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smeared out), the configuration being about midway between eclipsed and staggered, as 
in biferrocenyl (3). As a result of the disorder, the further refinement required to establish 
the structure and configuration more precisely is not profitable; we hope to obtain more 
accurate information from a study of diferrocenyl lietone. The fact that the rings bonded 
to the iron atom do have the same disposition as those bonded to the ruthenium suggests 
that the configuration is iilfluenced to a great extent by intern~olecular interactions. The 
central rings are not quite coplanar, cach being rotated a few degrees out of the CICl'Cl10 
plane. No accurate ~llolecular dimensions are available from this study, but all the intra- 
and inter-molecular distances appear to be normal. 
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HYDROGENOLYSIS OF CARBOHYDRATES. X. HYDROGENOLYSIS OF (ZII)-EPI-INOSOSE-~'-~ 

Posternali has shown that catalytic hg7drogenation of scyllo-inosose using a platinum 
catalyst in 5yo aqueous sulphuric acid results in the formation of scyllo-quercitol (I).  
More recently Post and Anderson found that hydrogenation of (+)-vibo-inosose (I) 
under similar conditions yields (+)-vibo-quercitol (11) and 1,3/2,4-cyclohexanetetrol 
(111), that is, the tetrol is formed froin the inosose by reductive reinoval of the keto and 
its adjacent hydroxyl group. This reaction is general among substituted inososes having an 
axial hydroxyl vicinal to the 1:eto group (2). 

In the present work it was observed that by-products were formed during the prepara- 
tion of (*)-epi-quercitol (VI) from (*)-epi-inosose-2 (V) (purified via its phenylhydrazone 
(3)). Fractionation of the product on a cellulose colun~n gave tetrol and triol fractions as 
well as (*)-epi-quercitol. The former consisted mainly of (*)-1,2,3/4-cyclohexanetetrol 
(VII), which was identified, subsequent to measurement of its periodate characteristics, 
by comparison with an authentic specimen (4). Oxidation of the triol fraction with sodium 
periodate resulted in consumption of 2.0 moles of oxidant with concomitant production of 
0.9 moles of acid. After crystallization the triol had a melting point corresponding to 
1,3/2-cyclohexanetriol (5) (VIII) and differing froin those of the 1,2,3- (6) and 1,2/3- 
isomers (5). Although an authentic specimen was not available the identification was 

'Carried out ,  i ~ z  part, tkrozrgk the coz~rtesy of Prof.  S. J.  Amgyal, Univers i ty  of N e w  Sou th  TVales, Sydney ,  
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confirnled by exa~nination of the nuclear magnetic resonance (11.m.r.) spectrum of the 
derived triacetate. I t  gave one acetoxy-proton signal in the n.rn.r. a t  2.0 p.p.in., thus 
indicating three ecluatorial acetoxy groups. In pol~~acetoxycyclohexanes which do not 
interconvert readily froin one chair form to the other, ecluatorial acetoxy protons give 
signals a t  2.0-2.1 p.p.m. Axial acetoxy protons produce signals a t  slightly lower field. 
This relation of chemical shift to conforination has been delllollstrated with m>7o-, levo- 
(7), epi-, and neo-inositol hexaacetates (8) and the acetates of stereoisoineric quinic acid 
and quinicol derivatives (9). 

The  mixture, formed by hydrogenolysis of ( f  )-epi-inosose-2, was acetylated and 
exa~nined by gas phase chroinatography. On a inolar basis the coillposition of the acetate 
mixture was as follows: ( f  )-epi-inositol (7%), ( f  )-epi-quercitol (53%), (f)-1,2,3/4- 
cJ~clol~exanetetrol (21%), 1,3/2-cyclohexanetriol (9%). Sinaller amounts of an unidentified 
tetrol acetate (3%) and two trio1 acetates (1% each) were detected. The (f )-1,2,4/3- 
cyclohexanetetrol tetraacetate was shown to  be absent froill the mixture. 

In the light of the results obtained by Posternak (I) and Post and Anderson (2) it was 
not anticipated that  hydrogenation of ( f  )-epi-inosose-2 would give appreciable a~nounts  
of tetrols and triols. Reductive elinlination of the equatorial hydroxyl a t  C-1 and the lieto 
group talies place, to yield ( f  )-1,2,3/4-cyclol~exanetetrol (VII). A siillilar elimination a t  
C-3 to forin (f)-1,2,4/3-cyclohexanetetrol (IV) does not occur. Instead it appears that  
the platinum-cyclitol intermediate involving C-2 and C-3 is further hydrogenolyzed a t  
C-4 to  give 1,3/2-~~clohexa~letriol. In this case the C-4 substituents have a reactivity 
coinparable to those contailling an axial hydroxyl group vicinal to a keto group in inososes. 

The (+)-epi-inosose-2 was prepared by the nlethod of Posternal; (10). A crude sample had C,  30.30; H, 
5.84. Calc. for CoIilo06: C, 40.45; H, 5.667,. After purification via its phenylhydrazone and two recrpstal- 
lizations fro111 water a sample had C, 39.02; H, 5.7970. Exa~nillatio~l of the phenylhydrazone ancl semicar- 
bazone (3) reaction mixtures on a paper chromatogram (solvent: n-buta1101-ethanol-water 40:11:19 v /v ;  
spray: ammoniacal silver nitrate) did not indicate the presence of any disubstituted derivatives. Lslelting 
points are corrected to the nearest degree. 

Hyd~ogenation of (+)-epi-Inosose-3 
The (+)-epi-inosose-2 (2.0 g) was suspended in 5Y0 sulphuric acid (50 1111) and shaken overnight with 

platinic oxide (0.20 g) in the presence of hydrogen. The solution was filtered, neutralized with bariiln~ 
carbonate, filtered, and evaporated. The product gave on a paper chromatogram (solvent and spray as above) 
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a n~ain  spot corresponding to epi-quercitol, and two others running a t  a faster rate. A trace of epi-inositol 
was present also. 

The product was acetylated and examined by gas phase chromatography using 27, LAC IR296 on 
Chromosorb \Y as column packing (11). ?'he gas-liq~~icl chromatograph unit was of conventional design using - - .  - 
thermal conductivity cells for detection. At 200 "C a satisfactory separation of epi-inositol, epi-quercitol, 
and tetrol acetates \\-as obtailied and a t  160 "C the triol, tetrol, and epi-quercitol acetates gavesuitable signals. 

The responses of the machine were calibrated using authentic cyclitol acetates. On a lnolar basis the 
p r o d ~ ~ c t  consisted of the acetates of (f)-epi-inosose (7O/o), ( f ) - ep i -q~~erc i to l  (53%), (f)-1,2,3/4-cyclo- 
liesanetetrol ('21Cjo), 1,3/2-cyclohexa~~etriol (97;). An unidentified tetrol acetate (5Y0), with a slightly higher 
retention time than the main tetrol acetate, and t\\-o triol acetates (1% each), \vhich had higher and lower 
retention times than the ~nain  triol acetate, respectively, were also detected. 

The acetate of ( f  )-1,2,4/3-cyclohesanetetrol (4) was shown to have a lo\\.er retention time than the 
(f)-l,2,:3/4-iso11ler (4). 

Isolation of Hydroge?~olysis Prodzlcts 
The above hydrogenolysis product \\-as fractionated on a cellulose column using fL-butanol one-half 

satnrated \\-ith water as eluant. The following materials were isolated: 
(i) Triol-140 mg was isolatecl and oxidation of this inaterial with aqueous sodium periodate resultcd in the 

consumption of 1.97 nioles of oxidant in one day \vith concomitant production of 0.94 moles of acid. 
One crystallization from ethyl acetate yielded 104 mg of inaterial and a further recrystallization from the 

same solvent gave 1,3/2-cyclohesanetriol with m.p. 107-108 "C. Calc. for CGHIZOI: C, 54.5; H,  (3.15. Foi~nd:  
C, 54.6; H,  0.470. UIcRae et al. (5) report 111.p. 107.7-108.2 OC for the 1,3/2-isomer, ivhereas the 1,2,3-isomer 
has m.p. 1-15 "C (6) and the 1,2/3-isomer m.p. 125 "C (5). After 5 h the triol co~lsumed 1.97 moles of sotlium 
periodate releasing 1.05 moles of acid. 

The triacetate, obtained by the hot sodium acetate - acetic acid anhydride mcthotl, was recrystallized 
tnvice fro111 hesane to givea procluct with m.p. 128-120 "C. Calc. lor CI?I-Il~Oc: C, 55.8; I-1,'i.O. Found: C,  55.6; 
H, 7.0%. In the n.m.r., using chlorofor1i1 as solvent, it gave one signal lor acetoxy protons a t  2.00 p.p.111. 
(tetramethyl silane staildard). 

(ii) Tetrol-324 mg \\-as isolated from the column and this was recrystallized from ethanol. The product 
(0.23 g) \vas recrystallized and hacl 111.p. 158-15'3 "C. Calc. for CGH1~O.I: C, 48.6; 1-1, 8.2. F O L I I ~ ~ :  C, 48.75; 
H, 8.2%. After 5 and 24 h the tetrol consunled 3.0 molcs of s o d i ~ ~ m  periodate, yielding 2.0 moles of acid. 
The tetrol gave an X-ray rliffraction pattern iclcntical with (f )-1,2,3/4-cyclohesanetetrol (4). The deri\lcd 
tetraacetate \\-as recrystallizccl t\vice from ether-hesane and had m.p. 11:;-114 "C. Calc. for Cl.lH?008: 
C, 53.3; I-I, 6.4. Found: C, 53.0; I-I, 6.4575. 

(iii) (f )-epl-Q~~eiciLol-'The majority of the product was represented by epi-quercitol (1.05 g) with m.p. 
187-190 "C after two recrystallizations from aqueous ctl~anol. Calc. for CGMl?Oa: C, 43.0; M, 7.4. Fountl: 
C, 43.9; H,  i.:i570. 
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