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ABSTRACT 

3,4,6-Tri-O-acetyl-~-g1~1~:~1 reacted with carbon monosi?e and hydrogen in the presence of 
dicobalt octacarbonyl to yield a mixture of two epimer~c anhydrodeoxyheptitols, namely, 
4 , 5 , i - t r i - O - a c e t y l - 2 , 6 - a ~ ~ h y d r o - 3 - d e o x y o - h e p t i t o l  (I) and 4,5,7-tri-O-acety1-2,6-anhy- 
dro-3-deosy-D-gluco-heptitol (11). De-0-acetylation of the ~nixture, follo\ved by chrornat- 
ogmphic separation, yielded cr).stalline 2,6-anhydro-3-deoxy-~-~11n11~1o-heptitol ( I l l )  and 
2,6-anhydro-3-deosy-D-glzico-heptitol (IV).  Reaction of the mixture of heptitols (I) and (11) 
\vith p-bromobe~~zenesulfo~~yl chloride, follo\ved by fractional crystallization of the brosylates, 
gave pure 4,5,i-tri-O-acetyl-2,6-a11hydro-l-O-(p-bromopher~yls~1lfonyl)-3-deosy-~-glzico-hep- 
titol ( \I l l ) .  The absolute configuration of (\:II) has been previously established by X-ray 
crystallographic analysis. The absolute configuration of (111) was established by correlation 
with that of (VII) .  The conversior~ of compound (11) into various derivatives is described. 

Reaction of 3,4,6-tri-0-acetyl-D-g111cal with carbon monoxide and deuterium afforded 
2,6-anhydro-3-deoxy-~-1iza~ztzo-heptitol-1,1,3-1 (XI 11) and 2,6-anhydro-3-deoxy-D-glzico-hep- 
t i t0 l - l ,1 ,3-~H~ ( S I V ) .  Exalnination of the nuclear magnetic resonance (n.1n.r.) spectra of the 
rlorrnal and deuterated anhydrodeoxyheptitols confirmed the structural assignments and 
sho\\.ed that cis addition to the double bond toolc place to give (XI\?). 

Comparison of the exchange reaction of sodium iodide with 4,5,7-tri-O-acetyl-2,6-anhydro- 
3-deoxy-1-0-tosyl-D-gluro-heptitol (VIII) mnd with 4,5,'i-tri-O-acetyl-2,GGa~~1~\~dro-3-deos~~- 
1-0-tos!.I-D-n~anlzo-heptitol ( S V )  revealed that the equatorial primary tosylosy group of 
(\:111) was exchanged by iodine t\vice as readily as  the asial primary tosylosy group of (S\;). 

Preceding papers in this series (1, 2) have reported that pentals react preferentially a t  
C-1 \\-it11 carboil monoxide and hydrogen to yield epimeric anhydrodeoxyhexitols. This 
paper deals with the extension of the 0x0 reaction to 3,4,G-tri-0-acetyl-D-glucal. X pre- 
liminary report of part of this work has already appeared (3). 

\Vhen 3,4,G-tri-0-acetyl-D-glucal was subjected to the 0x0 reaction a t  a temperature of 
about 130°, an almost cliiantitative yield of a nlixture of 4,5,7-tri-0-acetyl-2,G-anhyclro- 
3-deoxj--D-manno-heptitol (I) and 4,5,7-tri-0-acetyl-2,G-anhydro-3-deox-)-~-g~1rco-l1eptitol 
(11) \vas obtained. De-0-acetylation of this mixture with methanolic sodi~un methoxide 
afforded the crystalline parent anhydrodeoxyheptitols (111) and (IV) which were readily 
separated by paper chromatography or cellulose coluinn chroinatography. Both heptitols 
were also converted into crystalline acetates. 

Alternatively, the 0x0 product mixture was separated in the following lvays. Tosylation 
of the mixture of (I) and (11) yielded the monotosylate esters (VIII) and (XV), which, on 
fractional crystallization, afforded pure crystalline 4,5,7-tri-0-acetyl-2,6-anhyclro-3- 
deoxy-1-0-tosyl-D-gluco-heptitol (17111). Chrolnatographic separation of the inonotosylates 
by thin-layer chrolnatography (t.1.c.) gave both epimers. Similarly, treatment of (I) and 
(11) with p-bromobenzenesulfonyl bromide, followed by fractional crystallization of the 
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1VII) : R = 0- (p-brornophenylsulfonyl) ( X )  : R =  ONO, 

(Vill) : 8 =  0-(p-tolylsulfonyl) ( X l ) : R = N 3  

(IX) : 8 =  I (XI/) :R=NHAc ACO 

H,COAc 
0 CH,OH 

+ AcO k$FJ 

I 111) 

NaOCH, 

+ 
1IV) 

1 I. 10; 2. No BH, 

CH,OH 

HOH,C 
HOH,C 9 " O H  

Ivr) 

brosylates, produced pure 4,5,7-tri-0-acetyl-2,6-anhydro-l-0-(~-bromobenzeiies~ilfoiiyl)- 
3-deoxy-D-gluco-heptitol (VII). The purity of tlie tosylate and brosylate esters \\;as estab- 
lished by their conversion into 4,5,7-tri-0-acetyl-2,Ci-anhydro-1,3-dideoxy-l-iodo-~-gl~~co- 
heptitol (IX), which, on treatinent with silver nitrate, yielded the l-O-nitro derivative (S). 
Reductioil of the latter substailce with hydrogen over pallaclium, followed by cle-O-acetyl- 
ation, gave the crystalline anhydrodeoxyheptitol (IV). 

In  order that the point of attachment of the hydrox)rmethyl group to the glycal might 
be ascertained, the heptitols (111) and (IV) were first oxidized \\.it11 periodate (1 mole 
consuined by each) a i d  the resulting clialdehydes were then reduced with sodium boro- 
hydride. The fact that enailtioineric tetrol ethers (V) and (VI) were produced established 
that the lieptitols (111) and (IV) are epiiners \vhich differ in the configuration of C-2. This 
assignment of structure was confirllled by analysis of the n.1li.r. spectra of tlie heptitols. 
The spectra of both heptitols (see Fig. 1, a and c) exhibit a lilultiplet of peaks a t  6 = 1.5 
to 2 having an area which corresponds to the two methylenic hydrogens on C-3. 

The configuration of C-2 of both epimeric 2,G-an1i)~dro-3-deoxyheptitols \\;as then readily 
established by application of n.1n.r. spectroscopy, as previously described ( I ) ,  to the 
3-deoxy-3-deuterioai~l~ydrol~eptitols (XIII)  and (XIV) which were produced \vhen 3,4,G- 
tri-0-acetyl-D-glucal was caused to react with carboil monoxide and deuterium. Thus, as  
sl~own in Fig. 1, b,  the cl~emical shift and quartet structure (\vidth of 17.7 c.p.s.) of the 
signal of intensity one a t  around 6 = 1.7 require the C-3 protoil to be in an axial orientation 
and coupled with the C-4 axial and C-2 equatorial hydrogens. On the other hand, as  
depicted in Fig. 1, d, the corresponding narrower quartet of signals (width 7.3 c.p.s.) of 
intensity one a t  the lower field (6 = 1.94) necessitates that  the C-3 proton of compound 
(XIV) is in an equatorial orientation and coupled with the C-4 and C-2 axial hydrogens. 
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FIG. 1. Proton n.m.r. spectra in  D20  solution a t  60 Mc/s with chemical shifts given in p.p.m. from 
tetramethylsilane as zero: (a) 2,6-anhydro-3-deoxy-~-112e~~o-heptitol; (6) 2,6-anhydro-3-deox).-~-?lra?~~~o- 
heptit01-1,1,3-~13~; (c) 2,6-anhydro-3-deoxy-~-g~llco-heptit~~; (d)  2,6-anIiydro-3-deoxj~-~-glz~co-hept~to~-~,~,~- 
?Ha. (0111j7 signals of protons attached to C-4 are shown.) 

Therefore, compounds (XIII) and (XIV) are 2,6-anhydro-3-deoxy-D-manno-heptitol- 
1,l ,3-W3 (cis) and 2,6-anhydro-3-deoxy-D-~PLLCO-heptitol-1 , -  (cis), respectively. 
Evidently, the deuterated heptitols (XIII) and (XIV) must have been formed by a cis 
addition of the hydroxymethyl group and of the deuteriunl to the 1,2-unsaturated bond of 
3,4,6-tri-0-acetyl-D-glucal. Unequivocal confirmation of the structures of the heptitols mas 
provided by carrying out an independent X-ray crystallographic analysis (4) of a derivative 
of conlpound (11), namely, 4,5,7-tri-0-acetyl-2,G-an1~ydro-l-0-(~-bron~obenzenesulfonyl)- 
3-deoxy-D-gla~co-heptitol (VI I). 

The utility of the monotosglate ester (VIII) in synthesis was deillonstrated by its 
conversion into the 1-amino derivative. Treatment of compound (VIII) with ammonia in 
methanol afforded the 1-amino derivative, which was isolated in the fully acetylated form 
(XII).  Attempts to convert the tosylate ester (VIII) into the amino derivative via the 
monoiodo derivative (IX), thence into the azido derivative, followed by catalytic reduc- 
tion of the azido compound to (XII),  were not successful and were abandoned. 
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Very little worl; has been reported (5) on correlating the reactivity of primary hydroxyl 
groups of carbohydrates with their orientation. From this work, which has dealt inainly 
with the polyol bicyclic acetal derivatives, it has been adduced that the axially oriented 
tosyloxy group reacts with sodiuin iodide ~vith greater ease than the equatorial group ~vhen 
both groups are in similar environments (5). I'refcrential reaction a t  the axial tosJ.loxy 
group \\-auld not be expected in a reaction that seems to be (6) rather strongly retarded by 
an increase in the size of substituents in the vicinity of tosyloxy groups. 

Since an acctal ring is known to greatly reduce the chemical reactivity of adjacent 
tosyloxy groups (7-9), we believed that carbohydrates possessing the pyran ring and only 
one tosyloxy group would be suitable model substances for correlatiilg chemical reactivity 
of the tosyloxy group and its orientation. The mono-1-0-tosylate derivative of 4,5,7- 
tri-0-acetyl-2,6-anhydro-3-deox~~-~-g~~~co-eptito and of 4,5,7-tri-O-acetyl-2,6-anhydro-3- 
deoxy-D-uzanno-heptitol appeared to be ideal lllodel conlpounds because these epimers 
differ in one aspect only, namely, one possesses an equatorial tosyloxy group whereas the 
other has an axial tosyloxy group. X-ray crystallographic studies have definitely estab- 
lished that  4,5,7-tri-0-acetyl-2,6-anhydro-3-deoxy-l-O-tosyl-~-gluco-heptitol (VIII) exists 
in the chair conformation with all groups in equatorial positions (4). On the bases of the 
facts that 4,;i,7-tri-O-acetyl-2,6-anhydro-3-deox~~-1-O-tosyl-n-~man~zo-heptitol (XV) was 
prepared by tosylation of 4,5,7-tri-0-acetyl-2,6-anhydro-3-deoxy-~-ao-heptito follo~v- 
ing the same procedure as utilized in the preparation of its epimer, and the n.m.r. spectra 
of the two tosylates were similar, the tosyl group was assumed to be on C-1. If there had 
been acetyl migration before the tosylation, then the tosyl group would have been on a 
secondary hydroxyl group. Because replacements by iodide of a tosyloxy group on a 
secondary hydroxy under the conditions used in our ~vorlt are not l<nown t o  occur ( lo) ,  
the assumption that coinpound (XV) had its tosylate group on C- l  appears to  be valid. 

Samples of 4,5,7-tri-0-acetyl-2,6-anhydro-3-deoxy-l-O-tosyl-~-gL~~~co-heptitol (VIII) and 
of 4,5,7-tri-0-acetyl-2,6-anhydro-3-deoxy-l-0-tosyl-~-manno-heptitol (XV) \\-ere allo\vecl 
to  react with sodiunl iodide in acetone a t  100' in closed tubes for varying periods of time 
as sho~vn in the Experimental section. The solutions were equimolecular \\-it11 respect to  
each other. The extent of the exchange reaction was determined by weighing the sodium 
p-toluenesulfonate precipitated. In  the figures quoted in the Experimental section, the 
solubility of sodium $-toluenesulfonate in a solution of acetone and sodium iodide was 
talten into account. The results clearly shom- that the equatorial tosyloxy group a t  C-1 
of (1'111) was replaced a t  about double the rate by iodine than was the axial tosyloxy 
group a t  C-1 of (XV). 

When a 0.01-mole mixture of 4,5,7-tri-0-acetyl-2,6-anh~clro-3-deoxy-~-manno-heptito~ 
(I) and 4,5,7-tri-0-acet~~1-2,6-anl~ydro-3-deoxy-~-gL~co-heptito (11) was alloured to  react 
with 0.011 mole of p-toluenesulfonyl chloride a t  room temperature for 22 h ,  all of coillpound 
(11) was tosylated, whereas only a trace of compound (I) was converted into the tosylate 
(XV) . 

ESPERIhIESTXL 
Genercll Considerations 

Gelieral conditions for chromatographic separations have bee11 described previously (1). Preparation of 
p-nitrobenzo),l derivatives was carried out by a procedure similar to that described by Gorin (11). 

Reaction of 3,J,6-Tri-O-acelyl-~-glncal will1 Carbo?z ilfonoxide and ITydroge?~ lo Yield 2,6-Anlzyd~ 0-5-deosy-~-  
nca?z?zo-lzeplilol (111) and 2,6-Anhydro-3-rZeo.t)'-D-glzrco-lzeptitol ( I  V )  

3,4,6-Tri-O-acet)71-D-gI~1cal (12) was caused to react with carbon monoxide arid hydrogen in  the presence 
of preformed dicobalt octacarbonyl according to a procedure previously described (1). The  product was 
de-0-ncetylated with s o d i ~ ~ m  methoside to yield a mixture of co~npounds (111) and (IV). Fractionatiol~ of 
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the mixture of anhydrodcosyheptitols was carried out by preparative paper chromatography or by cellulose 
c o l u t ~ ~ n  chromatography a t  37'. 

The ratio of (I) and (11) deperldcd on the temperature of thc reaction. At 130' it was almost equimolar. 

Cknrc~cterbutio~t oJ Fractions (111) and ( I V )  
Fractio?~ (111) (2,6-a?tIrydro-3-deosy-D-mnn?zo-Iteptitol).-This fraction was crystallized from methanol - 

isopropyl cthcr; m.p. 152-153", [a]rPo +60° (c, 1.4, water), RF = 0.21. 
rlnal. Calcd. for C;H1.105: C, 47.19; 1-1, 7.02. Found: C, 47.30; 1-1, 7.82. 
1,4,5,7-Tetru-O-acetyl-2,6-ann1tj~dro-S-deosy-~-~anto-1teitol.-Iractio~ (111) was acetylated with acetic 

anhydride in the presence of sodi~tm acetate to yield a tetra-0-acetyl derivative which was first purified by 
chromatography on silica gel using 2.5Yo methanol in benzene as devcloper and then crystallized from ether - 
light petroleum ethcr; m.p. 123-124", [CY]D~O +2S0 (c, 0.5, acetone). 

Anal. Calcd. for ClaHZaOg: C, 52.02; H ,  6.40. Found: C, 32.53; H,  6.55. 
Fraction ( I V )  (2,6-anhydro-3-deosy-D-gluco-heplito1)-This fraction was crystallized from methanol - 

isopropyl cther; m.p. 137-138", [ f f ] ~ ~ ~  -1" (c, 3.5, water), RF = 0.30. 
ilnal. Calcd. for CiH1,,O8: C, 47.18; H,  7.92. Found: C, 47.19; I-I, 7.63. 
1,4,5,7-Tetra-O-acetyl-2,6-a~~l~ydro-3-deoxy-~-gluco-1teptitol.-lractio1 (IV) was acetylatcd and purified in 

thc samc way as described above to yield a tetra-0-acetyl derivative; 1n.p. 79-80', +2O (c, 0.5, acctone). 
.Anal. Calcd. for C15H.'?0g: C, 52.02; H,  6.40. Found: C, 52.48; I-I, 6.50. 

St~ilcture and Stereochev~istry of Coiizpounds (111) and ( I V )  
2-Deoxy-3-0-(1,3-dihydrosy-2-propyl)-~-glycero-tetro ( V )  frofit 2,6-il~thydro-3-deoxy-~-?1~a~tno-l~eptitol 

(111) 
Oxidation of 2,G-anhydro-3-deosy-~-~~~nn~to-heptitol with 0.1 114 periodic acid (1 mole consumed), follo\ved 

by reduction of the resulting dialdehyde with sodium borohydride in water according to  the procedure de- 
scribed by Gorin ( l l ) ,  gave the tetrol ether (V) as  a sirup; [ o l ] ~ ~ ~ 2 5 '  (c, 0.7, methanol). This sirup was 
con\~erted into a tctra-0-(p-nitrobenzoyl) derivative; 1n.p. 149-150.5", [a]nZ2 -22" (c, 1.5, chloroform). 

Anal. Calcd. for C3jH2sOliN.I: C, 54.13; H, 3.63; N, 7.21. Found: C, 54.55; H,  3.71; N, 7.30. 
2-Deosy-3-0-(1 ,3-dikydrosy-2-propylj-L-glycero-tetritol ( V I )  front 2,6-Anlzydro-3-deory-D-gluco-heptitol ( I l l )  
I'eriodate oxidation and sod i~ r~n  borohydride reduction of the dialdehyde from (IV) under similar con- 

ditions to those described above gave the tetrol ether (VI);    or]^" +26" (c, 2.9, water). This formed a tctra- 
0-(p-t~itrobenzoyl) derivative which was recrystallized frorn ethyl acetate - petroleum ether; m.p. 151-152"; 
[a]n21 +22' (c, 1.2, chloroform). 

Anal. Calcd. for CajH2sOl;Y.t: C, 54.13; H ,  3.63; N ,  7.21. Found: C ,  54.50; 11, 3.94; N, 7.50. 
The infrared spectra of the tetra-0-(p-nitrober~zoyl) derivatives of the tetrol ethers (V) and (VI) were 

identical. 

illternatitme 3Tethods oJ Separation of the Iieptitols ( I )  and (11) by Conuersion to I-0-Sz~lfonate Esters ( V I I )  and 
( L'III) 

A .  ~,6,7-Tii-0-c~cetyl-2,6-c~nI~.ydro-l-O-(p-bro~t1op1tenylsulfon~~1)-3-deosy-~-glr~co-heptitol ( V I I )  
p-Bromol~enzenesulfonyl bromide ('2.6 g) was added to 2 g of a n  ice-cold anhydrous misturc of 0x0 product 

( I )  and (11) dissolved in anhydrous pyridine (15 ml). After the rnisture was left a t  room t e ~ u p c r a t ~ ~ r e  for 30 h, 
20 ml of water \\.as added and the tnisture left to stand for 24 h. 'l'he solution was then extracted with three 
portions of chloroform. The  combined chloroform extracts were washed with Lvatcr and then dried over 
anh>.drous sodium sulfate. Evaporation of the chloroform left a residuc which was twice recrystallized from 
methanol, nncl then from methanol-water; yield 1.01 g ;  1n.p. 104'; [a]v2"1O0 (c, 5 ,  chloroform). 

!lnal. Calcd. for C1~11~3010SBr: C, 43.58; 13, 4.43; S, 6.13; Br, 15.27. Found: C, 43.57; 13, 4.47; S ,  6.32; 
Br, 15.26. 

'The proof of struct~tre of compound (VII) 11). X-ray crystallographic st i~dics has bcen described previo~rsIy 
(4). 
H. /,,5,7-Tri-O-ucetyl-2,6-a~z1tydro-3-deo.~y-l-O-tosyl-~-gl~~~co-11e~titol ( V I I I )  
'I'he tosylate ester (VIII)  was prepared by tos)~lation of the mixture of compounds (I) and (11) following 

the same procedure as used in the preparation of the brosylate ester (VII). 1:ractional crystallization of the 
tosylatcs gal-e compound (VIII)  in pure form; m.p. 117-118", [a]oaO -5" (c, 0.5, chloroform); n.m.r. (given 
in 6 units; spectra obtained in cleuterated chloroform): 2.0 (acetyl and CI-12, area = llI-I), 2.37 (CH3, 
area = 3H), 3.53 (area = 21-I), 3.95 (multiplet, area = 4I-I), 4.85 (area = 2H), 7.17 (do~tblct, area = 2H), 
7.61 (doublet, area = 2H). 

Anal. Calcd. for C ? O H ~ ~ O , ~ S :  C, 52.50; 13, 5.52. Found: C, 52.20; I-I, 5.51. 

4,5,7- Tri-O-c~cetgl-2,6-u~t1~ydro-S-deosy-l-O-tosyl-~-itat~o-l~etio (X V )  
A n  amount of 4.8 g of the 0x0 prodi~cts (I)  and (11) was allowed to react wit11 6.0 g of p-toluenesulfonyl 

chloride it1 125 1111 of anhydrous pyridine a t  room temperature for 12 h and then heated a t  100° for 1 h. 
IVork-up of the procl~~ct in the ~ ~ s u a l  way gave 5.06 g of a ~nixture of compounds (VIII) and (SV).  Thin-layer 
chromatographic separation of this mixture (0.45 g) or1 silica gel using toluene-ethcr ('2:1, v:v), or isopropyl 

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 

U
N

IV
E

R
SI

T
Y

 O
F 

N
O

R
T

H
 T

E
X

A
S 

L
IB

R
A

R
Y

 o
n 

11
/1

2/
14

Fo
r 

pe
rs

on
al

 u
se

 o
nl

y.
 



1380 CzlN~\DI:\N JOURNAL OF CI-IEMISTRY. VOL. 4.3, 1905 

ether, as  developer aflorded 0.30 g of (VIII) and 0.08 g of (XV). The tosylates were detected by spraying 
the san~ples with diphenylamine in methanol (17, solution) and viewing them under ultraviolet light. 
4,5,7-Tri-O-acetyl-2,6-anhydro-3-deosy-1-0-tosyl-~-~nanno-heptitol (XV) was obtained as  an oil; [ a ] D Z 3  

$30" (c, 1.7, chloroform); n.m.r.: 2.0 (111-I), 2.40 (3I-I), 3.55 (2H), 4.00 (multiplet, 4H),  4.00 (multiplet, 2H),  
7.17 (2EI), 7.65 (2H). 

Anal. Calcd. for C?OI&~O,OS: C, 52.50; FI, 5.52. Found: C, 52.36; I-I, 6.18. 

Conzparatisre Rate of Tosylation of 0x0 Prodz~cts (I) and ( I I )  
An amount of 0.010 mole of 0x0 product mixture (70% of 4,5,7-tri-0-acetyl-2,6-anhydro-3-deoxp-~- 

nzanno-heptitol (I) and 30% of 4,5,7-tri-0-acetyl-2,6-anhydro-3-deosy-~-glz~co-heptitol (11)) was allowed to 
react with 0.011 inole of p-toluenesulfonyl chloride (0.011 mole) a t  room temperature for varying periods of 
time and the product analyzed by t.1.c. on silica gel using isopropyl ether as  developer. Conlpound (11) was 
completely tosylated after 22 h whereas only a trace of compound (I) was converted into the tosylate (SV) 
during the same time. 

~,5,7-Tri-0-acetyl-2,6-an1zydro-l,3-dideosy-l-iodo-~-glz~co-heplilol (IX) 
4,5,7-Tri-0-acetyl-2,6-anhydro-3-deoxy-l-0-tosyl-~-glco-heptitol was allowed to react with sodium iodide 

in acetone in a closed tube a t  loOD for 6 h to afford 4,5,7-tri-O-acetyl-2,6-anhydro-1,3-dideosy-l-iodo-~- 
glz~co-heptitol; m.p. looo, [ c Y ] D ~ ~  -13" (c, 0.1, chloroform). 

Anal. Calcd. for C1~H19071: C, 37.69; M, 4.62; I ,  30.64. Found: C, 37.58; I-I, 4.35; I ,  30.58. 
Treatment of the brosylate (VII) with sodium iodide in acetone also yielded compound (IX). 

~ , 5 , 7 - T r i - 0 - a c e t y l - 2 , 6 - a n R y d r o - 3 - d e o x y - ~ o l  (X) 
4,5,7-Tri-0-acetyl-3,B-anhydro-1,3-dideoxy-l-iodo-~-glz~co-heptitol dissolved in acetonitrile was caused to  

react with silver nitrate according to a procedure previously described (10). The  product (X) was recrystal- 
lized froin ether - light petroleum ether; m.p. 79", [ a ] n 2 ?  -8' (c, 0.7, acetone). 

Anal. Calcd. for C13H19010N: C, 44.71; H, 5.48; N, 4.08. Found: C, 44.58; El, 5.12; N, 4.06. 

Conoersion of ~,5,7-Tri-O-acetyl-2,6-anhydro-3-deo.~y-l-O-~zitro-~-gluco-he~ol (X) into 2,6-Anl~)~dro-S-deo.~r- 
D-glz~co-heptitol (1 v) 

An amount of 30 mg of conlpound (X) dissolved in anhydrous methanol (10 1111) was hydrogenated over 
palladium hlacli (3 mg) a t  atmospheric pressure and room teinperat~ire for 75 inin. After removal of the 
catalyst, the solve~lt was evaporated under vacuunl and the product then dried. De-0-acetylation of the 
residual sirup with methanolic sodillin methoside gave a compound having a melting point, Rp value, and 
infrared spectrum identical with those of authentic 2,6-anhydro-3-deosy-D-gluco-heptitol (IV). 

l-~cetamido-~,6,7-t~i-0-acety~-2,6-ankydro-l,3-dideoxy-~-g~z~co-heptito~ (XI I )  
An amount of 0.148 g of 4,5,7-tri-0-acetyl-2,6-anh~dro-3-deosy-l-0-tosyl-~-g1co-heptitol was added to a n  

ammonia-saturated solutioil of methanol (12 ml). The reactants were heated in a sealed tube a t  100' for 65 h. 
After the ammonia evaporatcd, the methanol was removed under reduced pressure and the product then 
dried. Acetylation of the product \\ ith 4 1111 of acetic anhydride and 4 1111 of pyridine in the usual way gave the 
fully acetylated arnii~o compound (S I I ) .  Purification ol ( S I I )  \\as achieved by column chromatography on 
silica gel using benzene-methanol (06:4, v:v) as  developer Recrystallization of the product (0.065 g )  from 
acetone- isopropyl ethcr - heptane gave pure (111);  m.p. 13&137", [ a ] ~ ? ?  -3" (c, 1.8, chlorofornl); n.m.r.: 
2.05 (multiplet, area = 141-I), 3.5 (inultiplet, area = 4H), 4 1 (rnultiplct, area = 2H), 4.52 (multiplet, 2H).  
5.75 (broad, area = 11-1). 

Anal. Calcd. for C15M?309x: C, 52.17; H,  6.71; N, 4.06. Found: C, 51.94; M, 7.01; K, 3.94. 

Attenfpt to Prepare l-Acetamido-2,6-anl~yd1'o-l,3-dideoxy-~-glrico-l~eptitol fronz Con7poz~nd (IX) 
An amount of 0.24 g of 4,5,7-tri-0-acetyl-2,(j-anhydro-l,3-dideosy-l-iodo-~-g/uco-heptitol ( IX)  was 

caused to react with sodium azide (0.5 g) in acetone (3 ml) and water (2 ml) for 10 h a t  a temperature of 
110-120 "C in a sealed tube. After the tube was opened, 5 in1 of ether was addcd. The ether layer was xvashed 
with water, dried over an anhydrous sodium sulfate, and then evaporated. The resulting azido compound 
(XI) ,  dissolved in acetone, was decolorized by passage through a short colunin of charcoal; yield 0.083 g. 
Compound (XI )  showed an azidc peal< a t  2 120 c~n-' in the infrared spectrum. After it was dissolved in 
ethanol (20 ml), it was hydrogenated a t  atmospheric pressure for 6 h over platinuin oside (0.022 g) according 
to  a procedure previously described (13). After removal of the catalyst, the solvent was evaporated under 
reduced pressure. The product was then acetylated in the usual way using acetic anhydride and pyridine. 
Addition of water to the reaction product gave a trace of crystalline product which was removed by hltration. 
After reinoval of the volatile components, the product was analyzed by thin-layer chroinatography and 
shown to contain a trace of compound (S I I ) .  

Reaction of 3,4,6-Tri-O-acelyl-~-,olz~cal with Carbon ilfotzoside and Dez~ter in~~l  to Yield 2,6-Ankydro-3-deosy- 
~-manf1o-l~eptitol-l,1,3-~~1~ (cis) (XI I I )  and 2,6-f~nkydro-~-deosy-~-g~z~co-~~eptito~-l,l,3-~fI~ (cis) (XIV) 

3,4,6-Tri-0-acetyl-~-&cal was caused to react with carbon monoside and deuterium a t  130°, under 
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conditions similar to  those used in the preparation of the norrnal anhydrodeoxyheptitols, to  yield the above- 
mentioned deuterated heptitols (XIII )  and (XIV). The  stereochemisty of the deuterium atom on C-3 of 
both heptitols was determined by proton n.m.r. analysis (see Discussion). 

Comparative Iodine Exchange Experir~lents of Tosylates (VI I I )  and (X V) 
In each experiment each Carius tube contained 9.1 mg of the tosylate, 9.1 mg of sodiu~n iodide, and 1.4 ml 

of acetone. After the tubes were cooled in solid carbon dioxide, they were sealed and then heated a t  100' 
(10 .1 )  for varying periods of time. The amount of sodium p-toluenesi~lfonate was collected in a sintered-glass 
crucible, washed with 2 ml dry acetone, and dried under reduced pressure before they were weighed. A 
correction of 0.20 mg of sodium p-toluenesulfonate was added to each weight as  this alnount dissolved in the 
acetone a t  room temperature. The results are as  follo~vs: % exchange of tosylate by iodine of cornpound 
(VIII)  14 (5 min), 18 (10 n~ in ) ,  41 (23 rnin), 46 (41 n~ in ) ,  51 (60 min), 59 (90 min), 93 (162 rnin); % exchange 
of tosylate by iodine of co~npound (XV) 20 (30 rnin), 32 (60 min), 41 (120 min), 47 (300 min), 56 (420 min), 
73 (630 min). 
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