s / (=:7CT

935§

3 (ppm)

Atribuicao

:7F C
/F<
17/<<
/7T A
F24
F27
CCA
CC :
C22
c23
c23
C:D
2DF
2D A
4 A

A0
A0
cO

c0

400

00

172
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Composto 94

E— —~ e e

5%
75(81

34
34
/1
89 (=

779>" 5

7?.8 12

R

12
112

L
——

<
~




Se¢cdo de Espectros de RMN

( - <5 6: H 94 S ,T5
& (ppm) Atribuicao Sinal J (Hz)

A 24 H=C J-[CRAL[:C
A :D H=A JICF
<44 H=< J.[<284h[:C
7A: H=:< 81 HiT
7C7 H=DS1 H/T
7C: H=:3 JL:27
72D H=7 J.-[:278J,[D:8J/[<2
2 DA H=2 JID:
223 H=:25 H;T
: CA H=45 H/

t7<




Se¢cdo de Espectros de RMN

Espectro de RMN *C {'H} do composto 94

:7C

| | | e B o
34 # -)12
75(‘8“! :
'34 : 12)
3 4 # )
/1 % 89 t 1
89 ("= ¢ 2
(‘:9>" 5 :
7’?@ : 12
DI
‘ ‘ ‘ ‘ H‘ ‘ ‘ ‘ 9:// : 1
‘ ;D : 112
‘ H "],
?-;hg # )
| |
( :C5 6; ' 945 ,T5
6 (ppm) Atribuicao
232 <
142 : -7
:AD 3 E
:7D : A0
t7< 2 co
FF 7
F33 <
CD F :3
c2C <
C:4 D
C3D 2
<C3 7
2D 4 :2
tF2 4
0 5




Se¢cdo de Espectros de RMN

Espectro de RMN *C (DEPT-135) do composto 94

s 7A

| |5 ] (>
T )
5@
TR )
oo
\ e »
| R I A
{ | ( v
( - A5 6;" S/ (:7CT 94
S 715
6 (ppm) Atribuicao
7D : A0
t7< 2 )
F33 <
CDF 3
c2c g
C:4 D
C3D )
<C3 7
2D 4 )
tF2 4
0 5




Se¢cdo de Espectros de RMN

Composto 101

F D
¢ < 12 o 2
i 1z Hy
101

Espectro de RMN 'H do composto 101

! # $4H
& #
R
E— = NI I = o
- % % L)
/0 # 112
34 # )
5. [
5% #
75(8Y ¢ )
7 #
- # 12
34 # )
3 4 # )
‘ /1 # 89 N
89 ("= ¢ 2
= #
779>" 5 ¢
7 #
7?.8 # 12
5 #
5" # A
Dt
=/ #
‘ ‘ 9/ # 12
70 # 172
H\ | H | (. 7 ;
A i A\ 1"
1+8 # )
| N (1| O




Se¢cdo de Espectros de RMN :7F

( 45 6; H 1015 715
8 (ppm) Atribuicao Sinal J (Hz)
A7< H=A JLCF
AT: H=C J-LICRLL:-A
<FF H=< J-




Se¢cdo de Espectros de RMN

Espectro de RMN *C {'H} do composto 101

:7D

N | | S o
34 # !)12
75(:! :
'34 : 12)
3 4 # )
/1 % 89 t 1
89 ("= ¢ 2
(‘:9>" 5 :
7’?@ : 12
DI
7 !(r '
1+8 # )
248 # )
(C ] 6; 101 A5
é (ppm) Atribuicao
42 A .0
142 3 F0
:7/DC c00
t7< A00
F4 4
F3 D <
C2 : -2000
C:4 5000
C:C 2
<23 7
77D .3
F7 4
0 5
00 5
000 5
/ 6



Se¢cdo de Espectros de RMN

Espectro de RMN '*C (DEPT-135) do composto 101

:<3

LA # $%
t& #
= Cl
/(;- g : 112
34 # )
5. # I 3
5".% #
75(81 # )
7 #
= # 12
34 # )
34 # )
/71 # 89 NN
‘ ‘ 89 ("= ¢ %
‘ ‘ ‘ = #
( ’ “ ‘ 779>" 5 ¢
{ | N
e v | 5 #
) ' i ! 5" # A
} ‘) |
=/ #
9/ # 12
70 # 112
7 #
",
1+8 # )
248 # )
( =D 6; "’ 101 S ,T5
6 (ppm) Atribuicao
:7/DC c0
t7< A0
F3 D <
C2: -500
C:4 000
C:C 2
<23 7
77D -3
F7 4
0 5
00 5
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Composto 103 (mistura diastereoisomérica)

103
1 6;H 6;°7
B 103 todos
B " $ B
* 2,: 5

;0 7 A<=7 F3 ‘H: 6; =

N H=:38 H-:28 H=:< H=:A

B 5

Espectro de RMN 'H do composto 103 (mistura diastereoisomérica)

e e | VI

/0 # 112
34

5.%
75(81

/1

89 ("=

12

#
o/ ' 1
“ 70 [ 1
7 i
L I ) ",
‘e
W @
L e e




Se¢cdo de Espectros de RMN <2

( 235 6; H 103 §
B TS 715
6 (ppm) Atribuicao Sinal J (Hz)
AC3 H=C J.-[CA8J,[23
A<4 H-C J.-[CA8J,[23
A i< H=A JLCA
A2 H=A JICA
C AF H=< J[23
CC3 H=< J[23
7A<=7F3 H=:<51 HTo
H=:30 H=:20
H=:AS1 HTo
7 CF H=D S1 HT
7C4 H-D S1 H.T
- 4: H=4S H,T
143 H=4S5 H/T
0 5




Se¢cdo de Espectros de RMN <7

Espectro de RMN ®*C {'H} do composto 103 (mistura diastereocisomérica)

N SN F e S m ‘,
e )
( '
ol
s
‘ 5" ¥ A
| AT
‘ 70 # 1
‘ | EA
( 2:5 6; 7 103 S
B TS 715
6 (ppm) Atribuicao
:D2D
:D2 4
tAD < -c0
:AD 2 :c0
A4 A -70
A4T .70
:AC7 F
:AC 2 F
A2 F 2
At F 2
7D 3 A00
TFF A00
17<2 c00




Se¢cdo de Espectros de RMN

77T
1242
12A2
FF 3
F4 D
F7 3
F2C
CA :
CCA
C2<
C2<
c22
c22
c22
c23
<F7
<F:
4A

c00

-A000
-A000
-<000
-<000
p000

p000

40000

<<

00
000
0000




Se¢cdo de Espectros de RMN :<C

Espectro de RMN 'C (DEPT-135) do composto 103 (mistura

diastereoisomérica)

N N N




Se¢cdo de Espectros de RMN <A

( 225 6; ' s/ (G:7CT 103
S B TS 7T
6 (ppm) Atribuicao

7D 3 A0
/FF A0
17<2 c0
N c0
F7 3 <
F2C <
CA : -3
CCA -3
C2< -A00
C2< -a00
C22 :<00
C22 :<00
C22 p00
C23 D00
<F7 -2
<F: -
4 A 4000

0 5

00 5

000 5




Se¢cdo de Espectros de RMN =<4

Composto 104 (mistura diastereoisomérica)

y M F3>|2-2DH7
= 7%(:712:<H7
He 1,0 1
104
1 * $ < % 104
2 & 51 \Y
$ S 7Z7
& H-< $< D3 T
$ 5
; * 7 C7=7 4D =
N B ,H=:<5S1 H;I8H=tAS1 H;18 H=:3
H=:28 5

Espectro de RMN 'H do composto 104 (mistura diastereoisomérica)

N L F I

I B P et

/1

779>" 5

12

12
112

‘H 70

’ I Al B
T P 0




Segdo de Espectros de RMN <F
; * 6; H 7
v & & 5
( 275 6; 'H 104 S
B TS 715
8 (ppm) Atribuicao Sinal J (Hz)
A<2 H=C J.[JCRJ[:C
A 74 H=C J-[CRJAL[:C
A 72 H=C J[CRUAL[:C
A A H=A JICF
A:7 H=A JICF
A 3D H=A JICF
<F7 H=< J.[<8L[:C
<4D H=< J.[<8h[:C
<4: H=< J.[<8h[:C
7C7=74D H=:<$1 HTo
H=:AS1 H.To
H=:30 H-=:20
7 C2 H-DS1 H.T
7C: H=DS1 H/T
7 C3 H=D S1 H.T
7 2F H=70
733 H=2 JID:
2 DA H=2 JID:
2 D7 H=2 JID:
- C4 H=4S H,T
- C4 H=4S H,T
:C4 H=4S H;T
0 5




Se¢cdo de Espectros de RMN :<D

> 2< 2C 6: 7

e N NN S O
34 # 7)12
o e
Ve )
/1 ¢ 89 :1:
89 ("= ¢ 2
(‘:9>' 5 :
7”@ : 12
i" ) ’:l A
\ I I e
| | M “ ‘ R
‘le‘xliww T
( 2<5 6; ' V
1045 415
é (ppm) Atribuicao
:DAD
:DAF
427 -0
:AF C :70
tAF 2 -70
A4 3 F




Se¢cdo de Espectros de RMN

AAF
17TF 4
ITF7
:7C2
17<4

FFC
FF 7
F3C
F33
cbcC
CFD
Cc2D
C24
c2cC
C22
C:F
C:4
C:3
C3:
<FC
<4 D
<< 4
<< C
F7
tF2

A00
A00
c00

c00

-A000
-A000
-<000

-<000

00
000

5
5
5

:C3




Se¢cdo de Espectros de RMN

Espectro de RMN 'C (DEPT-135) composto 104 (mistura
diastereoisomérica)
S N e e HlC
34 # 7)12
me
S )
/1 # 89 H
| reL
“ “ V } m “ ‘ 5‘9>' 5 ¢
Al L dEE
W ‘ =/ : ’;x
7 !(r '
1+8 # )
248 # )
( 2C5 6; ' S/ (:7CT 104
S B TS 715
é (ppm) Atribuicao
:7F 4 A0
TF7 A0
:7C2 cO
t7<4 co
F3C <
F33 <
cbcC :3
CFD :3
C2D -A00
C24 -A00
c2C -<00
C22 -<00




Se¢cdo de Espectros de RMN

C:F
C:4
C:3
C3:
<FC
<4D
<<4
<< C
F7
tF2

00

5
5

:C2




Se¢cdo de Espectros de RMN :C7

Composto 107

Yoy P K T o
34 # !;LZ
:5‘;-8! : ' )
.34 : 12)
‘ ‘ 3('jl : 89 :l:
89 ("= ¢ 2
(‘:9>" 5 :
7”@ : 12
DN
| | | (O
H | M | C
1+8 # )
AN 1) T =
( 28 6; H 107 $ 715
8 (ppm) Atribuicao Sinal J (Hz)
A <F H=C J.[CAJ[23
Ac:: H=A JLCA
C 77 H=< J[23
7 A2 H=:3
7CF H=D S1 HT
22D H=:<S H;T
2:D H=:2$ HqT
- 43 H=45 H,T




Se¢cdo de Espectros de RMN

Espectro de RMN *C {'H} do composto 107

:C<

N | I | | |/ o ‘,
e )
@ s
s )
R
s
I | IR .
M e A
)
| v .
| - P
1+8 # )
“““““ ﬂ"l.*w e )
( 245 6; " 107§ 715
6 (ppm) Atribuicao
:DD 7
:DF 4 .7
tAD < F
:C7C 2
ITF7 20
1747 2
t7< c0
F4D
F2 3 <
C<2 :3
C2: D
73 < <
73 3 2
44 4
0 5




Se¢cdo de Espectros de RMN

:CC

Espectro de RMN '*C (DEPT-135) do composto 107

107

| b I I
34 # !)12
75(-5:! : !
S )
/71 # 89 i
89 ("= ¢ %
(‘:9>" 5 :
N | S A
Dot
| | .o e
BRI
\ 1+8 # )
248 # )
( 2F5 6; 7 S/ (:7CT
S 715
6 (ppm) Atribuicao
ITF7 A0
t7< )
F2 3 <
C<2 :3
C2: )
73 < <
733 2
44 4
0 5




Se¢cdo de Espectros de RMN :CA

Composto 108

Espectro de RMN 'H do composto 108

=N - e ¥ e

75(81

34
34
71
89 (=

‘ 779> 5

7?.8 12

=/
o/
H 70

] L o
il L 0ia _a=:

12
112




Se¢cdo de Espectros de RMN :C4

( 2D5 6; H 108 S 715

8 (ppm) Atribuicao Sinal J (Hz)
A7: H=C J-[CRLL:F
A :F H=A JICF
<AA H=< J-[<J[:F
7 A4 H=:3 J[:2<
7 <D H=DS1 H/T
77C H=7 J-[:2<8J,[D:8J7[<3
2D< H=2 JILD:
2 :< H=:<S H;T
2 3A H=:235 H/T
:C4 H=4S5 H/T




Se¢cdo de Espectros de RMN

Espectro de RMN *C {'H} do composto 108

:CF

N | Lol I { ol i',
T )
@1+
ol
s
)
| | || ‘\ \ | ; !(i'
“““““ M“L‘“}“‘"}‘}"[H‘M‘“}““ SR
( 735 6; " 108 S 715
6 (ppm) Atribuicao
2377
232 4 .
1423 F
:7F D 0
t7<< A0
FF 7
4D D <
432 3
C:A 2
c3cC b
<C2 .
2D 2 .
2F 4 <
F7 4
0 5
/ 6



Se¢cdo de Espectros de RMN :CD

Espectro de RMN '*C (DEPT-135) do composto 108

|| | SN P Lz')
T )
772';';2 )
TR )
s
N | ‘ || :/ , : A
| -
1:8 !(r' )
( 7:5 6; ' S/ (:7CT 108
S 715
6 (ppm) Atribuicao
7FD c0
t7<< A0
4D D <
43 2 :3
C:A 2
Cc3cC D
<C2 7
2D 2 -2
2F 4
F7 4
0 5




Se¢cdo de Espectros de RMN :A3

Composto 109

109 1

Espectro de RMN 'H do composto 109

S N NN e e e

/0
34

5%

75(81

34
34
/1

‘ 779>" 5

12

12
112

l | ] cu T
et

( 725 6; H 109 S 715
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