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ABSTRACT 

I s 0  ropy1 i denat i  on o f  l - a ry l -3 - (D-e r  thro-glycerol-l-y1~-6,7- 
d i  methy ffl avazol es under thermodyanmicl'&y73ntrol 1 ed condi t i ons 
o c c u r r e d  r e g i o s e l  e c t i  ve l  y t o  g i v e  p r o d u c t s  h a v i n g  a - t e r m i n a l  
i s o p r o p y l i d e n e  r i n  s. The r o l e  o f  t h e  s t e r i c  o r i e n t a t i o n  o f  t h e  

The loca t i on  o f  
t xe  isopro y l idene r i n g  was confirmed by acy la t ion  and by studying the  

The d i f f e r e n c e  i n  t h e  chemical  s h i f t  (AS)  
between t h e  p r o t o n  resonances of t h e  two  methy l  groups o f  t h e  
i sopropyl i dene r i n g  agreed w i t h  t h e  s h i f t  r u l  e o f  E l  Ashry. 

h droxyl groups on t a e reg iose lec t i v i t y  was discussed. 

spec t ra  o P t h e  products. 

INTRODUCTION 

Acetal i z a t i o n  o f  the  hydroxyl groups o f  carbohydrate mol ecul es i s 

a well-known2 means f o r  t h e i r  protection. The process can be fo l lowed 

by sequential mod i f i ca t ion  o f  t he  r e s t  o f  t h e  hydroxyl groups, inc lud ing  

even t h e  masked ones. Format ion  o f  a c e t a l s  i s  c o n t r o l l e d  by va r ious  

 factor^,^'^ one o f  them being the  conf igura t ion  o f  t he  hydroxyl groups 

i n  the  carbohydrate moiety. Recently a s h i f t  r u l e  was developed by E l  

* 
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498 EL ASHRY ET AL. 

Ashry8 for assigning the configuration of the i sopropyl idenated hydroxyl 

groups from the chemical s h i f t  differences ( A s )  between the proton 
resonances of t h e  two methyl groups observed i n  their  lH NMR spectra. 
This chemical s h i f t  phenomenon was observed i n  the products o f  

isopropylidenation of - C-polyhydroxyal kyl pyrazol  inediones, and  a 
correlation between the configuration of their hydroxyl groups and the 
1 ocation o f  the i sopropyl i dene r i n g  was devel oped.*s9 I n  t h e  present 

work, the isopropylidenation o f  a class of acyclic - C-nucleoside analogs, 
the l-aryl-3-(D-erythro-glycerol-l-yl)-6,7-dimethyl - f l  avazo l  es, was 
investigated i n  order t o  extend the a p p l i c a t i o n  o f  th i s  sh i f t  rule. 

Moreover, such partially protected derivatives c o u l d  be useful 
precursors, e.g., as an a1 ternative synthesis of a r t i f i c i a l  antigens.l* 

RESULTS AND DISCUSSION 
When 3- (D-ery - t h  ro- gl ycerol- l-y 1 )-6,7-di methyl -1-phenyl -fl avazol e 

(1, - Scheme 1) was subjected t o  the action of acetone i n  the presence of 

an acid catalyst, a p r o d u c t  was isolated in a crystall ine form whose 
structure proved t o  be 4, as i t  will be l a t e r  shown. Similarly, t h e  

isopropylidenation of 2 and  3 afforded 5 and 6 ,  respectively. The 

format ion  of the a-terminal dioxolane r i n g  from such a reaction, and  

n o t  the a-erythro r ing ,  agreed w i t h  the previous conclusions on the 
role of configuration of the hydroxyl groups.' The kinetic and  the 
thermodynamic products obtained on acetal ization of the L-threo isomer 
are different. Thus, rearrangement of the a-termi nal-dioxol ane occurred 
readily i n  the case of the L-threo isomer t o  give the a-threo- 

dioxol ane, whereas the a-termi nal r i n g  i n  the case o f  the 2-erythro 
isomer d i d  not  rearrange t o  the a-erythro-dioxolane ring.' The la t ter  

dioxolane was n o t  favored, since, i n  sp i te  o f  the more symmetrical 
substitution on the 4- and 5-positions, the substitutents will be 
unfavorably c i s  oriented. This leads t o  a difference i n  the relative 
free energy of such dioxolanes, which i s  of considerable significance in 
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REGIOSELECTIVE PROTECTION OF HYDROXYL GROUPS 499 

a 

SCHEME 1 

d e t e r m i n i n g  t h e  s t r u c t u r e  o f  t h e  product. On t h e  o t h e r  hand, t h e  

rearrangement  o f  t h e  a - t e r m i n a l  r i n g  o f  t h e  L - t h r e o  - isomer  t o  t h e  a- 

- threo r i n g  having a more symmetrical subs t i t u t i on  could be promoted by 

t h e  c o n c o m i t a n t  e x i s t e n c e  o f  t h e  4 , s - s u b s t i  t u e n t s  i n  a t r a n s  

d i  sposi ti on. 

The loca t i on  o f  the  isopropyl idene r i n g  on the  g lycero ly l  residues 

was deduced by the  app l ica t ion  o f  t he  s h i f t  r u l e  of E l  Ashry.* Thus the  

‘H NMR spectra o f  4-6 (Table 1) showed two s ing le ts  f o r  t he  two methyl 

g roups ,  d e s i g n a t e d  a s  6 1  and 62 a t  61.29-1.39 and 61.17-1.27, 
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500 EL ASHRY ET AL.  

Tab le  1. l H  NMR Spectra l  Data for I s o p r o p y l i d i n e  D e r i v a t i v e s  (4 - 6)  

Compound H - 1  H-2 H-3,3' OH CMe2 2 Me Aromatic 
No. ( J  1,2 )Hz 

Chemical s h i f t s  (6) 

5 5.16 4.93 4.21 6.10 1.20, 1.33 2.5 7.76-8.40 

(d, 7.5) ( q )  ( d )  ( d )  (2s) ( 5 )  ( m )  

6 5.13 4.93 4.18 6.23 1.17, 1.29 2.5 7.70-8.43 

(d, 7.5) ( q )  ( d )  ( d )  (2s)  ( 5 )  ( m )  

r e s p e c t i v e l y .  The v a l u e  o f  A6 (61-62) was t h e n  c a l c u l a t e d  i n  each 

case, and i t  was f o u n d  t o  be ca. 0.12, i.e., w i t h i n  t h e  upper  range  

o f  t h a t  v a l u e  r e q u i r e d  f o r  a t e r m i n a l  r i n g .  I n  o r d e r  t o  c o n f i r m  t h i s  

c o n c l u s i o n ,  t h e  s t r u c t u r e s  o f  t h e  p r o d u c t s  have been v e r i f i e d  b y  

c o m b i n a t i o n  o f  b o t h  chemica l  and p h y s i c a l  methods. Thus t h e  l H  NMR 

spec t rum o f  4 showed t w o  d o u b l e t s  a t  64.23 (H-3,3') and 5.13 (H-11, a 

q u a r t e t  a t  6 4.93 (H-21, i n  a d d i t i o n  t o  a mu1 t i p l e t  a t  6 7.60-8.37 

( a r o m a t i c  p r o t o n s ) ,  and a s i n g l e t  a t  62.4 ( 6  and 7 -methy l s ) .  

Although these data d i d  c o n f i r m  t h e  presence o f  an isopropyl idene 

group, t h e y  d i d  n o t  c o n f i r m  i t s  l o c a t i o n  on t h e  g l y c e r o l y l  res idue .  

However, t h i  s was achieved by t h e  comparison o f  t h i  s spec t ra l  data w i t h  

t h a t  o f  t h e  c o r r e s p o n d i  ng a c y l a t e d  d e r i v a t i v e .  Thus a c e t y l  a t i o n  o f  4 

w i  t h  a c e t i c  anhydr ide i n p y r i  d i  ne aforded t h e  monoacetyl d e r i  v a t i  ve 7. 

I t s  IR spectrum showed t h e  presence o f  a band a t  1760 cm-l (OAc) i n s t e a d  

o f  a band a t  3425 c m - l  (OH) i n  4. The l H  NMR s p e c t r u m  o f  7 ( T a b l e  2)  

showed two s i n g l e t s  a t  61.28 and 1.37, assigned f o r  t h e  i sop ropy l i dene  
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REGIOSELECTIVE PROTECTION OF HYDROXYL GROUPS 501 

Table 2. l H  NMR Spectral  Data for Acylated Derivat ives  7, 9, and 10-12. 

Compound H-1 H-2 H-3,3' CMe2 Ac 2 Me Aromatic 

Chemical s h i f t s  ( 6 )  

NO. (J1,2)Hz (52.3, J2,3's J3,3' )Hz 

7 6.47 5.0 4.28 1.28, 1.35 2.19 2.43 7.4-8.36 

9 6.53 5.0 4.23 1.30, 1.37 2.20 2.50 7.48-8.43 

10 5.50 4.93 4.46, 4.20 1.40, 1.47 2.50 7.22-8.47 

11 5.46 4.90 4.40, 4.26 1.43, 1.50 2.56 7.22-8.4 

12 6.73 5.06 4.38 1.33, 1.40 2.53 7.48-8.47 

( d ,  6) (9) ( d )  (2s) ( 5 )  ( 5 )  ( m )  

( d ,  6) ( 5 )  ( d )  (2s) ( 5 )  ( 5 )  ( m )  

( d ,  6) ( d )  (2q. 4.5, 6.0, 10.5) ( 2 s )  ( S )  (m)  

(q .  6) ( 9 )  (2q, 4.5, 6.0, 10.5) (2s) ( 5 )  ( rn) 

( d ,  6) ( 9 )  ( m )  125) ( 5 )  (m)  

group,  f o l l o w e d  by a s i n g l e t  a t  62.19 d u e  t o  t he  a c e t y l  group. The 
6,7-dimethyl groups appeared a s  a s i n g l e t  a t  62.43. T h e  C-3 methylene 
p r o t o n s  appeared  as a doub le t  a t  64.28. T h e  H-2 and H - 1  appeared a s  a 

q u a r t e t  and doubl e t  a t  65.0 and 6.47, r e s p e c t i v e l y .  

The chemical s h i f t s  of the protons on the glycerolyl s i d e  chain of 

the i sopropyl idene and i t s  ace t a t e  indicated t h a t  H - 1  i s  the only proton 

h i g h l y  a f f e c t e d  by the a c e t y l a t i o n ,  and consequent ly  t h i s  i s  the 

pos i t ion  a t  w h i c h  the hydroxyl group was acetylated.  T h i s  f a c t  l e d  t o .  

the conclusion t h a t  the isopropylidene group was loca ted  on posi t ions 2 
and 3 of the  g l y c e r o l y l  s i d e  chain.  The p roduc t  was t h e r e f o r e  

formulated as 3-(l-O-acetyl-2,3-O-i - - sopropyl i dene-LJ-erythro-glycerol-1- 

yl)-6,7-dimethyl-l-phenyl flavazol e (7 1. 
Benzoyl a t i o n  of 4 w i t h  benzoyl c h l o r i d e  i n py r i  di  ne a f f o r d e d  t h e  

monobenzoyl a t ed  der iva t ive  10, whose IR spectrum showed the presence of 

the OBz group a t  1730 cm'l. N M R  spectrum of  4 showed two 

s i n g l e t s  a t  6 1.40 and 1.47 assigned f o r  the isopropylidene group, and a 

The 
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502 EL ASHRY ET AL. 

s i n g l e t  a t  62.50 f o r  the  6 ,7 -d ime thy l  groups.  The d i f f e r e n c e  i n  t h e  

c h e m i c a l  s h i f t s  o f  t he  p r o t o n s  on the g l y c e r o l y l  s ide  c h a i n  of  t he  

i s o p r o p y l i d e n e  4 and i t s  b e n z o a t e  10 i n d i c a t e d  t h a t  b e n z o y l a t i o n  had  
occurred on the C - 1  hydroxyl group. The benzoate was t h u s  formulated a s  

3- (l-O-benzoyl-2,3-0-1 - - sopropyl i dene-l)-erythro-glycerol-1-yl )-6,7-dimeth- 

yl-l-phenylflavazol e (10). 

Deacetylat ion of 7 gave the a c e t a l  4, confirming t h a t  no migrat ion 
had  t a k e n  p l  a c e  d u r i n g  the  s t e p  o f  a c y l  a t i o n .  Acid h y d r o l y s i s  o f  9 by 
t h e  a c t i o n  o f  a q u e o u s  a c e t i c  a c i d  a f f o r d e d  t h e  c o r r e s p o n d i n g  

monoacyl a t e d  de r iva t ive ,  3-(l-O-acetyl-g-erythro-g1 - y c e r o l  -1-yl ) - l - ( ~ -  

chlorophenyl)-6,7-dimethyl f l a v a z o l e  (13). S i m i l a r l y ,  a c i d  hydro lys i s  o f  

10 gave 3-(l-O-benzoyl - -g-erythro-glycerol-l-yl)-6,7-di methyl -1-phenyl- 
f l a v a z o l e  (14). Compounds 13 and 14 showed i n  their  IR s p e c t r a  bands a t  
1720 (OAc) and a t  1715 cm-l (OBz), r e spec t ive ly .  

A s i m i l a r  sequence of  r e a c t i o n s  was conducted on the - p-substi  t u t e d  

phenyl a n a l o g u e s  2 and 3, and  the structures o f  t h e  p r o d u c t s  were 
confirmed (see experimental  and tab1 es). 

T h e  s t a r t i n g  m a t e r i a l s  1-3 r e q u i r e d  f o r  t h e  above  s t u d y  were 
p rep a red f r o m 3 - ( 1 - a ry 1 h y d r a z on o-Q- e ry  t h ro- 2,3,4- tri hy d roxy bu t y  1 1 - 6,7 - 
d i  methyl -d i  hydroqui  noxal i n-2-oneS and  thei r structures have  been 
confirmed. l1 

I n  conclusion, the conf igu ra t ion  of  the hydroxyl groups of the g- 
e r y t h r o  analogues 1 - 3 p lays  a r o l e  i n  d i r e c t i n g  t h e  i sop ropy l idena t ion  
r e g i  o s e l  e c t i  v e l y  t o  fo rm the a-terminal-1,3-dioxolanes. The a - e r y t h r o  
d i o x o l a n e  15 c o u l d  n o t  be detected. T h e s e  d a t a  i n d i c a t e  t h a t  the 

presence o f  a bulky s u b s t i t u e n t  on  the  g l y c e r o l y l  r e s i d u e  d o e s  n o t  
a f f e c t  the  r e g i o s e l e c t i v i t y  o f  the r e a c t i o n .  T h e  d i f f e r e n c e  (AS) of 
t h e  two methyl  s o f  the  i s o p r o p y l  i d e n e s  a g r e e d  w i t h  E l  Ashry ' s  s h i f t  
rule ,*  whereby the dioxolane r i n g  could be deduced t o  be a terminal  one. 
The higher  va lue  o f  A S  could be a t t r i b u t e d  t o  the much h ighe r  influence 
on one  o f  t h e  methyl g r o u p s  by the a n i s o t r o p i c  e f f e c t  o f  the  b u l k y  

f l  avazol  e ring. 
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EXPERIMENTAL 

General  P rocedures .  Me1 t i  ng p o i  nts were determined w i t h  a 

"Me1 temp" apparatus  u s i n g  a 76-mm immersion thermometer, a n d  a r e  

uncorrected. Infrared spectra were recorded w i t h  a Pye Unicam SP 1025 

spectrometer.  'H N M R  spec t r a  were determined w i t h  a Varian EM-390 

spectrometer fo r  solutions i n  CDCl3 or i n  DMSO-de - w i t h  tetramethyl s i l  ane 

(MeqSi) a s  i n t e r n a l  or external reference,  respect ively.  The spec t r a  

are  reported as  chemical s h i f t s  downfield from MeqSi. TLC was performed 

on "Baker-Flex" s i l i c a  gel B-F plates. Microanalyses were performed in  

the Faculty of Science a t  Cairo University. 

l-Aryl-3-(2,3-O-i - sopropyl i dene-2-erythro-gl ycerol-l-yl)-6,7-dimeth- 

y l f l a v a z o l e  (4 - 6). To a s t i r r e d  s o l u t i o n  of dry acetone (20 m L )  a n d  

concentrated s u l f u r i c  a c i d  (0.5 m L ) ,  the  compound 1 - 3 (1 mmol) was 

added, and the reaction mixture was l e f t  overnight a t  room temperature. 

The result ing solution was neutralized w i t h  anhydrous sodium carbonate, 

and the product was f i l t e r ed  off and recrystall ized from ethanol t o  give 

4-6 as  yellow needles. For physicochemical data, see Table 3. 

S-(l-O-Acetyl-2,3-0-i - - sopropyl i dene-Q-erythro-glycerol-1-yl 1-1-aryl - 
6,7-dinethyl f l  avazol e (7 - 9). A solution of compound 4 - 6 (1 mmol) i n 
dry pyridine (10 mL) was cooled and then t reated w i t h  acet ic  anhydride 

(5 mL). The reaction mixture was l e f t  overnight a t  room temperature and 

then poured onto crushed ice. The acetate derivative t h a t  separated o u t  
was f i l t e r e d  off,  washed w i t h  water, and recrystal l ized f r o m  ethanol t o  

give 7 - 9 a s  yellow needles. For  physicochemical data, see Table 3. 

3- (1-O-Acetyl - -lJ-erythro-glycerol -1-ylI-l-Je-chl orophenyl-6,7-dimeth- 

y l f l a v a z o l e  (13). A suspension of 9 (481 mg, 1 mmol) i n  80% aqueous 

t r i f l u o r o a c e t i c  a c i d  (10 m L )  was kep t  f o r  15 m i n  a t  room temperature 
w i t h  occasional shaking, whereby the sol id  dissolved The mixture was 

d i l u t e d  w i t h  cold water,  and the product t h a t  separated o u t  was 
f i l tered,  washed w i t h  water, and recrystall ized from ethanol t o  give 13 

a s  p a l e  yel low needles (295 mg, 67%): IR (KBr) 1720 cm-l mp 183 OC. 
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(OAc). Anal. C a l c d  f o r  C22H21ClN404: C,  59.93; H, 4.80; N, 12.71. 

Found: C, 59.6; H, 5.3; N, 12.9. 

l-(Aryl-3-(1-0-benzoyl-2,3-0-i - - sopropyl i dene-e-erythro-glycerol-l- 

yll-6,7-dimethylflava~ole (10 - 12). A s o l u t i o n  o f  compound 4 - 6 (1 

mmol) i n  d r y  p y r i d i n e  (10 mL) was c o o l e d  and t r e a t e d  w i t h  benzoyl  

c h l o r i d e  (5  mL). The r e a c t i o n  m i x t u r e  was l e f t  o v e r n i g h t  a t  room 

temperature and then poured onto crushed ice. The benzoate d e r i v a t i v e  

t h a t  s e p a r a t e d  o u t  was f i l t e r e d  o f f ,  washed w i t h  w a t e r ,  and 

r e c r y s t a l  1 i z e d  f r o m  e thano l  t o  g i v e  10 - 12 as ye1 1 ow need1 es. F o r  

physicochemical data, see Table 3. 

3-(l-O-Benzoyl-0-erythro-glycerol-l-yl~-6,7-dimethyl-l-phenyl - fl ava- 

z o l e  (14). A s o l u t i o n  o f  10 ( 5 0 9  mg, 1 mmol )  i n  80% aqueous 

t r i f l u o r o a c e t i c  a c i d  (10 mL) was k e p t  f o r  15 m i n  a t  room temperature.  

The r e a c t i o n  m i x t u r e  was d i l u t e d  w i t h  c o l d  water, and t h e  product t h a t  

separated o u t  was f i l t e r e d ,  washed w i t h  water, and r e c r y s t a l l i z e d  f rom 

ethanol t o  g i v e  14 as p a l e  y e l l o w  needles (328 mg, 70%): IR 
( K B r )  1595 (C=N) ,  1715 (OBz), 3340 cm- l  (OH);  'H NMR (DMSO-d6)62.47 - 
( s ,  6H, 2CH3), 3.8 (4, 2H, H-3,3'), 4.45 ( m ,  3H, H-2 and 20H), 5.1 (d, 

l H ,  H-11, and 7.3-8.5 ( m ,  7H, a r o m a t i c ) .  Anal. C a l c d  f o r  C27H24N404: C, 

69.22; H, 5.16; N, 11.96. Found: C, 68.8; H, 5.6; N, 12.0. 

mp 165 OC. 
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