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I D , 2 D N M R j e d n o - a d v o u d i m e n z i o n á l n í N M R spektra 
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A m A c o c t a n a m o n n ý 
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B n b e n z y l 
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H M B C 2 D N M R s p e k t r u m ( H e t e r o n u c l e a r M u l t i p l e B o n d C o r r e l a t i o n ) 

H R M S h m o t n o s t n í s p e k t r o m e t r i e s v y s o k ý m r o z l i š e n í m ( H i g h - R e v o l u t i o n M a s s S p e c t r o m e t r y ) 
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H z H e r t z 
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T I C d e r i v á t y l , 2 , 3 , 4 - t e t r a h y d r o i s o c h i n o l i n - 3 - k a r b o x y l o v é k y s e l i n y 

T P P t r i f e n y l f o s f i n 

U V u l t r a f i a l o v é z á ř e n í 

V L v ý c h o z í l á t k a 
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S e z n a m n á d o r o v ý c h l i n i í 

A 5 4 9 l i d s k ý p l i c n í a d e n o k a r c i n o m 

B J z d r a v ý l i d s k ý f i b r o b l a s t 

C C R F - C E M T - l y m f o b l a s t i c k á l e u k é m i e 

C E M - D N R T - l y m f o b l a s t i c k á l e u k é m i e r e z i s t e n t n í n a d a u n o r u b i c i n 

H C T 1 1 6 l i d s k ý ' k o l o r e k t á l n í k a r c i n o m 

H C T 1 1 6 p 5 3 - / - l i d s k ý k o l o r e k t á l n í k a r c i n o m d e f i c i t n í n a p 5 3 

K 5 6 2 a k u t n í m y e l o i d n í l e u k é m i e 

K 5 6 2 - T A X a k u t n í m y e l o i d n í l e u k é m i e r e z i s t e n t n í n a p a k l i t a x e l 

M R C - 5 f e t á l n í l i d s k ý f i b r o b l a s t 

U 2 0 S l i d s k ý o s t e o s a r k o m 

Z k r a t k y v N M R s p e k t r e c h 

b r . / d š i r o k ý ' s ingle t /dublet 

s s i n g l e t 

d d u b l e t 

d d d u b l e t d u b l e t u 

d d d d u b l e t d u b l e t u d u b l e t u 

d d d d d u b l e t d u b l e t d u b l e t u d u b l e t u 

t t r iplet 

td tr iplet d u b l e t u 

m m u l t i p l e t 
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1. Ú V O D A C Í L E P R Á C E 

P ř e d k l á d a n á rigorózní p r á c e n a v a z u j e n a p ř e d c h o z í v ý z k u m ( O b r á z e k 1) v e v ý z k u m n é s k u p i n ě d o c . 

S o u r a l a , v e k t e r ý m j s e m se z a b ý v a l a d i v e r g e n t n ě o r i e n t o v a n o u s y n t é z o u ( D O S ) n o v ý c h d u s í k a t ý c h 

h e t e r o c y k l ů v y c h á z e j í c í s 2 / 4 - n i t r o b e n z e n s u l f o n a m i d ů ( N s - a m i d ů ) j a k o k l í č o v ý c h i n t e r m e d i á t ů . 1 T a t o 

p r á c e se z a b ý v á p ř í p r a v o u s t r u k t u r n ě n o v ý c h p o l y c y k l i c k ý c h t e t r a h y d r o i s o c h i n o l i n ů 

a t e t r a h y d r o b e n z o [ ď ] a z e p i n ů ( O b r á z e k 2 ) . 

4 R- ^CL SR" 
H O O C ' N HOOC N R3S02CI 

x = o, S 

H O O C HOOC> rĵ  

0 A R 3 C A R 3 

O ^ R 4 " O ? ! 

R1 R2 o 

02S' 
R3 

R3S02CI 

+ -

R4 

0 2 / — / 
S02CI / " W Nv x r ^ V Nv ' 

s 

Ŕ3 R3 ° 2 S 

S 
02S 

Ŕ3 R3NCS 

^ 5" 

X = Br, I R3 x= I, Br 
Y = OH, Br 

^ O ^ R 4 A . ' R ' O ^ R 4 . . O ^ R 4 ^ " F r n o c H l Ä J Í z - C O \ z = CO f/-' 

X - P G = O-ÍBu, O-TBS, S-Trt 
Y = S0 2 CO, CS, CH 2 

Z = CO, CH=CH, CEC 
R1 = O, NH, piperidin-1-yl 

(R) 
R 2 X - P G = CH(Me)0-(Bu, 

CH20-ÍBu, (CH2)20-TBS, 
CH2S-Trt, CH2CH=CH 

R2X = NH, OH R 1 

= S0 2 i CO 

M > 0 V ^ O Í S A . ^ f ^ 0 l > " * > - í l *M V O l i 
X L ? ° R H S ) k / R 3-<ŕ s> H R ' O C > ' \ _ / X , N ^ W N ' X

N 

- R 3 R b 
X = O, NH, NHR3 

O b r á z e k 1 . P ř e d c h o z í v ý z k u m v e v ý z k u m n é s k u p i n ě d o c . S o u r a l a v y c h á z e j í c í z i m o b i l i z o v a n ý c h 

N s - a m i d ů a / n e b o a - a m i n o k e t o n ů a j e j i c h n á s l e d n á m o d i f i k a c e n a r ů z n é t y p ů d u s í k a t ý c h h e t e r o c y k l ů 

( p ř e v z a t o a u p r a v e n o ) 1 

N a v r h o v a n á m e t o d a v y c h á z e l a z i m o b i l i z o v a n é h o F m o c - a l l y l g l y c i n u u k o t v e n é h o n a W a n g o v u 

p r y s k y ř i c i v e f o r m ě e s t e r u . P r o j e j í v ý v o j a a p l i k o v a t e l n o s t b y l o o t e s t o v á n o c e l k e m d v a n á c t r ů z n ě 

d i v e r s i f i k o v a n ý c h a l k y n o l ů , p ě t d i e n o f i l ů a t ř i e l e k t r o f i l y ( O b r á z e k 2 ) . P ř í p r a v a ž á d a n ý c h h e t e r o c y k l ů 

b y l a p r o v e d e n a p o m o c í s y n t é z y n a p e v n é f á z i ( S P S ) v k o m b i n a c i s D O S a c y k l o i z o m e r a č n í m i 

a c y k l o a d i č n í m i r e a k c e m i , t j . m e t a t é z i e n y n ů ( R C E M ) a [ 4 + 2 ] D i e l s - A l d e r o v o u c y k l o a d i c i ( D A C ) . 

N a v r h o v a n é s p o j e n í m e t o d u m o ž n i l o r y c h l o u a e f e k t i v n í s y n t é z u c h e m i c k é k n i h o v n y se s n a d n o u i z o l a c í 

v š e c h r e a k č n í c h i n t e r m e d i á t ů a c í l o v ý c h p r o d u k t ů . 1 ' 2 

o 
Fmoc-allyglycin na Wangově pryskyřici 

připravený pro modifikaci 
alkynoly, dienofily a elektrofily 

I.Mitsunobu reakce 
2. RCEM 
3. DAC 

vnitřní 
strana 

4. tvorba heterocyklů ^2 
. . .a štěpení z polymeru západní strana 

východní strana 
- R 3 

6 heterocyklických skeletů 
20 reprezentativní derivátů 

O b r á z e k 2 . V ý c h o z í k o m p o n e n t y p r o p ř í p r a v u f i n á l n í c h h e t e r o c y k l ů p ř i p r a v e n ý c h p o m o c í S P S a D O S 
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S l o u č e n i n y n e s o u c í i s o c h i n o l i n o v o u j e d n o t k u p a t ř í d o s k u p i n y p ř í r o d n í c h a s y n t e t i c k ý c h 

a l k a l o i d ů . V ý z n a m n é b i o l o g i c k é ú č i n k y p a k v y k a z u j í p ř e d e v š í m 1 , 2 , 3 , 4 - t e t r a h y d r o i s o c h i n o l i n y , 

n a p ř í k l a d a l k a l o i d y b e r b e r i n u , 3 p a v i n u 4 a a p o f i n u 5 ( O b r á z e k 3 ) a j e j i c h a n a l o g a n e s o u c í k a r b o x y l o v o u 

s k u p i n u v p o l o z e C 3 n a t e t r a h y d r o i s o c h i n o l i n o v é m s k e l e t u o z n a č o v a n á j a k o T I C d e r i v á t y ( O b r á z e k 4 ) . 

berberin pavin aporfin 
(kořeny a kmen dřišťálu a vlaštovičníku) (kukuřičný mák) (nandina domácí , srdcovka cizí) 

O b r á z e k 3 . P ř í k l a d y p ř í r o d n í c h a l k a l o i d ů s 1 , 2 , 3 , 4 - t e t r a h y d r o i s o c h i n o l i n o v o u j e d n o t k o u 3 " 5 

M n o h é z t ě c h t o l á t e k v y k a z u j í c e l o u ř a d u z a j í m a v ý c h f a r m a k o l o g i c k ý c h v l a s t n o s t í , j a k o 

n a p ř í k l a d a n t i t r o m b i c k é , p r o t i n á d o r o v é , h y p o g l y k e m i c k é č i a n t i v i r o t i c k é ú č i n k y . 6 " 1 5 P ř i č e m ž b i o l o g i c k é 

v l a s t n o s t i t e t r a h y d r o b e n z o [ ď ] a z e p i n ů ( S I C ) č i f ú z o v a n ý c h a n a l o g ů t e t r a h y d r o i s o c h i n o l i n ů n e b y l y 

d o p o s u d s t u d o v á n y . Z t o h o t o d ů v o d u se p ř e d k l á d a n á p r á c e z a m ě ř u j e n a p ř í p r a v u a s t u d i u m b i o l o g i c k ý c h 

ú č i n k ů s t r u k t u r n ě n o v ý c h t e t r a h y d r o i s o c h i n o l i n o v ý c h p o l y c y k l i c k ý c h s l o u č e n i n m a j í c í v e s v é s t r u k t u ř e 

T I C j e d n o t k u . P ř i p r a v e n é d e r i v á t y b y l y o t e s t o v á n y v ů č i v y b r a n ý m n á d o r o v ý m l i n i í m a b a k t e r i á l n í m 

k m e n ů m , j e j i c h ž s o u p i s j e u v e d e n v p o d k a p i t o l e 3 .5 t é t o p r á c e , v k t e r é j s o u z á r o v e ň s h r n u t y i v ý s l e d k y 

b i o l o g i c k é h o t e s t o v á n í . 

R = vedlejší řetězec aminokyseliny inhibitor R = H: A C E inhibitor opioidní peptid 
antitrombikum dipeptidylpeptidázy IV R = Me: antihypertenzivum mimetika 

protinádorové činidla hypoglykemika REV-ERB receptor antivirotikum 
modulátor 

O b r á z e k 4 . F a r m a k o l o g i c k y p ř í b u z n é N - a c y l - T I C d e r i v á t y a j e j i c h b i o l o g i c k é v l a s t n o s t i 

P ř e d k l á d a n á p r á c e j e s t a n d a r d n ě č l e n ě n a d o s e d m i k a p i t o l a p o d k a p i t o l . V p r v n í k a p i t o l e 

S e z n á m e n í s p r o b l e m a t i k o u j e s t r u č n ě p ř e d s t a v e n a R C E M a D A C v č e t n ě j e j i c h m e c h a n i s m ů a n á r o k ů 

n a r e a k t i v i t u . D e t a i l n ě j š í p o p i s p o j e d n á v a j í c í o S P S a D O S n e n í s o u č á s t í p r á c e , n e b o ť t y t o m e t o d y b y l y 

d i s k u t o v á n y d ř í v e v z á v ě r e č n ý c h p r a c í c h u c h a z e č k y v y k o n á v a n ý c h n a K a t e d ř e o r g a n i c k é c h e m i e 
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v l e t e c h 2 0 1 1 - 2 0 2 0 . 1 ' 1 6 ' 1 7 D a l š í k a p i t o l a p o p i s u j e v y b r a n é s y n t e t i c k é p ř í s t u p y v e d o u c í k T I C a S I C 

d e r i v á t ů m a j e j i c h f ú z o v a n ý m a n a l o g ů m , p ř i č e m ž v c e l é k a p i t o l e 2 . j e v y u ž i t o a r a b s k é h o č í s l o v á n í 

s t r u k t u r . N á s l e d u j e K o m e n t á ř k p ř e d k l á d a n é p r á c i ( 3 . k a p i t o l a ) , k d e j e s t r u č n ě r o z e b r á n a o p t i m a l i z a c e 

v y v i n u t é m e t o d y a v ý s l e d k y c y t o t o x i c k é h o a a n t i m i k r o b i á l n í h o s c r e e n i n g u p ř i p r a v e n ý c h l á t e k , j e ž j s o u 

d o p l n ě n y o d o p o s u d n e p u b l i k o v a n é v ý s l e d k y . C e l ý p r o v e d e n ý v ý z k u m j e s h r n u t v k a p i t o l e S h r n u t í 

(4 . k a p i t o l a ) , n á s l e d o v a n é k a p i t o l a m i P ř e h l e d p o u ž i t é l i t e r a t u r y (5 . k a p i t o l a ) , P u b l i k a c e 

k p ř e d k l á d a n é p r á c i (6 . k a p i t o l a ) a P ř í l o h y , t z v . S u p p o r t i n g I n f o r m a t i o n (7 . k a p i t o l a ) . P o s l e d n í d v ě 

k a p i t o l y j s o u p ř e v z a t y z p ř i l o ž e n é p u b l i k a c e . P r o l e p š í o r i e n t a c i b y l o v 3 . - 7 . k a p i t o l e p o n e c h á n o 

p ů v o d n í a r a b s k é č í s l o v á n í z p u b l i k a c e , z a č í n a j í c í o p ě t o d s t r u k t u r y 1. 
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2 . S E Z N Á M E N Í S P R O B L E M A T I K O U 

K l í č o v ý m i r e a k c e m i p ř e d k l á d a n é p r á c e j e u z a v ř e n í c h i n o l i n o v é h o c y k l u p o m o c í m e t a t é z e e n y n ů a [ 4 + 2 ] 

D i e l s - A l d e r o v a c y k l o a d i c e ( D A C ) , k t e r é j s o u r o z e b r á n y v n á s l e d u j í c í c h p o d k a p i t o l á c h . 

3 . 1 R C E M a [ 4 + 2 ] D A C 

M e t a t é z e p a t ř í v o r g a n i c k é s y n t é z e m e z i š i r o c e v y u ž í v a n é c y k l o i z o m e r a č n í r e a k c e , k t e r é l z e r o z d ě l i t 

n a o l e f i n i c k o u , t j . r e a k c i m e z i d v ě m a a l k e n y a e n y n o v o u m e t a t é z i , t z v . R C E M ( z a n g l i č t i n y r i n g - c l o s u r e 

e n y n e m e t h a t h e s i s ) . R C E M s p o č í v á v i n t r a m o l e k u l á r n í m u z a v ř e n í c y k l u z e n y n u , t j . l á t k y o b s a h u j í c í j a k 

C - C d v o j n o u , t a k C - C t r o j n o u v a z b u . P o d l e t y p u k o o r d i n a c e k a r b e n u k o v u n a a l k y n m ů ž e r e a k c e 

p o s k y t o v a t b u ď t o e x o c y k l i c k ý 5 a n e b o e n d o c y k l i c k ý 1 , 3 - d i e n 5 b . Z e s t e r e o c h e m i c k é h o h l e d i s k a j s o u 

p r o R C E M v ý h o d n ě j š í e x o c y k l i c k é d i e n y 5 a , k t e r ý c h j e m o ž n o v y u ž í t p r o n á s l e d n o u [ 4 + 2 ] D A C . 

P o d r o b n ě j š í m e c h a n i s m u s v z n i k u t ě c h t o 1 , 3 - d i e n ů j e z n á z o r n ě n v e S c h é m a 1 a l i š í se s v o u 

r e g i o s e l e k t i v i t o u , t j . v e l i k o s t i v z n i k a j í c í h o c y k l u . V p ř í p a d ě e x o c y k l i c k é h o d i e n u d o c h á z í p o k o o r d i n a c i 

k a r b e n u k o v u n a v n i t ř n í u h l í k a l k y n u ( l á t k a 1) k e v z n i k u m e t a l c y k l o b u t e n u 2 a , j e h o ž č t y ř č l e n n ý c y k l u s 

m ů ž e p o d l é h a t c y k l o r e v e r z i z p ě t n a v ý c h o z í k o m p o n e n t u 1 , n e b o n a o p a k o t e v ř e n í c y k l o b u t e n o v é h o 

k r u h u n a v i n y l - m e t a l k a r b e n o v ý k o m p l e x 3 a . T e n d á l e p o d l é h á i n t r a m o l e k u l á r n í [ 2 + 2 ] c y k l o a d i c i 

a d o c h á z í k n á s l e d n é m u o t e v ř e n í m e t a l c y k l o b u t a n o v é h o k r u h u 4 a n a ž á d a n ý e x o c y k l i c k ý 1 , 3 - d i e n 5 a 

a k r e g e n e r a c i k a r b e n u k o v u . V p ř í p a d ě e n d o c y k l i c k é h o 1 , 3 - d i e n u 5 b j e m e c h a n i s m u s t é m ě ř t o t o ž n ý 

s t í m r o z d í l e m , ž e p o k o o r d i n a c i k a r b e n u k o v u n a t e r m i n á l n i k o n e c a l k y n u 1 ( i n t e r m e d i á t 2 b ) a n á s l e d n é 

i n t r a m o l e k u l á r n í [ 2 + 2 ] c y k l o a d i c i d o c h á z í k e v z n i k á m e t a l c y k l o b u t a n u 4 b , k t e r ý j e d á l e k o n v e r t o v á n 

n a ž á d a n ý e n d o c y k l i c k ý d i e n 5 b a k a r b e n k o v u . 1 8 

vznik e x o c y k l i c k é h o 1,3-dienu pro [4+2] D A C 

S c h é m a 1 . M e c h a n i s m u R C E M : V a z b a k a r b e n u k o v u n a v n i t ř n í a t e r m i n á l n i u h l í k a l k y n u v e d o u c í 

k e x o c y k l i c k é m u 5 a a e n d o c y k l i c k é m u 1 , 3 - d i e n u 5 b 1 8 

R C E M b y l a p o p r v é p o p s á n a v r o c e 1 9 8 5 T i m o t h y m M . S i s a v e c e m a T h o m a s e m J . K a t z e m j a k o 

k a r b e n e m w o l f r a m u k a t a l y z o v a n á p o l y m e r i z a c e a c e t y l é n u a o l e f i n u p r o b í h a j í c í s v y s o k o u 

s t e r e o s e l e k t i v i t o u . 1 9 D a l š í p o u ž í v a n é k a t a l y z á t o r y b y l y n a b á z i k a r b e n u m o l y b d e n u č i r u t h e n i a , 

n a p ř í k l a d G r u b b s ů v k a t a l y z á t o r p r v n í g e n e r a c e ( R u l ) 6 , k t e r ý b y l t e r m á l n ě l a b i l n í a v y k a z o v a l n í z k o u 
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r e a k t i v i t u . P o z d ě j i b y l y o b j e v e n y s t a b i l n ě j š í a a k t i v n ě j š í R u - a l k y l i d e n o v é k o m p l e x y , t z v . G r u b b s o v y 

k a t a l y z á r o r y d r u h é g e n e r a c e ( R u 2 ) 7 - 8 , j e ž r e a g o v a l y i s e n e n y n e s o u c í m i e l e k t r o n - a k c e p t o r n í s k u p i n y . 

P o d o b n é h o v y u ž i t í m ě l y i G r u b b s o v y k a t a l y z á t o r y t ř e t í g e n e r a c e 9 ( R u 3 ) a k a t a l y z á t o r y n a b á z i s t y r e n u 

( H o v e y d ů v k a t a l y z á t o r , R u 4 ) 1 0 a t z v . B l e c h e r t o v y k a t a l y z á t o r y , k d e p a t ř í b i n o l - s t y r e n u 1 1 n e b o b i f e n y l -

s t y r e n u 1 2 ( R u 5 ; O b r á z e k 5 ) . 1 8 ' 2 0 

Grubbsovy kata lyzátory H o v e y d ů v kata lyzátor Blechertovy kata lyzátory 

Cy = cyklohexyl;"Mes = 2,4,6-trimethylfenyl 1 1 : binol-styren 12: bifenyl-styren (Ru5) 

O b r á z e k 5 . V y b r a n é k a t a l y z á t o r y p r o m e t a t é z i n a b á z i r u t h e n i a 1 8 ' 2 0 

P r o R C E M se h o j n ě v y u ž í v a j í G r u b b s o v y k a t a l y z á t o r y R u l a R u 2 o k o n c e n t r a c i 3 - 2 0 m o l % 

v z á v i s l o s t i n a t y p u v ý c h o z í h o s u b s t r á t u . R e a k c e p r o b í h a j í z a i n e r t n í c h a m í r n ý c h p o d m í n e k ( p o k o j o v á 

t e p l o t a a ž 5 0 ° Q 2 1 " 2 5 i v y š š í c h t e p l o t ( 7 0 - 1 1 0 ° C ) 2 6 - 2 8 v b e z v o d ý c h r o z p o u š t ě d l e c h , j a k o n a p ř í k l a d 

C t b C W 8 ' 2 2 - 2 5 t o l u e n u 2 6 " 2 8 n e b o b e n z e n u . 2 9 V p ř í p a d ě v ý c h o z í h o s u b s t r á t u n e s o u c í h o e l e k t r o n -

a k c e p t o r n í s k u p i n y b ý v á r e a k c e a k c e l e r o v á n a , a t o n a p ř í k l a d r o z t o k e m c h l o r i d u l i t h n é h o 

v A f , A f - d i m e t h y l f o r m a i d u ( D M F ) . 3 0 K r o m ě s y n t é z y v r o z t o k u l z e R C E M p r o v é s t i n a p o l y m e r n í m n o s i č i 

p o m o c í S P S . 3 1 - 3 4 H l a v n í v ý h o d o u R C E M n a p e v n é f á z i o p r o t i t r a d i č n í r o z t o k o v é s y n t é z e j e j e d n o d u c h é 

o d s t r a n ě n í v z n i k a j í c í c h v e d l e j š í c h p r o d u k t ů a k a t a l y z á t o r u z r e a k č n í s m ě s i , a t o o d f i l t r o v á n í m r e a k č n í h o 

r o z t o k u p o m o c í i n j e k č n í s t ř í k a č k y s p o r ó z n í f r i t o u a p r o m y t í m č e r s t v ý m r o z p o u š t ě d l e m . T o t o j e i j e d e n 

z d ů v o d ů , p r o č se p ř e d k l á d a n á p r á c e z a b ý v á R C E M n a S P S . 

P r o d u k t y R C E M , k o n k r é t n ě e x o c y k l i c k é 1 , 3 - d i e n y r e a g u j í c í s v h o d n ý m i d i e n o f d y , m o h o u b ý t 

k o n v e r t o v á n y p o m o c í [ 4 + 2 ] D A C n a p o l y c y k l i c k é h e t e r o c y k l i c k é s l o u č e n i n y , j a k o n a p ř í k l a d b i c y k l i c k é 

č i p o l y c y k l i c k é 6 - l a k t a m y , 2 2 i n d o l i z i d i n y , 2 4 t e t r a h y d r o p y r i d i n y , 3 5 h e x a h y d r o i s o i n d o l y , 2 9 a z a - a o x a -

s t e r o i d y , 2 9 a z a p i n o n y 3 4 p e p t i d y a p e p t i d o m i m e t i k a 3 6 a m n o h é d a l š í . E x i s t u j í i p ř í s t u p y , k d y b y l a R C E M 

a [ 4 + 2 ] D A C p r o v e d e n a v j e d n o m k r o k u j a k o t z v . „ o p e - p o t " r e a k c e . 2 3 

[ 4 + 2 ] D A C s t e j n ě j a k o R C E M j e h o j n ě v y u ž í v á n a v o r g a n i c k é s y n t é z e . J e d n á se o c y k l o a d i c i 

4 r c - e l e k t r o n ů p l a n á r n í h o k o n j u g o v a n é h o d i e n u 1 3 a 2 n - e l e k t r o n ů d i e n o f i l u 1 4 a - b ( a l k e n u č i a l k y n u ) 

r e a g u j í c í c h p ř e s t z v . j e d n o d u c h ý c y k l i c k ý t r a n z i t n í s t a v 1 6 a - b z a v z n i k u n o v ý c h e n e r g e t i c k y 

s t a b i l n ě j š í c h a - v a z e b o p r o t i n-vazbám n e n a s y c e n é h o š e s t i č l e n n é h o c y k l u 1 6 a - b ( O b r á z e k 6 ) . R e a k c e 

b y l a p o p r v é o b j e v e n a a p o p s á n a v r o c e 1 9 2 8 O t t o D i e l s e m a K u r t e m A l d e r e m , p o n i c h ž j e p o j m e n o v á n a 

a z a n í ž v r o c e 1 9 5 0 d o s t a l i N o b e l o v u c e n u . 3 7 O b l í b e n o s t D A C s p o č í v á v e v z n i k u n o v ý c h s t e r e o c e n t e r 

n a o b o u k o n c í c h v y t v o ř e n ý c h j e d n o d u c h ý c h v a z e b , a l e z á r o v e ň v z a c h o v á n í s t e r e o c e n t r a d i e n o f i l u (tj. 

s t e r e o s p e c i f i t ě ) a s e l e k t i v i t ě r e a k c e . 2 3 ' 2 8 E x i s t u j í v š a k v ý j i m k y , k d y D A C p r o b í h a l a n e s t e r e o s p e c i f i c k y 
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a p o s k y t o v a l a s m ě r d i a s t e r e o m e r ů , 2 2 ' 2 6 v š e t o t i ž z á v i s í n a t y p u v ý c h o d n í h o d i e n u a d i e n o f i l u a j e j i c h 

s u b s t i t u c í c h . T y t o p a r a m e t r y j s o u z á s a d n í p r o o č e k á v a n ý p r ů b ě h r e a k c e . K z a c h o v á n í s t e r e o c h e m i e , t z n . 

s t e r e o s p e c i f i t ě r e a k c e , o b e c n ě d o c h á z í v l i v e m p l a n á r n í h o u s p o ř á d á n í d i e n u 1 3 a d i e n o f i l u 1 4 a - b . P o k u d 

se d i e n o f i l 1 4 a n a c h á z í v trans k o n f o r m a c i , p a k s e v t é t o k o n f o r m a c i n a c h á z í i s u b s t i t u e n t y 

n a v z n i k a j í c í m c y k l o h e x e n o v é m k r u h u , t z n . ž e v p ř í p a d ě í r a « s - d i e n o f i l u 1 4 a v z n i k á í r a « s - c y k l o h e x e n 

1 6 a , z a t í m c o d s - d i e n o f i l 1 4 b p o s k y t u j e c y k l o h e x e n v d s - k o n f o r m a c i 1 6 b ( O b r á z e k 6 ) . 3 8 

Trans-DAC 
R 

<<? R > 

dien ŕrans-dienofil írans-cyklohexen 
13 14a 16a 

endo izomer 
15a 

J e d n o d u c h ý tranzitní stav 

O b r á z e k 6 . M e c h a n i s m u s , s t e r e o s p e c i f i t a a s t e r e o s e l e k t i v i t a D A C 

V ý š e d i s k u t o v a n é p a r a m e t r y se p a k v y u ž í v a j í k h o d n o c e n í s e l e k t i v i t y D A C u v á d ě n é j a k o t z v . 

endo a exo i z o m é r y 1 6 a - b , j e j i c h ž v z n i k o d k a z u j e n a b i c y k l i c k é n o r b o n a n y . Endo p o z i c e n a b i c y k l u 

s o u v i s í s p o z i c i u v n i t ř š e s t i č l e n n é h o c y k l u a exo s p o z i c i v n ě n ě j ( O b r á z e k 6 ) . P ř i č e m ž m a j o r i t n í m 

p r o d u k t e m D A C b ý v á endo i z o m e r 1 6 b a j e h o v z n i k s o u v i s í s p ř e k r y v e m o r b i t a l u d i e n u 1 3 a d i e n o f i l u 

1 4 b p ř e s t r a n z i t n í s t a v 1 5 a a m a x i m á l n í a k u m u l a c i d v o j n ý c h v a z e b , i z a p ř e d p o k l a d u , ž e j e t o t o 

u s p o ř á d á n í č a s t o s t e r i c k y n á r o č n ě j š í . P ř e k r y v o r b i t a l u d i e n u 1 3 a d i e n o f i l u 1 4 b j e t í m v ě t š í , č í m v í c e 

l e ž í s u b s t i t u e n t y n a d i e n o f i l u p ř í m o p o d d i e n e m ( t r a n z i t n í s t a v y 1 5 a - b ) . T a t o i n t e r a k c e m e z i 

7 T - s y s t é m e m d i e n u 1 3 a d i e n o f i l u 1 4 b j e p o p i s o v a n á j a k o s e k u n d á r n í o r b i t á l n í e f e k t , k t e r ý j e v y s v ě t l o v á n 

t í m , ž e o r b i t a l y s p o j e n é se s k u p i n o u v k o n j u g a c i s d i e n o f i l n í v a z b o u se p ř e k r ý v a j í s v n i t ř n í m i o r b i t a l y 

d i e n u , c o ž j e s p e c i f i c k é p r o endo s e l e k t i v i t u ( l á t k a 1 6 b ) . T a j e c h a r a k t e r i s t i c k á p r o rigidní d i e n o f i l y , 

n a p ř í k l a d p r o a n h y d r i d k y s e l i n y m a l e i n o v é č i b e n z o c h i n o n , n a o p a k v p ř í p a d ě a k r y l á t ů , k r o t o n á t ů , 

p o l y s u b s t i t u o v a n ý c h d i e n ů , v e l m i o b j e m n ý c h d i e n o f i l u č i i r r e v e r z i b i l n í c h r e a k c í ( n a p ř í k l a d v p ř í p a d ě 

f u r a n u a d i e n u ) b ý v á endo s e l e k t i v i t a p o t l a č e n a v e p r o s p ě c h exo i z o m e r u . 3 8 V t ě c h t o p ř í p a d e c h p a k 

m l u v í m e o t z v . k i n e t i c k é m a t e r m o d y n a m i c k é m p r o d u k t u D A C . K i n e t i c k ý m p r o d u k t e m r e a k c e b ý v á 

endo i z o m e r , k t e r ý v z n i k á r y c h l e p ř i i r e v e r z i b i l n í r e a k c i a m ů ž e v y k a z o v a t n i ž š í s t a b i l i t u n e ž 

t e r m o d y n a m i c k y s t a b i l n ě j š í exo p r o d u k t v z n i k a j í c í p o m a l e j i ( O b r á z e k 6 ) . V š e s o u v i s í s t r a n z i t n í m 

s t a v e m t é t o r e a k c e , s u b s t i t u c i d i e n u a o b j e m n o s t i s u b s t i t u e n t ů d i e n o f i l u . 3 8 
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C o se t ý k á c h a r a k t e r i s t i k y v ý c h o z í c h k o m p o n e n t , v ý c h o z í e x o c y k l i c k ý 1 , 3 - d i e n m ů ž e n é s t j a k 

e l e k t r o n - d o n o r n í ( E D G ) , t a k e l e k t r o n - a k c e p t o r n í s k u p i n y ( E W G ) , j e j i c h ž p ř í t o m n o s t p a k o v l i v ň u j e 

r e a k t i v i t u s d a n ý m d i e n e m , k t e r ý r o v n ě ž m ů ž e n é s t j a k E D G ( n a p ř í k l a d d i e n o f i l y 1 , 2 - c y k l o h e x e n č i 

f u r a n a j ) , t a k E W G s k u p i n y ( n a p ř í k l a d d i e n o f i l y m a l e i m i d , A f - f e n y l m a l e i m i d , d i e t h y l f u r a m á t 

d i m e t h y l a c e t y l e n d i k a r b o x y l á t , 4 - f e n y l - l , 2 , 4 - t r i a z o l i n - 3 , 5 - d i o n aj.)- O b e c n ě p l a t í , ž e d i e n y s E D G j s o u 

r e a k t i v n ě j š í n e ž d i e n y s E W G s k u p i n a m i a b e z p o d m í n e č n ě m u s e j í z a u j í m a t d s - k o n f o r m a c i (syn), a b y 

m o h l o d o j í t k c y k l o a d i c i m e z i d i e n e m a d i e n o f i l e m . A č k o l i m n o h o a c y k l i c k ý c h d i e n ů b ý v á p ř í t o m n o 

v e s v é s t a b i l n ě j š í f r a n s 4 í o n f o r m a c i , e x o c y k l i c k é 1 , 3 - d i e n y z í s k a n é R C E M z a u j í m a j í p ř e s n ě 

p o ž a d o v a n o u k o n f o r m a c i p r o D A C , a t u d í ž j s o u p r o t u t o r e a k c i v h o d n ý m i s u b s t r á t y , j e ž j s o u p o u ž i t e l n é 

b e z d a l š í c h t r a n s f o r m a c í . D i e n o f i l y m u s í s p l ň o v a t t ř i p a r a m e t r y , a t o t y p k o n f o r m a c e v j a k é se n a c h á z í 

a j e j í d o p a d n a v z n i k a j í c í c y k l o h e x e n o v ý c y k l u s a d á l e p ř í t o m n o s t E D G a E W G s k u p i n , j e ž m o h o u 

z á s a d n ě o v l i v ň o v a t / z p o m a l o v a t r y c h l o s t r e a k c e . 3 9 

P o d l e t y p u d i e n o f i l u l z e r o z l i š i t n o r m á l n í a i n v e r z n í D A C . U t z v . n o r m á l n í D A C n e s e d i e n o f i l 

s k u p i n u p ř i t a h u j í c í e l e k t r o n y ( E W G ) a j e v k o n j u g a c i s d i e n e m , c o ž u s n a d ň u j e p r ů b ě h r e a k c e . V p ř í p a d ě 

i n v e r z n í D A C j e d i e n o f i l k o n j u g o v á n se s k u p i n o u d a r u j í c í e l e k t r o n y ( E D G ) a j e j í p r ů b ě h b ý v á č a s t o 

z n e m o ž n ě n / z t í ž e n , 4 0 a p r o t o j e p o t ř e b a r e a k c i u r y c h l i t / a k t i v o v a t p o m o c í L e w i s o v y k y s e l i n y , n a p ř í k l a d 

d i e t h y l z i n k u 4 1 č i f l u o r i d u b o r i t é h o ; 4 2 n e b o p o u ž i t í m m i k r o v l n n é h o z á ř e n í . 4 1 D A C p r o b í h a j í p ř e v á ž n ě 

z a v y š š í c h t e p l o t ( > 5 0 ° C ) , 2 2 ' 2 3 ' 2 9 ' 3 5 e x i s t u j í i v ý j i m k y , k d e b y l o v y u ž i t o l a a b o r a t o r n í t e p l o t y v z á v i s l o s t i 

n a t y p u p o u ž i t é h o d i e n o f i l u , n a p ř í k l a d 4 - f e n y l - l , 2 , 4 - t r i a z o l i n u - 3 , 5 - d i o n u , 2 2 a n e b o c h l a z e n í p ř i k a t a l ý z e 

L e w i s o v o u k y s e l i n o u . 3 4 ' 4 2 N e j č a s t ě j š í m i r o z p o u š t ě d l y p a k b ý v a j í C H 2 C 1 2 , 2 2 t o l u e n , 2 3 ' 2 6 ' 2 8 ' 2 9 T H F , 4 1 

b e n z e n 3 5 n e b o D M S O . K r o m ě t r a d i č n í r o z t o k o v é s y n t é z y l z e [ 4 + 2 ] D A C u p l a t n i t i n a p e v n é f á z i , 2 9 ' 4 3 " 

4 5 c o ž s s e b o u p ř i n á š í o p ě t ř a d u v ý h o d , z v l á š t ě j e d n o d u c h é o d s t r a n ě n í n a d b y t k u d i e n o f i l u , k t e r ý se 

n a p e v n é f á z i v y u ž í v á a r e a k č n í h o r o z t o k u . 

V z á v i s l o s t i n a v ý c h o z í m d i e n u / d i e n o f i l u a s u b s t i t u c í c h v m o l e k u l e v z n i k a j í c í h o c y k l o h e x e n u , 

m o h o u c í l o v é p r o d u k t y p o d l é h a t in situ o x i d a c i 4 2 4 6 t j . a r o m a t i z a c i , n a p ř í k l a d n a n e n a s y c e n ý n a f t a l e n -

1 , 4 - d i o n o v ý k r u h 2 2 ( S c h é m a 2 ) 4 6 O x i d a c e v š a k m ů ž e b ý t d o s a ž e n o i d o d a t e č n ě , n a p ř í k l a d p o m o c í 

2 , 3 - d i c h l o r - 5 , 6 - d i k y a n o - l , 4 - b e n z o c h i n o n u ( D D Q ) , 2 8 ' 4 7 M n 0 2 , 4 8 K M n 0 4 a T F A , 4 9 p a l l a d i u m -

k a t a l y z o v a n é o x i d a t í v n i d e h y d r o g e n a c e 5 0 n e b o b r o m a c e z a n á s l e d n é e l i m i n a c e p o m o c í 

l , 8 - d i a z a b i c y k l o [ 5 . 4 . 0 ] u n d e k - 7 - e n u ( D B U ) . 5 1 

17 18 19 20 21 22 

S c h é m a 2 . P ř í k l a d s p o n t á n n í o x i d a c e p ř i D A C 4 6 
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3 . 2 V y b r a n é s y n t e t i c k é p ř í s t u p y v e d o u c í k T I C a S I C d e r i v á t ů m a j e j i c h f ú z o v a n ý m 

a n a l o g ů m 

T a t o k a p i t o l a j e r o z d ě l e n a d o t ř e c h p o d k a p i t o l p o j e d n á v a j í c í c h p o s t u p n ě o 1 , 2 , 3 , 4 -

t e t r a h y d r o i s o c h i n o l i n e c h n e s o u c í k a r b o x y l o v o u s k u p i n u v p o l o z e C 3 ( T I C d e r i v á t y ) , d e r i v á t e c h 

t e t r a h y d r o b e n z o [ ď ] a z e p i n - 2 - k a r b o x y l o v é k y s e l i n y ( S I C d e r i v á t y ) a j e j i c h f ú z o v a n ý c h a n a l o g á c h . 

3 . 2 . 1 S y n t é z a T I C d e r i v á t ů 

T I C d e r i v á t y j e m o ž n o p ř i p r a v i t n ě k o l i k a s y n t e t i c k ý m i c e s t a m i , n a p ř í k l a d č á s t e č n o u o x i d a c i 

o k t a h y d r o i s o c h i n o l i n ů , 5 2 H e č k o v ý m c r o s s c o u p l i n g e m , 5 3 p o m o c í P i c t e t - S p e n g l e r o v y 5 4 " 5 7 n e b o B i s c h l e r -

N a p i e r a l s k i h o r e a k c e 5 8 č i [ 2 + 2 + 2 ] a [ 4 + 2 ] c y k l o a d i c e m i , k t e r é j s o u d i s k u t o v á n y d á l e v p r á c i . 2 8 E x i s t u j í 

v š a k i p ř í s t u p y v y u ž í v a j í c í o r g a n o k o v o v ý c h s l o u č e n i n , 5 9 o x i d a t í v n i P i c t e t - S p e n g l e r o v u r e a k c i , 6 0 F r i e d e l -

C r a f t s o v u c y k l i z a c i 6 1 č i R i t t e r o v u r e a k c i . 6 2 

3 . 2 . 1 . 1 Č á s t e č n á o x i d a c e o k t a h y d r o i s o c h i n o l i n ů 

V ý c h o z í o k t a h y d r o i s o c h i n o l i n 2 3 b y l p o d r o b e n č á s t e č n é o x i d a c i p o m o c í h y d r o x i d u s o d n é h o 

n a v z d u š n é m k y s l í k u . R e a k c e p o s k y t o v a l a s m ě s o d s e b e i z o l o v a t e l n ý c h i z o m e r ů , t j . ( 9 5 ) - h e x a h y d r o - 2 4 

a t e t r a h y d r o i s o c h i n o l i n ů 2 5 ( S c h é m a 3 ) . 5 2 

,X>H ,xOH 

(9S)-24 

S c h é m a 3 . Č á s t e č n á o x i d a c e o k t a h y d r o i s o c h i n o l i n ů 2 3 n a t e t r a h y d r o i s o c h i n o l i n 2 5 

P o d m í n k y a č i n i d l a : (i) N a O H , O 2 , 15 m i n , rt. 
52 

3 . 2 . 1 . 2 H e c k ů v c r o s s c o u p l i n g 

P ř í p r a v a T I C d e r i v á t u 3 0 a s p o č í v a l a v H e c k o v ě c r o s s c o u p l i n g u a r y l j o d i d u 2 6 a - d 

s d e h y d r o a m i n o k y s e l i n o u 2 7 z a k a t a l ý z y s l o u č e n i n a m i p a l l a d i a ( p o d m í n k y A a B ) v z á v i s l o s t i n a t y p u 

p o u ž i t é h o a r y l j o d i d u 2 6 a - d ( S c h é m a 4 ) . V p ř í p a d ě a r y l b r o m i d ů 2 6 a - c b y l a H e č k o v a r e a k c e 

u s k u t e č n ě n a p o m o c í t e t r a b u t y l a m o n i u m c h l o r i d u , o c t a n u p a l a d n a t é h o a t r i e t h y l a m i n u j a k o b á z e . 

N a o p a k a r y l j o d i d y 2 6 a a 2 6 d r e a g o v a l y n a o d p o v í d a j í c í p r o d u k t y 2 8 a a 2 8 d v p ř í t o m n o s t i 

A f , A f - d i c y k l o h e x y l m e t h y l a m i n u a b i s ( t r i - f e r c - b u t y l f o s f i n u ) p a l a d i a . 

P ř i p r a v e n é O - a c e t y l o v a n é p r e k u r z o r y 2 8 a - d p a k b y l y d á l e p o d r o b e n y b a z i c k é d e p r o t e k c i , 

c h l o r a c i a b a z i c k y k a t a l ý z o v a n é c y k l i z a c i n a f i n á l n í T I C d e r i v á t 3 0 a , k t e r ý b y l p ř i p r a v e n v 9 9 % 

e n a n t i o m e r n í č i s t o t ě ( s t a n o v e n o p o m o c í c h i r á l n í H P L C c h r o m a t o g r a f i e ) . 5 3 
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x 
M e O O C 

R 27 

NH 

Cbz 

Heckův coupling M e O O C 

OAc (podmínky A nebo B) 

26a-d 

~NH ^OAc R - 0 B n M e O O C 

Cbz 

28a-d 

OBn 

M e O O C 

OBn 

28a: R = OBn, X = Br (podmínky A, 74 %), I (podmínky B, 92 %) 
28b: R = Me, X = Br (podmínky B, 66 %) 
28c: R = N 0 2 X = Br (podmínky B, 89 %) 
28d: R = Br, X = I (podmínky A, 45 %) 

S c h é m a 4 . S y n t é z a t e t r a h y d r o i s o c h i n o l i n u 3 0 a p o m o c i H e č k o v a c r o s s c o u p l i n g u 

P o d m í n k y a č i n i d l a : (i) p o d m í n k y A : B i u N C l , 5 m o l % P d ( O A c ) 2 , E t 3 N , T H F , 4,5 h , 7 0 ° C (45 % a 74 % ) ; 

p o d m í n k y B : A ^ A ŕ - d i c y k l o h e x y l m e t h y l a m i n , b i s ( t r i - / e r c - b u t y l f o s f i n ) p a l l a d i a , d i o x a n , 12 h , 100 ° C (66 % , 89 % 

a 9 2 % ) ; (ii) K 2 C 0 3 , M e O H (95 % ; ee 99 ,4 % ) ; ( i i i ) M s C l , A ^ - d i i s o p r o p y l e t h y l a m i n ( D I P E A ) , C H 2 C 1 2 (99 % ; 

ee 97 ,7 % ) ; ( iv) C s 2 C 0 3 , 7 V , 7 V - d i m e t h y l f o r m a m i d ( D M F ) , (93 % ; ee 97 ,0 % ) . 5 3 

3 . 2 . 1 . 3 P i c t e t - S p e n g l e r o v a r e a k c e 

K e k o n s t r u k c i T I C s k e l e t u j e h o j n ě v y u ž í v á n a P i c t e t - S p e n g l e r o v a r e a k c e . 5 4 " 5 7 J e d n á se o k o n d e n z a c i 

a l i f a t i c k é h o p r i m á r n í h o a m i n u s a l d e h y d e m č i k e t o n e m z a k y s e l é k a t a l ý z y . T e n t o t y p r e a k c e b y l 

a p l i k o v á n n a p ř í k l a d k p ř í p r a v ě d v o u r ů z n ý c h i z o m e r ů T I C d e r i v á t ů 3 4 a 3 8 o d v o z e n ý c h o d meta-

t y r o s i n u 3 1 ( S c h é m a 5 ) . M e t o d a b y l a n e j p r v e v y u ž i t a k p ř í p r a v ě 6 - h y d r o x y T I C i z o m e r u 3 4 , j e n ž b y l 

z í s k á n p o e s t e r i f i k o v a c i a T Y - a c y l a c i z á k l a d n í T I C s t r u k t u r y 3 2 . 8 - h y d r o x y i z o m e r 3 8 b y l p ř i p r a v e n 

b r o m a c í m e í a - t y r o s i n u 3 1 z a n á s l e d n é P i c t e t - S p e n g l e r o v y c y k l i z a c e s k r z v a k a n t n í o r í / z o - p o z i c i a d á l e 

p o m o c í e s t e r i f i k a c e , T Y - a c y l a c e a o d r e d u k o v á n í m a t o m u b r o m u p o m o c í v o d í k u a p a l l a d i a n a a k t i v n í m 

u h l í ( P d / C ) . 5 4 

Pictet-Spenglerova reakce 

O 

OH H ^ " H 

H O O C H O O C M e O O C M e O O C N 

. A 

H O O C 

32 33 

O 

H - ^ H 

H O O C M e O O C 

36 

M e O O C 

Pictet-Spenglerova reakce 

S c h é m a 5 . S y n t é z a 6 - a 8 - h y d r o x y i z o m e r ů T I C d e r i v á t ů 3 4 a 3 8 p o m o c í P i c t e t - S p e n g l e r o v y r e a k c e 

P o d m í n k y a č i n i d l a : (i) H C 1 , 45 m i n , 90 ° C ; (ii) C H 2 N 2 , C H 2 C 1 2 , 24 h , r t ; ( i i i ) B o c 2 0 , C H 2 C 1 2 ; ( iv) B r 2 , A c O H , 

3 0 m i n , 5 ° C , p o t é 1 h , rt; (v) H 2 , P d / C , E t O A c . 5 4 
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3 . 2 . 1 . 4 B i s c h l e r - N a p i e r a l s k i h o r e a k c e 

J e d n á se o i n t r a m o l e k u l á r n í e l e k t r o f i l n í a r o m a t i c k o u s u b s t i t u c i / J - a r y l e t h y l a m i d ů n e b o 

/ J - a r y l e t h y l k a r b a m á t ů v p ř í t o m n o s t i t r i c h l o r i d u f o s f o r y l u , k t e r á j e č a s t o v y u ž í v a n á k s y n t é z e 

d i h y d r o i s o c h i n o l i n ů . Z a j í m a v á a l t e r n a t i v a m e t o d y b y l a p u b l i k o v á n a v r o c e 1 9 9 5 , k d y b y l v ý c h o z í B o c -

p r o t e k o v a n ý ( L ) - 3 , 4 - d i m e t h o x y f e n y l a l a n i n u k o t v e n ý n a M e r r i f i l d o v ě p r y s k y ř i c i 3 9 p o d r o b e n k y s e l e 

k a t a l y z o v a n é d e p r o t e k c i B o c p r o t e k t i v n í s k u p i n y z a n á s l e d n é a c y l a c e d e r i v á t y k y s e l i n y o c t o v é . 

P ř i p r a v e n ý i n t e r m e d i á t 4 0 b y l d á l e v y u ž i t p r o B i s c h l e r - N a p i e r a l s k i h o r e a k c i p o s k y t u j í c í k l í č o v ý 

d i h y d r o i s o c h i n o l i n 4 1 . R e d u k c í d v o j n é v a z b y p o m o c í k y a n o b o r o h y d r i d u s o d n é h o a u v o l n ě n í m 

z p o l y m e r u p o m o c í fluorovodíkové k y s e l i n y b y l z í s k á n ž á d a n ý t e t r a h y d r o i s o c h i n o l i n 4 2 ( S c h é m a 6 ) . 5 8 

Bischler-Napieralskiho reakce 

^ Y " O M e 

_ A ^ O M e _ 

^ ^ L ^ Y N H Y N 1 H O O C N 
0 n A / R O R H 

40 41 42 

R = fBu, Ph, 4-OH-Ph, 4-MeO-Ph, 4-N02-Ph, 3,4-diMeO-Ph, Naph cis/trans = 6:1 

S c h é m a 6 . S y n t é z a t e t r a h y d r o i s o c h i n o l i n u 4 2 p o m o c í B i s c h l e r - N a p i e r a l s k i h o r e a k c e 

P o d m í n k y a č i n i d l a : (i) T F A , C H 2 C 1 2 , 10 m i n , rt; (ii) R C H 2 C O O H , / Y . / Y - d i i s o p r o p y l e t h y l a m i n ( D I P E A ) , 

h e x a f l u o r o f o s f á t b e n z o t r i a z o l u t e t r a m e t h y l u r o n i a ( H B T U ) , / Y . / Y - d i m e t h y l f o r m a m i d ( D M F ) , 1 0 m i n , r t ; 

( i i i ) P O C l 3 , P h C H 3 , 8 h , 8 0 ° C ; ( i v ) N a B H 3 C N , M e O H / H C l ; ( v ) H F , p - k r e s o l , 1 h , 0 ° C ( 2 5 - 3 0 % ) . 5 8 

3 . 2 . 1 . 5 [ 2 + 2 + 2 ] a [4+2] c y k l o a d i c e 

C y k l o a d i č n í r e a k c e p ř i k o n s t r u k c i h e t e r o c y k l i c k ý c h s l o u č e n i n n a b ý v a j í s t á l e v ě t š í p o p u l a r i t y . J e d n o u 

z m o ž n o s t i v ý s t a v b y T I C s k e l e t u j s o u [ 2 + 2 + 2 ] k o - t r i m e r i z a c e v y c h á z e j í c í z o d p o v í d a j í c í h o d i y n u 4 3 

r e a g u j í c í h o s v h o d n ý m m o n o y n e m . V p ř í p a d ě [ 4 + 2 ] D i l e s - A l d e r o v y c y k l o a d i c e ( D A C ) j e p a k m o ž n o 

v y c h á z e t z 1 , 3 - d i e n ů s v n i t ř n í m č i v n ě j š í m k r u h e m 4 4 - 4 5 . S t r u č n é z n á z o r n ě n í a p l i k a c e t ě c h t o 

c y k l o a d i č n í c h r e a k c í p r o p ř í p r a v u t e t r a h y d r o i s o c h i n o l i n u 4 6 j e z o b r a z e n o v e S c h é m a 7 . 2 8 

H O O C ^ ^ N ' ' ^ . H O O C ^ N " H O O C ~ N ' n e b o H O O C ' 
H ^ H H H 
43 46 44 45 

S c h é m a 7 . S y n t é z a t e t r a h y d r o i s o c h i n o l i n u 4 6 p o m o c í c y k l o a d i č n í c h r e a k c í 2 8 

P o d o b n é m e t o d y v e d o u c í k f ú z o v a n ý c h T I C d e r i v á t ů m 4 8 b y l o v y u ž i t o i v p ř e d k l á d a n é p r á c i 

v y c h á z e j í c í z i m o b i l i z o v a n é h o F m o c - a l l y l g l y c i n u 4 7 j a k o v ý c h o z í l á t k y , s p o č í v a j í c í v e v ý s t a v b ě f i n á l n í 

m o l e k u l y p o m o c í R C E M a D A C ( S c h é m a 8 ) . P o d r o b n ě j š í i n f o r m a c e k s y n t é z e j s o u d i s k u t o v á n y 

v s a m o s t a t n é k a p i t o l e 3 . - 7 . t é t o p r á c e . 6 3 
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S c h é m a 8 . S y n t é z a t e t r a h y d r o i s o c h i n o l i n ů 4 8 p o m o c í R C E M a [ 4 + 2 ] c y k l o a d i c e ' 

3 . 2 . 2 S y n t é z a S I C d e r i v á t ů 

H o m o l o g i c k é d e r i v á t y t e t r a h y d r o b e n z o [ ď ] a z e p i n - 2 4 í a r b o x y l o v é k y s e l i n y ( S I C ) j s o u n e j č a s t ě j i 

p r i p r a v o v a n ý i n t r a m o l e k u l á r n í m H e č k o v ý m c r o s s c o u p l i n g e m . V t o m t o p ř í p a d ě b y l a k l í č o v á 

k o m p o n e n t a 5 1 p ř i p r a v e n a r e d u k t i v n í a m i n a c i a l d e h y d u 4 9 s ( ± ) m e t h y l e s t e r e m s e r i n u z a n á s l e d n é B o c 

p r o t e k c e s e k u n d á r n í h o a m i n u a z a v e d e n í d v o j n é v a z b y p o t ř e b n é p r o H e č k o v u r e a k c i n a j e d n o u . Z í s k a n ý 

H e c k ů v p r o d u k t 5 1 b y l d á l e r e a g o v á n s o c t a n e m p a l l a d n a t ý m ( i n t e r m e d i á t 5 2 ) z a n á s l e d n é h y d r o g e n a c e 

d v o j n é v a z b y p o m o c í P d / C p o s k y t u j í c í ž á d a n ý t e t r a h y d r o b e n z o [ ď ] a z e p i n 5 3 . 6 4 

Heckův cross coupling 

S c h é m a 9 . S y n t é z a t e t r a h y d r o b e n z o [ ú f ] a z e p i n ů 5 3 p o m o c í H e č k o v a c r o s s c o u p l i n g u 

P o d m í n k y a č i n i d l a : (i) ( ± ) m e t h y l e s t e r s e r i n u . H C l , K O A c , N a B H 3 C N , 2 - i s o p r o p y l a l k o h o l , m o l e k u l á r n í s í t a 3 Á , 

15 h , rt (53 % ) ; (ii) B o c 2 0 , b e z v o d ý C H 2 C 1 2 , 2 0 h , 0 ° C ; ( i i i ) T s C l , E t 3 N , 12 h , rt, o k y s e l e n í H C 1 ( p H 3; 78 % 

p o d v o u k r o c í c h ) ; ( iv ) P d ( O A c ) 2 , B i u N C l , N a H C 0 3 , b e z v o d ý D M F , m o l e k u l o v á s í t a 3 Á , 16 h , 110 ° C (55 % ) . 6 4 

3 . 2 . 3 S y n t é z a f ú z o v a n ý c h T I C a S I C d e r i v á t ů 

J e d n í m z e z n á m ý c h f ú z o v a n ý c h T I C d e r i v á t ů j e / M a k t a m 5 8 , d a l š í p ř í b u z n á a n a l o g a n e b y l a d o p o s u d 

z k o u m á n a . Z á k l a d n í s k e l e t d i h y d r o i s o c h i n o l i n u 5 6 b y l p ř i p r a v e n z 2 - a m i n o - 3 - ( 3 , 4 - d i h y d r o x y f e n y l ) - 2 -

m e t h y l p r o p a n o v é k y s e l i n y 5 4 v e d v o u k r o c í c h . J e h o n á s l e d n á P i c t e t - S p e n g l e r o v a r e a k c e , m o d i f i k a c e 

c h l o r o a c e t y l c h l o r i d e m a O B n d e p r o t e k c e z a p o d m í n e k d e b e n z y l a c e p o s k y t l a p r o d u k t 5 8 ( S c h é m a 1 0 ) . 6 5 

Pictet-Spenglerova reakce 

54 55 56 57 Cl 58 Cl 

S c h é m a 1 0 . S y n t é z a f ú z o v a n é h o T I C d e r i v á t u 5 8 p o m o c í H e c k o v a c r o s s c o u p l i n g u 

P o d m í n k y a č i n i d l a : (i) O H C O C H 2 C N , D M S O , 3 d n y , rt (64 % ) ; (ii) B n B r , K 2 C 0 3 , b e z v o d ý C H 3 C N , 16 h , 

6 0 ° C (48 % ) ; ( i i i ) P O C l 3 , C H 3 C N , 1,5 h , 60 ° C (88 % ) ; ( iv) C l C H 2 C O C l , E t 3 N , C H 2 C 1 2 , 2 0 h , rt (47 % ) ; (v) H 2 , 

P d / C , E t O H , 3 h , rt, a t m o s f é r i c k ý tiak (85 % ) . 6 5 
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3 . K O M E N T Á Ř K P Ř E D K L Á D A N É P R Á C I 

Č í s l o v á n í s t r u k t u r b y l o p ř e v z a t o z p u b l i k a c e a v y u ž í v á a r a b s k ý c h č í s l i c z a č í n a j í c í c h o d 1 : K r á l o v á , P . ; 

S o u r a l , M . S y n t h e s i s o f P o l y c y c l i c T e t r a h y d r o i s o q u i n o l i n e s a n d T e t r a h y d r o b e n z o [ ď ] A z e p i n e s f r o m 

P o l y m e r - S u p p o r t e d A l l y l g l y c i n e . J. Org. Chem. 2 0 2 2 , 87 ( 8 ) , 5 2 4 2 - 5 2 5 6 . 

3 . 3 P ř í p r a v a a l k y l a č n í c h č i n i d e l p o m o c í S o n o g a s h i r a c o u p l i n g u 

A l k y l a č n í č i n i d l a b y l a p ř i p r a v e n a z o d p o v í d a j í c í c h a r y l j o d i d ů b n e s o u c í c h e l e k t r o n - a k c e p t o r n í 

a e l e k t r o n - d o n o r n í s k u p i n y , a p r o p a r g y l a l k o h o l u č i b u t - 3 - y n - l - o l u a ( n = 1, 2 ) p o u ž i t ý c h v z á v i s l o s t i 

n a d é l c e r a m é n k a o z n a č e n é h o p í s m e n e m „ n " p o m o c í S o n o g a s h i r a c o u p l i n g u ( S c h é m a 1 1 ) p o d l e 

p o s t u p u p ř e v z a t é h o z l i t e r a t u r y . 6 6 D a n á č i n i d l a b y l a z í s k á n a v 6 1 - 9 3 % v ý t ě ž c í c h a n á s l e d n ě p o u ž i t a 

p r o p ř í p r a v u i n t e r m e d i á t ů 2 a - m p o m o c í M i t s u n o b u a l k y l a c í ( v i z p o d k a p i t o l a 3 . 5 . 1 ) . 

I-V: n = 1, R 1 = 4 - C F 3 i 4-Br, 4-F, 3-F, 2-F (79-93 %) 

1 VI-VIII: n = 2, R 1 = H, 4-Me, 4 - C F 3 (61-83 %) 

S c h é m a 1 1 . P ř í p r a v a a l k y l a č n í c h č i n i d e l 

P o d m í n k y a č i n i d l a : (i) P d ( P P h 3 ) 2 C l 2 (1 m o l % ) , C u l (2 m o l % ) , d e g a s o v a n ý E t 3 N , 2 0 h , 60 ° C ( 6 1 - 9 3 %) . 

3 . 4 V ý v o j a o p t i m a l i z a c e s y n t e t i c k é c e s t y 

C í l o v é d e r i v á t y m ě l y b ý t p ř i p r a v e n y z F m o c - a l l y l g l y c i n u u k o t v e n é h o p ř e s e s t e r o v o u v a z b u n a W a n g o v u 

p r y s k y ř i c i 1 p o m o c í č t y ř e c h r e a k c í , t j . M i t s u n o b u a l k y l a c e , m e t a t é z e , D i e l s - A l d e r o v y c y k l o a d i c e ( D A C ) 

a a c y l a c e s v h o d n ý m i e l e k t r o f i l y . O b e c n é s c h é m a s y n t é z y j e z n á z o r n ě n o v e S c h é m a 1 2 . K l í č o v é 

a l k y l o v a n é m e z i p r o d u k t y 2 b y l y p ř i p r a v e n y v e t ř e c h k r o c í c h p o d l e p o s t u p u p ř e v z a t é h o z l i t e r a t u r y , 6 6 

z a h r n u j í c í c h d e p r o t e k c i F m o c p r o t e k t i v n í s k u p i n y i m o b i l i z o v a n é a m i n o k y s e l i n y , s u l f o n y l a c i p o m o c í 

2 / 4 - n i t r o b e n z e n s u l f o n y l ( N s ) c h l o r i d ů a n á s l e d n o u M i t s u n o b u a l k y l a c i s v h o d n ý m i a l k y n o l y . T y t o 

i n t e r m e d i á t y 2 b y l y d á l e p o u ž i t y k v ý s t a v b ě v n i t ř n í č á s t i c í l o v é m o l e k u l y s e s t á v a j í c í z p i p e r i d i n u 

č i a z e p i n u p o m o c í R C E M m e t a t é z e s G r u b b s o v ý m k a t a l y z á t o r e m ( R u ; i n t e r m e d i á t y 3 ) a d á l e k v ý s t a v b ě 

v ý c h o d n í č á s t i m o l e k u l y t e t r a h y d r o i s o c h i n o l i n o v é h o a t e t r a h y d r o b e n z o [ ď ] a z e p i n o v é h o s k e l e t u p o m o c í 

D A C s v h o d n ý m i d i e n o f i l y ( i n t e r m e d i á t y 4 n e b o 7 ) . O d š t ě p e n í m N s s k u p i n y , t z n . d e n o s y l a c i b y l y 

z í s k á n y k l í č o v é m e z i p r o d u k t y p r o d i v e r g e n t n ě o r i e n t o v a n o u s y n t é z u ( D O S ) a v ý s t a v b u z á p a d n í č á s t i 

m o l e k u l y p o m o c í a c y l a c e s v h o d n ý m i e l e k t r o f i l y , j a k o n a p ř í k l a d a - / 6 - a m i n o k y s e l i n a m i ( d e r i v á t y 1 1 , 

1 3 - 1 4 ) č i j o d o c t o v o u k y s e l i n o u ( i n t e r m e d i á t y 1 5 a - g ) . Z í s k a n é i n t e r m e d i á t y 1 5 a - g b y l y d á l e 

m o d i f i k o v á n y p o m o c í v h o d n ý c h r e a k č n í c h p o d m í n e k v č e t n ě u v o l n ě n í z p o l y m e r u , j e ž v e d l y 

k d e r i v á t ů m 1 9 n e s o u c í c h l a k t o n o v o u č i í e r c - a m i d o v o u j e d n o t k u ( d e r i v á t y 1 6 - 1 7 p ř i p r a v e n é p o m o c í 

v y b r a n ý c h a l i f a t i c k ý c h a m i n ů ) . O p t i m a l i z a c e j e d n o t l i v ý c h k r o k ů j s o u s p e c i f i k o v á n y v n á s l e d u j í c í c h 

p o d k a p i t o l á c h a p ř e h l e d t e s t o v a n ý c h s y n t h o n ů n a O b r á z k u 7 . 
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0 ^ 
imobilizace 

OH 

Wang resin 

1. š t ě p e n í Fmoc skupiny 

a C 2 . sulfonylace 
3. Mitsunobu alkylace 

T N : m 0 C 

O Ns 

O Ns 
n = 1, 2 

4 nebo 7 

1. acylace 
2. konstrukce heterocyklu 
3. š t ě p e n í R 2 / ^ " " I 

západní 
východní 
část 

n = 1, 2 
8 

11, 13-14, 16-17, 19 
6 heterocyklických skeletů 

20 reprezentativních derivátů 

S c h é m a 1 2 . O b e c n é s c h é m a s y n t é z y c í l o v ý c h d e r i v á t ů 

3 . 4 . 1 S y n t é z a a l k y l o v a n é h o i n t e r m e d i á t u 2 

P r o z a v e d e n í s u b s t i t u c e R 1 a n á s l e d n é s t a n o v e n í l i m i t u a o m e z e n í n a v r h o v a n é m e t o d y b y l o o t e s t o v á n o 

c e l k e m d v a n á c t r ů z n ý c h a l k y n o l ů p r o M i t s u n o b u a l k y l a c i v k o m b i n a c i se d v ě m a s u l f o n y l c h l o r i d y , t j . 

2 - / 4 - N s C l , j e n ž j s o u v y o b r a z e n y n a O b r á z k u 5 . P ř i č e m ž 2 - N s d e r i v á t y b y l y z a ř a z e n y z a ú č e l e m 

n á s l e d n é h o r o z š í ř e n í n a v r h o v a n é m e t o d i k y , j e ž b y v e d l a k f ú z o v a n ý m a n a l o g ů m 2 1 6 7 ( S c h é m a 1 3 ) . 

M i t s u n o b u a l k y l a c e p o s k y t o v a l a i n t e r m e d i á t y 2 a - m v 9 3 - 9 8 % s u r o v é č i s t o t ě ( s t a n o v e n o p o m o c í 

H P L C - U V a n a l ý z y p o u v o l n ě n í z p o l y m e r u ) . 
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• v ' ^ i p ^ N ^ . redukce nitroskupiny 

O 2-Ns * 

2a 

o 0 2 S 

1. štepení z polymeru 
2. cyklizace 

H 2 N 

20 

N 
H 

21 

S c h é m a 1 3 . V y u ž i t í 2 - N s s k u p i n y p r o p ř í p r a v u f ú z o v a n ý c h a n a l o g ů ( p o d l e p o d m í n e k z l i t e r a t u r y ) 
67 

3 . 4 . 2 M e t a t é z e ( R C E M ) 

P r o o t e s t o v á n í p o u ž i t e l n o s t i n a v r h o v a n é m e t o d y b y l o p ř i s t o u p e n o k v ý v o j i p o d m í n e k p r o R C E M 

p r o d v ě m o d e l o v é s l o u č e n i n y 2 a - b n e s o u c í 2 / 4 - N s s k u p i n u a ( 4 - ( t r i f l u o r o m e t h y l ) f e n y l ) p r o p - 2 - y n - l - y l 

j a k o R 1 ( S c h é m a 1 4 ) . V o b o u p ř í p a d e c h b y l t e s t o v á n G r u b s s ů v k a t a l y z á t o r d r u h é g e n e r a c e ( R u 2 ) 

v k o m b i n a c i s r o z t o k e m L i C l v A f , A f - d i m e t h y l f o r m a i d u ( D M F ) p r o a k c e l e r a c i r e a k c e . 3 0 J a k se u k á z a l o , 

R C E M b y l a z á v i s l á n a p o ř a d í p ř í d a v k u j e d n o t l i v ý c h r e a g e n t ů ( v i z k a p i t o l a 6. , e x p e r i m e n t á l n í č á s t ) , 

v e l i k o s t i p o u ž i t é h o m í c h a d l a a r y c h l o s t i m í c h á n í , k d y v p ř í p a d ě v e l k é h o m í c h a d l a a p ř i o t á č k á c h v y š š í c h 

j a k 1 0 0 r p m d o c h á z e l o k r o z e m l e t í p r y s k y ř i c e , c o ž z n e m o ž ň o v a l o d a l š í s y n t é z u . P o o p t i m a l i z a c i 

p o d m í n e k b y l d e r i v á t 3 a n e s o u c í 2 - N s z í s k á n p o 2 4 h z a h ř í v á n í v k ó n i c k é t l a k o v é a m p u l i v o l e j o v é 

l á z n i , n a p r o t i t o m u ú p l n é k o n v e r z e n a d e r i v á t 3 b n e s o u c í 4 - N s s k u p i n o u b y l o d o s a ž e n o a ž p o č t y ř e c h 

d n e c h . P o m o c í t ě c h t o p o d m í n e k b y l a p ř i p r a v e n a a n a l o g a 2 c - m n e s o u c í r ů z n é a l k y n y l o v é z b y t k y 

v p o l o z e R 1 o d v o z e n é o d 3 - f e n y l p r o p - 2 - y n - l - y l u ( n = 1) a 4 - f e n y l b u t - 3 - y n - l - y l u ( n = 2 ) z a ú č e l e m 

s t a n o v e n í v z t a h ů m e z i s t r u k t u r o u a r e a k t i v i t o u ( T a b u l k a 1) . 

• v T f 
O 4-Ns 

3k 

a . 
i t " 
O 

N 
i 

Ns 

R 1 

n = 1, 2-Ns: 3a: R 1 = 4 - C F 3 

n = 1,4-Ns: 3b: R 1 = 4 - C F 3  

3d: R 1 = 4-Br 

3d: R 1 = 4-Br 

3e: R 1 = 4-F 

3f: R 1 = 3-F 

3g: R 1 = 2-F 

n = 2, 4-Ns: 3c: R 1 = H 

31: R 1 = 4 - C F 3 

O 4-Ns 

n = 1, 2-Ns: 2a: R 1 = 4 - C F 3 - P h 

n = 1,4-Ns: 2b: R 1 = 4 - C F 3 - P h 

2d: R 1 = 4-Br-Ph 

2e: R 1 = 4-F-Ph 

21: R 1 = 3-F-Ph 

2g: R 1 = 2-F-Ph 

2h: R 1 = Ph 

2i: R 1 = 4-Me-Ph 

2j: R 1 = 4-MeO-Ph 

2k: R 1 = H 

n = 2, 4-Ns: 2c: R 1 = Ph 

21: R 1 = 4 - C F 3 - P h 

2m: R 1 = 4-Me-Ph 

n = 1: 3h: R limited cp 33 % 

3i: R = 4-Me not obtained 

3j: R 1 = 4-MeO not obtained 

n = 2: 3m: R 1 = 4-Me not obtained 

S c h é m a 1 4 . R e a k t i v i t a i n t e r m e d i u m 2 a - m p r o R C E M 

P o d m í n k y a č i n i d l a : (i) G r u b b s ů v k a t a l y z á t o r d r u h é g e n e r a c e (5 m o l % ) , 0.4 M l i t h i u m c h l o r i d ( L i C l ) v D M F , 

b e z v o d ý P h C H 3 , 24 h ( p r o 2 a , e - g , i - k , a n d m ) , 3 d n y (pro 2 d ) , 4 d n y (pro 2 b ) , 12 d n ů (pro 2 c a 1), 110 ° C . 
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T a b u l k a 1 . O p t i m a l i z a c e R C E M p r o i n t e r m e d i á t y 2 

V L R 1 R 2 n 
t y p 
R u 

R u 

[ m o l 

%] 

L i C l / 

D M F 

[ M ] 

e x t r a 

b e z v . 

r o z p . 

t e p ­

l o t a 

P C ] 

č a s 

[h] 

2 

[%]' 
3 

[%]' 
3 - K 

[%]' 
9 

[%]' 
10 

[%]' 

2 a 4 - C F 3 - P h 2 - N s 1 R u 2 5 0 .4 P h C H 3 110 2 4 0 9 4 0 0 0 

2 b 4 - C F 3 - P h 4 - N s 1 R u 2 5 0 .4 P h C H 3 110 

2 4 93 5 0 0 0 

2 b 4 - C F 3 - P h 4 - N s 1 R u 2 5 0 .4 P h C H 3 110 
4 8 7 2 2 6 0 0 0 

2 b 4 - C F 3 - P h 4 - N s 1 R u 2 5 0 .4 P h C H 3 110 
7 2 36 6 0 0 0 0 

2 b 4 - C F 3 - P h 4 - N s 1 R u 2 5 0 .4 P h C H 3 110 

9 6 0 9 6 0 0 0 

2 c P h 4 - N s 2 R u 2 5 0 .4 P h C H 3 110 

2 4 87 9 0 0 0 

2 c P h 4 - N s 2 R u 2 5 0 .4 P h C H 3 110 

9 6 58 38 0 0 0 

2 c P h 4 - N s 2 R u 2 5 0 .4 P h C H 3 110 144 28 5 9 0 0 0 2 c P h 4 - N s 2 R u 2 5 0 .4 P h C H 3 110 

2 1 6 15 7 6 0 0 0 

2 c P h 4 - N s 2 R u 2 5 0 .4 P h C H 3 110 

2 8 8 0 9 0 0 0 0 

2 d 4 - B r 4 - N s 1 R u 2 5 0 .4 P h C H 3 110 

2 4 84 9 0 0 0 

2 d 4 - B r 4 - N s 1 R u 2 5 0 .4 P h C H 3 110 4 8 21 7 2 0 0 0 2 d 4 - B r 4 - N s 1 R u 2 5 0 .4 P h C H 3 110 

7 2 0 93 0 0 0 

2e 4 - F 4 - N s 1 R u 2 5 0 .4 P h C H 3 110 2 4 0 98 0 0 0 

2 f 3 - F 4 - N s 1 R u 2 5 0 .4 P h C H 3 110 2 4 0 98 0 0 0 

2 g 2 - F 4 - N s 1 R u 2 5 0 .4 P h C H 3 110 2 4 0 9 4 0 0 0 

2 h P h 4 - N s 1 

R u l 5 

0 .4 P h C H 3 110 

2 4 5 4 3 0 4 0 

2 h P h 4 - N s 1 
R u 2 

5 
0 .4 P h C H 3 110 

2 4 38 33 0 0 0 

2 h P h 4 - N s 1 
R u 2 

5 
0 .4 P h C H 3 110 7 2 38 33 0 0 0 2 h P h 4 - N s 1 

R u 2 

10 

0 .4 P h C H 3 110 

2 4 63 3 0 0 0 0 

2 h P h 4 - N s 1 
R u 2 

10 

0 .4 P h C H 3 110 

7 2 6 0 31 0 0 0 

2 i 4 - M e - P h 4 - N s 1 R u 2 

5 

0 .4 P h C H 3 110 

2 4 4 0 5 5 2 0 0 

2 i 4 - M e - P h 4 - N s 1 R u 2 

5 

0 .4 P h C H 3 110 
4 8 21 5 71 0 0 

2 i 4 - M e - P h 4 - N s 1 R u 2 

10 

0 .4 P h C H 3 110 
2 4 4 4 5 4 4 0 0 

2 i 4 - M e - P h 4 - N s 1 R u 2 

10 

0 .4 P h C H 3 110 

4 8 16 5 7 2 0 0 

2 j 4 - M e O - P h 4 - N s 1 R u 2 5 0 .4 P h C H 3 110 2 4 35 2 5 7 0 0 

2 k H 4 - N s 1 

R u 2 

5 

0 .4 

P h C H 3 

110 

2 4 1 33 0 6 53 

2 k H 4 - N s 1 

R u 2 

5 
0 .2 

P h C H 3 

110 

2 4 9 4 0 0 1 5 

2 k H 4 - N s 1 

R u 2 

5 
0 .2 

P h C H 3 

110 
4 8 9 4 0 0 5 4 

2 k H 4 - N s 1 

R u 2 

10 

0 .4 

P h C H 3 

110 
2 4 17 2 2 0 2 2 10 

2 k H 4 - N s 1 

R u 2 

10 
0 .2 

P h C H 3 

110 

2 4 4 2 21 0 25 7 

2 k H 4 - N s 1 

R u 2 

10 
0 .2 

P h C H 3 

110 

4 8 34 28 0 31 7 

2 k H 4 - N s 1 

R u 2 

2 0 

-
P h C H 3 5 0 2 4 95 0 0 0 0 

2 k H 4 - N s 1 

R u 2 

2 0 

-
P h C H 3 

8 0 2 4 95 0 0 0 0 

2 k H 4 - N s 1 

R u 2 

2 0 

-
P h C H 3 

110 2 4 95 0 0 0 0 

2 k H 4 - N s 1 

R u 2 

2 0 

0 .4 

P h C H 3 

110 

2 4 91 0 0 3 1 
2 k H 4 - N s 1 

R u 2 

2 0 

0 .4 

P h C H 3 

110 
2 4 32 2 0 0 2 6 6 

2 k H 4 - N s 1 

R u 2 

2 0 

0 .4 

P h C H 3 

110 
2 4 4 2 14 0 2 6 3 

2 k H 4 - N s 1 

R u 2 

2 0 

0 .4 

P h C H 3 

110 

4 8 1 2 4 0 2 6 4 4 

2 k H 4 - N s 1 

R u 2 

2 0 

-
C H 2 C I 2 5 0 

2 4 95 0 0 0 0 

2 k H 4 - N s 1 

R u 2 

2 0 
0 .4 

C H 2 C I 2 5 0 2 4 2 0 2 9 0 2 35 

2 k H 4 - N s 1 

R u 2 

2 0 
0 .4 

C H 2 C I 2 5 0 

4 8 2 9 25 0 2 2 7 

2 k H 4 - N s 1 

R u 2 

10 
0 .4 D C E 8 0 

2 4 9 2 0 0 4 1 

2 k H 4 - N s 1 

R u 2 

2 0 
0 .4 D C E 8 0 

2 4 4 2 21 0 17 5 

2 k H 4 - N s 1 

R u l 5 0 .4 P h C H 3 110 
2 4 13 3 0 0 13 2 4 

2 k H 4 - N s 1 

R u l 5 0 .4 P h C H 3 110 
4 8 1 4 4 0 13 36 

21 4 - C F 3 - P h 4 - N s 2 R u 2 5 0 .4 P h C H 3 110 

2 4 9 0 8 0 0 0 

21 4 - C F 3 - P h 4 - N s 2 R u 2 5 0 .4 P h C H 3 110 144 73 25 0 0 0 21 4 - C F 3 - P h 4 - N s 2 R u 2 5 0 .4 P h C H 3 110 

2 8 8 0 98 0 0 0 

2 m 4 - M e - P h 4 - N s 2 R u 2 5 0 .4 P h C H 3 110 
2 4 4 3 9 2 6 0 0 

2 m 4 - M e - P h 4 - N s 2 R u 2 5 0 .4 P h C H 3 110 
48 21 9 4 7 0 0 

"Surová čistota stanovena pomocí HPLC-UVpři 205-400 nm. Červeně znázorněna úplné konverze na produkt 3. 
Zkratky: VL = výchozí látka; Ru = Grubbsův katalyzátor; bezv. rozp. = bezvodé rozpouštědlo. 
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Z T a b u l k y 1 j e p a t r n é , ž e p r ů b ě h R C E M z á v i s í n a t y p u p o u ž i t é s u b s t i t u c e R 1 a d é l c e ř e t ě z c e 

a l k y n o l u , t z n . p o č t u m e t h y l e n o v ý c h s k u p i n „ n " v ř e t ě z c i 3 - f e n y l p r o p - 2 - y n - l - y l u č i 4 - f e n y l b u t - 3 - y n - l -

y l u . V p ř í p a d ě 3 - f e n y l p r o p - 2 - y n - l - y l a n a l o g ů s j e d n o u m e t h y l e n o v o u s k u p i n o u ( n = 1) n e s o u c í c h 

s k u p i n y R 1 se z á p o r n ý m i n d u k č n í m e f e k t e m ( B r a F ) b y l o k v a n t i t a t i v n í k o n v e r z e n a 3 e - g ( R 1 = 2 - / 3 - 4 -

F - P h ) d o s a ž e n o p o 2 4 h , z a t í m c o u d e r i v á t u 3 d s 4 - b r o m o f e n y l e m j a k o R 1 b y l y v y ž a d o v á n y t ř i d n y . 

N e s u b s t i t u o v a n ý f e n y l a n a l o g 3 h ( R 1 = P h ) b y l z í s k á n p o u z e v o m e z e n é s u r o v é č i s t o t ě ( 3 3 %) a s t e j n é 

v ý s l e d k y b y l y p o z o r o v á n y i p o t ř e c h d n e c h . L e p š í k o n v e r z e n e b y l o d o s a ž e n o a n i p o m o c í 1 0 m o l % R u 2 , 

a n i p o z á m ě n ě R u 2 z a G r u b b s ů v k a t a l y z á t o r p r v n í g e n e r a c e ( R u l ) . Z h o r š e n á r e a k t i v i t a b y l a p o z o r o v á n a 

i u l á t e k 2 i - j s e l e k t r o n - d o n o r n í m i s k u p i n a m i ( R 1 = 4 - M e - P h a n d 4 - M e O - P h ) , j e j i c h ž p ř e m ě n a n a l á t k y 

3 i - j z c e l a s e l h a l a . V o b o u p ř í p a d e c h b y l p o z o r o v á n v z n i k o d p o v í d a j í c í c h k e t o n ů 3 i - K a 3 j - K ( S c h é m a 

4 , T a b u l k a 1) . V p ř í p a d ě p r o p a r g y l d e r i v á t u 2 k b y l a p o z o r o v á n a s m ě s t ř i s l o u č e n i n ; m a j o r i t n í „ c r o s s -

l i n k i n g " p r o d u k t 1 0 k , ž á d a n ý d i e n 3 k a d e a l k y l o v a n ý p r o d u k t 9 k v 5 3 % , 3 3 % a 6 % s u r o v ý c h č i s t o t á c h . 

D a l š í o p t i m a l i z a c e , s p o č í v a j í c í n a p ř í k l a d v e s n í ž e n í k o n c e n t r a c e L i C l v D M F , z v ý š e n í p o č t u p o u ž i t ý c h 

e k v i v a l e n t ů R u 2 , j e h o z á m ě n a z a R u l , p o u ž i t í r ů z n ý c h r o z p o u š t ě d e l , t e p l o t a č a s ů , n e m ě l y ž á d n ý v l i v 

n a p r ů b ě h r e a k c í a o d d a l š í c h o p t i m a l i z a c í b y l o u p u š t ě n o . 

U d e r i v á t ů m a j í c í c h 4 - f e n y l b u t - 3 - y n - l - y l o v o u s k u p i n u ( n = 2 , d e r i v á t y 2 c , 2 1 - m ; T a b u l k a 1) 

b y l a R C E M m o ž n á p o u z e p r o n e s u b s t i t u o v a n ý f e n y l a n a l o g 3 c ( R 1 = P h ) a d e r i v á t s e l e k t r o n - a k c e p t o r n í 

s k u p i n o u 31 ( R 1 = 4 - C F 3 - P I 1 ) . S y n t é z a s l o u č e n i n y 2 m s e l e k t r o n - d o n o r n í s k u p i n o u ( R 1 = 4 - M e - P h ) 

s e l h a l a z d ů v o d u v z n i k u k e t o n u 3 m - K ( 4 7 % s u r o v á č i s t o t a ) . S t r u k t u r a t ě c h t o k e t o n ů 3 i - K , 3 j - K a 3 m -

K b y l a n a v r ž e n a p o m o c í M S s p e k t e r , p r o t o ž e d a n é d e r i v á t y n e m ě l y v ý z n a m n ě j š í v ý z n a m v t é t o 

s y n t e t i c k é m e t o d ě , n e b y l y t y t o l á t k y i z o l o v á n y a p o d r o b e n y p l n é c h a r a k t e r i z a c i p o m o c í k o n v e n č n í c h 

a n a l y t i c k ý c h m e t o d . 

O b e c n ě l z e ř í c i , ž e R C E M p r o d e r i v á t y n e s o u c í 3 - f e n y l p r o p - 2 - y n - l - y l o v o u a 4 - f e n y l b u t - 3 - y n -

1 - y l o v o u j e d n o t k u z á v i s í n a t y p u p o u ž i t é s u b s t i t u c e R 1 a j e m o ž n á p o u z e p r o l á t k y n e s o u c í e l e k t r o n -

a k c e p t o r n í s k u p i n u ( R 1 = 4 - C F 3 - P h ) , m a j í c í z á p o r n ý i n d u k č n í e f e k t ( R 1 = 4 - B r - P h a 2 - / 3 / - 4 - F - P h ) 

a v p ř í p a d ě 4 - f e n y l b u t - 3 - y n - l - y l e m d e r i v á t ů t a k é p r o n e s u b s t i t u o v a n ý f e n y l ( R 1 = P h ) . D é l k a 3 -

f e n y l p r o p - 2 - y n - l - y l o v é h o a 4 - f e n y l b u t - 3 - y n - l - y l o v é h o ř e t ě z c e n e m ě l a n a R C E M z á s a d n ě j š í v l i v . 

3 . 4 . 3 [ 4 + 2 ] D i e l s - A l d e r o v a c y k l o a d i c e ( D A C ) 

V ý c h o d n í č á s t m o l e k u l y n a v r h o v a n ý c h d e r i v á t ů b y l a v y s t a v ě n a p o m o c í [ 4 + 2 ] D A C . P ů v o d n í p l á n 

s y n t é z y s p o č í v a l v p ř í p r a v ě d e k a h y d r o - l / / - p y r r o l o [ 3 , 4 - / ] i s o c h i n o l i n u 4 a , j e n ž b y b y l d á l e o x i d o v á n 

n a t e t r a h y d r o i s o c h i n o l i n 6 a a j e h o p ř e v e d e n í / o d s t r a n ě n í 2 - / 4 - N s s k u p i n b y m o h l y u m o ž n i t m o d i f i k a c i 

s v h o d n ý m i e l e k t r o f i l y p o d l e p o d m í n e k p ř e v z a t ý c h z l i t e r a t u r y 6 6 " 6 9 v e d o u c í c h k f ú z o v a n ý m 

h e t e r o c y k l ů m ( S c h é m a 1 5 ) . J a k se p o z d ě j i u k á z a l o , ž e D i e l s - A l d e r o v a r e a k c e s A f - f e n y l m a l e i m i d e m 

p o s k y t o v a l a s m ě s t ř í d i a s t e r e o m e r ů , j e j i c h ž o x i d a c e n a t e t r a h y d r o i s o c h i n o l i n 6 a z c e l a s e l h a l y , a p r o t o 

b y l o p ř i s t o u p e n o k a l t e r n a t i v n í c e s t ě . T a s p o č í v a l a v z á m ě n ě d i e n o f i l u , t z n . A f - f e n y l m a l e i m i d u 

z a 1 , 4 - n a f t o c h i n o n , p o p ř í p a d ě j e h o a n a l o g a 1 , 4 - b e n z o c h i n o n a 1 , 4 - a n t r a c h i n o n ( d i s k u t o v á n o d á l e ) . 
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S c h é m a 1 5 . P ů v o d n í a a l t e r n a t i v n í s y n t e t i c k á c e s t a v e d o u c í k p r e k u r z o r ů m p r o p r í p r a v u f ú z o v a n ý c h c y k l ů 

J a k j i ž b y l o z m í n ě n o , p r o D A C d i e n u 3 a b y l n e j p r v e t e s t o v á n A f - f e n y l m a l e i m i d j a k o m o d e l o v ý 

d i e n o f i l a r e a k c e b y l a p r o v e d e n a v p ř í t o m n o s t i b e z v o d é h o d i m e t h y l s u f o x i d u ( D M S O ) p ř i 1 2 0 ° C 

v k ó n i c k é t l a k o v é a m p u l i v o l e j o v é l á z n i ( S c h é m a 1 6 ) . P o u v o l n ě n í z í s k a n é l á t k y 4 a z p o l y m e m í h o 

n o s i č e p o m o c í s m ě s i t r i f l u o r o c t o v é k y s e l i n y ( T F A ) v C H 2 C I 2 b y l y p o z o r o v á n y t ř i d i a s t e r e o m e r y 

v c e l k o v é s u r o v é č i s t o t ě 9 5 % v p o m ě r u 3 : 5 : 2 . P o m o c í M S a n a l ý z y b y l o u r č e n o , ž e se j e d n á o 

d e k a h y d r o - l / / - p y r r o l o [ 3 , 4 - / ] i s o c h i n o l i n - 8 - k a r b o x y l o v o u k y s e l i n u 5 a . P r o u r č e n í k o n f i g u r a c e n o v ě 

v z n i k l ý c h s t e r e o c e n t e r b y l o p ř i s t o u p e n o k s e p a r a c i j e d n o t l i v ý c h d i a s t e r e o m e r ů p o m o c í H P L C 

c h r o m a t o g r a f i e n a r e v e r z n í c h f á z í c h ( R F - H P L C ) s m o b i l n í f á z i t v o ř e n o u C H 3 C N a o c t a n e m a m o n n ý m 

( A m A c ) , j e ž u m o ž n i l a i z o l a c i d v o u m a j o r i t n í c h i z o m e r ů 5 a - I a 5 a - I I v e f i n á l n í H P L C č i s t o t ě > 9 8 % . 

T ř e t í i z o m e r b y l k o n t a m i n o v á n i z o m e r e m 5 a - I I , c o ž z n e s n a d n i l o j e h o s t r u k t u r n í i d e n t i f i k a c i a j e h o 

s t r u k t u r n í a n a l ý z a n e n í s o u č á s t i p ř e d k l á d a n é p r á c e . K o m p l e t n í I D a 2 D N M R a n a l ý z a b y l a p r o v e d e n a 

p o m o c í ' H , 1 3 C { ' H } , A P T , ' H - ' H C O S Y , ' H - ' H N O E S Y , ' H - 1 3 C H M Q C , ' H - 1 3 C H M B C 

a ' H - 1 5 N H M B C N M R s p e k t e r p r o i z o m é r y 5 a - I ( O b r á z e k 8 - 9 ) a 5 a - I I ( O b r á z e k 1 0 - 1 1 ) . K p r á c i j s o u 

p ř i p o j e n y i d e t a i l n í t a b u l k y j e d n o t l i v ý c h ' H , 1 3 C a 1 5 N N M R k o r e l a c í p r o o b a i z o m é r y ( T a b u l k a 2 - 3 ) . 

( s m ě s tří diastereomerů) 

5a-l (24%) 5a-ll (43%) 
(celkový výtěžek) (celkový větěžek) 

S c h é m a 1 6 . [ 4 + 2 ] D A C i n t e r m e d i á t u 3 a a j e h o š t ě p e n í z p o l y m e r u 

P o d m í n k y a č i n i d l a : (i) b e z v o d ý D M S O , 24 h , 120 ° C ; (ii) 5 0 % t r i f l u o r o c t o v á k y s e l i n a ( T F A ) / C H 2 C 1 2 , 1 h , rt 

a n á s l e d n á H P L C c h r o m a t o g r a f i e n a r e v e r z n í c h f á z í c h ( R F - H P L C ) p o m o c í o c t a n u a m o n n é h o ( A m A c ) . 
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H 
1 H - 1 H C O S Y korelace 

33 - H 
' H - ^ N HMBC korelace 

vw = velmi slabé interakce 
n H - n H N O E korelace 

vw = velmi slabé interakce 

O b r á z e k 8 . D e t a i l n í C O S Y , ' H - 1 5 N H M B C a N O E N M R a n a l ý z a i s o c h i n o l i n u 5 a - I 
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T a b u l k a 2 . ' H ( 5 0 0 M H z ) a 1 3 C { ' H ] ( 1 2 6 M H z ) N M R s p e k t r a v č e t n ě d e t a i l n í c h C O S Y , ' H - 1 3 C H M B C , 

' H - 1 5 N H M B C a N O E k o r e l a c í p r o i s o c h i n o l i n 5 a - I 
p

o
z
ic

e
 

N M R 

[ p p m ] 

m u l t i p l i c i t a , 

J [ H z ] , 

i n t e g r a c e 

" C ^ H J 

N M R ôc 
[ p p m ] , 

4JC-F [ H z ] 

1 5 N 

N M R 

[ p p m ] 

C O S Y 

k o r e l a c e 

^ - " C H M B C 

k o r e l a c e 

i H - 1 5 N 

H M B C 

k o r e l a c e 

N O E k o r e l a c e 

1 - - 176.5 - - - - -

2 - - -
1 9 3 . 1 

( N 2 ) 
- - H15,19 -

3 - - 1 7 8 . 2 - - - - -

4 3 .45 
d d , 7 = 3.0, 

1 . 5 H z , 1 H 
3 9 . 7 -

H a
5 , 

H b
5 , H 1 3 

C 3 , C 4 , C 5 , C 6 , 

C 7 , C 1 3 , C 1 4 
(velmi slabá int.) 

-
H 1 2 H21,25 

(velmi slabá int.) 

5 

H a : 

2 . 3 5 

d d , 7 = 8 . 7 , 

3 .0 H z , 1 H 

2 9 4 

- H 4 , H b
5 

C 3 , C 4 , C 6 , C 8 
(velmi slabá int.) 

c o ' 

-
]_j21,25 (velmi 

slabá int.) 

5 

H b : 

2 . 6 7 

d d , 7 = 

1 4 . 2 , 1 . 5 

H z , 1 H 

2 9 4 

- H 4 , H a
5 

C 3 , C 4 , C 6 , C 7 , 

C 8 , C 1 2 ( s l a b á i n t ) , 

C 1 3 , C 2 0 

-
H 1 2 , H 1 3 , 

JJ21.25 

6 - - 1 3 2 . 1 - - - - -
7 - - 133 .0 - - - - -

8 

H a : 

4 . 0 6 

d , 7 = 1 6 . 2 

H z , 1 H 
41 .71 

- H b
8 

C 7 , C 1 0 , C i l 

(velmi slabá int.) QjYL -
pjlO (velmi slabá 

int.) JJ21.25 

8 
H b : 

4 . 2 5 

d , 7 = 1 6 . 2 

H z , 1 H 

41 .71 

- H a 8 C 6 , C 7 - ]_[ 11 JJ21.25 

9 - - -
94 .3 

( N 9 ) 
- - H b

n , H 1 2 -

10 4 4 1 

d d , 7 = 

1 2 . 1 , 6 . 1 

H z , 1 H 

5 6 . 9 -
H a " , 

H b
u 

£ g (slabáint.) Q\\ 

C 1 2 ( s l a b á i n t '>, C 3 4 
-

pj 8 (velmi slabá 

int) ]-[12 JJ13 

(velmi slabá int.) 

H 2 8 

11 

H a : 

2 4 5 

q , 7 = 1 2 . 1 

H z , 1 H 

2 6 . 7 

-
H 1 0 , 

H b 1 1 , 

H 1 2 

C 1 0 , C 1 2 , C 3 4 - H b
8 , H 1 3 

11 

H b : 

2 . 5 7 

d d , 7 = 6 . 1 , 

3.0 H z , 1 H 

2 6 . 7 

-
H 1 0 , 

H a 1 1 , 

H 1 2 

C 7 C i l * v e ^ m * 

' I N T ) , C 1 2 
N 9 H 1 3 

12 2 4 9 

d d d , 7 = 

1 2 . 1 , 3.0, 

1 . 5 H z , 1 H 

33 .9 -
H a " , 

H b 1 1 , 

H 1 3 

£ J (velmi slabá int.) 

C 4 , C 7 , C 8 , C 1 0 , 

C 1 1 , C 1 3 

N 9 H 4 , H b
5 , H 1 0 

13 3 .43 
d d , 7 = 3.0, 

1 . 5 H z , 1 H 
4 1 . 6 8 - H 4 , H 1 2 

C l , C 5 , C 6 , C 1 2 , 
C 1 4 (velmi slabá int.) -

p̂ 5̂ p^lO (velmi 

slabá int.) J_J 11 

H b ' 1 1 " ' 

14 - - 1 3 2 . 2 - - - - -
15, 

19 

7 .12-

7 .17 
m , 2 H 1 2 7 . 1 - JJ16.18 C 1 4 , C 1 5 , 1 9 , C 1 7 N 2 -

16 , 

18 

7 .41 -

7 4 8 
m , 2 H 128.9 -

H15.19 

H 1 7 

C 1 4 , C 1 5 , 1 9 , 

C 1 6 , 1 8 , C 1 7 
- -

17 
7 .35-

7 4 1 
m , 1 H 1 2 8 4 - Jjl6,18 C 1 4 , C 1 5 , 1 9 , 

C 1 6 , 1 8 
- -

2 0 - - 142 .6 - - - - -

2 1 , 

2 5 

7 .07-

7 .12 

b r . d , 7 = 

8.0 H z , 2 H 
1 2 8 . 2 - H22,24 

C 6 , C 2 0 , C 2 1 , 2 5 , 

C 2 2 , 2 4 , C 2 3 , C 2 6 
(velmi slabá int.) 

-

J_J4 (velmi slabá 

int.) pj 5 (velmi 

slabá int.) J_J 5 

H 8 T T 8 
-Ha , -Hb 
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2 2 , 

2 4 
7 .67 

b r . d , 7 = 

8 .0 H z , 2 H 

125.1 , 

7 = 3.2 

H z 
- H21,25 C 2 0 , C 2 1 . 2 5 , 

C 2 2 , 2 4 , C 2 3 , C 2 6 
- H 2 9 

2 3 - -
127.8, 

7 = 31.9 

H z 
- - - - -

2 6 - -
124.2, 

7 = 271.8 

H z 
- - - - -

2 7 - - 131.1 - - - - -

2 8 7 .62 
d d , 7 = 8 4 , 

1.2 H z , 1 H 
1 2 9 4 - H 2 9 

C 2 8 , C 2 9 , C 3 0 , 

C 3 1 . C 3 2 

N 3 3 ( v e l m i 

slabá int.) H 1 0 

2 9 7.71 

d d d , 7 = 

8.4, 7 4 , 

1.2 H z , 1 H 

131.8 - H 2 8 , H 3 0 

C 2 7 , C 2 8 , C 3 0 , 

C 3 1 . C 3 2 
- H22,24 

3 0 7 .85 

d d d , 7 = 

7.9, 7.3, 

1.0 H z , 1 H 

124 .0 - H 2 9 , H 3 1 

C 2 8 , C 2 9 , C 3 0 , 

C 3 2 
- -

3 1 7 .79 
d d , 7 = 7 . 9 , 

1.0 H z , 1 H 
134.5 - H 3 0 

C 2 7 , C 2 8 , C 2 9 , 

C 3 0 , C 3 1 . C 3 2 
N 3 3 -

3 2 - - 147.5 - - - - -

3 3 - - -
3 7 3 . 0 

( N 3 3 ) 
- -

pj28 (velmi 

slabá int). J_j31 -

3 4 - - 172.9 - - - - -
3 5 13.13 br . s, 1 H - - - - - -

" P ř i ř a z e n í v y c h á z í z I D a 2 D N M R a n a l ý z ( ^ H C O S Y , L H - 1 3 C H M Q C , ' H - 1 3 C H M B C , ' H - 1 5 N H M B C a ' H ^ H 

N O E S Y ) ; m ě ř e n o v D M S O - ů k ; int = i n t e r a k c e . 

w w = velmi velmi slabé interakce 

O b r á z e k 1 0 . D e t a i l n í C O S Y , ' H - 1 5 N H M B C a N O E N M R a n a l ý z a i s o c h i n o l i n u 5 a - I I 
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1 H - 1 3 C H M B C k o r e l a c e - a r o m a t i c k á o b l a s t 

O b r á z e k 1 1 . D e t a i l n í lK-13C H M B C N M R a n a l ý z a i s o c h i n o l i n u 5 a - I I 

T a b u l k a 3 . ' H ( 5 0 0 M H z ) a 1 3 C { ' H } ( 1 2 6 M H z ) N M R s p e k t r a v č e t n ě d e t a i l n í c h C O S Y , ' H - 1 3 C H M B C , 

' H - 1 5 N H M B C a N O E k o r e l a c í p r o i s o c h i n o l i n 5 a - I I a 

p
o

z
ic

e
 

1 H N M R 

[ p p m ] b 

m u l t i p l i c i t a , 

J [ H z ] , 

i n t e g r a t i o n 

N M R Sc 
[ p p m ] , 

4JC-F [ H z ] 

1 5 N 

N M R 

[ p p m ] 

C O S Y 

k o r e l a c e 

^ - " C H M B C 

k o r e l a c e 

i H - 1 5 N 

H M B C 

k o r e l a c e 

N O E k o r e l a c e 

1 - - 176.8 - - - - -

2 - - -
199.9 

( N 2 ) 
- - H15,19 -

3 - - 178.5 - - - - -

4 3.51 

d d d , / = 

15.2, 8.7, 

1.5 H z , 1 H 

4 0 . 4 -
H a

5 , 

H b
5 , H 1 3 

C 3 , C 5 , C 6 , 

C 1 3 
- -

5 

H a : 2 .73 

d d d , / = 

15.2, 5.5, 

2 .8 H z , 1 H 

3 0 . 7 

- H 4 , H b
5 

C 4 , C 6 , C 7 , C 8 
(slabáint.) - -

5 

H b : 2 . 8 0 
d d , J= 15.2, 

1.5 H z , 1 H 

3 0 . 7 

- H 4 , H a
5 

C 3 , C 4 , C 6 , 

C 7 C 8 * s^^ i n t) 

C 1 3 , C 2 0 ' 

-
]_r21,25 (velmis labá 

int.) 

6 - - 132 .6 - - - - -
7 - - 131 .7 - - - - -

8 

H a : 3 .70 
d d , J= 14.5, 

1.5 H z , 1 H 
4 2 . 4 

- H b
8 C 6 , C 7 -

JJ21,25 (velmi slabá 

int.) J_j28 (velmi 

slabá int.) 8 

H b : 4 . 1 7 
á,J= 14.5 

H z , 1 H 

4 2 . 4 

- H a 8 

C 6 , C 7 , C 1 0 , 

C 1 2 
-

J_J 11 (velmi slabá 

int.) J_[21,25 

9 - - -
92 .8 

( N 9 ) 
- - H b » -

3 0 



10 4 . 6 6 
d d , 7 = 4 .7 , 

2 .8 H z , 1 H 
55 .8 

H a 1 1 , 

H b
u 

C 1 1 . C 1 2 , C 3 4 -

]_[ 8 ]_jl2 (velmi 

slabá inl.) JJ28 

(velmi slabá int.) 

11 

H a : 2 .46 
d d , 7 = 8 . 7 , 

2 .8 H z , 1 H 

2 6 . 6 

H 1 0 , 

H a 1 1 , 

H 1 2 

Cl, C 1 0 ( s l a b á  

i n t ) , C 1 2 , C 3 4 
- H b

8 , H 1 3 

11 

H b : 2 . 6 6 
d d , 7 = 8 . 7 , 

4 . 7 H z , 1 H 

2 6 . 6 
H 1 0 , 

H b 1 1 , 

H 1 2 

C 1 , C 7 , C 1 0 , 
\ (slabá int.) 

C 3 4 

N 9 H 1 3 

12 2 . 6 7 

d d d , 7 = 

11.9, 8.7, 

4 . 7 H z , 1 H 

32 .5 

H a " , 

H b 1 1 , 

H 1 3 

C l , CA, C 6 , 

Cl, C 8 , C I O , 
\ (slabá int.) 

C 1 2 . C 1 3 , C 3 4 

-

U 5 T T 8 TTlO 

(velmi slabá inl.) 

j_[21,25 (velmi slabá 

int.) 

13 3 .47 

d d d , 7 = 

11.9, 8.7, 

5 .5 H z , 1 H 

4 2 . 3 H 4 , H 1 2 

C l , C 4 , Cl, 
C 1 2 

-

H a , H b , 
J_J15,19 (velmi slabá 

int.) Jj21,25 (velmi 

slabá int.) 

14 - - 132.1 - - - - -
15, 

19 

7 .08-

7 .10 
m , 2 H 127 .0 

- JJ16.18 C 1 4 , C 1 5 , 1 9 , 

C 1 7 
N 2 

J_jl3 (velmi slabá 

int.) 

16 , 

18 

7 .43-

7 .47 
m , 2 H 128.9 

- H15.19 

H 1 7 

C 1 4 , C 5 , 1 9 , 

C 1 6 , 1 8 , C 1 7 
- -

17 
7 .37-

7.41 
m , 1 H 128.4 

- Jjl6,18 C 1 4 , C 1 5 , 1 9 , 

C 1 6 , 1 8 
- -

2 0 - - 143.3 - - - - -

2 1 , 

2 5 
7 .29 

b r . d , 7 = 8 . 1 

H z , 2 H 
128.3 H22,24 C 6 , C 2 0 , 

C 2 2 , 2 4 , C 2 3 
-

pj^5 (velmi slabá 

int.) J_J 8 (velmi 

salbá int.) pj^8 

J_J12 (velmi slabá 

int.) J_jl3(velmi 

slabá int.) 

2 2 , 

2 4 
7 .70 

b r . d , 7 = 8 . 2 

H z , 2 H 

125.4 , 

7 = 3 . 1 

H z 

H21,25 C 2 0 , C 2 1 , 2 5 , 

C 2 2 , 2 4 , C 2 6 
- -

2 3 - -
127.7, 

7 = 3 1 . 6 

H z 

- - - -

2 6 - -
125.2, 

7 = 2 7 1 . 8 

H z 

- - - -

2 7 - - 130.8 - - - - -

2 8 8 .14 
d d , 7 = 7.9, 

1.4 H z , 1 H 
130 .2 H 2 9 C 2 8 , C 3 0 ( s l a b á  

i n t ) , C 3 1 , C 3 2 

N 3 3 

(velmi slabá 

int.) 

pj 8 (velmi slabá 

int.), J_jl0 (velmi 

slabá int.) 

2 9 7 .76 

d d d , 7 = 8 . 8 , 

7 .9, 1.4 H z , 

1 H 

132.3 H 2 8 H 3 0 C 2 7 , C 3 0 - -

3 0 7 .80 

d d d , 7 = 8 . 8 , 

7 .9, 1.4 H z , 

1 H 

124 .0 H 2 9 , H 3 1 C 2 8 , C 3 2 - -

3 1 7 .86 
d d , 7 = 7 .9 , 

1.4 H z , 1 H 
134.4 

-
H 3 0 C 2 7 , C 2 9 , C 3 2 N 3 3 -

3 2 - - 147.9 - - - - -

3 3 - - -
3 7 3 . 4 

( N 3 3 ) - -

]_j28 (velmi 

slabá int). 

H 3 1 ' 

-

3 4 - - 172.2 - - - - -

T ř i ř a z e n í v y c h á z í z I D a 2 D N M R a n a l ý z ( ' H - ' H C O S Y , ' H - 1 3 C H M Q C , ' H - 1 3 C H M B C , ' H - 1 5 N H M B C a ' H - ' H 

N O E S Y ) ; m ě ř e n o v D M S O - í f e int = i n t e r a k c e . 
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K u r č e n í 3 D a r c h i t e k t u r y o b o u i z o m e r ů 5 a - I a 5 a - I I , t j . k o n f i g u r a c e s t e r e o c e n t e r C 4 , C 1 2 a C 1 3 

s t e r e o c e n t e r b y l o v y u ž i t o ' H - ' H i n t e r a k č n í c h k o n s t a n t a N O E k o r e l a c í i s o c h i n o l i n o v é h o k r u h u 

( T a b u l k a 4 , O b r á z e k 1 2 ) . K o n f i g u r a c e s t e r e o c e n t r a C I O b y l a o d v o z e n a z v ý c h o z í ( S ) - a m i n o k y s e l i n y . 

V p ř í p a d ě i z o m e r u 5 a - I b y l a k o n f i g u r a c e n o v ě v z n i k l ý c h s t e r e o c e n t e r C 4 , C 1 2 a C 1 4 u r č e n a j a k o R, R, 

a 5 a j e d n a l o s e o t z v . endo i z o m e r . N a o p a k v p ř í p a d ě i z o m e r u 5 a - I I b y l a u r č e n a k o n f i g u r a c e 

s t e r e o c e n t e r j a k o C 4 S, C 1 2 R a C 1 3 R, c o ž n a z n a č o v a l o v z n i k exo i z o m e r u . V e z k r a t c e , a č k o l i b ý v á 

endo i z o m e r z a n o r m á l n í c h p o d m í n e k p r e f e r o v a n ě j š í m p r o d u k t e m D A C , n e n í t a k t e r m o d y n a m i c k y 

s t a b i l n í j a k o exo i z o m e r v z n i k a j í c í z a r e v e r z n í c h p o d m í n e k , a z á r o v e ň j e p o t ř e b a k j e h o v z n i k u p ř e k o n a t 

m n o h e m v ě t š í s t é r i c k o u p ř e k á ž k u n e ž v p ř í p a d ě exo i z o m e r u . Z a n o r m á l n í c h p o d m í n e k b y m ě l b ý t 

k i n e t i c k ý m p r o d u k t e m d a n é r e a k c e endo i z o m e r 5 a - I , a v š a k t e r m o d y n a m i c k ý m , s t a b i l n ě j š í m a z á r o v e ň 

m a j o r i t n í m p r o d u k t e m t é t o D A C j e exo i z o m e r 5 a - I I . V y s v ě t l e n í s p o č í v á v u s p o ř á d á n í p i p e r i d i n o v é h o 

a f t a l i m i d o v é h o k r u h u . V p ř í p a d ě exo i z o m e r u 5 a - I I j e p ř e d n í r o v i n a p i p e r i d i n o v é h o k r u h u t v o ř e n á 

a t o m y C i l a C 1 2 ( O b r á z e k 1 2 - v p r a v o ) v z á s t i n u s f t a l i m i d o v ý m k r u h e m v y t v á ř e j í c í m s a t o m y C i l 

a C 1 2 p o m y s l n o u f o r m a c i v e t v a r u p í s m e n e „ Z " , d í k y č e m u ž m á d a n ý i z o m e r m e n š í s t é r i c k o u z á b r a n u 

n e ž endo i z o m e r 5 a - I , j e h o ž p ř e d n í r o v i n a p i p e r i d i n o v é h o k r u h u s a t o m y C i l a C 1 2 z a u j í m á f o r m a c i 

v e t v a r u p í s m e n e „ U " ( O b r á z e k 1 2 - v l e v o ) a m u s í t a k p ř e k o n a t m n o h e m v ě t š í s t é r i c k o u z á b r a n u , 

a t u d í ž j e d a n ý i z o m e r z a s t o u p e n m i n o r i t n ě . 7 0 

T a b u l k a 4 . S r o v n á n í ' H c h e m i c k ý c h p o s u n ů , m u l t i p l i c i t y a 2J a 3 J h o m o n u k l e á n í c h c o u p l i n g ů o b o u 

i z o m e r ů 5 a - I a 5 a - I I 

C O O H C O O H 

-4 13 •-

H H 
h l a v n í izomer 5a-ll 

m i n o r i t n í i z o m e r 5 a - I m a j o r i t n í i z o m e r 5 a - I I 

* H * H 

p o z i c e N M R 

[ p p m ] 

m u l t i p l i c i t a / [ H z ] 
N M R 

[ p p m ] 

m u l t i p l i c i t a / [ H z ] 

H 4 3.45 d d 3.0, 1.5 3.51 d d d 15.2, 8.7, 1.5 

H a 5 2 .35 d d 8.7, 3.0 2 .73 d d d 15.2, 5.5, 2 .8 

H b 5 2 . 6 7 d d 14.2, 1.5 2 . 8 0 d d 15.2, 1.5 

H a 8 4 . 0 6 d 16.2 3 .70 d d 14.5, 1.5 

H b 8 4 . 2 5 d 16.2 4 . 1 7 d 14.5 

H 1 0 4 .41 d d 12.1, 6.1 4 . 6 6 d d 4 .7 , 2.8 

H a l l 2 .45 q 12.1 2 . 4 6 d d 8.7, 2.8 

H b 1 1 2 . 5 7 d d 6 .1 , 3.0 2 . 6 6 d d 8.7, 4 . 7 

H 1 2 2 .49 d d d 12.1, 3.0, 1.5 2 . 6 7 d d d 11.9, 8.7, 4 . 7 

H 1 3 3.43 d d 3.0, 1.5 3 .47 d d d 11.9, 8 . 7 , 5 . 5 
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1 H - 1 H N O E korelace 
vw = velmi slabá interakce 

5a-l (endo izomer) 5a-ll (exo izomer) 

O b r á z e k 1 2 . D e t a i l n í ' H - ' H N O E N M R a n a l ý z a i s o c h i n o l i n u 5 a - I ( v l e v o ) a 5 a - I I ( v p r a v o ) 

P r o t o ž e p r o d u k t y 4 a , r e s p e k t i v e 5 a b y l y p o z o r o v á n y j a k o s m ě s d i a s t e r e o m e r ů , b y l o p ř i s t o u p e n o 

k o p t i m a l i z a c i r e a k č n í c h p o d m í n e k z a ú č e l e m z l e p š e n í s t e r e o s e l e k t i v i t y D A C . B y l o t e s t o v á n o 

m i k r o v l n n é z á ř e n í , r ů z n á r o z p o u š t ě d l a , č a s y a t e p l o t y ( T a b u l k a 5 ) . Ž á d n é z t e s t o v a n ý c h p o d m í n e k v š a k 

n e p o s k y t l y d a n é i z o m é r y v l e p š í m p o m ě r u , a p r o t o ž e p o u ž i t í m i k r o v l n n ý c h v l n n e m ě l o ž á d n ý v ý r a z n ě j š í 

v l i v n a p r ů b ě h r e a k c e , b y l y p r o s y n t é z u d a l š í c h a n a l o g ů z v o l e n y č e r v e n ě z n á z o r n ě n é p o d m í n k y 

v T a b u l c e 5 b e z m i k r o v l n . 

T a b u l k a 5 . T e s t o v a n é p o d m í n k y D A C p r o z l e p š e n í j e j í s t e r e o s e l e k t i v i t y 

j ^ í ^ / ^ Y ^ ^ i N-fenylmaleimid, extra b e z v o d é O 
J w [I I r o z p o u š t ě d l o , MW, č a s , teplota 

4a 

e x t r a b e z v o d é M W t e p l o t a č a s 3 a 4 a d r 4 a 

r o z p o u š t ě d l o [ W ] P C ] [h] [%]' [%]' [%r 

P h C H 3 

- 8 0 2 4 3 0 63 3 :5 :2 
P h C H 3 - 100 2 4 28 6 6 3 :5 :2 

D C E - 9 0 2 4 7 89 3 :5 :2 

- 9 0 2 4 16 78 3 :5 :2 

- 120 16 16 88 3 :5 :2 

- 1 2 0 2 4 0 9 5 3 : 5 : 2 

D M S O 150 5 0 1 13 82 3 :5 :2 

150 8 0 1 5 9 0 3 :5 :2 

1 5 0 1 1 0 1 0 9 5 3 : 5 : 2 

1 5 0 1 4 0 1 0 9 5 3 : 5 : 2 

- 8 0 2 4 4 6 4 4 3 :5 :2 

C H s C N 
150 5 0 1 10 87 3 :5 :2 

C H s C N 
1 5 0 8 0 1 0 9 4 3 : 5 : 2 

1 5 0 1 1 0 1 0 9 4 3 : 5 : 2 

a S u r o v á č i s t o t a p o R C E M u r č e n a p o m o c í H P L C - U V a n a l ý z y p ř i 2 0 5 ^ 1 0 0 n m . d r = p o m ě r d i a s t e r e o m e r ů . Č e r v e n ě 

z n á z o r n ě n é p o d m í n k y j s o u p o u ž i t y p r o s y n t é z u d a l š í c h a n a l o g ů ; točně z n á z o r n ě n é p o d m í n k y c h a r a k t e r i z u j í 

v š e c h n y n e j l e p š í v ý s l e d k y z í s k a n é p ř i o p t i m a l i z a c í c h v č e t n ě p o r o v n á n í s u r o v é č i s t o t y a d r p o m ě r ů . 
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J a k j i ž b y l o z m í n ě n o v ý š e D A C p o s k y t o v a l a s m ě s d i a s t e r e o m e r ů u ž n a p o l y m e r n í m n o s i č i 

( i n t e r m e d i á t 4 a ) , a p r o t o b y l o o d s n a h p ř i p r a v i t f ú z o v a n é h e t e r o c y k l y o d v o z e n é o d 2 - N s i n t e r m e d i á t u , 

j e n ž j s o u z n á z o r n ě n y v e S c h é m a 3 , u p u š t ě n o . D a l š í p o z o r n o s t b y l a v ě n o v á n a m o ž n é a r o m a t i z a c i 

p o l y m e r n ě u k o t v e n é h o i n t e r m e d i á t u 4 a n a 6 a ( S c h é m a 1 7 ) . P r o t e n t o ú č e l b y l o v y z k o u š e n o n ě k o l i k 

d ř í v e p u b l i k o v a n ý c h m e t o d , j a k o n a p ř í k l a d o x i d a c e p o m o c í M n C h , 4 8 K M n C U , T F A , 4 9 2 , 3 - d i c h l o r - 5 , 6 -

d i k y a n o - l , 4 - b e n z o c h i n o n u ( D D Q ) , 4 7 p a l l a d i u m - k a t a l y z o v a n é o x i d a t í v n i d e h y d r o g e n a c e 5 0 n e b o 

b r o m a c e a n á s l e d n é e l i m i n a c e p o m o c í l , 8 - d i a z a b i c y k l o [ 5 . 4 . 0 ] u n d e k - 7 - e n ( D B U ) . 5 1 V š e c h n y t e s t o v a n é 

m e t o d y p o s k y t o v a l y p o u z e v ý c h o z í l á t k u 4 a , a p r o t o b y l o o d d a l š í c h p o k u s ů u p u š t ě n o . 

1 1 
\ 0 

N -N -

+ o 
h ľ ' Y 

4a-l 

S c h é m a 1 7 . O x i d a c e i n t e r m e d i á t u 4 a 

P o d m í n k y a č i n i d l a : (a) M n 0 2 , b e z v o d ý P h C H 3 (0 ,86 M ) , 24 h , 120 ° C ; (b) K M n 0 4 , b e z v o d ý a c e t o n (0,1 M ) , 

4 , 5 - 2 4 h , rt; (c) 2 , 3 - d i c h l o r - 5 , 6 - d i k y a n o - l , 4 - b e n z o c h i n o n ( D D Q ) (0 ,18-0 ,35 M ) , 5 - 2 4 h , 7 0 - 1 1 0 ° C : 

(d) P d ( T F A ) 2 , P h C l , a n t h r a c h i n o n - 2 - s u l f o n á t s o d n ý , 0 2 , 24 h , 110 ° C . 

N a ř a d u p ř i š l a a l t e r n a t i v n í c e s t a v e d o u c í k t e t r a h y d r o i s o c h i n o l i n o v é m u d e r i v á t u 7 a , s p o č í v a j í c í 

v z á m ě n ě A f - f e n y l m a l e i m i d u z a 1 , 4 - n a f t o c h i n o n a n á s l e d n é s p o n t á n n í a r o m a t i z a c i ( S c h é m a 1 8 ) . 4 6 

Ž á d a n ý p r o d u k t 7 a b y l p ř i p r a v e n v e x c e l e n t n í s u r o v é č i s t o t ě ( > 9 5 %) a n a l e z e n é p o d m í n k y b y l y v y u ž i t y 

p r o p ř í p r a v u d a l š í c h a n a l o g ů 7 b - k s r ů z n ý m i d i e n o f i l y ( s u b s t i t u c e R 3 n a O b r á z k u 7 ) , t j . 1 , 4 -

b e n z o c h i n i o n u č i 1 , 4 - a n t h r a c h i n o n u č i 5 , 8 - d i h y d r o x y - l , 4 - n a f t o c h i n o n u . V p ř í p a d ě p o s l e d n ě z m í n ě n é h o 

n = 1 ,2-Ns: 3a: R 1 = 4 - C F 3 

n = 1 ,4-Ns: 3b: R 1 = 4 - C F 3 

3d: R 1 = 4-Br 

3e: R 1 = 4-F 

3f: R 1 = 3-F 

3g: R 1 = 2-F 

n = 2, 4-Ns: 3c: R 1 = H 

31: R 1 = 4 - C F , 

n = 1 ,2-Ns: 7a: R 1 = 4 - C F 3 , R = Ph 

n = 1 ,4-Ns: 7b: R 1 = 4 - C F 3 , R 3 = Ph 

7c: R 1 = 4-Br, R 3 = Ph 

7d: R 1 = 4-F, R 3 = Ph 

7e: R 1 = 3-F, R 3 = Ph 

7f: R 1 = 2-F, R 3 = Ph 

7g: R 1 = 4-F, R 3 = H 

7h: R 1 = 4-F, R 3 = para-diOH-Ph nebo para-diOAc-Ph (NP) 

7\: pj = 4-F, R 3 = Naph 

n = 2, 4-Ns: 7j: R 1 = H, R 3 = Ph 

7k: R 1 = 4 - C F 3 , R 3 = Ph 

NP = nepřipraveno 

S c h é m a 1 8 . [ 4 + 2 ] c y k l o a d i c e i n t e r m e d i á t u 3 a - g , 31 

P o d m í n k y a č i n i d l a : (i) b e z v o d ý D M S O , 24 h , 120 ° C . 
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5 , 8 - d i h y d r o x y - l , 4 - n a f t o c h i n o n u s y n t é z a l á t k y 7 h z c e l a s e l h a l a , a t o i p o o t e s t o v á n í D A C s k o m e r č n ě 

d o s t u p n ý m 0 - a c e t y l o v a n ý m a n a l o g e m . O s t a t n í d e r i v á t y 7 b - g a 7 i - k b y l y z í s k á n y v s u r o v é č i s t o t ě > 9 0 

% ( s t a n o v e n o p o m o c í H P L C - U V a n a l ý z y p o o d š t ě p e n í a n a l y t i c k é h o m n o ž s t v í p r y s k y ř i c e z p o l y m e r u 

p o m o c í s m ě s i T F A / C H 2 C I 2 ) . 

3 . 4 . 4 M o d i f i k a c e 2 - N s s k u p i n y v e d o u c í k f ú z o v a n ý m d e r i v á t ů m 

D e r i v á t 7 a n e s o u c í 2 - N s s k u p i n u b y l d á l e p o d r o b e n r e d u k c i n a p r y s k y ř i c i p o m o c í d i t h i o n i č i t a n u s o d n é h o 

z a n á s l e d n é h o u v o l n ě n í z p o l y m e r u p o m o c í T F A / C H 2 C I 2 a c y k l i z a c e n a ( 5 ) - 1 2 , 1 2 a - d i h y d r o - 7 / / -

b e n z o [ 6 , 7 ] [ l , 2 , 5 ] t h i a d i a z e p i n o [ 2 , 3 - Z ? ] i s o c h i n o l i n - 1 3 ( 1 4 / f ) - o n 5 , 5 - d i o x i d p o d l e p o d m í n e k p ř e v z a t ý c h 

z l i t e r a t u r y ( S c h é m a 1 9 ) . 6 7 R e d u k o v a n ý i n t e r m e d i á t 2 0 a b y l z í s k á n v n i ž š í s u r o v é č i s t o t ě 5 5 % 

( s t a n o v e n o p o o d š t ě p e n í l á t k y z p o l y m e r u ) a j e h o c y k l i z a c e p o m o c í / 7 - t o l u e n s u l f o n o v é k y s e l i n y ( P T S A ) 

v 1 , 2 - d i c h l o r o e t h a n u ( D C E ) z a r e f l u x u p o s k y t o v a l a o č e k á v a n ý p r o d u k t 2 1 a v o m e z e n é s u r o v é č i s t o t ě 

3 8 % . S o h l e d e m n a n í z k o u s u r o v o u č i s t o t u p r o d u k t u a p ř e d c h o z í z k u š e n o s t s o b t í ž n o u s e p a r a c i 

a k o n t a m i n a c i t e t r a b u t y l a m m o n i u m b i s u l f á t e m ( T B A H S ) v N M R s p e k t r e c h , 6 7 n e b y l o p ř i s t o u p e n o 

k i z o l a c i p r o d u k t u . A l t e r n a t i v n í c e s t o u b y l o o d š t ě p e n í i n t e r m e d i á t u 7 a z p o l y m e r n í h o n o s i č e a n á s l e d n á 

h y d r o g e n a c e n i t r o s k u p i n y a c y k l i z a c e v r o z t o k u . 6 7 B ě h e m h y d r o g e n a c e l á t k y 2 2 a p o m o c í P d / C i PtC"2 

v š a k d o c h á z e l o k p o s t u p n é r e d u k c i c h i n o l i n o v é h o k r u h u p ř e s t e t r a h y d r o - , h e x a h y d r o -

a o k t a h y d r o i s o c h i n o l i n d e t e k o v a n é p o d l e M S s p e k t r a v p o m ě r u 3 : 3 : 2 ( s t r u k t u r a 2 3 a z n á z o r n ě n o 

p ř e r u š o v a n ý m i v a z b a m i ) , a p r o t o b y l o o d d a l š í c h e x p e r i m e n t ů u p u š t ě n o . 

S y n t é z a na pryskyřici a p o s l é z e v roztoku 

( s m ě s tetrahydro-/ hexahydro-
a oktahydroisochinolinů v poměru 3:3:2) 

S c h é m a 1 9 . V y u ž i t í 2 - N s s k u p i n y p r o p ř í p r a v u f ú z o v a n ý c h a n a l o g ů 

P o d m í n k y a č i n i d l a : (i) N a 2 S 2 0 4 . 2 F Í 2 0 , K 2 C 0 3 , t e t r a b u t y l a m m o n i u m b i s u l f á t ( T B A H S ) , C F k C y F ^ O , 2 - 2 4 h , rt; 

( i i ) 5 0 % T F A / C H 2 C 1 2 , 1 h , rt; ( i i i ) / ? - t o l u e n s u l f o n o v á k y s e l i n a ( P T S A ) , b e z v o d ý 1 , 2 - d i c h l o r e t h a n ( D C E ) , 2 4 h , 

90 ° C ; ( iv) H 2 , P d / C n e b o P t 0 2 ( 5 - 3 5 m o l % ) , 2 - i s o p r o p a n o l , a t m o s f é r i c k ý t lak , 2 - 2 4 h , rt. 
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3 . 4 . 5 Š t ě p e n í 4 - N s s k u p i n y , t z v . d e n o s y l a c e 

L á t k y 7 b - g a 7 i - k b y l y p o d r o b e n y t z v . d e n o s y l a c i , t e d y o d š t ě p e n í 4 - N s s k u p i n y p o m o c í 

2 - m e r k a p t o e t h a n o l u ( M C E ) a D B U ( S c h é m a 2 0 ) . Ž á d a n é i n t e r m e d i á t y 8 a - e a 8 g - i p r i p r a v o v a n é 

z 1 , 4 - n a f t o c h i n o n u a 1 , 4 - a n t h r a c h i n o n u b y l y z í s k á n y v e x c e l e n t n í s u r o v é č i s t o t ě ( > 9 0 % ) . P ř í p r a v a l á t k y 

8 f z i n t e r m e d i á t u 7 g n e s o u c í h o t e t r a h y d r o b e n z o [ / ] i s o c h i n o l i n - 7 , 1 0 - d i o n o v o u j e d n o t k u z c e l a s e l h a l a . 

P o d l e L C - M S a n a l ý z y d o c h á z e l o p ř e d n o s t n ě k e v z n i k u p r o d u k t ů M i c h a e l o v y a d i c e ( n e i z o l o v á n y ) 

p o c h á z e j í c í c h z r e a k c e t h i o l á t u a b e n z o c h i n o n u . K p o t l a č e n í t ě c h t o n e ž á d o u c í c h p r o d u k t ů b y l 

M C E / D B U z a m ě n ě n z a t h i o f e n o l / D B U s l o u ž í c í j a k o m í r n ě j š í n u k l e o f i l , a v š a k o č e k á v a n ý p r o d u k t 8 f b y l 

z í s k á n v n í z k é s u r o v é č i s t o t ě ( 1 1 % ) , k v ů l i k t e r é n e b y l i z o l o v á n . 

n = 1, 4-Ns: 7b: R 1 = 4 -CF 3 , R 3 = Ph 
7c: R 1 = 4-Br, R 3 = Ph 

7d: R 1 = 4-F, R 3 : 

7e: R 1 = 3-F, R 3 = 

Ph 

Ph 

7f: R 1 = 2-F, R 3 = Ph 

7g: R 1 = 4-F, R 3 = H 

7i: R 1 = 4-F, R 3 = Naph 

= 2, 4-Ns: 7j: R 1 = H, R 3 = Ph 

7k: R 1 = 4 -CF 3 , R 3 = Ph 

n = 1: 8a: R 1 = 4-CF3, R 3 = Ph 

8b: R 1 = 4-Br, R 3 = Ph 

8c: R 1 = 4-F, R 3 = Ph 

8d: R 1 = 3-F, R 3 = Ph 

8e: R 1 = 2-F, R 3 = Ph 

8f: R 1 = 4-F, R 3 = H (NP) 

8g: R 1 = 4-F, R 3 = Naph 

n = 2: 8h: R 1 = H, R 3 = Ph 

8i: R 1 = 4 -CF 3 -Ph, R 3 = Ph 

NP = nepřipraveno 

S c h é m a 2 0 . Š t ě p e n í 4 - N s s k u p i n y 

P o d m í n k y a č i n i d l a : (i) 2 - m e r k a p t o e t h a n o l ( M C E ) , D B U , 4 0 m i n , rt; (ii) P h S H , D B U , 10 m i n - 1 h , rt. 

3 . 4 . 6 V ý s t a v b a z á p a d n í č á s t i m o l e k u l y p o m o c í D O S 

Z á p a d n í č á s t m o l e k u l y m a j í c í v e s v é s t r u k t u ř e 6 - t i n e b o 7 - m i č l e n n é c y k l y b y l a k o n s t r u o v á n a p o m o c í 

t ř e c h t y p ů e l e k t r o f i l ů , t j . a - / 6 - a m i n o k y s e l i n a j o d o c t o v é k y s e l i n y , j e ž b y l y p o u ž i t y k a c y l a c i 

s e k u n d á r n í c h a m i n ů 8 a - e a 8 g - i ( S c h é m a 2 1 - 2 3 ) . 

N e j p r v e b y l p ř i p r a v e n l , 4 - d i a z e p i n o [ l , 2 - £ > ] i s o c h i n o l i n - d i o n 1 1 ( S c h é m a 2 1 ) a c y l a c i 

i n t e r m e d i á t u 8 b p o m o c í B o c - y 3 - A l a - O H a n h y d r i d u , p ř i p r a v e n é h o in situ z B o c - y 3 - A l a - O H 

a A ^ T V - d i i s o p r o p y l k a r b o d i i m i d u ( D I C ) z a n á s l e d n é h o k y s e l e k a t a l y z o v a n é h o š t ě p e n í i n t e r m e d i á t u 9 

z p o l y m e r u a c y k l i z a c e p o m o c í H B T U , D I P E A a h y d r o x y b e n z o t r i a z o l u ( H O B t ) v D M F . Ž á d a n ý p r o d u k t 

b y l d e t e k o v á n ( H P L C - U V a n a l ý z a ) v l i m i t u j í c í s u r o v é č i s t o t ě ( < 2 5 % ) , a p r o t o b y l a v y z k o u š e n a d r u h á 

m e t o d a . T a t o a l t e r n a t i v n í c y k l i z a c e p o m o c í l - e t h y l - 3 - ( 3 - d i m e t h y l a m i n o p r o p y l ) k a r b o d i i m i d u ( E D O ) 

p o s k y t l a o č e k á v a n ý p r o d u k t o p ě t v n i ž š í s u r o v é č i s t o t ě ( 4 3 % ) , t a v š a k b y l a v y š š í n e ž v p ř e d c h o z í m 

p ř í p a d ě , a p r o t o b y l a l á t k a i z o l o v á n a a p l n ě c h a r a k t e r i z o v á n a ( T a b u l k a 6 - P ř e h l e d p ř i p r a v e n ý c h 

d e r i v á t ů ) . 
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o 
H 

8b 
9 

NH 
i 

Boc 

H O . X 

10 

11 (10 %) 
(celkový výtěžek) 

S c h é m a 2 1 . S y n t é z a d i a z e p i n o [ l , 2 - £ > ] [ l , 4 ] i s o c h i n o l i n - d i o n u 1 1 

P o d m í n k y a č i n i d l a : (i) B o c - y ? - A l a - O H , D I C , C H 2 C 1 2 , 3 0 m i n , rt, p o t é p ř i d á n o k p r y s k y ř i c i 8 b , 2 4 h , rt; (ii) 5 0 % 

T F A / C H 2 C 1 2 , 1 h , rt; ( i i i ) l - e t h y l - 3 - ( 3 - d i m e t h y l a m i n o p r o p y l ) - k a r b o d i i m i d ( E D C I ) , C H 2 C 1 2 , 2 4 h , rt. 

D á l e b y l a v y z k o u š e n a a c y l a c e l á t e k 8 a a 8 e p o m o c í F m o c - A l a - O H z a a k t i v a c e D I C / H O B t 

p o s k y t u j í c í p r o d u k t y 1 2 a a 1 2 f v n í z k é s u r o v é č i s t o t ě ( 4 0 % a 4 7 % ; S c h é m a 2 2 ) . B a z i c k á d e p r o t e k c e 

F m o c p r o t e k t i v n í s k u p i n y l á t k y 1 2 f p o m o c í p i p e r i d i n u ( P I P ) v D M F p o s k y t l a p y r a z i n o - i s o c h i n o l i n - d i o n 

1 3 f v 1 5 % c e l k o v é m v ý t ě ž k u . P r o t o b y l a v y z k o u š e n a a l t e r n a t i v n í c e s t a s B o c - a m i n o k y s e l i n a m i 

z a n á s l e d n é k y s e l e k a t a l y z o v a n é c y k l i z a c e n a p y r a z i n o - i s o c h i n o l i n - d i o n y 1 3 a - h a 1 4 a - c , j e ž p r o b í h a l y 

p ř e s n o c . 6 6 L á t k a 1 3 a n e s o u c í m e t h y l j a k o R 2 v š a k k e k o m p l e t a c i v y ž a d o v a l a 7 d n ů ( 3 0 % c e l k o v ý 

v ý t ě ž e k ) . D a l š í a n a l o g a B o c - P h e - O H a B o c - T y r ( í B u ) - O H ( l á t k y 1 3 b - h a 1 4 a - c ) b y l a z í s k á n a 

v c e l k o v ý c h v ý t ě ž c í c h v r o z m e z í 2 7 - 5 3 % ( T a b u l k a 6 - P ř e h l e d p ř i p r a v e n ý c h d e r i v á t ů ) . V p ř í p a d ě 

l á t k y 1 3 i ( p ř i p r a v e n é z 1 , 4 - a n t h r a c h i n o n u a B o c - P h e - O H ) b y l c e l k o v ý v ý t ě ž e k v ý r a z n ě n i ž š í ( 9 % ) . 

X = Boc 
Kysele katalyzovaná 

cyklizace 

n = 1: 8a: R 1 = 4 -CF 3 , R 3 = Ph 
8b: R 1 = 4-Br, R 3 = Ph 
8c: R 1 = 4-F, R 3 = Ph 
8d: R 1 

8e: R 1 = 

12a-l 

X = Fmoc, Boc 

Bazicky katalyzovaná 
cyklizace 
X = Fmoc 

n 

R 3 

o V 

HN 
H ° n 

R n n y 
S - I 

]) 

3-F, R J 

2-F, R J 

= Ph 

•• Ph 

8g: R 1 = 4-F, R 3 = Naph 

8i: R 1 = H, R 3 = Ph 

8j: R 1 = 4 -CF 3 , R 3 = Ph 

1: 13a: R 1 = 4 -CF 3 , R 2 = Me, R 3 = Ph (30 %) 
13b: R 1 = 4-CF3, R 2 = Bn, R 3 = Ph (19 %) 
13c: R 1 = 4-Br, R 2 = Bn, R 3 = Ph (24 %) 
13d: R 1 = 4-Br, R 2 = 4-OH-Bn, R 3 = Ph (35 %) 
13e: R 1 = 4-F, R 2 = Bn, R 3 = Ph (39 %) 
13f: R 1 = 2-F, R 2 = Me, R 3 = Ph (15 % a 29 %) 
13g: R 1 = 2-F, R 2 = Bn, R 3 = Ph (53 %) 
13h: R 1 = 2-F, R 2 = 4-OH-Bn, R 3 = Ph (27 %) 
13i: R 1 =4-F , R 3 = Naph (9%) 

n = 2: 14a: R 1 = H, R 2 = Bn, R 3 = Ph (54 %) 

14b: R 1 = H, R 2 = 4-OH-Bn, R 3 = Ph (15 %) 
14c: R 1 = 4-CF3, R 2 = Bn, R 3 = Ph (33 %) 

(celkové výtěžky) 

S c h é m a 2 2 . S y n t é z a p y r a z i n o - i s o c h i n o l i n - d i o n ů a p y r a z i n o - b e n z o [ ď ] a z e p i n ů 1 3 - 1 4 

P o d m í n k y a č i n i d l a : (i) B o c - a m i n o k y s e l i n a , D I C , C H 2 C 1 2 , 3 0 m i n , rt, p o t é p ř i d á n o k p r y s k y ř i c i 8, 24 h , rt; (ii) 

F m o c - a m i n o k y s e l i n a , H O B t , D I C , D M F , C H 2 C 1 2 , 2 4 h , rt; ( i i i ) X = B o c : T F A , 2 0 h ( l á t k y 1 3 b - i a 1 4 a - c ) n e b o 7 

d n ů ( l á t k a 13a) , 80 ° C ; ( iv) X = F m o c : 5 0 % P I P / D M F , 24 h , rt ( l á t k a 13f; c e l k o v ý v ě t ě ž e k 15 % ) . 
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D a l š í m i s t u d o v a n ý m i a n a l o g y b y l y ^ - s u b s t i t u o v a n é p y r a z i n o - i s o c h i n o l i n - d i o n y 1 6 a p y r a z i n o -

b e n z o [ ď ] a z e p i n y 1 7 ( S c h é m a 2 3 ) , z í s k a n é z i n t e r m e d i á t ů 8 b - e a 8 h - i p o m o c í a c y l a c e a n h y d r i d e m 

k y s e l i n y j o d o c t o v é ( p ř i p r a v e n in situ z j o d o c t o v é k y s e l i n y a D I C ) a j e j i c h n á s l e d n é n u k l e o f i l n í s u b s t i t u c e 

5 % r o z t o k e m a m i n u v D M S O , c o ž v e d l o k e s p o n t á n n í m u c y k l i c k é m u š t ě p e n í f i n á l n í c h l á t e k z p o l y m e r u , 

z a n g l i č t i n y t z v . „ c y c l a t i v e c l e a v a g e " 7 1 ' 7 2 n a p r o d u k t y 1 6 a - b , 1 6 d a 1 7 a - c . L á t k a 1 7 c b y l a p ř i p r a v e n a 

v n í z k é s u r o v é č i s t o t ě ( 3 6 % ) , a p r o t o n e b y l a i z o l o v á n a ( T a b u l k a 6 - P ř e h l e d p ř i p r a v e n ý c h d e r i v á t ů ) . 

P ř í p r a v a l á t k y 1 6 c n e s o u c í 3 - f l u o r o f e n y l j a k o R 1 z c e l a s e l h a l a . 

n = 1: 8b: R 1 

8c: R 1 

8d: R 1 

8e: R 1 : 

n = 2: 8h: R 1 : 
8i: R 1 = 

= 4-Br, R 3 = Ph 
= 4-F, R 3 = Ph 
= 3-F, R 3 = Ph 
= 2-F, R 3 = Ph 
= H, R 3 = Ph 
4-CF 3 , R 3 = Ph 

15a-g 

0 ^ R 3 

o V 

T r H 0 

l] 

p^ 

) 

n = 1: 16a: R 1 = 4-Br, R 2 = Bn, R 3 = Ph (39 %) 
16b: R 1 = 4-F, R 2 = Pr, R 3 = Ph (39 %) 
16c: R 1 = 3-F, R 2 = Pr, R 3 = Ph (NO) 
16d: R 1 = 2-F, R 2 = Bn, R 3 = Ph (35 %) 

n = 2: 17a: R 1 = H, R 2 = Bn, R 3 = Ph (53 %) 
17b: R 1 = H, R 2 = Pr, R 3 = Ph (14 %) 
17c: R 1 = 4-CF 3 , R 2 = Bn, R 3 = Ph (Nl, c.p. 36 %) 

(celkový výtěžek; NO = nepozorováno, 
Nl = neizolováno, c.p. = surová čistota) 

S c h é m a 2 3 . S y n t é z a ^ - s u b s t i t u o v a n ý c h p y r a z i n o - i s o c h i n o l i n - d i o n ů 1 6 a p y r a z i n o - b e n z o [ í i f ] a z e p i n ů 1 7 

P o d m í n k y a č i n i d l a : (i) j o d o c t o v á k y s e l i n a , D I C , C H 2 C I 2 , 30 m i n , rt, p o t é p ř i d á n o k p r y s k y ř i c i 8, 2 4 h , rt; (ii) 5 % 

a m i n / b e z v o d ý D M S O , 2 4 h , rt. 

P r o t o ž e p ř í p r a v a l á t k y 1 6 c n e s o u c í 3 - í l u o r j a k o R 1 z c e l a s e l h a l a , b y l i n t e r m e d i á t 1 5 c o d š t ě p e n z 

p o l y m e r u a p u r i f i k o v á n p o m o c í R F - H P L C c h r o m a t o g r a f i e ( m e z i p r o d u k t 1 8 a ; S c h é m a 2 4 ) . P o i z o l a c i 

t é t o l á t k y b y l a p o m o c í M S a n a l ý z y p o t v r z e n a j e j í l a k t o n i z a c e n a o x a z i n o - i s o c h i n o l i n - d i o n 1 9 a . 

A l t e r n a t i v n í m e t o d o u p ř í p r a v y t ě c h t o d i k e t o m o r f o l i n ů p a k v y c h á z e l a z b a z i c k y k a t a l y z o v a n é c y k l i z a c e 

l á t k y 1 8 b n a 1 9 b . 

(R 1 = 3-F) 

or 

15b: R 1 =4-F 

15c: R 1 = 3-F 

• 

0 

o - Y 
° r 9 

Y í 0 

n 
0 

r + R 1 

19a: R 1 = 3-F (25 %) 
19b: R 1 = 4-F (44 %) 

(celkový výtěžek) 

S c h é m a 2 4 . S y n t é z a o x a z i n o - i s o c h i n o l i n - d i o n ů 1 9 

P o d m í n k y a č i n i d l a : (i) 5 0 % T F A / C H 2 C I 2 , 1 h , rt; (ii) s e m i p r e p a r a t i v n í R F - H P L C c h r o m a t o g r a f i e p o m o c í A m A c 

p u f r u / C H 3 C N / D M S O z a n á s l e d n é l y o f i l i z a c e ; ( i i i ) i V , i V - d i i s o p r o p y l e t h y l a m i n ( D I P E A ) , D M S O , 2 4 h , rt. 
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T a b u l k a 6 . T a b u l k a p r i p r a v e n ý c h a p l n ě c h a r a k t e r i z o v a n ý c h s l o u č e n i n 

s l o u č . X R 1 R 2 R 3 

s u r o v á 

č i s t o t a 

[%r 

c e l k o v ý 

v ý t ě ž e k 

[ % ] b 

5 a - I - 4 - C F 3 2 - N s P h 2 6 2 4 

5 a - I I - 4 - C F 3 2 - N s P h 4 8 4 3 

11 - 4 - B r - P h 4 3 10 

1 3 a N H 4 - C F 3 M e P h 5 7 3 0 

1 3 b N H 4 - C F 3 B n P h 5 0 19 

1 3 c N H 4 - B r B n P h 75 2 4 

1 3 d N H 4 - B r 4 - O H - B n P h 8 0 35 

13e N H 4 - F B n P h 85 
1 5 c 

3 9 d 

1 3 f N H 2 - F M e P h 4 9 2 9 

1 3 g N H 2 - F B n P h 75 53 

1 3 h N H 2 - F 4 - O H - B n P h 51 2 7 

1 3 i N H 4 - F B n N a p h 5 0 9 

1 4 a - H B n P h 75 5 4 

1 4 b - H 4 - O H - B n P h 5 2 15 

1 4 c - 4 - C F 3 B n P h 7 0 33 

1 6 a - 4 - B r B n P h 85 39 

1 6 b - 4 - F P r P h 88 39 

1 6 c 3 - F P r P h N O N O 

1 6 d - 2 - F B n P h 6 6 35 

1 7 a - H B n P h 95 53 

1 7 b - H P r P h 5 9 14 

1 7 c - 4 - C F 3 B n P h 36 N I 

1 9 a 0 3 - F H P h 6 4 25 

1 9 b O 4 - F H P h 95 4 4 

a C e l k o v á s u r o v á č i s t o t a p o s k o n č e n í r e a k č n í s e k v e n c e s t a n o v e n a p o m o c í H P L C - U V a n a l á z y p ř i 2 0 5 ^ 1 0 0 n m ; 

b C e l k o v ý v ý t ě ž e k s t a n o v e n p o p u r i f i k a c i s l o u č e n i n p o o d š t ě p e n í l á t e k z p o l y m e r u a s t a n o v e n k l o a d i n g u 

p r y s k y ř i c e ; T ř i p r a v e n o z F m o c - a m i n o k y s e l i n y ; d P ř i p r a v e n o z B o c - a m i n o k y s e l i n y ; N O = n e p o z o r o v á n o : 

N I = n e i z o l o v á n o . 
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3 . 5 C y t o t o x i c k ý a a n t i m i k r o b i á l n í s c r e e n i n g 

F i n á l n í d e r i v á t y b y l y o t e s t o v á n y n a c y t o t o x i c k o u ( M U D r . D ž u b á k a D r . G u r s k á , U s t a v m o l e k u l á r n í 

a t r a n s l a č n í m e d i c í n y , O l o m o u c ) a a n t i m i k r o b i á l n í a k t i v i t u ( L e n k a P o s p í š i l o v á , K a t e d r a o r g a n i c k é 

c h e m i e , P ř F U P O L ) . 

3 . 5 . 1 C y t o t o x i c k ý s c r e e n i n g 

C y t o t o x i c k á a k t i v i t a b y l a o t e s t o v á n a p o m o c í M T T k o l o r i m e t r i c k ý c h t e s t ů v ů č i d e v í t i v y b r a n ý m 

n á d o r o v ý m l i n i í m , a t o n a l i n i i p l i c n í h o a d e n o k a r c i n o m u ( A 5 4 9 ) , T - l y m f o b l a s t i c k é l e u k é m i e ( C C R F -

C E M ) , T - l y m f o b l a s t i c k é l e u k é m i e r e z i s t e n t n í n a d a u n o r u b i c i n ( C E M - D N R ) , l i d s k é h o k o l o r e k t á l n í h o 

k a r c i n o m u ( H C T 1 1 6 ) , l i d s k é h o k o l o r e k t á l n í h o k a r c i n o m u d e f i c i t n í h o n a p 5 3 ( H C T 1 1 6 p 5 3 - / - ) , a k u t n í 

m y e l o i d n í l e u k é m i e ( K 5 6 2 ) , a k u t n í m y e l o i d n í l e u k é m i e r e z i s t e n t n í n a p a k l i t a x e l ( K 5 6 2 - T A X ) , l i d s k ý c h 

f e t á l n í c h p l i c n í c h fibroblastů ( M R C - 5 ) a l i d s k é h o o s t e o s a r k o m u ( U 2 0 S ) . K o n t r o l n í l i n i í b y l n e m a l i g n í 

l i d s k ý fibroblast ( B J ) , v ů č i k t e r é m u b y l s t a n o v e n t e r a p e u t i c k ý i n d e x ( T D 5 0 ) , k t e r ý u d á v á k o l i k r á t j s o u 

m a l i g n í b u ň k y n á d o r o v ý c h l i n i í a k t i v n ě j š í n e ž n e m a l i g n í b u ň k y B J . O b e c n ě p l a t í p ř í m á ú m ě r a , č í m m á 

l á t k a v y š š í T D 5 0 , t í m j e b i o l o g i c k y z a j í m a v ě j š í . V ý s l e d k y c y t o t o x i c i t y ( T a b u l k a 7 ) j s o u v y u ž i t y 

k e z h o d n o c e n í m í r y a k t i v i t y d a n é l á t k y a j s o u u v e d e n y j a k o t z v . p o l o v i č n í i n h i b i č n í k o n c e n t r a c e ( IC50) 

v y j á d ř e n é v m i k r o m o l e c h (juM). O b e c n ě p l a t í , ž e č í m n i ž š í c h h o d n o t I C 5 0 d a n á l á t k a n a b ý v á , t í m v y š š í 

m á c y t o t o x i c k o u a k t i v i t u . 

F i n á l n í d e r i v á t y b y l y o t e s t o v á n y v ů č i v y b r a n ý m n á d o r o v ý m l i n i í m a b y l z h o d n o c e n v z t a h m e z i 

j e j i c h s t r u k t u r o u a b i o l o g i c k o u a k t i v i t o u . V ý s l e d k y c y t o t o x i c k é h o s c r e e n i n g u j s o u s h r n u t y v T a b u l c e 7 

z o b r a z u j í c í p o u z e c y t o t o x i c i t u l á t e k s IC50 < 5 0 piM. P ř i č e m ž j e d e n á c t l á t e k v y k a z o v a l o m i k r o m o l á r n í 

c y t o t o x i c k o u a k t i v i t u v r o z m e z í IC50 = 0 , 8 3 - 1 0 , 1 6 piM, a t o m i n i m á l n ě v ů č i j e d n é a ž s e d m i n á d o r o v ý m 

l i n i í m z á r o v e ň , z t o h o s e j e d n a l o o t ř i t e t r a h y d r o b e n z o [ ď ] a z e p i n o v é d e r i v á t y 1 4 a - c . O b e c n ě l z e ř í c i , ž e 

d e r i v á t y p ř i p r a v e n y z B o c - a m i n o k y s e l i n ( l á t k y 1 3 - 1 4 ) d o s a h u j í p o d s t a t n ě l e p š í c h v ý s l e d k ů n e ž d e r i v á t y 

t e r c i á r n í a m i d y 1 6 - 1 7 , p ř i č e m ž a n a l o g a 1 6 b y l a z c e l a n e a k t i v n í . N e j l e p š í c h v ý s l e d k ů c y t o t o x i c i t y b y l o 

d o s a ž e n o p r o t e t r a h y d r o i s o c h i n o l i n o v ý d e r i v á t 1 3 h ( R 1 = 2 - F a R 2 = 4 - O H - B n ) p ů s o b í c í p r o t i š e s t i 

n á d o r o v ý m l i n i í m : H C T 1 1 6 p 5 3 - ( I C 5 0 = 0 , 8 3 fiM), C C R F - C E M ( I C 5 0 = 1,28piM), H C T 1 1 6 ( I C 5 0 = 1 ,81 

pM), K 5 6 2 ( I C 5 n = 1 ,70pM) , K 5 6 2 - T A X ( I C 5 0 = 1 , 9 5 pM) a 2 U O S ( I C 5 0 = 3 , 3 3 fiM). O s t a t n í p ř i p r a v e n é 

d e r i v á t y , k t e r é n e j s o u u v e d e n y v T a b u l c e 7 b y l y z c e l a n e a k t i v n í , a p r o t o n e j s o u s o u č á s t i t é t o t a b u l k y . 

E s e n c i á l n í č á s t i m o l e k u l y z o d p o v í d a j í c í z a c y t o t o x i c k o u a k t i v i t u b y l a t o m o - / / ? - f l u o r u , / ? - b r o m u 

č i / 7 - t r i f l u o r o m e t h y l o v á s k u p i n a v p o l o z e R 1 a d á l e a l i f a t i c k ý s u b s t i t u e n t v p o l o z e R 2 . M í r a c y t o t o x i c i t y 

z á v i s e l a t a k é n a s u b s t i t u c i R 3 p o u ž i t é p ř i v ý s t a v b ě v ý c h o d n í č á s t i m o l e k u l y a o d v o z e n é 

o d 1 , 4 - n a f t o c h i n o n u č i 1 , 4 - a n t h r a c h i n o n u , p ř i č e m ž d e r i v á t 1 3 e n e s o u c í 1 , 4 - n a f t o c h i n o n o v ý z b y t e k 

d o s a h o v a l 3 , 4 x l e p š í a k t i v i t y v ů č i C C R F - C E M n e ž 1 , 4 - a n t h r a c h i n o n o v ý d e r i v á t 1 3 i , k t e r ý b y l a k t i v n í 

p o u z e v ů č i j e d n é n á d o r o v é b u n ě č n é l i n i i , a t o K 5 6 2 - T a x ( I C s o = 9 , 2 7 piM). 
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T a b u l k a 7 . V y b r a n é v ý s l e d k y c y t o t o x i c k é h o s c r e e n i n g u ( IC50 < 1 0 pM) 

0 II 1 ° 

r ^ y V ^ , c- r" 

Y " y ™ * 

: O R 2 O 

I C s o [>JM] 

s l o u č . R 1 R 2 R 3 

A 5 4 9 
C C R F - C E M - H C T H C T 

K 5 6 2 
K 5 6 2 -

M R C - 5 U 2 0 S B J A 5 4 9 
C E M D N R 1 1 6 1 1 6 p 5 3 -

K 5 6 2 
T a x 

M R C - 5 U 2 0 S B J 

1 3 a 4 - C F 3 M e P h 2 8 , 9 3 15,95 15 ,40 3 2 , 7 2 3 1 , 9 9 2 2 , 3 0 - >50 2 3 , 5 3 >50 

1 3 b 4 - C F 3 B n P h > 5 0 5 , 3 2 8 , 7 9 37 ,28 2 6 , 4 0 >50 13 ,07 >50 19 ,80 >50 

1 3 c 4 - B r B n P h > 5 0 4 , 2 7 1 0 , 1 6 4 1 , 7 9 38 ,25 >50 12 ,80 >50 2 1 , 0 9 >50 

1 3 d 4 - B r 4 - O H - B n P h 2 0 , 7 3 5 , 4 7 10 ,99 26 ,11 19 ,17 2 3 , 7 2 - 29 ,61 2 0 , 2 0 2 6 , 2 3 

13e 4 - F B n P h > 5 0 5 , 3 2 5 ,65 11,31 11 ,59 - 7 ,28 >50 12 ,36 >50 

1 3 f 2 - F M e P h 7 , 4 7 2 , 8 7 1 ,49 2 , 7 6 2 , 8 9 4 , 0 0 - 23 ,61 10 ,04 26 ,21 

1 3 g 2 - F B n P h 1 2 , 6 7 4 , 2 6 3 ,84 9 , 3 3 5 , 0 3 7 ,67 2 , 2 8 15 ,06 13 ,34 >50 

1 3 h 2 - F 4 - O H - B n P h 19 ,98 1 ,28 15 ,52 1 ,61 0 , 8 3 1 ,70 1 ,95 >50 3 , 3 3 >50 

1 3 i 4 - F B n N a p h >50 18 ,07 2 8 , 3 5 >50 >50 >50 9 , 2 7 >50 >50 >50 

1 4 a H B n P h 3 2 , 1 2 3 , 9 2 6 , 9 3 3 5 , 4 0 2 6 , 4 6 3 1 , 2 9 7 ,93 >50 15,23 >50 

1 4 b H 4 - O H - B n P h > 5 0 4 , 5 1 16 ,06 >50 >50 3 7 , 8 7 7 ,88 >50 19,03 >50 

1 4 c 4 - C F 3 B n P h 2 8 , 5 2 4 , 6 3 12,35 2 8 , 7 0 17,71 17,01 17 ,09 >50 15 ,72 >50 

Ostatní připravené deriváty vykazovaly IC50 >50 pM a nejsou uvedeny v prezentované tabulce. 
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3 . 5 . 2 A n t i m i k r o b i á l n í s c r e e n i n g 

A n t i m i k r o b i á l n í a k t i v i t a b y l a h o d n o c e n a n a š e s t i b a k t e r i á l n í c h k m e n e c h , a t o Bacillus subtillis, 

Micrococcus luteus, Mycobacterium vaccae, Staphylococcus aureus, Pseudomonas aeruginosa 

a Escherichia coli. B a k t e r i á l n í k m e n y b y l y k u l t i v o v á n y p o d l e s t a n d a r d n í h o p r o t o k o l u . R o z t o k a g a r u 

( 9 , 5 g / 1 0 0 m l H 2 O ) v y t e m p e r o v a n ý v a u t o k l á v u p ř i 125 ° C p o d o b u 15 m i n b y l n a l í t d o s t e r i l n í c h P e t r i h o 

m i s e k ( p r ů m ě r 8 c m ) , p o n e c h á n z t u h n o u t a z e s t a r š í š a r ž e b a k t e r i á l n í c h k m e n ů n a n ě j b y l a p ř e n e s e n a 

s t a r š í k o l o n i e . K u l t i v a c e p r o b í h a l a v i n k u b á t o r u p ř i 3 7 ° C p o d o b u 2 4 h , p o t é b y l d o š e s t i k u l t i v a č n í c h 

z k u m a v e k p ř i d á n v y t e m p e r o v a n ý b u j ó n ( 1 0 m l d o j e d n é m i s k y ; k o n c e n t r a c e 2 , 3 g / 1 0 0 m l H 2 O ; 

t e m p e r a c e v a u t o k l á v u p ř i 1 2 5 ° C p o d o b u 15 m i n ) a d o k a ž d é z k u m a v k y v p r a v e n a j e d n a b a k t e r i á l n í 

k o l o n i e z p ř e d c h o z í k u l t i v a c e . K u l t i v a c e z k u m a v e k p r o b í h a l a v i n k u b á t o r u p ř i 3 7 ° C p o d o b u 2 4 h . 

A g a r o v ý m d i f u z n í m t e s t e m b y l a s t a n o v e n a i n h i b i č n í z ó n a p r o k a ž d o u l á t k u . Z k u l t i v o v a n ý c h b a k t e r i í 

v b u j ó n u b y l a p ř i p r a v e n a s u s p e n z e o o d p o v í d a j í c í k o n c e n t r a c i 1,5 - 1 0 8 C F U / m l , t z n . s t a n d a r d n í r o z t o k 

b a k t e r i í (1 m l ) a t e k u t ý a g a r ( 3 4 m l ; v y t e m p e r o v a n ý v a u t o k l á v u p ř i 1 2 5 ° C p o d o b u 15 m i n ) , k t e r á b y l a 

p r o m í c h á n a a p ř e l i t a d o s t e r i l n í c h P e t r i h o m i s e k ( p r ů m ě r 13 ,5 c m ) . D o z t u h l é h o a g a r u b y l y v y ř í z n u t y 

j a m k y ( p r ů m ě r 1 c m ) a d o n i c h b y l n a p i p e t o v á n t e s t o v a c í r o z t o k ( 4 0 pil) p ř i p r a v e n ý z r o z t o k u v z o r k u 

v D M S O ( 4 0 pel, 2 0 n M ) a M e O H ( 3 6 0 pil). S t a n d a r d e m b y l c i p r o f l o x a c i n a s l e p ý m p o k u s e m r o z t o k 

D M S O / M e O H ( 4 0 0 pel, 1/9, v / v ) . P o i n k u b a c i P e t r i h o m i s e k v i n k u b á t o r u p ř i 3 7 ° C p o d o b u 2 4 h b y l y 

z m ě ř e n y i n h i b i č n í z ó n y ( m m ) . V p ř í p a d ě l á t e k , j e j i c h ž i n h i b i č n í z ó n y b y l y v ě t š í n e ž 2 2 m m b y l a 

s t a n o v e n a m i n i m á l n í i n h i b i č n í k o n c e n t r a c e ( M I C ) , v y j a d ř u j í c í n e j n i ž š í l á t k o v o u k o n c e n t r a c i b r á n í c í 

r ů s t u b a k t e r i í , k t e r á j e u v e d e n a v m i k r o m o l e c h (piM; T a b u l k a 8 ) . 

P o m o c í v ý š e u v e d e n é h o p o s t u p u b y l a n a m ě ř e n a b a k t e r i á l n í a k t i v i t a u č t y ř e c h l á t e k v ů č i M. 

lutteus ( T a b u l k a 8 ) . N e j a k t i v n ě j š í m a n a l o g e m b y l d e r i v á t 1 3 e se s t ř e d n í b a k t e r i á l n í a k t i v i t o u 

( M I C = 2 5 piM). O s t a t n í a n a l o g a b y l a z c e l a n e a k t i v n í , a p r o t o n e j s o u v t a b u l c e u k á z á n a . 

T a b u l k a 8 . V y b r a n é v ý s l e d k y a n t i m i k r o b i á l n í h o t e s t o v á n í : z ó n a ( > 2 2 m m ) / M I C ( « M ) 

s l o u č . R 1 R 2 R 3 

B. subtillis M. lutteus M. vaccae S. aureus P. aeruginosa E. coli 
s l o u č . R 1 R 2 R 3 

z ó n a 
[ m m ] 

z ó n a [mm]/ 

M I C [ u M ] 
z ó n a [mm] z ó n a m m 

z ó n a [mm] z ó n a 
[ m m ] 

13e 4 - F B n P h 17 24/25 10 18 18 18 

13f 2 - F M e P h 16 23/100 10 16 16 19 

16b 4 - F Pr P h 16 24/100 10 17 16 19 

16d 2 - F B n P h 16 25/200 10 16 17 19 

MIC [piM] = MIC(látka)/MIC(ciprojloxycin - standard) 
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4 . S H R N U T Í 

V r á m c i p ř e k l á d a n é p r á c e b y l a v y v i n u t a s y n t e t i c k á c e s t a v e d o u c í k n o v ý m p o l y c y k l i c k ý m 

t e t r a h y d r o i s o c h i n o l i n ů m a p ě t i n o v ý m t e t r a h y d r o b e n z o [ ( i ] a z e p i n ů m p ř i p r a v e n ý c h p o m o c í s y n t é z y 

n a p e v n é f á z i a d i v e r g e n t n ě o r i e n t o v a n é s y n t é z y . V ý s t a v b a t ě c h t o d e r i v á t ů z a h r n o v a l a t ř i m o d i f i k a c e . 

N e j p r v e b y l a p o m o c í R C E M v y s t a v ě n a v n i t ř n í č á s t c í l o v é m o l e k u l y n a b á z i p i p e r i d i n u č i a z e p i n u , c o ž 

v e d l o k o d p o v í d a j í c í m t e t r a h y d r o i s o c h i n o l i n o v ý m a t e t r a h y d r o b e n z o [ ď ] a z e p i n ý m s k e l e t ů m . T y b y l y 

d á l e m o d i f i k o v á n y z a p o d m í n e k D i e l s - A l d e r o v y c y k l o a d i c e s T Y - f e n y l m a l e i n i m i d e m j a k o d i e n o f i l e m . 

R e a k c e p o s k y t o v a l a s m ě s s e p a r o v a t e l n ý c h d i a s t e r e o m e r ů , j e ž se p o d a ř i l o i z o l o v a t , p l n ě c h a r a k t e r i z o v a t 

a u r č i t k o n f i g u r a c e j e d n o t l i v ý c h s t e r e o c e n t e r p o m o c í p o k r o č i l ý c h 2 D N M R e x p e r i m e n t ů , r e s p e k t i v e 

N O E k o r e l a c í . D á l e b y l a z k o u š e n a a r o m a t i z a c e t ě c h t o d i a s t e r e o m e r ů , j e ž m ě l y p o t l a č i t j e j i c h v z n i k . 

T y t o p o k u s y z c e l a s e l h a l y a b y l o p ř i s t o u p e n o k z á m ě n ě T Y - f e n y l m a l e i n i m i d u z a j i n é v h o d n ě j š í d i e n o f i l y , 

j a k o n a p ř í k l a d 1 , 4 - b e n z o c h i n o n , 1 , 4 - n a f t o c h i n o n a 1 , 4 - a n t h r a c h i n o n , j e n ž u m o ž n i l y k o n s t r u k c i 

v ý c h o d n í č á s t i m o l e k u l y t e t r a h y d r o i s o c h i n o l i n u a t e t r a h y d r o b e n z o [ ď ] a z e p i n u . N á s l e d o v a l o o d š t ě p e n í 

n o s y l o v é s k u p i n y p o s k y t u j í c í k l í č o v ý i n t e r m e d i á t p r o D O S . T e n t o i n t e r m e d i á t b y l d á l e v y u ž i t 

k v ý s t a v b ě z á p a d n í č á s t i m o l e k u l y p o m o c í a c y l a č n í c h r e a k c í s v h o d n ý m i e l e k t r o f i l y , j a k o n a p ř í k l a d 

a - / 6 - a m i n o k y s e l i n a m i ( d e r i v á t y 1 1 , 1 3 - 1 4 ) č i j o d o c t o v o u k y s e l i n o u . V p ř í p a d ě i n t e r m e d i á t ů 

p ř i p r a v e n ý c h z j o d o c t o v é k y s e l i n y b y l y p ř i p r a v e n y b u ď t o o d p o v í d a j í c í l a k t o n y ( d e r i v á t y 1 9 a - b ) , n e b o 

r e a k c í s a l i f a t i c k ý m i a m i n y t e r c i á r n í a m i d y ( d e r i v á t y 1 6 - 1 7 ) . A č k o l i R C E M v y k a z o v a l a z n a č n é l i m i t y 

v e s v é a p l i k o v a t e l n o s t i a b y l a p o u ž i t e l n á p o u z e p r o n e s u b s t i t u o v a n é f e n y l a l k y n o l y č i j e j i c h a n a l o g a 

n e s o u c í e l e k t r o n a k c e p t o r n í s k u p i n y , v y v i n u t á m e t o d i k a v e d l a k š e s t i s k e l e t á l n ě o d l i š n ý m h e t e r o c y k l ů m 

a d v a c e t i r e p r e z e n t a t i v n í m f i n á l n í m d e r i v á t ů m p ř i p r a v e n ý c h z r ů z n ý c h f e n y l a l k y n o l ů , p r i m á r n í c h a m i n ů 

č i a m i n o k y s e l i n . 

V š e c h n y f i n á l n í d e r i v á t y b y l y d á l e o t e s t o v á n y v ů č i v y b r a n ý m n á d o r o v ý m l i n i í m a b a k t e r i á l n í m 

k m e n ů m a b y l z h o d n o c e n v z t a h m e z i j e j i c h s t r u k t u r o u a b i o l o g i c k o u a k t i v i t o u . P o d l e v ý s l e d k ů 

c y t o t o x i c k é h o s c r e e n i n g u v y k a z o v a l o j e d e n á c t l á t e k m i k r o m o l á r n í c y t o t o x i c k o u a k t i v i t u I C 5 0 < 1 0 piM, 

a t o m i n i m á l n ě v ů č i j e d n é a ž s e d m i n á d o r o v ý m l i n i í m . T ř i z t ě c h t o d e r i v á t ů b y l y 

t e t r a h y d r o b e n z o [ ú ř ] a z e p i n y 1 4 a - c a z b y t e k t e t r a h y d r o i s o c h i n o l i n o v é d e r i v á t y 1 3 b - i , k t e r é d o s a h o v a l y 

o b e c n ě v y š š í c y t o t o x i c i t y n e ž j e j i c h a n a l o g a 1 7 a - c . L á t k y 1 6 a - b , d b y l y z c e l a n e a k t i v n í . N e j ú č i n n ě j š í m i 

k a n d i d á t y z t é t o c h e m i c k é k n i h o v n y n e s l i v e s v é s t r u k t u ř e a t o m o - / / ? - f l u o r u , / 7 - b r o m u č i 

/ 7 - t r i f l u o r o m e t h y l o v á s k u p i n a v p o l o z e R 1 , d á l e a l i f a t i c k ý s u b s t i t u e n t v p o l o z e R 2 a z b y t e k z 1 ,4 -

n a f t o c h i n o n u v p o l o z e R 3 . P ř í p r a v a d e r i v á t u o d v o z e n é h o o d 1 , 4 - b e n z o c h i n o n u s e l h a l a p ř i š t ě p e n í 4 - N s 

s k u p i n y , a t u d í ž z á v i s l o s t t o h o t o z b y t k u v p o l o z e R 3 n e b y l a p o s u z o v á n a . 

V p ř í p a d ě a n t i m i k r o b i á l n í c h t e s t ů b y l a d e t e k o v á n a m í r n á b a k t e r i á l n í a k t i v i t a u č t y ř e c h f i n á l n í c h 

l á t e k v ů č i M. lutteus. N e j ú č i n n ě j š í m d e r i v á t e m b y l a l á t k a 1 3 e s M I C = 2 5 piM. O s t a t n í p ř i p r a v e n é 

d e r i v á t y b y l y n e a k t i v n í . O b e c n ě l z e ř í c i , ž e t y t o ú č i n k y b y l y p o z o r o v á n y u l á t e k n e s o u c í c h a t o m f l u o r u 

v ortho- a / ? a r a - p o l o z e j a k o R 1 a d á l e a l i f a t i c k ý s u b s t i t u e n t v p o l o z e R 2 n a d i k e t o p i p a r a z i n o v é m k r u h u . 
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6 . P U B L I K A C E K P Ř E D K L Á D A N É P R A C Í 

V t é t o p o d k a p i t o l e j e p ř i l o ž e n a d a n á p u b l i k a c e v č e t n ě p ř í s t r o j o v é h o v y b a v e n í a e x p e r i m e n t á l n í č á s t í . 

S y n t h e s i s o f P o l y c y c l k T e t r a h y d r o i s o q u i n o l i n e s a n d 
T e t r a h y d r o b e n z o [ d ] a z e p i n e s f r o m P o l y m e r - S u p p o r t e d A l l y l g l y c i n e 
Petra K r á l o v A a ň d M i r o s l a v S o u r a l * 

üiL; iT-is: .- >g. ř.hf.n?. mil i.' iJ'iJ-iJi>:'- • Head Online 

A C C E S S I ,i I m I 

I.MiU-unübu 
2. F.EM 

3 Dh 

IÉTV-POI-P, dl^nnpr-iiii 

CDnilruGllop 

Aft S T R A C T : Ha an, we report, J nnJ-LLiťp i-yntíiůiil o f polyuyulie 
LrfUdaydroi.vo^iiiiaoluie.-, and teiiabydíubenzo[ d ] ace pi ™±. .-Aartiiiť, 
&uni \\ŮÍIJÍ re-iUi UILULÍJI?úL'.-t; J úlyl^yLuiL. AfLLf ttlfiiiiyl JUÍ>IJ hvilL 
2/"1 in Ln>b tiii'. ujt *• LITÍÍH y\ úSloridea, Mi L>u iiobu JlcyldiJo n vrJili 
V X T Í O I D plieuyUlevilul. yielded Ll>e *:orp&pf>udjij£. Íjnbeiiy1j?r.?p-.I-

yn -1 -yJ }-i ulij mniidei. J Interior' jin^tla-i nr c ěnynť mei-rihesi-i 
[RJC EM} miny; a Cirtibb* Oartllyi •. e uond J J : lie M L ion (Ru }̂ yielded 
fii nationalised LeLraliyJ n>i -. I Í ^ L J ne.'Le Lr Jiy droben J] i / J Í ] ? U J K 

uUjerutedi j lei . 'E-nt-3.de* [4 -t 2] tydiwddjlioi] \fi\h re pře .ve nU live djenopliile, w-á* followed by the *weit-3Í4ÍĚ * OLUiitr iiction 
djfles-ent beterfnt'ydei u j > ^ v-arioiii eletinjpGiilei i o finudly furnish 1 Set ůf novel rruJeL-uLir & WaLB vrtjrti bejrin^fiiied [6 + 6] ú r [ í + 
7] m i ^ The developed met riodo logy eiubleStJie faule parJIel Synthesis' of ixn.-el, pliirmjLologtJly piujiuiinjeorjLpoiinA derived 
&;>IÍL privileged soafloldi. 

•3 ImliiiuufrtllL: i-dl'-lüi 
2Ú lapraiir-Ulin darlh-jEmii 

• I N T R O D U C T I O N 

Cůmpůunds cuiilai ning ijfucjuinuline .-!cajlu]dj turu titule une uf 
the LnteM fcnuwn gruup.i *jdT a U u i d i . T u (lite, múre than iii 
hundred natural ijuijuiunulinis with i wide range uf biulugical 
pruperlie have 'been identified. Oůniecjuenlly, ieveial 
Synthetic phaniLaceutical.-. haiře been derived fxůnt ťhn9 type 
uf lielerocyde, ivith pazicjuanle]1 and rtůrttitertjjn" li^ii-..- ll-.i-
beitknuwn eiamplea. Mure apecifically., une lbe ni;-.-,! 
remarkable inlierenl gruiips ů f hucjuinulinei eunsists ůf 
L^/^leba]iydruiif^uinu]i.nei (tj.^ JJJujdj, u í lh£ pnjtij-
lTerlwuiL. pa*vdnč- and jpujpliJjK-ťypia } and LLeir jLnvů-
live bejrinj a taAujryLt j iuup in the pusibun f T l C ) . 
TIC-i and ÚiLÍr Aí-at:yl anj]u^ ]uw bťťn fjťt^uťniJy ^ILJJL'J. 
xnd i] unieruife dťrivatJvť^ hni been jvpuríed ai jniJlJ^nj ni-
b;>liL. J J J I IL ^jiLťr^ bypodyonmjť, and antiviral a^Énb (Fi^un; 
í y - " 1 " I n t e r t í i n d y , in í ů m t u í to T I C ILE biulojytal 
piupertiei ůf the *:ůrrťlpunding liunwluteal ietjabydjubuxsu • 
[ii]aa!pine5-ÍtarburyLi; audi and their derivative.! are praili-
tJly urikrHjwTL 

T I C iiaiiuldi t i n be umjlrutted by different apprůathe^ 
fiiůh a l partial i^idaliun ů f ůůtahydrů-analůgl, 1^ H e £ k I T ůr 
fíiKiiU —IVU yj ma uvSS C ů u p l i n ^ 1 k ' [2 + 2 + 2] and [4 + 2] 
Cyilůaddi t iůni ,^" 3 ů r d a i i t a l Pi t te t -Spenyjer^" 1 and 
Riiidiler-Napkralili " leattiuni f Figure 2). 

In tonbait tu tne Jy niljeiii ůf limpfe T E C derivative^ tbe 
pixparabůn ů f fJidr analůgi with fuaed tytfei hal ůnly ranly 
been repůrted.'^ HuLLnÚy. wt have been in.Ti-.ed nu the 
jynibesii ůf novd lielerutydk itaffoltL Hang Jiile-ehain-

fiinLTiunalived FmůL-úf-aminu addl al starting materiali_- t —"* 
SůLd-plii-.e jynthejil vfai ujed fůr itj vrdl-Lnuvm 

advanta^ei^ eipeeiiBy the fait and Simple ijůlatiun ůf 
imermediarei in muXLtep Synthetic pathways and the fadle 

applkatjun uf parallel iyiiÚie.-.L-,. [n I In-, arlide. llie inuhLlep 
SV5 ů f ůůmplex hůtjiiinůljnei frum F I ILLC 1. Jlvl^lyuni: ij 
repůrtěd^ willi hii^-duMire envne metathesis ( R C E M r ^ ' a n d 
Dieh-AJder tyeluadditiun"^ as the ley reactjůn Stepi. 

• R E S U L T S A N D DISCUSSION 

riie .-.ynLli&L-. - I_i1 i :-J i\ ivaibble Fmot I J I;. I.;l;. Cine 
Í tnii-.^ LilyL Jlyl : O H : and Wanv, resin. FJydivxybemvtriawk 
i H U t i l ! nu JJ ÎLJ J i in in î b J u.j yielded the resin 1 whh a 
J ů ů d average loading uf (L> n u i d . ' g (-Scheme L}_ Sub-

Seejuently, the irrlermediatel li—il were pepared in three 
Steps* eunsisiing ůf Fmot eleavage, Sul lůny lat iun vrith 1-

nibubímenesulfunyl or +-mtrubenzeneSiirfunyJ thluride (2-/+-

N s - C b j j " and JVliiLimubu altyialjun with representative 
aDtynuls (+-(triiliiůrůmethyl)pl^y3)průp-Í-yn-L-ůl tů yield 
intermediates 2a and 2b ůr +-phenylbut-í-yn-1-ůl tů yield 
intermediate 2A:). The readiun pathway was fulluwed by ring-

cluiure enyne meLaJje-.^ (RCEIVt\ wliidr required ejdemive 
uplijiLr/aliun (see Table St in the Suppurtirig' InrůrmaLiuii}. 
FnuJly. tlie ^LumitatJve ťůnverjjun wai adiieved u.-Jiig a 
Li rubili eatalyst Seeund generaliůn (Hu2; $ mul %) witli tlie 
addition uf lithium thl on de (LiCl) tů attderate the reaCtiun/" 
yidiiing the resin-buund diene 3a (2-Nd, n = 1) after 24 h in 
e u í l l e n t erud* purity (^4*, calculated fiům L C - U V traces 

Received: Jiniaiy S, 
Piil-LJifil. M i ic t IS, l a u 
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R - 3>*e iham nfAA IMliMWf tí R = H AGE Inhibitor apifcid p*pMdi 
.H nEl-lhrDinli-:iEli: ÉEj4rtl± dipu jiEldyl |i»|iEldAn« IV R _ MC antlfrypDrtlinSlVD inhnHEli:* 

[AA "••ÍFWK] KJtJ| 

amlkancnranfrrti Hypoglycemic REV-ERB rrcoplur 
nou,i >l 

Tt^urr L Phinrii.-ľkľ^iľiJhi - relevant derivatives bearing JVacyJ tetraJryirr iv. qm nn b ne i carnaiyric l ó i 

FlWrktH work 

Firjuc 1. Previíiujdy r:rT!:*t±J ftolid p-Jiue jynthuu of .ornTiJi TTCi. 

after cleavage ľrimi the polymer .-.upport}. Liltere.J. Lug] y. 
(Juantitative foniLjlJon of diene Tb H N i . n = 1 ) rLiicirj j J 
Liin-a J^rably longer reaction time (4 djy^}, with cyclization of 
the .ve™ii-membered iliĽiit! 3c [4-M-L. n = l] re^uni^. Ľ Y Ľ I I I ^ 
days for completion. 

Fur -trie subsequent D ie t -A ide r reaction, IV J J I I Ľ I I V I I I L J Ľ J 

mide was thcoen A tlie H L O de] dienophile. fijj I ;»II v. I 11 • Lbe 
diene J a in anliydruu.-, dimellryi .vulfoside f D M S Q ) at j high 
temperature yielded ú h e r t l ä v ^ t ľriiui LJIĽ rtSin) U I T Ľ Ľ 

compounds ŤJ I a combined crude purity 4jd" 9$% and mutuj] 
ratio of 3:5:1. M 5 analysis indicated that all three derivatives 
were isomers of decahyd:ri>lH-pyTriSdo[3,4-/ ] iS oq u in ori ne -A-
carbo*y]k add S i . T o imesligate the Slereodiemica] outcome 
in J Ľ L Í J L -the iibtained miiture was .•aibniilted tú rewned p] M je 
Semipepaiative H PL C ( R ŕ - H P L C ) , w h k b enable J the 
..i._ľ.Ml Ji1,-: •• L-p_ľ_11.• ľ. :•! I IIĽ K > in_i|:-i ..-ii:|-.-i".IT. I* L 
..i.._ -̂j L L iľ. | - • _ • M ies above however, tliK Lliir d L-. J I I L K I ^ _•• 

considerably contami naLe J ^ i J i Sa-ll. pecluding its detailed 
J j u*_l U T J ] analysis. With pure uun pu l ing S j I and Sa-D ui 
hand, we recorded and analyzed l H , " C l ' H ] , APT , l H - L H 

C M Y , L H - L H N O E 5 Y , "H-^C H M - Q C , l H - L 1 C HMBCľ , 

m l l H - L , , N H M B C N M B. tut j to determine the p r e d * 
structures. Complete ai i iy iment the l H , ^C, and " H 
agnail j i ibawm in the ^uppurljn^ L í runiLdL i jn (Fi^ire.-. ^17— 

and Table SJ) . In brief, we ĽumŤrmed HirJlold 
Sa-I. ľ; i lbiM!d by ehiudau'un « T Oie Í D ardiitetture í u m Úx 
L H - l H N O R S V ipettrum (Ffcurei ^ J H y í - ^ ) , and S je) . The 

cunJi^iraijun of" the CA, and C 13 Jereotafmeri vrai 
Jblenniiied by analyzing Uie 1 H-—'H wirpLji^ oDTtttartt} and 
N O E ttindatiunS « T the iMMjuinuLne rinj (Figure The 
tuiiTiyirjliun fif the C l O *eTeouenter wai adopted fjvm Jiu 
Stirling material (S), and the ounfig lira t u n o f the newly 
formed C 4 , C l i , arid C l i Stereoi;enters was assigned as ft, 
and S, re.̂ jet-ti-very. Come^i^ejiLly. Llie Sa-I was pupoSed as the 
endo isomer. 

As imi l i rda ta aruryiis of Sa-ll I T J # I T * .540-SSl and Table 
54) rewaled ihe relau'-w tonfigiiraidon of the tones pun ding 
S.tereOeertted a* C 4 S, C12 A, and C I 3 ft and imitated the 
eidderUe of ait eio isomer (Figure 4}. 

The (Jiemital shifbj spiriting patterrEV, and 3 / and 
huuiLonifJear toupLnga for b o J i i.voiiLer̂  Sa-I and Sa-ll are 
. .ii::|'i JierrSivery tompared in the Support ing LnfuniLaLion 
(Tab!* S$). 

AJtlioiigli the Separation and StruttuTal eluddjtioii of the 
D ieL-Alder produtb and Sa-D were SutteSSrul^ wbkh 
indkated the feasibility of using analogkal dienophileS, the 
formation o f the nujclure dista^red tomplelion of the reaction 
setjuente on the SOrid Support beta use the reain -bound isomers 
4a were inseparable. Consequently^ we tried to tonLnil the 
stereoselectivity u^ing dilTerent tonditions (mitrowave irradi­
ation, diJlereiiL solvenL^. Linies and temperature; Table SI), but 
the isomer ratio remained unthan^d. We ihen eiplored the 
puLi.^ble arumatization oft l ie re^in-bound intermedjate.-. 4a to 
6 a (Stlieme l} using previously reported approaches, e.g., 
Oiidation with M n O ^ r iMnO*, T F A "* i3-di:ltloiO-5,6-
dityano-l,4-benzo4)uirjone ( DD 0!'/'' palLdium-tataryzed Ori-
dabve dehydiogenation/^oj bromination and Subsctjuent L,iP-
diaL^bitycloL5-4jO]undet-?nen (DUU)-mediated elimination/'' 
but Only recovered tlie Starting material. Finally, to prevent the 
formaiion of a mijdure of Stereoisomers, jV-phenyrmalermide 
was replaced with L,4-rup]n]iocjui none. In iLii caie, Jie [4 T 1] 

cytloaddition to Is wa.-, fuTJoived by .•jjuiiLaneiiL.'. ar jniaLr/j-
t ion/ ' and tlie reaction yielded intermediate 7a. as. a single 
product with eauellent crude purity. 

Having determined the optimized conditions for Jie B.CEM 
and Diel.-,-Alder rtactiun .-iarting from 3a, we decided to test 
tlie linirution and scope of JiiS part of the reaction secjuence. 

H^i^cicrq.nai<ni AB^uncen 
x civi thfmxiizz. nr,sz4z-szki 
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S J I B H I B L. SyulJiEvrv lnjquinulint.v 4 - " J 

LPj-i n.n rvrin .-• ' n. .-! . k Wan-g resin • 2H-M1 

Z i : R 1 - CF : S , 2-N», - 1 
2b: fl1 = C-F3. 4 - « i . n = 1 

i t : R 1 • H. J-Nfi, ii - 2 

a A 

U; R1 - CFj, 2-N*. n • 1 
lb : R ^ C F j ^ . H t a . n - l 

Sfi: R 1 = H, A^.n-i 

R1 =CF S 

R J = 2-N*( 
n - 1 

6 ^ 

4* 

fTiituim of thrae (iwlnrminwtl 

Q i 0 

T ' Y 
0 5a II 1*:* .̂: 

HcHp-. wrangll ymlda- j 

I i : H 1 =CFj. J-Nt. n - 1 
T b i R ' - C F ^ ^ - h t s . n - 1 

Ic: R 1 = M, +-H». n = i 

J Riigtjrt : ajid ofvnditKiaw: (i) Franc i. illyj glycine I Finnc Oyl LihHl OLE). I hyir^iybcnT^tnn^b 11 lOHtl. 4 I iurii-thyLunj nr. iTiyniuie I DM API. 
iBn-pmp^cibndiimJis (ISC), NJi d i n ^ y l r w i i i i j n i d i (DMF), CICjClj, 24 b, it; (ii) .SO* jiperidiis (PlPl/ftiV djmstliyfcnriimiit I D M T l . 
3fl min_it; (iii) 2/4 Tdtraheii7.£jiesiLbViJi)d chltiide ( ^ ' 4 K i C k ) r 2,^-lDtidiie, Q E ^ Q ^ 24 h, it; (ir) (•M-triflitnKwnsthyd ^htnyilpr^p 1 yn I 
i -phenylhut >yn I n l f rphenylTJiTvphui; (TPPI. Aam-pmpyJ undicuti™ylie iDLAD 1. jnnydmin WnJiydminui (TED?], 24 h, it; (T) G r c b k 
ciilystseonnigtnjiJTb'ari (Rii2r.S irxiJ * ) . 0.1 M Jithjum cMiTide (EJC]) i n DMF, jnhpbmui EJiCEE-, 24 h (iar Ja), 4 <Lifi (for l b ) UKL ]2 i i in 
( fc i .Vj , 1 1 0 ° C ; (n I i j i i i T i i w i E>MSO, 14 b, 110 * C ; (ra) 5 0 * tnikorojcrtc A O U . ( T P A J / C H J U ^ 1 h , H fdloweilby RP.ELPLC pmiltitioji 
m m ; jiunHHiiiuD iciUtt I AmAc) bolter; (mi) (A) M i n i , ufliydnnLi PMiEE-, (0JK M) , 24 h, 120 °C; (b) KM i t ) , jnXyJjira lactone ((LI M) . 
4J-24 b, it; (c) 2^-i idilo™ $6 dlcyuio ]r4 TraLUKpiiuHi* p D Q ] (0.18-0-35 M) , ,5-24 b, 70-110 ° C ; (i) Fd(TI>A) a FhCI, » d n D 
u t k n q n H D I I C • 2.iiiltiiutr, O j 24 b, 110 " C 

H - ' H H D I ccnbibD-
>w"Y4iy*4ifc|A|Mq 

Figure i. N"Or mJ i t m.1; MK-SI t ! i-it-irirjin i the -iswirtitutxi-Ji jjid aiJiJijura.ti™i a. X H H D E T .SI I. 

j?liui]ylprijp-2-^n-L-4j(L J J T J 4-phejiyIbiil-3-yn-l-fJi tbt lis-t 

x -Un̂  (Ann JOi^ a.,U-U-12d 
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Figure 1. K O E cniTtliti™w to identity the omJijuTitHKri ni iwqinnflJiit d^Txtrwj .Si IL 

and M e O } or e Jet t run^ilhdr awing groups (B.1 - C F „ Br. F} 
in different positions were selected. Propargyl J t y h c ] v. i-, J-.;^ 
Lmluded ±: a reJulairL 

The ^yjithoia of the interrrLediatei 2 d - m (Sdienie 1) was 
Juouettru] in Cadi o t t and yielded the tor responding resin-
buund wiTipuundj in ta-ueJle ul trude punties ranging from 
93^ to Mtf?tL TTie .-AJULlure-rejiilivAy relitiunsjirp for the 
B . C E M it-t^t wa* deter TJiined. Tlit: ijiunn'fcrtirt uunwii iun j f 
2d. bearing -^-brunujphuiy] aj P.1 feasible Lift required 3 

dayi for wnipJelJoi^ whereas using m , and^-fliio.njpl>en;H 
as P.L in l e - j shortened the reaction time 1 day. The 
um ubstiiuled phenyl analog 2b fur iii* lied LI it L;?rm^j?;>iidjn .̂ 
djeue in Only limited crude purity even under various 
oondrtioni (iee Table IiTberetitingly., tlie R j C E M of Z i - j 
btarJj^ elettron-donating ^ r O u f i (R L - +-M*-Pri and +-MeO-
Ph) completely failed. The propar^l derivative 2L ailorded a 
m i l l lire uflJirtt Lis ni poun i . wi I h I he nuj ur product being I he 
intermediate lUEk crude pur Ay} origiuatiiig iroiiL. Jit 

o v a -linkjJT^ jtacbun and the Je-jreJ diene ."VL in only JJflfi 

urud* purity. Ln summary, llie fi.CEM o f .J-pbenyrpTop-2- yn- L-
y b w j i f raHJtMJiDy LmrLed to intermediate I luving electron-
withdrawing P.1 ^ o u p i . In the C J J C of +-pheny3but-3-yn-l -yl 
derivative* (inttf imedijteH iti, 1—itt )„ R G L M of It: (uniub-
stituted} and 2l fft 1 =+-CFj—Ph) wad feasible, whertai R C E M 
o f Irn ( i J = +-Me-Ph} £fc]ed, wrtadt fi>u;?*ed trie trend 
observed for the plienyrprup- 1-yn- L y\ JtrrvaLive.^. 

Ln the next jljye, resins' Jb—g and 1 -were Subjected to [-4 f 
2] 4.-ytludddJLiun with L,A-naphihi.M^uJnuJKI, v^hieh yielded the 
e4J7TeapundJn^ 4i4JjnpuuniL 7a—e and i—j (SLIIUUK 3} in 
eiuelent erude puritiei >^0%. A t tJiL itep. Luin^ aKemaiiw 
dieinjp]iilei (ie_. p-benzei^uinune, ^^^dihydiuiy-L^naplAlw-
ejuuj-une ,̂ and L J^-JitthrAi|uin£ne; Fig me ^ f>e]ienie 3) yielded 
the d a J red je±im ? f and 7h. &y contrait, using ̂ - d i h y d r u r y -
l ?-4-iU£rjthu4jiiintjne JJiled Lu produce the intemuediate 

E~Javing tun.ITuLied the 'interior* and 'eaJ.-^de* lin^L, we 
iyrrt]iej,K)ed the '"w*=it-ii3e* heteru*.-y*Je. Fur thi i purpuie, 
ledirci 7a.-f and h-\ were ^uhjeuted tu deava^e using 1-

rheiCaptuethartu] ( M C E j / D B U . I h i n J Aa.-e and j - i iynthe-

r^ti^Uctcn|/iaiazi^=i^cLUi](in 
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Sthtme 2. RtaL-b>ity o f Key Intermediates l i - m for R C E M " 

' X T ^ ' " 0 

M : ft' -1-Hr 
Sw R 1 - 4-F 
3Ii R1 • J-F 
Jfl: R1 -

i t R1 

II: ^ 1 - 4-CF 3 

111 
n - 1 : i S : R -•4-Br-Ph 

2n:R .*-F-Ph 
jr: R' = 3-F-Pri 
In: < : |.- . 

JrilR = Pr. 
11: R1 - '• • -i 
ij ; R1 • 4 htaO-Pli 
!h=R i 

m i Io :F 1 - " 
J : •< 
Zm: R = j . .y 0 .Hh 

K 
-: 
••: • 

i; . 

Pti rial nfcrnhnd 
4-Ma nutaslmrod 

4 -LIH n^^Hfth^ 

'•Rtijenfa JIKI aMutoMinu! (i) -timWH citihrrt Mormd j H w r i t ™ (.S i m l K ) . 0.4 hi lithium chlvrids ([JCJl in [IMF. jnhydmui PJi<iLI... Ji fimr 
le-fri-k, j j i d m ) , ^ <b.-yi {ia Id), 12 <kyi (fn- 1c JJHLI], 110 °C 

Stheme i [ 4 + 2] C y d u a d d i t i n n of I b - g a n d 1 and T h e i r 4 -Nt Cleavage 

:1 

^ a , . . 

D .If., 
n = 1; 7M: F 1 -A-CF, 

Ttr. R1 = 4-Hr, R 3 = Pri 
7c; fi1 - 4-F. E 1 - Ph 
7M: R1 • J.F, R 3 • Ph 
T H i f i ' - i - r v l ^ - P h 
7T R1 -4-F. R * - H 
Te: R1 • 4-F, PT* • (Mfs-diOH-Fli (HP| 
Tti: R1 = 4-F. R ^ H i p h 

n - 1: Ti: F 1 - H. F*= Ph 
7): F 1 = -fl-CF]-Fri, R 3 = Ph 
NP - inLpTpaicd 

t*\ R 1 -1-CFj, R 3 - Ph 
Bft: Ff-rf-Br. R*-Ph. 
Bt: R' -4-=. R 1 - Pi 
U : H1 = 3-F, R*-F|i 
l+: R 1 =2-F. R 1 = Ph 
tf:lV=4-F B1=HHNP| 
•s :R ' -4 .F . R1=Haph 
BH: H n - H , R l - P h 
•I: P 1 • H-C^i-Ph. R ] • Ph 

•*TTiiijp nil u i d orvnditKijK: (i) djaifyp-rrife (Figure .S)r jiLhydjoui D M S O , 24 fc, 120 : C ; (ii) 2 mti^iptietliijm] (MCE) , D B U r * mill, it; (iii) 
PTLKIL D6U. 10 nan-1 b, i t 

•itjyi frum Tiiphthotjwiitine n J jnlJirjijiiinone yielde J all the 

desired intermedj,itei in e^uJlenl trude pur Kits (>90s)_ By 

uinlrji t , OK MCDyDIBIJ-mediated deprutettjun o f ?f bearing 

a te t j - j ] iyJ j«bt ;n /o [ / ] i j .o^i i Jnul i™-^ tO-diune mOiety (lli^ 
LI] L£T mediate JSf) aJI-Unjed a l]LUCLlir« 4jd~ 4I4JI3L]̂ 7Llld-.. [ i C - M C 

Ajuly.-j.-. i iui iutuj 1}K iumutiun :>f MJ4:]LK] Jjl iun jir^jLLl.-. 

(not ittlited} ijnpiuLuij ; fnjiiL Jic reaLtjijii * f tiSiubti wil h 

lwnwijiiinurK. W « jLltinjjl-t! J to ijppreja -th« reaciiun Vy 

repljtmj M C E . ' D B U wAh i l i i t j p h m d / D B U : huwever, the 

dt i i r td p o d u t l vf*i uh-UineJ in viiy ]uvf trtide purity (114b) 

and -therefore it m i nut ijuljteil 

H J V U I ^ liljerjled th« ietundjry jmint , hetciOCyckl « f 

diiTaait Sicej tum-lrutled. F i ^ l , inlcniLcii JLE lib n 

u t t J to prepja« L .4-JU;^JUI ; ;[ L.2t]i>i;^Ljiii;luii; Jj;>mi-, 11 

( Sditmt! 4 )L AcyiatiCin o f the JntermeJiate with Bt*: -ft-Ah - O H 

irthydride (prepjnd in Hbt fium Ekjt/J A L y'ri and DEC) 

tjujjitiutjvdy yielded inter mediate 9, vAi'mh W J I dejwed from 

the resin Jnd Cyclized vrifj] l-etiky3-^-(^-(dJTTietJ^yl4j]unu}' 

4ft M^u'.'dclcni.na IC1 . ^ a ^ D O n 
I ^4 ^nn 2DZ4 97, 
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H-JIKIJU; 4. Sj-nLhmh- uf fJiuxpin-u[ l_,Z.-l7][ L,4li*uqub]i?liuK-
Jii'iiL L L 

11 ílOlt nvnrnll red/ 

J R i i j t n t : u i d anulitniu: (i) B K ^ A l l OIL DCC r C E ^ O ; , ."ÍO nan. 
rt avowed hy alditiimtoresin.^2^h_r^ (i) .SO* T T A / C E Ej-Cl^ 1 h_ 
rt, I ml ] sthvl "í I "i I iunsithvlunmn hpr-n-p-yl] cirbfidiiinidje IE! EX! El. 
a r t M 1̂  i t 

prOTjyl}tarbodiimide (EDGE} to yield lbe prod net I ] [Table 

1)-
The miM-medialei Ba and lie were Lben j^yl JLCJ wiJi Fuiot-

A l a - O H by attivatiun with D EC/ H O B t to yield ré i i iB ] Í i n i l 
12/ (Scheme 5) Jíl limited trude puritieJ (4ÍTCti and 4?*}. 
NertrtbdeSi, bann:ala]y.£ed cydiialiun uf 1 2 Í furnished the 
una] pyrazino-i^oiJLiJriujjne-djone l i f jji an am^epiable L5̂ rj 
uverall -yield. T o intreaie the purity; we replaced Fmut-Ala-
O H with But A l a - O H aflurd the intermediate* 111 in a 
crude purity above 5*7% AlimilarOutLjnLe v>a.-. ;)blajned L J I I ^ 
B o c - P h e - O H Jnd B u c - T y r í . f B u } O t J . finally., T F A-catalyzed 
cydivalion of l i i — é and g—1 furnished the de.-jrcd products 
l^a —*j g - i and 14a—c in good Overall yield-. (Table L). 
[]jLOT.-.Linj£y, cydizatiuTl o f 11a. bearing methyl aS H " required 
? dayi iDr ecu ]Lple lion. 

T o further modify the LifjřL i u t f o l d , the i intermediates' rib 
and e h were acylated with ioduacen'c J L I j anhydride (prewired 
UT jjni i u m ioduacelic acid and DEL"?} and tlien used I ;> 
uon.JriM.-t lbe dike topi perarzine (Sclieme o"). TreaLiii^ the 
re.vulliiig iinenuediatel l & l and 1 Se with i>% beir/yl amine 
in D M S O led to nudeOphil i i iubitilutiun fulluwed by 
vpi-.nl jneuui cydal i™ dea-vag! of průduch lea. and 17a 
Í I M llie rejin. The de-velúped protocol was Successfully tested 
i n J JX cctmpuund;, (derivativei I fca -b .d and 17a-c}. 

EnLemLediate l $ c bearing 3-iluor a* R! failed to reai.1 with 
pru pyl ami ne _ E-Juwever, when .-.tailing material l i e wa.v deaved 
ETUIIL lbe resin andllse Liberated intemiediate 1-lfca. (SLheme 7) 
w j i purified by HlH.I . the ivdialed L^jnipivcnj laclunized tu 
cuazinO -rsucjuinulirje -Jiune 1 *?n. Altem ati velyf d i l ^ tumurphu-
liiie Vih was prepared frum 1 Kb by ba^e-catalyzed cydizaliun 
with A^ndihe^jrupylelhylamine (DTPEAJL 

• CONCLUSION 
En tonduJunj we developed a iimple í iřS .-,Lr jLe>;.' Lo prepare 
rmvd, advanced heterocydif dOaďoluh- derived fruni phanira-

eeutitally privile^d h u j u i n u L m . The .-.ynlbesii i i bajed On 
preparinv, immub Otře J hey intermediatej fur llieir para I d 
L jnver.-j Ji] tu diJTerent type* u f muleeule r/amewuriLi bearing 
iiz- U T aeven-membered rin^i (Seheme Ř } . 

"InteiiOr' tytle fuimatiun enableí tbe fuimaliun o f 
piperidine ur azepane iaňuld- , ; • j i_ . . llie iiLelliudulu^ i.-, 
generally feasible for both tetrabydioJ.-.-ucjLiJi]o]iriel and 
tetrahydiubeji£u[d]azepinea. A n 'ea.-A-.-Jde' ť y d e waS luCťeU-
fully tormed by a Diet—Alder jvaL-lion u^ing both ^uinoidal 
and hetejveyeliť dienupbile^ allbuugh ibe eycloaddjlion wiib 
the laťtej uuuld nut be cuntrulled and prOvided tbe de^ired 
inteTmediate aj a mijcture of oorieapondinv^ jeparable 
diajdjereumers. A 'west-side' IjeteruL-ydrLaliu n was de-veluped 
fui Jiav:epinti, diketodiazepinej.. diketomorpholinei, and 
diketoprperaanei a* highly relevant biůactive iealTuld.-,.+' 
Apart frum jkeletal Jjveriityj tbe prOpuded .-.trategy was 
^ludied in tejnu uf .Ar uel ure —jeaetivAy TťlatičTk^tipl. and 
despite iume limilaliuni o f tbe D . C E M (tbe appLuabiLty uf 
ordy eletú-on-poor dients^ tbe lubditution of tanjet ioartoldi 
ean be ur Len-, i vely mudified by ujang readily available 
plněny]alkyiioh^ primary amine^ and aminu add^_ Corde-
qLenily, tbe develuped pTOtOoull enable rapid jyntheJil uf 
eoHeetiunl o f nuvel driig-like moleeulej. 

• t X P L K l M t N I A L S b C H O N 

trfn-eral I nfů rniat k>n. H^tní.í i n l chtniticiJ.í were p-mdiaKed 
ÍTÍT-TD Siř;Trii—AJ-±i-̂ h (Nfil-Kriiá:-!^. W L www jáj?ri2-ááTKh.cftm'\r Aazrťi 
C'ríT-rnc líiitL Bej^hnD. www.icr-r.tGTTn). inJ rhi^r^dism l i l i i 
fijdo, United BC^gdoiD. wtw.ilTUT^zhsrn.i^.iatX WIJIJ rtan (100— 
1QQ TZ**\ 1% DVE,. (L9 jniD-i/j) w u íafrtaiiwd. ÍTOTD AAPPTec 

I i.i • l-V -.i-ri-;--.rr..--. . :c : ~̂ :: ."• :.• '•• .z " 
nut in Td ť t i i Tii-zti-m vti.Hď; l.iynn^H. -liih «quinp±d v/ith ip-nr^iť; 
disk.) iť; in;? i minu LUV ^ - s r í t t i .i^Tithtíir-sr I Tci m + Kds.í. M I. ^^w. 
toTTiÉ .̂coiTil. AU TUjcbniu írvere curiíd. out i t aunhieut toTaT-sríturt 
I 2"i (!l iml«.í .TtitJ íithmviflt.TJc synthtd^ cA iV l."í uíieji-yipTfi-p 2 
•y n I yJ I nitře: h-snícntsuJt nawnid« m wir. jitri-nTn^i i c z ^ i n p 
tíi thí: repíitsd urotíionJ." Tht LX'.— 1VLS uLiJ|ffl« H E T Í CaTiied íi-ut Í H I 
Í UE LPÍ.O JILS f^Écm coiLHKtijii; **f LTEEPLC ^duvunitifígTiuli Acuity 
VatL a plutodio-de n n y dtfcctíiT u i d .im^Jt zfu iirupnJ-t mu« 
.i•pirtrnTTj-st-tr iWitentl. inui;? ui K ScJact <!1R aUujun v.ath the 
m-nhiJ-s UTLL-K ^n.u.Ttui^ ÍI+ 10 m M uninranrurn ici t i t t I AJTIA-I I in. 
I [ LÍJ JJid í !l [ IN". The TxS I íKraret íi-peratad i t i dischirge ciurejit oí 
.S JJ-A. \ipíi nr-tr ton^renliire: írf ."S.SQ amid upiHuy tonn^nliire cií 
itKř *C Ew ťh* [JC-MS auujy™. i Sawopie dF i«in. (-̂ .S mg] w u 
trtitod irvith T F A in. CEEjť]^ tht clej.\ige: oncktiil vos en.piua.tod  
UJÍdt i i strtiJD of jíitm^eji. u i d d-si\-si z?, ITJT: ™ n dl wtře crtrictcd. 
inJto CEL^OÍylEiO (JEHÉ-or %\%; 1 mL)_ Purihciti-:n -ZUT I t i nut 
by ťl-B frejDÍp-TeTřiJaitTi.,e i^ejne-i phi/ií l RPl IEPL^! -zhr^jmtijTiphy 
•wtth th-síp -iiitnt-.it 10 JTIM I^UÍCÍUÍÍ AinAc and (!l E.CiK.ti-iwTilH l.S 
mE./mui oř by lUarmiJ p!hue by silici ge] .ihT-nmití>ř;nnhy. EiesiduJ 
i d i D f a 11. Ej<J u i d AJQAC hntterl wtre: Jyíi-nhiJirjed by the ScinViz 
C-»lure llfl.-J ™ ± Í I L J i t -110 ^C. AJI ID -uvri 2D- NME4 
irriinmentn ivire pertnrmsi ívith ujdn.̂  J Í L ^'X.SOď ."rp!?rtr-̂ rj>t>r 
(Jf<3E. EiTStíKAKCr. TíUryíL Jin-ain.) i t i mijnetic heJd streiijth of 
11.7.S T CTHiwníHidin j to 1E E u i d 1 '<! Tesoruiie frequendeí of ">"i0.1 c 
u i d 125.77 M l Ez i t 27 : "C. ďtoaJc i J shiůs [ů] ire repvwted. in p ^ H 
Y-T ITLUUinn l-ppml. ind -n-upini;F; omutuits [Jl i e reporbd in htrb. 
(lEz). The SagnaOs of DMSO-ÉĴ  CEKZI^ VKK set i t J_SJ ppjD. 
prpan in. 'EE N'J\Í & sn^ctri and i t ."H-SO U T H D . pilin in ^ "C! N"MR 
spftztn. ri.^4ctr.ily. 1 "K sdíejracaJ diifb wtre rererejioed. to -trttrnjJ 

abímimiífc in DJMLSO 4 f ] ] Trponl.'11 Aoetite uJt I T M I Í U J 
i^ent ÍTSYTJ the R_P IEPE^! puriricitiíwi I wis detecfcd a., i .im^st i t 
l.^lJ-].^] ppiD in. the: 'EE KME4 spectrima. AhhmiitK!n.r. in KMR. 
sptcrlTi: br. sr brínd sín^itt, h r. i . h rn i i ú.nu h Itt, s. suiípit, d. dnuh-Jet; 
dxi, flooblet of douHets; dd<L, oHiblct of íiíiié-lets of drniblets; dddd. 
iauhJet íii dauh-Jets íit díiurOetí íit íti-ubiet;; t. triplet; td. triplet ívf 
inu H síta; ITL multrpJ-it. I ERÍVÍ.S n ihmií w u pejivwmed. using LC—MS 

WViJM L̂crq.TQ IHZ1 -̂̂  vmnw 5247 
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TAN*: 1_ L i f t -SyiaJicvHud and fe-ulk ClaarjiAKri JC*J t nmpumiilt 

ft1 ft1 JO ^ puny |*r 

- •CP, J* 24 9S 24 
ii - ;•. » 

11 - 4-&f - ;•. 111 

M-. « H V.- ;•. „K 

M-. <UlFy i;-, ;•. 

M-. 4-SH i:., : • . « 
i =-i M-. 4 » 4-OH.fti : • . t t 

i v M-. : r i:., :•. « r-i ^ K : h v..- ;•. I" 
^ K : i- i:-, ;•. 7S 

r-l, ^ K : r 4-tlH-fc ;•. =•] 

Ii, 1 r i;., t&fh 
UJ - H i;., 

m. - H 4-OH-&1 

ik - « n i:., "I' " 

i * - i:., 

iv. - 4? H: 
i ^ - -t- l : : E% HO 

l:u - : r E% 

I"J - H ;•. « 
- H l : : ;•. 

I -. - i;., ;•. M M 

I'i H ;•. V 
|.,,. k ;•. 14 

J(VeriJJ crude purity iffcT 
UV traces i t 2 0 . S — « 0 J U D 
- not jwilited. 

con^ktionof the entirereact ioni«peo«ca3cuL. t6dii™n I [PCX! I TVtrace* i t 20S-flCH T U D . "CiJculitod from ELFEJC 
liter 5LP [ [P L i : puriteitxi n. "I iikurated iirej piirincition from the trading of tie suiting ran; K O - not a hrairieiL; KI 

(Difwiei UHijDitt .̂ 0CKrr Thermo Fischer .SdejLtifie. M A . U.SA) with 
ui Lrictive Phis Oihitrip high T « o h i t k m mass spectrometer 
(TrerrDO fiictTve phis. Thermo Fischer .Scientific, M \ LEA) 
nfieritjng i t pflsrrive or negJdve full scoji made (] IE OM FWML Cl 
in the nngt ]0Q—"7.SQ JH/ 'Z (the Tinjt V , T ; c^ntlitftd t-n expected 
jtiiMj with l i l tiectKKjwiy ior i s to i i I CIS [1 lwwtnig i t l.SCr :"C JJIJ. 
-the .viuTce v̂ TltĴ e of .\jfi t V or (b) ittnm-pheric pr«xur£ chemiciJ 
ioaislbDTL (APC[) nrbjtnp Twutmj it trutttr c^nlluy timpintij r-s 
.t20 ° Q c o i a u i t idiijgt dUKJit S ̂ A ^pnjrzer tanrhSTituri -HOQ 
"t!. iJid ditith £j£ pr«^ure -4Q pci. Ouomita^iiphic sep-jjitioji W J 
•ptrt^rmsi m onlumm Phtnrm-sniT (itrrain I (!l fi. v l mm X 2 iam..^ 

T̂JD ]! LTbdtl With KOZTitic thltXWl iJl-1 iDolile phidK IWi Pi coiita TTJ n;p| 

.S) 1- Q.]% E[COO[[ with i flow v&QA mJ.; min. The suDplts were 
ibmJpecl in. CSE^CNVE^O [W/ahj v/v). fVieltmj pniiis (not 
corrected.) were iDeuaued. by i Thermonj ippir*ij.i I Reidiert. 
Viauu- Airrtrii) iJid. Tepuled in i JeJshLi de;FT« (' <!). [& spectra were 
mea-Turii hy IIRJIT milhi.K Renectuice Inirired. Founer Trans' 
TOTTD) on i Thenoo KionJtt A V A T A R .V70 PTTB. spectrrwDeter. 
AtKorhiTice peifcx fwivenijmher.s'l ire reported in TecTprociJ 
centimeters lcm~'l . i n i trin.mTttinces 17"I ire reported in 
percentiles [9&)_ 

r. Canaraf Pro&rfure &s S&nogQshuQ Coupling To Prepare 
A)kyh\mg Agemi Pdf PPh •] -jC !JL 11 S m j . i D i m l I m d \ "l in J 
(:u I l'Ti.1 Tri?m. CL̂ fl mimL 2 im] %) were suspended in degissed T T A 
IIS mJ.'l under iritrctgen. Then iryd wdide f ] i l f l TDTDOL eqirivl 

r^suUJoliH^ia 1Q71 tei^KUlin 
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StJi-K nit! S. f^ynLliKh-n- uf V\ rj/im? i qu i mil bi if -diuiMf * an d I'yra jJnu-Difn -flj[J]aHipin*i TJj 14 J 

0 H 

m l : l a : Ft1 • 4-CF], ft^Ph 
flit: R 1 - 4-Br. R* - Ph 
Se:R' -4-F. fi*-PH 
Id: R 1 - 3-F, R* - Ph 
En i : ' :•-= : ; 
i n : R 1 - J - F . tf-Nwh 

n - tz 81- R1 - H. F* - Ph 
aj: R1 = 4-CF 3, R 1 = Ph 

12al 
• FrmC, Btre 

cycllr-iton 

R* 

1-1 l i i i R ' - t r ^ ^ - u * . i ^ p h j j o n : 
13b: K1 = "i-CF 3, rtJ = En, = P h ^ 
1 Jc: R' = J-Hr. R 2 = Bfl, R 3 = P(H34%t 
134: R.1 = 4Br_ Pr" = H-GH-Bri. B.3 = F* (JM4) 
1 S»: H 1 r 4.F, R= - &i , R 3 = Ph Jl9*.t 
13F1 ft1 » 2-F. R 2 * M», R a • Pti (2H1) 
13H: R1 - 2-F, R ! - Br>. R* - PH (53*) 
1311! R1 - 2-F, R ! -4-OH-Bn. R* - (2TH) 
1 ) t R 1 U - F . R* • Napd (8S> 

7 ' : , it 14*: H 1 = H. R ! - Bn. H S - F H ( « ? t ) 
14t>: R' = H H J = 4-QH-Eil, R 3 = Fh 11S!4f 
I4n: R.1 = * .CF„ ft3 = Bn, fi1 = Ph (33%) 

holy: ovpraNyiddft 

JReAgents jjid conditHHU! (i) B « jjnino 3 c ^ t I>Et2, CELjCl^ .30 rain, rt followed by Additkvn to resin i. 24 h_ it; (ii) FIDOZ Aiumo icid^ EEQBt, 
DtC, D M F , a i j C l ^ i t h,r$ (in) X = Boc: r t i t TFA, 201 (for U b - e , j - i i n d 14i-c) or 7 day! (for 1.3»), S 0 ° C j (ir) X = E m u : 5 0 * H P / 
D M F , 24 h, it (far l j £ ) . 

Sdmiim b. SyuLhevhh uf iY-Subv Li Luted PA rj/Jiiu-n-uqLibiiib'iie-diunei j n J l'>rj^Jiiu-bmra[d ,]a'jKpin-ei ] £ j I T * 

R 1 

H Ft 3 -Pti 
4-CFj, R s - Ph 

. 1 ltd:. R1 •4-Qr. R ! - Bn, R*-Phf36W) 
1tt>: R 1 = H f - Pv. R 3 - Ph <W%J 
! « • : H 1 = S-F, R' = Pr. H J = Ftl (HO) 
ltdt R 1 = 2-F. H 1 = Bn, R 3 = Fh (3511) 

n = 1: 1T*i FI1 - H, R J - Bn, R l - Ph 
ITd: R 1 • H. P.1' Pi. R ' • Ph (H11) 
iTo: H 1 = 4-CF 3, R ? R 3 = P^<nl. f.p 3B1t) 

Ncba: cwnll yakjrj; NLr - nal ODlmred, 
N - nal isDinInd, c.p - crud« pL'ilb1 

J l ^ ^ b i n d a H « i t i o r a i (i) iidoiacic ix^. DlCrdlJi3x .10 min, rt, fallnimd l r y i d d i t k m t ^ i « m * ; 2 4 Ivrtj (ij.S'Ji jmme;'inby±r(iu.i DM.SO. 
24 l^Tt. 

vox idded +(J^w«l hy pMpirjyJ ibcJinJ 11.2 ml. . 20.21 mrool ].] 
equir) O T but2 tn ] fi ml_ 20.21 imnnl 1.1 touir). jnd the 
T u d i m fltbrtd mterucrRly ^ dO ° C m JTL ad] h^Ji fcn 22 h. Then 
the reictkm raiituje wix fGtrjted rati (iente. qua.ntitj.t\eJy ^"kdiei 
with rjtt<?. onjiotntnted ui I U O J J . i n i purihed hy .ah=i gel 
diKunit^np-hy in rtOAc/ 'htiini . 

5-|'+^^mro^Mfi^):yJJb^an>JJ^lrop-2-yI>-^-oJ, J. The product 
prepjjed jmniding to- the Above de^cri bed procedure xtrung T I W D 4 
iodobeiLai^Tinuaride [2.7 mL^ ]fl_3fl rarrjol ] JO ec4ijr) And pav^ATgy] 
AICI^IJDI (1_2 TEiLf 20.2 I mrrKiL 1.1 equn'l. The crude product I V A S 

purified hy .ul ?. ; l chraanAta^rAphy in Ft<?Ac/lieiAne (.3 il \ v;'v). ^ 
= 0..S. WAiy yelow onnge solid (,1.43 j 1 7 . 1 . « TarooL a f l t ) . EEPLC 
purity a 9 K . ' [ [ N"MR f.500 ME[4 CTXII,): i (ppn) = (br. d, J = 
8.4 11^211), 7J3 (br. d, J = fl.4 11^2111 4J2 (i,2EE), L90 (br. s, 
1EE). " £ { ' 1 1 } N M R (126 M I z , C D C l , ) ! * (ppm) = 1052,3, lJOjfi (o, 
= J ( „ = „32J! IEzl 126.7, 1 2 , « (a, = J i IIz), V242 (a, " f c^ = 

27 ]J EEi).'WJC]..H'L7.5].9. I [RMS (FSLnej.) nuz: [ M - EE]"cAlcd 
roi C l a ElJEVO lflfljO,3&5, band IWJOSSI M p 40-42 t . 

J-W^i^apjMniflprap-jT-fJV-r-Of IL The product piep-ATed 
According ti the Above descri bed procedure stATtbig frorD ] broTDO 4 
iadoDercene (.52 g. ]fl_3fl rnmoJ. 1 jfl eoun'l And prapATgy] Alcohol 
(] .2 m ET 20.2] rarrjoL ].] equivl. The crude product wx purified by 
.iihzi gel chrojQAtogrAphy in Ft Ac .•'hemic (.3/7; T / V ) . PI =0_3. PAJC 
yellow solid (,3.10 g. 14.fl.32 inmoL 8 0 « ) . EEPE.'C purity 'EE 
K M El (.500 MIEi, d-hCl.,): fl (ppm) - 7.44 (br. d, ; = 14 III, 211), 
7 . 2 ° (br. d , ; = SJ6IEZ,2H), 4.48 (<i,f = 6J0 EÊ . 2EE)r 1J84 [t, J = 60 
II3; III). '\Z{'lI} N M R (126 MIE3; C D C l , ) : S (ppmj = 1JJ1, 
1.3L6F 122.8,12L5,88.3,84.7,5L6. [[RMS (APCI, pai-J B I ^ A : [M +• 
H j * cilcd itr C^E JHTO 210.o75,\ ronud 210."74q. M p 80-8,3 * C . 

3-^i-fiuoiOfiS^fi^\flfOf>-2-yn-\-oi SL The product W A S prepAied 
ACCTrimg to the ih,ive descrihed procedure strung U O T D ] Auoro4 
iodobercjene (2.1 roL r ]8_38 rarrjoL iJOequiv) AndpropATgy] Alcobal 

£ 2 « 
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SuiKiifct .". S 4 núl Ľ * K úľ O i j/Jnu-n-uĽiubiuliiiĽ-diiJUĽv L ^ " ' 

CT 

l i b : F ^ J - F 
ÍSa: R1 = J-F 

Hne ft1 = 3-F I h i R1 - S-F {2611} 

J Reigsnb jjid conti ti d u (j) .SO* TFAy'Cí y ľ l j , 1 b, ( ä ) semiiireiHJitň-i RP í [PLC duomitngn.pliy íKini; A m A : Indtra/CELjCK DM-NO. 
tJkHwd liy í resat -dryínj ; ím'l ^Kdn.wTiívnyfethyijjrdns (DtETAl. D MLS O. ü Ji. rt_ 

S d i * ™ B. Orerf ie iv uf A t c e ü i f c ] * Final Š t a S j l t k 

(1.2 m [_ 11.21 mmol 1.1 tquTv'l. The crude product uru yirnhei by 
.uhci gel ch r-ľ mit ľ ^rľph y in [JtOAc/'henjie (3/7; T ; T ) r R/ — 
Oruijs bquid (2.11 g. LÍ-39S n a m i JMftJ. f [PLC poiiy < B « . '[[ 
N M R (.S(B MI C D d J : í (ppm) = 7.fi - 7 . 4 í [TU, 21 [ \ 4.97 -7JE. 
(m, 2 Í I ) , 4AÜ (d, J = 2 A Hz, Hl), 2SD (br. s, D l ) . "C{'II} N M R 
( 1 2 6 M I [ z , C D C l J : £ ( p p i i i J = lfiljů ( d , ' j ^ , =2,B.l f [i]t LVíjfi (d, 
' JU - a j H " U V r " J J IIz), 115 J (d, V J T = HIJ, 
SS.9, JUJS, .SI-í. [ [ £ M 5 (APCL. J U H . ] JHÍJI : [M i- l [ f c i k d fnr 
C ^ F O LS1JQ5JÜ, Jwmd 15L0551-

3-i3-F!ucifopf>enySlpfGp-Z-yn-l-ciS /V. The product i m prep-ired 

According to the iboTe described procedure .Ttirtuií> b :m 'i tlun r.-ľ j 
iodobensjie (2.1 m L r 1JLV1 icjDol 1 jQ equjvl u i d propjrgy] ilcohol 
; I ľ T . I . 20.21 T _ T . . " . I í 7rr- . T . L : . - - r"- .ti.Tv.-L; r . r . : v 
rihci gtl cJuomito^raphy in ntOAc/hiiiJie (-ív7j T/T)r -fy — 
Onjijeoil (2.S2 £ ] d S > 4 i Ľ a i M l í í « ) . [ [P [ C purity 9 ' [ [ N M R 
(.StrO MI [3, C M J , ) ! ŕ (ppm) = 7 JA - 7 JS (m, III), 7 J20 (dl, J = T.?, 
LJ I i i , III),7.12 (ddd,/=9.4,2j6, LJI[Z,1I[),7JCE (dddd,/ = 1Ů.7, 
U , 2J6, 1.11[^ l í [ ) , J J Í (̂  HI) , 2:20 (br. ^ DI). ' " C f H } N M R 
( 1 2 n M [ [ z , C L X : l j ! ŕ ( p p i r i ) = 162J (d, ';<._, = 24ŕi.9 [[z). 1219 (d. 

! J M - S J I I í J , 117J (d, V r = \2 IlzJt I M J [A,*)„ = 9-5 IIz), 
11SJ (d, = í I*). 1 lí-S (J, 3J<:-, = 212 I [z), S S J , 84.4 [d, 

- Í J I [ z ) , í l . i I D J l M S ( A P O , pot) J U / Z : [ M t í [ f ta lcdíoi 

C ^ t j H D L5LOÍ5I, tumil 15LOÍ51-
í-í-fJuafup/wn>flpfap-2->í>-ľ-aľ ľ . Ths -prodiĽt W J Í prewired 

ijccording to the zbo^e d « j i h * d p rncaduri .^tľtiTig Í J O I D 2 AiamA 
i^d^htnrini (2.1 ml. . ISJífl marriil IjG&quň'l jjidpm-p-irgy! jlcohd 
I 1.2 m [_ 2Q.21 IEODO^. 1.1 Gquivl. Tht cru ±s príiduct wJC pu rrfiii by 
*ibca. êJ chjvijni.lKignph.y in rtOAc/'heujie 1.̂ /7; v/v). Ry — QA. 
^sllnw liquid (2.1fl j . 14_S.\1 m m d , 79*). IIFLC jmritr " H i t 'l[ 
K M E ( í ( » MILi, C D d , ) : ŕ (ppn) = 7J1 [l i , ; = 7A. l f l I IT. M i l . 
7.27 ( d ď d d , ; = ° . 4 , S J 2 , 5 J , 1.91 m\ 7J02-7J07 (m,2I[),4J2 [1, 
2IIJ, 2 J J UI). ' \ ľ í ' l l } N M R (12Ů M i l í , C D C l , ) ! S [ppm) = 
162.7 (i, %^ = U L I Hz), IÍJJŮ, L Í H [d, 3 J i „ - S J l*5> 1 Ü S 
( d , , J M = Í J I [ z ] t 115J [ d , = ; ( ^ - 2 L 2 I [ z ) , 11 L l [ d , " ; M - 1 5 í 
H i J , 915 [J, ^for = .̂ -2 Ltr.l. TS.q. .S 1.4. f í EMS (APCL pot) míz-. 
[ M 4- H ] * c J o d ŕ o i C ^ [ , P O 15U0554, looul lílJQSí L 

J -Phäíy.1 bur-J-j;.'?- í^s) The -Djnd-mct v/x -prepjjed jcamtaij to 
the ibfire djuoibed prtKEdure Ktixting ŕrara iodohenruie (2JC1 ml.. 
1 HJHS mmtii 1 Jď etniň) Mid b u t í 'yj* 1 <d (LS m l . 20.21 mmol. 1.1 
equivl. The cm i> product jiun bsi by .a bi l j t l zhrn mitn^ríp In-

in EtQAc/lieTjjie [ T / T ) . By - tLfi. Q n n j t oil ( Í J O I j . 20J6ÍÍ 
mmol SJWJ. [[PI.C Tnirity '[[ K M R (.SdOMIL^ C D d , > S 

(ppm) - 7^9-7.42 (ni,2IIJ,7J25-7JS (m. Oil [ ) , Í -7S J= Ů J IIz, 

I -jnj (Jím iOZZ. d;, 
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2H), 2J64 (t, } - 64 Etz, 2H), 2_54 [i, III). '*C{<11} N M R (124 
hahrCDCl3):ii{^Mu)= LI 1.9, 1215,1211, 123J4, « . 8 , 8 2 4 , 4 1 . 4 , 
24.0. EERMS (APCL. pm.) m}v [ M + ilf cjicd i n C l 0 f [ , , O 
147J0-R04, inmd 147J080L 

4-fp-rüJyJ0bur-J-yJ> - r-üJ Wl Tlie pradiict W Z Ä prepojed zecording 
fc tht ifwvi dt^nhtd prnotduTt £tirtmg fron 4-iadcitcvhitnt (4J0 g, 
1 H_VH m n » i IJCI eq-iii) uid baJbl'pn.l'd (LS mL, 2ÜJ1 u n d , LI 
±qurvl. T h ; inj i - povjd-ujct p-wihtd hy .iibci gt] ihr rm j*::_;>Tip hy 
.r r . : i ' V h- T I n t |l-7. v \ l . Ii - d . i . dringt Iii 12.0 g, LS "J 19 
mraoL Sl*- ) . EEPLC pnrity 99*. 'II N M R (500 MIEz, C D d J : & 
(ppm) = 7_12 (b. d, ! = S_l Elz. 2IE), 7 JOS bi . (d, ; = 7.9 Hz, 2H), 
J . 7 ! ? f e / « 4 - 5 H i , E l l 1*8 (I»- ^ l H ) , i J » (t,; = 4,5 H i , 2 H j , 
133 (*, 3H) ' ^ C f i [} N M R (124 M H z , CEH3,) : S |ppan] = 137.7, 
I i L i , 12SJJ, 120.2, S.SJS. S i l , 40.9, 23.5, 2 L I . [ERMS (APCL pot) 
nv'z: IM M l ] * c i k d i n C,,11,jQ 14L096L intnd ] 4] J09fid 

4-i4-(TriRiKiron]e&iyl}pFien)rHbw-3-yn-J<iS Vis. Tht ji-odiict w * 
]wepjued i^unjdin^ frj the ih rrve denen hei p MGedure .ita-ti ng trom 4 
indn-btnm-triflnjoridt (2.7 ml . . 1118 mmnL ]JQ tq-uhr] uid hat^l'yn.l« 
d I ] _S mL, 2Q-2 ] mmol ] J equivl. The emde p r-nduet vm pu nh t i 
by ."aJin gel ihrrmitiJoTiphy in ntCVAc/htzine (4/fi; V / T I . ^ — 04. 
Pils ytDn-w solid (2..19 g, 11 J.65 mmol, 41**J. I [PLC piixity 99*. 111 
K M R (50O MIEz, CDCI, ) ! Ä (ppnz) - 7-54 ( d , ; = 8 j lEz, 2EI]t 7JH 
(d, J = 8 J Hz; 211), 3-83 (o, ; = 40 Hz, 2H), 2J69-2.72 (m, 211), 
2X>S (JbT. ^ 1IIJ. " C l ' l l } N M R (124 MI C L X 3 J : f (ppm) . 
U L 9 , 129.7 ( s

 3 ; ( ^ , = # J flT), 127J, 125 J (s ' j « = 1 » ^ J , 
I i i ) (n, ' ; ( ^ , = 271.7 Iii) . 122^ S94^ S12, 6L0, U * . [IßALS 
(APCL pot) in/z: [M f I i r u l a l fci C , , I IIÜP-.O 2ISJM78, fmmd 
21.«W7.i . M p 38-J1 * C 

Z knmobtbzaiKm af Fmoi.-i.-*aSf)rSgJparte ro W<?J>g flajn 
pnr<3f^ä^H?r<S rj. Wing m i n Ii j l W J Ä ™ h e d Ihne t u n « with 
Cl [LCJL. LI M r . uid i snlutitHi <rf E T M K I. iDy^ydne (fi7.S m j , 2J0 
mmnJl. IKJBt f.lflfi 2.1 m nj.il). D M AP l'cl im, 0.-'. mm^'l. in J 
H C ( , i l2fdL,2J0mmd)in.DMF/CI[ 1 Cli ( lOml+SHt) jdded 
to riijc Ttdn_ Alter d u ü n j ivr 2̂  h i t raoro ternniriturt. tht r«in 1 
i n j iwih«d th r « t i m « TvitJi I>MF jjid Q [^C^. Cdloilited Jnadin^ 
d im nvi hd c id Pn>K i. ilhd^tydni: fl_"^2]— fl.-q.i2 mrnol/j. 

üfoup, Luffcmyloiion ivjrJj JVi-üi <?nd Miiu/nobu ASrySarion .vr1? 
AJkyftQiL- Tht pfllymfij supTKvrted in.termcdii'te 1 (.SOQ mg), 
prewjjdiAd t h r « t r m « T îth D M F . wix nhiken with. p r n ; n ± n e : 
E M F (.S m [_ .S(Bt) £xr .i0 mm 2t I W I D temptrature. T h i n th* rfiin 

wuhed t h r « t imu with D M P jjid CCCjCl^. jjid j. AnOutioai d 
inpmpriits N'sCJ il-SO mmol) jjid 2jAhiti±ine (]?] ^iL, L7 mmol) 
in. C i t £ 3 i (5 mL) w u jdded. The jujctKiai H I I sTLiisji i n 2-4 k 
raom tcmniritijri. Th-tn thi j « h i w i i wjjdiAd t h i « t i m « wilh • M r 
uid t h i « t n n « with mhyir^TK C!IIL(!J :. mhyini±n DMT. i n j 
inhyir^ij.i T l II", i n l i flohitioai fvt ^ppnrprii'te jlJryiuiJ (LS imoo]) 
uid TPP (.iflti m j . 1 -S mmd) in. inln/dVoiu TIIP (2-5 mLj roi 2 j - k , 
m) D T i ftohitwai d 4 (4 (tril1iJiHWDCthy])ph£ny])but .\yn ] nl (ä-42 
irii^ i.vl mmd) J3idTPP [796 mj..ijO mmnJl in uihydnu.i T l IT [LS 
ml.; r 21) H U jdded T h t gyringe w u onnnected by i pljjttic didch 
wrth tht x t a n d flyringt onntumng L .whjti^n 7.\ D'IAJ> (29.S ^C. . LS 
mmol; in 2J—JL,IU) oi I.S9Q .ijfl mmol; for 21] in jjthydjvniTIIP 
(2_S mL 1 T h t syrrngM wert cooltd to — °C, uid Ihtir onnttnt wjfi 
mnred tgtthtr md.di^ken ibr 24 h (fru 2a—L, no] w 7 days (ibr 3) 
itiwMD ttrafKriturt. FL«iiltinj r « i K Ii—ra wertwjnhtdthrtttnoe^ 
with uihydm-ijjt TIEF uid CI^CE^. 

4. Rmg-iSasi/rs EripTie Mewrhesis flnrärmadwräi Jj. The 
TKiJymtr .Mjpn^rttd u i b r m t d u t « 2i—m I.Sflfl mj l wert wuhtd 
Ihret h m « with jjihydroTU CI Ê CÊ  i i id tdnent, i n d thtn iddtd to 
tili ^liJ wilh i oruiicil mhetr. AjihydraiLi tnJutnt I12.S mL.I W K 
l ü t i . uid thtn. i igohition. (vf 0.4 M Ei l ] («.2S n^. 0.1 mmnJl in 
i7±vi u 11J M T ! ^ I. I. (i r .L - r ; r ; ^.".TCT . : r, T-TC-T T : .TOI I •'• I 
\. aJailittd to tht ]<udng od* T « m l m tht xtcond TKUtian d 
inhydr^n.^ thjsnt I I.2.S ml.l wert jjddtdintn- 1ht Till snztJy in 1h it 
nrdtr. T h t Ttijctim mhrtiijt w K dtg K .std undtr ^ .rtrejm al nJtrogtn. 
a.nd Iht vui d m t d with i cip u i d h t u t d i t ] Kl ° C in u i afl ba.th 
i D i 2 4 h ( r « . J ^ e ^ i - l ^ n i ) , . i d i y i ( t ö i J d J , < d i y i (i>r.\b).(iT 12 
diyi (iDT 2c, ]1 Thtn jtxhu i i — m wtrt wjnhtd thrtt timu with 
tihitnt und CIEjCL. 

ti-•}>. Tht pvvh/mtr flinTrwvrtsd inttTTnediitä .ia—j., ] [.SOQ mg) wert 
prtwuhtd thrtt t i m ä with jjihydjmn C [ E t t l t jjid DM.SCi, jndthtn 
iddtd tn the with i «uiiciJ miitr. T o j. ^ i i l mJiydnniA I-) M S O 
(2_S mE.l and ipnrn-naiite dienon-hile [.S mmol) wert idded i n i 
h t i t t d i t l l l C in uimlli-ithii(r24 h-ThenieriiK t i j j i d T a - t , h - i 
wert wajdied three t i m « wrth. D M_50 u i d Q E^Ci .̂ 

iSO-bl The reshu 4a. 4, und LSb-c (.SOQ mjl were shiktn with 
T F A / ' Q ^ O i (.S mL, .SWt) T O T ] h i t room femptratnit. T h t n tht 
dtji ' jgt i^zttiU w u odltcttd ind tht r«m.i wtrt wjnhtd thrtt 
t i m « with tht Jjtjdi d t m g t onddiü LS ml. l . Tht oarjoijitd wuhe.^ 
wtrt t n p o rittd TJfling i rtrejm d jiitKigtn m d dritd undtr 2 vidium 
to .: — . 

paft.BS, SÜfl. 9t6\-?-\\2-NmQptefiyi\iUif<WyJJ - f, J - J J O M -J-pjM-
nyJ-i -W-f wiSuofomsb yßpfuriyH-Z J, Ja, -4,4,75 P, Po. 9b-decariyd!Q-
; -..-.-j .|.r" -i-.^-i—T.- 1 -f- ̂ - :J'!v^>-: : 

phom Hihd (24.7 mg, CUOiA mmol 24*). The nroduet i m purrhei 
by stminitpjiitn,-t EP [EPLC chranitigriphy. l E P U : purily 
( ikivtd rrom 4fl8 mg oJ* Ttdn (Q_i2SI irurwJ/g. 0.141 I E O M I O T 

substnte). 'iE N M R (50OJtQ[^ D J i t S O ^ l : 6 (ppm] = L i . l . i (br.i , 
1IL I i " ) , 7J5 (ddd, ; = 7.9, 7 j , 1JD IIz, III, I [**), 7.7S1 (dd, J = 7.9, 
IJJHJT, 1H,II"],7.71 (ddd, ; = a j , 7 J , U I L T - 1H, I[3'),7J67 (bi.d, 
f - 8JtHb,2IL l E ^ * ) , 7J42 (dd, 1 4 , 1 J IEI, H E , ! ! 3 * ) , 7J8-7.41 
(m,2II, II 1*"), 7 J1 -7J5 ( m LEI, II 1 7), 7.17-7.12, \jn, 2IL II 1^"), 
7J07-7.12 (kr. d, ; = "Jt2 f 1^211, EE 1 I ; M ) , 4J1 (dd, ; = 12.1,41 Iti-
III, IE 1"), 425 ( d , ; - 14J I i i , 1EL H,,'), 4JÜ4 (d, j = ld2 I i i , III, 

i O , i 4 5 (dd,; = LS it - , I i i , i E 1 ) , i 4 j (dd,; = i j Ä , I H , 
II1"), 2J47 (dd, ; = 14J,, L5 I i i , 1IJ, I V ) , L57 (dd, ; = 41, JJO l ü , 
1IL l O ^ J S ( d d d , ; ^ 12.1,,iJ0; LS Hz-, H L I I l 3 ) , i 4 5 (<1> J= 12.1 
H i , DE, IL.") , 2,i5 (du), ; =8-7, ,iJ0IEi, 1IE, IL.*). '\Z{'lI} N M R 
(124 M H r , InM.SO.JJi & (ppm) = 1781 (Cj) , 174-5 (Cl ) , 172.9 
( C , y ) , 147.5 (Ci2) , 142J6 (C20), 1J4J [CJlJ , lJJJÜ (C7), 1322 
(C14J, 1J2.1 (C6), LJL8 (C29), 1JL1 (C27), 1294 (C28), 12i9 
(C14,UJJ, 12i4 (C17]t 128 J (C15,19), 127J (o, 3 ; ( _ T = .11.9 Ib.. 
C23), 127.1 (C2L25), 125-1 (d, V ^ r = C 2 J L 2 4 ) , 1242 

= 27LS IEi, C24), 124J0 (C,i0),54.9 (CIO), 41.71 (CS),4148 
( C L i ) , ,19-7 (C4), Al.9 (C12), 29J (C5), 24.7 ( C H ) . H R M S (BSL 
ntg.) jn/ii [ M - II]" cJcd T O T C j i I I n f t N ^ . S 4541152, iamA 
454117 L TR (DHIPT):-v = ,1073, 29fi0, 28*1, 1 4 » , L551, 1 4 « , 
1455, 1159, 1,125, 1144, 1198, 1123, 1000, 1024, 825, 805, 758, 494 
cm- 1 . 

paft.BS, S Ö £ , 9bS\-7-ttl-Ni rrcpf/SiyHsuSfonyH -i.J -d>CM>2-pbi-
r/yl-5 -fJ -iwißuoforf\iihy!ipfieriyH -2. J, io.4,6,7,3,9, Po, ̂ b-öscaYiyöfo-
!H^ynab$,4-f]uciqwiQjMe-B-airbo)cyS>c Acjd 5a-!L Whitt imor 

phn-us «oüd (4.S.2 mg, OJ0H9 mmoL 4.19S). The prodnet wzs pinified 
by «tmipitpuithre EP [EPEC chiomitigTiphy. lEPEj: purily 99*. 
(üsivtd rrom 488 mg od- TtjdiL (0.129 mmnl/g. O l 4] mmol oi 
si iKtntt j . '[[ K M R [ . t U M I I i D M S O t f J : 6 (ppm) - 8.14 (dd, \ = 
7.9, L4 lEz, l I E , i E a ) , 7 J 6 ( d d , ; - 7 4 L4 Hz, HJ,Il"J ,7JJ0 (dd^ ; 
= 8.8,7.9, L4IE7, LEE, I f " ) , 7.74 (ddd, ; = 18, 7JS, 1 J I i i , liE . IE 1 ' ) , 
7.70 (far. d , ; = 81 EIi, 2[L [E11*1*), 7^3—7J7 (m, 2 1 E , I " ) , 7 J 7 -
7J1 (m,lI^II l 7 ) ,7J9(bT.d, ;=S.lIEi ,2IE , IE : | . K ) ,7jaS-7. ] )0 (m, 
2IL H '^"),4J64 (dd, ; = 4.7,2 J Itr, 1IL Ii" 1), 417 (d, ; = 14 j Hr, 
i n , n ö ' ) , i 7 o (dd, ; = i 4 j , L5 I i i , i i ; iL. ' ) , J-51 (ddd, ; = 152, 
8.7,1 _5 Hz, 111,11*), 3-47 (ddd, ; - 11.9, 8.7, ,SJ Hz, I i i , I i " ) , 2.80 
(dd, ; = L5 1 j Hz, LEI, II h

s ) , 2.7,1 (ddd, ; = 15:2,5-5, 21 Hz, LEI, 
i l i ) , 2J47 (ddd, ; = 11.9,17, 47 i Ei, II I, IE1 1), 244 (dd, ; = 17, 47 
I i i , UE, I t 1 1 ) , 2J4 (dd, ; = 8 J , 2 J I i i , III, IL, 1 1 ) . 'VZl'H} N M R 
(124 M H z , D M S O . J J : (ppm) = 17S_5 (C3), 1741 (Cl ) , 172J 
(C34), 147.9 (C32), 141-.1 (C20), 134A (CU]t 132J6 (C4), 132-1 
(C29), 132.1 (C14), 131-7 (C7L LIOS (C27), 1,10J (C2S), 1219 
(C14,llJ , 1214 (C17]t 128 j (C2L25), 127.7 (q, = 31.fi Ib.. 

C23), 127* (CL5,19), 125J ( « , , ; C _ T = 3-1 H i , C2V<0, 1 ^ H 
= 271J H i , C24), 124J0 (C30), 55J (CIO), 42A [C4 \ 42-3 

(CLI), 40.4 (C4), 32_S (C12), 30.7 (CS), 2fijfi ( C H ) . H R M S (BSL 
ntg.) mfa. [ M - I I ] - calcd T O T C „ I I a P : 1 N : ^ J p S 4541152, Tonnd 
454117L ER ( D R I F T ) : - » = .1072, 2959, 2844, 1703, LS4.S, 1495, 
1455, L140, 1325, 1144, 1121, 1024, 1000, 852, 825, 758, 494 c m - 1 . 

1 re^u'.ucicfiyiaiqii^^fiiian 

5 8 

http://nj.il
http://fl.-q.i2
http://31.fi


T h e J o u r n a l o f O r g a n i - c C h e m i s t r y ptMpuKj; jorg -Sin. Article 

•^i—i, li—i (.SQO iDgl w u wi.hed three times with DlifF. .uid i 
whitifML ffif 2iMicaptfl4tJujia] (21 fl JJL- "-i.U irwinll in J D f l U ! I -Vi 
yf | 1.0 rnrrxtd] in defused. DIVEF (.S ml.) w u idded. After r,h Jcirig +CIT 
•4Q rrun at J O O J D t i n per JTTJre. the rtim washed three times wrth 

*J—J"J- Boc iiEtmo icid (."iJQ I D I U ! ) W U ditwlred in C E [ J G J (.S ml.), 
ind D K ! l" 2.̂ 2 ]_S inm^Tl'l wi* i l l e l . The ruction. rrjTtu w K 
dii ieri for .̂ Q I D in i t I-TKT-TD te rope ixt aire, the pre-drritited 
diimpm]iylTiTti wis hrterei. i n i the rimnran^ .t̂  rutm was added 
t resin ft I V'l'.'i I. After .dijJririg 24 h i t I O O T D tjernrreritirre. the 
riTurhn? resin1; 4 i n i L2at—t. g-3 were wished three tone* with 

P. fDCl-Msdjarsd Coupling (Prodl/CT P Pj. The crude cleaved 
intermediate lit (cilculAted to the theoretical qu intrry of the start ng 
miteriil) w it dissolved in Q UCk (2_S m l ] , ind uien E D O - EEQ (87 
mg, 0.394 mmoL ]_2 equivl WAS Added. The reaction mixture was 
stirred for 24 h i t room temperature i n d monitored Ivy LC—MS 
inih/.ro. After comrJetKvn. the reaction wis wished with witer (25 
mJ.'l in J collected organic phises were dried using Fdg50 + nltered, 
and evaporated to dryness v\ naout. The crude product WAS purified 
by semiprepirative BP. i [PLC. 

i"L}-£-i4-&rcimcipheHffi-3,-t, 16, 16&-teira!iydro-i1,4]dn?iiepint>-
i1r2-b]naphihcil2,3-t]aoqu)riCi!)rier 1,5, TO, rf pn, ?Hj-rs waorie I1. 
Pile orange luorpKoa sofa'd (12 mg. O-jOltl Tamo1, 10*). [[PLC 
purity 95ft_ Cleared from 474 rag of rerin (01,142 mrod/g, 0.162 
rarrjol of substrate). The product WAS purified by serai pre paritrve RP 
EEPEC chromAtognphy. '[[ N M R (,S00 MEEz, C D C l , ) : & (ppm) = 
131-126 (m, 2i[), 12,1 (s, 111), 702-7.74 (m, J H j , 705 (br. d, / = 
S$ FJhj 2H]t 7 J S - 7 J 6 (m, 1H]L. 5.8,3 (br. s, If [), 4.97 (d, ; = 15J6 
llz . 111), 4.74 (dd, ; = 7.1, 42 IIz, III), 45? (d, J = 1SJ6 H I , 1HJ, 
4J2-422 (m, 2H), "i.6>-1_5i (m, UI), U S - 1 . 4 1 (m, U[), ,lJtB 
(odd,I = 16J},9.9,4.7 lb, LEI^ 2.7S (ddd, ; = ]*J0, 7.1,4.7lb, IHJL 

f i [ } N M R (126MII^CDCI,> f (ppnij = ltSJ^ 18,10, 170-!, 
1702, 14A7, 14(Li, 1401, Ll&fi, 1JSJ0, U i 4 , U i S , 11,1*, L12J, 
L12.1, L.10.7, 129.9, 127-S, 127.4, 124S, 123^ S i 7 , 40jfi,,19Ji JS5> 
26J6. [[RMS (EST, neg.) mff. [ M - H ] " cjicd for C^II .^rKVO, , 
5LU0444, found ,S1_UCWJL [R (DRIFT) = 29S.1, 2924, 2SS4, W6Br 

12A1, 1156, 1099, 1072, 1010,120, WO, 751 o n " 1 . 

10. Cyduauon iProdvai TJo-*, g-i and r * i - t j . The resins 
12j-e, 5-] (500 mg) were shaken with neit T F A f̂S mL) for 20 h 
(far I l b - e , J I i n d 14j-t) or 7 <kyi (for LJj) i t SO *C Then die 
dei^uge cocilAi] WAS collected. And the reshis were wished three 
t'mes with ('. I [ £ 0 ; (5 mL jL The combined wishes were emporited 
using A streAm of nitrogen And dried under A S A C U U I D to dryness. And 
crude products were punned by seminreparitive ELP [[PE.C or silicA 
gel chroroAtogrAphy. 

fJi , !SaS\-J-Merhy\-7-f4-trr&UQfGmerbyIiphe»)rt\-rs, tSa-dhy-
&o-2rLr&f&rhil2,3Jlpyj&>ri6i!,2-b]iiQqiHnG!>rie-J.'l, 9.J4-
(3H.&H\-teWQOne PJH. PAle yellow amorphous solid ( 7 j rog. 0015 
mmol .1014.). [[P[i : purity 9S5t.CJeiied from 124 mg of resin (0,126 
mmol/g, OJ05Q mmrsJ 7. \ suh.Ttntj I. The product WAS purified by 
semrnTepiTitive RP I [PL J : chr,-mit,igTiph-v. '[[ K M R (500 MI Li. 
C D d J : & (ppm) - "-2S-A26 (m, Sl\ SIS (s, 1IL),7J85-7.7S (m, 
4HJ, 7J0-7JS. tbr. d,J = JJ.1 Nx, E l j , 611 (bi. ^ m\ 5 i l (d, ; = 
17.9 [Li ][[), 4.42 (dd, ; - 17.9, ,1.9 E[i, 1E[), 4.24-4.16 (m,,!!!), 
JJ65 (dd, I = 17.9, H J I k ; III), 1J5 (d, f = S.9 [b, ,1I[). "C{'ll} 
N M R (126 MEIz, CDCIj): £ (ppm) = 1S4J6, 182J8, 166.5, 165.4, 
144J6, 141.9, L17J (o, V i = W t^), l - . ^ - * , U « > 133-'St Ll-IA, 
1.1,15, 132-S, LI 1-1, 1,10.9, 129J0,127.7, 127J, 126J r 126JO (o, \ ^ 
= ,1-1 ELtJt 124J0 (o, = 27LS H z j , 55J, 5L2, 4,17, ,13-1, 2 U -
L [RMS (E5 L, pos.) IHJZ-. [hi r 11 J* CAlcd for C a E 1^,1^'^ 50S-L170, 
found 505.1,37 L IR (DRIFT ) : - M = ,1400, 2951, 1705, 1671, 1456, 
L375, 1,325, 116,3, 112 L99JI.S04 cm" 1 . 

fJi , 150S\-3-B&iZyf-7-{4-\iJilluoromerhy!lph&iySI-t5, ISG-dihy-
&o-2tLr&phrfwl2,3-f]pyjt!2iriCiiT,2-b]isc>qifiriQSirie-l,4,9,!4-
(3H,6Hl-teWOirie 13b. Pile brown imorphous sohd (12 J mg, 002] 
mrooL ] 9ft). UPW. purity 9Sfc. i ilei^-ed from 2.52 mg of resin (0.4,12 
mrrKiJ."'g. il.M9 mnyiJ ,it s-uh.TtriteI. The product wii punhed hy 

serrnprepATAtfK RP IWltC chroroAtogrAphy. '[[ K M R (500 M.lb.. 
C D C s J : £ (ppmj = S J 6 (dd, J = 7.4, 1.4 i t , 2i[), S . l j (i, III), 
7J5-7.7S [m, 4IIJ, 7 J0 (br.d, J = SJOHI; 2II]t 72J-7.1S (m,4II), 
7.1,1-7.10 (m, 111), 6J6 (br. i . III), 5 j 1 (d, J = 1SJ0 IIz, III), 4-17 -
4.37 (m. III), 4J06-4J03 (m, Jll), 3JJ-1.12 (m, 2H), 2.44 (dd, ] = 
18J4, l i 5 IIz, III). ' "C {'11} N M R (126 M I t , C D d J : £ (ppmJ = 
1S4.1, I S i S , 166.3, 16JL4, 1445, 142.0, 1,370, 1,364, 1.34.S, 1.34.S, 
1,14J6, 1,1,3^ 1,3,3J, 1,12^ 1,310 (o, %-r = I t ) , ]J0J6, 129.9, 
12S.9, 128,", 12.7.7, 127J4,127J2, 126.7, 1260 (<], = ,3J IIz), 
12,1.9 (<i, = 27 U IIz), 5 « j ; 550,4,3.7, 410, ,33 J . I [RMS (ESL 
neg.) m/z: [ M - [ If u l c d for CsJCziPjNiQi 579.1526, found 
579.1545. LR (DRIFT) : - ! ' - ,322,3, 2922, 1689, 1671, 1650, 1,316, 
12%, 12,76, 1094, 10*° , 1052, 10 i j , 1019, 820, 801, 750, 71J cm" 1 . 

(3* 1$a£}-3-&e»zy-i-7-i<t-brtimophenyJ\- IS, 15a-d)bytirQ-2rt-
noph !hoi2,3-flpyroi)nci 1 j -bJ ju«j i / ina*JM- r,4,9, IWH.&HI • rer -
;OQT?a FJc treAiny Amorphous solid (29J1 mg, 005] mmoL 24K). 
11 Pl^: purity 9FBt. ( l e n e d from 455 mg of resin (0.342 mmo]/g. 
0.1 Sfi mmo] of suhstr^e). The product ™ purified by semi 
prepATAtne RP LEPE.C chioTQAtigTjphy. 'l I K M R (500 ME [z, C D Q j 
f D M S O ) : S [wn) - S J 5 - S J 3 (m, 2i[), 8.10 (s, 1I[), 7.8,3-7.76 
(m, 211), 7J6S (br. d, ; - 8J4 I Ez, 211), 7:24-7.17 (m, 611), 7.11-7J08 
(m, LEI), 6.71 (br. i , III), 5 -H (d, / = 180Hz, III), <18-<16 (m, 
1IIJ, 4 0 5 - i 9 8 (m, ljll]t ,3.16 (d, ; = 5j6 11^ 211), 2JO-2-34 (m, 
1HJ. "C{'ll} N M R (126 MELz, C D d 3 ) : S (ppm) = 184.1, 18i9, 
166J, 1614, 14iS, 1J7.1, 1J69, 1J6J, l J i S , 1 3 « , 1J4J, U i 7 , 
1,1,U, l,3i4, 132J, 1,30.3, 1,10.1, 129.9, 1218, 127J6, 12714, 127J, 
1247,123-1,565, 54.9, 4,18, 40.9, ,33-5.1LRMS (FJiL neg.) m/z: [M 
- I!]" CAlcd for C ^ E I ^ r N j O , 5S9J0757, found 5890776. LR 
(DRIFT) rv =,3217,2922, 1689, 1671,1648,1,316, 1276, 1254,1193, 
1069, 1051, 1032, 1011, 848, 820, 750, 7,37, 712, 698 o n - 1 . 

tfi, 15&W4&{mQpteHy^I--l4-hytilQXybenzyi\-\S, ISiHllhy-
d!o-2H-naph^o<2,i -f]py'czrr:oi l,2-blao<jwno!me-r.4,9,14-

r.1 JO.'M 13d. Pile green yellow solid (15.7 mg, O02o mmol. 
35*)- ILP[C purity 98%. O e i w d from 229 mg of resin (0_326 
mrool/g, 0075 mmo] of siii.TtTAtel. The product WAS purified by silicA 
gel chromitognphy in C i 1 (9 / ] ; T / T ) , Rf = 0.4 i n d then 
crystAlhYed from MeOEL ' L L K M R (500 MI LA, QMSCJ JJ) •• 6 (ppm) 
= d l o 9 (s, HL),8-37 (d,;=2_3 Eli; lE[]t8.15 (ddd, J = 120,7.7, L2 
11^ 211), 7.93-718 (m, JIIJ, 7.78 (d, ; = 8Ji ELz, 2E[), 7.41 (d, ; = 
8.4 l b , 21 [),6.70 (d,f = 14 I[z,2I[), 6J6 (d,/ = 8J6IIZ, HI), 501 
(d,J= 17-1 Hz, U L ] t 4 J 2 - 4 J 2 (m, 111^4.10 (d, ; = 17J H ^ 1HJ, 
4J06 (dd, ; = 12.1, 41 Hz; 1HJ, ,1J65 (dd, ; = IS J , 40 Hz, DI), 2.98 
(dd, ; = 1,1.7,,10E[z,lH),2.70 (dd, ;= 1^.7,4^112; UL\ L71 (dd, ; 
= 18.5, 120 H i 1HJ. "C{'H} N M R (126 M H z , DMSO Jj): 6 
(ppm) = 18,12,182_5, 165-5, 163JO, 156-3, 14,1J6, L370, 1370,1,366, 
1,140, 1345, 13,17, 1,32.7, 1,1 LS, 1,31.8, 1,10.7, 1,300, 129J, 127J, 
l l i p , 115.9, 1149, 1221, 114A 114-5, 55-5, 53-5, 41$ J 8 J , J17. 
[[RJiLS (ESI, neg.) m/z: [M - E[]" cilcd for C ^ L ^ r N j O . , 
60.50707, found 6050727. M p 108-111 T . IR (DRIFT)-.~v = 
.3175,29]! 2S49. ]6S7. 1669. ]64S. 1,315, ].32fi, 1276, 1254, 1096, 
1053, 819, 739, 71,3 cm" 1 . 

0L, 15aL}-3-Senzy-I-7-<4-liuQrciphenySI-15,15a-dihy4i<i-2rt-
napti r J» , f 2 ,J -f]py!02>T!ci r,2-bJjuoij4jin<aljns - r,4,5, f4"PH,6>'J- reT-
raona 13e. PJe yellow sohd (19.4 mg, 00.17 rnmol .39ft). f lPLC 
purity 99ft. <3eived from 292 mg of resin (0-321! mmol/g, 0095 
mmo] of siiistrite). The product wis purified by s i lui gel 
chromAtogTAphy in CEEiAv'MeOEE (18/lj vh), R; - 0.4 and then 
crystAlfeed from MeOEL '[[ N M R (500 M H z ; CDCI, ) ; f (ppm) -
8125 (d,;=64ILz,2IE),S.12 (s, IIE), 71,3 -7.77 (m, 2H), 7J5-7-32 
(m, 2H), 7125-7.18 (m, 6H), 7.1,3-7.10 (m, HE), 6 0 8 - 6 6 5 0>t i H 

1H), 5-33 ( d , ; = 180JE3; IEE), 4-39-4_36 (TO, HE), 408-401 (m, 
3H), i 2 1 - i l j (m, 211), 244-2.42 (m, III J. "t^'EE} N M R (]2fi 
MIEz, C D d , ) : if (ppm) = 184.1, 18J0, 166-5, 16,14, 162.9 (d, = 
24S0 ELz), 145-1, 1136-9,1,367,1,34.9,1J40, 134-5, L34_3 (d, *},._, = 
3.2 EEz), 1,13.7, 133-4,1324, L30_3 (d, a ; ( : _ , = IS tlx'L 1,30.2,129.9, 
1219,127.7, 127J4, 126.7, 1161 ( d , : J ( > r = 2L2 Hz) ,565 ,550 ,4 i9 , 
410, ,13-S. EERMS (ESE, pos.) m fz-. [M.t-1 Ej" c j lcdforC J I j j F N j O j 
5JL1715, found 5,1 L1719 M p 249-151 * C IR (DRIFT Jrv = ,3 222, 
2921, 1690, 1670, 1648, 1326, 1276, 1254, 1193, 1070, 1052, 1011, 
820, 7,50, 7,f7, 713 cm" 1 . 
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(3Í, 15aLi-3-Beii2yS-7-t2-fiuůiůpfienySi-15, \5a-á>hyóio-2»-
r*rphrbaí2,3-IIpyrannoíl J-blutxfutnoltne-l,4,9, ľ JPH,uHj-rär-
roone 13g. Creziny zmcwplnnri scihd (-90.9 mg, 0077 mronL 539t). 
I í ŕ U : purity 9 9 t CJeived from 422 mg of resin (0.342 mmol/g, 
0144 TQTDO] of suhstrzteL The prľiduit wn purified hy serrn 
prepiratire RP [ [P [/: duonutography. 1L [ K M R (500 M l b , C D C l , 
4- D M S O ) ; ŕ (ppm) = JL2a-ai4 [m, 2EE), 8.16 (s, H E), 7*3-7.76 
t m E l l 749-746 (m, U C l 7-35-7-31 [m, 211 J, 712-710 (m, 
51E), 7.11 -7X9 (m, 1E E), 6X2 (bi. s, III), 516 (d, J = 170 I i i , l H j , 
4J7 (ddd,; =7-4, 5J , 2J, Hz, D i ) , 4-1 l - t -OQ (m, 3H), i ( 7 (s,2II), 
2.40-2-30 (m, I i i ) . " C { ' H j N M R [126 Milz, C D C l j : ŕ (ppm J = 
U l i l , 1819, 166..5, 163-3, 159-3 [J, '! = 2442 ilijt U M , L37X, 
1346, 134* ( d , a ; = 4 * I b ) , 1344 133-7,1333, 13L4, 13 LO (d," ; = 
U I l z ) , UHU, 1300,12SX, 128.1, ]27J6, 1274,126.7, 125.7 (d, 3 ; = 
16.1 Ib) , 125.1,124*, 116J0 (d, : ; = 18.7 IIz), 5*5, 55X, 4 ) J , 4 L 0 , 
33-7. I ľ RMS (DSL Tieg.) J H / Z : [ M - [[]" czlcd for C ^ I n S N j O j 

1 Í i n ; : i j i u r T i — i - _ ici9a i : ' - . -
1650, L316, 1296, 1276, 1254, 1094, 1070, 1053, 1033, 1011, J!20, 
750, 737,713 c m - 1 . 

Í3Í, 15a£^&-FbMxctobenyil-J-í4-bydrQXybenzyíl-15, 15a-dmy-
d!ů-2H-m?píi lhofe, J-fipyíormoí 1,2-bl>sůeju>noS>r>e- r, 4,9, ľ 4-
PHů-Hj-ríríťKWM F Jh. Cieuny zmoiphous solid (27* I D i 0X5] 
iraiml 279ti. ÍIPU.'. purity 9JI9t.í: Jezrai from 544 I D g of resin [1342 
JDTDo];g. 0.]8ŕi iDiDd of substrate). The product wzs punned hy 
semrnTepiíitivi; RP ICPLJ! I cducmitiigriphy. 'EE K M R (500 M i l z ; 
DMSO.JaJiStuHD) = 8X9 l>i. i , 1ÍÍJ, 8-37 (hr.s, ][[l. JU6 (ddd, ; 
= 14-4 7.7, LI EEz, 2 EE). 7.95-7X7 [m, 310, 7j64-7j? [m, III), 
7.47-7.42 ( m 31IJ, 471 (d, ; = 7J l iz , 211), 625 [d, / = I i i , 
211), 5J01 [d , ; = 17.4 I i i , LEI), 422 (dd, ; = 3J ,2 .7II i , III), 4.12-
4J04 III), 3-93 (d, ; = 17J ICz, III), 3J67 (dd, ; = 1JL3, 3JtH[=, 
Iii), 3 ß 0 [ d , i = 1 2 ^ I b , l i [ ) , 2J&9 [dd , J - 13J&,4-3I[Z, 1.70 
(m, III). ' \ ľ { ' l l } N M R (126 M i l z , D M S O . ^ , ) : S (ppn) = 1B3J, 
1S15,165J, 1*311, 15JL3 (d, '/c-j = 2432 IIz), 1543, 13JL5, 1375, 
LS4J6, 134^ LÍ3-7,132.7 [A,\^ = $3 H z ^ LJLp, 131J ( d , ' j ( > T = 
U. Ä), 130J?, 130J6, 130.7, 12«J6, 127^ 124J, 125-% 125* (d, 
: J M - 15* H>0. 125J0, 1140 (d, =J(̂ r = 2 0 J IIz), 114*, 55-5,535, 
40-4 3«J4 32*. IDJM5 I Tul. nej.) J H / Z : [M - II]' c i t d for 

c „ i i . . r K L ( \ i - o : :.-.ir-••.••..!••.:! iľ i i i m n i . - -
» 2 6 , 1 6 6 H , 1449,132*, 1265, 1250, 1048, 1024, S21, 761, 713 c m - 1 . 

fJii r / í í J - J - f i a r J v J - ^ - f J - J í ^ ů p J M n / í - F ? . }7a-d>hydto-2H-
wiď#QÍ2,3-ffryrQ2woílr2-bliioqwnciS)rie-l,'1,9, íůfJH.ůHj-mračme 
13í. Oruije bmwn jjDnphoni » b d (.ÍJO ID£ OJCKM IDIDÍII. 9 K l . 
IIFLC pojity WK. C l u n d fnuc 27ťi I D J of i « m (O.Í44 mmtiJ/j. 
QJ095 IUTEFO] of mlnctnteX The pradúci wx punhid hy .•ami 
prspintiTí RP f [PLC chjoiDitojnphy. '[[ N M R (500 M L b.. 
C D d J : á (ppm) =8.81 (d, ; = 9-5 IIz, 211), 8J22 (̂  III), 8.14-
IL10 (m, 211), 7.73-7.70 (m, 211), 7J7-734 (ra, 211), 725-7.15 
(a, 6H>, 6.12 (hr. s, Ul\ 5-X (d, / = UJOHZ, 1H), (m, 
DI), 4 1 6 - J X 6 (m, 311), 321 i d i J = 13.9. 39 I [r. 11 [1. VI 2 í id . j 
= LÍ.9, 7,1 l b , IE[]t2*0(dd,;= 1JL0, 12J Ib, D[), 2JtM III). 
l \ ľ { ' l I } I 4 M R (126 M I b, CDCl; , ) ! í (ppm) = 1841, 18JJ0, 166J, 
1634, 1 6 Í 8 (d, 'J ( : _, = 247J Ib]t 145-2,137JO, 1348, 135J, 135JO, 
LS4Í, \34.4, LÍ43 (d , J ; ( : - j = 34 I b) , IH\ 1 3 L 0 , 1 3 0 - í ( d , 3 ; ^ , = 
SJOIEz), L10.15, 130-10, 129J, 129.7, 129*, 129.^ 129J03, 129J0O, 
12ÍJ0, 127^ l l * . l (d, 3} ( :_,= 21J0 III), 546, 55.1, **J\ 41:2, 338. 
I í r ^ L n e j . ) mi z-. [M - [[]" c J t d for C^jl [^WTjO, 579-1715, 

found 579.1748. IR (DEIPT); _ v = J405, 29J7, 2925, 2853, 1701, 
1626, 1346, 1283, 1188, 11*1, 1099, 1082, 805, 741, 729, 711 o f 1 . 

i3í, 16aL}-3-B&i2-ŕ!-B-ph&}yS-2.J,ä,7, Í4, í(fc?-J>s*r7JJ>ťífOť7nrJirť?-
<\,2-dip)/rti2inůíl,2-t}lQ2spirie-r,<, rq 15-KIIÍKIÍÍS im C i t u n y 
jjDorphom SÍIM (31J mg, OJ 22 M o d , 54*J. [[PLC pmity 999t. 
dr 95 :.S. Cti -red fmm 3ä2 mj of itrin. (0-\S7 mrool/j. 0.129 mroo] of 
.njhslrtfľl. The príiíkict W Ľ purdiid Iry flemipTťpjíľtive ELP [[P[JC 
ď r o i u t o j n i r h y . 1 1 [ K M R (500 M l b - C D C h ) : S (ppml = (dd. 
J= 7 J , U i [ z l i [ ) ,S-22-S20 [m, 21 [), 7.79-7.73 (m, 211), 7 5 1 -
7JJ8 (m, 211), 7JJ*-7J3 (m, III), 7^6 (d, f = 7.1 í b, 211), 724-
721 (m, 211), 7.17-7.14 (m, l l l j , 7.11-7X9 (m, 211), 6-58 (bi. s, 
][[) r4JI] (ddd,;= 14.1, 8.1,5-1 IIz, II[1,4.24 (ddd, J= 14.1,8*, 5.1 
IIz, 2111 417 ft ; = 5 J IIz, III), 313 (ddd, / = 15-3, 8.1, 4-9 IIz, 
21 [), 3J04 (dd, } = 13*, 3 * I b , III), 2J4-2-84 (m, II [), 2*9 -2*S 

(m. D l ) , 2*1-2-58 (m, III). {̂'11} N M R (]2tl MI b , C D d , ) : Ü 
(ppm) = 185J, 18L9,166A 164.5, 147.5, 146-3, 14 LO, L39.9,1353, 
1353, 134-3, 133*, L32.7, 132*, 131-5, 1300, 128.9, 1218, 128*2, 
128J9, 128.1, 127.7, 1Í7J4, 12*5, 59-7, 5*4, 42J4, 41J4, 34J , 30-9-
1111N! •: ; r :| pn.ťl m:',-: >I t I [J - " i . . - . : tir C J ľ : -N : C\ \ Z?'-
f o m d 527.197 L [R ( D K I E T ) : _ ť = 3222, 2923, 2864, 2844, 1688, 
1671, 1652, ISIS, 1275, 1254, 1194, 1070, 1053, 1033, 1012, 820, 
750, 737,713,699 cm- 1 -

ftí. lůaíi-3-H-tfydroz-ylíenzySi-B-phenyS-l.X6.7. 16.16a-
hetäifdicmitfaal1,2-ó]pflai^ňl12-a]Qičp)rié-1,4. ro, rs-reiraůne 
Hb. Crtaoy mwrpjĽu.i .í^id í 13.S 1115. iljilZS mrnoL L5*)- IIPLC 

punfy 99 "í. C l u n d from 477 I D J of redn (0.342 mmnl/j. 0.163 
iDiDolof xiiKtJitel. T l e pr^iucťwK purdi^d hy .«jnjpf-spiritTV-s RP 
I [ P[>: chmmitfijripíiy. 11 [ K M B (.«G M[ b . D M 5<J Jrt): J (ppm) = 
9.13 (bi- i, III), 8.17-8.11 (m, 3II), 7.96-7J7 (m, 311), 7J7-7-54 
(m,2II]L 7-51-7J48 (m, HI),7J0-7-38 (m, 21 ľj, 678 (d , ; = 8-5 Ilz, 
2IIJ, 658 (d, ; = 8 J l i , 211), 4J4 (ddd, ; = 13-3,7.7, 3-9 IIz, 1 H ^ 
4J4 (dd,; = L5-3, 39IIÍ, 1IIJ,4X8-4J05 (m, III), 4J01 (dd,; = 6.9, 
3.9I t , II[),3J0S (ddd,; = 149,7.7,3*líž, III),2.73 (ddd,; = 133, 
7.7, 3 * IIz, III), 2*4-2-55 (m, 411). ' "Cl ' l l } N M R (126 MI b, 
l i M , : o .1.;. i :7T^-; - I IS--- le-'-.". Ic I '.c.2. I v . : . I •T.-

142J, 1397, 135-1, 1347, I34O, 132J, I32O, 13 L0, I3O.9, 1218, 
128.7, 128.1, 127.1, 127J0, 1240, 125-7, 114J, 59-3 , 55A 4 U , 404, 
.3.3.1. .309. [[RM5 ( E S , po*.) I K / Z : [M + II]* u l c d foľ CMII^N^OJ 
5431914, found 543.1914 IR (DRIFT) rV = 2HASr 2844, 2827,1668, 
I323, L31Q, 1267, 1052, 1Q33, 1020, 815, 799,7*1, 704 cca - 1 . 

tfi lů^3-tozy&{4-frtlfíUů'ůWe&yy,ptefiy>i-2,J,5, 7, !6, l&G-
ft&QfrydsůQmhsaíl ,2-dlpyjaurrtíl ,2-alasĚpme-l ,4, JO, !5-teiraůrie 
14c. P ie gray green jiDorphau mud (29* mg. 0J049 miDfi. 33*)-
IIPLC pmity 99K. deimsd fiom 43] mj of wain. (0-342 imDo]í'j r  

0.148 iDJDo] of subtiljte). The praduct m& purified by purified hy 
.lamp rep int ivi RP [[PLC duomztognpliy. '[[ KM R (500 M H z ; 
(!D(].I: Ji íppml - S Vi ;.-.- . - ! ." l b III : í L-. ; .v - _ : 
1 * I i i , DI) , 820 [f, LEI], 7.83-7-76 (m, 411), 7-55 (d, ; = 7 J IIz, 
211), 720-7.15 (m, 311), 7J02-7JOO (m, 2i [), 6.14 (br. s, II [), 4JJ -
4.77 (m, II [), 4.26 [t, J =5-7 IIz, III), 4.16 (ddd, ; = 8 ^ 5.7,3-2 í b, 
III), 4J0S (dd, ; = 15J0, 61 I b , m X, 3*1 (dd, ; = L5J0, i2 liz, III), 
3.10-3*4 (m, Uli 3OI (dd, ; = Lí-'v 3-S [b . 1E[), 2JI9-2J3 &n, 
l l l j , 2.78-2.7J (m, III), 2-32 (dd, ; = 13-5, S J H z LEI). '^{'ll} 

N M R (126 MI [z, C D C l , ) : í (ppm) = 185-5, 182.7, 144-5, 1647, 
1441, 1451, 143-5, 1407, 135-3, 1352, 1345,1338,133JO, 132*, 
I3II , 130-5 (o, = 337 Hz), 129*, 129̂ 4, 128.9, 128̂ 4, 1278, 
127J, 1247, 115.7 ( o , " t , , = 33 Ib) , 1240 ( S % ^ = 2712 Ib) , 
594, 5*4, 41.9, 41*, 34JQ, 30.7. í [RM5 (ES [, m^.J myz: [ M - [ [ ]" 
taled foi C^IIaPuNiO, 593-1*83, round 5931700. IR (DRI PT) Fv = 
3231,2923, 2865,2844, 1*71, 1668, 1652, L3L5, 1275, 1254, 1211, 
1094, 1108, 1053, 1033, 1013, 993, 820, 738, 750, 713 c m - 1 . 

F F. Acyfoiion mrJJ Fmoc-Ammo AÓds imiermeóiates 12f}. T o 
lesní 8e (2.93 m j l pjewudied with D MF znd Q ^ C l j z snhitkin fit 
FIIKKA1I<JI[ í27.3nw.aJT?.SiniDd) r [[OFJt (] ]9 IDS,OJ75 I D I D O ] ) . 

u i d DEC (0*75 IDIDOI) m D M F / C E l j C t (2.5 m l . 50K) m idded. 
After xlL^ing for 24 li i t J O O T D ttiapejzňue. the jesultijig rtíin 121 
v K ívzshcd three tJjD« with D MF Aid C!l I L( J : . 

FZ Base-M&ltared Cydaaian prodiia F J í . T i the Tesni 12i 
(500 roj) pipcridine: D M r (5 TOI..509Í) w u idded. znd the lezrbívn. 
mutuTe TVzs stnred for 24 h zc J O O O D teroperzture. Then the Tezction 
sdutwai Tvzs lyophilized orenught. znd the aude product L if VTLI 

purified hy seroipTepuztTre RP [ [PEC 
F5aS^7-IJ-fIuůfůpfMJl|ÍJ-j-mä^f5JíJ-^5,15a-dihySro-2H-

naphrfxií2,3-fípy?onnoíJJ-biaoawnabne-J,4,9, F4fjH,tWT1J-rír-
JCOne 13!. Pzle yelln-w unr. rpiíins s.ihd I 10." rw ŕ Oil 2i mrnd. 291i. 1. 
IEPIC purity 9J1K. C l u n d fiom 247 mg of Tažn. (0.32S mmo(/p, 
OJOJIO Tamo] of suhst/zcel. The product VLI punhsd hy semi 
prepzrathe RP [[PLC criiomztfigizphy. 'EE N M R (500 MIEz, 
C M J : í (ppmj - JL22-8J9 (m, 21 E), 8.14 (i, II E), 7.79-7.73 
(m, 2 f l l 7J45-7J41 (m, III), 718 (br. i, LEE), 7 1 6 - 7 1 6 {DZ, I H ^ 
7.17-7.16 (m, l l l j , 5-13 (d, ; = 18J0 lEz, LEE), 443-421 (m, l l l j , 
4.17 (d, ; = 18Ů I b , 1II),4J07 (dd, ; = 138,4* I b , IIE), 359-3-47 
(m, III]t 2*1 (d, ;= 12-5 IIz, III), 1-47 (d, ;= 62 lEz, 31 E). ' \ ľ { ' l l } 

N M R [126 ME b ; C D C l , ) : f (ppm) = 184.7, 1819, 166.7, 165J, 

hťtii'.,dcLcrq.na!(L!!.,«T.p<JcCO<m 
Ĺ uiďm 2UZÍ, 3?, 1Z4Z-ŮZU 

6 0 

file:///34.4


T h e J o u r n a l o f O r g a n i - c C h e m i s t r y A r t t l e 

1 5 9 * (d, <J = 2 4 6 * I b ] t 140.1, 1 3 * 4 , 1X4.7, L344 , 133-8, 133.4 [ J , 
" T o . = ™ H z ) , 1-3-4, 1 3 1 * , 130-9, 130* , 1,104 ( J , ' ; , : : - , = 4 4 l b ) , 
12*3 , D T I 1266, 12,54 ( < L , : ; ( > J - 17-1 l b ) , 125JO ( J , \ ^ = 3 9 
I l i J t 115.9 (d, 3 ; ( ^ , = 1 3 * I l i J t 55:2, 50.9, 43-3, 3 3 9 , 21.4. [ [RMS 
[ESI, pen.) IH/Z: [ M + I I ] * calcd T O T C ^ I . ^ F N . O , 455-1402, found 
455-1404. LR ( D R I F T ) :~v = 3219, 2923, W90, 1670, 1650, 1452, 
1316, 1276, 1254, 1159, 1094, 1011 ,806 ,750 ,737 c a r 1 . 

f j . Acylamn n i r b todotKevc Aod I5a-g\. 2-
[odoicetic acid (560 rog,3* mmoJ) was dissolved in. C H ^ C l ^ (5 mE.). 
and D I C [232 u L , ]_S m m d ) was added. T h e reaction mj iu i re was 
shazen for .30 I D T J I i t rooro t e m p i r i t u re. t i i e prec ipi ta ted 
i i v i p N i p y J u r e i was filtered, and the remaining solution was added 
to resin 8 (500 m g ) . After shaJdng for 24 h i t rooro temperature, 
resulting resins 15a—j. were washed three times wnh C'. I EL( 1 •_. D M r . 
a n d C E E j C l ^ 

14. Cyciain/e <Jea\iage MrJ j Amines \Psoduas ISa-dand 17a-
t j . T o the resins L S a - j ; (.500 mg) prewashed m jnhydroin D M S C ^ a 
solution of ippropi iate ajrane/anhyirriiis D M S O (5 m l . . 5 * ) was 
added. T h e re action mfrtii je was stirred for 24 h i t r o o m temperature, 
th sn the resin was filtered, and the hitrate was collected. Resins were 
washed three tiroes with D M S O . and the combined washes were 
lyophi l i zed o v e r n i g h t T h e residual material was purified by 
semap reparative RP I [PC/! rr .uhci gel chromatography. 

iz\i-2-Seniyi-7-i4-bfQir\Qpheny!l- 15. tSo-dihydso -2H-oaphibo-
S2J-flpy-{auncillJ-blisoqij>nciJine-l,4,9, 14\3M,6H)-iewaone I6d. 
Orange yelfciw so l id (18.5 m g , 0 0 3 ] rorool .39* 1. IIPU.'. purity 
9SX. ( lezved f r o m 248 m g of resin (0-3 2o rorool/g, 0 * 8 0 mmo] of 
substrate). T h e product was purified by sihea ge] duomatography in 
Q [ . C L / M e O ! [ ( f l/l j v/v) , R , = 0 7 and then crystallized f r o m 
M e O E L '[[ K M R (.500 MEEz, C D d a ) : £ (pom) - 8 2 6 - 8 2 4 (m, 
211), 8.11 (s, I I I ) , 7.83-7.77 ( m , 211), 7J63 (hr. d , ; = U I I i 2I [ ) , 
7 4 9 - 7 4 6 (m, 2I[), 7 4 4 - 7 4 1 (m, 3 H ) , 7 J B (br. d, f = 8J6 i b , 2 I [ ) , 
5 2 7 ( d j = l t O I E z , H E ) , 4 7 2 ( d , J = 145 I I I , H I ) , 4 6 2 (d, J = 145 
H z , I I I ) , 4 4 0 (dd, f = 18J0, 3 * l b , H I ) , 4 2 5 ( d d , ; = 12J0, 33 l b , 
III] , 4 1 5 (d, ; = 18J0 l b , H[ ) , 3 -92 (s, 2I[), 3 5 8 ( d d , ; = 18JO, 120 
l b , H I ) . ' ^ I ' H ] K M R (126 M E b , C D C I J : & (ppm) = 184jfi, 
1818, 1645, 1 * 2 * , 1449, 137.1, 1369, L349, 1348, L345 , 1338, 
1335, L314, 1322, 1307, L3Q0, 129JO, 128* , 128J , 1284, 127J6, 
1274,126.7,123-1,55-4,49-4, 48.7, 4 3 * , 33-9- [ [RMS (BSI,neg.) nv' 
z: [ M - I [ ]" calcd for C^f [ J t l r K j O , 589J0754, found 589*776 . M p 
145-148 ^ C . [R ( D R I F T ) r » = 3 22 2 . 29 23. ]o90. 1670, lfcSO, 1316, 
1296,1276,1254, 1159,1094,1070, 1052,1033,1011, 820 ,804 ,750 , 
737, 7 1 3 698 c m - 1 . 

ii\-7-\4-FhKnofmenyi\-2-fnopyi- J 5, !5&*!)>hydro-2H-rtapniho-
£?, J •f]py!aunoiJ,2-b]uoquinoSir>e-l,4,9, r 4 P H , 6 H j - r s VOQM 16b. 
Pale yellow amorphous solid (21.7 mg. OJOJ.S m r o o l .39%). [ [ P L C 
purity 9 9 * . Cleared from .349 rog of resin (0.3 25 rororJ/g, 0.1 L3 
mmo] of substrate). T h e product was purified by semi preparative RP 
I [PL^: chromatognLphy. '[[ K J i f R (500 M l b , C D d J : £ (ppm) = 
8 J 5 - 8 1 . 3 ( m , 2 I [ ) , 8.12 (s, Ul\ 7 J 2 - 7 . 7 6 ( m , 2 H ) , 7 , 3 3 - 7 2 9 (m, 
211), 7 2 2 - 7 . 1 7 (m, 211), 5 1 9 (d, ; = 18J0 l b , 1I[), 4 3 2 (dd, } = 
18.0, 3 8 l b , I I [ ) F 4.19 ( d d , ; = 2 j 6 , 1 . 1 l b , H I ] , 4 1 6 ( d d , ; =33, L I 
l b , H I ) , 4J05 (dd, ; = 18J0, 1.1 l b . I I I ) , 4 0 0 ( d d , ; = 18J0, 1 J I l r , 
III] , 3 5 5 ( d d , ; = 1 8 J 0 , 1 2 J 0 I b , l H ) , 3 4 3 ( d t , ; = 7J0, L 6 I b , 2 I [ ) , 
L 6 5 (o, ; = 7 j I I I , 2I[), 0 9 7 ( l ; ; = 7 j H i 311)- ' \ : { ' l l } K M R 
(126 M E b , C D C h ) : & (ppm) = 184J6, 182.9, 164.5, 162.9 ( d ' j = 
248.] l b ) , 162 .3 ,1452 , 137-3, L37JO, L34S, L344, L 3 4 1 ( d , ^ ; ( ^ , = 
4 2 I b ] t 1 3 3 3 , 1 3 3 4 , L325, L3Q6, L 3 0 1 (d, = 7.4 l b ) , 127.8, 
127J , 126.7, 116.1 (d, ! | , : J = 2 1 1 l b ] , 5 5 J , 4 9 J , 4 7 J , 43J6, 3 3 7 , 
19.9, I L L [ [RMS ( E . ' i p m . J i V * ! [ M + I I ] * calcd f o r C ^ I L ^ F K ^ O j 
483715, found 4831718. IR ( D R I F T ) ~v = 3221, 2923, 1689, 1670, 
1650, L316, 1296, 1276, 1254, 1094, 1070, 1052, 1033, 1011, 805, 
750, 737 c m " 1 . 

iLi-2-Ser^yS-7-i2-HuofopbenyH-\5, \5G-dmy<iio-2H-napinbo-
&j^]pyraEnt>[1j-b])SQqwrK>l>ne-1,4,9, r4PW,4Hj-ra iraone ltd. 
Pale yellow so l id (ItLS m j . 00.3] rrarKiL .3.5*). I [PL^: purity 9 9 * . 
{leaved f r o m 2 7 0 mg of resin (0.325 mmol/'g. OJ088 mmo] of 
substrate). T h e product was purified hy sibca gel chromatogriphy in 
Q [ - C L / M r t J I [ (9v'lj T / T ] , RJ = 1 5 and then aystalhzed f r o m 
M e O E L 'EE K M R (.500 M E E i , C D d , ) : & (ppm) = 8 1 8 - 8 2 5 (m. 

211), 8.18 (s, H E ) , 7J14-7.77 (ro, 21 [), 7.49-7.44 ( m , H E ) , 7-39— 
7 4 * 21E), 7 4 3 - 7 1 9 (ro. 5EE). 7 1 0 - 7 . 1 9 (m, 1111 5 1 3 (d, ; = 
lS JOI Iz , H I ) , 4 7 3 (d, ; = 14J6 EEi, H I ) , 4J62 (d, ; = 14J6I1±, H I ) , 
4 - 5 2 - 4 0 S (m, 3 H ) , 3-91 ( j , 21E), 3 * 5 - 3 4 8 ( i n , H I ) . " C { ' I I ] K M R 
(]2ii M l b ^ C D C l J i o (ppm) = 184.7 ,1818, 1 6 i o . ]fl] .9. L59JO (d. 

= 2 4 6 4 l b ) , 140.^ 1381i L 3 * 5 , L35JO, 134* , 1344, 1 3 3 * , 
1334 (d, ' ; C - T = 8.1 H i ) , 1324, 13 L 0 , L 3 0 * , 1304 (d, '}*-r = 3 1 
I I I ) , 1 2 9 * , 1284, 1 2 8 J , 1281; 1274 , 126.7, 1 2 5 * (d, \ , = 1 *3 
H z ] , 1251 (d, 3 4 l b ) , 1 1 * 0 (d, V ^ j = 2 0 J l b ] , 5 5 * , 4 9 * , 
48.7, 43-2, 29.7. EERhLS (TJiL neg_) mjz-. [ M - EE]" calcd for 
C ^ H E F K I O I 529.L558, found 5 2 9 2 5 * 3 . M p 242-245 I 1 C . LR 
( D R I F T ) r v =3221,2922, 2844, 1690,1670,1651, L316, 1276,12,54, 
1159, 1*94, 1069, 1053, 1033, 820, 80,5, 750, 7L3 , 69? ( u f 1 . 

|3 J-2-fJef?ryJ -B-pfre.^y' -2.J.6,7, \6, ISa-hexahydroan rhraiT, 2-d]-
pyraEnol1.2-&]a2epine-1.4.W}.t5-ieii(Kine 17a. 'VeBow sohd (3.5J1 
rog, 0 0 6 8 rorod, .53*) . I EPE>: purity 9 9 * . C k i v e d f r o m .360 rog of 
resin (0457 rorool/g, 0.129 rorod of substrate). T h e product was 
purified by .ulizageJ chromatography i n O E^Qj/MeOE E (18y'l_| V / T ) , 
P.. - 0.5 and then crystalbied f rom M e O E L '[[ K M R (.500 M l b . 
C D d , ) : 8 (ppm) = 8 4 1 - 8 1 9 (m, I H j , 8 1 5 - 8 1 ] (m, H I ) , 8 1 0 (s, 
H I J , 7 * 3 - 7 7 7 (m, 211), 7 4 0 - 7 * 0 (m, 511), 7 1 7 - 7 1 0 (ro, 511), 
4 * 8 (d, ; = 1 4 * H z , ml 4 * 4 ( d d d , ; = 16 ,5 ,9 .1 ,71 l b , U I ) , 4 4 9 
( d d , ; = 14* , 3 7 i b , i n ] , 4 4 3 ( d d , ; = a ^ 3 7 i b , m ) , 4 4 i ( d , ; = 
1 4 * E b ; III), 3 * 5 ( d d , ; = 14J6, 8 * IEI, U E ] t 3 * 2 (d, ; = 174 H z , 
H I ) , 3-41 (d , ; = 174 H z , I H j , 3 * 9 - 3 0 0 (m, 2H>, 1 9 5 (ddd, ; = 
1.11,6.4, 4 0 H z , III). ' \ : { ' H ] K M R ( 1 2 6 M H z , C D C U J : S (ppm) = 
185-7, 1 8 2 * , 1 6 6 1 , 1 6 4 1 , 147.7, 145-1, 139-9, 1394 , 1 3 5 1 , 1 3 5 * , 
1343 , 1337 , 1 3 1 9 , 1 3 2 * , 13 L 7 , 1 2 8 * , 1 2 * 7 , 1 2 * 6 , 1 2 * 1 , 127.9, 
1 2 7 * , 126 .7 ,58* , 4 9 4 , 4 8 4 , 4 1 * , 341 ,29 .9 . EERM5 ( B S L p o i . J Bt/u 
[ M +IIJ* t i l e d for C ^ E E ^ C ^ 527.1965. found 527.1972. M p 1 6 0 -
163 ° C [R ( D R I F T Tv= 2981,2913,2865,2844,1688,1671,16 ,52 , 
1315, 1276, 1253, 1094, 1053, 1033, 10L3, 820, 766, 750, 737, 699 
cm~'_ 

il}-B-f'tienyS-2-prcipy}-2,J,&, 7,16,16€t-tiexaf}yd{G0n rhrof r, 2-d]-
pyKOmoi r,2-G]azepine-1,4,10,15-ie HQOPe 17b. i Ireamy amorphoui 
s d i d (121 m g , 0026 mrooL 1 4 * ) . EEPLC purity 9 9 * . Cleaved from 
5.35 mg of resin. (0.342 mrool/g, 0.18.3 m m d of suhstrate). T h e 
product was purihed by .lerrnprepajative RP IEPL^! chrorozto^raphy. 
' l l K M R ( 5 0 0 M H z , C D d J : & (ppm) = 8 1 7 - 8 1 2 (m, . 3 E E ) , 7 * 1 -
7.75 (m, 2 H J , 7 4 1 - 7 J 2 (m, 5 H ] , 4 * 5 (ddd, ; = 1 6 1 , 9-1, 6.7 H z , 
H I ) , 4.53 (dd, ; = 14.9, 3 * H z , H I ) , 4 4 4 ( d d , ; = 8.7, 3 * H * 1 H \ 
3.78 (dd, ; = 14.9,8.7 IEZ, I IE),3*9 (d, ; = 174 l b , H E ) , 3 5 7 (dd, ; 
= 1 7 4 , 0 4 H z , H I ) , 3 4 3 - 3 3 2 (m, 2IE), 3 * 9 - 2 . 9 9 i m . 21 El. 2.9r 
( d d d , ; = 12.9, 6.7, 3 * H z , LEI), 1X9-1 .4S (m, 2 1 1 ) , 0 * 9 (t,J- 74 
H z 3 H ) - ' \ : { ' H ] K M R (126 M H z , C D C I J i ci (ppm) = 1 8 5 * , 
1819 , 1 6 6 1 , 1 6 4 * , 1478 , 145-1, 1400 , 1 3 9 * , 1 3 5 * , 134-4, 1 3 3 * , 
133JO, 132-9, 131-9, U 8 * , 128 .7 ,1281 ,127* , 1267, ,58*, 494 , 48.1, 
4 1 * , 3 4 3 , 30J0, 19* , 1 L 4 . IERMS (ESI, p a . ) m/z: [ M + IE]* calcd 
for C a o H n H i Q , 479.1965, found 479.1968. [R ( D E U F T ) r i ' = 2980, 
2966, 29.37. 29 23 . 287] . 284.3. 282fl. I f i f i * 1660, 1653 1269, ]085^ 
10.5]. 10.3.3. 1021. H2 2. 77.5, 767, 70S c m " 1 . 

15. Cydizarton roL><tewKirpr.o))r>°i \fiodua ISa-bl M e t h o d 
A : T h e crude intermediate IHa was dissolved i n water til E E-CK/ 
D M S O (20nzL; 14/6/1; v/v/v) i n d t h e n purihed hy .HjnTpreparative 
RP [ EP E C T h e cr irihined organic fractions were evaporated in I'.irj y. 
freeze dried and the resurdrig mabriaJ was dissdved i n C [ E - , C K ; -

DMS<? (.3 m L ; .50*) and i e p t for .3 h at room temperature. T h e n it 
wac freeze dried and purified hy silica ge] chromatography i n F t C A c / 
herane (8/2; v/v). M e t h o d B: T o the crude inteTroediate 18b, a 
s d u r i o n d Dl P F A (435 til. 2.5 rorool) in D M S O (5 roL) was added 
and the reaction ranrture was stirred for 24 h at room teroperature. 
Then it was freeze—dried and the residual mi-ferial was purihed hy 
s1b.11 ge] chromatography i n FtOAc/heiane (8/2; v/v)_ 

fi\- 7-f3-F!uorophenyJI-15.15a-d)hydionaphibo(2.5 -fli1.4]-
oxai^rtl4,3-b]aQqwiQtoie-l,4,9,14/i3H,6H}-ieiiQQrie 19a. VelLiw 
amorphous sohd (14.1 m g , 0O.32 m m o l 2 5 * ) . EEPE.C purity 9 9 * . 
Cleaved f rom .360 m g of resin (0.342 mmoly'g, 0 1 2 4 mnjol of 
suhstrzte). T h e product was purified hy silica ge] chromatography in 
r t O A c T i e z a i e (8 ;2j v/v), Rf = 0.7. 1E E K M R (500 M E [z, C D C l j : 6 
(ppm) = 8 1 9 - 8 1 6 (m, 211), 8 1 2 ( i , H I ) , 7 * 5 - 7 . 7 8 (m, 211), 

i^n^MDiw^nii ion AKa.pcadziizn 
i. i q . CTiim 2UZ2, 3?, SZ47-SZU 
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7..52-7.4S (m, I I I ) , 7.19 (dddd, f = 2-5, 9:2, 2-5, (19 I i i , H [ ) , 7.11 
Cddd, I = 74 lj% 0.9 1 H J , 7J05 (ddd, J = 9 ^ 2-5, 1J6 H z , I I I ) , 
,<L01 (4 ; = 17.1 IIz, I I I ) , 4JL2 [i, 21 [)F W H 4 5 (m, 211), 4 - 3 (dd, 
j = 10.7, 4-5 H z , III) , 3JS (ddd, J = 17.1, 10.7, Q6 ! [z, LEI), ' ^ { ' l l } 
N M R (126 M i l z , C D C I , ) : £ (ppm) = 1847, 1826, 165-8, 162-5, 

W ' Je- . = M V H z J , W ( d , ' j M = Ib.), 
1364, LS4.7, 1346 , 134JO, 1JJ.7, 1 J L 5 , 130J (d , \ - , - 8JS Elz), 
1304, 12SJÜ, 1276, 1 2 6 i , 1244, 116J0 ( d 3 J ( > , = lfi .7 I Iz^ l l ü (d, 

17 J IIz]t 6 7 4 52.9, 42.1,30.2.1 [ E M S (ESI, lieg.) W i : [ M -
[ [ ] - c i l ^ : b i C ^ I l ^ a N i 4 4 a j a 9 2 9 , f o i m d 4 4 a j 0 9 4 L [R ( D R I F T ) : 

-v - 01222, U m 2865, 2844, 1689, 1670, 1651, 1,116, 1296, 1276, 
1251, 1158, 1091, 1070, 1053, 1033̂  1012, 820, 737 Ö D - 1 . 

fij-7-14 -Fk}Q!oph°ny\\ - iS, iSa -dthydrontiph \hot2.3-1 Ii t, 41-
Qxt^&t4,3-b]uo<^^)ne-!,4,9,14(3H,äH\-tew<iQrie 19b. O n n j t 
<iJ (38.5 mg, OJ087 mra<4 4 4 « ] . IIPL.C punly 9 8 « . O e n e d ft™ 
S.S(i mg otf r t s m (Q.VS7 mmoJ/'g r 0.199 mroo] otf a i l K l r i t e ) . T h e 
p T r i u i t u r u p u n h e i hy flau geJ tüir,7Tnit.Tgripliy i n ntOAc/I i i i ine 
( 8 / 2 J T / T ) , I C - 0 8 . '[[ K M R f . S O O M ^ C D Ö , ) : S (ppm) = 8 2 7 -
S-24 (m, 21 [ ( 8.19 (t, III) , 7.82-7.78 (m,2I [ ) , 7 J J - 7 J 0 ( m , 2 I I ) , 
7.23-7.19 (m, 211), 4.98 (d, / = 17.2 H z , I I I ) , « 1 ( i , 211), 4 5 1 -
443 (m, 21 [), 436 ( d d , ; = 1 0 J , 4 6 I i i ; I I I ) , 3-86 ( d d , ; = 1 7 2 , 1 0 j 

ILz, I I I ) . ' *C{ 'H} N M R (126 M i l z , C D C l , ) : S (ppm) = 1846, 
lH2J i . lfi.5.9. I(i2_9 Id . ' j ( . _ T = 2S0J H i ^ 162J6, 1449 , 137.4, 1364, 
134.7,134.5,133-9,133-8 ( d / J c - j = 3-2 Ib.), 133*, 132-4,130-4 (d, 

- SJ* m\ 130.1, 1 2 8 J , 127-5, 126.7, 1162 (d, \ _ 3 = 2 L 7 
H z ^ 6 7 J , 52-8, 4 2 1 , 30J0. S I E M S [U.S. neg.) J H / Z : [ M - [ [ J " e d e d 
i n C a l l . ^ F N O L . 4400929, i m j i d 440J0939. [R ( D R I F T )Tv = 2922, 
2864, 2844, 1688, 1671, 1652, 1314, 1276, 1254 1 ™ , 1070, 10,53, 

1033, 1013, 820, 737 O D - 1 . 

• A S S O C I A T E D C O N T E N T 

Q S u p f K i r t i n - g I n f o r m a t i a n 

T l i « rjupputrünj [nTurni j t iun i i d v a i b U e free <JT t k i j j , e j i 
h t t p : / /puhi J t i .urg/4ki i/10 .102 ,1 / j ö - j o i i i : 0 0 0 3 9 -

' H , L I C , [R, j n J HELMÜ .-,]ji;t.1jj uJ" d i e ^ y n d i e J r c d 
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Soud-PJu.^ ttynthcrä of Aru^relide SuUony] Andojuei. ACS Coné. 
Sa. 2014, Jó [5]t 211-224. 

(41) Eortfevidc, A. D . 2,S. KiEtopŕperizines: SyntheflK. ReirtHTe. 
Meoleňul Chernktry, mA BiofljCtŤve Kitural ProductL CfejH. Rsv. 
2̂ 1 J i i 2 T . -

(42) M u t i n , G. E.j Etidden, C . E. L o n j . R u i j e ' H - " N 
E [eteronucleij Shift C o n t l ü o n it N'iturü Ahun Í U Ľ Í . f. JVdt. ProsT. 
M 0 0 , o j (4), 543-585. 

r j J R e c o i D i J i e i i t l e t l b v A C S 

[1 + 2] C ) ť loa ddiüon i It* t rü -
FJet&rjcyfHiiud«ii/TJ*tH.ľlwvyliiiÍť5ii Itractkiin Srijueiiee: 
/LCäSS t«4-AJilllkrt|Ji>T-ldlneS Inn rVleUiylWeltdflňVaaůlůlUi... 

EľucerĽU F. (ioxn'ir:, Alcauiü h. Kriktaiiav-, if J. 
tj* H 2121 
Tť .OUFWuCFOBQWICCHEWBraí RcADOT 

C hnwifll L I B 4T a in!> 2 ed Dlasíereoseletti te Syiithesriof 

y í J * n . Xjumjrri. ZĚrrj, er jř. 

R E A D Q T 

Rateitiíc S>nth«L; ň í Í kev l . J - D í h v d i u - l / r 
jt|ibtrD|lMM)iibitDUiK-J.4'-ptiüi-ldlHl-J'-ni Building Block 

• A l l A. CÜUlu, MiíDdlŕ R. Mttďlt^i, iTi'. 
HiT(DAB£I;[£. am 
DflEABCFljMUF^EJľloHiDtVtlfJPWINT FXADGT 

StullieulMtŕPj-rajolidiiiňHe-Fusetl B e i u o t r í a i i a e tfiruagt 
C - H / N - H a > a i FuartJMiiltifltion of 1 -
Phdtj-lij^j-imlidíniiiies wllti Oudbujobraes 

Nů Li, XiMíeiPu, erií. 
JLWIH. Í I Ľ 
Tť .OUFMilCFCRaWCC-EWSTB» 

i im a - n inn, D , E U J U 
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7. P Ř Í L O H Y ( S U P P O R T I N G I N F O R M A T I O N ) 

T a t o k a p i t o l a b y l a p ř e v z a t a z o r i g i n á l n í p u b l i k a c e p ř i l o ž e n é v k a p i t o l e 6. a j e j í t e x t a č í s l o v á n í o b r á z k u 

j a k o „ F i g u ř e S " b y l p o n e c h á n v a n g l i č t i n ě : K r á l o v á , P . ; S o u r a l , M . S y n t h e s i s o f P o l y c y c l i c 

T e t r a h y d r o i s o q u i n o l i n e s a n d T e t r a h y d r o b e n z o [ ď ] A z e p i n e s f r o m P o l y m e r - S u p p o r t e d A l l y l g l y c i n e . 

J. Org. Chem. 2 0 2 2 , 87 ( 8 ) , 5 2 4 2 - 5 2 5 6 . 

7 . 1 N M R a H R M S s p k t r a p ř i p r a v e n ý c h a l k y n o l ů 

7 . 1 . 1 3 - ( 4 - t r i f l u o r o m e t h y l ) p h e n y l ) p r o p - 2 - y n - l - o l I 

r- o co — t> m <N m m m m 

J l . . . Jl 

1 2 . 0 1 1 . 0 1 0 . 0 9 . 0 

p a r t s p e r M i l l i o n 

7 . 0 6 . 0 5 . 0 4 . 0 3 . 0 2 . 0 

T 

1.0 

F i g u r e S I . ' H N M R s p e c t r u m o f I ( 5 0 0 M H z , C D C 1 3 ) 

6 4 



ri H d O O I 
m co cn et ct < 

Mt* 

2 1 0 . 0 2 0 0 . 0 1 9 0 . 0 1 8 0 . 0 1 7 0 . 0 1 6 0 . 0 1 5 0 . 0 1 4 0 . 0 1 3 0 . 0 1 2 0 . 0 1 1 0 . 0 1 0 0 . 0 9 0 . 0 8 0 . 0 7 0 . 0 6 0 . 0 5 0 . 0 4 0 . 0 3 0 . 0 2 0 . 0 1 0 . 0 

p a r t s p e r M i l l i o n 

F i g u r e S 2 . l i C { 1 H } N M R s p e c t r u m o f I ( 1 2 6 M H z , C D C I 3 ) 

E x p a n s i o n o f 1 3 C a r o m a t i c a r e a 

? s •-- i=-
•-, r-q 

r-i —< o fj, 
£N •O O ™-| 
Q h ^ n 
—" o o o 

-1—'—I—I—I—I—I—I—I—I—I—I—I—I—I—I—I—I—I—I—I—I—I—I—I—I—I—I—I—I—I—I—I—I—I—I—I—I—I—I—I—I—I—I—I—I—I—I—I—I—I—I—I—I—I—I—I—I—I 
131.0 130.0 m o 13B.0 137.0 126.0 135.0 134.0 133.0 133.0 131.0 130.0 i 

I . I 

F i g u r e S 3 . E x p a n s i o n o f " C f H } N M R s p e c t r u m o f I ( 1 2 6 M H z , C D C 1 3 ) 

6 5 





o 
rN in 

yi*UiUi>î lwŵ ^ 

210.0 190.0 
parts per Million 

170.0 150.0 130.0 110.0 90.0 70.0 50.0 30.0 10.0 

F i g u r e S 6 . U C { ' H } N M R s p e c t r u m o f I I ( 1 2 6 M H z , C D C 1 3 ) 

I00q 

9Ch 

NL: 
4.52E6 
MS-PK-
alk4_20210629110838#57 RT: 
1.39 AV: 1 SB: 3 0.81-0.89 
1.09-1.14T:FTMS+cAPCI 
corona Full ms 
[100.0000-250.0000] 

50i 

20z_ 
211.9782 

1212J 640 

213.9761 
|| 214.1876 

215.9917 
I 216J741 

450000-

400000̂  

350000-̂  

300000̂  

250000̂  

200000-E 

1500007 

100000̂  

50000-

4.59E5 
CgH7BrO+H: 
CgHgBr, 0-
pa Chrg 1 

209.0 209.5 212.0 212.5 213.5 214.0 216.0 216.5 

F i g u r e S 7 . H R M S s p e c t r u m o f I I 
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7 . 1 . 3 3 - ( 4 - f l u o r o p h e n y l ) p r o p - 2 - y n - l - o l I I I 

' 1 2 . 0 1 1 . 0 1 0 . 0 9 l o S . O 7 I 0 6 1 ) 5 I 0 4 0 3 . 0 2 . 0 '' " 1.0" " " J 

T 7 T ^ 
p p p p 

parts per Million 

F i g u r e S 8 . ' H N M R s p e c t r u m o f I I I ( 5 0 0 M H z , C D C I 3 ) 

O N 

Ö -I 

o J 

NC 
0 J 

o J 

o J 

m 
Ö -I 

•a <= 
•s o -

OO On 
in in 

Nit in o 10 00 o 00 10 M 
NO 10 NO ir> NO 

210.0 190.0 
parts per Million 

170.0 150.0 130.0 110.0 90.0 70.0 50.0 30.0 10.0 

F i g u r e S 9 . U C { ' H } N M R s p e c t r u m o f I I I ( 1 2 6 M H z , C D C 1 3 ) 
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ON H 
o 

ö " 

NO H 
o 

ö 

o 

H ö " 

ö l 

cd o -

a>i>mOf>ii>'^o^O'^- —^oooo^omf>io>^0 '^-moooiri —i oo in m ^ —i oo in CN 

7.1 

parts per Million 

F i g u r e S 1 2 . D e t a i l e d ' H N M R s p e c t r u m o f I V - a r o m a t i c a r e a ( 5 0 0 M H z , C D C 1 3 ) 

N (N (N M CI M —1 —1 —1 —iQOQOQO 

210.0 190.0 
parts per Million 

170.0 150.0 130.0 110.0 90.0 70.0 50.0 30.0 10.0 

F i g u r e S 1 3 . 1 3 C { ' H } N M R s p e c t r u m o f I V ( 1 2 6 M H z , C D C 1 3 ) 

7 0 



139.0551 151.0551 
147.0601 I I 162.0712 

NL: 
3.56E9 
MS-PK-
alk2_20210629113957#49 RT: 
1.20 AV:1 SB: 25 0.75-1.20 . 
1.40-2.00T: FTMS+cAPCI 
corona Full ms 
[100.0000-250.0000] 

224.1075 233.0755 244.0657 
NL: 
9.05E5 
CgH7 FO +H: 
CgHa F, O-
pa Chrg 1 

F i g u r e S 1 4 . H R M S s p e c t r u m o f I V 

7 . 1 . 5 3 - ( 2 - f l u o r o p h e n y l ) p r o p - 2 - y n - l - o l V 

U 

12.0 11.0 10.0 9.0 8.0 7.0 6.0 5.0 4.0 3.0 2.0 1.0 

© © 

parts per Million 

F i g u r e S 1 5 . ' H N M R s p e c t r u m o f V ( 5 0 0 M H z , C D C 1 3 ) . N o t e : R e s i d u a l s i g n a l s o f E t O A c 

at 1 . 2 3 p p m (t), 2 . 0 3 p p m (s) a n d 4 . 1 1 p p m ( q ) . 

71 



210.0 190.0 170.0 150.0 130.0 110.0 90.0 70.0 50.0 30.0 10.0 
parts per Million 

F i g u r e S 1 6 . 1 3 C { 1 H } N M R s p e c t r u m o f V ( 1 2 6 M H z , C D C 1 3 ) . N o t e : R e s i d u a l s i g n a l s o f E t O A c at 2 0 . 9 , 

6 0 . 5 a n d 1 7 1 . 5 p p m , a n d n - h e x a n e at 1 4 . 0 p p m . 

100-
90; 

167.0860 

II 173.0757 191,0861 205.1018 223.1123 231.0810 241.0817 

NL: 
3.85E9 
MS-PK-
alk3_20210629114622#47 RT: 
1.13 AV: 1 SB: 4 0.82-0.87 . 
1.08-1.13 T: FTMS+cAPCI 
corona Full ms 
[100.0000-250.0000] 

9.05E5 
C9H7 FO +H: 
C 9 H a F, O-
pa Chrg 1 

F i g u r e S 1 7 . H R M S s p e c t r u m o f V 

7 2 



7 . 1 . 6 4 - p h e n y l b u t - 3 - y n - l - o l V I 

F i g u r e S 1 8 . ' H N M R s p e c t r u m o f V I ( 5 0 0 M H z , C D C 1 3 ) 

o 

o 
IN -J 

u 
c 
3 
c 
« o -

00 — cn 00 Tt \c 

1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 

210.0 190.0 170.0 150.0 130.0 110.0 90.0 70.0 
parts per Million 

50.0 30.0 10.0 -10.0 

F i g u r e S 1 9 . 1 3 C { ' H } N M R s p e c t r u m o f V I ( 1 2 6 M H z , C D C 1 3 ) 

7 3 



100-

90-

50-

40-

30 

20 

ioq 
129.0698 145.0653 

800000-

700000-

600000-

500000-

400000f 

300000^ 

200000-

100000-

165.0907 176.0702 188.1065 201.1143 213.1145 227.1172 241.1329 

NL: 
8.63E9 
MS-PK-alk9#67 RT:1.38 
AV: 1 SB: 4 0.82-0.89 . 
1.07-1.13 T:FTMS + cAPCI 
corona Full ms 
[100.0000-250.0000] 

NL: 
8.95E5 
C i o H i o O +H: 
C i o H i i 0-
pa Chrg 1 

100 110 120 130 140 150 160 170 180 190 200 210 220 230 240 250 

F i g u r e S 2 0 . H R M S s p e c t r u m o f V I 

7 . 1 . 7 4 - ( p - t o l y l ) b u t - 3 - y n - l - o l V I I 

O 

O 
fN " 

N 0\ O >£i M ^ 
m <N <N -H ON r~-
ro ro ro ro o O 

r-̂  r-̂  r-̂  r-̂  
3o r> r-- ON \O \O \O ro 
m ff'i m (N (N (N (N (N 

i i I i i i i i i i i i I i i i i i i i i i I i i i i i i i i i I i i i i i i i i i I i i i i i i i i i I i i i i i i i i i I i i i i i i i i i I i i i i i i i i i I i i i i i i i i i I i i i i i i i i i I i i i i i i i i i I i i i i i i i i i I i 
12.0 11.0 10.0 9.0 8.0 7.0 6.0 5.0 4.0 3.0 2.0 1.0 0 

7 ? 

X : parts per Million : Proton 
O O) p p 
tN o CN ro 

F i g u r e S 2 1 . ' H N M R s p e c t r u m o f V I I ( 5 0 0 M H z , C D C 1 3 ) 

7 4 



o 
d • 

o 

o 

o 

o 

o 

a o 
T3 ~ 

1/1 oo o 1/1 <N o *o 
\D co oo - H 

—< 06 o 
n m C J 

o •* in — 

1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 
210.0 190.0 170.0 150.0 130.0 110.0 90.0 70.0 50.0 30.0 

X : parts per Million : Carbon 13 
10.0 

F i g u r e S 2 2 . U C { ' H } N M R s p e c t r u m o f V I I ( 1 2 6 M H z , C D C 1 3 ) 

i 119.0493 

l_ 143.0855 

255.2316 279.0929 302.8630 330.0789 370.3551 389.1602 407.1706 438.1441 470.1707 

NL: 
7.60E9 
MS-PK-
ALK10_20211217145408#23 
RT:0.49 AV: 1 SB: 4 0.81-0.87 
,1.07-1.14T: FTMS + cAPCI 
corona Full ms 
[100.0000-500.0000] 

NL: 
8.85E5 
C11 H12O+H: 
C11 H i 3 O i 
pa Chrg 1 

F i g u r e S 2 3 . H R M S s p e c t r u m o f V I I 

7 5 



7 . 1 . 8 4 - ( 4 - ( t r i f l u o r o m e t h y l ) p h e n y l ) b u t - 3 - y n - l - o l V I I I 

cd o -

in o\ 't r> 
^ n o oo 
in m / i 't 
r> r> r> r> 

r> ^ <N ^ m <N — 
X CC CO CO 

rn f i f i rn 

h \r n o —I O O ^ h h c 
tN CJ CJ CJ 

11.0 

parts per Million 

10.0 9.0 8.0 7.0 6.0 5.0 4.0 

f 

l s ! o 
1 1 1 1 1 

2.0 
T 

1.0 

t 

01 

F i g u r e S 2 4 . ' H N M R s p e c t r u m o f V I I I ( 5 0 0 M H z , C D C 1 3 ) 

1 1 I 1 1 1 1 I 1 

150.0 210.0 190.0 
parts per Million 

170.0 130.0 110.0 90.0 70.0 50.0 30.0 10.0 

F i g u r e S 2 5 . U C { ' H } N M R s p e c t r u m o f V I I I ( 1 2 6 M H z , C D C 1 3 ) 

7 6 



1Q9.Q762 117.0700 129. 
222.0878 244.0575 

233.0780 , i 

NL: 
2.33E9 
MS-PK-alk8#73 RT: 1.50 
AV: 1 SB: 4 0.82-0.88 . 
1.07-1.13 T: FTMS + cAPCI 
corona Full ms 
[100.0000-250.0000] 

8.85E5 
C , , H g F 3 0 + H : 
C11 H i 0 F 3 0 -
pa Chrg 1 

F i g u r e S 2 6 . H R M S s p e c t r u m o f V I I I 

7 . 2 N M R a H R M S s p e k t r a f i n á l n í c h s l o u č e n i n 

7 . 2 . 1 ( 3 a / ř , 8 5 , 9 a / ř , 9 b 5 ) - 7 - ( ( 2 - n i t r o p h e n y l ) s u l f o n y l ) - l , 3 - d i o x o - 2 - p h e n y l - 5 - ( 4 - ( t r i f l u o r o m e t h y l ) 

p h e n y l ) - 2 , 3 , 3 a , 4 , 6 , 7 , 8 , 9 , 9 a , 9 b - d e c a h y d r o - l / / - p y r r o l o [ 3 , 4 - i / ] i s o q u i n o l i n e - 8 - c a r b o x y l i c a c i d 

5 a - I 

1 H - 1 H C O S Y correlations 1 H - 1 5 N H M B C correlations 
vw = very weak interaction 

F i g u r e S 2 7 . D e t a i l e d C O S Y a n d ' H - 1 5 N H M B C N M R a n a l y s i s o f i s o q u i n o l i n e 5 a - I 

7 7 



1 H - 1 3 C H M B C c o r r e l a t i o n s - a l i p h a t i c a r e a 

w = weak interaction 

vw = very weak interaction 

F i g u r e S 2 8 . D e t a i l e d ' H - 1 3 C H M B C N M R a n a l y s i s ( a l i p h a t i c a r e a ) o f i s o q u i n o l i n e 5 a - I 

vw = very weak interaction 

F i g u r e S 2 9 . D e t a i l e d ' H - 1 3 C H M B C ( a r o m a t i c a r e a ) a n d ' H - ' H N O E N M R a n a l y s i s 

o f i s o q u i n o l i n e 5 a - I 

7 8 



vw = very weak interaction 

1 H - 1 H N O E correlations 

F i g u r e S 3 0 . D e t a i l e d ' H - ' H N O E N M R a n a l y s i s o f i s o q u i n o l i n e 5 a - I 

T a b l e S I . ' H N M R ( 5 0 0 M H z ) a n d 1 3 C { ' H } N M R ( 1 2 6 M H z ) s p e c t r a l d a t a , i n c l u d i n g d e t a i l e d C O S Y , 

' H - 1 3 C H M B C , ' H - 1 5 N H M B C a n d N O E c o r r e l a t i o n s f o r i s o q u i n o l i n e 5 a - I 

pos . 
1 H N M R 

öH [ p p m ] b 

spl i t t ing p a t t e r n , 

/ [ H z ] , i n t e g r a t i o n 

" C f H } 

N M R Sc 

[ p p m ] , 

*JC-F [Hz] 

1 5 N 

N M R <5N 

[ p p m ] 

C O S Y 

c o r r e l . 

' H - 1 3 C H M B C 

c o r r e l . 

i H - 1 5 N 

H M B C 

c o r r e l . 

N O E c o r r e l . 

1 - - 176.5 - - - - -

2 - - -
193.1 

(N2) 
- - H15,19 -

3 - - 178.2 - - - - -

4 3.45 
d d , 7 = 3 . 0 , 1 . 5 

H z , I H 
39.7 - H a 5 , H b 5 , 

H 1 3 

C 3 , C 4 , C 5 , C 6 , 

C 7 , C 1 3 , C 1 4 
(very low int.) 

-
H 1 2 , H 2 1 , 2 5 

(very low int.) 

5 

H a : 2.35 
d d , 7 = 8 . 7 , 3 . 0 

H z , I H 

29.4 

- H 4 , H b 5 

C 3 , C 4 , C 6 , C 8 
(very low int.) £ J 2 

C 1 3 
-

J_J21,25 (very low 

int.) 

5 

H b : 2.67 
d d , / = 14.2, 1.5 

H z , I H 

29.4 

- H 4 , H a 5 

C 3 , C 4 , C 6 , C 7 , 

C 8 , c i 2 < l o w i n L ) , 

C 1 3 , C 2 0 
-

H 1 2 , H 1 3 , 
H21,25 

6 - - 132.1 - - - - -
7 - - 133.0 - - - - -

8 

H a : 4.06 
d , / = 16.2 H z , 

I H 
41.71 

- H b 8 

C 7 , C 1 0 , C l l 
(very low int.) £ J 2 -

J_J10 (very low int.) 

H21,25 
8 

H b : 4.25 
d, 7 = 16.2 H z , 

I H 

41.71 

- H a 8 C 6 , C 7 - H a 1 1 , H 2 1 ' 2 5 

9 - - -
94.3 

(N9) 
- - H b 1 1 , 

H 1 2 
-

1 0 4.41 
d d , / = 12.1,6.1 

H z , I H 
56.9 -

H a 1 1 , 

H b " 

C 8 < l o w i n L ) , C l l , 

(2\2, ( l ° w int.) 
C 3 4 

-

p̂ 8̂ (very low int.) 

pjjl2 pjil3(very 

low int.) p̂ 28 

1 1 

H a : 2.45 
q, 7 = 12.1 H z , 

I H 
26.7 

-
H l 0 , H b u , 

H 1 2 

C 1 0 , C 1 2 , C 3 4 - H b 8 , H 1 3 

1 1 

H b : 2.57 
d d , 7 = 6 . 1 , 3 . 0 

H z , I H 

26.7 

-
H 1 0 , H a 1 1 , 

H 1 2 

C 7 , c i i {vay 
iow.); C 1 2 

N 9 H 1 3 

1 2 2 .49 
d d d , / = 12.1, 

3.0, 1.5 H z , I H 
33 .9 -

H a " , 

H b 1 1 , 

H 1 3 

£2 J (very low int.) 

C 4 , C 7 , C 8 , ' 

C 1 0 , C 1 1 , C 1 3 

N 9 H 4 , H b
5 , H ° 

1 3 3.43 
d d , 7 = 3 . 0 , 1.5 

H z , I H 
4 1 . 6 8 - H 4 , H 1 2 

C I , C 5 , C 6 , 

C 1 2 , c i 4 ( v e r y 
low int.) 

-
H b

5 , H 1 0 ( v e r y 

low int.) J _ J 11 

H b 1 1 " ' 

7 9 



14 - - 132 .2 - - - - -

1 5 , 1 9 7 . 1 2 - 7 . 1 7 m , 2 H 127.1 - JJ16.18 C 1 4 , C 1 5 , 1 9 , 

C 1 7 
N 2 -

1 6 , 1 8 7 .41 -7 .48 m , 2 H 128.9 -
H 1 7 

C 1 4 , C 1 5 , 1 9 , 

C 1 6 , 1 8 , C 1 7 
- -

17 7 .35-7 .41 m , 1 H 128 .4 - JJ16.18 C 1 4 , C 1 5 , 1 9 , 

C 1 6 , 1 8 
- -

2 0 - - 142 .6 - - - - -

2 1 , 2 5 7 .07 -7 .12 
b r . d , 7 = 8 . 0 

H z , 2 H 
128 .2 - H22,24 

C 6 , C 2 0 , 

C 2 1 , 2 5 , 

C 2 2 , 2 4 , C 2 3 , 

C 2 6 ^ v e r y ^ o w m ^ 

-

J_j4 (very low 

int.) J_J 5 (very 

low int.) J_J 5 

2 2 , 2 4 7 .67 
b r . d , 7 = 8 . 0 

H z , 2 H 

125.1 , 

7 = 3.2 

H z 
- H21,25 

C 2 0 , C 2 1 , 2 5 , 

C 2 2 . 2 4 , C 2 3 , 

C 2 6 

- H 2 9 

2 3 - -
127.8 , 

7 = 31.9 

H z 
- - - - -

2 6 - -
124.2, 

7 = 271.8 

H z 
- - - - -

2 7 - - 131.1 - - - - -

2 8 7 .62 
d d , 7 = 8 . 4 , 1.2 

H z , 1 H 
129 .4 - H 2 9 C 2 8 , C 2 9 , 

C 3 0 , C 3 1 , C 3 2 

N 3 3 

(very low 

int.) 

H i o 

2 9 7.71 
d d d , 7 = 8 . 4 , 

7.4, 1.2 H z , 1 H 
131.8 - H 2 8 H 3 0 C 2 7 , C 2 8 , 

C 3 0 , C 3 1 , C 3 2 
- H22,24 

3 0 7 .85 
d d d , 7 = 7 . 9 , 

7.3, 1.0 H z , 1 H 
124 .0 - H 2 9 , H 3 1 

C 2 8 , C 2 9 , 

C 3 0 , C 3 2 
- -

3 1 7 .79 
d d , 7 = 7.9, 1.0 

H z , 1 H 
134.5 - H 3 0 

C 2 7 , C 2 8 , 

C 2 9 , C 3 0 , 

C 3 1 , C 3 2 

N 3 3 -

3 2 - - 147.5 - - - - -

3 3 - - -
3 7 3 . 0 

( N 3 3 ) 
- -

JT28 (very 

low int). 

H 3 1 ' 

-

3 4 - - 172.9 - - - - -
3 5 13.13 br . s, 1 H - - - - - -

a s s i g n m e n t s are b a s e d o n e x t e n s i v e I D a n d 2 D N M R a n a l y s i s ( ' H - ' H C O S Y , ' H - 1 3 C H M Q C , ^ - " C H M B C , ' H - 1 5 N 

H M B C a n d ' H - ' H N O E S Y ) ; m e a s u r e d i n D M S O - ( i 6 ; c o r r e l . = c o r r e l a t i o n s ; i n t = i n t e r a c t i o n . 

8 0 



F i g u r e S 3 1 . ' H N M R s p e c t r u m o f 5 a - I ( 5 0 0 M H z , D M S O - c f e ) 

F i g u r e S 3 2 . 1 3 C { ' H } N M R s p e c t r u m o f 5 a - I ( 1 2 6 M H z , D M S O - J 6 ) 

81 



o 

M o o h 
ON CO 
—< ^ Os 
OO CN 

ON t ^ - o o t ^ - ^ s O m o o c N r - ^ m ON -h Os 

r- m m o 
i-H i-H ON n̂O 

-3- m <N <N 

"bath-chair conformation" 

190.0 170.0 150.0 
X : parts per Million : Carbon 13 

130.0 110.0 90.0 70.0 50.0 30.0 10.0 

F i g u r e S 3 3 . U C A P T N M R s p e c t r u m o f 5 a - I ( 1 2 6 M H z , D M S O - J 6 ) 

F i g u r e S 3 4 . ' H - ' H C O S Y N M R s p e c t r u m o f 5 a - I ( 5 0 0 M H z , D M S O - J 6 ) 

8 2 



j u u L 

s • 

p-ans. per i til li OD 

F i g u ř e S 3 5 . ' H - 1 3 C H M Q C N M R s p e c t r u m o f 5 a - I ( D M S O - c f e ) 

fff JL,J# 

4 
, t . 4 . . 

pare per tli] k OD 

F i g u ř e S 3 6 . ' H - 1 3 C H M B C N M R s p e c t r u m o f 5 a - I ( D M S O - c f e ) 

8 3 



8 4 



NL: 
2.52E8 
MS-PK-
ICHB26GA3_1 pik_20210513105 
644#70 RT: 1.39 AV: 1 SB: 4 
0.81-0.87 ,1.07-1.13 T:FTMS-C 
ESI Full ms [250.0000-750.0000] 

6.58E5 
C31 H23 F3 N3 O3 S: 
C31 H23 F 3 N 3 0 3 S -
pa Chrg 1 

F i g u r e S 3 9 . H R M S s p e c t r u m o f 5 a - I 

7 . 2 . 2 ( 3 a 5 , 8 5 , 9 a K , 9 f t / ? ) - 7 - ( ( 2 - n i t r o p h e n y l ) s u l f o n y l ) - l , 3 - d i o x o - 2 - p h e n y l - 5 - ( 4 - ( t r i f l u o r o m e t h y l ) 

p h e n y l ) - 2 , 3 , 3 a , 4 , 6 , 7 , 8 , 9 , 9 a , 9 b - d e c a h y d r o - l / / - p y r r o l o [ 3 , 4 - i / ] i s o q u i n o l i n e - 8 - c a r b o x y l i c a c i d 

5 a - I I 

1 H - 1 H C O S Y correlations 1 H - 1 5 N H M B C correlations 
vw = very weak interaction 

F i g u r e S 4 0 . D e t a i l e d C O S Y a n d ' H - 1 5 N H M B C N M R a n a l y s i s o f i s o q u i n o l i n e 5 a - I I 

8 5 



w 2 - N s 
1 H - 1 3 C H M B C c o r r e l a t i o n s - a l i p h a t i c a r e a 

vw = very weak interaction 

F i g u r e S 4 1 . D e t a i l e d ' H - 1 3 C H M B C N M R a n a l y s i s ( a l i p h a t i c a r e a ) o f i s o q u i n o l i n e 5 a - I I 

H - 1 3 C H M B C c o r r e l a t i o n s - a r o m a t i c a r e a 

F i g u r e S 4 2 . D e t a i l e d ' H - I 3 C H M B C N M R a n a l y s i s ( a r o m a t i c a r e a ) o f i s o q u i n o l i n e 5 a - I I 

8 6 



1 H - 1 H NOE correlations 
vw = very weak interaction 

vvw = very very weak interaction 

F i g u r e S 4 3 . D e t a i l e d ' H - ' H N O E N M R a n a l y s i s o f i s o q u i n o l i n e 5 a - I I 

T a b l e S 2 . ' H N M R ( 5 0 0 M H z ) a n d 1 3 C { ' H } N M R ( 1 2 6 M H z ) s p e c t r a l d a t a , i n c l u d i n g d e t a i l e d C O S Y , 

' H - 1 3 C H M B C , ' H - 1 5 N H M B C a n d N O E c o r r e l a t i o n s f o r i s o q u i n o l i n e 5 a - I I 

pos . 

1 H N M R 

[ p p m ] b 

spl i t t ing p a t t e r n , 

/ [ H z ] , 

i n t e g r a t i o n 

" C ^ H } N M R 

öc [ p p m ] , 
AJC-F [Hz] 

1 5 N 

N M R <5N 

[ p p m ] C O S Y 

c o r r e l . 

' H - 1 3 C H M B C 

c o r r e l . 

' H - 1 5 N 

H M B C 

c o r r e l . 

N O E c o r r e l . 

1 - - 176.8 - - - - -

2 - - -
199.9 

(N2) 
- - H15,19 -

3 - - 178.5 - - - - -

4 3.51 
d d d , 7 = 1 5 . 2 , 

8.7, 1.5 H z , 1 H 
40.4 -

H a 5 , H b 5 , 

H 1 3 

C 3 , C 5 , C 6 , 

C 1 3 
-

5 

H a : 2.73 
d d d , / = 1 5 . 2 , 

5.5, 2.8 H z , 1 H 

30.7 

- H 4 , H b 5 

C 4 , C 6 , C 7 , 
£ g (low int.) 

C 1 3 , C 2 0 ( l ü w 

int.) 

- -

5 

H b : 2.80 
d d , / = 15.2, 

1.5 H z , 1 H 

30.7 

- H 4 , H a 5 

C 3 , C 4 , C 6 , 

C 7 , C 8 n o w 

int.) (2\2, 
i n L ) , C 1 3 , C 2 0 

-
J_J21,25 (very low 

int.) 

6 - - 132.6 - - - - -
7 - - 131.7 - - - - -

8 

H a : 3.70 
d d , / = 14.5, 

1.5 H z , 1 H 
42.4 

- H b 8 C 6 , C 7 -
H 1 0 H 1 2 H 2 1 , 2 5 

(very low int.) J-[28 

(very low int.) 8 

H b : 4.17 
d, J = 14.5 H z , 

1 H 

42.4 

- H a 8 

C 6 , C 7 , C 1 0 , 

C 1 2 
-

J_J 11 (very low int.) 

H21,25 

9 - - -
92.8 

(N9) 
- - H b 1 1 -

10 4.66 
d d , 7 = 4.7, 2.8 

H z , 1 H 
55.8 

H a 1 1 , 

H b " 

C 1 1 , C 1 2 , 

C 3 4 
-

H a 8 , H 1 2 ^ 
low) J-[28 (very low 

int.) 

11 

H a : 2.46 
d d , 7 = 8 . 7 , 2.8 

H z , 1 H 

26.6 

- H 1 0 , H a 1 1 , 

H 1 2 

C 7 , C 1 0 < l o w  

i n L ) , C 1 2 , C 3 4 
- H b 8 , H 1 3 

11 

H b : 2.66 
d d , 7 = 8 . 7 , 4 . 7 

H z , 1 H 

26.6 
H 1 0 , H b u , 

H 1 2 

C I , C 7 , C 1 0 , 
(2\ \ o ° w m l ) 

C 3 4 

N 9 H 1 3 

8 7 



1 2 2 . 6 7 
d d d , 7 = 1 1 . 9 , 

8 . 7 , 4 . 7 H z , 1 H 
3 2 . 5 

H a 1 1 , 

H b 1 1 , H 1 3 

C I , C 4 , C 6 , 

C 7 , C 8 , C I O , 

(2\ \ o ° w m l ) 

C 1 2 . C 1 3 , ' 

C 3 4 

-
r i a , r i a , r i 

(very low) J_|21,25 

(very low int.) 

1 3 3 . 4 7 
d d d , 7 = 1 1 . 9 , 

8 . 7 , 5 . 5 H z , 1 H 
4 2 . 3 H 4 , H 1 2 

C I , C 4 , C 7 , 

C 1 2 
-

H a 1 1 , H b 1 1 , 

J_ j l5 ,19 (very low 

int.) pjj21,25 (very 

low int.) 

1 4 - - 1 3 2 . 1 - - - - -

1 5 , 1 9 7 . 0 8 - 7 . 1 0 m , 2 H 1 2 7 . 0 
- J_J16,18 C 1 4 , C 1 5 , 1 9 , 

C 1 7 
N 2 

J_J13 (very low int.) 

1 6 , 1 8 7 . 4 3 - 7 . 4 7 m , 2 H 1 2 8 . 9 
-

H 1 7 

C 1 4 , C 5 , 1 9 , 

C 1 6 , 1 8 , C 1 7 
- -

1 7 7 . 3 7 - 7 . 4 1 m , 1 H 1 2 8 . 4 
- J_J16,18 C 1 4 , C 1 5 , 1 9 , 

C 1 6 . 1 8 
- -

2 0 - - 1 4 3 . 3 - - - - -

2 1 , 2 5 7 . 2 9 
b r . d , 7 = 8 . 1 

H z , 2 H 
1 2 8 . 3 

H 2 2 , 2 4 C 6 , C 2 0 , 

C 2 2 , 2 4 , C 2 3 
-

pjj^5 (very low int.) 

pjj^8 (very low int.) 

H b ^ (very low 

int.) pj j l 3 (very low 

int.) 

2 2 , 2 4 7 . 7 0 
b r . d , 7 = 8 . 2 

H z , 2 H 

1 2 5 . 4 , 

7 = 3 . 1 H z 

-
H 2 1 , 2 5 C 2 0 , C 2 1 . 2 5 , 

C 2 2 , 2 4 , C 2 6 
- -

2 3 - -
1 2 7 . 7 , 

7 = 3 1 . 6 H z 

- - - - -

2 6 - -
1 2 5 . 2 , 

7 = 2 7 1 . 8 H z 

- - - - -

2 7 - - 1 3 0 . 8 - - - - -

2 8 8 . 1 4 
d d , 7 = 7 . 9 , 1 . 4 

H z , 1 H 
1 3 0 . 2 H 2 9 C 2 8 , C 3 0 < l o w  

i n L ) , C 3 1 , C 3 2 

N 3 3 

(very low 

int.) 

pjj^8 (very low int.), 

p j j lO (very low int.) 

2 9 7 . 7 6 
d d d , 7 = 8 . 8 , 

7 . 9 , 1 . 4 H z , 1 H 
1 3 2 . 3 

-
H 2 8 H 3 0 

C 2 7 , C 3 0 - -

3 0 7 . 8 0 
d d d , 7 = 8 . 8 , 

7 . 9 , 1 . 4 H z , 1 H 
1 2 4 . 0 

-
H 2 9 , H 3 1 C 2 8 , C 3 2 - -

3 1 7 . 8 6 
d d , 7 = 7 . 9 , 1 . 4 

H z , 1 H 
1 3 4 . 4 

-
H 3 0 

C 2 7 , C 2 9 , 

C 3 2 
N 3 3 -

3 2 - - 1 4 7 . 9 - - - - -

3 3 - - -

3 7 3 . 4 

( N 3 3 ) 
- -

H 2 8 

(very low 

int). 

H 3 ' 

-

3 4 - - 1 7 2 . 2 - - - - -

' A s s i g n m e n t s a r e b a s e d o n e x t e n s i v e I D a n d 2 D N M R a n a l y s i s C O S Y , L H - 1 3 C H M Q C , ^ - " C H M B C , ' H - 1 5 N 

H M B C a n d ' H - ' H N O E S Y ) ; m e a s u r e d i n D M S O - f i f c ; c o r r e l . = c o r r e l a t i o n s ; i n t = i n t e r a c t i o n . 

8 8 



abundance 
O 0.1 

O " 
ö 

O " 
ö 

O " 
ö 

o -
ö 

VO 
o 
Ö 

O -
Ö 

o . 
Ö 

o 

0.2 0.3 0.4 0.5 0.6 0.7 0.8 0 . 9 

1 7 8 . 5 1 3 

1 7 6 . 7 5 2 

1 7 2 . 2 4 4 

1 4 7 . 8 7 7 

1 4 3 . 3 5 3 

1 3 4 . 3 6 3 

1 3 2 . 6 0 2 

1 3 2 . 3 2 4 

1 3 2 . 1 0 5 

1 3 1 . 6 9 2 

1 3 0 . 8 1 6 

1 3 0 . 1 5 9 

1 2 8 . 9 2 8 

1 2 8 . 3 9 8 

1 2 8 . 3 0 5 

1 2 8 . 0 6 9 

1 2 7 . 8 1 6 

1 2 7 . 5 6 3 

1 2 7 . 3 6 1 

1 2 6 . 9 5 7 

1 2 5 . 4 3 2 

1 2 5 . 3 9 8 

1 2 5 . 1 9 6 

1 2 3 . 9 5 7 

1 2 3 . 0 3 1 

1 2 0 . 8 4 0 

- y ) 5 5 . 7 8 7 

CTQ 
C 

n in -u. 
J -

X 

1 
5ö 
c/: 

Ol 
o 
f ? 
c 

3 
o 
-r! 
'Jl 
B 

O 
o 

N 

O 

abundance 
0 0.1 0.2 0.3 0.4 0.5 

4̂ -
C 

o . 
c 

0.6 
i i 

0 . 7 0 . 8 
i i 



ö 

g P I 

r-̂  <ri • 

m CN oo m o oo o ^ m m m 
ro ro r> in 

CS CS Ö (N Ö 
m m (N 

190.0180.0170.0160.0150.0140.0130.0120.0110.0100.0 90.0 80.0 70.0 60.0 50.0 40.0 30.0 20.0 
parts per Million 

10.0 

F i g u r e S 4 6 . U C A P T N M R s p e c t r u m o f 5 a - I I ( 1 2 6 M H z , D M S O - J 6 ) 

9 0 



F i g u r e S 4 8 . ' H - 1 3 C H M Q C N M R s p e c t r u m o f 5 a - I I ( D M S O - J Ö ) 

f f t l 

•i 

•=>: * 
• i * 

-
•» : — 

Q-
* • • -

•» : 
£ 1 

i " 

•o : 

:.: : 

•» : 
- M l M 

l l j 

5 : 
= • : 

i 

• 
• * 

- -

1 1 
5.0 

pans perMIIlioD 

111 I 

7JÜ 6.Q 
" 111 1 

5LÜ 4J0 
ii 11 ii i " 1 M i 

2.0 1. 
1 

j D 

F i g u r e S 4 9 . ' H - 1 3 C H M B C N M R s p e c t r u m o f 5 a - I I ( D M S O - J Ö ) 

91 



F i g u r e S 5 1 . ' H - ' H N O E S Y N M R s p e c t r u m o f 5 a - I I ( D M S O - J 6 ) 

9 2 



NL: 
2.48E8 
MS-PK-ICHB26GA3_2pik#58 
RT:1.15 AV: 1 SB: 24 

0.43-1.03 ,1.24-1.56 T: 
FTMS-c ESI Full ms 
[250.0000-750.0000] 

6.58E5 
C 3 i H s a F a N a O a S : 
C31 H23 F a N a O a S -
pa Chrg 1 

F i g u r e S 5 2 . H R M S s p e c t r u m o f 5 a - I I 

T a b l e S 3 . C o m p a r i s o n o f ' H c h e m i c a l s h i f t s , s p l i t t i n g p a t t e r n s , a n d 2J a n d 3J h o m o n u c l e a r c o u p l i n g s 

f o r 5 a - I a n d 5 a - I I 

T h e k e y s p l i t t i n g p a t t e r n s b e t w e e n k e y p r o t o n s 

minor isomer 5a-l major isomer 5a-ll 

m i n o r i s o m e r 5 a - I m a j o r i s o m e r 5 a - I I 

p o s i t i o n * H N M R 

SH [ p p m ] 

s p l i t t i n g 

p a t t e r n 
/ [ H z ] 

* H N M R 

SH [ p p m ] 

s p l i t t i n g 

p a t t e r n 
/ [ H z ] 

H 4 3.45 d d 3.0, 1.5 3.51 d d d 15.2, 8.7, 1.5 

H a 5 2 .35 d d 8.7, 3.0 2 .73 d d d 15.2, 5.5, 2 .8 

H b 5 2 . 6 7 d d 14.2, 1.5 2 . 8 0 d d 15.2, 1.5 

H a 8 4 . 0 6 d 16.2 3 .70 d d 14.5, 1.5 

H b 8 4 . 2 5 d 16.2 4 . 1 7 d 14.5 

4 .41 d d 12.1, 6.1 4 . 6 6 d d 4 .7 , 2.8 

H a l l 2 .45 q 12.1 2 . 4 6 d d 8.7, 2.8 

H b 1 1 2 . 5 7 d d 6 .1 , 3.0 2 . 6 6 d d 8.7, 4 . 7 
H 1 2 2 .49 d d d 12.1, 3.0, 1.5 2 . 6 7 d d d 11.9, 8.7, 4 . 7 
H 1 3 3.43 d d 3.0, 1.5 3 .47 d d d 11.9, 8 . 7 , 5 . 5 

9 3 



7 . 2 . 3 ( 5 ) - 8 K 4 - b r o m o p h e n y l ) - 3 , 4 4 6 4 6 a - t e t r a h y d r o - [ l , 4 ] d i a z e p i n o [ l , 2 - 6 ] n a p h t h o [ 2 , 3 - / ] 

i s o q u i n o l i n e - l , 5 , 1 0 , 1 5 ( 2 / / , 7 / i r ) - t e t r a o n e 1 1 

Ó " 

• J 
d 

T 3 
C 
3 

•s 

M X Ol ^ ^ 00 cn^O 
O CO h h ID lO (N ^O^t 
c n f N f N f N f N f N C N ^O^O 
oö oö oö oö oö oö oö r ~ r ~ t+ r~-

J J L 

o o> vO o a\ *n oo in 
rn fn CO CN CN CN CN CN CN CN 

T T T T T -

5.0 
T T T T T -

3.0 12.0 11.0 10.0 9.0 

X : parts per Million : Proton 

8.0 

O [-» 00 00 O 
q O) O) q q 
CN Ö CN CN 

7.0 6.0 

T 

4.0 2.0 1.0 

O O O <N - H o - H — 

F i g u r e S 5 3 . ' H N M R s p e c t r u m o f 1 1 ( 5 0 0 M H z , C D C 1 3 ) 

d 

d 

o -
d 

o . 
d 

fN 
tu O -
I d 

• a 
c 

5 o -
C3 

O >—i CN _ CN — 
o m CN ^ r n o o r n c o r N O h Y i ^ r - . - ; 

^ ^ ^ c o c n c n c o c n c n c N C N C N C N 

J l l i l i l 

— m 
in 

1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 

210.0 190.0 170.0 150.0 130.0 110.0 90.0 
1 1 1 1 1 1 1 1 1 1 1 1 i 1 1 1 1 1 1 

50.0 30.0 70.0 10.0 
X : parts per Million : Carbon 13 

F i g u r e S 5 4 . C { H } N M R s p e c t r u m o f 1 1 ( 1 2 6 M H z , C D C 1 3 ) 

9 4 



lOOq 

9Ch 

NL: 
5.31 E6 
MS-PK-
ICHj44GA4DbetaalaC#42 RT: 
0.87 AV: 1 SB: 4 0.81-0.87 
1.08-1.15 T .FTMS-C ESI Full 
ms [100.0000-750.0000] 

50^ 

40i 

30^ 

0I= 
517.0499 

J 
NL: 
3.72E5 
C27 H 1 a BrN 2 0 4 : 
C27 Hie Bn N2 O4 
pa Chrg 1 

517.0491 
I. 

511.5 512.0 512.5 513.0 514.0 514.5 516.0 516.5 

F i g u r e S 5 5 . H R M S s p e c t r u m o f 1 1 

7 . 2 . 4 ( 3 5 , 1 5 a 5 ) - 3 - m e t h y l - 7 - ( 4 - ( t r i f l u o r o m e t h y l ) p h e n y l ) - 1 5 , 1 5 a - d i h y d r o - 2 / / - n a p h t h o [ 2 , 3 - / ] 

p y r a z i n o [ l , 2 - f t ] i s o q u i n o l i n e - l , 4 , 9 , 1 4 ( 3 / 7 , 6 / 7 ) - t e t r a o n e 1 3 a 

Ö ' 

Ö ' 

cd ° 
•a c 
3 
cd o ' 

C N C N C N C N C N C N — ; t-; t - ; "CT, "CT, es ts cN cN —H 
l o i o ^ - ^ ' cc i m cc i p i 

—I r> 
so 
>n i n 

i i i J i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i T 1 T 1 r 
3.0 

T1 

2 . 0 

T 

1 . 0 12.0 11.0 10.0 9.0 

X : parts per Million : Proton 

8.0 7.0 6.0 
^ ? T 

5.0 4.0 
r T T T 
7\ ^ C l O 
7\ ON O © 
D ö cn —; 

F i g u r e S 5 6 . ' H N M R s p e c t r u m o f 1 3 a ( 5 0 0 M H z , C D C 1 3 ) 

9 5 



o o m c N C N m ' + c N C N O O N o o i n O 

> O h 0 0 h C N O \ 0 O l ( - 1 0 O —i r~- ^ et 

v O ^ O r n r n r n r n r n r n r n C N C N C N C N C N í N 

NO ON 

i 

-H ~H VO 

' ' ' I ' ' ' ' I ' ' ' ' I ' ' ' ' I ' ' ' ' I ' ' ' ' I ' ' ' ' I ' ' ' 
210.0 190.0 170.0 150.0 

X : parts per Million : Carbon 13 
130.0 110.0 90.0 70.0 50.0 30.0 10.0 

F i g u r e S 5 7 . 1 3 C { ' H } N M R s p e c t r u m o f 1 3 a ( 1 2 6 M H z , C D C 1 3 ) 

700000^ 

650000-

600000-

550000^ 

500000-

450000-

400000-

350000-

300000-

250000^ 

200000-

150000-

100000^ 

50000-

290.2688 313.2513 

3202557 35 82953 406.1033 437.1785 
280.2633 

L- -L i 

NL: 
1.78E8 
MS-PK-CHd46GA4DAIaC#47 
RT: 0.99 AV: 1 SB: 4 
0.81-0.87 ,1.07-1.13 T:FTMS 
+ c ESI Full lock ms 
[250.0000-750.0000] 

527.1186 

543.0928 568,1452 609.1218 644.1324 674.8924 706.1258 733,3386 
370 

7.26E5 
C2aH,9F3N2 04+H: 
C28 H20 F3 N2 O4 

F i g u r e S 5 8 . H R M S s p e c t r u m o f 1 3 a 

9 6 



7 . 2 . 5 ( 3 5 4 5 a 5 ) - 3 - b e n z y l - 7 K 4 K t r i f l u o r o m e t h y l ) p h e n y l ) - 1 5 4 5 a - d i h y d r o - 2 / i T - n a p h t h o [ 2 , 3 - / ] 

p y r a z i n o [ l , 2 - Z » ] i s o q u i n o l i n e - l , 4 , 9 , 1 4 ( 3 / / , 6 / i r ) - t e t r a o n e 1 3 b 

(S ts ts (S H > iri ts H Tt <ri es r o c q - | - i - | ' t , : t ' t , t 

12.0 11.0 10.0 9.0 8.0 7.0 6.0 5.0 4.0 3.0 2.0 1.0 0 
T V T T T V T T • T T T 
o o o r~- in ON — o o o ON o ON o r> 

ON 
ON 
ON 

o o in 
oj ^ Tt —; TT* ö —J d d tri d 

X : parts per Million : Proton 

F i g u r e S 5 9 . ' H N M R s p e c t r u m o f 1 3 b ( 5 0 0 M H z , C D C 1 3 ) 

M O M m M M i n - H L n i n o M n -
r̂ î T O N ^ ^ i n o o O N O N O N ^ ^ i ^ o o 

NO M M C O r ^ f O t N t N t N t N t N N t N t N 

ON O N̂O OO r~~ 
o m co ON o 
in ON r> ON in 
sd ^ rn d rn 

i i i i I i i i i I i i i i I i i i i I i i i i I i i i i I i i i i I i i i i I i i i i I i i i i I i i i i I i i i i I i i i i I i i i i I i i i i I i i i i I i i i i I i i i i I i i i i I i i i i I i i i i I i i i i I 
210.0 190.0 170.0 150.0 130.0 110.0 90.0 70.0 50.0 30.0 10.0 

X : parts per Million : Carbon 13 

F i g u r e S 6 0 . U C { ' H } N M R s p e c t r u m o f 1 3 b ( 1 2 6 M H z , C D C 1 3 ) 

9 7 



N C 

00 

f 
re 
C/2 
ON 
Kí 

SC 

1 
c/: 

13 
a> 
o 

3 
o 

O 
o 

N 

O 

O 

Q 

+ 

O 

O 

abundance 
0 0.1 

o " 

0.99-C 

0.99-c 

2.92-1 g-

2.01 - o , 

0.97-C 
(o 
b -

6 . 7 0 6 

O 
— 
g 
5 ' 
o , 

5 ' 

n 
4-

n p* 
B 
O 
cs 

-4 
i o 

O J 

" M 
'Jl 
a 

O J 

ér 
N 

? I 
O 

•O 
CP 

3 

O J ^ 

I 

a 
CP 

V ! 
CL 

0 • 

1 

cs 

•O 
CP 

73 
O J 

Ť3 
V ! 
"1 
K 
N 
5 ' 
o 

i -

f 

n 
C/2 
ON 

00 
c/: 

a> 
o 

3 
o 

O J 

CP 

CO o 



ö " 

t̂ 
ö 

-a ° 
B L 

P- rN <3-> 

*^I^WWiM|lt^'>llWill>>iWWI«ll#lli'>Wd 
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 " 
210.0 190.0 170.0 150.0 130.0 110.0 90.0 

i 1 1 1 1 1 1 1 1 1 1 1 

70.0 
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 

50.0 30.0 10.0 
X : parts per Million : Carbon 13 

F i g u r e S 6 3 . U C { ' H } N M R s p e c t r u m o f 1 3 c ( 1 2 6 M H z , C D C 1 3 ) 

NL: 
9.72E7 
MS-PK-
ICHi44GA4DPheC#52 RT: 
1.08 AV:1 SB: 4 0.81-0.88 . 
1.08-1.15 T: FTMS-c ESI Full 
ms [100.0000-750.0000] 

NL: 
3.49E5 
C33H22 B r N 2 0 4 : 
C33 H22 Bn N 2 O4 
pa Chrg 1 

F i g u r e S 6 4 . H R M S s p e c t r u m o f 1 3 c 

9 9 



7 . 2 . 7 ( 3 5 , 1 5 a 5 ) - 7 - ( 4 - b r o m o p h e n y l ) - 3 - ( 4 - h y d r o x y b e n z y l ) - 1 5 , 1 5 a - d i h y d r o - 2 / / - n a p h t h o [ 2 , 3 - / ] 

p y r a z i n o [ l , 2 - Z > ] i s o q u i n o l i n e - l , 4 , 9 , 1 4 ( 3 / 7 , 6 / 7 ) - t e t r a o n e 1 3 d 

o i n M oo 
0\ \o i n 
MD ( N I N r ] 

NO 

O O OC 
fN CN <r 
CS H 

t̂" <ri ' 

JLL 
12.0 11.0 10.0 9.0 8.0 7.0 6.0 

X : parts per Million : Proton 

5.0 4.0 3.0 2.0 
T J T L I T T T 
p O N o p p q c> p 

1 . 0 

F i g u r e S 6 5 . ' H N M R s p e c t r u m o f 1 3 d ( 5 0 0 M H z , D M S O - i / 6 ) 

i n CN 
m — 
cN i n 

ON i> oo ON ON —i —i m 

i n o o r ~ - ^ o ^ o o o o o ^ o i n 
—i CN —i 
o m 
i n i n 
i n cn 
i n i n 

wém* 
11111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111 
190.0180.0170.0160.0150.0140.0130.0120.0110.0100.0 90.0 80.0 70.0 60.0 50.0 40.0 30.0 20.0 10.0 

X : parts per Million : Carbon 13 

F i g u r e S 6 6 . 1 3 C { ' H } N M R s p e c t r u m o f 1 3 d ( 1 2 6 M H z , D M S O - J 6 ) 

1 0 0 



603.0 603.5 604.0 604.5 605.0 605.5 606.0 606.5 607.0 607.5 608.0 608.5 609.0 609.5 

NL: 
2.62E8 
MS-PK-
ICHe44GA4DTyrC#60 RT: 
1.27 AV:1 SB: 4 0.82-0.88 . 
1.07-1.13 T: FTMS - c ESI Full 
ms [250.0000-750.0000] 

3.48E5 

C-33 H22 BrN 2 O5: 
C33 H22 Bn N 2 O5 
pa Chrg 1 

F i g u r e S 6 8 . H R M S s p e c t r u m o f 1 3 d 

101 



7 . 2 . 8 ( 3 S 4 5 a S ) - 3 - b e n z y l - 7 K 4 - f l u o r o p h e n y l ) - 1 5 ^ 

i s o q u i n o l i n e - l , 4 , 9 , 1 4 ( 3 / / , 6 / / ) - t e t r a o n e 1 3 e 

F i g u r e S 6 9 . ' H N M R s p e c t r u m o f 1 3 e ( 5 0 0 M H z , C D C I 3 ) 

1 0 2 



100-

90-

50-

40-

30 

20 

mj 
o 

264.2322 307.2168 356.1048 393.2620 451.2658 483.1720 513.1812 

650000-

600000-

550000-

500000-

450000^ 

400000-

350000-

300000^ 

250000-

200000-

150000-

100000-

500003 

553.1534 

I I, 589.2249 
679.1363 717.1610 

NL: 
1.78E8 
MS-PK-
CHd41GA4DPheC#47 RT: 
0.97 AV:1 SB:4 0.81-0.87 
1.07-1.13T:FTMS + cESI Full 
look ms [250.0000-750.0000] 

NL: 
6.87E5 

C 3 3 H 2 3 F N 2 O 4 +H: 
C33 H24 F i N2 O4 
pa Chrg 1 

F i g u r e S 7 1 . H R M S s p e c t r u m o f 1 3 e 

7 . 2 . 9 ( 3 S , 1 5 « S ) - 7 - ( 2 - f l u o r o p h e n y l ) - 3 - m ^ 

i s o q u i n o l i n e - l , 4 , 9 , 1 4 ( 3 í ř , 6 í T ) - t e t r a o n e 1 3 f 

0 " 

cd o -

M \ o r> i n \r o \ 00 o s o s — o o o 
—i —i O O o s m i n m M M » 0 i n 
CN CN CN CN —; —; i > ^ t ^ t ^ t ( N ( N 
:>cj oö oö oö oö oö c—- C—- C—- C—- C—- C—-

i n o s o r> i n — 
M \T \D i n CN O 
—; —; p i n i n o q o q 

st "t c n n CN CN 

1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 

6 . 0 5 . 0 4 . 0 3 . 0 

T T T T T -

2.0 12.0 1 1 . 0 1 0 . 0 9.0 

X : parts per Million : Proton 

7.0 

o o s —i o s o s i n cN 
p Os —; p Os p p 
CN © CN © CN 

1.0 

F i g u r e S 7 2 . ' H N M R s p e c t r u m o f 1 3 f ( 5 0 0 M H z , C D C l 3 + M e O H - A ) : N o t e : R e s i d u a l s i g n a l s o f D M F 

at 2 . 8 8 p p m (s) a n d 2 . 9 6 p p m (s) . 

1 0 3 



2 
3 q 

ö 

m Ti Ti -rt SO 
r- o so cN 
sO -r co rn ro -t ^ rri oi K m m m m c-i 

130.0 

3 V sO 
-H CO 

210.0 190.0 170.0 150.0 
X : parts per Million : Carbon 13 

110.0 90.0 70.0 50.0 30.0 10.0 

F i g u r e S 7 3 . C { H } N M R s p e c t r u m o f 1 3 f ( 1 2 6 M H z , C D C l 3 + M e O H - r i 4 ) 

700000-

650000-

600000-

550000-

500000-

450000^ 

400000-

350000-

300000-

250000^ 

200000-

150000-

100000-

50000^ 

279.0934 316.2847 356.1072 401.1530 4231353 

569.219: 
1 513.1934 540.2299 [ 704.2561 726.2381 

NL: 
5.37E8 
MS-PK-
ICHd43GA4DAIadF#37 RT: 
0.78 AV:1 SB: 3 0.82-0.88 
1.09-1.13T:FTMS + cESIFull 
lock ms [250.0000-750.0000] 

NL: 
7.34E5 
C 2 7 H , 9 FN 2 04+H 
C27 H20 Fi N2 O4 
pa Chrg 1 

F i g u r e S 7 4 . H R M S s p e c t r u m o f 1 3 f 

1 0 4 



7 . 2 . 1 0 ( 3 S , 1 5 a S ) - 3 - b e n z y l - 7 - ( 2 - f l u o ^ ^ 

i s o q u i n o l i n e - l , 4 , 9 , 1 4 ( 3 ^ , 6 J Ě T ) - t e t r a o n e 1 3 g 

r i 

c 
cd 

c 
-9 

m 0 \ oo i n o H m o o o c o 
o i n i n Tt T t ^ o> o e s 
CN (N fN N (N -< l> (N (N 00 
od od od od od od od r> r ^ r ^ ^ d 

SO VQ CO -̂ r" 00 
r> h h m o> 
esi es co co p O) 
i n i n TT' TJ-' TJ-' cn 

—< m ^ -H i n 
r- o > ' t a 
—< Tt c o c n c n e s 
r o r i e s e s e s e s 

I A J . _ A ! L . . ~ _ 

I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I 

1 2 . 0 1 1 . 0 1 0 . 0 9 . 0 8 . 0 7 . 0 6 . 0 5 . 0 4 . 0 3 . 0 2 . 0 1 . 0 0 

X : parts per Million : Proton 
f V J O C N - H - H - n - H — 

= p 
0> ON CS 

q 0> ON 
ö e s 

o 
es 

QN 
d 

F i g u r e S 7 5 . ' H N M R s p e c t r u m o f 1 3 g ( 5 0 0 M H z , C D C I 3 + D M S O ) 

1 0 5 



100-

90-

650000-

600000-

550000^ 

500000-

450000-

400000^ 

350000-

300000^ 

250000-

200000-

150000^ 

100000-

500003 

158.9377 210.0647 269.0792 308.2229 

420.1717 

372.2753 l 451.1826 489.1444 543J921 589.2863 647.2591 688.2243 

NL: 
1.12E9 
MS-PK-
ICHi43GA4DPheC_20211215132 
630#42 RT: 0.86 AV: 1 SB: 4 
0.82-0.88 .1.08-1.14 T: FTMS - c 
ESI Full ms [100.0000-750.0000] 

NL: 
6.88E5 
C33 H22 FN2 O4: 
C33 H22 Fi N2 O4 
pa Chrg 1 

100 150 200 250 300 350 400 450 500 550 600 650 700 750 

F i g u r e S 7 7 . H R M S s p e c t r u m o f 1 3 g 

7 . 2 . 1 1 ( 3 S 4 5 a S ) - 7 K 2 - f l u o r o p h e n y l ) - 3 K 4 - h y d r o x y b e n ^ ^ ^ 

p y r a z i n o [ l , 2 - Z » ] i s o q u i n o l i n e - l , 4 , 9 , 1 4 ( 3 / í r , 6 / í r ) - t e t r a o n e 1 3 h 

h ^ M oo \D ro \D 
0\ ^ fO « oo ^ O ^ 

o\ o> i n r ^ r ^ c i c l 
ač r^r^r^r^ \ó \ó \ó \ó 

- H so [> (S >n Ti- o-icsi 
TJ- ^ x in oo — o o. 0\ 0\ sq sq r-; 

U U j ÁXJ <á\ 
1 I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I 

1 2 . 0 1 1 . 0 1 0 . 0 9 . 0 8 . 0 7 . 0 6 . 0 5 . 0 4 . 0 3 . 0 2 . 0 1 . 0 0 

X : parts per Million : Proton 
H H es m H tn <N <N 

F i g u r e S 7 8 . ' H N M R s p e c t r u m o f 1 3 h ( 5 0 0 M H z , D M S O - í f c ) 

1 0 6 



cN m o m 
-H m <N GO 
i n o M M M 

o : 
nj : 

i n m o o - H i n O N m r o 

r ^ ^ d i n ^ ^ d i n ^ 

I I I i J I I I I J i I I I J I 

210.0 190.0 170.0 150.0 130.0 
1 1 1 1 1 

70.0 
'1 1 1 1 1 1 1 

10.0 
X : parts per Million : Carbon 13 

F i g u r e S 7 9 . 1 3 C { ' H } N M R s p e c t r u m o f 1 3 h ( 1 2 6 M H z , D M S O - J 6 ) 

6Ch 

40H 

: 1 
141.0156 303.1713 354J129 447.2090 4 8 4 2 4 3 0 

29.01551 15_2._0339 200,0110 255.2329| ^ | [ [ ^ 411.0301 J [ 

650000= 

600000-j 

550000T 

500000-= 

450000-j 

400000= 

350000-E 

300000-E 

250000= 

200000-E 

150000-E 

100000-= 

50000-j 

"4—r 
100 

575.1265 
605.1732 

L . I. . t 6K.1963 726.2270 

NL: 
2.76E8 
MS-PK-CHi43GA4DTyrC#32 
RT:0.66 AV: 1 SB: 4 

0.82-0.87 .1.08-1.14T: 
FTMS - c ESI Full ms 
[100.0000-750.0000] 

NL: 
6.86E5 
C33 H22 FN2 O5: 
C33 H22 Fi N2 O5 
pa Chrg 1 

F i g u r e S 8 0 . H R M S s p e c t r u m o f 1 3 h 

1 0 7 



7 . 2 . 1 2 ( 3 5 , 1 7 « 5 ) - 3 - b e n z y l - 7 - ( 4 - f l u o r o p h e n y l ) - 1 7 , 1 7 « - d i h y d r o - 2 / / - a n t h r a [ 2 , 3 - / | p y r a z i n o [ l , 2 - 6 ] 

i s o q u i n o l i n e - l , 4 , 9 , 1 6 ( 3 / 7 , 6 / 7 ) - t e t r a o n e 1 3 i 

F i g u r e S 8 1 . ' H N M R s p e c t r u m o f 1 3 i ( 5 0 0 M H z , C D C 1 3 ) 

o 
d -

O 
d -

o -

o 
d -

q 1 
o -
r l 

f d - j 

c 

O 

5 © • 

a> — 
H 0> 

O CM r- CM 
O 0\ 00 -
tN 00 ro 0> 
o r o rn ^ 

0 GO i n 00 t> so r-
t> C\ CM t> 0\ CM 
—1 o 00 O G\ - H o 
n o o\ o\ 06 sb so 
•rj- m CM CM CM - H — 

II J U O | 

i n i n 
00 00 
n o 

" 1 1 1 1 1 1 1 1 

2 1 0 . 0 

• 1 1 1 1 1 1 1 1 

190 .0 170.0 

X : parts per M i l l i o n : C a r b o n 13 

1 1 1 1 1 1 1 1 1 1 

150 .0 
1 1 1 1 1 1 1 1 1 
130 .0 

1 1 1 1 1 1 1 1 

110 .0 9 0 . 0 7 0 . 0 5 0 . 0 3 0 . 0 10.0 

F i g u r e S 8 2 . 1 3 C { ' H } N M R s p e c t r u m o f 1 3 i ( 1 2 6 M H z , C D C 1 3 ) 

1 0 8 



100-

90-

5211411 561.1837 

NL: 
3.96E6 
MS-PK-
ICHh41GA8DPheC#52 RT: 
1.12 AV:1 SB: 4 0.82-0.87 
1.08-1.14 T: FTMS - c ESI Full 
ms [250.0000-750.0000] 

597.3890 
615.1516 648.3616 698.9131 727.1785 

650000-

600000-

550000-

500000-

450000^ 

400000-

350000-

300000-

250000-

200000-

150000^ 

100000-

50000-

NL: 
6.58E5 
C37H24FN2O4: 
C37H24F, N2O4 
pa Chrg 1 

F i g u r e S 8 3 . H R M S s p e c t r u m o f 1 3 i 

7 . 2 . 1 3 ( 3 5 4 6 a 5 ) - 3 - b e n z y l - 8 - p h e n y l - 2 , 3 , 6 , 7 4 6 4 6 a - h e x a h y d r o a n t h r a [ l , 2 - < i ] p y r a z i n o [ l , 2 

a z e p i n e - l , 4 , 1 0 , 1 5 - t e t r a o n e 1 4 a 

i i i i I i i i i 11 i i i I 11 i i i i i i i 11 i i i i i i i i I i i i i 11 i i i I i i i 11 i i i i 11 i i i i i i i i I i i i i 11 i i i I i i i i 11 i i i 11 i i i i i i i i 11 i i i i 11 i i I 11 i i i i i i i I i i i i i i i i i 11 i i i i 11 i i I i i i i 11 i i i I 11 i i 
14.0 13.0 12.0 11.0 10.0 9.0 8.0 7.0 6.0 5.0 4.0 3.0 2.0 1.0 0 

o o — i i > ^ o m o o - ^ o o —i i r , ^ o o m ^ s O C N p p p p p p p p p o s p a o\ p p o s o s r n 
^ C N C N C N — ^ C N C N — i M O —< —I © CN —! 6 6 H 

X : parts per Million : Proton 

F i g u r e S 8 4 . lU N M R s p e c t r u m o f 1 4 a ( 5 0 0 M H z , C D C I 3 ) 

1 0 9 



•* 
CO J 

<N -

ON 
Ö " 

O 

NO 
Ö " 

ö" 

•S <=>• 

m o o O N C N m O N - H - H C N - H C N C N t n M ( N N 0 O 0 0 0 0 \ 0 ^ h 1 - i n 
ON m 
sC 0 0 
NO m 
ON \d 
in m 

m ON <N 
NO -H OO — m ^ m ON 

fN i-H -sfr Ö 
•si- m m 

II II 1,11, 
1 1 1 1 1 1 1 1 1 1 

210.0 
1 1 1 1 1 1 1 1 1 

190.0 
1 1 1 1 1 1 1 1 1 1 

170.0 
1 1 1 1 1 1 1 I 1 1 1 1 1 1 1 1 1 11 

150.0 130.0 
1 1 1 1 1 1 1 1 1 1 

110.0 90.0 70.0 50.0 30.0 10.0 
X : parts per Million : Carbon 13 

F i g u r e S 8 5 . 1 3 C { ' H } N M R s p e c t r u m o f 1 4 a ( 1 2 6 M H z , C D C 1 3 ) 

NL: 
2.52E8 
MS-PK-
CHg49GA4DPheC#43 RT: 
0.93 AV:1 SB:4 0.81-0.88 
1.08-1.14 T F T M S + c ESI Full 
look ms [250.0000-750.0000] 

60^ 

50; 

40; 

326.3780 352.1306 402.3579 424.3636 482.4059 509.1830 
549.1783 585.2498 

I, L [ 6142656 640.5886 672.5272 721.5075 745.3755 

650000T 

600000; 

550000; 

500000; 

450000; 

400000; 

350000; 

300000; 

250000; 

200000-j 

150000; 

100000; 

50000; 

C34 H26 N2 O4 +H: 
C34H27N2O4 
pa Chrg 1 

250 

F i g u r e S 8 6 . H R M S s p e c t r u m o f 1 4 a 

1 1 0 



7.2.14 (35,16a5)-3-(4-hydroxybenzyl)-8-phenyl-2,3,6,7,16,16a-hexahydroanthra[l,2-ď| 

pyrazino[l,2-a]azepine-l,4,10,15-tetraone 14b 

CN 
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O 0\ (N 
x r~- oi z> p 
r i co CN 

N I 1/ \Y ^ V 
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o •ŇT oo i n o 
H - H o r> 
o ^q ^q i n 
^ d r i (N r i r i 
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I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I 

12.0 11.0 10.0 9.0 8.0 7.0 6.0 5.0 4.0 3.0 2.0 1.0 0 
? TT « L , TT v y ? 

X : parts per Million : Proton 
m m ( N - i ( N CN CN 

Figure S87. 'H NMR spectrum of 14b (500 MHz, DMSO-cfe) 

t O 
r i r i 
ON CN r> o r> 

m rN 
SO oo 
r t m 

O 
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210.0 190.0 170.0 150.0 130.0 110.0 90.0 70.0 50.0 30.0 10.0 
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Figure S88.13C{'H} NMR spectrum of 14b (126 MHz, DMSO-cfe) 
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Figure S89. HRMS spectrum of 14b 
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Figure S90. 'H NMR spectrum of 14c (500 MHz, CDC13) 
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Figure S91. C{ H} N M R spectrum of 14c (126 M H z , CDC13) 
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Figure S92. Detailed 1 3 C{'H} N M R spectrum of 14c - aromatic area (126 M H z , CDC13) 
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Figure S93. HRMS spectrum of 14c 

7.2.16 (S)-2-benzyl-7^4-bromopheny^ 

isoquinoline-l,4,9,14(3íif,6ír)-tetraone 16a 
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Figure S94. ' H N M R spectrum of 16a (500 M H z , CDC13) 
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Figure S95. 1 3 C{'H} N M R spectrum of 16a (126 MHz, CDC13) 
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Figure S96. HRMS spectrum of 16a 
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7.2.17 (5)-7^4-fluorophenyl)-2-propyl-1545a-dihydro-2//-naphtho[2,3-/|pyrazino[l,2-R] 

isoquinoline-l,4,9,14(3Z7,6Z/)-tetraone 16b 

Figure S97. ' H N M R spectrum of 16b (500 MHz, CDC13) 

Figure S98.1 3C{ 'H} N M R spectrum of 16b (126 M H z , CDC13) 
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Figure S99. HRMS spectrum of 16b 
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Figure S100. ' H N M R spectrum of 16d (500 M H z , CDC13) 
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Figure S101.1 3C{'H} N M R spectrum of 16d (126 MHz, CDC13) 
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Figure S102. HRMS spectrum of 16d 
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7.2.19 (5)-2-benzyl-8-phenyl-2,3,6,74646a-hexahydroanthra[l,2-rf]pyrazino[l,2-a]azepine-

1,4,10,15-tetraone 17a 
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Figure S103. ' H N M R spectrum of 17a (500 M H z , CDC1 3). 
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Figure S104. " C f ' H } N M R spectrum of 17a (126 MHz, CDC13) 
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Figure S105. HRMS spectrum of 17a 
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1,4,10,15-tetraone 17b 
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Figure S106. ' H N M R spectrum of 17b (500 M H z , CDC13) 
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Figure S107. U C{ 'H} N M R spectrum of 17b (126 MHz, CDC13) 
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Figure 108. Detailed 1 3 C{'H} N M R spectrum of 17b - aromatic area (126 M H z , CDC13) 
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Figure S109. HRMS spectrum of 17b 

7.2.21 (5)-7-(3-fluorophenyl)-1545a-dihydronaphtho[2,3/|[l,4]oxazino[4,3-Z>]isoquinoline-

l,4,9,14(3/7,6/Z)-tetraone 19a 
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Figure S110. ' H N M R spectrum of 19a (500 M H z , CDC1 3). Note: Residual signals of EtOAc at 4.12 

(q), 2.04 ppm (s) and 1.25 ppm (t). 
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Figure S112. Detailed 1 3 C{'H} N M R spectrum of 19a - aromatic area (126 M H z , CDC1 3) 
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Figure S115. 1 3 C{'H} N M R spectrum of 19b (126 MHz, CDC1 3). Note: Residual signals of DMSO 

at 40.9 ppm and H grease 29.6 ppm. 
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Figure S116. HRMS spectrum of 19b 
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