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ABSTRACT 

Several cycIohexanepentols have been synthesized from inositols by blocking 
ali but one hydroxyl group, converting the free hydroxyl group into its S-methyl 
dithiocarbonate, and treating it with tributylstannane. Suitable blocking-groups are 
methyl, benzyl, and methylthiomethyl ethers, and acetals. One cyclohexanepentol 
was prepared by the reductive deamination of an aminodeoxyinositol. 

INTRODUCTION 

Of the sixteen possibIe cyclohexanepentols, only two have been found in 
Nature’. However, all of the four meso forms, and the racemate or at least one 
enantiomer of each of the optically active forms, have been synthesized; some of these 
syntheses are cumbersome, and the cycIohexanepentols can by no means be described 
as readily available. 

For the study of their ‘3C-n.m.r. spectra, we required some cyclohexanepentols 
which were not in our collection. We decided to synthesize them from inositols by 
the method of deoxygenation recently developed by Barton and McCombie3. In 
this method, the hydroxyl group to be eliminated is converted into its S-methyl 
dithiocarbonate which is then treated with tributylstannane. The other hydroxyl 
groups in the moIecule have to be protected. Since the first reaction involves strongly 
basic conditions, ester groups are not suitabIe as protecting groups; however, acetals 
or ethers can be used. Many di-0-isopropylidene and di-U-cyclohexylidene derivatives 
of inositols are readily obtainable4*5; selective protection of the fifth hydroxyl group 
is usually not difficult. 

A readily available starting-material of this type is D-1,2 : 5,6-di-O-cyclohexyli- 
dene-3-0-methyl-chi-inositol’ (l), obtainable from pinitol (D-3-O-methyl-clziro- 
inositol), a compound found in many species of pine trees6. It was easily converted 
into its S-methyl dithiocarbonate 2 which reacted with tributylstannane to give the 

*cycfitols, Part XXXVIII. For Part XXXVII, see ref. 1. 
iPermanent Address: Laboratoires de Chimie, Groupe Macromokuks Vkg&&s, Departement de 
Recherche Fondamentale, Centre d’Etudes Nuclties de Grenoble, 85 X, 38041 GrenobIe C&dex 
(France). On tbe staff of Universite Scientifique et M&kale de Grenoble. 
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deoxy derivative 3; both reactions proceeded in good yield, but coiumn chromato- 
graphy was required in order to separate the product from tin derivatives which 
have simiIar solubilities. Acid hydrolysis of the acetal groups and subsequent removal 
of the methyl group by hydriodic acid gave the previously unknown L-I ,2,5/3,4- 
cyclohexanepentol (4)_ 

1 R = Oci 

2R = CC(=S)SMe 

32 = H 

Another recent method of deoxygenation involves the photolysis of esters’; 
this method was also tried starting with 1. Acetylation gave the mono-acetate which, 
when irradiated with a U.V. lamp in hexamethylphosphoric triamide, yielded the 
deoxy compound 3. Since this compound is not crystaliine, we were unable to separate 
it fully from the high-boiling solvent, but acid hydrolysis, followed by treatment with 
hydriodic acid, gave the pental 4. Although the photolysis worked well in this instance, 
we were not successful with it in some other cases. In this method, benzyl ethers 
cannot be used as protecting groups, because they are also affected by U.V. radiation. 

In order to synthesize the enantiomer’ (7) of naturally occurring quercitol 
(L-I ,3,4/2,5cyclohexanepentol) by the same method from L-c/t&-inositol, it is 
necessary to protect one pair of ci.s-hydroxyl groups but leave one hydroxyl group of 
the other pair unprotected. A suitable starting-material is L-3,4-di-U-benzyl-I ,2-O- 
cyclohexylidene-&hi-inositol (5). Partial benzylation of this compound is not 
regioselcctive , 9- both tribenzyl compounds are formed, besides the di- and tetra- 
benzyl derivatives. The method recommended by Garegg et al.' ' for monobenzylation, 
using a phase-transfer catalyst, proved to be advantageous in this case. Although 
both tribenzyl derivatives were still formed, the reaction mixture was practically 
free of the di- and the tetra-benzyl compounds, and could be readily fractionated by 
chromatography on alumina. The desired L-1,3,4-tri-0-benzyl-5,6-O-cyclohexylidene- 
chiro-inositol (6) was thus obtained. Formation of the S-methyl dithiocarbonate and 
reaction with tributylstannane again proceeded smoothly, and the protecting groups 
were removed by hydriodic acid. 

By regiospecific epimerization with sulfuric acid in 95 y0 acetic acidll, the 
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D-1.3,4/2,5-cyclohexanepentoi (7) was partially converted into D-1,2,4/3,5-cyclo- 
hexanepentol (S), the enantiomer of naturally occurring viburnitol’. 

I,2 :4,5-Di-O-isopropylidene-mnco-inositol provides another suitable starting- 
material for the synthesis of a cyclohexanepentol. Its two hydroxyl groups are 

equivalent, and the monobenzyl derivative 9 was described by Espelie and Anderson”. 
In the hope of improving the yield of 9, we tried monobenzylation with a phase- 
transfer catalyst, but the method yielded mainly the dibenzyl derivative. The deoxy- 
genation of the monobenzyl ether was slower than in the foregoing preparations: 

after heating for 24 h with tributylstannane, and removal of the protecting groups, 

a mixture (- 1:2) of muco-inositol and 1,2,4,5/3-cyclohexanepentol (11) was ob- 
tained. Barton and McCombie noted3 that the reaction is sensitive to steric hindrance, 

and Copeland and Stick described an instance of a hindered compound13 in which 
change of solvent (to Me,SO) was required to obtain a good yield. However, pro- 
longed reaction of the xanthate gave 3-Gbenzyl-1,2,4,5/3-cyclohexanepentol (10) 

in good yield, and debenzylation then yielded the free pent01 11 containing only a 

small proportion of muco-inositol. 
The all-& (1,2,3,4,5/O) isomer of cyclohexanepentol is particularly inaccessible*. 

We synthesized it from 1,2 : 3,4-di-O-cyclohexylidene-cis-inositol’g (12). This diol 

was converted into its monobenzyl derivative 13. Here, again, the phase-transfer 
procedure’ ’ proved less successful than benzylation with a limited amount of benzyl 
bromide. The deoxygenation reaction was very slow, but prolonged heating gave, 

*McCas!and and co-workers stated 11 that many attempts to produce cyclohexanepentols by the 
hydrogenation of benzenepentol had failed. We have succeeded in doing so, by using a large amount 
of a palladium oxide catalyst developedls for the synthesis of cir-inositol from benzenehcxol. The 
product obtained by the hydrogenation of benzenepentol contained, as shown by g.1.c. of the 
acetates, most isomers of cyclohexanepentol and also some more-volatile products, presumably 
tetrols and triols. The products were separated on a cation-exchange resin in its calcium forrr9. 
Two of the cyclohexanepentols, the 1 2 3 4 5/O- and the 1,2,3,4/5isomer, complex strongly with , 1 , , 
calcium ions”: the last fraction to be eluted from the column was shown, by its 13C-n.m.r. spectrumls, 
to consist of an -3:l mixture of the all-c& and the 1,2,3,4/5cyclohexanepentol. Two earlier 
fractions contained pure substances; one was a cyclohexanerriol. the other a cyclohexanetetrol. 
The n.m.r. spectrum of the acetate of the former identified it as the 1,4/2-isomer; the latter, based on 
n.m_r_ evidence, is probably the 1,2,4/S- or the 1,2,4/3-isomer. This reaction has not been investisted 
in detail, nor were the reaction conditions optimized. 



212 S. J. ANGYAL, L. ODIER 

9 10 R = 8.~1 ‘;lR= H 14 R = Bzl 

11 R = H 13 2 = 921 15R= H 

after acid hydrolysis, 1-0-benzyl-1,2,3,4,5,IO-cyclohexanepentol (14) and then, by 
debenzylation, the free pent01 15. 

In another instance, we used a methylthiomethyl, rather than a benzyl, group 
to protect a free hydroxyl group. This substituent is readily introduced and readily 
removed under mild conditions” ‘, and is stable towards alkali. 1-0-Benzoyl-2,3 :4,5- 
di-O-cyclohexyiidene-6-O-methyIthiomethyI-epi-inositol (16) was obtained previously 
as a by-product’ 9 _ III an oxidation, but was prepared here by methylthiomethylation 
of 1-0-benzoyl-2,3 :4,5-di-0-cyclohexylidene-epi-inositoI*_ The benzoyl group was 
removed and the xanthate prepared in the usual way. Reaction with tributylstannane 
left the methylthiomethyl group intact, but completely eliminated the methyl dithio- 
carbonate group. However, when the protecting groups were removed, a mixture 
(N 1: 1) of epi-inositol and 1,2,3,4/Scyclohexanepentol (17) was obtained. 
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Barton and McCombie3 pointed out cases in which the reaction with tributyl- 
stannane produces an alcohol, rather than the deoxygenated compound, and Pozsgay 
and Neszmelyi have also reported the formation of 10-20 o/0 of the parent a!cohol in 
the deoxygenation of some rhamnose derivatives 21 In the present case, the reaction _ 

was hardly satisfactory, but it produced sufficient of the pent01 for our purposes and 
was not pursued further. 

1,5/2,3,4CycIohexanepentoI was obtained by a reductive deamination proce- 
dure” using hydroxylamine-0-sulfonic acid which had been applied to amino sugars. 
2-Amino-2-deoxy-neo-inositol (18), obtained by the hydrolysisz3 of hygromycin A, 

*This reaction faifed when appIied to 1-0-benzoyl-2,3 :4,5-di-Ocyclohexylidene-cis-inositoP and 
seems to be sensitive to steric hindrance. 
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reacted more slowly with the reagent than did the examples previously described” 
and the reaction was not complete, but removal of the unchanged aminocyclitol by 
an acidic ion-exchange resin left pure 1,5/2,3,4_cyclohexanepentol (19), which was 
characterised by its n.m.r_ spectrum. 

EXPERIMENTAL 

Nomenclature. - The naming and numbering of al1 compounds follows the 
IUPAC-IUB 1973 recommendations for cyclitols24. 

General methods. - Evaporations were performed under diminished pressure 
below 45”. Optical rotations were measured with a Bendix automatic po!arimeter. 
‘H-N.m.r. spectra were recorded for solutions in deuteriochloroform with a JEOL 
JNM-4H-100s or a JEOL JNM-FX-100 spectrometer. Chemical shifts (6) are 
reported with reference to internal Me,Si or sodium 4,4-dimethyl-4-silapentane-l- 
sulfonate. 

L-I,2,5f3,4-Cyciolwxanepenrol. - A mixture of D-l ,2 : 5,6-di-O-cyclohexylidene- 
3-O-methyl-c/ziro-inositol’ (2 S), sodium hydride dispersion (50%, 1 s), imidazole 
(20 mg), and dry tetrahydrofuran (50 mL) was boiled under reflux in an atmosphere 
of nitrogen for 3 h. Carbon disuhide (5 mL) was added and boiling was continued 
for 1 h. Iodomethane (3 mL) was added and boiling was maintained for 1 h. To the 
cooled mixture was slowly added acetic acid (4 mL), the solution was diluted with 
water and extracted with dichloromethane, and the extract was washed successively 
with water, aqueous sodium hydrogencarbonate and water, dried (MgSO,), and 
concentrated. The oily residue was eluted from silica gel with light petroleum (b.p. 
40-60”) containing increasing amounts of ether (5 o/0 increments), to give D-1,2 : 5,6- 
di-O-cyclohexyiidene-3-0-methyl-cEro-inositol 4-(S-methyl dithiocarbonate) (2) as 
an oil (2.23 g, 90x)_ N.m.r. data (CDCI,): b l-2 (20 H), 2.57 (s, SMe), 3.32 (dd, 

Jz.3 7-1, Jx.4 10.5 Hz, H-3), 3.45 (s, OMe), 3.7-4.4 (4 H), and 5.95 (dd, J4,5 -8 Hz, 
H-4). 

A soktion of 2 (2.1 g) in toIuene (20 mL) was added dropwise, during 1 h, 
to a solution of tributylstannane (4 g) in toluene (30 mL) boiling under an atmosphere 
of nitrogen. Boiling under reflux was continued overnight. T.1.c. (silica gel, 2: 1 light 
petroleum-ether) then showed that the reaction was complete_ The solvent was 
removed under diminished pressure and the residue was chromatographed, as 
described above, to give, first, tin compounds, then an inositol derivative containing 
a tributyltin group, and finally L-1,2 : 3,4-di-0-cyclohexylidene-5-0-methyl-1,2,5/3,4- 
cyclohexanepentol (3; 1.32 g, 83 %)_ N_m.r. data (CDCl,): 6 l-3-1.8 (20 H), 2.10 
(m, CH,), 3.20 (ddd, Js,5 6.5, J5,6 3.3, J5,6S 11.7 Hz, H-5), 3.45 (s, OMe), and 4.14.4 

(4 H). 
A solution of 3 (1.0 g) in acetic acid (5 mL) and water (1 mL) was boiled for 

4 h and then concentrated to give a syrup (0.485 g), the n.m.r. spectrum (D20) of 
which showed a singlet at 6 3.4 (OMe) and a multiplet at 6 2.2 (CH,). An aliquot 
(0.4 g) was heated under retlux with 47% hydriodic acid for 2 h. The mixture was 
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diluted with water, extracted with chloroform (to remove iodine), and concentrated. 
Recrystallisation of the residue from water-ethanol gave L-l ,2,5/3,4-cyclohexane- 
pent01 (0.335 g, 91”/,), m-p. 254-255’, [x]~O -I- 50” (c 1.4, water); !it.” for the D 

isomer, m-p. 257~25S0, [z]i” -48”. 

Anal. Calc. for C6H,?0,: C, 43.9; H, 7.4. Found: C, 43.3; H, 7.7. 
D-.?-o-~Cety&I,~ : 5,6-di-O-c~cloke_~~Iidet~e-4-O-~~letrz~t-chiro-itzosito~. - A mix- 

ture of ~-1.3 : 5,6-di-O-cyclohexylidene-3-O-methyl-c~z~~o-inositol (2 g), anhydrous 
pyridine (10 mL), and acetic anhydride (8 mL) was stirred at room temperature 
overnight and then concentrated. A solution of the residue in chloroform was washed 
with dilute sulfuric acid, aqueous sodium hydrogencarbonate, and water, dried 
(NalSOJ, and concentrated_ The residue was crystaliised from benzene, to give the 
title compound (1.99 g, 88 %), m-p. SO-82”, [XI;’ t7S.5 o (c 1.3, chloroform). 
N-m-r. data (CDCI,): b 1.4-1.8 (20 H), 2.10 (s, AC), 3.17 (dd, f3.+ 11.2, Js,s 7.2 Hz, 
H-4), 3.51 (s, OMe), 4.17 (m, H-1,6), 4.35 (m, H-2,5), and 4.96 (dd, J2,3 7.6 Hz, H-3). 

Anal. Calc. for C21H3207: C, 63.6; H, 8.1. Found: C, 63.5; H, 5.4. 
Iradiation. - A solution of the foregoin g compound (0.9 g) in water-hexa- 

methylphosphoric triamide (5 :95) was irradiated in a quartz tube with U.V. light 
(2 254 nm). After 24 h, t.1.c. showed the reaction to be incomplete, but after 45 h, 
no starting material remained. The solvent was removed under diminished pressure, 
and a solution of the residue in chloroform was washed with water, dried (Na$O,), 
and concentrated. K.m.r. analysis showed that the product was 3, contaminated with 
hexamethylphosphoric triamide. 

L-123,4-Tri-O-ben~~~-5,6-O-c_~clo~~e_~~lidene~hiro-inosito~ (6)_ - To a solution 
of r-3,4-di-O-benzyl-l,2-O-cyclohexylidene-c/ziro-inositolg (2 g), benzyl bromide 
(0.55 g), and tetrabutylammonium iodide (0.33 g) in dichloromethane was added 
aqueous 5% sodium hydroxide (8 mL), and the mixture was boiled under reflux for 
48 h. T.1.c. then showed onIy a trace of the starting material and of the tetrabenzyl 
derivative. Thp organic layer was washed with water, dried (Na2S0,), and concen- 
trated. The resulting oiI (2.4 ,g) was elutcd from a coIumn of acid-washed alumina 
with benzene-chloroform (9: I), to yield two main fractions, namely, L-1,3,4-tri-O- 
benzyl-5,6-O-cyclohexylidene-clziro-inositol (1.07 g, 44 %), m-p. 72-74” (from ben- 
zene) (lit.’ m-p. 72-74”), and L-2,3,4-tri-O-benzyl-5,6-O-cyclohexylidene-cIziro- 
inositol. 

D-1,3,4!2,5-CycIohe_xanepentoi (7)_ - Compound 6 (3 g) was heated under 
reflux with a mixture of sodium hydride dispersion (50%, 2 g), imidazole (40 mg), 
and tetrahydrofuran (SO mL) under nitrogen for 4 h_ Carbon disulfide (7 mL) 
was added, boiling under reflux was continued for 1 h, iodomethane (6 mL) was 
added, and boiling was maintained for I h. The mixture was cooled, treated with 
acetic acid (7.5 mL), and diluted with water and dichloromethane. The organic 
Iayer was washed with water, aqueous sodium hydrogencarbonate, and water, dried 
(Na$O,), and concentrated_ The residual oil was eluted from silica gel, with light 
petroleum (b.p. 40-60°) containing increasing amounts of ether. L-1,3,4-Tri-O- 
benzyl-5,6-O-cyclohexylidene-chiro-inositol 2-(S-methyl dithiocarbonate) (3.15 g, 
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89%) was obtained as an oil. N.m.r. data (CDCI,): 6 l-2-1.9 (10 H), 2.50 (s, SMe), 
3.8-4.8 (11 H), 6.09 (dd, J1,2 2.5, JZ,3 5.5 Hz, H-2), and 7.3 (Bzl). 

A solution of the foregoing compound (3 g) in toluene (20 mL) was added 
dropwise to a solution of tributyIstannane (4 g) in toluene (40 mL) boiling under 
refiux under nitrogen. Next day, the reaction was found (t.1.c.) to be incomplete. 
i\rfore tributylstannane (2 g) in toIuene (20 mL) was added and boiling under reflux 
was continued overnight. The mixture was then worked-up as described for 3. The 
third fraction gave ~-l.2,5-tri-0-benzyl-3,4-0-cyclohexylidene-l,3,4/2,5-cyclohexane- 
pent01 (1.98 g, 80%) as a yetlow oil. N-m-r. data (CDCI,): S 2.2 (m, overlaps with 
the cyclohexylidene signals, CH,), 4-5 (11 H), and 7.3 (Bzl). 

A solution of the foregoing compound (1.5 g) in acetic acid (5 mL) and water 
(I mL) was boiled for 4 h and then concentrated, to yield L-1,2,5-tri-O-benzyl- 
1,2,5/3,4_cycIohexanepentol (I_ 13 g, 90 %) as an oil. An aliquot (1 g) was treated with 
boiling 47% hydriodic acid (4 mL) for 2 h. The solution was diluted with water, 
washed with chloroform, and concentrated. The residue was crystalliaed from water- 
ethanol, to give 7 (344 mg, 90%) m-p. 235-237 ‘, [z]~O -29” (c 4.5, water); lit.’ 
m-p. 23S-239”, [x]$ -25”. 

~-~e~~?a-O-acet_si-I,2,4/3,5-cyc~oilesanepeltrol. - The quercitol 7 (263 mg) 
was treated with boiling 95% acetic acid (30 mL) containing 1.5 o/o sulfuric acid 
for 15 h. The mixture was cooled and acetic anhydride (30 mt) was added. After 
4 h, the soIution was neutralised with sodium hydrogencarbonate. After a further 3 h, 
it was extracted with chloroform, and the extract was washed with water, dried, and 
concentrated. On addition of ethanol, D-penta-O-acetyl-I,2,4/3,5cyclohexanepentol 
(I80 mg, 30 %) crystaIlised; m-p. 124-126”; lit.‘6 m-p. 126”. The mother-liquor 
was concentrated and the residue was re-submitted to the same reaction. and gave 

another crop (60 mg, IO?/,). 
3-O-Benr$I,Z : 4,5-di-O-isopropyle-muco-inositol 6-(S-inethyl dithiocarbon- 

ate). - 3-0-Benzyl-l,2:4,5-di-O-isopropyIidene-mrrco-inositol’2 (9, I30 mg) was 
treated as described for 2. The resuIting oil was dissolved in light petroIeum-benzene 
(I : I) and passed down a small column of silica geel. Concentration of the eluate and 
crystalhsation of the residue from ethanol gave the dithiocarbonate (145 mg, 89 T/,), 
m-p. 138”. N-m-r. data (CDCl,): 6 1.32 and 1.48 (s, CMe?), 2.57 (s, SMe), 4.0-4.4 
(m, 5 H), 4.81 (s, PhCH,), 6.15 (m, H-6), and 7.3 (m, Ph). 

Anal. Calc. for CZ1HZB06SZ: C, 57.3; H, 6.35. Found: C, 55.9; H, 6.7. 
3-O-Be~~~yZ-Z,2,4,5/3-cycfo~e~a~~epe~~to~ (10). - A solution of the foregoing 

dithiocarbonate (120 mg) in toluene (6 mL) was added dropwise during 1 h to a 
soIution of tributylstannane (0.5 g) in toluene (10 mL) boiling under nitrogen_ 
After 48-h boiling, n.m.r. anaIysis showed the absence of the SMe signal at 6 2.57. 
The soiution was concentrated and the residue was treated with boiling acetic acid 
(4 mL) and water (1 mL) for 4 h. The solution was concentrated, the residue was 
partitioned between water and erhy! acetate (to remove tin compounds), the aqueous 
layer was concentrated, and the residue was crystallised from ethanol, to give 10 
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(60 mg, 56 72). m.p. 146-148”. N-m-r. data (DzO): 6 1.9-2.1 (m, CHI), 3.5-4.2 (m, 

5 H), 4.5 (s, PhCH2), and 7.4 (5 H, Ph). 
Anal. Calc. for Ct3H1805: C, 61.4; H, 7.1. Found: C, 59.1; H, 7.65. 
i,k4,5,!3-Cyclohexanepentol (11). - The foregoing compound (45 mg) was 

heated under reflux with hydriodic acid (20 I‘;, 4 mL) for 2 h. The mixture was di!uted 

with water and extracted with chloroform to remove iodine, treated twice with de- 

coiorising charcoal, and concentrated. Crystallisation of the residue from water- 

ethanol gave 11 (26.5 mg, 91x), m-p. 92-94”: lit.” m-p. 95”. N.m.r. data (D,O): 
6 I-75 (dt. J1_6 3, Jbs6. -15 Hz, H-6), 2.06 (m, H-6’), 3.48 (dd, J1 .’ 2, Jzs3 9 Hz, 
H-2,4), 3% (t, H-3), and 4.04 (m, H-1,5). The ‘3C-n.m.r. spectrum” showed the 

presence of - 10 T/, of muco-inositol. 
1,_7,3,4.5/0-C_wiohexanepen?ol (15). - Sodium hydride dispersion (50x, 250 

mg) was washed with light petroleum and then stirred with MezSO (10 mL) under 

nitrogen for 30 min I,2 : 3,4-Di-0-cyclohexylidene-cis-inositol’ 9 (300 mg) and, 

after 30-min stirring, benzyl bromide (160 mS) were added, and the mixture was 

stirred overnight: poured into water (30 mL), and extracted with chloroform (5 x 
10 mL). The combined extracts were washed with water (6 x 10 mL) and concen- 

trated. The syrupy residue was eluted from a column of silica gel with chloroform_ 
The first fraction contained the syrupy dibenzy: derivative, followed by DL-l-O- 
benzyl-2,3 :4,5-di-0-cyclohexylidene-cis-inositol (13: 151 mg, 40 %j, which failed to 

crystallise. 
Compound 13 (140 mg) was treated as described for 2, to give Dr_-:-O-benzyl- 

2,3 :4,5-di-O-cyclohexylidene-cis-inositol 6-(S-methyl dithiocarbonate) as an oil 

which was purified by elution from a column of silica gel with light petroleum- 

benzene (1: 1). The n.m.r. spectrum (CDCI,) contained singlets at 6 2.6 (SMe) and 
4.9 (PhCH,), and a triplet at 6.2 (J1,6 = J,,, -3 Hz, H-6)_ 

A solution of the dithiocarbonate (150 mgj in toluene (10 mL) was added 
dropwise, during 1 h, to a solution of tributylstannane (0.6 g) in toluene (10 mL) 

boiling under nitrogen. Boiling was maintained for 45 h. The solvent was then 
evaporated and the n.m.r. spectrum of the residue showed that the signals at b 2.6 

(SMe) and 6.3 (H-6) had disappeared. Acetic acid (4 mL) and water (2 mL) were 

added and the solution was boiled for 4 h. The solvents were removed, and the 

residue was dissolved in water and extracted repeatedly with ethyl acetate (to remove 

tin compounds). Concentration gave DL-1-0-benzyl-1,2,3,4,5/O-cyclohexanepentol 

(14) as a syrup (62 mg, S.5°/0). N-m-r. data (D,O): 6 2.2 (m, CH,), 3.6-4.2 (m, 5 H), 

4.70 (s, PhCH2), and 7.6 (m, Ph). 

A solution of 14 (62 mg) in hydriodic acid (20x, 4 mL) was boiled for 2 h, 
diluted with water, and extracted with chloroform. The aqueous layer was twice 
treated with decolorising charcoal and concentrated. The residue was crystallised 
from water-ethanol, to give 15 (36 mg, 90x), m-p. 233-237”; lk2’ m-p. 235-240’. 
The n.m.r. spectrum was in accordance with the previous description*‘. 

DL-1,2,3,4/S-CycIohe_~unepentol (17). - To a solution of I-0-benzoyl-2,3 :4,5- 
di-O-cyclohexylidene-epi-inositol I9 (250 mg) in MezSO (2 mL) was added a mixture 
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of acetic anhydride (1.4 mL) and acetic acid (0.25 mL). The mixture was stirred for 
48 h, poured into saturated, aqueous sodium hydrogencarbonate (25 mL), stirred 
for 1 h, and extracted with chloroform (4 x 10 mL)_ The combined extracts were 
washed with aqueous sodium hydrogencarbonate and water, dried, and concentrated. 
The remaining Me,SO was removed by co-distillation with xylene. The residual, 
syrupy DL-I-O-benzoyl-2,3 :4,5-di-O-cyclohexyIidene-6-O-methylthiomethyl-~~~-ino- 
sitol (16; 257 mg, 9176) showed only one spot in t.l.c., and the n.m.r_ spectrum 
(CDCI,) contained signals for an SMe group at 6 2.07 and a CH, group at 5.02. 

To the solution of 16 (257 mg) in anhydrous methanol (IO mL) was added a 
small piece of sodium. The soiution was boiled for 2 h, stored overnight at room 
temperature, and then concentrated. The residue was partitioned between water and 
chloroform, and the organic layer was washed with water, dried (MgSO& and 
concentrated, to give syrupy DL- I,3 : 3,4-di-0-cycIohexylidene-6-O-methylthlomethyl- 
epi-inositol (196 mg, 96 %). T-1. c. and n.m.r. spectroscopy showed that the compound 
was homogeneous and it was used without purification. N.m.r. data (CDC13): 
6 1.5 (m, 20 H), 2.20 (s, Me), 2.6 (broad s. OH?), 3.5 (m, H-5?), 4.24.5 (m, 3 H), 
and 4.90 (s, CI-Z& 

The foregoing compound (I 96 mg) was treated as described for 2. The resulting 
syrup had an n_m.r_ spectrum (CDC13) containing signais for methylthiomethyl 
(singlets at 6 2.15 and 4.80) and methy dithiocarbonate (s, 2.70) groups. 4fter the 
usual treatment with tributyIstannane for 48 h, the latter signal disappeared, but the 
former were still present. The compound was hydrolysed with boiling, 60% acetic 
acid for 4 h. This treatment removed the acetal groups, but some methylthiomethyl 
ether was stiI1 present_ It was then hydrolysed with boiling .hl hydrochIoric acid for 
2 h. The ‘3C-n.m.r_ spectrum (D?O> of the product showed the signals of epi-inositol 
(S 67.8, 71.1, 72.7, 75.5) and of 1,2,3,4/5-cycIohexanepentoI’* (6 34.4, 67.2, 70.3, 
71.4, 73.2, 74.6). From water-ethanol, star-shaped crystals of epi-inositol (30 mg), 
m-p. 295-300°, separated and were identified by its ‘H-n-m-r. spectrumZg; the contents 
(50 mg) of the mother liquors were mainly 1,2,3,4/5-cyclohexanepentol (as shown by 
comparing its ‘H-n.m.r. spectrum with the published one2g), but still contaminated 
by some epi-inositoi. 

Hydrogenalion of benzenepenrol. - The catalyst was prepared as follows”. 

Palladium metal (1.3 g) was dissolved by heating in a mixture of cont. hydrochloric 
acid (9 mL) and concentrated nitric acid (6 mL), and the solution was concentrated 
ro dryness. A solution of the residue in concentrated hydrochloric acid (12 mL) was 
diluted with water to 1200 mL, and aqueous 40% sodium hydroxide (30 mL) was 
added. The resulting, clear yellow solution was heated to form a brown, gelatinous 
precipitate which gradually coagulated on boiling. The precipitate was washed by 
decxntation with boiIing water (6 x 600 mL); the supernatant liquid was then neutral. 
The catalyst is used in the moist state, since its activity is markedly diminished if 
it is dried. 

A suspension of the cataIyst in water was stirred in an atmosphere of hydrogen 
overnight; 250 mL of hydrogen was absorbed_ Benzenepento13’ (1.05 g) was added 
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and stirring was continued for 3 days. Filtration gave a colourless solution which was 

concentrated to an oil (580 mg). A sample was acetylated and analysed by g.1.c. on 

a column (0.45 x 1 I.5 cm) of 3 o/0 of SP 2401 (Supelco, Inc., Bellefonte, Pennsylvania) 
on Chromosorb W at 227 a_ Peaks coinciding with those of the acetates of 1,2,3,4,5/O-, 
I ,3,5,&l-, 1,2,5/3,4-, 1,2,3/4,5-, and 1,2,4/3,%cyclohexanepentols were found, besides 

6 peaks of shorter retention times. The all-& isomer represented - 33 y0 of the cyclo- 

hexanepentols. 
The reaction mixture was elutedx6 from a column (3 x 60 cm) of Dowex 

AG 5OW-X2 (Ca”) resin with water. Most material emerged in the first two fractions 

(200-240 and 260-330 mL). The contents (60 mg) of the !ast fraction (980-1020 mL) 

showed only one spot (of the same mobility as that of epi-inositol) in paper electro- 

phoresis in 0.2~ calcium acetateI’_ The 1,2,3,4,5/O- and 1 ,2,3,4/5- cyclohexanepentols 
are not separated under these conditions_ The 13C-n.m.r. spectrum* * showed signals 

at S 74.2,68.6, and 30.2 (all-&), and at 74.6,73.2,71.4,70.3,67.2, and 34.4 (1,2,3,4/5). 

The third fraction (370-410 mL) contained two compounds and was re- 

chromatographed, using water-methanol (2: 1). The fractions 350-380 mL contained 

a trio1 (55 mg). N.m.r. data (CHCI,), after acetylation: 6 2.01,2.05, and 2.10 (s: AC), 

1.40-2.20 (m. 6 H), 4.66-4.92 (m, 2 H), and 5.20 (quin, J 2.2 Hz, H-4) The quintet 
indicates the presence of an axial acetoxyl group flanked by two methylene groups. 

Since the compound is not symmetrical, it can only be 1,4/Z-cyclohexanetriol. 

The eluant 470-530 mL contained a tetrol (8 mg). N.m.r. data (CDCl,), after 

acetylation: b 2.00, 2.03, and 2.04 (s, equatorial 0Ac3’), 2.12 (s, axial 0Ac3’), 

1.64-2.29 (m, 4 H), 4.70-5.14 (m, 2 H), and 5.33-5.56 (m, 2 H). 

Reductive deamination of 2-amino-2-deosy-neo-inositoi (18). - The hydro- 

chloride” of this base (136 mg) was dissolved in 2_5h1 sodium hydroxide (2 mL) 

with cooling. _M Sodium hydroxide (5 mL) and then hydroxylamine-0-sulfonic acid 
(250 mg) were added, and the mixture was stirred under nitrogen in an ice-bath. 

After 1 h, more acid (125 mg) was added and stirring was continued for 3 h. The pH 
then was 7.5. After 3 days at 4”, the solution was freeze-dried, and the residue was 
dried and then treated with acetic anhydride and pyridine at 50° overnight_ 

The reaction mixture was freeze-dried, and a solution of the residue in chloro- 

form was washed with aqueous sodium hydrogencarbonateand water, dried (Na$O,), 

and concentrated. Crystallisation of the residue from ethanol gave crystals (SO mg), 
m-p. 276”, consisting mainly of 2-amino-2-deoxy+zeo-inositol hexa-acetate (the 

‘H-n.m.r. spectrum in CDCl, showed signals for one OAc at 6 2.18, four OAc at 

2.04, and one NAc at 2.06, as described”). 
The mother-liquor was concentrated and the syrupy residue (110 mg) was 

treated with boiling hydrochloric acid (10 %, 5 mL) for 1 h. The solution was concen- 

trated and a solution of the residue in water was passed down a small column of 

Amberlite IR-120 (H+) resin in order to remove the unchanged amine. Concentration 

of the solution and crystallisation of the residue from ethanol gave 1,2,4,5/3-cycle- 

hexanepentol (21 mg). N.m.r. data (DzO): 6 1.37 (q, J1,6ar 11.8, J6ax,6eq -12.3 Hz, 

H-Sa.r), 2.21 (dt, J1,6eq 4.9 Hz, Hdeq), 3.50 (dd, J,,Z 9.8, .J2,3 2.9 Hz, H-2,4), 3.84 
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(ddd, H-1,5), and 4.08 (t, H-3). The penta-acetate had m-p. 1 SO” (from ethanol); 
lit.32 m.p. 182”. 

The amine hexa-acetate, when deacetylated with boiling hydrochloric acid and 
deaminated as described above, gave more (21 mg) of the cyclohexanepentol (total 

yield, 44 %). 
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