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Abstract - The title compound (27) has been synthesized starting with chrysarin 

(1.8-dihydroxyanthraquinone) via 10-methoxy-8-(metho~y)meth0xy~I-anthr~~enone 

(9). The strategy involves a stepwise and srereoselertive construction of the 

ombicycle and pyranolactone systems upon 9. 

The naphthoquinone antibiotic granaticin ( I ) ,  originally isolated from the culture of Streptomyces 

olivacevs in 1957' and since detected in a number of orher actinomycetes, is active against Gram- 

positive bacteria and protozoa and exhibits significant antitumor activity against P-388 lymphocy- 

tic leukemia in mice.' Of noteworthy in the structure 1, which had been determined by a cambina- 

tion of chemical degradation and X-ray analysis in 1 9 6 8 , ~  is that granaricin can be regarded a s  a 

structural hybrid composed of sarubicin A (2)' and nanaomycin D (315 in their s-glycoside derived 

onabicycle6 and pyrano-y-lactone systems, respectively. Our interest in this novel molecule has 

led us to embark on a program directed towards its total synthesis. 

g r a n a t i c i n  ( 1 )  

s a r u b i c i n  A ( 2 )  

nanaomycin D ( 3  ) 



The Scheme I illustrates the outline of two synthetic approaches to 1 that we envisioned based on 

our preliminary investigations. With regard to the preparation of the oxabicycle moiety, both 

routes ( A  & B) utilize the methodology that has been introduced by us for the total synthesis of 

2.7 For the construction of the pyrano-v-lactone moiety, on the ocher hand, the method of Kraus 

and ~~th' should meet our strict requirements: mildness of the reactions involved, which does not 

affect the preformed oxabicycle, and high stereoselectivity as improved by All other methods 

so f a r  reported in nanaomycin synthesis,10 which involve an acid-catalyzed epirneriaation of the 

ben~ylic C-Me, are n o t  adaptable, since the oxabicycle would not survive under the reaction 

conditions. Here we report the first synthesis of the title compound having the complete skeleton 

of 1 by the route A.  
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Chrysazin (4), the starting material in this investigation, was first converted in three steps 

(75% yield) to triacetoxyanthracene (5) according to the procedures described in the literature.'' 

Extensive investigation on the partial hydrogenation of 5 has established the conditions leading 

to either tetrahydro compound (6) in 54% yield (5% Rh-Pd-C/AcOEt, 20 atm, room temp.) or its 

hydrogenolysis product 7 in 65% yield (5% Rh-CIAcOEt, 95 atm, 140"~). The compound 6 was transfo- 

rmed into diacetonyanthracenone (8) in 80% yield by the following manipulation of the benrylic 1- 

acetoxy group: i) trifluoroacetolysis (TFA, room temp., 1 h); ii) ethanolysis of the resulting 

trifluoroacetate (EtOH, Et3N, O°C, 2 h); iii) oxidation of the liberated 1-hydroxy function (PCC, 

4A sieves, CH2C12, O°C to room temp.). The ketone 8 was also obtained from 7 in 63% yield by a 

regioselective benrylic oxidation with 3,5-dimethylpyrazole-Cr03 complex.12 It was then converted 

to l0-methoxy-8-(methoxy)methoxy-l-anthraceno (9) in 65% yield by a stepwise &alkylation invol- 

ving selective hydrolysis of the less hindered &acetate group: i) 1 eq 1.5% KOH-EtOH, 0%; ii) 

MeOCH2C1, NaH, DMF; i i i )  3% KOH-EtOH, room temp.; iv) Me2SOq, 6% KOH, CH2C12, n-BuqNBr). Alterna- 

tively, 9 was obtained from 7 in 55% yield h y  carrying out the stepwise g-alkylation first (forma- 

tion of 1 0  in 80% yield) and then DDQ oxidation in M ~ O H ' ~  at room temperature (Scheme 11).  The 

structure of 9 was confirmed by its conversion to 11 (deprotection of the MOM group followed by Q- 

ethylation), which was identical with an authentic sample prepared from 1-ethoxy-5-hydroxynaph- 

thalene.14 

With a ready access to the dialkonyanthracenone 9 being established, construction of 5,6-naphtho- 

2-axabicyclo[2.2.2]octene system was i n i t i a t e d  by transformarion into the ally1 alcohol 13 (Scheme 

111), which was performed by three steps in 77% overall yield as follows: i) reaction with 

CH2=C(OMe)Li followed by acid workup to give the o-ketol 12 (87%), ii) NaBH4 reduction of 12 in 

iso-PrOH, iii) trifluoroacetic acid-catalyzed dehydration of the crude dial in CH2C12 (4 eq TFA, 

0.14 M) at room temperature (88% yield from 12). &-Dihydronylation of 13 by a catalytic osmyla- 

tian (0.1 eq 0s04, 6 eq Me3N0, aqueous m - B u O H ,  60%) produced a diastereomeric mixture of  

triols, 14 and its 1'-epimer, which were separable on their di-'-acetates by silica gel chromato- 

graphy to provide 1 5  (83%) and its 1'-epimer (2.5%). The trio1 14," which was obtained as a 

gelatinous mass by hydrolysis of its acetate 15, was subjected to NBS mediated cyclization (10-'M 

14 in CC14, 1 eq NBS, 2 eq cyclohexene oxide, 0.1 eq AIBN, 40% by sunlamp, 20 min) to afford 1615 

in 81% chromatoghraphed yield. 

Transformation of 16 into the acetonaphtoquinone 20, that is required for attachment of the 

pyranolactone functionality, was nicely achieved as follows. Treatment of the carbonate 1 7  with 4 

eq NBS in aqueous AcOH at 50% for 3 0  min produced the bromoquinone 1815 in 78% yield. The 

position of the bromine atom as indicated in the structure (Scheme 111) was assigned based on the 
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presumed r e a c t i o n  mechanism, which would be t h e  same i n  p r i n c i p l e  as  t h a t  s u g g e s t e d  f o r  the  case 

o f  1,5-diaceto~ynaphthalene.~~ Replacement  o f  t h e  b romine  atom w i t h  a c e t y l  g roup  was t h e n  c a r r i e d  

o u t  by t h e  f o l l o w i n g  sequence  of r e a c t i o n s  v i a  a l i t h i o  i n t e r m e d i a t e :  i )  r e d u c t i v e  2 - m e t h y l a t i o n  

(aqueous Na2SZO4/AcOEt; t h e n  Me2S04/K2C03/acetone,  r e f l u x ,  7 0 % ) ;  i i )  e x c h a n g e  of t h e  c a r b o n a t e  

group f o r  i s o p r o p y l i d e n e  g roup  (MeOH-KOH; t h e n  CH2=C(OMe)Me, CSA, 92%); i i i )  a c e t y l a t i o n  (n-BuLi, 

-78'C; CeC13,17 Ac20 a t  -lOO°C, 71%). The compound  1 9  t h u s  o b t a i n e d  was s u b j e c t e d  t o  o x i d a t i v e  

d e r n e t h y l a t i o n  employ ing  Rapoport ' s  p rocedure  ( 4  e q  A ~ O I H N O ~ ) ' '  t o  g e n e r a t e  t h e  ace tonaphthaqu inone  

20. T h i s  s e n s i t i v e  qu inone  was, w i t h o u t  p u r i f i c a t i o n ,  a l l o w e d  t o  r e a c t  w i t h  2  eq 2 - m - b u t o x y -  

f u r a n  i n  d r y  acetone (-70 t o  -lO°C, 8 0  min). The a c e t o n e  s o l u t i o n  o f  t h e  r e s u l t i n g  M i c h a e l  adduc t  

was r e f l u x e d  f o r  8 0  min w i t h  2.5 eq Me2S04 i n  t h e  p r e s e n c e  of 3 eq K2C03, the reby  p r o d u c i n g  2 1  i n  

54% y i e l d  from 20. 

F o r m a t i o n  o f  t h e  p y r a n o - Y - l a c t o n e  s y s t e m  was now commenced by LiA1H4 r e d u c t i o n  o f  t h e  k e t o n e  

f u n c t i o n  i n  21 (E t20 ,  -50 t o  -30°C). The p r o d u c t ,  a d i a s t e r e o m e r i c  m i x t u r e  of t h e  c a r b i n o l s  2 2 ,  

was s u b j e c t e d  t o  t h e  dep ro t ec t i on -cyc l i r a t i on  s e q u e n c e  a c c o r d i n g  t o  a m o d i f i c a r i o n 9  of t h e  Kraus' 

p r o t o c o l  as  f o l l o w s :  i) Y-naphthy lbu teno l ide  Format ion  by t r e a t m e n t  w i t h  1 eq TsOH i n  MeCN (room 

temp., ca. 8  mi"; quench ing  i m m e d i a t e l y  a f t e r  2 2  had been consumed); i i )  pyran-r ing c l o s u r e  w i t h  1  

eq DBU i n  to luene-CH2C12 ( 1 : l )  a t  -lO°C f o r  1 0  min.  T h e r e  w a s  o b t a i n e d  a ca. 4:4:1:1 m i x t u r e  o f  

f o u r  d i a s t e r e o m e r i c  p y r a n o l a c t o n e s  t h a t  p o s s e s s  t h e  c o m p l e t e  ca rbon  s k e l e t o n  of g r a n a t i c i n ,  i n  55- 

60% o v e r a l l  y i e l d  f r o m  21. T h e s e  i s o m e r s  c o u l d  h a v e  b e e n  s e p a r a t e d  by MPLC ( 1 0 u  s i l i c a  g e l ,  

AcOEt/hexane=2:1) i n  pure  s t a t e s .  Assignment  of t h e  major two  i somers  t o  23a.b (la&=) and 

t h e  m i n o r  t w o  t o  2 4 a . b  ( 3 a , 5 - e ) ,  b a s e d  on  t h e  known p r e f e r e n c e  o f  t h e m  p r o d u c t  i n  s u c h  

a n n ~ l a t i o n , ~  was s u p p o r t e d  by ' ~ - n m r  a n a l y s i s  (270 MHZ)," d i a g n o s t i c  s i g n a l s  be ing  t h o s e  of C3,-H 

( 6  4.77 f o r  23a.b;  6  4.40 f o r  24a .b )  a n d  C5-H (6 5.38 F o r  23a.b;  6  5.07 f o r  24a.b)  o n  t h e  pyrano-  

l a c t o n e  g r o u p .  A l t h o u g h  2 3 a  ( l e s s  p o l a r )  a n d  2 3 b  ( m o r e  p o l a r )  c a n  be  d i f f e r e n t i a t e d  f r o m  e a c h  

o t h e r  by t h e  r e s o n a n c e s  o f  o f  CIS-CH3 i n  t h e  o n a b i c y c l e  ( 6  0.81 a n d  0.87, r e s p e c t i v e l y ) ,  t h e  

d i f f e r e n c e  i s  t o o  s m a l l  t o  p r o v i d e  any i n f o r m a t i o n  on t h e i r  s t e r e o c h e m i s t r y .  The s t r u c t u r e s  were, 

t h e r e f o r e ,  d e t e r m i n e d  by X-ray a n a l y s i s  which was per formed  on t h e  a c e t o n i d e  of 23b.19 

The compound 2 3 a ,  which h a s  t h e  same s t e r e o c h e m i s t r y  as 1, could  be o x i d i z e d  w i t h  c e r i c  ammonium 

n i t r a t e z 0  a f t e r  p r o t e c t i o n  of t h e  1 , 2 - g l y c o l  s y s t e m  a s  a c e t o n i d e  o r  c a r b o n a t e  t o  f u r n i s h  t h e  

c o r r e s p o n d i n g  naph thoquinones  25 or  26. B r i e f  t r e a t m e n t  o f  25 w i t h  TsOH in MeCN a f f o r d e d  27, (?)- 

7-deoxygrana t ic in  12-2-methyl e the r .15  A t  t h i s  p o i n t  we encounte red  major d i f f i c u l t i e s  i n  Q-de- 

m e t h y l a t i o n  o f  2 7 ,  t h e  f i r s t  and y e t  e s s e n t i a l  s t e p  f o r  o x i d a t i o n  t o  t h e  n a p h t h a z a r i n  system i n  

1. R e a c t i o n  o f  BC13 w i t h  2 6  o c c u r r e d  p r e f e r e n t i a l l y  a t  t h e  o x a b i c y c l e  l e a d i n g  t o  a c l e a n  c leavage  

of t h e  b e n z y l i c  Cll-0 bond. At tempt  f o r  n u c l e o p h i l i c  d e m e t h y l a t i o n  w i t h  M ~ S L ~ "  r e s u l t e d  i n  t h e  



d e s t r u c t i o n  of  t h e  p y r a n o l a c r o n e  s y s t e m .  T h u s ,  u s e  of a c h e m o s e l e c t i v e l y  removable p r o t e c t i n g  

group  f o r  t h e  p h e n o l i c  C12-OH should  be c o n s i d e r e d  t o  accompl i sh  t h e  t o t a l  s y n t h e s i s  o f  1. Inves-  

t i g a t i o n s  a l o n g  t h i s  l i n e  are i n  p r o g r e s s  i n  our l a b o r a t o r y .  
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( d ,  J = 3.7 Hz, IH) ,  5.37 ( q ,  J = 6.8 Hz, IH),  5.63 ( d ,  J = 2.7 Hz, l H ) ,  8.02 ( s ,  IH). 
24a ( l e s s  p o l a r  i s o m e r ) :  0.86 ( d ,  J = 6.2 Hz, 3H), 1.57 ( d ,  J = 14.8 Hz, IH),  1.74 ( d ,  J = 
6.3 Hz, 3H), 2.78 ( d ,  J = 17.2 Hz, IH),  2.94 ( d d ,  J = 17.2,  4.0 Hz, lH) ,  2.97 ( d d d ,  J = 

14.8, 7.1, 2.4 Hz, lH),  2.9-3.1 ( b r ,  2H, OH), 3.87 ( s ,  3H),  3.92 ( s ,  3H), 3.99 ( q ,  J = 6.2 
Hz, lH) ,  4.03 ( s ,  3H). 4.12 ( d ,  J = 7.1 Hz, IH) ,  4.40 ( d d ,  J = 4.0, 2.4 Hz, IH), 5.07 ( q ,  J = 
6.3 Hz, IH),  5.33 ( d ,  J = 2.4 Hz, l H ) ,  5.63 ( d ,  J = 2.4 Hz, l H ) ,  8.09 (s ,  1H). 
24b (more p o l a r  i s o m e r ) :  0.81 ( d ,  J = 6.2 Hr,3H),  1.61 ( d ,  J = 14.5 Hz, lH) ,  1.77 ( d ,  J = 
6.3 Hz, 3H), 2.79 ( d ,  J = 17.4 Hz, IH) ,  2.94 ( d d ,  J = 17.4, 4.4 Hz,  IH) ,  2.98 ( d d d ,  J = 14.5, 
7.1,2.2 Hz, IH) ,  2.85-3.0 ( b r ,  2H, OH), 3.85 ( s ,  3H), 3.87 (s ,  3H), 3.97 ( q ,  J = 6.2 Hz, 
IH), 4.02 ( s ,  3H), 4.19 ( d ,  J = 7.1 Hz, IH) ,  4.40 ( d d ,  J = 3.9, 2.5 Hz, IH) ,  5.07 ( q ,  J = 6.3 
Hz, lH),  5.35 ( d ,  J = 2.2 Hz, IH) ,  5.61 ( d ,  J = 2.5 Hz, IH) ,  8.07 (s ,  1H). 
27 (mp 2 6 1 - 3 ° ~ ) : 0 . 7 9  ( d ,  J = 6.2 Hz ,3H) ,1 .52  ( d , J  = 12.6 Hz, lH) ,  1.56 ( d ,  J = 6.7 
Hz, 3H), 2.71 ( d ,  J = 17.6 Hz, IH) ,  2.93 ( d d d ,  J = 12.6,  8.8, 3.1 Hz, IH), 2.93 (s ,  IH, OH), 
2.95 ( s , l H ,  OH), 2.98 ( d d ,  J = 17.6, 5.2 H z , l H ) ,  3.93 ( q ,  J = 6.2 Hz, IH) ,  3.93 ( s ,  3H), 
4.12 ( d , J  = 8.8 Hz, IH) ,  4.69 ( d d ,  J = 5.2, 3.1 Hz, IH),  5.05 ( q ,  J = 6.7 Hz, IH), 5.29 ( d ,  
J = 3.1 Hz, 2H), 8.16 ( s ,  1H). 
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