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ABSTRACT 

A series of p-toluenesulfonic and p-bromobenzenesulfonic esters was prepared 
from 1~-1,2:5,6-di-O-isopropylidene-3-O-methyl-ciziro-inositol (“diisopropylidene- 
pinitol”, 1). In these compounds, the arylsulfonyl group was at position 4(3), and the 
substituents at positions 1,2,5, and 6 were isopropylidene, acetyl, methyl, and cyclic 
carbonate, respectively. Inversion of configuration at C-4 in 1 gave lo-1,2:5,6-di-O- 
isopropylidene40-methyl-allo-inositol, from which a corresponding series of allo- 

inositol sulfonates was prepared_ Rates of displacement of the sulfonate groups by 
a&de ion (NJV-dimethylformamide, 110’) were measured in both series, and the azido 
products were isolated and characterized_ All of the azides except the penta-O- 
methyl-c/ziro derivative were convertible to one of two inosamine pentaacetates, 
which were shown to be lo-2-amino-2-deoxy-1-0-methyl-allo-inositol pentaacetate 
and iD-3-amino-3-deoxy-40-methyl-chiro-inositol pentaacetate, respectively. 

INTRODUCTION 

Derivatives of 1~-1,2:5,6-di-O-isopropylidene-3-O-methyl-ch-inositol~ (1, 

“diisopropylidenepinitol”) were among the sulfonic esters used in a study in this 
laboratory of the parameters governing the rate of displacement of sulfonate groups 
by azide ion in the sugar series 2. The y-tolylsulfonyl (2a), p-bromophenylsulfonyl 
(,‘ brosyl “) (2 b), and p-chlorophenylsulfonyl compounds reacted straightforwardly 

*Please address correspondence to this author. 
tlhe cyclitol derivatives described here are named and numbered according to the IUPAC-IUB 1973 
Recommendations for Cyclitols (Ref. 1). It will be noted that, in some cases, the methylated position 
of pinitol is assigned the number 3, and the sulfonyiated position the number 4, whereas, in other 
cases, the opposite is Similar shifts numbering occur the allo-inositol 
accompanied by change in designation of series (D or L). These unfortunate 
variarions result from the necessity of choosing between the two equivaIent numberings inherent in 

the stereochemistry of each of the parent inositols. The choice is rnade, as stipulated in the Rules, by 
the principle of “iowest number to the substituent first in alphabetical order.” Confusion is best 
avoided by constant reference to the formulas in Schemes I-III. 
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with azide, albeit at lower rates than the other secondary sulfonates examined. At the 
time these data were Cal&ted, the steric and electronic factors affecting sulfonate 
displacements were not understood, whence we were led to prepare and study a series 
of additional lD-chiru-inositol esters in which the isopropylidene groups of 2a and b 
were repIaced by other substituents. We also prepared a companion series of lo-l- 
U-methyl-allo-inositol sulfonates that are epimeric with the chiro compounds at the 
sulfonylated position. The synthesis of these cyclitol sulfonates, and the charac- 
terization of the azidocyclitols derived from them, are described in this paper. Kinetic 
data are recorded for the reaction of several of the sulfonates with azide ion, and the 
various results obtained are briefly discussed in relation to present knowledge of 
steric effects on sulfonate displacements. 

RESLJJLTS 

Synthesis of the suronic esters. - In the pinitol series, our aim was to prepare a 
derivative differing from 2a and b but stil1 carrying fused rings at positions 1,2 and 
5, 6, and also derivatives having individual substituents at these positions_ The 
syntheses proceeded as shown in Scheme I. Removal of the isopropylidene groups 
from 2a and 2b gave the unprotected sulfonates 3a and 3b, which were readily 
acetylated to 6a and Qb. The brosyl derivative 3b was also converted into the bis- 
(cyclic carbonate) 7 by the method of Doane et aL3. 

Attempted direct methylation of 3b gave a complex mixture because of the 
alkali lability of the sulfonate group. Hence, an indirect route was chosen for the 
synthesis of the methylated brosyl ester PO. The free hydroxyl group of diisopro- 
pylidenepiuitol (1) was temporarily substituted by an O-benzyl group, and me*byl- 
ation was performed after removal of the isopropylidene groups (4+5+8). Removal 
of the 0-beuzyl group from 8 gave the pentamethyl ether 9, which yielded 10 on 
treatment with brosyl chloride_ 

Scheme II outlines the synthesis of the l(4)- O-methyI-allo-inositol derivatives. 
The starting material was the known lo-1,2:5,6-di-0-isopropylidene40-methyl- 
allo-inositol (ll), prepared from the cliisopropylidenepiuitol brosyl ester 2b by 
benzoate displacement, as described for the tosyl derivative by Angyal and Stewart4, 
and saponification of the intermediate benzoic ester. The use of the brosyl ester 
shortened the time required for the displacement step (compare Table I). Sulfonylation 
of 11 gave 12a and 12b, epimerlc with 2a and 2b. Removal of the isopropylidene 
groups from 12a and 12b, and acetylation, gave 13a and 13b, epimeric with 6a and 6b. 
The brosylpenta-O-methyl derivative 18 was made by the same steps as used for the 
corresponding chiro-mositol derivative 10. 

Characterization of the azido pro&cts. - The displacement of sulfonate groups 
from cyclitol derivatives- in moist NJV-dimethylformamide, with or-without added 
sodium benzoate, was investigated by Angyal and Stewart4. Displacement by azide 
ion (& aqueous Zmethoxyethanol) has been extensively studied by Suami and his 
colIaborators5. In the examples described by these two sets of workers, it appears 
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that, when participation by a neighboring trans acetyl or hydroxyl group is possible, 
displacement usuahy proceeds by a participation mechar@& Direct dispIacement, 
or no reaction, results when neighboring_groups cannot be involved. Among the 
comp,ounds examined in the present study, if participation by methoxyi is regarded as 
unlikely, anchimerically assisted displacement appeared possible only in the acetylated 
pinitol sulf’onates 6a and 6b._It was therefore provisionally assumed that, with the 
other pinitol derivatives 2a, 2b, and 7, and the allo-inositol derivatives 12,13, and 18, 
the displacement would be direct, leading to inversion of configuration at the carbon 
atom affected. The observation that all of these latter displacements proceeded with 
second-order kinetics supported this expectation. Confirmatory evidence was 
obtained by p.m.r. spectroscopy, following a series of chemical interconversions of the 
initial azido products. 

As shown in Scheme III, the products (19 and 22) from 2b and 7 gave the same 
azidodeoxy-O-methylinositol tetraacetate 20. An isomeric azido tetraacetate (25) was 
formed directly from the allo-inositol sulfonates ‘13 on reaction with azide. Inter- 
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SCHEME II 

TABLE I 

SECOND-ORDER RATE-CONSTANTS FOR THE AZIDE DISPLACEMENT-REACTION OF CYCLITOL AND 

SUGAR SULFONATFS IN N,N-DIMETHYLFOR DE AT 110” 

Series Compound Substituents at IOzk2 

number positions 1,55,6 (chiro) (M- ‘.min- I)= 
(sufonate or 3,4,5,6(1,2,5,6) (allo) 

group) 

Pinitol 2a CTS) Isopropylidene 
2h (Bsl Isopropylidene 
7 (Bs) Cyclic C==O 

l(4)-O-Methyl- 12a (Ts) Isopropylidene 
nUo-inositol 13a (Ts) Acetyl 

18 03s) Methyl 

Methyl 2,3,6-tri-O-benzoyl-4-O-brosyl-a-D-glu~opyranoside 

Methyl 2,3,6-tri-O-benzoyl4-O-brosyl-a-o-gaIactopyranoside 
Methyl 2,4,6-tri-0-acetyl3-0-tosyl-&o-glucopyranoside 
Methyl 2,4,6-tri-0-acetyl-3-0-brosyl-&o-glucopyranoside 

0.97 f0.03” 
3.0 fO.lb 

1710= 

8.2 f0.6 
5.3 f0.2d 
5.0 f0.2d 

4% *2 

100 f14 
7.9 ~t0.6~ 

30.4 fO.Sb 

“Values are mean I range or, where 3 or more runs were made, zt standard deviation. ‘From ref. 2. 

‘Value calculated for 110’ from value measured at 80” (1.61 f0.09 M- ‘.min- ‘) under assumption 
that rate increases by a factor of 2.2 with each 10° increase in temperature (ref_ 2)_ dSee experimental. 

The errors in k due to slight impurities in these compounds are within the normal experimental error. 
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- 180” (J2.s = .i3,+ = 10 Hz). These findings confirm the assignment of the aZZo 
configuration to compound 21 -and the chiro configuration to compound 26, by the 
following reasoning. For the derivative having the al/o configuration, the chair 
conformation shown in formula 21 and the alternative chair conformation are about 
equally probable, as the two conformations are enantiomeric in the parent allo- 
inositol. In either conformation, the projection angles of H-2 with its neighbors are 
-60”. Only in the clliro configuration, in the conformation shown in formula 26 
(favored for cltiro derivatives), can the acetamido-CW have projection angles of 180”. 
Hence the compound showing J values of 10 Hz must have the chiro configuration, 
and the isomer must be the aZZo compound. 

It follows that the aZZo cotiguration must be assigned, as shown, to the azido 
precursors (19, 20, and 22) of 21. Similarly, the azides 23 and 25 must have the chiro 
configuration, as postulated_ No attempt was made to correlate the product (27) from 
the penta-0-methyl-allo-inositol brosyl ester 18 with the other azides but, in view of 
the foregoing, the assignment of the cltiro configuration to 27 seems safe. 

The acetyl-methyl signals in the spectra of 21 and 26 were examined, as the 
chemical shifts of these signals are regarded as indicators of conformation6. In the 
spectrum of the aZZo derivative 21, there was a signal at 7 8.04, just below the range 
(r 8.05-8.10) for equatorial IV-acetyl groups. This suggests that the preponderant 
conformation of the compound might be the one shown in formula 21. However, 
there was no high-field signal in the spectrum of 26, which must also have an equatorial 
N-acetyl group. 

The reaction of the brosylpinitol tetraacetate 6b with azide was shown by t.1.c. 
to give two products, which were separated on a preparative scale. One of the prod- 
ucts was the azido tetraacetate 25, now assigned the cJ2iro configuration. The other 
was a triacetate (24) that gave 25 on acetylation. Thus, the displacement of the brosyl 
group from 6b proceeded with retention of configuration and partial loss of an acetyl 
group. 

Inciuded in the kinetic study were the 4-brosyl esters of methyl 2,3,6-tri-O- 
benzoyl-a-D-glucopyranoside and a-D-galactopyranoside. As it was known that the 
corresponding tosyl esters react with azide ion with inversion on configuration at C-4, 
it was expected that the azido products from the brosyl esters would be the galacto 
and gluco derivatives, respectively. This was in fact what was found. 

Rates of dispzacenrent by azide ion. - Reaction rates were measured in 
nominally dry N,N-dimethylformamide and, with one exception, at 110”. The second- 
order rate-constants are listed in Table I, together with selected values obtained under 
the same conditions in the previous work2. Most noteworthy is the high reaction rate 
shown by the brosylpinitol bis(cyclic carbonate) 7. The reaction could not be 
monitored at the standard temperature of 1 lo“, but the k2 value for 110” estimated 
from measurements made at 80” is nearly 600 times that for the structurally similar 
brosyldiisopropylidenepinitol 2b. No value is quoted for brosylpinitol tetraacetate 
(6b) because the reaction of this compound with azide ion is not a simple bimolecular 
displacement. 
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DISCUSSION 

The pinitol sulfonates examined in this study showed a wide range of behavior 
in their reaction with azide ion. Considering l?rst those having individual substituents 
at positions I, 2, 5, and 6, the pentamethyl brosyl ester 10 did not react, even on 
prolonged heating. The reason for the lack of reactivity is readily apparent upon 
examination of the conformation of the compound: the methoxyl group at position 1 
is syn-axial to the attacking nucleophile. Richardson’ has summarized the evidence 
that this arrangement effectively hinders displacement. syn-Axial interference also 
prevents direct displacement of the sulfonate group from brosylpinitol tetraacetate 
(6b). In this compound, however, displacement can be effected by the carbonyl 
oxygen atom of the acetyl group at position 2, giving the intermediate acetoxonium 
ion 28. The acetoxyl group at position 6 shields position 2 of the ion by the syn-axial 
effect, hence attack by azide is at position 3, giving overall retention of configuration. 

Me 

OAc OR 

28 29 30 

Compounds 2 differ from 10 and 6 in that in 2 the oxygen atoms at positions 1, 
2, 5, and 6 are involved in dioxolane ring-structures. Evidence pointing to a change 
in the conformation of a 6-membered ring when two 5-membered rings are fused to it 
was adduced by Angyal’, and compounds related to 2 have recently been studied in 
detail in his laboratoryg. It was shown that, in the most pertinent example, (IL-~-O- 
acetyl-1,2:5,6-di-O-isopropylidene4O-p-tolyIsulfonyl-c/tiro-inositol), the cyclohexane 
ring is flattened at carbon atoms 1, 2, 5, and 6. As a result, O-1 and O-6 (which are 
axial in the parent compound) are moved outward. Existence in this flattened con- 
formation would explain the behavior of compounds 2a and 2b, namely, normal 
bimolecular reaction with nucleophiles, but at low rates, as if the syn-axial effect were 
moderated but not entirely eliminated. 

The nearly 600-fold increase in rate observed when the isopropylidene groups 
of 2b are replaced by cyclic carbonate groups (7) seems rather startling. However, if 
the dioxolanone rings of 7 have a requirement for being nearly planar, this would 

probably force the cyclohexane ring into the IS, conformation 29. In this form, the 
syr2-axial effect, and the polar effect as well’, appear to be completely absent. This may 
suffice to explain why the reaction rate of 7 is in the range for unhindered primary 
sulfonates’, or an electronic effect of the cyclic carbonate group at positions 1 and 2 
may contribute to the elevated rate. 

The O-methyl-allo-inositol derivatives, including those (13a and 18) having 
individual substituents on each oxygen atom all reacted at modest rates. Whichever 
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chair form is the favored ground-state conformation of these compounds, it may be 
assumed that the form shown in 30 is the reactive one. In the alternative chair con- 
formation, the substituent at position 6 would offer syn-axial interference to the 
incoming azide ion. 

The inosamines obtained (as the pentaacetates 21 and 26) from the azido- 
cyclitols described here may be of interest in relation to the chemistry of amino- 
gIycoside antibiotics. The racemic parent inosamine related to 26 has been described 
by Nakajima et aZ. lo under the name rat-inosamine-5, but the parent inosamine 
related to 21 has apparently not been made. 

EXPERIMENTAL 

General metflods. - Thin layer chromatography plates were prepared from 
Silica Gel G (Merck) and developed with l:9 (v/v) ethanol-Skellysolve B. Column 
chromatography was performed on silica gel (Merck), with I:?5 (v/v/v) acetone- 
benzene-Skellysolve B as the developing solvent, unless otherwise specified. Melting 
points were determined in Pyrex glass capillaries immersed in a heated oil bath 
equipped with a calibrated thermometer. P-m-r. spectra were recorded with Varian 
A-60 or T-60 spectrometers, with tetramethylsilane as internal reference (T = 10.0). 
Infrared spectra were recorded on a Beckman IR-5 spectrometer. Optical rotations 
were measured with a Perkin-Elmer model 141 polarimeter. The procedure for the 
measurement of reaction rates was given in the previous paper2. 

Known compounds. - 1~-1,2:5,6-Di-O-isopropylidene-3-O-methyl-4-O-p-tolyl- 
sulfonyl-chiro-inositol’ i (2 a and ID-3-O-p-bromophenylsulfonyl-1.2:5,6-di-O-iso- ) 
propyiidene-4-0-methyl-cfziro-inositol’ (2b) were prepared from ID-1,2:5,6-di-U- 
isopropylidene-3-0-methyl-c/ziro-inositol (1, “diisopropylidenepinitol”) 12_ Com- 
pound 1 was made by the procedure of Angyal and Hoskinson’ 3, with 2,2-dimethoxy- 
propane as the acetonating agent. The tosyl ester 2a was converted successively into 
1D-3-U-methyl-4-O-p-tolylsulfonyl-chiro-inositol’ ’ (3a) and ID-1,2,5,6-tetra-o-acetyl- 
3-0-methyl+0-p-tolylsulfonyl-c/liro-inositol ’ ’ (6a). 

Hydrolysis of O-isopropy fidene derivatives. - To a solution of 1 to 2 g of the 
isopropylidene acetal in l$dioxane (50 ml), concentrated hydrochloric acid (1 ml) 
was added. The solution was reffuxed for 2 h, cooled to room temperature, and 
neutralized with solid sodium hydrogen carbonate. The solid material was filtered off 
and the filtrate was deionized with Amberlite MB-3. mixed-bed ion-exchange resin, 
and then evaporated to dryness. 

Acetyiution. - The hydroxyl compound was treated with 5-10 times the 
calculated amount of acetic anhydride in 5-10 volumes (based on hydroxyl compound) 
of pyridine for 4 h at room temperature, and then the mixture was stirred into ice and 
water to precipitate the product. 

Sulfonylations were preformed by treating the respective hydroxyl compounds 
with an excess of p-toluenesulfonyl or p-bromobenzenesulfonyl chloride in 2-10 
volumes (based on hydroxyl compound) of pyridine at room temperature. 
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Azidesfrom .~Zfonate.s_ - Sufficient sodium &de to leave an excess undissolved 
at the end of the reaction’ was added to a solution of the sulfonate in 2-10 ~01s. of 
NJ+dimethylformamide. The mixture was heated at 110’ with magnetic stirring 
until t.1.c. showed completion of the reaction_ The solvent was removed by means of a 
rotary evaporator (SO”, 20 torr) and the residue was extracted with chloroform. The 
chloroform extract was dried over anhydrous sodium sulfate and evaporated to yield 
the crude product. 

~D-3-O-p-~romophen~~~~~~~~-~-~e~~~~-c~ro-~no~~~o~ (3b). - Hydrolysis of 
the isopropylidene acetal2b by the general procedure already given gave 3b in 85% 
yield. It was recrystallized from water-ethanol; m.p. 188” (dec.), [a& -t-27.3” 
(c 2, HCONMe,); p.m.r. (CDCI,): z 2.16 (s, 4, Ph-H) and 6.90 (s, 3, OCH,). 

Anal. Cab for C13H17Br08S (413.25): C, 37.78; H, 4.15. Found: C, 37.93; 
H, 4.23. 

ID-1,2,5,6- Tetra-O-acetyZ-3-O-p-bromophenyZsulfonyZ-4-O-methyZ-chiro-inositoZ 

(6b)- -This compound was obtained by acetylation (general procedure already given) 
of 3b. Recrystallization from ethanol gave pure 6b; m-p. 174-176”, [alsss -23.8” (c 4, 
chloroform); VP: 1780 cm-’ (C=O); p-m-r. (CDCl,): 7 2.22, 2.34 (qAB, 4, J 9 Hz, 
Ph-H), 6.85 (s, 3, OCH,), 7.82 (s, 3), 7.86 (s, 3), 7.99 (s, 3), and 8.02 (s, 3) (CH&O). 

Anal. Calc. for C,,HZSBrO,,S (581.38): C, 43.39; H, 4.33. Found: C, 43.45; 
H, 4.45. 

2~-3-0-p-Bromophen_vZsuZfonyI-I1,2:5,6-di-0-carbo~zyZ-4-0-methyZ-chiro-inositoZ 

0. - Application of the procedure of Doane et aZ.3 to 4.1 g (10 mmole) of 3b gave 
the crude title compound in 89% yield. After recrystallization from benzene, the 
compound had m.p. 151-154”, [alSS9 + 52.6” (c 1, chloroform); ~2: 1820 cm- ’ 
(cyclic C=O); p.m.r. (CDCI,): r 2.22 (s, 4, Ph-H) and 6.53 (s, 3, OCH,). 

Anal. Calc. for C,,H,,BrO,,S (465.24): C, 38.72; H, 2.82. Found: C, 39.16; 
H, 3.11. 

ID-3-0-BenzyZ-I,2,4,5,6-pe~zta-O-methyZ~~ro-inositoZ (8) and its debenzylation. 
- A mixture of diisopropylidenepinitol (1, 7.5 g, 27.3 mmole), powdered potassium 
hydroxide (20 g), and 1,Pdioxane (35 ml) was efficiently stirred and slowly warmed to 
the boiling point while a-chlorotoluene (12.5 ml) was added dropwise. Heating and 
stirring were continued for 2 h after the addition had been completed. The mixture 
was cooled to -7O”, and then steam-distilled to remove 1,4-dioxane, a-chlorotoluene 
and benzyl alcohol. The distilland was extracted with chloroform (3 x 50 ml) and the 
chloroform extract was washed with water, 10% sulfuric acid, and water. After 
drying over anhydrous sodium sulfate, the chloroform was evaporated off to give 
8.0 g (80%) of syrupy 1~-3-O-benzyl-1.2:5,6-di-U-isopropylidene4O-methyl-chiro- 
inositol (4); p.m.r. (CDCl,): T 2.66 (ps, 5, Ph-H), 5.19 (s, 2, PhCN,), 6.40 (s, 3, 
OCH,), 8.50,8.53, and 8.67 (3 s, total 12, C-CL?,). 

Compound 4 (3.6 g, 9.9 mmole) was hydrolyzed according to the general 
procedure already given. Evaporation of the deionized hydrolyzate gave 2.5 g (89%) 
of lo-3-O-benzyl40-methyl-chiro-inositol (5). The compound was a syrup at first, 
hut it crystallized on being kept overnight. It was not further purified; p.m.r. [D,O, 
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