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THE REACTION OF UWSATURATED CARBOHYDRATES WITIS CARBON MONOXIDE AND 
HYDROGEN. 111. STRUCTURE AND STEREOCHEMISTRY OF THE HEXITOLS FROM 

3,4-DI-0-ACETYL-D-ARABINAL 

I n  Part 11 of this series (1) it was  show^^ tha t  3,4-di-O-acetyl-~-x*l reacted with 
carbon monoxide and hydrogen a t  a te~nperature of about 130" and a t  a pressure of about 
4000 p.s.i. in the presence of dicobalt octacarbonyl to yield two anl~ydrodeox~~l~exitols.  
This paper reports the results of an investigation of the application of a similar reaction 
to  3,4-di-0-acetj-1-D-arabinal. The 0x0 product, first freed of catalyst, was deacetylated 
with methanolic sodiuin ~nethoxide to afford a inixture of two hexitols contatninated wit11 
traces of sugars. Treatment of the nlixture with sodiunl borohydride in water reduced the 
sugars to hexitols. Cellulose chromatograpl~y of the mixture gave the hexitols (I) and (11). 
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The structure and stereochemistry of the anhydrodeoxyhexitols (I) and (11) were 
deterininecl in the same way as described in Part I1 of this series (1). Periodate oxidation 
of each hexitol (each consuined 1 molar equivalent of periodate) afforded sirupy dialde- 
hj-des. Socliunl borohydride reduction of these dialdehydes 1-ielded thc triol ethers (111) 
and (IV), urhich had siinilar infrared spectra and equal but opposite optical rotations. 
Further confirination that these triol ethers \\rere enailtioiners was provided by their 
characterization as crystalline p-nitrobenzoates with siinilar melting points. Direct 
coinparison (in.p., mixed m.p., and infrared spectra) revealed tha t  the p-nitrobenzoate 
of ( I \ - )  was idelltical with the 9-nitrobenzoate of the triol ether obtained froin 1,4-anhydro- 
5-deoxy-D-arabino-hexito1 (V). Thus, the configuration of C-3 of the hexitol (11) is the 
saine as that of C-4 of 1,4-anhydr0-5-deoxy-~-arabi~zo-hexitol (V), and compounds (I)  
and (I I )  are 1 ,3-anhydro-4-deoxy-D-lyxo-hexito1 and 1,5-anl~~~dro-4-deox)i-~-ribo-hexitol, 
respectively. 

Canadian Journal of Chemistry. Volurne 42 (1964) 

C
an

. J
. C

he
m

. D
ow

nl
oa

de
d 

fr
om

 w
w

w
.n

rc
re

se
ar

ch
pr

es
s.

co
m

 b
y 

19
3.

0.
65

.6
7 

on
 1

1/
14

/1
4

Fo
r 

pe
rs

on
al

 u
se

 o
nl

y.
 



2026 CANADI.-IN J0URIi:lL OF  CHEMISTRI'. VOL. 42, lDGi 

I t  is apparent that  analysis of the nuclear magnetic resonailce (n.n~.r.)  spectra (de- 
scribed in Experiinental section) reveals the n~olecular structure of each of the anhydro- 
deoxyhexitols (I) and (11). Because each inultiplet of peaks (equivalent to two hydrogens) 
occurs a t  about 6 = 1.8, it can be inferred from previous work (I) that  each isomer 
possesses a inethylene group on C-4. Thus, the two anl~ydrodeoxyhexitols must be linear 
and differ only in the configuration of C-5. The stereocheinistry of C-5 of each of the 
anhydrodeoxyhexitols cannot be ascertained froin the n.1n.r. spectra because of over- 
lapping peaks. 

ESPERIMENTr lL  

General Consideralions 
These have been described pre\,iously (1). 

S,4-Di-O-acctyl-~-arabi?~al 
This ulas prepared following the procedure for the preparation of 3,4-di-O-acetyl-~-s).lnl (1). 

Reaction of S,4-Di-O-acciyl-~-a1'abinnl witlz Carbo?~ A%noxide and EIydro,oen to Yield 1 , 5 - f l i ~ h y d r . o - , $ - d e o ~ ~ -  
D-ly.vo-lle.Vit01 (I) and 1,5-A~slzydro-4-deo.vy-L-ribo-lzexitol (11) 

The  3,4-Di-0-acctyl-D-arabinal (12 g) was allowed to react \\,it11 500 p.s.i. of carbon monoside and 2500 
p.s.i. of hydrogen in the presence of dicobalt octacarboilyl (2 g) for 1.5 h a t  125'. The product (13 g),  first 
freed of catalyst by filtration through Florisil, contained traces of reducing sugars. Reaction of the salne 
substrate with carbon monoxide and hydrogen (1:s by pressure) a t  113' to 120' for 0.5 h yielded 33% 
reducing s~lgars and abo~ l t  65% hexitols. The product \vas dencetylated with 0.1 h7 methanolic sodium 
methoside. Sugars were reduced with sodium borol~yclride before separation of the l~esitols by chroma- 
tography. Chromatography of 1.43 g of the deacetylated product on a polvdered cellulose column (410 X 47 
mrn dianl.) \vith water-saturated 1-butanol as  developer yielded 0.80 g of fraction (I)  and 0.55 g of fraction 
(11). Fractionation \\,as also readily achieved ~lsing water-saturated 1-butanol containing 55% ethanol a s  
developer. 

Cliaraclerization of Fraction (I) 
Fraction (I)  (1,5-anh~~dro-4-dcos~.-~-lyso-hesitol) crystallized slowly \\,hen kept in a desiccator for several 

months over phosphorus pentoside; 111.p. 85-87'; [~]D?O -50' (c, 1.7 water); R j  = 0.26. Attempts to crystal- 
lize (I)  from lilethanol- isopropyl ether \\?ere uns~~ccessful. Anal. Calc. for CF,H~?O.I: C, 4S.G-&; 1-1, 8.17. 
F o ~ ~ n d :  C, 48.38; H, S.22. N.A,I.l<. ( d e ~ ~ t e r i ~ ~ m  oxide): multiplet of peaks, centered a t  6 = 1.68 to 1.80, 
equal to 3 hydrogens. This s p e c t r ~ ~ ~ n  \vas identical wit11 that of a similar co~npo~ind  isolated by Gorin ('2) 
i r o n  the l~ydrogc~lolysis of methjfl-a-D-glucopyranoside. 

Chnracleri,-otio?~ of Fraction ( I I )  
Fraction (11) (1,5-anh>~dro-4-dcor).-~-l.ibo-hesitol) solidified \\?hen kept in a desiccator o\.cr p l ~ ~ s p h o r ~ ~ s  

pentoside for several months. The substance was very h>.groscopic. Attempts to cr).stallize (11) from \.arious 
solve~lts \Yere ~lns~rccessful. +2'J0 (c, 2.5 \\rater); R j  = 0.36. Anal. Calc. for C,jM1?04: C, 4S.64; 1-1, 8.17. 
F o ~ ~ n d :  C, -18.49; 1-1, 8.22. S.hI.I<. (deuter i~~m oxide): ln~iltiplet of peaks, centered a t  6 = 1.60 to  1.80, 
e q ~ ~ a l  to  2 hydrogens. 

Preparation of 1,5-11?zlzydro-2,S,6-tr%-0-beazoyl-4-deosy-~-lg.vo-l~esilol 
Fraction (1) was benzoylated accordi~~g to  the procedure of Smith and 17an Clevc (3) to  yield sir~rpy 

l,5-a11~~~~dro-2,3,6-tri-O-be11zo~~~-4-~~coxy-~-y.o-exito; [cu]l,?' -63" (c, 3 ethanol). rlnal. Calc. for C?;1-I?,Oi: 
C, 70.41; H, 5.25. Fo~ lnd :  C, 70.60; 1-1, 5.42. 

Prepnratio?~ of 1,5-A tilzydro-2,S,6-1ri-0-be1zsoyl-~-rleo.~y-~-i.ibo-he.vilol 
Fraction (11) was bcnzoylntcd in the us~lal nray to  yield 1,5-nnhyclro-2,3,6-tri-0-b~1~zo~l-4-cleos~~-1~-~ibo- 

hesitol, and the product was recrystallized fro111 ethyl acetate - light petroleum ether, or nlethanol-nrater; 
m.p. 132-133"; [ a ] ~ ~ '  +i9"  (c, 1.5s chloroform). -4nal. Calc. for C?;l-IZ,Oi: C, 70.11; I-I, 5.25. 1:o~lnd: C, 
70.75; 1-1, 5.31. 

Strz~cli~re and Stereociteniistry of Fraclions (I) and (11) 
Fraction (I) \ \as oxidized, according to the procedure previously described ( I ) ,  with 0.1 JI periodic acid 

(1 lnolar equivalent consumed). The clialdehyde was im~nediately reduced with socli~~m borohg-dride to 
yield the triol ether (111); [ o i ] ~ ~ '  -17" (c, 1 water). The  triol ether n7as characterized as  the p-nitrobenzoate; 
1n.p. 102-102.5°; [cu]1,~"23~ (c, 2 chloroform). Anal. Calc. for C~;1-1~3~3011: C, 54.27; 1-1, 3.8s; N, 7.03. 
Fo~ lnd :  C, 54.55; H, 3.96; N, 7.36. 

Similarly fraction (11) \\.as converted into the triol ether (IV); [cu]~?' + l io  (c, 1 \I-ater). The infrared 
spectra of I11 and IV were similar. Reaction of the triol ether (IV) with p-nitrobenzoyl chloride in pyridine 
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yielded the tris-p-nitrobenzoate; m.p. 102-102.5"; [CX]D" +32.3 (c, 3.6 chloroform). Anal. Calc. for 
C~7H23N3013: C, 54.27; H ,  3.88; N, 7.03. F o L I ~ ~ :  C, 54.39; I-I, 3.98; N, 7.29. 

The infrared spectra of the two p-nitrobenzoate derivatives were identical. The mixed m.p. of the tris- 
!>-nitrobenzoate of compound (IV) and the tris-p-nitrobenzoate of 2-deosy-3-0-(2-hydrosyethyli-L-,olgcei.o- 
tetritol (1) (obtained by sodium borohydride reduction of the periodate oxidation product of authentic 
1,4-a11hydro-5-deoxy-~-arabino-hesitol (V)) was 101-103". The infrared spectra of the two p-nitrobenzoates 
were identical. 
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PROPYLENE GAS HYDRATE STABILITYL 

Although the forlnation conditions for propane hydrate are well characterized (1, 2, 
3), the conlparable conditions for the forination of propylene hydrate fro111 licluid water 
and prop).lene gas have beell little studied and are 1<11oiv11 only approximatel!-. Fro~ll 
the three measure~nents available (3) it appears that the propylene hydrate is con- 
siderably less stable than the propaile hydrate, in spite of the similar physical properties 
of the propylene and propane species. An experimental investigation of the propylene 
hydrate system has thus been made to better define the conditions for hydrate forination. 

The propylcnc \vas h4athcson C.P. grade which was found by gas chromatography to contain 99.4 
mole % propylene, 0.56 mole % propane, 127 p.p.m. ethane, and less than 10 p.p.111. of any other \.olatile 
impurity. The water was distilled ancl deionized by passage through a lnixed ion exchange resin column, 
and subsequently outgassed in the hydrate cell prior to me. 

The hyclrate cell ~vhich was fabricated from stainless steel contained a stirrer operated by magnetic 
induction. The portion of the apparatus in which the hyclrate was formed could be complctel~- immersed 
in a large thern~ostat  bath which could be regulated to f 0.001 "C. Pressure was measured  sing a 0-100 
p.s.i., 10 in. dialmeter Heise gauge, \vhich was calibrated by a dead-~veight tester. The barometric pressure 
was recorder1 a t  each measurement. This procedure gave pressure accurate to f 0.1 p.s.i. or f 0.006 a t ~ n .  

The temperature of the cell was measured relatiye to a blocl; of stainless steel i1l1111ersed ill the same 
thermostat bath by means of a ten-junction copper-constantan thermocouple. The temperature of the 
block was measured by a plati11~111 resistance thermometer which \\,as calibrated a t  the triple point of w-ater. 

Canadian Journal of Chemistry. Volurne -12 (1964) 
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