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Methylation of 1,2:5,6-di-0-isopropylidene-a-~-glucof~1ranose (1) followed by hydrolysis of the 5,6- 
ketal group and periodate oxidation gave 1,2-O-isopropylidene-3-0-melhyl-a-~-~'iyio-pentodialdo-l,4- 
furanose (4). Addition of nitromethane to 4 afforded a mixture of 6-deoxy-l,2-0-isopropylidene-3-0- 
nlethyl-6-nitro-a-~-g~ucof~1sanose (5) and -0-L-idofuranose (6). Removal of the 1,2-ketal group led to a 
mixture of 6-deoxy-3-0-methyI-6-nitro-~-g1~1cose (7) and -L-idose (8) from which the crystalline 0-anonler 
of 7 could be isolated. Cyclization of the nitro hexoses by internal Henry reaction furnished b u r  stereo- 
isomeric deoxynitroinositol monomethyl ethers which were obtained in crystalline condition, in part 
directly and in part via acetone and acetyl derivatives. The ~cyllo (9), DL-tr~yo-I (lo), t711rco-3 (14), and 
epi-3 (16) configi~rations were assigned to the products by n.m.r. spectroscopy. 

La methylation du di-O-isopropylid~ne-I,2:5,6-a-~-glucofi1ranose (1) suivie de I'hydrolyse du groupe 
cttal-5,6 et de I'oxydation periodique, conduit i I'O-isopropylid~ne-l,2-0-mttl~yl-3-a-~-sylo-pentodial- 
dofuranose-I ,4 (4). L'addition de nitromethane a 4 conduit a iln melange de deoxy-6-0-isopropylidene- 
I ,2-0-methyl-3 nitro-6-a-D-glucofuranose (5) et de -0-L-idofuranose (6). L'enlevement du groupe c6tal- 
I,2 conduit ail mClange de deoxy-6-0-methyl-3 nitro-6-D-glucose (7) et de -L-idose (8) a partir duquel 
l'anomere cristallin de 7 a pi1 &tre isole. La cyclisation des nitrohexoses par une reaction de Henry 
interne fournit qilatre ethers deoxynitroinositolmonon~ethylts diasttreoisomeres qui ont e t t  obtenus 
cristallises soit par voie directe, soit par les derives acetone et acetyle. Les configurations sc~~ l lo  (9), DL- 

rt~yo-l (YO), rrrrrco-3 (14), et bpi-3 (16) ont dtd attribuees aux produits par spectroscopie r.m.n. 
[Trad~~i t  par le journal] 
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Several recent articles froni this laboratory 
dealt with non-bonded interactions between 
hydroxyl groups and nitro groups in vicinal 
position on pyranoside rings, with special 
reference to the formation and stability of 
glycoside nitronates. Confor~national prefer- 
ences and config~~rational equilibrations in s ~ ~ c h  
glycosides were correlated with s ~ ~ c h  interactions, 
and the st~tdies led to new insights into chemical 
reactivities and meclianisnis in this field (2-5). , ,  
It became desirable to seek, along similar lines, 
a better understanding of certain aspects of the 
formation and mutual interconversion of stereo- 
isomeric deoxynitroinositols (6-lo), and it now 
seemed profitable to apply the newly developed 
concepts and methods of study to this related 
group of compounds. 

It was reasoned that the planned investigations 
might be facilitated if there were available a 
n ~ ~ m b e r  of stereoisomeric deoxynitroinositols 
that carry an 0-methyl group in opposition to 
the nitro function. The methyl group, it was 
hoped, s h o ~ ~ l d  render the isomers Inore readily 
distinguishable by n.m.r. spectroscopy and thus 

'For part XIV in this series see ref. 1. 

aid in the analysis of product mixtures while at 
the same time this functionality would be distant 
froni, and not interfere with, the nitrodiol 
moiety whose chemistry was to be examined. 
Consequently we synthesized such methyl ethers 
as will be reported here, and studied mechanistic 
aspects of their formation and epi~nerization as 
will be communicated elsewhere (1 I). 

The synthesis was to be patterned after tlie 
Fischer-Grosheintz nitroinositol synthesis (6, 12) 
which involves a stepwise nitromethane cycliza- 
tion of a partially blocked pentodialdose. It was 
therefore necessary, first, to synthesize 1,2-0- 
isopropylidene-3-0-methyl-a-D-xylo-pentodial- 
do- 1,4-furanose (4) and thence 6-deoxy-3-0- 
methyl-6-nitro-~-gl~1cose (7) and (or) its L-ido 
isomer (8). The pathway that led to the crystal- 
line p-anomer of 7, and also to a mixture of 7 and 
8 which c o ~ ~ l d  not be separated, is delineated in 
Scheme 1 .  1,2: 5,6-Di-0-isopropylidene-m-glu- 
cofuranose (1) was methylated by the Kuhn 
method (13), which proved simple and furnished 
tlie 3-0-methyl derivative 2 in 83% yield. Partial 
hydrolysis to give 1,2-0-isopropylidene-3-0- 
methyl-a-D-glucofuranose (3) was readily 
achieved with 90% acetic acid. The product 
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could be purified with advantage by chroma- 
tography on silica gel instead of distillation as 
was practiced earlier (14). However, crude 3 
was satisfactory for immediate use in the sub- 
sequent step. Its periodate oxidation smoothly 
afforded the partially blocked dialdose 4 as a 
chloroform-soluble syrup. Because of its appar- 
ent sensitivity, purification of 4 for elemental 
analysis was not pursued, but the n.m.r. spec- 
trum proved its structure beyond doubt. The 
data (see Experimental) also gave an indication 
of the conformation of 4 and its precursors 2 
and 3. At 1000 Hz sweep width the signals of 
H-2 and -3 appeared as doublets due to coupling 
with H-1 and -4, respectively; the observed 
splittings were 2.5-4 Hz, and coupling between 
H-2 and -3 was too small to be observable. These 
features showed that the fi~ranose ring in these 
compounds exhibits the same conformational 
preference as that in 1,2-0-isopropylidene-a-D- 
glucofuranose and related derivatives (1 5-1 7). 
Originally the 3T2 twist conformation had been 
proposed (15) for this system, but more recent 
studies indicate (17) that it may better be de- 

scribed by the segment 3T4 $ E4 $ O T ~  of the 
cycle of fi~ranose conformers. Another note- 
worthy signal in the spectrum of 4 was a low-field 
doublet (6 9.66, J = 1.5 Hz) whose intensity 
corresponded to 80% of one proton and tended 
to decrease when attempts were made to p~~r i fy  
the product by repeated distribution between 
chloroform and water. The signal was assigned 
to the aldehydic H-5, and the implication is that 
the compound as prepared under our condi- 
tions exists largely as the free aldehyde depicted 
(4) but is prone to undergo hydration and per- 
haps dimerization. The 3-0-benzyl analog of 4 
has been regarded as a free aldehyde, whereas 
the 3-hydroxy analog is known to form, re- 
versibly, a dimeric product (I 8-20). 

The aldehyde 4 was combined with nitro- 
methane in the presence of sodium metlioxide in 
the usual manner. After acidification, the addi- 
tion product was purified chroinatographically 
to give analytically pure nitro sugar as a syrup 
which, although exhibiting a single spot on t.l.c., 
was revealed by its n.m.r. spectrum to be a 2: 1 
mixture of two components (5 and 6 ) .  In the 
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expected resonance position of H-1 a slightly 
asymmetric, apparent triplet consisting of two 
partially overlapping doublets was found (6 5.79 
and 5.90; J , , ,  = 4-5 Hz). The outer lines had 
an intensity ratio 2: 1, and the stronger signal 
could be attributed to  6-deoxy-1,2-0-isopropyl- 
idene-3-O-methyl-6-nitro-a-~-gl~1cofuranose (5) 
when, at  a later stage, pure 5 became available 
for comparison. The second component was 
judged to be the P-L-ido isomer (6). The con- 
figirrational assignments were supported by 
circular dichroism data (see later). 

The preponderance of the u-gluco epimer 5 
in the expected formation of two epimers from 
4 deserves comment since the 3-0-benzyl analog 
of 4 has been shown to  react with Grignard 
reagents to give preponderantly L-ido derivatives, 
with the degree of stereoselectivity being 
influenced by the solvent (19, 20). It has been 
suggested that the transition state in those 
Grignard reactions may involve coordination 
between the magnesium and the carbonyl and 
ring oxygen atoms (21). It can be seen in a 
molecular model that such a cyclic complex 
requires the aldehyde group to  be so oriented 
as to  expose its si  face to  the less hindered, rear 
side of the molecule, and attack from that direc- 
tion will generate the S configuration at  C-5 and 
therefore produce L-ido derivatives. In our reac- 
tion, which is characterized by methanenitronate 
ion preferentially attacking the re face t o  produce 
the R configuration at  C-5, the rotameric 
orientation of the aldehyde group is not con- 
strained by complexing. A preferred arrangement 
of the carbonyl double bond antiperiplanar to  
the C,-0 bond, plausible on grounds of dipole 
considerations, would be able to  account for the 
result. 

The mixture of 5 and 6 was hydrolyzed with 
90% trifluoroacetic acid for removal of the 
isopropylidene group. One of the products was 
obtained in crystalline form in 49% yield. It 
exhibited a negative Cotton effect, indicative of 
the R configuration at  C-5, the asymmetric 
carbon atom next to the nitromethyl group (22), 
and was thereby revealed to  be the D - ~ ~ K O  

derivative 7. The crystalline substance (termed 
7 4 )  was assigned the p-anomeric configuration 
as it exhibited upward mutarotation. The mother 
liquor of the reaction yielded an additional 32% 
of product as a non-mutarotating syrup which 
showed a positive Cotton effect such as would 
accord with a mixture containing preponderantly 

the L-ido isomer 8 along with some 7. The syrup 
could be used in the subsequent reactions so that 
the practical, over-all yield in nitro sugars based 
on 1 was about 45%. 

When crystalline 7-P was reacetonated, syrupy 
but analytically pure 5 was obtained. It showed 
the n.m.r. doublet for H-l  a t  6 5.90and exhibited 
a negative Cotton effect. Similar reacetonation of 
the mother liquor mixture 8 + 7 gave a mixture 
of 5 and 6 similar to  that described above, except 
that the intensity ratio of the H-1 doublets was 
reversed, indicating a 2: 1 preponderance of 6. 
This mixture showed a positive Cotton effect. 

Cyclization of the nitro hexoses 7 and 8 t o  
furnish inositol derivatives was performed in a 
manner similar to the cyclization of the non- 
methylated analogs (6). Two procedures were 
used, namely, reaction in aqueous barium 
hydroxide solution, and reaction in a mixture of 
methanol and nitromethane in the presence of 
sodium methoxide. The first-mentioned pro- 
cedure gave better yields and was more con- 
venient in work-LIP; the results shown in Scheme 
2 and to be discussed in detail first refer to it. 
The results of the second procedure, t o  be men- 
tioned briefly afterwards, were qualitatively 
similar although there were some minor differ- 
ences. 

When amorphous mixtures of 7 and 8' were 
employed for cyclization, a partly crystalline 
mixture of isomeric inositols arose. The smaller, 
crystalline part (21-30%) of the product melted 
above 200°, was sparingly soluble in ethanol, 
and was shown by chromatography to consist of 
of two con~pounds (9 and 10). They could not be 
separated directly but gave separable tetra- 
acetates (11 and 12) whose acid-catalyzed 
methanolysis then furnished pure 9 and 10. 
The tetraacetates arose in yields of, for instance, 
58 (11) and 32% (12), and presumably 9 and 10  
had constituted the crystalline part of that 
particular cyclization mixture in a similar ratio. 
The scyllo and nzyo-I configurations were 
assigned to these isomers on evidence to  be given 
below. The larger, non-crystalline part (36-56%) 
of the cyclization mixture contained, besides 
colored impurities, very little of 9 or 10 but 
consisted chiefly of at least one other isomer. 

'This refers to both the mother liquor material (richer 
in 8) remaining after isolation of crystalline 743, and to 
the total mixture (richer in 7) as obtained prior to such 
isolation. 
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OAc OH 

OAc 
11 (scyllo) 

r+ r, Crystalline mixture B 

I 

OH 11 12 ( D L - ~ I ~ o - ~ )  10 

7+ 8 [only one enantiomer shown for 12 and 101 
Amorphous mixture C 

\ OAC OAC 
OAc OAc 

16 

Acetonation of this part led to a di-o-isopropyl- 
idene derivative (13) whose deacetonation 
afforded the crystalline ntuco-3 isomer 14. For 
further characterization, 14 was acetylated to its 
tetraacetate 15. Froin the isolated amount of 
diacetone derivative 13, one might have con- 
cluded that the niixture subjected to acetonation 
had contained at least 31% of 14. This was not 
the case, however. Compound 14 can be dis- 
tinguished readily by n.m.r. spectroscopy (see 
later), and it was found that only small pro- 
portions of 14 (never more than 10%) were 
present in the mixture prior to acetonation. Tlie 
bulk of 13 must therefore have originated from a 
secondary reaction, the nature of which will be 
disclosed later on. 

Use of crystalline 7-P in the barium hydroxide- 
induced cyclization again furnished a partly 
crystalline product. However, fractional re- 
crystallization of the crystalline portion not only 

yielded mixtures of 9 and 10 as before, t l io~~gh in 
somewhat smaller amounts ( 1  8-19%), but gave 
in addition a fourth isomer (n1.p. 165-167") as the 
chief component (27-45%). The amorplious 
portion of the reaction product (29-41% had 
silnilar characteristics as in the previous experi- 
ment; although it contained little, if any, of the 
muco-3 isomer 14, it was acetonated to produce 
the diacetone derivative 13. The crystalline, 
fourth nitroinositol isomer just mentioned was 
allocated the epi-3 configuration (16). Acetyla- 
tion gave a crystalline tetraacetate (17) that was 
characterized by n.m.r. spectroscopy but proved 
too unstable for purification for elemental 
analysis. In attempted recrystallization from 
ethanol a sanlple deteriorated due to dehydro- 
acetylation. This became evident by the appear- 
ance of a low-field n.1n.r. signal (6 7.25) attribut- 
able to an olefinic proton, and event~~ally a 
small amount of the nitroolefin [3,5,6/4]-3,5,6- 
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triacetoxy-4- methoxy- I -  nitrocyclohexene (18) 
was i ~ o l a t e d . ~  

An unexpected observation was made when 
the epi-3 isomer 16 was acetonated. A di-0- 
isopropylidene derivative was formed, but the 
isolated product (yield, 36%) evidently had 
undergone epimerization during work-up or 
chromatography on silica gel and proved iden- 
tical with 13. This was verified by acid-catalyzed 
methanolysis which did not regenerate 16 but 
gave 14 instead. The epimerization is reminiscent 
of the facile conversion of 3-deoxy- 1,2 : 5,6-di-0- 
isopropylidene-3-nitro-a-D-glucofuranose into its 
~ - a l l o  isomer (I 6). 

Cyclization of crystalline 7-P in a methanol- 
nitromethane solvent containing sodium meth- 
oxide furnished a crystalline mixture of 9 and 10 
(16%), crystalline 14 (8%), and an amorphous 
material (61%) that appeared similar in corn- 
position to  that obtained in the barium hy- 
droxide-promoted reactions. 

Conjigurational Assignments 
In the cyclization of the 6-deoxy-6-nitro- 

hexoses considered here, two centers of prochir- 
ality (C-l and -6) are directly involved in pro- 
ducing two new chiral centers in the products. 
A third chiral center affecting the number of 
possible epimers stems from chiral C-5 in the 
hexoses. Due to  possibilities of over-all sym- 
metry, however, only six stereoisomeric deoxy- 
nitroinositols can thus arise, namely, four meso 
forms (with the scyllo, tnyo-2, nzuco-3, and epi-3 
configurations) and two racemic forms (with 
the myo-1 and chiro-1 configurations). Of these, 
the myo-2 (19) and clliro-1 (20) isomers seemed 
unlikely to arise under the present conditions 
because of conformational energy considera- 
tions, and the remaining four have all been 
encountered in this work. 

OH 20 ( D L - C / I I ~ O - 1 )  
19 (~nyo-2)  [only one enantiomer shown] 

31t is interesting to note in this connection that the 
stereoisomeric tetraacetates 11 and 15 were completely 
stable, whereas 12 was somewhat prone to decomposition 
if much less so than 17. 

TIONS O F  DIALDEHYDES.  XV 1805 

The two isomers that gave a diisopropylidene 
derivative (in a non-forcing procedure of 
acetonation) must each possess two cis-glycol 
groupings, a condition met only by 14 and 16. 
The fact that the diisopropylidene derivative of 
one isomer was converted during work-up into 
that of the other isomer, shows that thev were 
epimeric at the carbon bearingthe nitro group 
where epimerization through the common 
nitronate ion can occur. Confirming this, the 
n.m.r. spectra given by 14 and 16 in the presence 
of excess sodium deuteroxide in D,O were 
identical, in accord with the existence of one 
common nitronate (21). 

Finally, unambiguous allocation of formulas 
14 and 16. and of 9 and 10 to the other two iso- 
mers, was possible by analysis of n.m.r. spectra 
of their tetraacetates in chloroform-d (Table 
The muco-3 and e ~ i - 3  tetraacetates (15 and 17) 
each exhibited in order of decreasing'field a one: 
proton signal for H-6, a one-proton signal for 
H-3, and two two-proton signals for the enantio- 
topic pairs H- I, H-5 and H-2, H-4. Two pairs of 
enantiotopic acetyl groups gave two 6-proton 
singlets in each compound, and the methoxy 
group gave a three-proton singlet. Compound 17 
showed large coupling in the triplet for H-6 
( J ,  ,, = J,,, = 10 Hz), indicating a 1,6,5-triaxial 
proton arrangement and therefore equatorial 
substituents in these positions. The coupling 
J,,,, (= J,,,) was small, requiring the sub- 
st~tuents at C-2 and -4 to be axial and hence cis 
to those at C-1 and - 5 ,  in accord with the chem- 
ical evidence of facile acetonation. The triplet for 
H-3 showed small coupling (3 Hz), but this 
feature, evcn though it was consistent with an 
equatorial nitro group flanked by two axial 
acetoxyls as depicted in Table 1, did not disprove 
an axial nitro group. The epi-3 configuration 
could nevertheless be allocated to 17 with 
certaintv since inversion at C-3 would result in 
the rnuco-3 configuration which, it was found, 
must be reserved for con~pound 15 for the 
-- 

*The spectra of the free nitroinositols in aqueous 
trifluoroacetic acid were in complete agreement ; see 
Experimental. 
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following reason. Compound 15 exhibited large 
splitting in its triplet of H-3 (J,,, = J,,, = 11 
Hz), clearly requiring a 2,3,4-triequatorial 
substituent arrangement. This condition is real- 
ized only in one conformer, namely that of the 
muco-3 epimer shown in Table 1. The remain- 
ing coupling constants, all small, were in har- 
mony with substituent orientations as depicted. 
It is noteworthy that the non-acetylated muco-3 
isomer 14 in aqueous solution also adopts the 
same conformation, with an equatorial nitro 
group and an axial methoxyl group, as was 
revealed by analogous n.m.r. data (see Experi- 
mental). Evidently when 21, the nitronate com- 
mon to 14 and 16, is protonated, the rule of 
equatorial nitro group preference (2) is obeyed 
for both products. In 14, the methoxyl proton 
signal is found markedly upfield (by 0.15-0.2 
p.p.m.) from the corresponding signals of its 
three isomers, rendering 14 easily recognizable. 

Assignment of the scyllo and myo-1 configura- 
tions to the tetraacetates 11 and 12, respectively, 
was straightforward. Thus 11 (and also its 
parent compound 9) revealed molecular sym- 
metry by the presence of two pairs of enantio- 
topic hydrogen atoms (H-2, H-6 and H-3, H-5) 
which each gave rise to a two-proton signal. 
All the coupling constants were large (9.5- 
10.5Hz), indicating the all-trans substituent 
orientation. By contrast compound 12 and its 
parent 10, which lack molecular symmetry, 
exhibited six individual one-proton signals 
for their ring hydrogen atoms. The observed 
multiplicities and splittings demanded the 
formula depicted. The data of Table 1 also rule 
out the myo-2 (19) and chiro-1 (20) configura- 
tions for any of the products obtained. 

Experimental 
Melting points were determined in capillaries in an 

electrically heated aluminum block. The n.m.r. data 
(100 MHz) were obtained on a Varian HA-100 instru- 
ment. Optical rotations were measured at  room tem- 
perature in a Perkin-Elmer automatic polarimeter, Model 
141. Circular dichroism was determined with a Jasco 
ORD/UV-5 instrument. 1.r. spectra of new nitro com- 
pounds were compatible with the assigned structures. 

1,2:5,6-Di-O-isopropy/idene-3-O-n1ell1y/-ff-~-g111c0- 
filranose (2) 

A mixture of diacetone glucose 1 (8.0 g), methyl iodide 
(11.4 g), barium oxide (10.0g) and N,N-dimethylform- 
amide (80 ml) in a stoppered flask was vigorously shaken 
for 67 h at ambient temperature (29C). The mixture was 
filtered with suction through a layer of Celite and the 
residue washed successively with ether (100mI) and 

water (125 rnl). The phases of the filtrate were separated 
and the water layer was extracted twice with ether which 
was combined with the organic phase. The latter was 
washed twice with water, dried (MgSO,), and evaporated 
to furnish a pale yellow oil (8.2 g;  [a], -32" in ethanol). 
The oil was distilled in vaclro; following a forerun (0.4 g) 
the main fraction was collected at 85" (bath temperature) 
and 0.1 Torr. Compound 2 was thus obtained as a color- 
less oil (7.0 g, 83%); [a], -33" (c, 0 .4  in ethanol); lit. 
(23), b.p. (0.3 Torr) 105", [a], -34" in ethanol. 

The n.m.r. data (in CDCI,; TMS): 6 5.88 ( l H  d, H-1, 
J1,z = ~ H z ) ,  4.57 (1H d, H-2, J 1 . Z  = ~ H z ) ,  3.9-4.3 
(4H m, H-4, -5, -6, -6'), 3.78 ( I H  d, H-3, J,,, = 2.5 Hz), 
3.47 (3H s, OCH,), 1.50, 1.43, 1.37, 1.33 (four 3H s, 
isopropylidene methyl groups). The undistilled crude 
product gave virtually the same spectrum, with additional 
weak signals due to D M F  (6 2.80, 2.72). 

~,2-O-~sopropy/ide1~e-3-O-1net/1y/-ff-~-g/ucora1ose (3) 
A solution of 2 (7.0 g) in acetic acid (70 ml) and water 

(7 ml) was kept at 40" for 1.5 h and then evaporated 
under reduced pressure. Added toluene and benzene 
were successively evaporated from the residue which was 
a colorless, viscous oil. The material contained some 
unreacted 2 (ca. 1.1 g) which was removed by two 
extractions with ether (25 and 10 ml) from an aqueous 
solution (25 ml) of the crude 3. The aqueous solution 
then contained about 5.0 g of 3 and could be used directly 
for the preparation of 4. 

A sample of crude 3 (553 mg, from a similar experi- 
ment) was purified by column chromatography on silica 
gel (E. Merck AG., 15 g, with 10% of water added). 
Elution with benzene (180 ml) and benzene containing 
2% of ethanol (150 ml) gave a material (45 mg) that was 
discarded, and further elution with benzene containing 
5% of ethanol (120 ml) then gave pure 3 (466 mg, 84%), 
[a], -52.4" (c, 0.4 in chloroform); lit. (24) [a], -54" 
(c, 3.1 in chloroform). The n.m.r. data (in CDCI,; 
TMS): 6 5.93 ( I H  d, H-I, J,.2 = 4 HZ),  4.62 (IH d, H-2, 
J,,z = 4 Hz), 3.7-4.1 (5H m), 3.49 (3H s, OCH,), 1.50, 
1.33 (two 3H s, isopropylidene methyl groups). The 
hydroxyl protons were removed by deuterium exchange. 

1,2-O-Zsopropy/ide1re-3-0-1~1e~hy/-a-~-,~y/o-penfo~~ia/do- 
I ,4-fitrarwse (4) 

To  a cooled (0") solution of 3 (463 mg) in water 
(2.7 ml) was added sodium metaperiodate (463 mg) in 
two portions with a 20-min interval. After 2 h, a fcw 
drops of ethylene glycol were added and the reaction 
mixture was filtered. The filter residue was washed with 
chloroform and the aqueous filtrate was extracted with 
the same solvent. The combined chloroform solution 
was dried (MgSO,) and evaporated to  furnish a pale 
yellow oil which was dried in vacuo. The yield was 333 mg 
(83%); [a], - 139" ( c ,  0.3 in CHCI,). The n.m.r. data (in 
CDCI3; TMS): 6 9.66 (1H d, J4,5 = 1.5 HZ, H-5); 6.10 
(1H d, J 1 . Z  = 3.8 HZ, H-1); 4.67 (1H d, J , , z  = 3.8 HZ, 
H-2);4.57(lHq,J3. ,  = 4 a n d J 4 . S  = 1.5Hz, H-4);4.17 
( l H  d, J a , ,  = 4 HZ, H-3); 3.37 (3H S, OCH3); 1.47, 1.33 
(two 3H s, C(CH,)*). 

For use in subseq~~ent experiments it was practical to 
prepare compound 4 as an alcoholic so l~~ t ion  on a larger 
scale. Thus, a solution of 3 (5.62 g, 24 mmol) in water 
(35 ml) was stirred with ice cooling, and sodium meta- 
periodate (6.0 g, 28 mmol) was added in portions during 
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+ h, the temperature of the reaction mixture being main- 
tained a t  8-1 lo. Stirring was continued without cooling 
for another 90 min whereby the temperature gradually 
rose to 25". The mixture was then cooled again and 0.2 
ml of ethylene glycol followed by 25 nil of ethanol were 
added. The inorganic precipitate was filtered off and 
washed thoroughly with ethanol. The filtrate was evapo- 
rated to dryness and the residue was taken up in ethanol 
(10 ml). The solution was filtered from undissolved 
material which was washed with ethanol (5 ml). The 
filtrate so obtained (15 ml) was used directly for reaction 
with nitromethane. 

( a )  Mirflrre oJ'5 ntld 6frotn 4 
A solution of oily aldehyde 4 (2.94 g) in nitromethane 

(4 ml) and methanol (8 ml) was rendered alkaline by the 
addition of 2.7 N sodium methoxide in methanol (6 ml) 
and stored for 18 h at room temperature, in a pure nitro- 
gen atmosphere. The mixture was then cooled with Dry 
Ice, glacial acetic acid (I ml) was added with stirring, and 
after removal from the cold bath it was shaken briefly 
with added chloroform (10 nil) and water (10 ml). Upon 
phase separation the aqueous layer was extracted twice 
with chloroform, which was combined with the organic 
layer. The latter was washed five times with 5 nil of water, 
dried over anhydrous MgSO,, and evaporated to give a 
brown oil (3.70g). The oil was chromatographed on 
silica gel (E. Merck AG;  with 10% of water added). The 
column was eluted first with benzene (500 ml) and then 
with benzene containing 2% ethanol (900 ml). The last 
third of the second eluant produced a colorless syrup 
(3.27 g) of 5 and 6 in a yield of 85%. The t.1.c. with ethyl 
acetate -chloroform (1  : 1) showed a single spot, R, 0.67. 
Optical rotations: [a],,, -48.8, [a],,, -56.2, [ ~ ( ] 4 3 ~  
- 102, [a]36, -213" (c, 0.6, methanol). The n.m.r. spec- 
trum (CDCI,) showed two overlapping H-1 doublets 
(an apparent triplet), 6 5.98 and 5.90 (J = 4-5 Hz), with 
an intensity ratio 1:2, indicating that 5 preponderated. 
The remaining part of the spectrum was identical with 
that of pure 5 (see below). 

Alternatively, an ethanolic solution of 4 (obtained 
without isolation from 24 mmol of 3, see earlier) was 
mixed under nitrogen with nitromethane (7.5 nil) and 
3.25 N sodium methoxide in methanol (8.25 ml). After 
18 h the mixture was cooled, neutralized with glacial 
acetic acid (1.65 ml, to p H  6), and worked-up by dilution 
with chloroform (25 ml) and addition of water (75 ml). 
The water layer was extracted four times with chloroforn~ 
and the combined chloroforni extracts were washed four 
times with 10 ml of water, each water portion being 
extracted again with chloroform. Drying of the combined 
chloroform solution (MgSO,) and evaporation furnished 
a reddish-brown oil (6.62g) which, according to t.1.c. 
and n.m.r. analysis, appeared to consist largely of 5 and 
6.  Part of the oil (5.1 g) was chromatographed on silica 
gel as described and gave 4.1 g (84% based on 3) of a 
colorless, n.m.r. spectroscopically pure mixture of 5 
and 6. 

( b )  Pure 5 frotn 7-(3 
Crystalline nitro sugar 7-0 (84 mg) was dissolved with 

Dry-Ice cooling in acetone (4 ml) containing concentrated 
sulfuric acid (0.08 nil) and then stirred with anhydrous 

cupric sulfate (0.2 g) for 2 h without further cooling. The 
mixture was thereafter cooled again, neutrdlized by addi- 
tion of concentrated aqueous ammonia (0.33 ml), and 
filtered through a layer of Dowex 1 x 2 (acetate form; 
prewashed with acetone) and through a layer of Celite. 
The filtrate was evaporated to a residue which was taken 
up in chloroform. The filtered, dried (MgSO,), and 
evaporated chloroform solution furnished 5 in quantita- 
tive yield (100 mg) as a colorless syrup (uniform on t.l.c., 
R, 0.67 as in a above); [a], -34.0, [a]578 -35.9, [a1546 
-41.5, [a]436 -88.5, [a]3G5 -256O (in methanol, c, 0.7). 
Circular dichroism (c,  0.5 in methanol): [@],,, -1885. 
The n.m.r. data (in CDCI,): 6 5.90 (1H d,  H-I, J l ,z  = 
4 Hz), 4.44.8 (4H ni, H-2, -6, -6', -4 or -5), 4 . 0 4 . 2  
(1H m, H-4 or -5), 3.88 (d, H-3, J = 3.5 Hz), 6 3.49 (3H 
s, OCH,), 1.48 and 1.33 (two 3H s, C(CH,),). 

Anal. Calcd. for C loH, ,N07  (mol. wt. 263.2): C, 
45.62; H, 6.51; N, 5.32. Found:C,45.44; H,6.38; N, 
5.24. 

( c )  Mixlrrre of 5 mid 6 /kom 7 and 8 
An amorphous mixture of 7 and 8 (from which crys- 

talline 7-p  had been collected, see later) was acetonated 
as described under section b .  The syrupy product (yield, 
87%) gave an n.m.r. spectrum identical with that of the 
product described under section a except that the intensity 
ratio of the H-1 doublets at 6 5.98 and 5.90 was 3 :2 ,  
indicating that 6 preponderated. Circular dichroism (c ,  
0.5 in methanol): [O],,,, +260. Assuming a 3 .2  ratio for 
6 and 5, and using the [€I! value for pure 5, the value for 
6 may be extrapolated to + 1700. 

6-Deo.ry-3-O-t?ie/liyl-6-17i/ro/1exose~ 7 atlrl 8 
( a )  Crystallilre a-D-glrrco lsotner (7-(3) 
A chromatographically purified mixture of isopropyl- 

idene derivatives 5 and 6 (1.56 g, ratio approximately 
2:  1) was dissolved in trifluoroacetic acid (5.5 ml), water 
(0.5 ml) was slowly added, and the reaction mixture was 
stirred for 45 min at room temperature and then evapo- 
rated it1 uacrro. From the syrupy residue a few milliliters 
of added water and subsequently some ethyl acetate 
were evaporated. The dried syrup (1.7 g) was then 
triturated with fresh ethyl acetate whereby it partially 
crystallized on scratching. The crystals (607 mg, 46%) 
were collected and washed with chloroform; m.p. 149- 
152". An analytical sample was recrystallized from ethyl 
acetate-chloroform; m.p. 152-154"; homogeneous on 
t.1.c. in ethyl acetate (R, 0.4) or 2 :  1 acetone-chloroforni 
(R,: 0.65). The product exhibited upward mutarotation: 
[a], -4  (2 min) -> +46" (24 h, final), -4.3 -> 

+47", [cx],,(, -5.3 -> +51", [aI43(1 -31 -> +61°, [a1365 
- 190 -> -48", in methanol; [a], and [a],,, + 7  (2 n ~ i n )  
-> +40" (4 h, final), [a],,, + 6  -> +41°, [a]43(, - 10 -> 
+49", [a1365 - 141 -> -40°, in water. 

Circular dichroism (c ,  0.25 in 2.5 x N acetic acid 
at anomeric equilibrium): -830, [@1275 -2050. 

The n.m.r. data (in 2 N CF,CO2D-D,O with acetone 
reference): 6 3.0-1.8 (4H m), 1.43 (3H s, OCH,), 1.4-1.1 
(3H m). 

Anal. Calcd. for C,H,,NO, (mol. wt. 223.2): C, 37.66; 
H, 5.87; N, 6.28. Found: C, 37.90; H, 5.91; N, 6.23. 

( b )  Mixlure of tlre n-glrrco ( 7 )  o?rcl ~ - i r / o  ( 8 )  Isotners 
The ethyl acetate mother liquor obtained upon col- 

lection of crude 7-(3 was concentrated and deposited an 
additional 53 mg of less pure 7-(3, which was removed. 
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Further evaporation gave a syrup (634 mg) which was (1.32 g). After fractional crystallizations using methanol 
partitioned between chloroform and water. The chloro- and ethanol there was obtained 1.18 g (30%) of B (m.p. 
form phase yielded a small amount of what appeared on 205-222"), a total of 0.43 g (1 1%) of unresolved mixtures 
t.1.c. to be impure starting material; it was discarded. melting anywhere between 100 and 175", and 1.40 g 
The aqueous phase was decolorized by treatment with (36%) of amorphous C. NO pure A could be isolated. A 
0.5 ml of Dowex 1 x 2 (acetate) and eva~orated. The similar ex~eriment yielded 21% of B and 56% of C. 
remaining colorless syrup'(420 mg, dried in'vacrto) was a 
mixture of 7 and 8 (yield, 32%), Rr 0.4, 0.6 and 0.65, 0.8 3-Deox~-6-O-t~le t l l~ l -3-~1i tro-e~i- inod (16) 

(t.1.c. as described under sectlon a). The material showed The crystal1ine product A, m.p. 165-1670 (see above) 

no mutarotation; [a],,, +9.7, [a],,, + I  1.3, [a],,, represented compound The n.m.r. data (in 2.1 A' 
+23.3, [aI3,, +68 (c, 0.52 in methanol); [a],,8 f0 .6 ,  CF3C02D-D2O with acetone standard): 6 2.62-2.57 

+3.0, + 12, +750 (c, 0.2 in water), (2H m, H-2, -41, 2.47 (1H t, J = 3 Hz, H-31, 1.47-1.44 

Circular dichroism (as for pure 7): + 170, (3H m, -5, -6)7 (3H s7 0CH3).  
-400. ~~~~~i~~ 40% 7 in the mixture, the ellipticities of Anal. Calcd. for C7HI3NO7 (mol. wt. 223.2): C, 37.66; 

8 may be extrapolated to [91319 +840. 183272 +700. H, 5.87; N, 6.28. Found: C, 37.55; H, 5.71; N, 6.40. 

  he complex n.m.r. spectr& of t h e  mixture showed 
prominent OCH, signals at 6 1.43 and 1.32. 

Cyclizariotl of Nitro Hexoses 111ith Aqrreolrs Bnrilrtn 
Hydroxide 

A suspension of crystalline 7-p (1.76 g, 7.88 mmol) in 
0.0025 N acetic acid (8 ml) was stirred in an ice water 
bath in a nitrogen atmosphere, and a saturated solution 
of barium hydroxide (16m1, approximately 0.5 N) was 
added in rapid flow. The mixture was stirred at 0" for 
2.5 hand  then kept at ambient temperature for 18 h. The 
dark solution was cooled again and acidified to p H  4-5 
by dropwise introduction into ice cold, N acetic acid 
(20 ml). It was then passed sequentially through columns 
containing 5 ml of Dowex 1 x 2 (acetate) and 20 ml of 
Rexyn 101 (H+),  respectively, each column being washed 
with water (18 ml). Evaporation of the colorless effluent 
and drying of the residue it1 vaclro gave the nitroinositol 
mixture as a white semicrystalline mass (1.78 g). 

Reactions using noncrystalline nlixtures3 of 7 and 8 
were performed in the same fashion. 

The reaction product (1.78 g, from 7-P) was triturated 
with absolute ethanol (5 ml). Upon storing overnight at 
O", a crop of crystals (1.30 g, m.p. 156-158") was isolated. 
This material was not homogeneous but furnished, upon 
recrystallizations (once from methanol and three times 
from 95% ethanol), a pure product designated A (95 mg, 
m.p. 165-167"). Systenlatic fractional crystallization of 
the mother liquor materials gave another 145 mg of pure 
A and 234 mg of less pure A (m.p. 160-167"), the total 
yield being 27%. In addition, the procedure yielded 
333 nlg (19%) of a high-melting material designated B, 
(m.p. 185-20S2, dec.), 97 mg (6%) of a mixture which 
melted in between (at 173-175") and was dealt with no 
further, and finally there remained 731 mg (41%) of an 
amorphous foam designated C. It will be noted that a 
total of 904 mg of crystals was eventually isolated and 
the amount of noncrystallizable material remaining after 
the various recrystallizations was larger than the amount 
that did not crystallize in the first place. The relative 
amounts of products depended upon the number of re- 
crystallizations performed, with amorphous C increasing 
with that number. Thus, an identical cyclization experi- 
ment furnished 45% of A (n1.p. 165-166"), 18% of B (m.p. 
209-21S0), and 29% of C. 

The semicrystalline reaction product (3.21 g) obtained 
from a nlixture (3.89 g) of 7 and 8 was triturated with 
cold ethanol (7 ml) to give inhomogeneous crystals 
(1.77 g, m.p. 199-205" dec.) and an amorphous material 

1,2,4,5-Tetra-O-oreryl-3-deo.~~~-6-0-t~~etl1yl-3-t1itro-epi- 
inositol (17) arrd (3,5,6/4)-3,5,6-Trincetoxy-4- 
tnethox)~-I-t~itroryrlol~exer~e (18) 

An ice-cooled suspension of 16 (125 mg) in acetic 
anhydride (1.3 ml) was stirred for 6 h after addition of 2 
drops of boron triRuoride etherate. The inositol dissolved 
when the catalyst was added, and crystalline 17 began to 
precipitate soon afterwards. It was collected and washed 
with ethanol (3 x 0.2 ml); yield, 104 mg; m.p. 172-182". 
For the n.m.r. data see Table 1. 

The product decomposed on attempted recrystalliza- 
tion from ethanol, becoming extremely soluble in the 
solvent and developing a low-field, olefinic proton signal 
which was not present in its original n.m.r. spectrum. A 
small amount of the nitroalkene 18, m.p. 120-122", was 
eventually isolated by crystallization from ether and 
ether-ligroin. For the n.m.r. data see Table 1. 

Anal. Calcd. for Cl3HI7NO9 (mol. wt. 331.3): C, 47.13; 
H, 5.17; N, 4.23. Found: C, 47.31; H, 5.32; N, 4.18. 

2,3,5,6-Te1ra-O-ace1~d-I-deoxy-4-O-n1e1l1yl-l-t~irro-scyllo- 
inositol (11) 

The high-melting crystalline cyclization products pre- 
viously designated B represented mixtures of the scyllo 
and tn)~o-l isonlers 9 and 10. Such a mixture (0.85 g) was 
acetylated with acetic anhydride (8.5 ml) in the presence 
of BF3 etherate (12 drops) by stirring for 10 h at 0' and 
another 10 h at room temperature. The reaction mixture 
was then cooled again (0") and filtered through sintered 
glass. The crystals (11) were washed with 5 mi of cold 
ethanol in three portions and dried itr vorrro, and the 
combined filtrates containing isomeric acetate 12 were set 
aside. The crystals (0.87 g, 58.5%) were pure according to 
thcir n.m.r. spectrum (Table 1). The n1.p. of 257-258" 
observed at this stage did not appear to be reproducible, 
as higher (770-272") or lower (230-232") values were 
found on occasion in similar preparations which exhib- 
ited, nevertheless, exactly the same well-defined n.m.r. 
spectrum. Recrystallization of a sample (0.47 g) from 
glacial acetic acid (3 ml) containing acetic anhydride 
(0.15 ml) gave translucent prisms (0.43 g) of m.p. 220- 
222", whereas recrystallization from methanol (44 nlg in 
4 ml) gave long needles (35 mg) of n1.p. 214-216". The 
recrystallized sanlples gavc n.1n.r. spectra superimposable 
on those of the original product, and both gave correct 
microanalyses. 

Anal. Calcd. for CISHl lNOl l  (11101. wt. 391.3): C, 
46.03; H, 5.41 ; N, 3.58. Found: C, 45.90; H, 5 46; N, 
3.59. C, 45.92; H, 5.47; N, 3.73. 
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2,3,5,6-Tetra-O-acefyl-l-deoxy-4-O-n1ethyl-l-nitro- 
~ , ~ - l n y ~ - i t l ~ ~ i f ~ /  (12) 

To the filtrate of the acetylation mixture, from which 
crystalline 11 had been collected (see preceding section), 
was added excess ethanol; after decomposition of the 
remaining acetic anhydride the solution was evaporated, 
and two portions of added ethanol were evaporated from 
the residue which after drying weighed 0.64 g and con- 
sisted of at least 80% of 12 (n.m.r.). After two crystalliza- 
tions from small volumes of hot ethanol (performed 
rapidly without prolonged heating, lest losses due to 
formation of low-melting, unsaturated products oc- 
curred), 475 mg (32%) of the tetraacetate 12 was obtained, 
m.p. 139-140". Further recrystallization did not change 
the n.m.r. spectrum (Table 1) although variations in m.p. 
from 135-136" to 140-142" were observed. 

Anal. Calcd. for C15H2,NOlI (mol. wt. 391.3): C, 
46.03; H, 5.41; N, 3.58. Found: C, 45.95; H, 5.44; N, 
3.67. 

I-Deoxy-4-O-1netl1yl-I-11itro-scyllo-i~ol (9 )  
A suspension of tetraacetate 11 (430 mg) in anhydrous 

methanol (25 ml) containing methyl p-toluenesulfonate 
(0.5 ml) was boiled in a flask fitted with a Vigreux 
column. Distillation was maintained at a slow rate so that 
15 ml of distillate was collected in 5 h. Fresh methanol 
was introduced during the operation so as to approxi- 
mately maintain the original volume. The solid gradually 
dissolved, and the resulting solution was subsequently 
refluxed for another 20 h and then evaporated. Tritura- 
tion of the residue with ethanol produced a white powder 
(277 mg) which was recrystallized from 90% ethanol 
(7 ml) to give 9 (202 mg, 83%) as needles, m.p. 258-260" 
(dec.). Recrystallization of a sample from water gave 
large grains that melted with decomposition at 248-249" 
(with apparent change in crystal structure from 220"). 
The n.m.r. data (in 2.1 N CF3C02D-D,O, with acetone 
as reference): 6 2.39 (1H t, H-1, J = 10.5 Hz), 1.81 (2H t, 
H-2 and -6, J = 10.5 Hz), 1.41 (3H s, OCH,), 1.35 (2H 
t, H-3 and-5, J = 9.5 Hz), 1.02(1H t, H-4,J = 9.5 Hz). 

Anal. Calcd. for C7H, ,N07 (mol. wt. 223.2): C, 37.66; 
H, 5.87; N, 6.28. Found: C, 37.58; H, 5.82; N, 6.44. 

I-Deoxy-4-O-1net/1y/-~-,lifro-~,~-n1yo-i1osito/ (10) 
The tetraacetate 12 (315 mg) was methanolyzed as 

described for 11. The residue obtained upon evaporation 
of the reaction solution was dissolved in 1-2 ml of 
ethanol, and addition of benzene caused crystallization 
of 10 (178 mg, 99%) which was collected and washed 
with benzene; m.p. 198-203". Recrystallization from 
ethanol-benzene gave very fine needles (150 mg, 83%), 
m.p. 203-205". The n.m.r. data (in 2.1 N CF,CO,D-D20, 
with acetone reference): 6 2.49 (1H q, H-1, JIv2 = 2.5, 
J1,6 = ~ O H Z ) ,  2.30 ( l H t ,  H - 2 , J = 2 . 5 H z ) ,  2.13 ( lH ,  
quartet of narrow doublets, H-6, J1.6 = 10, J5.6 = 9 HZ, 
and a 1.5 Hz splitting, presumably due to long-range 
coupling), 1.6-1.2 (3H m, H-3, -4, -5), 1.39 (3H s, OCH,). 

Anal. Calcd. for C7H13N07 (mol. wt. 223.2): C, 37.66; 
H, 5.87; N, 6.28. Found: C, 37.56; H, 5.85; N, 6.34. 

3-Deo.ry-1,2;4,5-di-O-isoprop~~lidene-6-0-11~etl1yl-3- 
nitro-tnuco-itlosit01 (13) 

(a) From Amorpl~o~ts Cyclizntion Prorlrrcf C 
A sample (372 mg) of the product C (see a previous 

section) was dissolved in acetone (10 ml) containing 

concentrated sulfuric acid (0.2 ml). (The reagent was 
freshly prepared under cooling with Dry Ice.) The mix- 
ture was stirred with anhydrous cupric sulfate (120 mg) 
for 2.5 h at room temperature, then cooled with Dry 
Ice and neutralized by adding concentrated aqueous 
ammonia (0.6 ml). The voluminous inorganic precipitate 
was filtered off and the solution passed through small 
columns of acetone - prewashed ion exchange resins 
(1 ml each) Dowex 1 x 2 (acetate) and Amberlite IR-120 
(H+).  The columns were rinsed with acetone and meth- 
an01 (10 ml each). Evaporation of the filtrate gave a 
syrup (387 mg) which upon extraction with chloroform 
(3.8 ml) left behind a dark mass (85 mg). The extract 
was chromatographed on Merck silica gel ( log,  with 
1 ml of water added), whereby elution with chloroform 
furnished a crop (119 mg, 24%) of crystalline 13, m.p. 
160-162", in the second 10 ml fraction. Further elution 
with chloroform (50 ml) followed by acetone (30 ml) 
produced syrups that were combined with the aforemen- 
tioned insoluble material and acetonated again as de- 
scribed. In this way, a second crop of 13 (36 mg) was 
obtained (total yield, 31%). Recrystallization from ligroin 
raised the m.p. to 169-170". The n.m.r. data (in CDCl,, 
with TMS): 6 4.6-4.5 (3H m, H-2, -3, -4), 4.24 (2H q, 
H-1 and -5, J,,, = J5.6 = 8, JlT2 = J4,5 = 5.5 Hz), 
3.58 (3H S, OCH,), 3.41 ( l H  t, H-6,J5.6 = J1,6 = 8 HZ), 
1.54 and 1.34 (two 6H s, for two isopropylidene groups). 

Anal. Calcd. for C,,H2,N07 (mol. wt. 303.3): C, 
51.48; H, 6.98; N, 4.62. Found: C, 51.34; H, 6.79; N, 
4.74. 

( b )  From file epi-3 Isomer 16 
A 268-mg sample of pure 16 (free from isomers accor- 

ding to n.m.r. spectrum) was acetonated by the method 
described in section a. By chromatography on silica gel 
131 mg(36%) of pure 13, m.p. 168.5-169.5", was obtained. 
Its spectrum was superimposable on that of the previous 
product. 

3-Deo.ry-6-0-t~retl1yl-3-1~itro-,nlrco-i1ositol (14) 
The compound 13 (93 mg) was deacetonated by treat- 

ment with trifluoroacetic acid (0.30 ml) containing water 
(1 drop) for 30 min at room temperature. Evaporation 
of the solution followed by crystallization of the residue 
from ethyl acetate gave 14 (66 mg, 96%) as large colorless 
prisms or flat rectangular plates, n1.p. 161-163". The 
n.m.r. data (in 2.1 N CF,CO,D-D20, with acetone as 
reference): 6 2.75 (1 H t, H-3, J,., = J3,4 = 10 HZ), 2.07 
(2H q, H-2 and -4, J2,, = J3.4 = 10, J I . ~  = J4.5 = 

3 Hz), 2.01 (2H t, H-1 and -5, J1.2 = J1.6 = J4.5 = 

Anal. ~ a l c d .  for C7H,,N07 (mol. wt. 223.2): C, 37.66; 
H, 5.87; N, 6.28. Found: C, 37.54; H, 6.00; N, 6.47. 

1,2,4,5-Tetra-O-acetyl-3-rleo,ry-6-0-1~1etI1~~l-3-~itro- 
t11uco-b7ositol (15) 

Compound 14 (66 mg) was treated with acetic anhy- 
dride (0.66 ml) and 1 drop of BF,-etherate for 1 h at 0". 
Ethanol (0.4 ml) was then added, and the tetraacetate 15 
(101 nig, 88%) crystallized in part directly and in part 
upon evaporation of the solution. It was washed with a 
small amount of ethanol and melted at 187-188". Re- 
crystallization lowered the melting point: 170-1 72' (from 
ethanol), 175-176" (from ethyl acetate - ligroin). How- 
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ever, the n.m.r. spectra of the crude and recrystallized 3. H.  H. BAER and W. RANK.  Can. J .  Chern. 49, 3197 
samples were indistinguishable (data see Table 1). (1971). 

Anal. Calcd. for C, ,H,lNOll  (rnol. wt. 391.3): C ,  4. J .  Kovi.6, K. CAPEK, and H. H. BAER. Can.  J. Chern. 
46.03; H, 5.41; N,  3.58. Found: C,  46.18; H,  5.54; N,  49, 3960 (1971). 
3.70. 5. H.  H. BAER and W. RANK. Can. J .  Chern. 50, 1216 

Cyclizatiotz of Nitro Hexoses with Sorlirrnz Metl~oxide 
T o  a suspension of crystalline 7-e (645 mg) in methanol 

(2 ml) and  nitromethane (2.9 ml) was added 0.96 ml of a 
3.25 N solution of sodium methoxide in methanol. T h e  
addition, which was performed a t  room temperature 
under nitrogen, caused 7 4  t o  dissolve, and a new solid 
began t o  precipitate immediately afterwards. T h e  reaction 
mixture was allowed to stand in a closed vessel for 4 days, 
then cooled with Dry Ice, and  acidified with glacial 
acetic acid (0.3 ml). The solution was passed consecutively 
through short columns containing 5 ml of Dowex 1 x 2 
(acetate) and 10 ml of Rexyn 101 (H+) ,  respectively. T h e  
columns were rinsed with methanol and then with water, 
the former eluant furnishing upon evaporation 418 mg 
of a brown syrup, and the latter, 246 mg of a yellow 
semicrystalline mass. Trituration of the products with 
ethanol and fractional crystallization gave 102 mg (16%) 
of a mixture of 9 and  10 (m.p. 190-21O0), 52 mg (8%) of 
what according t o  a n  n.m.r. spectrum consisted mainly 
of 14  (although it melted over the range 102-145" and 
therefore was not pure), and  395 mg (61%) of an  amor- 
phous foam similar in composition to the amorphous 
material C encountered in the barium hydroxide-induced 
cyclizations. 

A similar experiment starting with a noncrystalline 
mixture (670 mg) of 7 and 8 furnished, after a reaction 
time of 1 day, 173 mg (26%) of 9 + 10 (n1.p. 200-220") 
and 429 mg (64%) of an~orphous  material. 

The  amorphous products obtained from these cycliza- 
tions were acetonated and yielded pure 13 in yields of 
30-35%. 

Support of this work by the National Research Council 
of Canada is gratefully acknowledged. 
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