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SYNTHETIC COMMUNICATIONS, 22( 18), 2613-2619 (1992) 

A Novel Synthesis of Conduritol-C and Conduritol-E 

via p-Benzoquinone 

HasanSepn, Ahmet Marag, Yagar SOtbeyaP and Metln BaIci' 
Ataturk University, Department of Chemistty, Faculty of Science, EauruMURKEY 

SUMMARY: A new and stereospecific synthesis for Conduritol-C 8 and Conduritol-E 
13a has been developed starting from p-benzoquinone 1. 1,4-oxygen functionalities 
were introduced in both synthesis by the reduction of dibrorno pbenzoquinone 2 with 

NaBH4. 2,3-oxygen functionalities were introduced by KMn04 oxidation of 4 for 

Conduritol C 8. Oxidation of 3 with rn-chloroperbenzoic acid gave 9. Acid-catalyzed 

ring opening reaction of 9 gave 10a which leads to Conduritol-E. 

Conduritolsl are 1,2,3,4-cyclohexenetetrol isomers and interesting inhibitors 
for glycosidases'. A number of conduritol derivatives have been found to possess 
anti feedant3, antibiotic, antileukemic, and growth-regulating' activity. 
Theoretically, six conduritol diasteroisomers are possible. The occurence in the 
nature of only two conduritols namely conduritol-A4 and conduritol-F5 has been 
established. Previously conduritols have been synthesized from carbohydrates, 
from microbial oxidation products of substituted benzenes and by deoxygenation of 
chiral inositolslt6. In this paper we describe a new synthetic methodology leading 
to conduritol-C 8 and conduritol-E 13a starting from p-benzoquinone 1. 

The first synthesis of conduritol-C 8 was carried out by McCasland and Reeves7 
from epiinositol. Yurev and Zefirovs have described a short synthetic way to 
conduritol-C 8 starting from cycloaddition product of furan and ethylene 
carbonate. 

Authors to whom correspondence should be addressed. 
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2614 SECEN ET AL. 
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7 6 5 3 Condurltol-C 

Reagents and Conditions: 
a) Br2, CC14, 0 O C ,  2h b) NaBH4, water, ether, 0 O C  c) Aceticanhydride, pyridine, r.t, 12h d)  

KMn041-15 OC, 20h e) Zn, DMSO, 95 O C ,  12 h 1) NH3, MeOH, r.t, 24 h 

Scheme 1 

Bromination and following reduction of p-benzoquinone gave the known compound 
39 with definitive configuration. Subsequent to the protection of the alcohol 
functions as diacetates, cis-hydroxylation led to 4 as the sole isomer 5 which was 
characterized as the tetraacetate derivative 6. This tetraacetate 6 on reaction 
with zinc-acetic acid gives 7 from which the free tetrol 8 was obtained by 
ammonylosis. The configuration was established by spectral data and by 
comparison with those reported in the literature. 

The first synthesis of conduritol-E was described by Nakajima et a1.l in 1957 
which was not stereospecific and not useful. A stereospecific synthesis for 
conduritol-E was described by Angyal and Gilham11 and later also again by 
Nakajimal2. We used by our synthesis, again p-benzoquinone 1 as the 
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CONDURITOL-C AND CONDURITOL-E 2615 

OH 

3 

OR 

e 6:: - 
O R  

OH 

9 

13 a RsH Condurltol E 
13 b RrAc 12 11 

Reagents and Conditions: 
a) 3-Chloro-perbenzoic acid (rn-CPBA), ether, reflux, 12h b) 0.5 N H2S04. reflux. 4 h c ) 2,2- 

dirnetoxy- propane, p-toluenesulphonic acid, benzene, 3 h d) Zn, DMSO, 95 OC, 12 h e) 0.5 

N H2S04 , rellux, 4 h. 

Scheme 2 

starting material. Oxidation of 3 with m-chloroperbenzoic acid (m-CPBA) 
gives the epoxy compound g9. In the trans epoxide ring opening by addition 
of water in classic substitution mechanism, 9 should give two different 
opening products. However, we obtained only 10a which is the precursor of 
the Conduritol-E 13a. The other precursor of Conduritol-B was not observed. 
The product was characterized as its tetraacetates 10b by spectroscopic methods. 
For further reaction we converted the tetrol 10a into the readily obtained 
di-0-isopropylidene derivative 11. This cyclic ketal 11 reacted smootly with 
zinc-DMSO and gave Conduritol-E as its diispropylidene derivative 12. 
Hydrolysis of 12 gave Conduritol-E 13a which was also converted to their 
tetraacetate 13 b for further structural proof. 
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2616 SECEN ET AL. 

EXPERIMENTAL: 

(1  a,2p ,3aI4P ) - 1 , 4 - d i a c e t o x y - 2 , 3 - d i b r o m o - c y c l  o h e x - 5 - e n e  
4. To a stirred solution of 3 (89, 22.5 mmol ) in 10 ml of pyridine was added 
Ac,O (10.59, 103 mmol). The reaction mixture was stirred at room temperature 

for 8 hours. The mixture was cooled to 0 OC and added 60 ml 4N HCI solution, and 
extracted with ether (3x50 mL). The combined organic extracts were washed 
with NaHCO, solution (3x15 mL) and water (3x15 mL) than dried (MgSO,). 

Removing of the solvent under reduced pressure gave 4 (76 %, m.p. 91-92 OC, 
recrystallized from CHCl,/hexane). 

systeme, ZH), 4.29 (BB part of AA'BB systeme, 2H), 2.17 (s, 6H). 
lSC-NMR (75 MHz, CDCI,) 6 169.63, 128.17, 73.33, 52.70, 20.70. 

IR (KBr) 2980, 1750, 1370, 1215, 1120, 1030. 

'H-NMR (300 MHz, CDCI,) 6 5.76 (s, 2 H), 5.70 (AA part of AA'BB' 

( 1  a , 2 p  ,3aI4P ,5p  ,6~)-1,2-dibromo-3,4,5,6-tetraacetoxy- 
cyclo-hexane 6. To a stirred EtOH solution (500mL) of 4 (16g, 45 mmol) 

was added a solution of KMnO, (7.10 g, 45mmol ) and MgS04 (5.49, 45mmol ) in 

water (200mL) at -5 OC for 5 hours. After the addition was completed, the 
reaction mixture then 

filtered. The precipitate was washed several times with hot water. The combined 
filtrates were concentrated to 50 rnL using a rotary evaporator. The aqueous 
solution was extracted with AcOEt (3x100 rnL) and the extracts were dried 
(Na2S04 ) . Evaporation of the solvent gave 5 (8.88 g, 51 YO). 
6 was synthesized by acetylization of 5 as described by the synthesis of 4 above 
(77 %, mp 140-141 OC, recrystallized from CHCl,/hexane). 

' H - N M R  (200MH2, CDCI,) 6 5.56 (m, 2H), 5.16 (dd, lH) ,  5.03 (dd, IH),  
4.32 (dd, lH), 4.05 (dd, 1H) , 2.20 (s, 3H), 2.10 (s, 3H ), 2.08 (s, 3H), 
1.99 (s, 3H). 

I3C-NMR (50MHz, CDCI,) S 
51.22, 20.63, 20.44. 

was stirred for 15 hours at the givgn temperature 

169.18, 168.95, 71.27, 69.31, 68.56, 52.28, 

IR WBr) 2995. 1755, 1430, 1365, 1226, 1055, 920. 

(1 a,2p  ,3p ,4p)-1,2,3,4-tetraacetoxy-cyclohex-5-ene 7. 
[Conduritol-C tetraacetate]. To a solution of 6 (5 g, 10.5 mmol ) in 10 rnL 
of DMSO was added 29 (30 rnmol ) of zinc dust and 50 mg of iodine .The mixture 

was stirred magnetically to room at 95 OC for 12 hours. After cooling 
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CONDURITOL-C AND CONDURITOL-E 2617 

temperature was added 50 mL of water and 50 mL of ether. The aqueous phase was 
extracted with ether (2x50 mL), and the combined organic extracts were dried 
(Na,SO,) . Evaporation of the solvent gave conduritol-C tetraacetate 7 (61 
%, m.p. 90-91 OC, recrystallization from CHCI, /hexane ). 

lH-NMR (200 MHz, CDCI,) 6 5.71 (m, 5H), 5.21 (br.d, lH), 2.13 (s,3H ), 

2.08 (s,3H), 2.05 (s,3H), 2.04 (s,3H). 
l3C-NMR (50MHz, CDCI,) 6 170.45, 169.99, 127.49, 127.03, 70.51, 
69.75, 69.45, 67.58, 20.93, 20.71. 
IR (KBr) 2995 , 1755, 1430 , 1365, 1226, 1055, 920. 

(1 a,2p ,3p ,4p )-1,2,3,4-tetrahydroxy-cyclohex-5-ene 
[Conduritol-CJ. 500 mg (1.59 mmol) of Conduritol-C tetraacetate 7 was 
dissolved in 20 mL of absolute methanol. While dry NH, is being passed through 
solution, the mixture was stirred for 24 hours at room temparature. Evaporation 
of methanol and acetamide, gave Conduritol-C 8 (80 %, m.p. 151-152 OC, 
recrystallized from absolute EtOH ). 
lH-NMR (200 MHz, CD,OD) 6 5.61 (m, 2H), 4.24 (m, 2H), 4.03 (m, lH), 
3.54 (m,lH). 
13C-NMR (50 MHz, CD,OD) 6 130.78, 130.07, 76.09, -73.99, 
69.43. 

8 

70.59, 

IR (KBr) 3440, 2990, 1410, 1140, 1050, 1020, 840. 

( 1  a , 5 a , 6 p  ,1 O p  ,l l a , l S p  ) - 2 , 4 , 7 , 9 - i e i r a o x a - 3 , 3 , 8 , 8 -  
t e t ra -me thy l -1  1 ,I 2 - d i b r o m o - t r l c y c l o [ 8 . 2 . O ~ - ~ . O ~ ~ ~ ~ ] d o d e c a n  11. 
Epoxide 9 (lg, 3.47mmol ) was dissolved in 10 mL of 0.5 N H2S0, and the 

resulting solution was refluxed at 900 C for 6 hours. After cooling to room 
temparature, the acid was neutralized with BaCO,. After filtration of the 
precipitate, removing the solvent under reduced pressure gave 10 a (61 %) . 
To a solution of 10 a (500 mg , 1.63 mmol ) in 250 mL of dry benzene was 
added 2,a-dimethoxy propane (430 mg, 4.13 mmol ) and 20 mg of p- 
toluenesulphonic acid . The resulting mixture was refluxed for 3 hours. 
Evaporation of the solvent gave 11 (88 %, m.p. 162-163 OC, recrystallized 
from ethylacetatelhexane) . 
lH-NMR (250 MHz, CDCI,) S 4.50 (rn, 2H ), 4.42 (m, 2H), 3.92 (m, 2H), 
1.52 (s, 6H),1.40 (s, 6H ). 

IR (KBr) 2998, 1465, 1400, 1230, 1145, 1065, 830. 
13C-NMR (63MHz. CDC1,)S 109.32, 79.46, 74.72. 55.30. 27.99, 25.42. 
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SECEN ET AL.. 2618 

( l a , 2 P  , 3a ,4a I5p  , 6 p ) - 1  , 2 d i  b r o m o - 3 , 4 , 5 , 6 - t e t r a a c e t o x y -  
cyclo-hexane 1 Ob. The tetraacetate 1 O b  was synthesized by acetylization Of 

10a as described above by the synthesis of 4 (76 %, m.p. 140-141 OC 1. 
1H-NMR (200 MHz, CDCI,) 6 5.30 (m, 4H), 4.20 (m, ZH), 2.19 (s, 6H), 

2.07 (s, 6H). 
l3C-NMR (50 MHz, CDCI,) 6 
20.50. 

169.17, 168.78, 71.03, 67.50, 51.50, 20.62, 

IR (KBr) 2998, 1745, 1425, 1365. 1230, 1125, 1075, 1045, 1000. 

(1 aI5a,6P , 1 0 ~ ) - 2 , 4 , 7 , 9 - t e t r a o x a - 3 , 3 , 8 , 8 - t e t r a m e t h y l -  
tricycle[ 8.2. 01~5.06.~0]dodec- l l -ene 12. 1 2  was synthesized by 
debromination of 11 as described by the synthesis of Conduritol-C tetraacetate 
7 (74 %, m.p. 53-54 OC, recrystallized from CHC1,I hexane) . 
lH-NMR (250 MHz, CDCI,) 6 5.72 (m, 2H), 4.55 (m, 4H 1, 1.38 (s, 6H 1” 
1.37 (s, 6H). 

IR (KBr) 2998, 1460, 1380, 1300, 1280, 1230, 1165, 1120, 1100, 
1060. 

‘3C-NMR (63 MHz, CDCI,)G 126.91, 109.11, 73.21, 70.21, 27.81, 26.43. 

( 1  uI2a,3P ,4P)-1,2,3,4-tetrahydroxy-cyclohex-5-ene 13a 
[Conduritol-El. 12 (200 mg , 0.88 rnmol ) was dissolved in 5 mL of 0.5 N 
H2S0, and the resulting mixture was stirred at room temperature for 3 hours. 
The acid was neutralized with BaCO,. After filtration of the precipitate, 
evaporation of the solvent under reduced pressure gave Conduritol-E. (77 %, 
m.p. 176-177 OC, recrystallized from MeOH Ihexane). 

‘H-NMR (250 MHz, DMSO) 6 5.50 (s, 2H),  4.07 (m, 2H ), 3.75 (rn, 2H ) 

13C-NMR (63 MHz, DMSO) 6 129.52, 70.29, 65.31. 
IR  (KBr ) 3350, 2990, 1438, 1226, 1098, 1030, 902. 

( 1  aI2a,3P , 4 p  ) -1 ,2,3,4- tetraacetoxycycIohex-5-ene 1 3 b  
[Conduritol-E tetraacetate]. 13b was synthesized by acetilization of 1 3 a  
as described above by the synthesis of 4. (60 %, m.p. 150-151 OC, 
recrystallized from CHCI, / hexane). 

lH-NMR (200 MHz, CDCI,) 6 5.93 (m,2H), 5.70 (m, 2H), 5.45 (m, 2H), 
2.09 (s, 6H), 2.05 (s, 6H). 
13C-NMR(50 MHz. CDCI,) 6 170.09, 169.81, 128.11, 66.56, 66.06, 20.69 
20.58. 
IR (KBr) 2995, 1744, 1363, 1222, 1068, 1025. 
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