
Cyclitol analogs of biological interest. Regioselective nucleophilic substitutions of 
1,4-cyclohexadiene bisepoxide and bisepisulfide 

F. HAVIV' A N D  B .  BELLEAU 
Department o f c l ~ e r n i ~ t p ,  McGill Uni\.ersit)., .Motltrec~l, P.Q., Curlnda H3A 2Kh 

Received May 15. 1978 

F. HAVIV and B. BELLEAL. Can. J. Chem. 56, 2677 (1978). 
Reaction of cis-l,4-cyclohexadienebisepoxide with aluminium azide afforded the all- 

equatorial 1,3-diazido-4,6-cyclohexanediol (2) through a metal-template mechanism. Hydro- 
genation of the product gave 2,5-dideoxystreptamine. Synthon 2 underwent normal coupling 
with 6-deoxy-6-azido-2,3,4-tris(O-benzyl)-r-gIucosyl chloride and the resulting product gave 
the expected glucoside, a precursor of 5-deoxyneamine analogs. The cis- and trans-l,4- 
cyclohexadienebisepoxides were converted in good yields to the corresponding bisepisulfides 
and monoepoxide monoepisulfides. Regioselective opening of the cis-bisepisulfide with acetyl 
chloride and mercuric acetate by a metal-template mechanism led to stereochemically defined 
dithio analogs of cyclitols. 

F. HAVIV et B. BELLEAU. Can. J. Chem. 56, 2677 (1978). 
La reaction du cis-cyclohexadiene-l,4 his-Cpoxyde avec l'azoture d'aluminium conduit au 

diazido-1,3 cyclohexanediol-4,6 completement equatorial (2) par l'intermkdiaire d'un 
mecanisme metal-gabarit. L'hydrogenation du produit conduit a la dideoxy-2,5 streptamine. Le 
synthon 2 subit le couplage normal avec la chlorure de deoxy-6 azido-6 tris(0-benzyl-2,3,4)rx- 
glucosyle et le produit qui en resulte conduit au glucoside attendu, un precurseur des analogues 
deoxy-5 nearnine. Les cis- et trntls-cqclohexadiene-1,4 bis-Cpoxydes peuvent 6tre transformes 
avec de bons rendements en bis-episulfures correspondants et en mono-epoxyde-mono- 
Cpisulfures. L'ouverture regioselective du cis-bis-tpisulfure avec le chlorure d'acetyle et 
I'acetate mercurique par un mecanisme de metal-gabarit conduit a des analogues dithio de 
cyclitols d'une stereochinlie particuliere. 

[Traduit par le journal] 

We have recently desc~lbed the sy~l thes~s  of 2,5- 
d1deox)stleptamlne (1) and derlvatlves from CIS-1,4- 
cyclohexad~eiseb~sepox~de (1) the prepalatlon of 
mh~ch  by a n  ~mproked process has also been de- 
scr~bed by us (2) T h ~ s  streptamlne analog served as 
s tar t~ng lnater~al for the total synthes~s of the b ~ o -  
logically effective 5-deoxykanamycine A analog of 
the kai~aniycln class of aiitibiot~cs (3) Sjnthetlc en- 
deavors of thls k ~ n d  necess~tate the cumbelsome and 
uneconom~cal protect~on and deprotect~on of the 
substrate allsilso groups The best u a y  to c~rcu~nven t  
these compl~catlons itould be to use the 2 ,5-d~az~do 
analog 2 of 2,5-d1deoxystrepta11~1:1e as startlng mates- 
la1 for gl>coslde sqnthesls. R e d ~ ~ c t ~ o i i  at  the last stage 

N3 D.:~ 
RO' 

would quanti tat i~ely transforni the azido groups to 
amllle fuiict~ons Unfortunately, reactlon of the 
a z ~ d e  amon n l th  b~sepoxide 1 gives only the expected 
1.4-d~azido-3,4-diol 4 We habe no\$ found that the 
use of alum~nium a z ~ d e  in T H F  leads to the deslred 
1,3-d~azido Isomer 2 111 lo\\ yleld N o  attempt mas 
made to lmpro\e the y~eld It  appeals that the Iilajor 
slde reactlon ~nvolved epoxrde degradat~oli by tena- 
clous res~dual a lu~nln~uns  clilor~de salts By analogy 
nith the observations of others (4, 9), forl i iat~o~l of 
the 1,3-dla~ldo lsomer I S  attributable to a template 
effect brought about by the oxophilic aluininium 
cation as depicted in 5. The suitability of this dia- 
zidodiol in glycoside synthesis was briefly explored 
using 6-deoxy-6-azido-2,3,4-tris(Q-be1~zyl)-r*-glucosyl 
chloride (5) as the reagent. The expected glycosides 
were formed and one of the diastereomers isolated in 
crystalline form (6).  We have not established which 
of the diastereomers 60 or 6b actually crystallized. 
This glucoside is a precursor of 5-deoxyneamine and 
kaliamyciii analogs. The practical potential of syn- 
thon 2 is thus established. 

Another class of cyclitol analogs of potelitiai 
interest as precursors of biologically active niolecules 
consists in thiol relatives of defined geometry. The 
bisepisulfide analogs 7 and 9 and monoepisulfides 

'Present address: Abbott Laboratories, North Chicago, 'G. Kavadias. Unpublished results. We thank Dr. 
1L 60064. U.S.A. Kavadias of Bristol Laboratories for this information. 
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Q R,  = Ac. Rz  = Benzyl 
6h R,  and glyco5yl are interchanged 

8 and 10 of the corresponding bisepoxides appeared 
attractive as starting materials and accordingly their 
synthesis fi-om cis- and trirns-1.4-cyclohexadienebis- 
epoxides was investigated. In general, epoxides can 
be converted to ep~sulfides by ieactloii \ \ ~ t h  thlo- 
cyanate, thioamides, th~ourea.  th~otriphenqlphos- 
p11ine '1nd related leagents (ref 6 and references 
therein). III our hands. the thiourea method proved 
to  be the 11iost effective and reliable. Thus, treatment 
of the cis-bisepoxide B nith a tnofold excess of 
thiourea in the presence of 2 equib. of sulfuric acid 
follo\ved by mild base treatment of the intermediate 
bisisothiouroniun~ salt 11 gave the crystalline cis- 
bisepisulfide 7 in high yield. On standing, it gradually 
decomposed and undernent rapid pol4 merizatlon in 
protic solvents. When the cls- or trans-bisepoxides 
( I )  mere treated 11 ith thlourea 111 the presence of only 
1 equlv. of acid followed by base treatment, the 
corresponding cis- and tra~s-mo~~oepisulfide mono- 
epoxide 8 and BB) could be obtained. The configula- 
tional assignments are based on the well-knonn 
stereochemical course of epoxide-episulfide conver- 
sions (6-8) and \$ere confirmed by 'H and I3C nmr 
spectroscopy (Table 1). Under the cond~tions which 

TABLE I .  Spectral characteristics of 1,4-cyclohexadiene his- 
epox~de, bisepisulfides, and lnixed monoepoxides niono- 

episulfides 

Mass 'H nmr I3C 1ln71. 
C o m p o ~ ~ n d  / ? I  e (CDCI,), 6 (ppni) (CDCI,), 6 (ppm) 

1 11 2 2 50 (4H, broad q) 49.20 (CO) 
3 09 (4H, broad s) 23 60 (CH,) 

7 144 2.28-3.16 (4H, 111) 33.60 (CS) 
3.10 (4H, S) 29.60 (CH2) 

8 128 1.25-2 75 (4H, ni) 45.28 (CO) 
3.10 (4H, m) 30.27(CS) 

22.17 (CH,) 

9 144 2 .65 (4H,m)  3 I .83 (CS) 
2 .95 (4H, m3 29.78 (CH,) 

10 128 2 .60(4H,ni )  48.00 (CO) 
3.18 (4H, m) 33.80 (CS) 

27.20 (CH,) 

allowed the cis-bisepoxide to react cleanly in the ex- 
pected il1anner ~vitl: hydrazine ( I ) ,  the bisepisulfide 
7 polymerized instantly. Mo\i-eter, it reacted readily 
with acetyl chloride to give the 1.4-dichlorodiacetyl 
product 12 (the innir spectrum shouing only one 
signal at  36.1 56 ppm for the t~3.o ~nethylenes). This 
result parallels Craig's obser\ations with the corres- 
ponding cis-bisepoxide (9). Reductioil of 7 ~ i t h  
lithium aluminium hydride (LAIH) gave cis-1.4- 
cyclohexane dithiol Ivhich \\.as characterized as the 
diacetyl derivative 13 (the nnlr spectrum shoived 
only one signal for the methylenes at  30.401 ppm). 
The cis-bisepisulfidc undergoes 1,4-diaxial attack by 
LAH whereas the c,ij.-bisepoxide is reduced to cis- 
1,3-cyclohexane diol (9). This contrasting b e h a ~ i o r  
can be explained on the basis that a template effect 
by the aluminium ion (as in the formation of 2)  
controls the course of reduction ~ . i t h  tl?e bisepoxide 

C! 

HO' S-C .2HzS0,  AcS' 

(9) but not 111 the case of the blseplsulfide because of 
the poor affinity of alumlnlum for sulfur Ho\$ever, 
n i th  a strongly thiopbil~c salt such ds mercuiic ace- 
tate, a template-dilected 1,3-d1axial opening of the 
b~seplsulfide by acetate (as 111 14) no\$ occurred The 
product \\as pu~ilied as the tetraacetate 15 and In 
agreement n ~ t h  the ass~gned stiuciure, the "C nml 
spectrum of the compound shomed t n o  signals for 
the inethylenes at  33 02 and 30 64 ppm The use of 
these geometrically defined th~ocyclltois in the 
synthesis of potentially b l o a c t ~ ~ e  ~nolecules ml!l be 
repol ted later 

Experimental 
Melting points wcre evaluated with a Thornas-Hoover 

capillary apparatus arid are uncorrected. The 'H nmr spectrr! 
were obtained with a Val-ian T-60 spectror11eter using tetra- 
methylsilane as the interr-ial standard. The I3C nrnr spectra 
were obtained with a Br~~ckc r  FIX-90 spectrometer and mass 
spectra with a Varisn Mat-CH-5 single focusing spectrom- 
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HAVTV AND BELLEAU 2679 

eter. Elemental analyses mere performed by Sprang Micro- 
analytical Laboratory. 

trans-trans-1,5'2,4-l,5-Din~ido-2,4-cclo/enedio/ Dincetnte 
(31 

A solution of anhydrous AICI, (5.985 g) in dry T H F  (90 ml) 
was added to a suspension of sodium azide (9.65 g) in dry T H F  
(90 ml). The mixture \\.as heated under reflux for 90 mill under 
nitrogen and a solution of the bisepoxide 1 (1) (2 g) in 115 ml 
T H F  added clropwise o\er a 2 h period. Heating under reflux 
\\.as continued for an additional 2.5 h ,  the mixture cooled to 
0-C, and concelltrated HC1 (22.5 ml) carefully added followed 
by a i :  1 mixture of ether-THF (150 1111). The organic phase 
was separated, \\ashed with aqueous NaCI, dried, and evapor- 
ated. The oily residue \+as treated with excess acetic anhydride 
in pyridine (room temperature, 17 h), the solution worked up 
in the usual manner, and the residue purified on thick silica 
gel plate? ICHCI, as the solvent). The major band yielded an 
oil which crystallizeci from hexa~~e-CHC1, to give 650 mg of 
crystals, nip 7 8 C ;  ir (KBr) 2100, 1740 c m ' :  ' H  nmr (CD3C13) 
6 :  4.83 12H, m), 3.55 (2H, m), 2.75-1.20 (4H, in), 2.10 ppm 
(GH, 5 ) :  I3C 11111r (CDCI,) 6 :  169.25 (C-0), 71.46 (C-O), 
59.97 (C--N,), 33.21 and 31.86 (CH,), 20.43 ppni (CH,); 
M -  282. Anal. calcd. for C,,M,,W,O,: C42.55, H5.00, 
N29.78: found : C12.60, H4.89, PJ29.78. 

trans-trans-1,5,2 4-1.5-Dinzi~io-2,4-~ycl0/7exa17edio~ (2) 
The preceding cliacetate (0.5 g) in methanol (150 ml) was 

heated under reflux in the presence of the rcsin Rexyn 101 
(2 g) for 3-4 h. the resin removed by filtration, and the filtrate 
evaporated ii7 L.CICIIO io give 2 (323 mg) which after recrystalli- 
zation from EtOAc-hcxane had mp 80-81-C: ir (KBr). 
3500-2700, 2080 cm- ' .  Ancil. calcd. for C,M,,N,O,: C36.36; 
H5.09, N42.41: found: C36.43, H5.12, N42.26. 

2,5- Dic/c,osj~sfriyr~~ii~iiic~ Di/~yi/i~oe/~/oi.ide 
A solution of the preceding diazido diol 2 (0.20 g) in 

ethanol (10 m!) was shakcn under a precsure of 48 psi of 
hydrogen over Raney Ki at room tempera~ut-e. After 2 h, the 
mixture u.as ~ o r k e d  up in the ~ ~ s u a l  manner, the res i t l~~e 
treated with ethanolic MCI to g i ~ e  in qiiantitati\e )ield, the 
title compoiind, mp 290-293'C (lit. (4) mp 290-295 C)  identi- 
cal in ecery respect \\it11 an authentic specimen (1). 

A solutiorl of the diaz~do diol 2 (1.265 g) in dry D M F  
(1 1.3 ml) \%as rniucd under 11itroge11 at room temperature nit11 
CaSO, (4.13 g) (preheated to 2 4 0 C  for 4 11) and after stirring 
for 10 min, the ten1pa.ature \+as raised to 80.C ancl a solution 
of 6-cleo\y-6-azido-2,3,4-tris(O-be11~yi)-~-D-glucoj~yranosyl 
chloride (1.158 g) ( 5 )  in D h F  (1 1.3 mi) added drop\\ise (30 
Inin) follo\\ed h~ the aildiiiori of Hg(CN), (4.735 g). The inix- 
iure \\as stirred at 80 C for 23 h, 2.35 g ~ ~ M Q ( C N ) ~  added, and 
heating to 87-C maintained for another 7 h .  After standing 
overnight at rooin temperature, CH,CI, mas added and the 
precipitate filtered off aiid the solids \\ai!~ed repeatedly ~ t i t h  
CH2CI,. The combined filtrate and washings \\ere byasbed with 
water, dried and evaporated to yield a dark syrup hetcro- 
geneoui by tlc. Chromatography on silica (CHCl,-hcxane 1 : 1 
as the eluent) gave a crucle fraction (3.61 g) X, 0.14 (CMCI,) 
whicii \+as rechroniarograghed on thick plates of silica 
(CHC1,-hexane 1 : I ) .  The major band uas  treated ibith acetic 
anhqdride in pyridine in the usual mannel- and after bi'ol.k-iip, 
the product chromatographcd on thick plates of silica 
(CMC1,-hexanc 1:  1). The baud \\ith X, 0.5-0.6 appeared to 
consist of the t ~ o  diastereo~l~crs 6a and 60 as judged bj. nmr 
spectroscopy. On standing in eihanoi one of the ison?crs 
crystallized (151 mg), mp 96-97 C: ir (KEr):  2100, !710 cm-I:  
'H ilmr (CDCI,) 6 :  7.25 i lSH, m, 3 C,H,): 5.10-4.25 (8H, 111, 
3 benzylic-CH2, H, and 6K), 4.25-2.90 (9H; ni, at 2',3',4',5',6' 

and 1,3,4), 2.06 (3H, s; CH,CO) and 2.90-1.18 (411, 111, at 
2,5): BID2' 50' (c 1, CHCI,). At~rrl calcd. for C,,H,,N,O,: 
C60.24, H5.63, N18.07; found: C60.30, H5.70, N17.84. It was 
not possible to obtain the other isomer in crystalline form 
from the mother liquors. 

ci~-4,8-Dithiiifiicyclo[5.1.0.0~~~]ocfurze ( 7 )  (cis-1,4- 
C~~clol~esadiene bisepisitlfide) 

The bisepoxide 1 (1.12 g) was added at OCC to a stirred 
suspension of thiourea (2.064 g) in 2 N H2S0 ,  (10 ml) under 
nitrogen. The icebath was removed and stirring continued for 
1 h during which time the product dissolved gradually to be 
replaced by a uhite precipitate of the bisisothiouronium salt 
11. Aqueous N a 2 C 0 3  was added to  bring the pH to 8.5 and 
the mixture immediately extracted with benzene. The com- 
bined extracts were dried and evaporated to give the bis- 
episulfide 7 (1.2 g;  83x) ,  mp 64-65'C (hexane-CHCI,). The 
spectral characteristics are given in Table 1. Annl. calcd, for 
C,H,S, : C49.95, H5.59, S44.45; found: C50.07, H5.58, 
S44.47. 

trans-4.8-Dif/iir~f1~icj~c/~~[5.1.0.0~~~]ocfn11e ( 9 )  itrans- 
1,4-Cyclo/resriciic~iic~ /!i~episu/j?de) 

The preceding procedure was followed using 0.336 g of 
rt.iiiis-i ,4-cycloheuadiene bisepoxide (1) and 0.456 g of thiourea 
in 3 1111 of 2 IV H2S04 .  After work-up; 9 was obtained (0.28 g: 
64.87<:) as an oil uhich upon sublimation it1 caeito gave 
crystals, mp 47-48 C.  See Table 1 for spectral data. Ann/. 
calcd. for C,H,S,: C49.95, H5.59, S44.45; found: C49.97, 
H5.72, S44.51. 

cis-4-O.un-8-r/iici1~i~j~c/~1~5~1~O.O~~~]ocfane ( 8 )  
To  a suspension of ti.ntls-l,4-cyclohexadiel1ebisepoxide (1) 

(0.336 g) and thiourea (0.228 g) in water (9 ml) was added at 
5'C under nitrogen 1.5 m! of 2 ;\' H2S0,. The icebath was 
removed and after 20 niin a white precipitate had separated. 
Stirring Lvas continued for 20 min, the p H  brought to 8.5 with 
aqueous KaHCO,, and thc mixture extracted with benzene. 
The co~nbined extracts \sere combined, dried ancl evaporated 
to givc a sen~isolid mass nhich was purified on thick plates of 
silica (CHCl,-hexane 4 :  1). The major band yielded 0.158 g 
(36.5% yield) of the t~crt~s-bisepisulfide 9 (identical to the 
above product) and the minor band 1-ielded a 0.047 g (12.3% 
yield) of 8 as an unstahlc colorless oil, bp 40 C 0.1 Torr. The 
spectral characteristics are g i ~ e n  in Table 1. Reliable micro- 
analyses could not bc obtained because of its instability. Un- 
changeii starting material was recovered in 44.6% yield. 

trans-4-Osn-8-t~~nt1icc/o[5.1.0.0~~~]ocmnr (PO) 
Application of the preceding procedure to 0.896 g of B and 

0.729 g of thiourea in 4 ml of 2 .hl FI,SO,, led after work-up 
and chromatography on thick plates of silica (CHC1,- 
CW30H 96:4) to 0.230 g (20% yield) of 10 which after sub- 
limation had mp 62-63-C. See Table 1 for spectral data. Annl. 
calcd. for C,H,OS : C56.24, H6.29, S25.02; found : C56.10, 
H6.23, 624.53. 

trans-trans-l,4,'2,5-2,5-Dichloi~o-1,4-q~c/o/1exarzeditl~iol 
Diocetare (1.2) 

A solution of the bisepisulfide 7 (0.65 g) in acetyl chloride 
was stirred under nitrogen at room temperature for 17 h after 
which time the mixture was evaporated in cncuo, the residue 
taken up in CH,CI,, the solution washed with aqueous NaCi, 
dried, and evaporated. From hexane, crystals mp 89-9OcC? 
were obtained (0.587 g or 43.5% yield); ir (KBr): 1680 cm-'; 
'H nmr (CDC1,) 6 :  4.03 (4H, m), 2.70-2.40 (4H, m), 2.40 ppin 
(6H, s) ;  l3C nrnr (CDCI,) 6 :  192.55 iC-O), 57.68 (C-CI), 
45.00 (C-S), 36.16 (CH2), 30.38 ppin (CH,); M' 300. Ancli. 
calcd, for C,,H14Cl,0,S,: C40.05, H4.67, S21.22; found: 
C40.01, M4.72, S21.21. 
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cis-1,4-Cyclohexarledithiol Diacetate (13) 
A solution of 7 (1.12 g) in dry T H F  (30 nil) was added 

dropwise to a refluxing suspension of LAH (0.5 g) in dry 
ether (30 ml) under nitrogen and heating continued for 2 h after 
which time a mixture of aqueous HCI-THF was carefully 
added while cooling in ice. The organic layer was separated, 
dried and evaporated to give a colorless oil which was taken 
up in pyridine - acetic anhydride. After standing at rooni 
temperature overnight, the mixture was worked up in the 
usual manner to yield a semisolid consisting of 13 (0.542 g or 
3 0 z  yield). Sublinlation gave white crystals mp 63-65,C; ir 
(KBr): 1685 cni-l ;  'H nmr (CDCI,) 6 :  3.60 (2H, m), 2.30 
(6H, s), 1.80 ppm (8H, m); 13C nmr (CDCI,) 6: 30.401 (CH, 
groups), 30.759 (CH,), 40.92 (C-S), 195.065 ppm (C=O); 
MT 232. A~lal.  calcd. for C,,Hl,O,S,: C51.69, H6.94, S27.60: 
found: C51.60, H6.87, S27.63. 

trans-trans-1,5'2,4-2,4- Dirliiol-I,5-cyc1oliee~~~iec/iol 
Tet/~aacetiirc 115 j 

A solution of 7 (0.458 g) in dry THF (80 ml) was heated 
under reflux for 17 h in the presence of Hg(OAc), (2.02 g) 
under nitrogen. Water (5 ml) was added and a stream of H,S 
passed through the mixture ~ ~ n t i l  precipitation of HgS was 
con~plete. Ethyl acetate (100 ml) was added, the mixture 
filtered, the filtrate washed with aqueous NaCI, dried and 
evaporated to give an oil ~vhich was taken up in pyridine- 
acetic anhydride. After 16 h,  the solution \>as worked up in 
the ~ ~ s u a l  manner and the resulting oil purified on thick plates 
of silica (CHCI,). The major band yielded 0.24 g (21.7% 
yield) of 15 which crystallized from hexane-CHC1,; mp 
121'C; ir (KBr): 1730, 1690 cni-I; 'H nmr (CDCI,) 6 :  4.93 

(2H, m), 3.90 (2H, m), 3.00-1.80 (4H, m), 2.40 ppm (6H, s), 
I3C nnir (CDCI,) 6 :  193.13 (S-CO), 169.61 (0-CO), 70.13 
(C-0-), 41.65 (C-S), 33.02 and 30.64 (CH,), 20.93 ppm 
(CH,): ni'e 289 (M' - AcO). Alzal. calcd. for CI4HzoOsSz: 
C48.27, H5.79, S18.41; found: C48.38, H5.70, S18 47. 
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