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ABSTRACT 

3,4-Di-O-acetyl-~-xylal reacted with carbon n~onoxide and hydrogen in the presence of 
clicobalt octacarbonyl to yield 1,5-anhydro-4-deoxy-~-arab~)zo-hexitol (I)  ancl 1,s-anhydro-4- 
deoxy-L-sylo-hexitol (11). The stereochemistry a t  C-5 of the hesitols was elucidatecl by 
correlation with the triol ether (VI) obtained by sodi~~i i l  borohydride reduction of the perioclate 
oxidation product of 1,4~anhytlro-5-cleosy-~-arabi?~o-hexitol (VII). Reaction of 3,4-di-0- 
acet~l-D-xylal with carbon monoside and deuteri~~rll  afforded 1,5-anhydro-4-cleosy-~-n1~1bit1o- 
hc~itol-4,6,6-H3~ (VIII) and 1,5-anhydr0-4-deoxy-~-.vylo-hexitol-4,,6-H ( I S ) .  Examination 
of the nuclear magnetic resonance (n.m.r.) spectra of the nor~ual and cleuterated anhydro- 
deosyhexitols confirmed the structural assignments and shorvcd that cis-addition to the 
double bond takes place to give (IX).  

CH20H 
I 7 HZ 

C - H  

0 I 
H-C-OH % 

-:Hz HOH2C <wpH C > H20 H 

I t  has been reported previously (1, 2) that  3,4,G-tri-O-acetyl-~-ga1:~ctal reacted with 
carbon monoxide and hydrogen under 0x0 conditions (3) to yield an anhydrodeoxp- 
heptitol of unltnown stereochemistry. I t  has now been found that pentals react similarly 
to  yield ailhydrodeoxyhexitols in which a hydroxymethyl group has been added to C-1 
of the pental. The present paper in the series deals with the 0x0 reaction of 3,4-di-0- 
acetyl-~-x).lal and offers conclusive proof by chemical ineans of the stereochemistry of 
the hexitols obtained. In addition, the mechanism of the addition of carbon monoxide 
and hydrogen to  the glycal has been deterrnined by the use of tracer studies. 

The 3,4-di-O-acetyl-~-xylal, prepared by a nlodification of the procedure of Helferich 
and co-worliers (-I), was reacted with a mixture of carbon monoxide and hydrogen a t  a 

Canadian Jourual of Chemistry. Volume 42 (1964) 

1811 

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.

61
.1

35
.8

0 
on

 1
1/

14
/1

4
Fo

r 
pe

rs
on

al
 u

se
 o

nl
y.

 



1612 C:iiX;iDIAN JOURNAL O F  CI-IEMISTRY. VOL. -12, 19a4 

pressure of about 4000 p.s.i. a11d a t  a temperature of about 130' in the presence of pre- 
for~ned dicobalt octacarbon!-l as catalyst to yield a mixture of products. This was freed 
fro111 catal!.st by filtration through Florisil. After the solve~lt  was removed, the ~llixture 
was deacetylated xvith sodiu~ll methoxide in metha~lol to yield the ru~l~ydrodeox~~l~exi tols  
(I)  and (11). These were subsequently separated by paper chromatograp l~~~.  

The  stcreochcmistr~. of C-5 of each of the hexitols ( I )  and (11) was resolved in the 
follo\ving way. Perioclate oxidation of these hexitols yielded the dialdehydes (111) ancl 
(IV). Soclium borohydricle reduction of these dialdehydes afforded the enantioinorphic 
triol ethers (1') ancl (\'I), having similar infrared spectra and equal but opposite optical 
rotations. I11 addition, (17) and (\:I) xvere converted into cr~.stalline P-nitrobenzoates 
having sinlilar infrared spectra ancl melting points. In connect io~~ with the problelll of 
cleterillining the structures of the p-nitrobenzoates of the triol ethers, it was noted that  
Gorill hacl previously reported (5) the preparation of a p-nitrobenzoate of a triol ether 
which appeared to  have the sanle structure as  that  of the p-nitrobenzoate of either (17) or 
(\TI). Direct comparison (m.p., mixed m.p., ancl infrarecl spectra) revealed that  the tris-p- 
nitrobenzoate of Gorin's conlpou~ld (111) was iclentical with the tris-p-nitrobe~lzoate of 
conlpound (1:). 

The configuratioil of C-3 of the triol ether (\TI) was then corrclatecl with that  of C-4 of 
1 ,~-anh~c~ro-.>-c~eoxy-~-arabilzo-1exito (\,'I I) .  The latter new compound \vas prepared bj- 
sodium borol~g~dricle reduction of the l;nown 3,G-a1~11~~dro-2-cleox~~-~-Iyxo-l~exose (6). 
Periodate oxidation of (VII) follo~ved by socIi~1111 borohyclride reduction of the dialdehyde 
yielclcd a triol ether having an optical rotation and infrared spectrum respectively sinlilar 
to  those of the triol ether (171). Further confirmatio~l of the identity of the two triol ethers 
xv3s obtained by conlparing the crystalline p-nitrobenzoates of each (same m.p., mixed 
in.p., anel infrared spectra). TIILIS, the configuration of C-5 of the hexitol (11) is identical 
with that  of C--1 ol 1,-l-anl~ydro-5-deox~~-~-nrabilzo-he?itol, and compounds (I)  and (11) 
are 1 ,.~-a1~l~yclro-4-c1e0~y-~-urn2,i~zo-l~exitol and 1,5-anl~yclro-4-deoxy-1,-xylo-hexitol, rc- 
spectivel~.. 

In  conjul~ctiorl with the study of the structure of each of the hexitols (I)  and (11) by 
classical chen~ical nlethocls, a parallel iilvestigatio~l of their structures by use of proton 
11.m.r. has also been carried out. The interpretation of the n.1n.r. spectra of ( I )  and (11) 
(sho\vn in Fig. I(:-\) and (B)) was greatly aided by the excelle~lt n.m.r. analyses of the struc- 
tures of chalcose (4,Ci-dideoxy-3-O-11~et~1y~-~-mylo-hexose) and of its methyl gl\rcoside (7), 
mlcl by comparison of the spectra ol ( I )  and (11) wit11 those of their deuterated a~lalogues 
prepared b ? ~  reacting 3,4-di-O-acet~.l-~-xylal wit11 carbon monoxide and cleuteri~~m. The 
n.m.r. spectra of the deuterated analogues (VIII)  and ( IX)  are sho\v1l in Fig. 1(C) and 
1(D). Based on the fact that  the equatorial C-4 hydrogen of the meth>.lene group of 
chalcose absorbed a t  around 6 = 2.05 and the axial C-4 hydrogen a t  around 6 = 1.0 to 
1.58 ( i ) ,  the signal a t  6 = 2.0 in Fig. 1 (D)  might be attributed to  the single eq~~a to r i a l  
hydrogen on C-4 of the deuterated C O I I ~ ~ O L I I ~ ~  ( IX).  In Fig. 1(B) both the equatorial and 
the axial C-4 11)-drogen sig~lals a t  6 = 2.0 and 1.5, respectively, are clearly disting~~ishable. 
T o  account for the ~vicle signal of the axial C-4 hyclrogen ( a b o ~ ~ t  34 c.p.s.), it is suggested 
tha t  the h\.drogens on C-5 ancl on C-3 are axial. The three coupli~lg constants of the axial 
C-4 11)-clrogen ~vould thereforc be J.i,,n, J.i2,,j;,, and J.i,,.,, since it xvould be coupled wit11 
the two neighboring hydrogens on C-3 and C-5 and to the cq~~ator ia l  hydrogen on C-4. 
The  fact tha t  the axial C-4 hydrogen of chalcose (7), which gave a series of peaks having 
a width of 34.5 c.p.s., is also coupled to  axial hydrogens 011 C-5 and on C-3 supports the 
above postulation. The splitting of the equatorial h!-clroge11 signal around 6 = 2.0 clearly 

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.

61
.1

35
.8

0 
on

 1
1/

14
/1

4
Fo

r 
pe

rs
on

al
 u

se
 o

nl
y.

 



FIG. I .  Proton n.1n.r. spectra in D?O solution a t  60 mc ~v i th  chc~~l ica l  shifts ~ i v e n  in  p.p.111. from 
te:ramcthylsilane as  zero: (A) 1,5-anhydro-4-c~eosy.~-arabi~zo-hexito~; (B) 1,5-anhyclr0-4-cleos~.-~-.~)~lo- 
hexitol; (C) 1 , 5 - a n h y d r o - 4 - c l c o s ) . - n - a r a 2 , i ~ t o - h e ~ ;  (D) 1,5-anhyclro-4-deozy-~-sy10-1icsitol- 
4,6,6-Ha2. (Only signals of protons attached to C-4 arc sho~vn.) 

shows the large spin coupling to the geminal hydrogcn (JI,, approximatel\- 12.3 c.p.s.), 
and further snlall splittings by coupling to thc adjacent axial hydrogens on C-3 and C-3. 
Therefore, the h~~droxymethyl group in (11) must be in an equatorial position. I t  is 
apparent that analysis of the n.m.r. spectra I B  and ID  reveals the stereocl~cmistry of 
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the hexitol (11) and of the deuterated analogue (IX).  An important part  of the evidence 
for axial deuterium in (IX) is the narrowness (-9 c.P.s.) of the signal a t  2.0 p.p.m. (had 
the proton in (IX) been axial, the signal would have been wider (-20 c.p.s.) as well as 
being a t  higher field). I t  is also noteworthy that  the deuterated a~~a logue  (IX) must have 
bee11 formed by a cis-addition of the hydroxymethyl group and of the deuteriunl to  the 
1,2-unsaturated bond of 3,4-di-O-acetyl-~-xylal. 

The  n.m.r. spectra of the normal and deuterated hexitols (I) and (\7III) (Fig. l(A) 
and l (C) )  do not reveal the stereochemistry of C-5 because of overlapping of the C-4 
axial and equatorial hydrogen signals. 

EXPERIMENTAL 
Generctl Coizsiderations 

The solvent used for paper chromatographic separations was water-saturated 1-butanol containing 5y0 
ethanol and 1% concentrated anlmoni l~~n hydroxide. The hexitols were detected with ammoniacal silver 
nitrate (8) or with sodium metaperiodate - Schiff's reagent (I)). 

The 0x0 product, tirst freed from catalyst, was also separated into slightly impure fractions by chroma- 
tography on neutral alumina using benzene-methanol (1)8:2/v:v) as  developer. Analysis of the product- 
mixture \\;as readily carried out using thin layer chronlatography on alurnina with benzene:methanol (1)6:4) 
as  cleveloper. 

The Florisil was obtai~leci from the Floridin Company, Tallahassee, Florida, United States. 
The 0x0 procluct was dried by azeotroping with anhydrous benzene follo\ved by nlethanol, and then 

cleacetylated (10) with 0.1 N sodi~1111 ~nethoxide in methanol (or in a 1 : l  mixture of anhydrous chloroform - 
methanol) a t  about 5" for 1 day. Sodium ions were removed by stirring (or elution through a column) with 
Amberlite IR-120 (Hi) resin. Solutions were evaporated under reduced pressure. 

The I1.m.r. spectra were obtained in a Varian 11-60 instrument using te t ra~~~ethyls i lane  as the external 
stanclarcl (set a t  6 = 0). The infrared analyses were done on a Perkin-Elmer spectrophotorneter, Model 21, 
using a sodium chloride crystal. Microanalyses were done by Mrs. -4ldridge of this department and by 
Dr. A. Bernhardt, &IiIikoanalytisches Laboratoriu~n in1 Max-Pla~lck-Institut fiir I<ohlenforschu~~g, Miilheim 
(Ruhr), \\:cst Germany. 

Preparation of 3,./i-Di-0-acetyl-~-xylal 
The 3,4-di-O-acet)~l-~-xy1al was prepared according to a i~~odilication of the procedure of Helferich and 

co-\vorl;ers (4). During the addition of the tri-0-acetyl-ol-~-~ylosyl bromide to the zinc - acetic acid mixture, 
the reactants \\;ere kept a t  -5 to -10' for 3 h. Prior to filtration, Celite was added to coagulate the zinc 
ancl hastcn filtration. Pieces of solid carbon dioxide were added during the filtration process to  lceep the re- 
action mixture a t  -10'. I t  was imperative that the crude 3,4-di-0-acetyl-D-xylal be distilled immediately 
under ~~eclucetl pressure to prevent undue decomposition of the product; yield about (30%. All operations in 
the preparation of 3,4-di-0-acetyl-D-xrylal wcre carried out i n  the same day. 

Reactioiz o f  S,,f-Di-o-nceSyl-~-xylaI .with Carbon Mo~~o . r ide  and Hydroge?~ to Yie ld  1~5-A?1/1,yd1.0-4-deosy-~- 
arclbir7o-lrerilol ( I )  a t ~ d  1,s-A?lhydro-4-deosy-L-qlo-he.rilol (11) 

To a mixture of 3,4-di-O-acetyl-~-xylal (5.6 g) in dry, purified benzene (25 ml) contained in a 300-ml 
shaker bomb \vas aclded preformed dicobalt octacarbonyl (1-2 g). After flushing the bomb with carbon 
monoxide, carbon monoxicle (500 p.s.i.) anti hydrogen ('2500 p.s.i.) were adclecl and the reactants heated 
with rocl;ing a t  125-130" 101- about 2 h. The reactants were then added to a column of Florisil (8 X 8 c ~ n  
diam.) ancl after the sol\,ent hat1 passed through the dicobalt octacarbonyl \ \as eluted \vith 30-60" petroleum 
ether. 'l'he procluct was then eluted with benzene-etha~lol (10:1/\.:\,). Evaporation of the eltient: ~ ~ n t l e r  
reclucetl ~~res su re  yielded 6.0 g of sirup. The product containetl the anhyclrohexitols and traces of sugars. 
When the same substrate \\;as reacted under similar conditions except a t  a telnperature of about 115' for 
0.5 h ,  the product consistetl of 507, ~rnreacted 3,4-cIi-O-acetyl-~-xy1~~1, about 20y0 of sugars, and about 
30YG of the same arlhydrohexitols as  obtained in the 130" experiment. 

'I'hc 0x0 pr-otluct was then deacetylated with sodiuln methoxide in methanol (10). Fractionation of the 
cleacet~~latecl procluct \\,as carried out by preparative paper chromatography or by cellulose c o l u n l ~ ~  chroma- 
tograph!.; ratio of fraction (I)  and (11) was about 1:l. \Vhen the cleacetylated product contailled appreciable 
quantities of sugars, better separation of the hesitols was obtainecl if the mixture was first treated with 
sodiunl borohydricle in water to reduce the sugars. 

Charaaerizntioil of Fractiotl ( I )  
Fraction ( I )  (1,5-anhytlro-4-deoxy-~-arabi?~o-hexitoI) was crystallized from methanol - isopropyl ether; 

n1.p. 102"; [nl~?O -13' ( c ,  6.3 in water); R p  = 0.47. Calc. for C6HIz0.~: C, 48.64; H, 8.16. Found: C, 48.35; 
H,  8.10. 
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Preparation of 1,5-Anhydro-~-deo.vy-2,3,6-tri-O-p-~zitrobe~zzoyl-~-a~abino-l~exitol 
1,5-.~1111~~dr0-1-deoxy-~-arabino-hesito \\'as converted into a tris-p-i~itrobenzoate according to the pro- 

cedure used by Gorin (5); n1.p. 215"; [~u]n'~ -50" (c, 1.0 in chlorofor~n). Calc. for C?.iH?lOlaNa: C, 54.60; 
H ,  3.60. Found: C, 54.56; H ,  3.86. 

Chaiczctoizcliio,r of Fraction (11) 
Fraction (1 I) (1 ,5-anhydro-4-deoxy-L-xylo-hexitol) could not be crystallized; [cu]n20 -44" (c, 6.4 in mater) ; 

RF = 0.41. Calc. for C6H1?0.1: C, 48.64; H,  8.16. Found: C, 48.36; H,  8.39. 

Preparation of 2,3,6-Tri-O-acetyl-1,5-nnlzydro-4-deoxy-~-xylo-hel.itol 
The 1,5-a11hydro-4-deoxy-~-.2.ylo-hexitol (TO mg) \vas acetylated with acetic anhydride- pyridine to  

yield 109 mg of 2,3,6-tri-0-acet~~l-1,5-anh~~dro-4-deosy-~-xylo-hexitol. Recrystallization of the crude acetate 
from ether- petroleum ether (30-60') afforded the pure acetate; m.p. 80-81'; [cz]D?? -41" (c, 0.8 in chloro- 
for~n) .  CaIc. for C1?HIS07: C, 52.55; H, 6.62. Found: C, 52.82; H, 6.58. 

Strltctlrre and .Stereoclzenzistry of Hexitols ( I )  and (11) 
C o m p o ~ ~ n d  (I)  was oxidized with 0.1 d l  periodic acid to  yield the dialdehyde (III) ,  which was reduced 

with socliurl~ borohydride in water, according to  the procedure of Gorin (5), to  the triol ether (V); [cu]~?3 
-19" (c, 2.0 in watcr). The triol ether was p-nitrobenzoylated toafford a tris-p-nitrobenzoate, m.p. 102-103"; 
[cu]~,?? -28" (c, 1.1 in chloroform). Calc. for C?7H?301sN3: C, 54.30; 1-1, 3.99. Found: C, 54.57; H ,  3.95. The  
infrared spectra of the tris-p-~~itrobenzoate of the triol ethcr (V) and of the tris-p-nitrobenzoate of the triol 
ether obtained fro111 I ,4-a1~hydr0-5-deoxy-~-arabino-hexitol (described in the following part of the experi- 
~ n e i ~ t a l )  were identical. 

In a similar nTay to  that describecl above, compouild (11) was oxidized with periodic acid and the dialdehyde 
(IV) then recluced with sodiunl borohydride to  yield the triol ether (VI) as  a sirup; [cu]~?~ +lTO (c, 1.7 in 
water). The triol ether (VI) was then p-nitrobenzoylated; 1n.p. 102-103O; [cu]n2' +26' (c, 1.4 in chloroform). 
Calc. for Cr;H?aOl.,N3: C, 54.30; H ,  3.09. Found: C, 54.63; H,  4.09. The mixed n1.p. of this p-nitrobenzoate 
and thc p-nitrobenzoate obtained from 1,4-a11hydro-5-deoxy-~-arnbino-hexitol was 100-102". The  infrared 
spectra of the tmo nitrobenzoates were similar. 

Syall~esis of 1,4-Ankydro-5-deo.vy-~-arab~i~zo-lzeritol (VII)  
An amount of 95 mg of "3,6-anhydro-2-cleoxy-D-galactose" (6) was reduced with sodiu~n boroh!ldride 

(50 mg) in nuter (1 ml) for 1 h. The product, 1,4-anhydro-5-deoxy-D-arabino-hexitol (86 mg) was a colorless 
oil; [cu!u'"+2I0 (c, 1.7 in ethanol). 

Preparatioi7 of 1 ,~-Anlzyd~o-5-deo.~~-d,3,6-tri-o-p-~titr0be1z~0~~l-~-nrabin0-1ze.vito~ 
1,4-.\nh!~tlro-5-&osy-~-arabino-hesito mas reacted with 9-nitrobenzoyl chloride in the usual way to 

yield 1,-k-ai~l~yc1ro-5-deoxy-2,3,cj-tri-0-p-~~itrobenzoy1-~-arabio-hexito, 1n.p. 159-160'; [cu]~?? -96O (c, 0.7 in 
chloroform). Calc. for C?;H?1013N3: C, 54.46; H, 3.56. Found: C, 54.61; H, 3.86. 

Comr!ersio71 of 1,4-A~tl~ydro-5-dco.vy-~-a,.abi~zo-ize.vitoL into 2-Deoxy-S-0-(2-ltydroryethyl)-1.-glycero-tetritol (VI )  
1,4-~inl~yclro-4-tleoxy-n-arabi~1.o-hexitol (55 mg) was oxitlized with 0.1 &I periodic acid and the product 

then retlucctl \\,it11 sodium borohydride; )rield: 51 mg; [ cu ]~?~  4-17' (c, 2.0 in water). The infrared spectrum of 
this product \\.as similar to  those of the triol ethers (V) and (VI). 

A 30-mg portion of the triol ether obtair~ed from 1,4-anhydro-5-deoxy-~-arabi7~o-hexitol was p-nitro- 
be~~zoylated in the usual \Val.; m.p. 101-102°; [cu]~?" +37O (c, 1.1 in chloroform). Calc. for C ? ~ H ? ; O I ~ Y \ ~ ~ :  
C, 51.30; 1-1, 3.99. For111d: C, 54.61; H ,  4.00. 

Reaction of 3,4-DI-O-acetyl-~-syI'nl ?i'itlz Carbon illono.vide and Dercterizrvz to I'ield 1 ,5-A?zhydro-4-deory-~- 
a~nbirzo-l1e.ciol-,~,6-FI~'(cis) ( I ~ I I I )  and 1,5-ilrtltydro-4-deo.cy-~-3iylo-l~e.vitol-~,6,6-H (cis) ( IX)  

The 3,4-cli-0-acetyl-D-xylal was reacted with carbon ~llolioxide and deuterium a t  130' under similar 
conditions to those described in the first experiment to  yield the above-mentioned deuterated hexitols 
(VIII)  a11tl ( I S ) .  The stereochemistry of the de~~ter iurn  atoms was deternli~led by proton n.m.r. analysis 
(see Discussion). 
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