
V. THE POLYOLS 

Parti 

Acyclic Polyols (Alditols or Glycitols) 

R. L. LOHMAR* 

The designation "polyol" used here is synonymous with the longer cus-
tomary term, polyhydric alcohol. The polyols may conveniently be di-
vided into two classes, the acyclic polyols (alditols, glycitols, or "sugar al-
cohols"), which will be considered in Part I, and the alicyclic polyols (or 
cyclitols), which will compose Part II. Examples of each class are sorbitol 
and rayo-inositol. 

As a group the alditols are crystalline substances covering a wide range 
in melting point and varying in taste from faintly sweet to very sweet. The 
distribution in nature apparently is limited to plants of higher and lower 
orders. The alditols found in mannas and exudates are sometimes of sec-
ondary origin as a result of the action of bacteria on carbohydrates in the 
exudates. Polyols are found both in the free and combined form; glycosides 
in which polyols supply the aglycon groups occur in plants and an ester of 
a hexitol occurs in algae. 

Alditols, particularly glycerol (1), ethylene glycol, sorbitol, and D-manni-
tol, have widespread commercial applications, frequently as a result of 
their hygroscopic properties. The organic monoesters, particularly of long-
chain fatty acids, may have surface-active properties which make them of 
interest as emulsifiers, but the usual conditions of commercial esterification 
produce anhydro derivatives simultaneously (Chapter VII). Nitrate esters 
are important as explosives and as pharmaceuticals. The acetal derivatives 
(Chapter IV) have been extensively prepared and studied, but as yet have 
found no practical application. 

* This chapter in the first edition was prepared by Dr. Sol Soltzberg, partially 
from notes made by R. Max Goepp, Jr. 

1. Although ethylene glycol and glycerol (diol and triol, respectively) may be 
properly classified as sugar alcohols, they will not be considered here as they have 
been suitably covered in several monographs. See G. O. Curme, Jr., and F. Johnston, 
"Glyools," American Chemical Society Monograph 114, Reinhold, New York, 1952; 
C. S. Miner and N. N. Dalton, "Glycerol," American Chemical Society Monograph 
117, Reinhold, New York, 1953. 
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Cheap methods for the synthesis of various deoxy alditols and ketoses 
with three to six carbon atoms have been developed, with acetylene as the 
starting material (la). Propargyl alcohol (l-propyn-3-ol) and 3-butyn-2-ol 
are important intermediates. Formaldehyde or acetaldehyde react with 
hydrogen atoms adjacent to a triple bond, in the presence of copper acety-
lide catalyst. 

H C E = C H H C H 0 ) CH2OH— C E = C H - * CH2OH—C=C—CH2OH 

1. CONFIGURATIONS, OCCURRENCE, AND PREPARATION 

A. TETRITOLS 

All of the theoretically possible tetritols are known. 

CH2OH CH2OH 

I I 
HOCH HCOH 

I I 
HCOH HCOH 

CH2OH 

(I) 
D-Threitol 

("Z-Erythritol") 

CH2OH 
(II) 

Erythritol 
("raeso-Erythritol") 

D-Threitol (I), m.p. 88°, [α]Ό +4.3° (H20) ; dibenzylidene derivative, m.p. 
231°; is not found in nature. I t was synthesized by Maquenne (2) from 
D-xylose by way of the Wohl degradation and sodium amalgam reduction. 

L-Threitol, like its enantiomorph, is purely synthetic. I t was obtained by 
Bertrand (S) from erythritol by bacterial oxidation to L-erythrulose fol-
lowed by reduction with sodium amalgam. 

DL-Threitol, tetraacetate m.p. 54-55°; dibenzylidene derivative m.p. 
217-219°; was synthesized by novel means starting from 3,4-epoxy-
1-butène (4). The steps required are given as follows: 

Ti r r TT n 

H2C C — C = C H 2
 H*° ) H 2 C — Ç — C = C H 2

 Ba(Mn°4)2-> DL-Threitol 

\ / H H a n d 

O M M Erythritol 
Erythrol 

A somewhat different synthesis is based on the eis and trans forms of 

la. J. W. Reppe, "Acetylene Chemistry." Meyer, New York, 1949. 
2. L. Maquenne, Compt. rend. 130, 1402 (1900). 
8. G. Bertrand, Compt. rend. 130, 1472 (1900). 
4. H. Pariselle, Compt. rend. 150, 1343 (1910). 
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2-butene-l,4-diol diacetate (5). In this synthesis the separation of the 
eis and trans forms of the ethylenic precursor makes fractionation of the 
tetritols unnecessary. 

Erythritol (II), m.p. 120°; tetraacetate, m.p. 85°; dibenzylidene deriva-
tive, m.p. 201°; occurs in nature in certain algae (6), lichens (7), and 
grasses (8). 

In addition to the classical methods (reduction of appropriate aldose or 
ketose (2, £)), erythritol was obtained synthetically from 3,4-epoxy-l-bu-
tène (4) and from epichlorohydrin through the following series of steps (10) : 

H 
H2C C—CH2C1 H C N ) NC—CH2—CHOH—CH2C1 

\χ l p c u 

Epichlorohydrin NC—CH2—CHC1—CH2C1 

aqueous 
Na2C03 

H H Λ H H 
Erythritol ( N a ~ H g 0=C—C—C—CH 2 c B * ( M D 0 ^ 0 = C — C = C — C H 2 

HO OH I I I 
— o — l l — o — I 

Griner (11) also describes a very interesting synthesis from butadiene. 
More recently Glattfeld and Stack (12) obtained erythritol by the high-
pressure reduction of butyl erythronate. 

B. PENTITOLS 

All of the pentitols predicted by theory are known. As in the case of the 
tetritols, only the D-configurations of the optically active polyols will be 
indicated. 

D-Arabitol (III), m.p. 102°, [α]Ό +7.82° (borax); pentaacetate, m.p. 76°; 
has been found in many lichens (13), both in the free form and as umbilicin, 

6. R. A. Raphael, J. Chem. Soc. p. 401 (1952). 
6. M. Bamberger and A. Landsiedl, Monatsh. 21, 571 (1900) ; J. Tischer, Z. physiol. 

Chem. 243, 103 (1936). 
7. O. Hesse, Ann. 117, 297 (1861) ; J. prakt. Chem. [2] 92, 425 (1915) ; A. Goris and P. 

Ronceray, Chem. Zentr. 78, I, 111 (1907). 
8. A. W. Hofmann, Ber. 7, 508 (1874). 
9. O. Runvßer. 32, 3677 (1899). 
10. R. Lespieau, Bull. soc. chim. France [4] 1, 1112 (1907). 
11. G. Griner, Bull. soc. chim. France [3] 9, 218 (1893). 
12. J. W. E. Glattfeld and A. M. Stack, J. Am. Chem. Soc. 59, 753 (1937). 
IS. B. Lindberg, A. Misiorny, and C. A. Wachtmeister, Acta Chem. Scand. 7, 591 

(1953). 
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CH2OH 

I 

HOCH 

HCOH 

I 
HCOH 

I 
CH2OH 
(III) 

D-Arabitol 
(D-Lyxitol) 

CH2OH 

HCOH 
I 

HOCH 

I 
HCOH 

CH2OH 

I 
HCOH 

I 

HCOH 

HCOH 
CH2OH CH2OH 
(IV) (V) 

Xylitol Ribitol (Adonitol) 
(meso) (meso) 

a galactoside of D-arabitol. I t is also found in the mushroom Fistulina he-
patica to the extent of 9.5 % on the dry weight (14)> 

Synthetically, D-arabitol has been obtained by the reduction of either 
D-arabinose (15) or D-lyxose (16) by means of sodium amalgam. 

The reported physical constants of L-arabitol agree with those of the 
D-form except that the rotation in borax solution is somewhat smaller 
(WD —5.4° (17). It does not occur naturally and has been prepared by the 
reduction of L-arabinose (18) and by employing the Cannizzaro reaction 
with L-arabinose in the presence of nickel (19). 

DL-Arabitol, m.p. 105°; pentaacetate, m.p. 95°; is not found in nature 
and can be prepared from an equimolar mixture of the enantiomorphs. It 
has been obtained synthetically along with ribitol by Lespieau (20). The 
synthetic approach used by Lespieau is of general application and is equiva-
lent to a total synthesis. The steps taken are as follows: 

CH=CMgBr 
CH2=CHCHO 

Acrolein 

Ch -> CH2C1—CHC1—CHO CH2C1 

CHC1 

CHOH 

C 

III 
CH 
JKOH 

RCH=CH2 <-H— CH2OAc—(CHOAc)2—C^CH < / g % CH2C1—CHCHC^CH 

\ / 
O AgC103 

Os04 

RCHOHCH2OH 
AC2O DL-Arabitol pentaacetate and Ribitol pentaacetate 

14. M. Frèrejacque, Compt. rend. 208, 1123 (1939). 
15. O. Ruff, Ber. 32, 550 (1899). 
16. O. Ruff and G. Ollendorf, Ber. 33, 1798 (1900). 
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A more convenient method for synthesizing these pentitols from an 
acetylenic precursor is that of Raphael (21). The essential improvement 
over Lespieau's method is the use of aqueous JV-bromosuccinimide in the 
hydroxylation of the terminal double bond. 

N H B 
CH2 -CH^-CH2C1 + N a C = C H 

O 
Epichlorohydrin 

CH2OAc 

-> C H 2 O H — C H = C H — C = C H 

performic 
acid 

acetylation, partial 
hydrogénation CH2OH—CHOH—CHOH—C=CH 

CHOAc 

CHOAc 

I 
CH 

CH2 

iV-bromosuccinimide 
in water 

CH2OAc 

HCOAc 

HCOAc 

HOCH 

CH2Br 
(insol. ether) 

CH2OAc 

HCOAc 

+ HCOAc 

HCOH 

CH2Br 

(sol. ether) 

KOAc 
AcOH 
Ac20 

DL-Arabitol 
pentaacetate 

Ribitol 
pentaacetate 

Xylitol (IV), m.p. 61-61.5° (metastable modification), 93-94.5° (stable 
modification); tetraacetate, m.p. 62°; is not found in nature despite the 
abundance of its parent aldose, D-xylose (wood sugar). Although xylitol 
has been known for over fifty years (17, 22), it had never been obtained 
crystalline until Wolfrom and Kohn (28) obtained the metastable form in 
1942. Shortly thereafter the stable modification was reported by Carson, 
Waisbrot, and Jones (24), who were able to go from one form to the other 
at will. In the more recent work, D-xylose was reduced over nickel under 
pressure, whereas Fischer employed sodium amalgam. As pointed out by 

17. E. Fischer and R. Stahel, Ber. 24, 538 (1891). 
18. H. Kiliani, Ber. 20, 1234 (1887). 
19. M. Delépine and A. Horeau, Bull. soc. chim. France [5] 4, 1524 (1937). 
20. R. Lespieau, Advances in Carbohydrate Chem. 2, 107 (1946); Compt. rend. 203, 

145 (1936). 
21. R. A. Raphael, J. Chem. Soc. p. S 44 (1949). 
22. E. Fischer, Ber. 27, 2487 (1894). 
23. M. L. Wolfrom and E. J. Kohn, J. Am. Chem. Soc. 64, 1739 (1942). 
24. J. F. Carson, S. W. Waisbrot, and F. T. Jones, J. Am. Chem. Soc. 65, 1777 

(1943). 
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Hudson (25), pressure hydrogénation in general will yield a purer produc 
than that obtained by the sodium amalgam reduction of sugars. 

Xylitol is one of the sweetest polyols known. 
Ribitol (adonitol) (V), m.p. 102°; dibenzylidene derivative, m.p. 164-

165°; has thus far been found in nature in only two plants, Adonis vernalis 
(26) and Bupleurum falactum root (the Chinese drug, Chei-Hou) (27). In 
a combined form it is a constituent of riboflavin (vitamin B2) (see also 
Chapter VIII). 

Synthetic ribitol has been prepared by the reduction of L-ribose with 
sodium amalgam (28). Oddly enough, whereas L-ribose is a synthetic pen-
tose, ribitol does not appear to have been prepared from the naturally oc-
curring D-ribose. Lespieau (20, 29) and Raphael (21) have each obtained 
ribitol along with DL-arabitol in their syntheses from noncarbohydrate pre-
cursors, mentioned previously. 

C. HEXITOLS (SO) 

There are ten stereoisomeric hexitols possible and all are known. Like 
other acyclic polyols, they are named by adding the suffix "-itol" to the root 
of the name of the parent aldose. However, usage has established the 
name sorbitol for D-glucitol, and galactitol is often called dulcitol. Galac-
titol is a meso form, but D- (or L-)galactitol is necessary when the molecule 
has been rendered optically active by substitution. 

CH2OH CH2OH CH2OH CH2OH 

HCOH HOCH HOCH HOCH 

HOCH 

I 

HCOH 

HCOH 

HOCH 

I 

HCOH 

HCOH 

HOCH 
I 

HOCH 

HCOH 

HCOH 
I 

HOCH 
I 

HCOH 

CH2OH 

(VI) 
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(D-Glucitol) 

CH2OH 

(VII) 

D-Mannitol 

CH2OH 

(VIII) 

D-Talitol 

CH2OH 

(IX) 

D-Iditol 

25. C. S. Hudson, Advances in Carbohydrate Chem. 1, 21 (1945). 
26. W. V. Podwykssozki, Arch. Pharm. 227, 141 (1889); E. Merck, ibid. 231, 129 

(1893). 
27. F. Wessely and S. Wang, Monatsh. 72, 168 (1938). 
28. E. Fischer, Ber. 26, 633 (1893). 
29. R. Lespieau, Bull. soc. chim. Fmnce [5] 5, 1638 (1938). 
30. R. L. LohmarandR. M. Goepp, Jr., Advances in Carbohydrate Chem. 4, 211 (1949) 
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CH2OH 

HCOH 
1 1 

HOCH 
1 1 

HOCH 
1 1 

HCOH 

CH2OH 

(X) 

Galactitol 
(Dulcitol) 

(meso) 

CH2OH 

HCOH 
1 1 

HCOH 
1 1 

HCOH 
1 1 

HCOH 
1 1 
CH2OH 

(XI) 
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The physical properties of the hexitols and their most accessible deriva-
tives, the hexaacetates, are given in Table I. Since the properties of the 
L-forms are recognizable from those of their enantiomorphs, the L-forms are 
not listed. 

Sorbitol (D-glucitol, "D-sorbitol," "sorbite") (VI) is one of the most wide-
spread of all the naturally occurring polyols. It is found exclusively in 
plants, apparently ranging from algae (seaweed) to the higher orders, es-
pecially in the fruit and berries, but not in grapes or only to an insignificant 

TABLE I 
PHYSICAL PROPERTIES OF THE HEXITOLS (SO) 

Hexitol 

Sorbitol 
stable form 
labile form 

D-Mannitol 
D-Iditol 
D-Talitol 
Galactitol 
Allitol 
DL-Glucitol 
DL-Mannitol 
DL-Iditol 
DL-Talitol 

M.p. (°C.) 

97 
92 

166 
73.5 
87-8 

188.5 
150-1 
136-8 
170 

— 
95-6 

[a]D in water 

-1 .9°* 

-2.1°> 
+3.5° 
+3.2° 
meso 
meso 

DL 

DL 

DL 

Hexaacetate 

M.p. 
(°C.) 

99 

126 
121-2 

— 
168-9 
61 

117-19 
— 

165-6 
— 

[a]v in 
chloroform 

+10.0° 

+25.0° 
+25.3° 

— 
meso 
meso 

DL 

DL 

° [a]D + 108° in acidified ammonium molybdate. 
6 [a]D -f- 141° in acidified ammonium molybdate. 
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extent. I t was discovered in the fresh juice of the berries of the mountain 
ash (Sorbus aucuparia L.) by Boussingault in 1872; sorbose had been 
found earlier in the fermented juice by Pelouze (1852). In the red seaweed 
Bostrychia scorpoides, sorbitol is found to the extent of 13.6% (31) and in 
Sorbus commixta Nedlund, to the amount of 10% (32). Strain (33) has 
examined a large number of plants and determined their sorbitol con-
tents. Fruit of the plant family Rosaceae, such as pears, apples, cherries, 
prunes, peaches, and apricots, contain appreciable amounts of sorbitol (34). 

Sorbitol has been obtained synthetically from D-glucose by reduction 
with sodium amalgam and by pressure hydrogénation using platinum, 
Raney nickel, or Adkins-type nickel catalyst. It has also been obtained by 
the electrolytic reduction of glucose and by the pressure hydrogénation of 
gluconic lactones. 

Of the various processes, pressure hydrogénation and electrolytic re-
duction of D-glucose have been the industrially preferred operations (35). 
As a result of these two processes and the advent of cheap crystalline 
glucose of high purity, sorbitol is no longer a chemical curiosity but an 
established cheap article of commerce generally sold in aqueous solution. 

By use of drastic conditions, hydrogenolysis results and glycerol, glycols, 
and other polyhydric alcohols are formed. Under certain conditions (36) 
yields of glycerol as high as 80 % may be obtained. Although this is thought 
to make glycerol from sugars competitive with that from petroleum deriva-
tives, the process has not found commercial use in this country. However, a 
similar process was used in Germany during World War II to make "glyc-
erogen," a mixture of various polyhydric alcohols useful as a humectant. 

An interesting variation of the hydrogénation process involves the use 
of a special cobalt sulfide catalyst to produce 1-deoxy-l-mercaptosorbitol 
(37) (thiosorbitol) from glucose. 

The electrolytic process, which is a refinement of the original Creighton 
process (35), has been superceded by continuous pressure hydrogénation 
with a nickel catalyst. 

L-Glucitol (D-gulitol) is not found in nature. It has been synthesized by 

81. P. Hass andT. G. Hill, Biochem. J. 26, 987 (1932). 
SB. Y. Asahina and H. Shimoda, / . Pharm. Soc. Japan 50, 1 (1930). 
83. H. H. Strain, J. Am. Chem. Soc. 59, 2264 (1937); 56, 1756 (1934). 
84· C. Vincent and Delachanal, Compt. rend. 109, 676 (1889). 
85. R. M. Goepp, Jr., M. T. Sanders, and S. Soltzberg, in "Encyclopedia of Chemi-

cal Technology" (R. E. Kirk and D. F. Othmer, eds.), Vol. 1, p. 321. Interscience, 
New York, 1947. 

86. R. R. Bottoms, U. S. Patent, 2,335,731 (1943). 
87. M. W. Farlow, M. Hunt, C. M. Langkammerer, W. A. Lazier, W. J. Peppel, 

and F. K. Signaigo, / . Am. Chem. Soc. 70, 1392 (1948); W. A. Lazier and F. K. Sig-
naigo, U. S. Patent 2,402,640 (1946). 
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the reduction of D-gulose by sodium amalgam and by catalytic high-
pressure hydrogénation (17, 38), and from D-sorbose by means of sodium 
amalgam (39). 

DL-Glucitol (DL-gulitol) has been made by mixing equimolar quantities 
of the two components and has also been isolated in small yield from a 
commercial sorbitol prepared by the electrolytic reduction of D-glucose 
under alkaline conditions (38). 

D-Mannitol (VII), like sorbitol, is widespread among plants. However, 
unlike sorbitol, it is frequently found in exudates of plants. It is probably 
for this reason and because D-mannitol is a highly crystalline and only 
moderately soluble polyol that it was the first crystalline polyol dis-
covered (40). It was isolated from the manna of the flowering or manna ash, 
Fraxinus ornus. It is also found in the exudates of the olive and plane 
trees, constituting 80 to 90 % of the latter's exudate (41). For a time D-man-
nitol was obtained commercially in Sicily from the sap of Fraxinus rotundi-
folis. Of all the natural sources, marine algae offer the greatest potential 
source of D-mannitol; it is found in all brown seaweeds. It is apparently a 
primary product of photosynthesis in the fronds which contain, at certain 
times of the year, over 20 % of D-mannitol (42). D-Mannitol is also found in 
grasses (42a). 

There have been few reports of the occurrence of D-mannitol in the 
combined form. A monoacetate and mono- and diglucosides of D-mannitol 
have been found in algae {42b), and mannitol may be a terminal unit in the 
polysaccharide laminarin (42c). 

D-Mannitol has been synthesized by several methods. The commercial 
methods have been the electroreduction and more recently catalytic 
reduction of D-glucose, under more or less alkaline conditions; sorbitol is 
formed simultaneously. Depending on the alkalinity, over 20 % of the glu-
cose can be converted to D-mannitol in this manner. Catalytic hydrogéna-
tion of invert sugar to give a similar mixture of D-mannitol and sorbitol 
would appear to be a method capable of commercial exploitation. 

For the best laboratory preparation, D-mannitol is obtained by the 

38. M. L. Wolfrom, B. W. Lew, R. A. Hales, and R. M. Goepp, Jr., / . Am. Chem. 
Soc, 68, 2342 (1946). 

89. C. A. Lobry de Bruyn and W. Alberda van Ekenstein, Rec, trav. chim. 19, 7 
(1900). 

40. Proust, Ann. chim. phys. [1] 57, 144 (1806). 
41. E. Jandrier, Compt. rend. 117, 498 (1893). 
42. See: W. A. P. Black, J. Soc. Chem. Ind. 67, 165 (1948). 
42a. V. D. Harwood, J. Sei. Food Agr. 5, 453 (1954). 
42b. B. Lindberg, Acta Chem. Scand. 7, 1119, 1218 (1953); B. Lindberg and J. Mc-

Pherson, ibid. 8, 1547 (1954). 
42c. S. Peat, W. J. Whelan, and H. G. Lawley, Chemistry & Industry p. 35 (1955). 
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catalytic reduction of D-mannose obtained from the vegetable ivory nut 
(see Chapter II), or by the reduction of D-fructose or invert sugar. 

Among other syntheses are the catalytic reduction of D-mannonic δ-lac-
tone (43) and the microbiological conversion of D-glucose or sucrose. A 
species of Aspergillus is capable of producing a 50% yield of D-mannitol 
from D-glucose (44), whereas, based on fructose content, Escherichia coli, 
Escherichia freundi and Salmonella paratyphi are reported to give over 90 % 
conversion of sugar-beet diffusion juice, carob beans, or grape juice (45). 

L-Mannitol does not occur in nature. It has been obtained by the reduc-
tion of L-mannose with sodium amalgam (46) or the catalytic reduction of 
L-mannonic lactone with the aid of a platinum catalyst containing a little 
iron and under a pressure of 80 atmospheres (47). 

DL-Mannitol (a-acritol) has been obtained by the reduction of a-acrose 
(see p. 104). Divinylglycol from acrolein was the starting point of Lespieau 
and Wiemann (48). The glycol was obtained from acrolein by reduction 
with the zinc-copper couple and was then oxidized with silver chlorate and 
osmium tetroxide to DL-mannitol. Allitol was obtained simultaneously. 
It is apparent, therefore, that this divinylglycol must be a mixture of diols 
in which the hydroxyls are eis and trans. 

Another interesting synthetic approach which also constitutes a total 
synthesis was accomplished by Pace (49). Sodium acetoacetic ester was 
oxidized with iodine, the product saponified, and carbon dioxide eliminated 
to give 2,5-hexanedione. The diketone was reduced to the diol, which 
was transformed to the dibromide. The hexadiene was formed and con-
verted to the tetrabromide and subsequently to the hexabromide, which 
upon treatment with alcoholic potassium hydroxide gave DL-mannitol. 

D-Talitol (D-altritol) (VIII) does not occur in nature. It has been ob-
tained by the sodium amalgam reduction of D-talonolactone (50) or D-talose 
(51). It is obtained in higher yield by the catalytic hydrogénation of 
D-altrose (52). 

48. J. W. E. Glattfeld and G. W. Schimpff, J. Am. Chem. Soc, 57, 2204 (1935). 
44- J- H. Birkinshaw, J. H. V. Charles, A. Hetherington, and H. Raistrick, Trans. 

Roy. Soc. (London) B220, 153 (1931). 
45. V. Bolcato and G. Pasquini, Indstria saccar. ital. 32, 408 (1939). 
46. E. Fischer, Ber. 23, 375 (1890). 
47. E. Baer and H. O. L. Fischer, J. Am. Chem. Soc. 61, 761 (1939). 
48. R. Lespieau and J. Wiemann, Compt. rend. 194, 1946 (1932); Bull. soc. chim. 

France [4] 53, 1107 (1933). 
49. E. Pace, Arch, farmacol. sper. 42, 167 (1926). 
50. E. Fischer, Ber. 27, 1524 (1894). 
51. G. Bertrand and P. Bruneau, Compt. rend. 146, 482 (1908): Bull. soc. chim. 

France [4] 3, 495 (1908). 
52. R. M. Hann, W. T. Haskins, and C. S. Hudson, J. Am. Chem. Soc. 69, 624 

(1947). 
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L-Talitol (L-altritol) was the last of the hexitols to be synthesized. It 
was obtained by the reduction of L-altrose with a supported nickel catalyst 
at 2000 pounds pressure and 100°C (53). 

DL-Talitol is a purely synthetic product that was obtained by mixing the 
enantiomorphs in equimolecular amounts (53). As pointed out by these 
investigators, the melting point (95-96°) does not agree with that (66-67°) 
reported by E. Fischer (50), who oxidized dulcitol with lead peroxide and 
reduced the product to the polyol, which was converted to the triben-
zylidene derivative, m.p. 205-206°; the hexitol was recovered from the 
latter derivative. It was suggested that Fischer's product was either 
impure or a lower-melting polymorph. The preparation of the triben-
zylidene derivative of the synthetic mixture would provide a second compari-
son of the two products. 

D-Iditol (IX) is a synthetic product which has been prepared by the re-
duction of D-idose (54) and D-sorbose (39), the latter also producing L-glu-
citol. 

L-Iditol ("sorbiérite") appears to be the rarest of the naturally occurring 
hexitols. It has been isolated only from the mother liquor after removing 
sorbitol by fermenting the juice of the mountain-ash berry (Sorbus aucu-
paria). It was at first thought to be an octitol, but Bertrand definitely es-
tablished it as a hexitol (55). I t has been synthesized by the reduction of 
L-sorbose to sorbitol and L-iditol; the sorbitol was removed by fermentation 
with sorbose bacteria and the nonfermentable L-iditol was isolated as the 
tribenzylidene derivative. 

Although reduction of L-sorbose appears to yield equimolar amounts 
of the two hexitols, reduction of penta-O-acetyl-fcefo-L-sorbose appears to 
favor the formation of L-iditol. A 60 % yield of L-iditol hexaacetate was ob-
tained when penta-O-acetyl-fcefo-L-sorbose was hydrogenated over plati-
num catalyst in absolute ether at 4 atmospheres pressure. The hydrogen-
ated product was further acetylated to the hexaacetate and fractionally 
crystallized (56). A 90% yield is claimed when the reduction is carried out 
in alcohol using Raney nickel and atmospheric pressure at room tempera-
ture (57). 

Galactitol (dulcitol) (X) has a widespread distribution and is found in 
plants ranging from red seaweed and pentose-fermenting yeast (Torula 
utilis) to the mannas of higher plant life. Madagascar manna appears to be 

58. F. L. Humoller, M. L. Wolfrom, B. W. Lew and R. M. Goepp, Jr., J. Am. Chem. 
Soc. 67, 1226 (1945). 

54. G. Bertrand and A. Lanzenberg, Compt. rend. 143, 291 (1906); E. Fischer and 
I. W. Fay, Ber. 28, 1975 (1895). 

55. G. Bertrand, Bull. soc. chim. France [3] 33, 166, 264 (1905). 
56. F. B. Cramer and E. Pacsu, J. Am. Chem. Soc. 69, 1467 (1937). 
57. Y. Khouvine and G. Arragon, Bull. soc. chim. France [5] 5, 1404 (1938). 
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relatively pure galactitol (58). At one time galactitol was called "melampy-
rum" or "melampyrite" after Melampyrum nemorosum, from which source 
it was first isolated (59). It was found to the extent of about 2 % in the com-
mon American shrub the burning bush (60) (Euonymus atropurpureus 
Jacquin). 

Galactitol has been synthesized from D-galactose by direct reduction and 
by the Cannizzaro process of Delépine and Horeau (19). The equivalent 
of a total synthesis was achieved in the following manner (61) : 

2 CH2C1CH0 BrM8C=CMgBr > C H 2 C 1 _ C H 0 H — C = C — C H O H — C H 2 C 1 

Chloroacetaldehyde I 
powdered ΚΟΗ 

in ether 

CH2OH—CHOH—C=C—CHOH—CH2OH < H a ° *nd ÇH2—CH—CsC-CH—CH2 

\ / \ / 
Ht Bourguel's O O 

catalyst 

CH2OH—CHOH—CH=CH—CHOH—CH2OH (AgC1^d+o8o4)> mostly Allitol 

acetylate 
and oxidize 

(AgClOs + Os04) 

CH2OAc—CHOAc—CHOH— CHOH— CHOAc—CH2OAc a c e t y l a t e > 

Galactitol hexaacetate 

The diolization of the double bond in this series of reactions appears to be 
analogous to the diolization of the double bond of conduritol, a cyclohexene-
tetrol (see Cyclitol section). When the hexenetetrol above was oxidized 
directly, the hydroxyls entered eis to the hydroxyls already present and 
allitol was the chief product; similarly, aMo-inositol was obtained on 
oxidation of o-isopropylideneconduritol diacetate with potassium per-
manganate. On the other hand, for the two fully acetylated te trois (acyclic 
and cyclic), the hydroxyls entered trans to those already present, giving 
galactitol and muco-inositol tetraacetate, respectively (p. 284). 

Allitol (allodulcitol) (XI) does not occur in nature. It has been obtained 
along with DL-mannitol by the oxidation of Griner's divinylglycol (48). 
Wiemann (62) modified this synthesis by brominating Griner's divinyl-
glycol instead of oxidizing it. He isolated a tetrabromide in which the hy-
droxyls were eis. Then, on debromination, the divinylglycol with exclusively 

58. G. Bouchardat, Ann. chim. phys. [4] 27, 68 (1872). 
59. Hünefeld, Ann. 24, 241 (1837). 
60. See H. Rogerson, J. Chem. Soc. 101, 1040 (1912). 
61. R. Lespieau and J. Wiemann, Compt. rend. 198, 183 (1934); R. Lespieau, Bull. 

soc. chim. France [5] 1, 1374 (1934). 
62. J. Wiemann, Ann. chim. [11] 6, 267 (1936). 
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eis hydroxyls was obtained, which on oxidation with the silver chlorate-
osmic acid reagent gave allitol with but a trace of galactitol. 

An unequivocal synthesis of allitol was the reduction of D-allose with 
hydrogen and nickel catalyst (63). The resulting hexitol agreed in its con-
stants with the product made by Lespieau and Wiemann. 

D. HEPTITOLS (64) 

Thirteen of the sixteen theoretically possible heptitols are described in the 
literature. Several methods have been used for naming the heptitols and 
higher polyols. Although the nomenclature introduced and used by Hudson 
(64) has been popular in the past, the method used here is based on that now 
used for the corresponding heptoses, which is explained in Chapter I, page 
48. The two heptitols known to occur in nature have also been given trivial 
names. Perseitol (D-glycero-O-gala-heptitol) (XIV) has been isolated from 
avocado (Laurus persea L.) (65). Volemitol (D-^cero-D-taZo-heptitol) (XV) 
has been found in a mushroom, Lactarius volemus (66), in the roots of a 
number of plants of the primrose family (67), in lichens (18), and in an alga 
(67a) (free and glycosidically bound). The other known heptitols have 
been prepared by reduction of aldoheptoses or ketoheptoses, some of 
which are naturally occurring. 

The relationships between the naturally occurring heptoses and the 
corresponding heptitols and hexoses are shown below: 

D -manno -Heptul ose 

S Î \ 
Volemitol <— D-Mannose —» Perseitol 

D-Altrose D-Sedoheptulose L-Perseulose L-Galactose 

\ / \ / 
L-glycero-O-talo-Heptito\ «·-- L-Gulose —» L-glycero-O-gala-ïïeptitol 

The full arrows represent demonstrated conversions. For galactose and gulose, 
the arrows with dotted lines represent conversions carried out with the enantio-
morphic modifications. 

The configurations of the D-series of some optically active heptitols and 
the meso forms are illustrated on p. 255. The physical constants of the 
known heptitols and their acetates, as well as references to their synthesis, 
are given in Table II . 

68. M. Steiger and T. Reichstein, Helv. Chim. Ada 19, 184 (1936). 
64- For a review of the occurrence of these materials and their configuration, see 

C. S. Hudson, Advances in Carbohydrate Chem. 1, 1 (1945). 
65. L. Maquenne, Cornet, rend. 107, 583 (1888); Ann. chim. phys. [6] 19, 5 (1890). 
66. E. Bourquelot, J. pharm. chim. [6] 2, 285 (1895). 
67. J. Bougault and G. Allard, Compt. rend. 135, 796 (1902). 
67a. B. Lindberg and J. Paju, Ada Chem. Scand. 8, 817 (1954). 
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T A B L E I I 

PHYSICAL P R O P E R T I E S OF THE H E P T I T O L S 

Heptitol 

glycero-gulo-
D-glycero-O-ido-

enantiomorph 
O-glycero-O-gala-

enantiomorph 
O-glycero-O-manno-
O-glycero-O-gluco-

enantiomorph 
O-glycero-h-gluco-

enantiomorph 
glycero-ido-
glycero-allo-
O-glycero-O-altro-

M.p. 
(°C.) 

129 
129 

187 

153 
128-9 

141.5 

110-12 
145-146 
125-128 

[«ID i n 

water 

meso 
+0.7° 

-1 .1° 

+2.1° 
-0.75° 

+2.4° 

meso 
meso 

-0 .3° 

Heptaacetate 

M.p. 
(C.) 

118 
118« 

119.5 

63 

118 

175-6 
— 
— 

[«ID i n 

chloro-
form 

meso 
+25.3°° 

-13.3° 

+36.1° 

+ 11.4° 

meso 
— 
— 

Ref. to 
prepn. 

68 
68,69 

70 
71, 72 

73 
71,74 
75, 76 

76 
68, 77 
78, 79 

69 
79a 
79a 

° These constants are for the heptabenzoate . 

Bertrand and Nitzberg (80) reduced L-̂ Zt̂ co-heptulose with sodium amal-
gam and obtained, along with the expected ^t/cero-^Zo-heptitol (XII), a 
product, "a-glucoheptulitol," of unknown structure, m.p. 144°, [α]Ό —2.24° 
(H20). These constants show that "a-glucoheptulitol" is not the expected 

68. E . Fischer, Ann. 270, 64 (1892); L. H. Phil ippe, Ann. chim. phys. [8] 26, 289 
(1912). 

69. J . W. P r a t t , N . K. Richtmyer , and C. S. Hudson, J. Am. Chem. Soc. 74, 2210 
(1952). 

70. W. D . Maclay, R. M. Hann , and C. S. Hudson, / . Am. Chem. Soc. 64, 1606 
(1942). 

71. G. Pierce, / . Biol. Chem. 23, 327 (1915). 
72. G. Ber t rand, Compt. rend. 149, 226 (1909). 
78. W. S. Smith, Ann. 272, 182 (1893). 
74. F . B . LaForge, / . Biol. Chem. 42, 375 (1920). 
75. L. Ettel, Collection Czechoslov. Chem. Communs. 4, 513 (1932). 
76. A. T . Merrill , W. T . Haskins, R. M. Hann , and C. S. Hudson, / . Am. Chem. 

Soc. 69, 70 (1947). 
77. F . B. LaForge, J. Biol. Chem. 41, 251 (1920). 
78. R. M. Hann and C. S. Hudson, J. Am. Chem. Soc. 61, 336 (1939) ; G. Ber t rand, 

Compt. rend. 149, 225 (1909). 
79. L. C. Stewart , N . K. Richtmyer , and C. S. Hudson, J. Am. Chem. Soc. 74, 

2206 (1952). 
79a. J . W. P r a t t and N . K. Richtmyer , J. Am. Chem. Soc. 77, 6326 (1955). 
80. G. Bert rand and G. Nitzberg, Compt. rend. 186, 1172,1773 (1928) ; Y. Khouvine 

and G. Nitzberg, ibid. 196, 218 (1933). 
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CH2OH 

I 

HCOH 

HCOH 

HOCH 

I 

HCOH 

HCOH 

I 
CH2OH 

(XII) 

glycero-gulo-
Heptitol 
(meso) 

("a-Gluco-
heptitol") 

CH2OH 

HOCH 

HCOH 

HOCH 

HCOH 

I 
HCOH 

I 
CH2OH 

(XIII) 
O-glycero-O-ido-

Heptitol 
("D-/3-G1UCO-

heptitol") 

CH2OH 

HCOH 

HOCH 

I 
HOCH 

I 

HCOH 

HCOH 

CH2OH 
(XIV) 

O-glycero-O-gala-
Heptitol 

(Perseitol) 
("a-Manno-
heptitol") 

CH2OH 

I 

HOCH 

HOCH 

HCOH 

HCOH 

HCOH 

CH2OH 
(XV) 

O-glycero-O-
manno-

Heptitol 
(Volemitol) 

(uD-/3-Manno-
heptitol") 
("a-Sedo-
heptitol") 

CH2OH 

I 

HCOH 

HOCH 

I 
HCOH 

I 
HCOH 

I 
HCOH 

CH2OH 

(XVI) 

O-glycero-O-
gluco-

Heptitol 
("0-Sedo-
heptitol") 

CH2OH 

I 
HOCH 

I 

HCOH 

HOCH 

I 

HOCH 

HCOH 

CH2OH 
(XVII) 

O-glycero-L-
gluco-

Heptitol 
("D-/3-Gala-
heptitol") 
("ü-a-Gulo-
heptitor') 

CH2OH 

I 
HCOH 

I 

HOCH 

HCOH 

HOCH 

I 
HCOH 

I 
CH2OH 

(XVIII) 
glycero-ido-

Heptitol 
(meso) 

L-glycero-h-ido-heptitol (enantiomorph of (XI I I ) ) and, al though they agree 
with those of L-glycero-O-gluco-heptitol (enantiomorph of (XVII ) ) , there is 
no ready explanation for the formation of the lat ter heptitol. The prepara-
tion of "α-glucoheptulitol" has been repeated by other workers (81) and its 

81. F. L. Humoller, S. J. Kuman, and F. H. Snyder, J. Am. Chem. Soc. 61,-3370 
(1939). 
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enantiomorph (82) has been prepared by similar methods. The compound 
originally described as its hepta-O-acetyl derivative (m.p. 116-117°) has 
been shown to be that of glycero-gulo-heptitol (81). Likewise, tritylation 
leads to the ditrityl ether of the same heptitol (81). When "a-glucoheptuil-
tol" is treated with 10% sulfuric acid, glycero-gulo-heptitol can be isolated 
(81). It has been concluded (81) that "α-glucoheptulitol" is a mixture of 
glycero-gulo-heptitol and an unidentified compound. The formation of this 
mixture is probably due to some peculiarity of the sodium amalgam reduc-
tion; catalytic hydrogénation over Raney nickel leads only to the two pre-
dicted heptitols (83). More work is needed on this unexplained anomaly in 
sugar chemistry. It could no doubt be solved by chromatography of the 
reduction products of L-^Z^co-heptulose. 

E. OCTITOLS, NONITOLS, AND DECITOLS 

Four octitols, one nonitol, one decitol, and one dodecitol have been de-
described. Of these only the configurations of the octitols are completely 
known. None occurs naturally. 

The configurations, as far as are known, are represented in formulas 
(XIX) to (XXIV). 

O-erythro-h-gala-Octitol (XIX), m.p. 153°, [α]Ό +2.4° (H20); octaacetate, 
m.p. 88-89°, [a]D +20.7° (CHC13); has been synthesized by the reduction 
of the corresponding octoses obtained from D-glucose and from D-galactose 
by way of the cyanohydrin synthesis (84). 

CH2OH CH2OH CH2OH 

HOCH HCOH HCOH 

HCOH HCOH HCOH 

HCOH HCOH HOCH 

HOCH HOCH HOCH 

HCOH HCOH HCOH 

HCOH HCOH HCOH 

CH20H 

(XIX) 
O-erythro-h-

gala-
Octitol 

CH2OH 

(XX) 
O-erythro-h-

talo-
Octitol 

CH2OH 
(XXI) 

erythro-
manno-
Octitol 

82. Y. Khouvine and G. Nitzberg, Compt. rend. 198, 985 (1934). 
88. Y. Khouvine, Compt. rend. 204, 983 (1937). 
84. R. M. Hann, A. T. Merrill, and C. S. Hudson, J.Am. Chem. Soc, 66,1912 (1944). 
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CH2OH 
1 1 

HOCH 

HCOH 
1 1 

HCOH 

HOCH 

HOCH 

CH2OH 
1 1 

HOCH(?) 
1 1 

HOCH 
1 1 

HCOH 
1 1 

HCOH 
1 
1 

HOCH 

CH2OH 
1 

HCOH(?) 

HOCH(?) 
1 1 

HOCH 

HCOH 
1 1 

HCOH 

HCOH 

CH2OH 

(XXII) 

O-threo-L-
gala-

Octitol 

HCOH 

HCOH 

CH2OH 

(XXIII) 
a 
α,α,α-D-
Gluco-

nonitol" 

HOCH 

HCOH 

HCOH 

I 
CH2OH 

(XXIV) 
il 

α,α,α,α-D-
Gluco-

decitoΓ, 

D-en/^ro-L-tafo-Octitol (XX), m.p. 161-162°, [a]D -0 .8° (H20); octaace-
tate, m.p. 101-102°, [α]Ό +17.4° (CHC13); was obtained by the reduction 
of the corresponding octose (84). 

erythro-manno-Octitol (XXI), m.p. 262°, optically inactive; octaacetate, 
m.p. 166°; was likewise obtained by reduction of the corresponding octose, 
obtained from D-mannose by use of the cyanohydrin synthesis (85). 

O-threo-h-gala-Octito\ (XXII), m.p. 230°, [a]D 0.0° (H20), -0 .5° (borax); 
octaacetate, m.p. 141°, [α]Ό +40.4° (CHC13); was obtained by reduction of 
the corresponding octose obtained from D-galactose by way of the cyanohy-
drin synthesis (86). 

α,α,α-D-Glucononitol (XXIII), m.p. 198°, [α]Ό +1.5° (H20), is a com-
pound whose structure is not entirely known. The designation "a" indicates 
that this nonitol was obtained (68) by reduction of the most accessible 
nonose from D-glucose by way of the cyanohydrin synthesis. 

a ,a ,a ,a-D-Glucodecitol (XXIV), m.p. 222°, [α]Ό +1.2° (H20) ; decaacetate, 
m.p. 149-150!, [a]D +16° (CHC13); was synthesized by Philippe (68) in his 
extension of the cyanohydrin synthesis. Inasmuch as the configuration of 

85. R. M. Hann, W. D. Maclay, A. E. Knauf, and C. S. Hudson, J. Am. Chem. Soc. 
61, 1268 (1939). 

86. W. D. Maclay, R. M. Hann, and C. S. Hudson, J. Am. Chem. Soc. 60, 1035 
(1938). 
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the nonose preceding the decose is not completely known, the configurations 
of carbon atoms 2 and 3 of the decitol are not established. 

A dodecitol has been isolated from the mother liquors of a mannitol 
preparation. Apparently it was formed by a reductive coupling of two 
molecules of glucose (86a). 

The deoxypolyols are not considered here; the student is referred to the 
first edition of this text for an exposition of their synthesis and properties. 

2. PROOFS OF STRUCTURE AND CONFIGURATION 

In the main, the proof of structure and of configuration of the stereo-
isomeric polyols has been dependent on the proof of structure and of con-
figuration of the parent sugar, determined as,described in Chapter I. 
There have been occasions, however, when the configuration of the parent 
sugar and of the polyol derivable therefrom were simultaneously estab-
lished by conversion of the sugar to the polyol. This has been true when the 
configuration of the carbohydrate has been known in part and the polyol 
resulting from the reduction of the carbohydrate was found to be optically 
inactive (meso structure). This type of proof has been of particular useful-
ness in the determination of the structures of the aldoses obtained by way 
of the cyanohydrin synthesis. Inasmuch as this synthesis invariably pro-
duces derivatives epimeric at carbon 2, the configuration of the 2-epimer 
likewise becomes known. 

E. Fischer (87) used this type of proof in the establishment of the struc-
tures of the heptoses and heptitols derived from D-glucose. Thus, D-glucose 
on application of the cyanohydrin synthesis yielded two heptoses, Ώ-glycero-
Ώ-gulo-heptose and O-glycero-v-ido-heptose. The glycitol obtained by re-
duction of the first of these was found to be optically inactive and, hence, 
must have a meso configuration. Of the two possible formulas (XII and 
XIII) only (XII) has a meso configuration and it must represent glycero-
0W?o-heptitol. The alcohol produced from the second product of the cyano-
hydrin synthesis can differ only in the configuration at carbon 2, and must 
be O-glycero-O-ido-heptitol (XIII). Hence, the configurations of the two 
heptitols and the two heptoses are established by this process. 

Although the alcohols are superior to the glycaric (aldaric) acids as de-
rivatives of aldoses for this type of structural proof because of their ease 
of crystallization, they have one marked deficiency, the low optical rota-
tions. Hence, it is possible to assign erroneously a meso configuration to a 
substance that is actually optically active (88). Thus, "ß-sedoheptitol" 

86a. M. L. Wolfrom, W. W. Binkley, C. C. Spencer, and B. W. Lew, J. Am. Chem. 
Soc. 73, 3357 (1951). 

87. E. Fischer, Ann. 270, 64 (1892). In this case, the proof was actually based on the 
corresponding saccharic acids. 

88. F. B. LaForge, / . Biol. Chem. 42, 367, 375 (1920). 
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CHO CH2OH 

CHO 

I 
HCOH 

I 
HOCH 

I 

HCOH 

HCOH 

I 
CH2OH 

cyanohydrin 
synthesis 

HCOH 

I 
HCOH 

I 
-> HOCH 

I 

HCOH 

HCOH 

CH2OH 

CHO 

I 

HOCH 

HCOH 

-> HOCH 

I 
HCOH 

I 
HCOH 

I 
CH2OH 

Na-Hg 

HCOH 

I 
HCOH 

I 

HOCH 

HCOH 

I 
HCOH 

I 

CH2OH 

(XII) 

CH2OH 

I 
HOCH 

I 
HCOH 

I 

HOCH 

HCOH 

I 
HCOH 

I 
CH2OH 
(XIII) 

(XVI) obtained by reduction of natural sedoheptulose (D-aftro-heptulose) 
was believed to be optically inactive; hence, incorrect configurations were 
assigned to it and to the 2-epimer, "a-sedoheptitol," the natural volemitol 
(XV). More recently it has been shown that (XVI) possesses a slight optical 
activity in water and a somewhat greater activity in borax (76). 

Borax enhances the rotation of alditols (see Chapter IV), but even the 
use of borax may not be a sufficiently dependable indication, e.g., for 
Ό-threo-L-gala-ocütol (XXII) (85). The observed rotation of this alditol 
in water using sodium light was 0.0° and in borax it was only —0.5°. 

The use of ammonium molybdate solutions may also be of value for the 
purpose. The rotations of polyols are nearly constant over a wide range of 
concentrations when acidified molybdate is used (89a, b). Some values 
reported by Frèrejacque (89a) for D-mannitol are given in Table III . 

The rotations in Table I II are reported for [α]δ46ΐ ; the value for [a]D is 
+ 141° (89b). Such values are very high for an alditol. It should be noted 

89a. M. Frèrejacque, Compt. rend. 200,1410 (1935); 208,1123 (1939). 
89b. N. K. Richtmyer and C. S. Hudson, / . Am. Chem. Soc. 73, 2249 (1951). 
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TABLE III 

ROTATIONS OP D-MANNITOL IN AMMONIUM MOLYBDATE SOLUTION0 

(1) 
Mannitol 

(millimoles) 

0.747 
0.861 
1.689 
2.298 
2.479 
2.716 

(2) 
M 0 O 3 

(millimoles) 

9.6 
4.8 
4.8 
4.8 
4.8 
4.8 

τ> f ( 2 ) 
Ra t io —■ 

12.85 
5.57 
2.84 
2.10 
1.94 
1.76 

r 1 20 

+ 168.8° 
+169.1° 
+ 168.8° 
+167.8° 
+164.4° 
+ 148.8° 

0 Weighed amounts of D-mannitol were added to a solution of 5 ml. of N H 2 S0 4 

and 5 or 10 ml. of 0.1 N ammonium paramolybdate and diluted to 50 ml. 

that the rotation is practically constant for ratios between 2.84 and 12.85. 
Similar results have been obtained with other alditols. 

Hudson has suggested conversion of alditols to the fully acetylated de-
rivatives which in every known instance have pronounced rotations in 
chloroform when the configurations are not meso (64). 

Another method for the establishment of the configuration of an alditol 
obtained synthetically is especially valuable when both of the 2-epimers 
are optically active. I t consists of the synthesis of the same polyol from 
two different aldoses. Thus, from the fact that D-mannose and L-galactose 
by the cyanohydrin synthesis yield four heptoses, which on reduction give 
only three different heptitols, one of which (perseitol) is produced from 
both D-mannose and L-galactose, the configuration of the four heptoses and 
three heptitols could be deduced. (For a discussion of these methods and 
detailed references, see Hudson (64).) 

The configurations of the known octitols have been established by means 
of the methods mentioned above. 

3. SYNTHESIS 

The classical method for the synthesis of polyols is based on the reduc-
tion of the corresponding/aldoses or ketoses. Aldoses give one product and 
ketoses two products, epimeric at carbon 2. Sodium amalgam, electro-
lytic reductions, and catalytic hydrogénations have been employed, direct 
hydrogénation and electrolytic reduction being the commercially preferred 
methods (see under Sorbitol). Several methods of reduction that do not 
require pressure vessels are available. Sufficient hydrogen is sorbed on 
Raney nickel to effect direct reduction of aldoses and ketoses without 
added hydrogen (90). Sugar acids, lactones, and anhydrides may be reduced 

90. J. V. Karabinos and A. T. Ballun, J. Am. Chem. Soc. 75, 4501 (1953); see also 
M. L. Wolfrom and J. N . Schumacher, ibid. 77, 3318 (1955). 
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to glycitols with metallic hydrides (91). Thiol esters of aldonic acids are 
converted to alditols with Raney nickel (92). 

The cyanohydrin synthesis (p. 106) frequently is used as an inter-
mediate step in the preparation of the higher-carbon alditols. The lactones 
and esters of the aldonic acids or other derivatives may be reduced directly 
to the corresponding alditols. The reaction of diazomethane with aldonyl 
chlorides (p. I l l ) may be used for the same purpose, particularly in in-
stances when the desired product is a minor product of the cyanohydrin 
synthesis. These and other methods of increasing the length of the carbon 
chain are discussed in Chapter II. 

Amino alditols, derived from nitro alditols and from glycosylamines 
(Chapter VIII), may be converted to polyols by treatment with nitrous 
acid, but anhydro rings may be formed (p. 378). 

The methods of total synthesis used in the preparation of pentitols and 
hexitols are of interest because of the departure from the methods of classi-
cal carbohydrate chemistry. Illustrations are given above under the penti-
tols and hexitols. The synthesis of glycitols from acetylene is commercially 
practical (see p. 242). 

4. REACTIONS 

A. ESTERIFICATION 

The esterification methods used for the sugars (Chapter III) are appli-
cable to the polyols. The preparation and properties of organic and inor-
ganic esters of polyol anhydrides are considered in Chapter VII. Fully 
esterified derivatives are generally unobtainable by direct esterification 
with organic acids because internal anhydrides are formed. Partial esters, 
especially diesters, may be obtained by the use of amounts of benzoyl or 
p-toluenesulfonyl chlorides insufficient for complete esterification (93). 

A number of inorganic esters are known. The nitrates are explosive and 
also may be used as vasodilators just as glycerol trinitrate is used. 

Dichlorohydrins, as a rule, are readily obtained by direct reaction al-
though some are easily converted to anhydro polyols. Higher halohydrins 
can only be obtained by indirect means. Thus, erythritol tetraacetate was 
converted to a tetrabromohydrin, m.p. 118°, by hydrobromic acid in glacial 
acetic acid at 150°C, whereas mannitol hexaacetate could not be carried 
beyond the pentabromo stage at 130-140° (94). Mannitol was converted 

91. M. L. Wolfrom and H. B. Wood, J. Am. Chem. Soc. 73, 2933 (1951); R. K. Ness, 
H. G. Fletcher, Jr., and C. S. Hudson, ibid. 73, 4759. 

92~ O. Jeger, J. Norymberski, S. Szpilfogel, and V. Prelog, Helv. Chim. Ada 29, 
684 (1946). 

98. See Reference 30 for lists of many hexitol derivatives. 
94. W. H. Perkin, Jr., and J. L. Simonsen, J. Chem. Soc. 87, 855 (1905). 
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indirectly to a hexachlorohydrin by treatment of isomannide dichlorohy-
drin with fuming hydrochloric acid (see Chapter VII). 

Thionyl chloride, as well as other inorganic acid chlorides, reacts with 
polyols to form mixed esters (see under Sulfate esters, Chapter III) . In 
the presence of pyridine, partial chlorohydrin formation may occur {95). 

Selenium oxychloride forms a selenite ester upon reaction with manni-
tol {96). Phosphorus pentachloride yields unsaturated chlorohydrins of 
mannitol and galactitol which have the composition CeHeCU {97). 

Extremely interesting are the so-called complexes of alditols with various 
inorganic polybasic acids, their salts, or anhydrides in aqueous solutions. 
"Complexes" with boric, molybdic, tungstic, and other acids, as well as 
the oxides of antimony and arsenic, have been reported. It is believed 
that these complexes are true esters with one or more moles of alditol, a 
chelate type of structure being involved at some point. For the hexitols a 
compound with boric acid such as the following is postulated {98). 

—C—O 

—C—O 

B 

O—C-

O—C— 

H+ 

These compounds usually are known only in solution although some salts 
appear to have been obtained by precipitation of concentrated solutions 
with alcohol {99) (see also Chapter III) . 

Some of the effects produced by adding such acids or salts to solutions of 
polyhydroxy compounds are increased conductivity and acidity of the 
solution, exaltation of the rotation of optically active substances, and 
marked changes of volume. For an example, see Table III , above. 

Böeseken and his students have studied extensively the conductivity of 
solutions containing polyhydroxy compounds and boric acid and have 
been able to apply the information thus obtained to the interpretation of 
the configuration of a number of compounds (see also Chapter I). The 
behavior of polyhydroxy compounds is explained on the basis of a ten-
dency for the repulsion of adjacent hydroxyl groups {100). For open-chain 
a-glycols, the mutual repulsion of the hydroxyl groups with free rotation of 

95. Z. Kitasato and C. Sone, Ber. 64, 1142 (1931); R. Majima and H. Simanuki, 
Proc. Imp. Acad. {Tokyo) 2, 544 (1926). 

96. C. Chabrié and A. Bouchonnet, Compt. rend. 136, 376 (1903). 
97. J. C. Bell, Ber. 12, 1271 (1879). 
98. H. Diehl, Chem. Revs. 21, 52 (1937). 
99. A. Grün and H. Nossowitch, Monatsh. 37, 409 (1916). 
100. See J. Böeseken, Advances in Carbohydrate Chem. 4, 189 (1949). 
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the carbon atoms does not permit complex formation, and, hence, very 
little change in conductivity is noted. When the hydroxyls are in a ring 
compound, free rotation is not possible and eis α-hydroxyls have a greater 
tendency than trans to form complexes. The increase in conductivity ob-
tained for acylic polyols, from diols to hexitols, is explained on the basis of 
decreased symmetry with respect to the hydroxyls and, therefore, a de-
crease in their repulsive action; consequently, there will be a greater oppor-
tunity for complex formation and, as a result, greater conductivity. 

Isbell (101) has used optical rotation to study the behavior of sorbitol 
and D-mannitol in aqueous borax solutions over a wide range of concentra-
tions. He concluded that sorbitol forms three complex borates. In contrast, 
D-mannitol (and several hexoses) forms two borate compounds. 

The various structures suggested for polyol borate complexes all postu-
late the formation of cyclic systems. It is probable, therefore, that con-
formational analysis (p. 40) can be used to elucidate the patterns followed 
by the various polyols in their reactions with borax. Such analysis has not 
been made, although some progress has been made in the analogous case 
of the cyclic acetals (102). 

The effect of mannitol on the acidity of boric acid is sufficiently great 
that the latter behaves like a strong monobasic acid and can be titrated 
directly; this observation is the basis of common methods for the deter-
mination of boric acid. 

Two crystalline monoborate esters of mannitol and one dimetaborate 
ester are described. All have been obtained by reaction under practically 
anhydrous conditions. They are as follows: 

Monoborate, m.p. 88.5-89.5°, [aff +15.1° (pyridine) (103, 104). This 
product was obtained by reaction of the components in ethanol solution. 

Monoborate, m.p. 79-80°, [off +5.73° (pyridine) (104). This substance 
was obtained by heating a concentrated aqueous solution of the reactants 
at 120°C. until approximately two moles of water of reaction were driven 
off and crystallizing the resulting melt from water. 

The first substance appears to be a mannitol 1-monoborate, whereas the 
second is a mannitol 2-monoborate (104) · 

Mannitol dimetaborate (105), according to its analysis, appears to be an 
addition compound of two moles of metaboric acid and one mole of manni-
tol. However, on benzoylation only mannitol 1,6-dibenzoate is obtained; 

101. H. S. Isbell, J. F. Brewster, N. B. Holt, and H. L. Frush, J. Research Natl. 
Bur. Standards 40, 129 (1948). 

102. J. A. Mills, Advances in Carbohydrate Chem. 2, 1 (1955). 
10S. J. J. Fox and A. J. H. Gauge, J. Chem. Soc. 99, 1075 (1911). 
104. W. H. Hoist, Paper presented before the Division of Sugar Chemistry and 

Technology, American Chemical Society, April (1939). 
105. P. Brigl and H. Grüner, Ann. 495, 70, 72 (1932). 
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hence, it is indicated that an ester-type linkage exists between the borate 
fragment and the mannitol. This borate was obtained by reaction of the 
components in anhydrous acetone. (Other products are described under 
boric acid esters in Chapter III.) I t has not yet been determined whether 
esterification occurs when mannitol and boric acid are dissolved together 
in water. 

B. OXIDATION (106) 

With nitric acid, the polyols may be oxidized to the corresponding dibasic 
acids. This procedure provides a qualitative identification of galactitol by 
converting it to insoluble mucic acid, but galactose and galacturonic acid 
give the same product. See (106), 

With other oxidizing agents, it is possible to obtain reducing sugars. 
Bromine water produces a mixture of the corresponding aldoses and 
2-ketoses. Before the bacterial process was perfected, oxidation of sorbitol 
by bromine to sorbose was widely used in the laboratory. (See (106).) 

Hydrogen peroxide in the presence of ferrous ions likewise forms reducing 
sugars from polyols (107). Erythritol, mannitol, galactitol, and sorbitol 
were oxidized in this manner, and either the free sugars or the osazones 
were isolated. 

Platinum, apparently acting as a carrier for oxygen, oxidizes polyhydric 
alcohols to reducing sugars and sugar acids (108). In the presence of a hydro-
gen acceptor such as quinone, sunlight causes the dehydrogenation of 
polyols to the corresponding aldoses (109). Potassium ferricyanide in a 
modified Hagedorn-Jensen procedure is capable of oxidizing polyols. How-
ever, the nature of the oxidation products was not ascertained (110). 

When polyols were oxidized electrolytically at platinum electrodes in the 
absence of an electrolyte (111), aldoses and ketoses were formed and iso-
lated as osazones or hydrazones. Acids also were formed, and, with erythri-
tol, a keto acid was produced. When the oxidation was carried out in the 
presence of sodium bromide using carbon electrodes, ketoses were obtained 
free of degradation products (112). 

106. See Chapter VI of this volume for additional details. 
107. H. J. H. Fenton and H. Jackson, J. Chem. Soc. 75, 1 (1899). 
108. J. W. E. Glattfeld and S. Gershon, J. Am. Chem. Soc. 60, 2013 (1938); E. von 

Gorup-Besanez, Ann. 118, 257 (1861). 
109. G. Ciamician and P. Silber, Atti accad. nazi. Lincei Mem. classe sei. fis. mat. e 

nat.Sez I [5] 10, 92(1901). 
110. W. R. Todd, J. Vreeland, J. Myers, and E. S. West, J. Biol. Chem. 127, 269 

(1939). 
111. C. Neuberg, Biochem. Z. 17, 270 (1909). 
112. J. E. Hunter, Iowa State Coll. J. Sei. 15, 78 (1940). 
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Sodium chlorite appears to attack polyols rather slowly in comparison 
to aldoses, at least in the case of mannitol (113). 

Oxidation of polyols by microorganisms is usually the best method for 
their conversion to ketoses. The yields are high, and the process is the 
preferred commercial one for the conversion of sorbitol to L-sorbose, an 
intermediate in the production of vitamin C. Additional information is 
given elsewhere in this text (Chapter II, Synthesis of ketoses). 

C. REDUCTION 

Reduction in the alditol series results in conversion to deoxy derivatives 
or hydrocarbons, for the only groups present are alcoholic hydroxyls. The 
reduction of alditols to secondary alkyl iodides by treatment with hydriodic 
acid according to the method of Erlenmeyer and Wanklyn (114) is mainly 
of historical interest. 

Deoxyalditols are discussed in some detail in the first edition of this book. 
Degradative reduction of polyols has not been investigated for very 

many substances. Sorbitol and glucose, which gives sorbitol under reducing 
conditions, have been converted to lower polyhydric alcohols by subjection 
to high temperatures and pressures and the action of oxides of copper and 
aluminum (115). Propylene glycol, glycerol, and polyols of higher molecular 
weights were obtained. It would be expected that all the higher polyols are 
capable of this type of degradative reduction. 

D. ETHERIFICATION 

Etherification procedures for alditols are the same as those for the other 
carbohydrates (Chapter VII). Sometimes, however, the attainment of fully 
etherified products may be difficult. Mannitol, for example, could not be 
converted to the hexamethyl ether despite repeated treatment with methyl 
iodide and silver oxide (116) or with methyl sulfate and alkali (117). 

E. QUALITATIVE AND QUANTITATIVE DETERMINATION 

Chromatography, in its various modifications, is the best method to 
separate polyols from one another or from closely related compounds (117a). 
Polyols may also be separated as their borate complexes by ion-exchange 

113. A. Jeanes and H. S. Isbell, J. Research Natl. Bur. Standards 27, 125 (1941). 
114. E . Erlenmeyer and J . A. Wanklyn, Ann. 135, 129 (1865). 
115. C. W / L e n t h and R. N . DuPuis , Ind. Eng. Chem. 37, 152 (1945). 
116. J . C. Irvine and B. M. Paterson, J. Chem. Soc. 105, 915 (1914). 
117. W. N . Haworth , J. Chem. Soc. 107, 10 (1915). 
117a. B . W. Lew, M. L. Wolfrom, and R. M. Goepp, Jr . , J. Am. Chem. Soc. 68, 

1449 (1946). 
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on strongly basic resins (118). Fractional crystallization of acetyl deriva-
tives is very useful for the same purpose. 

There are also certain specific reactions that serve to identify or quan-
titatively to determine some of the polyols. Among these are the oxidation 
of galactitol to insoluble mucic acid. Sorbitol forms a relatively insoluble 
pyridine complex, useful in the isolation of sorbitol from complex mix-
tures (83). As far as is known, only 2-deoxy-D-arabo-hexitol (2-deoxysorbi-
tol) forms an analogous complex (119). The sorbitol-pyridine complex 
is decomposed at ordinary humidities to leave crystalline sorbitol. 

Quantitative analysis is best effected by oxidation with periodate (see 
Chapter VI). Either macro or semimicro techniques may be used to deter-
mine the moles of oxidant consumed and the moles of formaldehyde and 
formic acid produced. When the structure of the polyol is known, any of 
these values gives a quantitative measure of the polyol present. If not, the 
ratio of the last two values can also give information as to the structure or 
composition of the polyol. 

In the absence of interfering substances, quantitative determinations 
can sometimes be made by enhancing the low optical rotations of the 
polyols with borax. This method is not suited to sorbitol because the ob-
served rotation changes sign with increased amounts of sorbitol at con-
stant tetraborate concentration (101). The observed rotations are also 
low. The case of mannitol is more favorable. However, as the observed 
rotation does not vary linearly with mannitol concentration, a table of 
values or a curve must be constructed. 

Adulteration of grape wine by the addition of fruit wines may be detected 
because of the presence of sorbitol in the latter. Litterscheid's o-chlorobenz-
aldehyde method appears to be the best of the various tests proposed. 
However, mannitol may interfere if present in excessive amounts (120,120a). 

F. BIOCHEMISTRY (121) 

None of the polyols appears to have any specific fundamental physiologi-
cal significance except glycerol and ribitol (adonitol), which is a com-
ponent of vitamin B 2 , riboflavin (see Chapter VIII). If fed in sufficiently 
large amounts to rats, polyols may have some narcotic effect (122). The 
amount required increases in general with the number of hydroxyls, ranging 

118. L. P. Zill, J. X. Khym, and G. M. Cheniae, J. Am. Chem. Soc. 75, 1339 (1953). 
119. M. L. Wolfrom, M. Königsberg, F. B. Moody, and R. M. Goepp, Jr., J. Am. 

Chem. Soc. 68, 122 (1946). 
120. J. Jeanprêtre, Mitt. Gebiete Lebensm. u. Hyg. 28, 87 (1937). 
120a. D. W. Steuart, J. Sei. Food Agrtc. 6, 387 (1955). 
121 . C. J. Carr and J. C. Krantz, Jr., Advances in Carbohydrate Chem. 1, 175 

(1945). 
122. D. I. Macht and G. C. Ting, Am. J. Physiol. 60, 496 (1922). 
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from 80 mg. of ethanol, per 100 g. of body weight, to over 380 mg. of per-
seitol and volemitol. The minimal dosage of dulcitol is 120 mg. and of man-
nitol is 320 mg. 

As a class, the polyols appear to be capable of behaving as nutritive 
substrates for a large variety of microorganisms, but no single organism 
appears capable of utilizing every polyol. D-Mannitol seems to be more 
generally utilizable than sorbitol, whereas for the related sugars D-glucose 
is attacked more readily than D-mannose. 

In the higher plants and particularly the fruits, the polyols appear to 
function as reserve carbohydrate, the amount present being seasonal and 
becoming less as the sugars increase during the ripening process. 

In taste the polyols range from faintly sweet to extremely sweet, the 
threshold value for erythritol being considerably less than for sucrose {123), 

Further data on the nutritional aspects of the alditols are given in Chap-
ter XIV. 

G. ANHYDRO FORMATION 

Numerous anhydro derivatives have been prepared. These are dis-
cussed in Chapter VII. 

H. ACETALS 

The alditols form acetals readily with aldehydes and ketones. These are 
discussed in Chapter IV. 

128. C. J. Carr, F. Frances, and J. C. Krantz, Jr., J. Am. Chem. Soc. 58,1394 (1936). 
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Part II 

The Inositols and Related Compounds (7,2) 

In view of the wide distribution of the cyclohexanehexols (called inosi-
tols or cyclitols) and the importance of one in particular (mi/o-inositol) to 
certain bacteria, plants, and perhaps even to warm-blooded animals, the 
naturally occurring and synthetic compounds of this carbocyclic class have 
received considerable study. Naturally occurring members include four 
inositols, monomethyl ethers, a dimethyl ether, monodeoxy derivatives, one 
dideoxy derivative, a methyl homolog, and deoxy carboxylic acids. Five 
inositols and many other synthetic members, including ketones (cycloses 
or inososes), are known. 

The inositols themselves are typically crystalline, water-soluble, high-
melting compounds having a sweet taste. As alcohols, their reactions are 
similar to those of the acyclic polyols, but because of their ring structure 
they are inherently more stable. 

1. REPRESENTATION OF CONFIGURATION 
AND NOMENCLATURE 

The inositols and related compounds are represented graphically by 
planar perspective formulas similar to the Haworth formulas (p. 38) for 
the ring forms of the sugars. Such planar representations (I-IX) are not 
"pictures" of the inositol molecule, which may assume nonplanar con-
formations— the "chair" and "boat" forms— in which the hydroxyl groups 
bear a somewhat different relationship to one another than simple eis or 
trans (Chapter I). The planar representations, however, do allow a more 
ready understanding of the relationships of the cyclitols to the acyclic sugar 
derivatives and are used here. It is customary to omit the hydrogen atoms 
in the planar formulas and to represent the hydroxyl groups as vertical 
lines. Certain biochemical reactions are best understood if a strainless, non-
planar form is assumed (see below). 

Trivial names serve to identify the inositols and the related naturally 
occurring compounds. It is also possible to identify the inositols by a 
numerical system, wherein the orientation of hydroxyl groups above and 
below the ring is represented by a fraction. neo-Inositol (IV), for example, 
may be designated as 123/456-inositol and αΚο-inositol (III) as 1234/56-
inositol. Formerly the common inositol, ra?/o-inositol (V), was often called 
raeso-inositol, but use of the latter term is discouraged because all but two 

1. G. Dangschat, in "Modern Methods of Plant Analysis," (K. Paech and M. V. 
Tracey, eds.), p. 64. Springer, Berlin, 1955. 

2. H. G. Fletcher, Jr., Advances in Carbohydrate Chem. 3, 45 (1948). 
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Λ 

(I) 
cis-Inositol epi-Inositol 

(III) 
oHo-Inositol 

av> 
weo-Inositol 

(V) 
mt/o-Inositol 

(VI) 
D-Inositol 

(VII) 
w?wco-Inositol 

(VIII) 
L-Inositol 

(IX) 
sq/Mo-Inositol 

of the inositols, D- and L-inositol, are optically inactive. The name myo-
inositol was suggested (3) because this inositol was first found in muscle 
(4). 

Because the cyclitols have no terminal carbon atom, there is no simple 
method of numbering the carbon atoms. It has been customary for workers 
to employ perspective formulas extensively to avoid confusion. Several 
attempts to arrive (3, 5-7) at a rational and unequivocal system have been 
made within the past few years. It appears that the system of Fletcher, 
Anderson, and Lardy (3) will find widest acceptance. Their system is 
unique in that an alternating numbering sequence is used. Positions that 
are stereochemically equivalent are numbered 1, with numbering pro-
ceeding clockwise and counterclockwise as indicated in formulas (I-IX). 
The desirability of such a system becomes apparent'when one considers 

8. H. G. Fletcher, Jr., L. Anderson, and H. A. Lardy, J. Org. Chem. 16,1238 (1951). 
4. J. Scherer; Ann. 73, 322 (1850). 
5. See Report of the Advisory Committee on Configurational Nomenclature, 

pamphlet available from Chemical Abstracts, Columbus, Ohio (1954). Examples of 
this nomenclature are found, inter alia, in G. E. McCasland and E. C. Horswill, J. 
Am. Chem. Soc. 75, 4020 (1953). 

6. B. Magasanik and E. Chargaff, / . Biol. Chem. 174, 173 (1948). 
7. S. J. Angyal and C. G. Macdonald, / . Chem. Soc. p. 686 (1952). 
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inositols that have become active through asymmetric substitution or other 
transformation. If names of optical enantiomorphs are to differ only by a 
configurational prefix (D or L), a single numbering convention cannot be 
used. (See for example the deoxyinositols below.) It is to be noted that all 
positions are equivalent in scyllo-mosito\ (IX) and in cis-inositol (I) so 
that no numbering convention is necessary. D-Inositol and L-inositol do not 
require an alternating numbering convention. (For a full exposition of the 
system, see the original article.) The following additional conventions 
serve to name the derivatives of known structure that are considered here. 

All optically active derivatives are called D or L, based on the configura-
tion of carbon 6. The configuration of carbon 6 is found by viewing the 
Fischer-type projection (p. 9) with carbons 5 and 1 away from the 
viewer and C-5 at the top. When an optically inactive cyclitol has been 
made asymmetric by substitution, the D or L is put at the beginning of the 
name, e.g., D-l-O-methyl-rawco-inositol, but 3-O-methyl-D-inositol. When 
an inositol derivative contains less than six asymmetric carbon atoms, it 
is named as a derivative of the related inositol that has the maximum num-
ber of eis OH groups. If this leads to more than one possibility, the parent 
inositol is chosen that has the lowest possible number for its substituents 
eis to the OH on carbon 1. 

Examples: 

<3 Ό. O 
D-epz-Inosose-2 D-l-Deoxy-myo-inositol L-1-Deoxy-mt/o-inositol 

(D-2-Keto- epi-inositol) (Z-Viburnitol) 

2. OCCURRENCE AND SYNTHESIS 
D-Inositol (d-inositol, ß-inositol, matezodambose), m.p. 247-248°, 

[«]D + 65° (H20), occurs as a monomethyl ether, pinitol, m.p. 186°, 
MD + 65.5° (H20), in many plants, particularly conifers (#). The heartwood 
of the sugar pine, Pinus lambertiana Dougl., averages 4% by weight 
(range, 1.3-9.5%) of pinitol (9). Other sources are the red spruce (Picea 
rubra) (10), redwood (Sequoia sempervirens) (11), and the loco weed (12). 
Pinitol is sweet, very soluble in water, and stable in dilute acids and 

8. See, for example V. Plouvier, Compt. rend. 234, 362 (1952). 
9. A. B. Anderson, Tappi 35, 198 (1952); Ind. Eng. Chem. 45, 593 (1953). 
10. S. Gottlieb and F. E. Brauns, / . Am. Chem. Soc. 73, 5880 (1951). 
11. E. C. Sherrard and E. F. Kurth, Ind. Eng. Chem. 20, 722 (1928). 
12. D. C. Pease, M. J. Reider, and R. C. Elderfield, J. Org. Chem. 5,198 (1940). 
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alkalies, but, like other methyl ethers of cyclitols, it is demethylated 
quantitatively to the parent inositol by boiling hydriodic acid. It has re-
cently been shown to be 5-0-methyl-D-inositol {18a, b). D-Inositol occurs 
free in trace amounts in sugar-pine heartwood {14). 

L-Inositol is found in the free state in the drug Euphorbia pilulifera L. 
{15), but it is found principally as quebrachitol, 1-O-methyl-L-inositol 
(7, 16). This methyl ether is named for the quebracho tree, from which it 
was first isolated {17). It occurs in many other plants {2, 18), but its most 
ready source is the latex of the rubber tree {Hevea brasiliensis) {19). 

Conversion of one of the active inositols into the other requires inversion 
of the configuration of carbon atoms 4 and 5 only. 

DL-Inositol, m.p. 253°, is found in the free state in mistletoe berries {20). 
It is accompanied by myo-inositol, but it is readily separated since its hexa-
acetate has a greater solubility in alcohol than that of mi/o-inositol. 

raz/o-Inositol (raeso-inositol, i-inositol, dambose, phaseomannite), more 
often termed simply inositol, m.p. 225-227°, is the most common of the 
group, being found in microorganisms, plants, and animals. In plants it is 
generally present as phytin, a calcium-magnesium salt of phytic acid {21), 
the hexaphcsphate ester of mi/o-inositol. Lower phosphates are likewise 
encountered {22) whose formation may be due to the action of a phos-
phatase, phytase {23), but mono- and diphosphates appear to be con-
stituents of plant, animal, and bacterial phosphatides. raî/o-Inositol ap-
parently is of widespread distribution in phosphatides of higher plants; 
it is found in seeds of corn {24), soy-bean {25), and peanut {26), among 

13a. A. B. Anderson, D. L. MacDonald, and H. O. L. Fischer, J. Am. Chem Soc· 
74, 1479 (1952). 

13b. S. J. Angyal, C. G. Macdonald, and N. K. Matheson, J. Chem. Soc. p. 3321 
(1953). 

14. C. E. Ballou and A. B. Anderson, J. Am. Chem. Soc. 75, 648 (1953). 
15. F. P. Hallett and L. M. Parks, J. Am. Pharm. Assoc. 40, 474 (1951). 
16. T. Posternak, Helv. Chim. Ada 35, 50 (1952). 
17. C. Tanret, Compt. rend. 109, 908 (1889). 
18. V. Plouvier, Compt. rend. 224,1842 (1947); 227, 85, 225 (1948); 232, 1239 (1951). 
19. See J. van Alphen, Ind. Eng. Chem. 43,141 (1951). 
20. G. Tanret, Compt. rend. 146,1196 (1907). 
21. S. Posternak, Compt. rend. 169, 138 (1919); Helv. Chim. Acta 4,150 (1921). 
22. R. J. Anderson, J. Biol. Chem. 18, 441 (1914) ; 20, 463, 493 (1915). 
23. R. J. Anderson, J. Biol. Chem. 20, 475, 483 (1915). 
84. C. R.-Scholfield, T. A. McGuire, and H. J. Dutton, / . Am. Oil Chem. Soc. 27, 

352 (1950). 
25. E. Klenk andR. Sakai, Z. physiol. Chem. 258,33 (1939) ; D. W. Woolley, J. Biol. 

Chem. 147, 581 (1943) ; J. W. Hawthorne and E. Chargaff, ibid. 206, 27 (1954). 
26. H. H. Hutt, T. Malkin, A. G. Poole, and P. R. Watt, Nature 165, 314 (1950); 

T. Malkin and A. G. Poole, J. Chem. Soc. p. 3470 (1953). 
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others. rag/o-Inositol occurs both free and combined in muscle and in the 
heart, lungs, liver, and other parts of the animal body, and in body flu-
ids. It is present to the extent of 6.8 to 8.6 % in the phosphatide of brain 
cephalin, or about 0.4% of the net weight of the brain {27). In certain 
bacterial phosphatides it is built into a polysaccharide, "manninositose" 
{28). 

Corn-steep liquor (from industrial starch preparation) provides a good 
source of phytin, precipitated as the calcium salt (29). m^/o-Inositol is 
prepared industrially from phytic acid by autocatalytic hydrolysis at ele-
vated temperature and pressure. Complete agreement on the structure of 
phytic acid and its salts has not been reached (30). 

m^/o-Inositol has been synthesized by the hydrogénation of hexahydroxy-
benzene over palladium catalyst (81a, b). Attempts to repeat this synthesis 
failed (32), but this was shown to be due to the strength of the catalyst 
(31b); too active a catalyst favors hydrogenolysis over hydrogénation. 
With Raney nickel catalysis (32), equal amounts (6%) of myo-inositol and 
sc2/ZZo-inositol and a small amount of an unidentified inositol were isolated. 
It has been shown (32a) that this is the long-sought inositol having all 
hydroxyl groups eis. It is aptly named cis-inositol, m.p. ca. 390°. 

A more definitive synthesis of mt/o-inositol is based on D-glucose. The 
relationship of the configurations of these two compounds is evident when 
the formula of D-glucose is represented in the following manner: 

OH OH 
JC C. 

H / H H\OH 
c c 

HO\OH H / H 
c c 
H OH 

m?/o-Inositol 

This relationship and the widespread occurrence of the two compounds have 
been the cause of speculation on the biogenetic origin of rai/o-inositol from 

27. J. Folch and D. W. Woolley, J. Biol. Chem. 142, 963 (1942). 
28. R. J. Anderson, W. C. Lothrop, and M. M. Creighton, J. Biol. Chem. 125, 299 

(1938). 
29. See E. Bartow and W. W. Walker, Ind. Eng. Chem. 30,300 (1938) ; U. S. Patent 

2,112,553 (March 29, 1938); F. A. Hoglan and E. Bartow, Ind. Eng. Chem. 31, 749 
(1939); G. Graefe, Stärke 4, 275 (1952). 

80. See, for example R. J. Anderson, J. Biol. Chem. 17, 171 (1914); C. Neuberg, 
Biochem. Z. 9, 557 (1908); S. Posternak, Compt. rend. 169, 37 (1919); J. Biol. Chem. 
46,453 (1921). 

81a. H. Wieland and R. S. Wishart, Ber. 47, 2082 (1914). 
81b. R. Kuhn, G. Quadbeck, and E. Röhm, Ann. 565,1 (1949). 
82. R. C. Anderson and E. S. Wallis, / . Am. Chem. Soc. 70, 2931 (1948). 
82a. S. J. Angyal and D. J. McHugh, Chemistry & Industry p. 947 (1955). 

OH 
HOCH, a 2 H \ 0 H 

D-Glucose 
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D-glucose. This transformation has recently been demonstrated {32b). 
Synthesis in vitro is based on the work of Grosheintz and Fischer (88). They 
found that 6-deoxy-6-nitro-D-glucose (or, likewise, 6-deoxy-6-nitro-L-idose) 
condensed in slightly alkaline solution to form two monodeoxymononitro-
inositols. These were converted to the corresponding amines, one of which 
can also be obtained by reduction of the phenylhydrazone or oxime of 
mî/o-inosose-2 (scyllo-myo-inosose) (84a, b). The final and crucial step, 
replacement of the amino group by hydroxyl, is difficult, since there is a 
tendency to form reducing compounds (85), later shown to be deoxyinososes 
(86), when the amino deoxyinositols are treated with nitrous acid. Posternak 
(86), however, was able to convert one of the amines to fm/o-inositol by 
nitrous acid deamination. The epimeric amine yielded scyllo-inositol. 
Waiden inversions occurred in each case. This synthesis defines the con-
figurations of three atoms only (carbon atoms corresponding to carbons 
2, 3, and 4 of D-glucose). Equilibrium rearrangements apparently occur 
between the deoxynitroinositols and the 6-deoxy-6-nitrohexoses. 

The path of synthesis shown below is for the isomers leading to myo-
inositol only. 

CHO 

HCOH 
I 

HOCH 

HCOH 
mî/o-Inosose-2 

3HOH 
k 

H2CN02 \ 

6-Deoxy-6-nitro- D-glucose Phenylhydrazone 
or or 

6-Deoxy-6-nitro-L-idose Oxime 

Ba(OH), 

Ni, H, 

O « N ' 

myo-Inositol 
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Two monomethyl ethers of raî/o-inositol are known: bornesitol (87), 
m.p. 199°, from Borneo rubber and opepe (Sacrocephalus diderrichii) wood 
(37a), and sequoyitol (11, 38), m.p. 234-235°, from California redwood. 
Sequoyitol, a meso compound, is 5-0-methyl-ra2/o-inositol (39). Bornesitol 
is optically active. A dimethyl ether, dambonitol, m.p. 195°, is found in 
the latex of Gabon (40) and other rubbers and in the latex of the Dyera 
tree (41). I t has been shown to be 1,3-di-O-methyl-mi/o-inositol (41a). 

The juice of the sugar beet (Beta vulgaris) contains galactinol (42), a 
galactoside of rat/o-inositol. The D-galactose is united to the mî/o-inositol in 
position 1 by an a-linkage (48). 

sq/Wo-Inositol (scyllitol, cocositol, quercin), m.p. 352°, the fourth known 
naturally occurring inositol, though not abundant, is widely distributed, 
being found in the elasmobranch fishes (sharks, rays, dogfish) (44), in the 
dogwood (45), in the leaves of the cocos palm (46), in the acorn (47), and 
in mammalian urine (48). I t can be obtained synthetically by reduction of 
w2/o-inosose-2 (bioinosose) (49) (see Fig. 1 and below). 

d-Quercitol, m.p. 235-237°, [a]D +25.6°, often called simply quercitol, 
is the most common of the deoxyinositols and it occurs in all parts of the 

82b. W. H. Daughaday, J. Lamer, and C. Hartnett, J. Biol. Chem. 212,869 (1955) ; 
J. W. Halliday and L. Anderson, ibid. 217, 797 (1955). 

88. J. M. Grosheintz and H. O. L. Fischer, J. Am. Chem. Soc. 70,1476,1479 (1948). 
84a. H. E. Carter, R. K. Clark, Jr., B. Lytle, and G. E. McCasland, J. Biol. Chem. 

175,683 (1948). 
84b. L. Anderson and H. A. Lardy, J. Am. Chem. Soc. 72,3141 (1950) ; G. E. McCas-

land, ibid. 73, 2295 (1951). 
85. B. Iselin and H. O. L. Fischer, J. Am. Chem. Soc. 70, 3946 (1948). 
86. T. Posternak, Helv. Chim. Ada 33, 1597 (1950). 
87. A. Girard, Compt. rend. 73, 426 (1871). 
87a. F. E. King and L. Jurd, J. Chem. Soc. p. 1192 (1953). 
88. E. C. Sherrard and E. F. Kurth, / . Am. Chem. Soc. 51, 3139 (1929). 
89. L. Anderson, A. M. Landel, and E. B. Swan, paper presented at the meeting 

of the American Chemical Society, New York, September 1954. 
40. A. Girard, Compt. rend. 67, 820 (1828). 
41. A. J. Comollo and A. K. Kiang, J. Chem. Soc. p. 3319 (1953). 
41a. A. K. Kiang and K. H. Loke, J. Chem. Soc. p. 480 (1956). 
42. R. J. Brown and R. F. Serro, J. Am. Chem. Soc. 75,1040 (1953). 
48. E. A. Kabat, D. L. MacDonald, C. E. Ballou, and H. O. L. Fischer, J. Am. 

Chem. Soc. 75,4507 (1953). 
U> G. Staedeler and J. J. Frerichs, J. prakt. Chem. [1] 73,48 (1858). 
45. R. M. Hann and C. E. Sando, J. Biol. Chem. 68, 399 (1926). 
46. H. Müller, J. Chem. Soc. 91,1767 (1907); 101, 2383 (1912). 
47. C. Vincent and Delachanal, Compt. rend. 104,1855 (1887). 
48. P. F. Fleury, J. W. Courtois, and A. L. Jouannet, Bull. soc. chim. biol. 33, 

1885 (1951); Chem. Abstr. 46, 7634 (1952). 
49. T. Posternak, Helv. Chim. Ada 25, 746 (1942). 



y. THE POLYOLS. PART II: INOSITOLS 275 

D-l-Deoxy-2-keto-
myo-i nos ito I 

Z-Viburnitol Mytilitol 

FIG. 1. Some interrelationships of the inositols.* 
' The conversion of D-(or L-) inositol to conduritol has not been demonstrated. 

oak, particularly in the acorn (50), and in the leaves of the European palm 
(51), Chaemerops humilis. The systematic name for d-quercitol is D-1-deoxy-
mt/co-inositol. Configurationally, it is related to both rawco-inositol and 
D-inositol, since these two inositols differ only in the configuration of the 

60. L. Prunier, Ann. chim. phys. [5] 15, 1 (1878). 
51. H. Müller, J. Chem. Soc. 91, 1766 (1907). 
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carbon atom that has no hydroxyl group in d-quercitol. It is curious that 
it occurs in the acorn together with scyllo-mositol to which it is not con-
figurationally related. 

<z> O. ö 
rwwco-Inositol d-Quercitol D-Inositol 

Z-Viburnitol (Fig. 1), an isomer of d-quercitol, m.p. 180-181°, [α]Ό —49.5°, 
was first found in the leaves of Gymnema sylvestre, a, milkweed {52). It was 
originally called (improperly) Z-quercitol. Because of an error in the report 
of its optical rotation, it was not recognized for some time that it is identi-
cal {53) with Z-viburnitol, which occurs in Viburnum tinus L. {54). Its 
systematic name is D-l-deoxy-ra^/o-inositol, and it is related configura-
tionally to both L-inositol and rayo-inositol. It occurs along with myo-
inositol in Viburnum tissues. The enantiomorph was obtained synthetically 
by the hydrogénation, in strongly acid solution, of L-Tra/o-inosose-1 (d-ino-
sose) {55) (Fig. 1). dl-Viburnitol was obtained by Posternak {36) by hy-
drogénation of the by-product deoxyinososes from the treatment of the 
same deoxynitroinositol that was converted to scz/ZZo-inositol. 

An optically inactive isomer, 2-deoxy-?ra/0-inositol (deoxy-sq/ZZo-inositol) 
(sq/ZZoquercitol (7)), m.p. 233-235°, was synthesized by the catalytic re-
duction of ra2/o-inosose-2 in the presence of mineral acid {56) (Fig. 1). 
Catalytic reduction of inososes or their oximes in mineral acid appears to 
be a general way for preparing monodeoxyinositols {57a, b). 

Only one naturally occurring cyclohexanetetrol, dextrorotatory betitol, 
m.p. 224°, is known. It was found in very small amount in sugar-beet 
process liquors {58). Isomers have been prepared synthetically from cyclo-
hexadiene derivatives {59-6la) and from an inositol bromohydrin {61b). 

52. F. B. Power and F. Tutin, J. Chem. Soc. 86, 624 (1904). 
53. T. Posternak and W. H. Schopfer, Helv. Chim. Ada 33, 343, 350 (1950). 
54. H. Hérissey and G. Poirot, Compt. rend. 203, 466 (1936); J. pharm. chim. 26, 

385 (1937). 
55. T. Posternak, Helv. Chim. Ada 33,1594 (1950). 
56. T. Posternak, Helv. Chim. Ada 24, 1045 (1941). 
57a. E. L. May and E. Mosettig, J. Org. Chem. 14,1137 (1949). 
57b. B. Magasanik, R. E. Franzi, and E. Chargaff, / . Am. Chem. Soc. 74, 2618 

(1952). 
58. E. O. von Lippmann, Ber. 34, 1159 (1901). 
59. P. Bedos and A. Ruyer, Compt. rend. 196, 625 (1933). 
60. T. Posternak and H. Friedli, Helv. Chim. Ada 36, 251 (1953). 
61a. G. E. McCasland and E. C. Horswill, J. Am. Chem. Soc. 76,1654 (1954). 
61b. G. E. McCasland and E. C. Horswill, / . Am. Chem. Soc. 76, 2373 (1954). 
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rPO 

■QT-O 
Bromoquinide Quinic acid 

Epimeric cyclohexanetetrols 

o r - COOH 

Eijkman's dibromide Shikimic acid 

y X ^ o o H 
\ /cc COOH 

Dihydroshikimic acid 

F I G . 2. The quinic-shikimic acid group. 

Two epimeric dideoxyinositols were obtained from quinic acid by way of 
the corresponding trihydroxycyclohexanone (62) (Fig. 2). Micheel cyclized 
the 1,6-diiodohydrin of di-O-methylene-D-mannitol by heating it with 
"molecular" silver in toluene or xylene at 165-170° to obtain a dimethylene 
derivative of a dideoxyinositol (68). Removal of the acetal groups gave 

"tetrahydroxymannocyclitol." Inversion was unlikely because of the pres-
ence of the rather stable méthylène groups; the final product is optically 
active. The elucidation of the structure and configuration of the cyclo-
hexanetetrols is one of the more difficult aspects of inositol chemistry, but 
it is presently being accomplished (61b, 68a). The structure and configura-
tion of another isomer, dihydroconduritol (##), follows readily from its 
synthesis by hydrogénation of conduritol. 

Conduritol (Fig. 1), m.p. 142-143°, a cyclohexenetetrol, occurs in the 
bark of the condurango tree (64)- Two of the synthetic inositols, allo-

62. G. Dangschat and H. O. L. Fischer, Naturwissenschaften 27, 756 (1939). 
68. F. Micheel, Ann. 496, 77 (1932). 
68a. T. Posternak and D . Reymond, Helv. Chim. Acta 38, 195 (1955). 
64. K. Kubier, Arch, pharm. 246, 620 (1908). 
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inositol, m.p. 270-275°, and mwco-inositol, m.p. 285-290° dec, were ob-
tained by oxidation of conduritol. Two synthetic cyclohexenetetrols, "con-
duritol-B,, and "conduritol-C," have been obtained by denomination of 
bromohydrins of, respectively, myo-inositol and epi-inositol (65). They are 
racemates of optical (not structural) isomers of natural conduritol. 

Mytilitol (C-methyl-scî/Mo-inositol) (66) (Fig. 1), m.p. 266-268°, is 
found in the muscle of Mytilus edulis, a mussel (67), and in a marine tuni-
cate, Cionia intestinalis (68). The epimeric isomytilitol obtained syntheti-
cally through mî/o-inosose-2 (bioinosose) is 2-C-methyl-m2/o-inositol. Both 
pentaacetates and hexaacetates can be prepared from mytilitol; pre-
sumably the tertiary hydroxyl resists acetylation. Posternak (66) has also 
succeeded in synthesizing hydroxymytilitol, m.p. 247°, and hydroxyiso-
mytilitol, m.p. 233°, from rat/o-inosose-2 by means of the Arndt-Eistert 
synthesis. These are the first-known heptahydric homologs of an inositol. 

An optically active isomer of mytilitol, laminitol, m.p. 266-269°, [α]Ό 

—3°, has been isolated from the marine alga Laminaria cloustoni (68a). 
Z-Quinic acid (D-l,3-dideoxy-ep*-inositol-2-carboxylic acid) (Fig. 2), 

m.p. 162°, [a]D —44°, is found in cinchona bark, meadow hay, the tops of 
whortle berries (Vaccinum myrtillus L.), the leaves of the mountain cran-
berry (Vaccinum vitisidaea L.), and combined with caffeic acid as chloro 
genie acid in plants (69). The equivalent of a total synthesis has been 
effected, starting with 4-chlorocyclohexanone (70). 

The enantiomorph, d-quinic acid, has been found only in the form of the 
racemate. Lippmann (58) dried the tops and leaves of sugar beets and found 
the racemate in the cooler parts of the drying apparatus. Eijkman (71) had 
previously shown that the lactone of Z-quinic acid, quinide, is racemized by 
heat. Hence Lippmann's racemate from sugar beets may be an artifact. 
The dextrorotatory form may be obtained from the racemate by resolution 
or by the action of microorganisms, the levorotatory form being destroyed 
(58). 

A related unsaturated compound, shikimic acid (Fig. 2), was found in 
the star anise (Illicium verum and I. religiosum) (72). Its presence has 

65. G. E. McCasland and E. C. Horswill, J. Am. Chem. Soc. 75, 4020 (1953); G. E. 
McCasland and J. M. Reeves, ibid. 77, 1812 (1955). The synthesis of deoxy-scyllo-
inositol and DL-viburnitol is also described in the first paper. 

66. T. Posternak, Helv. Chim. Ada 27, 457 (1944). 
67. D. Ackermann, Ber. 54, 1938 (1921); R. I. Daniel and W. Doran, Biochem. J. 

20,676 (1926). 
68. D. Ackermann and R. Janka, Z. physiol. Chem. 296, 283 (1954). 
68a. B. Lindberg and J. McPherson, Ada Chem. Scand. 8, 1875 (1954). 
69. H. O. L. Fischer and G. Dangschat, Ber. 65, 1037 (1932). 
70. R. Grewe, W. Lorenzen, and L. Vining, Ber. 87, 793 (1954). 
71. J. F. Eijkman, Ber. 24, 1278 (1891); see also Ref. 70. 
72. J. F. Eijkman, Rec. trav. chim. 4,32 (1885) ; 5, 299 (1886). 
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been demonstrated in 30 of 34 gymnosperms investigated (73). Z-Quinic 
acid has been converted to shikimic acid by degradation of the amide 
(74) · The conversion of shikimic acid to Z-quinic acid was effected (75) via 
a dibromide (71) of shikimic acid (Fig. 2). 

epi-Inositol, m.p. 285°, results from the reduction of DL-epi-inosose-2 
(epi-meso-inosose) (76) (Fig. 1). 

Angyal and Matheson (76a) synthesized neo-inositol (IV), m.p. 315°, 
by applying the alkaline detosylation reaction (p. 165), which has found 
so much use in the acyclic field. 

CMc2 

o o 

Me 2 C-0 

1,2:3,4-Di-0-isopropylidene-
L-inositol 

OTs 

NaOMe 

/ C M e 2 

O O 

acid hydrolysis 

neo-Inositol 
Me 2 C-0 

3. PROOFS OF STRUCTURE AND CONFIGURATION 
A. MFO-INOSITOL 

The characterization of myo-inositol as a cyclohexanehexol was made by 
Maquenne (77) in 1887 on the basis of the presence of six esterifiable hy-
droxyl groups, the indifference toward the usual reducing sugar reagents, 
the conversion to triiodophenol and benzene by hydriodic acid, and the 
conversion to tetrahydroxybenzoquinone and rhodizonic acid by strong 
nitric acid oxidation. This oxidation is general for the inositols and is the 

73. S. HattorivS. Yoshida, and M. Hasegawa, Physiol. Plantarum 7, 283 (1954). 
74. G. Dangschat and H. O. L. Fischer, Naturwissenschaften 26, 562 (1938); Bio-

chim. et Biophys. Ada 4, 199 (1950). 
75. R. Grewe and W. Lorenzen, Ber. 86, 928 (1953). 
76. T. Posternak, Helv. Chim. Ada 19, 1333 (1936). 
76a. S. J. Angyal and N. K. Matheson, / . Am. Chem. Soc. 77, 4343 (1955). 
77. L. Maquenne, Compt. rend. 104, 225, 297, 1719 (1887). 



280 R. L. LOHMAR 

basis for the classical Scherer (78) test for inositols, a red coloration being 
produced by heating the substance with nitric acid followed by the addi-
tion of ammonia and calcium chloride. 

HO 

HO 

H 
O 

H 
H H 

H H 
H 

OH 

OH 

O 
H 

O 

HO 

HO 

-OH 

-OH 

HO 

HO 

O 

*=0 

Tetrahydroxybenzoquinone Rhodizonic acid 

The syntheses of rat/o-inositol (31a, b, 32) and scyüo-inositol (32) from 
hexahydroxybenzene constitute total syntheses, since hexahydroxybenzene 
can be made from carbon monoxide or from glyoxal. 

The proof of configuration was not accomplished until many years later. 
By independent means, the configuration of rayo-inositol was established 
by Dangschat (79) and by Posternak (49). Previously, S. and T. Posternak 
(80) had narrowed the possibilities for ira/o-inositol to 

(Π) 

and 

(V) 

by isolating both DL-talaric and DL-glucaric acids from the products ob-
tained by the oxidation of ira/o-inositol with cold alkaline permanganate. 
Dangschat, making use of the acetonation technique of H. O. L. Fischer 
(see sections under conduritol, quinic, and shikimic acids), acetonated and 
acetylated m^/o-inositol to a monoisopropylidene tetraacetate. Hydrolysis 
of the isopropylidene radical followed by lead tetraacetate oxidation and 
then perpropionic oxidation led to the isolation of DL-idaric acid. From a 
consideration of formulas (II) and (V) it is evident that only (V) is con-
sistent with the evidence. Hence, the course of the reactions must have 

78. J. Scherer, Ann. 81, 375 (1852). 
79. G. Dangschat and H. O. L. Fischer, Naturwissenschaften 30, 146 (1942). 
80. S. Posternak and T. Posternak, Helv. Chim. Acta 12, 1165 (1929); T. Posternak, 

ibid. 18, 1283 (1935). 
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been as follows: 

H OH H 0-C(CH 3 ) 2 H AcO C(CH„), 

OH H OAc H OAc H 
«- —/ 

myo-Inositol 

(remove acetone groups) 

H OAc 

. A C 0 /OATH\ O H 

Pb(OAc)4 and esterify 

OAc H 

H OAc H OAc OAc H OAc H 
I I I I I I I I 

C 2 H 6 0 0 C — C — C — C — C — C00C2H6 + C2H600C—C—C—C—C—COOC2HB 

OAc H OAc H H OAc H OAc 

OH-

DL-Idaric acid 

Posternak, on the other hand, applied the alkaline permanganate oxida-
tion to scyllo-myo-mosose (bioinosose) and obtained DL-idaric acid (49). 
This evidence simultaneously establishes the configurations of the inosose, 
mt/o-inositol, and sc2/ZZo-inositol. The only configuration compatible with 
the recovery of DL-idaric acid from the inosose is: 

D-Idaric acid 

>· L-Idaric acid 

Since rai/o-inositol had previously been limited to configurations (II) and 
(V) (p. 280), it must have configuration (V); sci/ZZo-inositol, an epimer of 
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ra^/o-inositol, obtained by reduction of this inosose, must have configura-
tion (IX) (p. 269). 

B . D- AND L-lNOSITOL 

Posternak established the configurations of D- and L-inositol by isolation 
of mucic acid and of glucaric acid from the products of the cold alkaline 
permanganate oxidation of L-inositol (81), 

The formation of D-glucaric acid requires that the following configura-
tion be present in L-inositol: 

And since galactaric acid was also isolated, there must be another pair of 
eis hydroxyls. However, because L-inositol is optically active, there is only 
one possible arrangement and that is the projection of the second pair of 
eis hydroxyls above the plane of the ring. Hence, D- and L-inositol must be: 

o o 
L-Inositol D-Inositol 

C . d-QuERCITOL AND Z-VlBURNlTOL 

The proofs of structure of these two deoxyinositols are considered to-
gether since they afford a good illustration of the interrelationships of 
inositols. 

Sixteen pentahydroxycyclohexanes are predicted on the basis of stereo-
chemical theory. The configuration of d-quercitol was limited to that shown 
below by nitric acid oxidation to galactaric (mucic) acid (82) and by alka-
line permanganate oxidation to 3-deoxy-D-galactaric acid (metasaccharinic 
acid) (83). This same acid was obtained from Z-viburnitol (53). Hence, the 
arrangement of hydroxyl groups on carbon atoms 2, 5, and 6 of d-quercitol 
and Z-viburnitol must be the same. Another series of reactions also led to 
identical compounds from these two deoxyinositols (53). It was found that 
Acetobacter suboxydans catalyzed the oxidation of Z-viburnitol to a deoxy-

81. T. Posternak, Helv. Chim. Ada 19, 1007 (1932). 
82. H. Kiliani and C. Scheibler, Ber. 22, 517 (1889). 
88. T. Posternak, Helv. Chim. Ada 15, 948 (1932). 
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cyclose, which was converted to the osazone of a deoxyinosose. This same 
osazone could also be obtained by a similar series of reactions from cZ-querci-
tol. This showed that the configurations on carbon atoms 4, 5, and 6 of 
Z-viburnitol are identical with those on carbon atoms 4, 3, and 2 of eZ-querci-
tol. Since the two are not identical, Z-viburnitol must have the configuration 
shown. This was confirmed by its reduction to 2-deoxy-m2/o-inositol. 

H OH H 
I I I 

HOOC-C— C-CH2—C-COOH 
I I I 
OH H OH 

3-Deoxy-D-galactaric acid 

H OH OH H 
I I I I 

HOOC — C —C — C — C— COOH 
I I I I 
OH H H OH 
Galactaric acid 

/alkaline ΚΜηθΑ 

(1) (6) 

i-Viburnitol 

(6) (1) 

d-Quercitol d-Quercitol 

A. suboxydam 

H 
PhN-N 

\? 8uboxydan8, 
phenylhydrazine 

H 
**PhN-N= 

D-l-Deoxy-2-keto-mi/o-inositol 

Na-Hg 

2-Deoxy-mi/o-inositol 
(Deoxy-sq///o-inositol) 

D . CONDURITOL 

The configuration of conduritol, and incidentally those of aZZo-inositol, 
mwco-inositol, and dihydroconduritol, was elucidated in 1939 by Dangschat 
and Fischer {62), who applied the acetonation-oxidation technique pre-
viously used so successfully on quinic and shikimic acids. The steps utilized 
were as follows: 
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hydrogénation 

< 

Dihydroconduritol Conduritol C(CH3)2 

OH OH OH OH 
I I I I 

HOOC—C—C—C—C—COOH 
I I I I 

H H H H 

Allaric acid 

OAc 

OH H H OH 
I I I I 

HOOC—C—C—C—C—COOH 
t i l l 

H OH OH H 
Galactaric acid 

(Mucic acid) 

If, however, conduritol was first acetylated then the following results were 
obtained: 

AcO OAc „ M Λ AcO 
KMnOi 

OAc 
saponification 

OAc OAc 
Tetra-O-acetylconduritol 

OAc OAc 

oxidation, 
saponification 

OH 

mwco-Inositol 

OH H H 
I I I I 

HOOC—C—C—C—C—COOH 
I I I I 
H OH OH H 
Galactaric acid 

(Mucic acid) 

E . M Y T I L I T O L 

With the establishment of the configuration of ra?/0-inosose-2 (see p. 281), 
Posternak (66) was able to proceed with the configuration of mytilitol, 
and a number of synthetic products, isomytilitol, hydroxymytilitol, and 
hydroxyisomytilitol, through the following series of reactions: 
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AciO, anhyd. FeClj or ZnCli 

AcO 
CH2I 

AcO 
ÖAc \ / f / Ι τ τ anhydrous ^ j / ÖAc 

AcO / ^ 2 tosic acid \ AcO 

deacetylatioD 

CH2OH AcQ 

CH2OTs 

OAc 

Hydroxymytilitol 

CH2OH 

H ydroxy isomytilitol 

In the Grignard reaction, mytilitol and isomytilitol are formed from the 
penta-O-acetylinosose. The configuration with three adjacent eis hydroxyl 
groups was assigned to isomytilitol and the other to mytilitol by analogy 
to the periodic acid oxidation of sc /̂ZZo-inositol and rai/o-inositol. scyllo-
Inositol has a completely trans configuration and is oxidized more slowly 
than rayo-inositol. Similarly mytilitol is attacked less rapidly than iso-
mytilitol. 

Since hydrogénation of both the epoxide derivative of m2/o-inosose-2 
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and of its pentaacetate produces isomytilitol, the configuration of the ter-
tiary carbon atom is established inasmuch as the oxygen remains with the 
tertiary carbon during scission of the epoxide group. Scission of the epoxide 
ring in the penta-O-acetyl derivative with either acetic acid or p-toluene-
sulfonic acid, likewise, does not involve the tertiary carbon atom, for the 
ready replacement of the tosyloxy group by iodine indicates a primary 
ester linkage. Therefore, the hydroxy derivative appears to be configura-
tionally related to isomytilitol. 

On the other hand, acetylation with acetic anhydride in the presence of 
anhydrous ferric chloride or zinc chloride apparently involves an opening of 
the ethylene oxide ring at the tertiary carbon with consequent inversion, 
for the hydroxy derivative ultimately obtained is not hydroxyisomytilitol. 
Hence, it would seem to be the epimer configurationally related to mytili-
tol. 

/ \ O H 

CH2OTs 

F. QUINIC ACID 

The burden of the proof of configuration of quinic acid rests on a series of 
reactions involving the acetone derivative and its lactone (quinide) {84). 
The following scheme illustrates the reactions involved: 

H3Cx/CH3 

COOH C=0 
2CH3MgI 

COH 

C(CH3)2 

Pb(OAc)« 

C-NHNH2 
Curtius 

degradation 

Quinide 
C(CH3)2 C(CH3)2 

hydrolysis 
PhNH-NH2 

Phenylhydrazone 
but no osazone 

μ. H. O. L. Fischer, Ber. 54, 775 (1921) ; H. O. L. Fischer and G. Dangschat, ibid. 
65,1009 (1932). 
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It had been previously established that quinic acid readily forms a lac-
tone, called quinide. Quinide was shown to have a 7-lactone structure by 
conversion of the trimethyl ether to 3-hydroxy-4-methoxybenzoic acid 
(isovanillic acid). At the same time, this reaction established that the hy-
droxyl at carbon 6 and the carboxyl must be on the same side of the ring. 
Since the hydroxyl derivative obtained through the Grignard reaction con-
sumes one mole of lead tetraacetate and from the results of the Curtius deg-
radation, it follows that carbon 2 must have both a carboxyl and hydroxyl 
attached. Furthermore, since the resultant ketone cannot form an osazone, 
carbons 1 and 3 must be free of hydroxyl groups. By elimination, therefore, 
the remaining two hydroxyls must be at carbons 4 and 5. Finally, these must 

>COOCH, 

Methyl shikimate 

acetonation 

- 0 — 
H H 

COOCH, 

0 = C - C - C - C - C H 2 - C O O H <«-
I I I 

°\/° H 
C(CH3)2 

Bi% 

H H OH 
I I I 

■ O H C - C - C - C - C H 2 - C - C O O H 
I I I II 
0 O H O 

C(CH3)2 

Hî(Ni), \ hydrolyze 

H .H OH 
I I I 

HOCH2-C—C—C—CH2—COOH 

OH OH H 

2-Deoxy-D-arabo-hexonic acid 
(2-Deoxygluconic acid) 
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be eis in order to form an acetone derivative and be trans to the hydroxyl at 
carbon 6 because quinic acid is optically active. 

G. SHIKIMIC ACID 

The configuration of shikimic acid was established by H. 0 . L. Fischer 
and G. Dangschat (85) through the series of reactions shown on p. 287. 
These steps leave no question regarding the configuration of shikimic acid 
and the position of the double bond. 

The structural similarities among quinic, shikimic, and gallic acids are 
striking and their possible relationship in the plant are discussed by Fischer 
and Dangschat. 

OH 

^ - C O O H 

OH 

I-Quinic acid Shikimic acid Gallic acid 

4. REACTIONS 

The reactions of the cyclitols are those of the polyhydric alcohols, but the 
ring structure exerts an important modifying influence. 

A. BACTERIAL OXIDATION 

The oxidation of inositols to inososes (cycloses) by Acetobacter suhoxydans 
is of importance in the determination of configuration (e.g., Posternak's 
work on myo-inositol, p. 275) and in the interconversion of inositols by re-
duction of the inosose. Bertrand's rule (p. 133) accurately predicts the 
point of attack in the acyclic series, but the situation is more complex in 
the inositol series. The specificity of A. suhoxydans appears to be related 
to the conformation of the cyclohexane ring of the inositols. Inositols, like 
other substituted cyclohexanes, may exist in boat or chair forms (86). 
(See Chapter I.) The chair form in which the distances between the hy-
droxyl groups is at a maximum appears to be the preferred conformation. 
Substituents that are oriented nearly parallel to the average plane of the 
puckered ring are called equatorial. They lie alternately above and below 
the plane. Substituents that are perpendicular are called axial (formerly, 
polar) (87). Conversion to the second chair form causes interchange of 

85. H. 0 . L. Fischer and G. Dangschat, Helv. Chim. Ada 17, 1200 (1934); 20, 705 
(1937). 

86. For a comprehensive review, see H. D. Orloff, Chem. Revs. 54, 347 (1954). 
87. D. H. R. Barton, O. Hassel, K. S. Pitzer, and V. Prelog, Nature 172,1096 (1953) ; 

Science 119, 49 (1954). 

COOH 
-COOH HO-
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orientation. The use of molecular models is almost essential for an under-
standing of these concepts, but perspective representations of the two chair 
forms of mt/o-inositol are given below (X and XI). The equatorial substitu-
ents are indicated by dotted bonds. Note that the favored conformation 
(X) has only one axial hydroxyl group, that on carbon 2. 

(X) (XI) 

With an understanding of the above concepts, it becomes possible to 
assign conformational requirements (which are determined by configura-
tion) for the biochemical oxidation of inositols. Magasanik, Franzi, and 
Chargaff {57b) have shown these requirements to be: (1) Only axial hy-
droxyl groups are oxidized, and (2) the carbon atom in raeta-position to 
the one carrying the axial hydroxyl group (in counterclockwise direction 
if north axial; clockwise, if south axial) must carry an equatorial hydroxyl 
group. South axial hydroxyl groups project downward and north axial, 
upward. These rules have been confirmed as minimal requirements (88) 
for the oxidation of inositols, monodeoxyinositols, and aminodeoxyinositols. 

Several inososes have already been mentioned. Historically, myo-
inosose-2 (2-keto-m?/o-inositol, sq/ZZo-inosose, scyllo-meso-mosose, bioinos-
ose) (Fig. 1), the product from rayo-inositol (49, 89, 90), is best known. 
This same inosose is obtained when mi/o-inositol is oxidized with oxygen in 
the presence of platinum oxide in weakly acid solution (91). The yield is 
about half that obtained in the bacterial oxidation (85%) (90), but it is 
striking that both chemical (platinum) and biochemical (enzymes of A. 
suboxydans) catalysis cause oxygen to attack the substrate in the same 
position. 

Oxidation of epz-inositol by A. suboxydans leads to D-epi-inosose-2 (Fig. 
1) (57b, 92). 

Optically active forms can also be oxidized. L-raî/o-Inosose (d-inosose) is 
obtained from D-inositol (93) (Fig. 1). Likewise, L-inositol is converted to D-

88. T. Posternak and D. Reymond, Helv. Chim. Ada 36, 260 (1953); L. Anderson, 
K. Tomita, P. Kussi, and S. Kirkwood, J. Biol. Chem. 204, 769 (1953). 

89. A. J. Kluyver and A. G. J. Boezaardt, Rec. trav. chim. 68, 956 (1939). 
90. T. Posternak, Biochem. Prep. 2, 57 (1952). 
91. K. Heyns and H. Paulsen, Ber. 86, 833 (1953). 
92. T. Posternak, Helv. Chim. Ada 29, 1991 (1946). 
93. B. Magasanik and E. Chargaff, J. Biol. Chem. 175, 929 (1948). 
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rm/o-inosose. Reduction of these inososes leads to mt/o-inositol (Fig. 1). Thus, 
one is able to pass from the active to the meso state. This conversion has not 
been demonstrated in vivo. It is interesting that both the D- and L-forms 
are oxidized in the presence of A. suboxydans. The active inositols have a 
similarity to D- and L-mannitol of the acyclic series in that they contain 
the manno-configuration and in that certain positions are stereochemically 
equivalent (for mannitol: 1 and 6, 2 and 5, 3 and 4; for the inositols: 1 and 
4, 2 and 3, 5 and 6). Bacterial oxidation of D-mannitol leads to D-fructose, 
but the behavior of L-mannitol has not been tested. 

Many of the bacterial oxidation products have not been characterized; 
it is customary to test for oxidation by measuring the reducing power or 
(better) by measuring the oxygen uptake of the medium. Chargaff's rules 
allow prediction of the structures of the products. Deoxyinososes of known 
structure have been obtained by oxidation of deoxyinositols (Fig. 1) (36, 
53, 55, 94). 

Oxidation of rai/o-inositol has been reported to yield a diketoinositol 
(95a), but others have been unable to confirm this (95b, 96). On the other 
hand, there is evidence of the formation of several diketones from other 
substrates (94, 97), and oxidation of D-inositol, if prolonged, yields an 
α-diketo compound, L-l,2-diketo-m2/o-inositol (93). L-Inositol gives the 
enantiomorph. 

Inososes, like hexoses, form osazones when treated with phenylhydrazine, 
so that the isolation of osazones from the oxidation products is not, in 
itself, evidence of the formation of a-diketoinositols. 

B. BEHAVIOR WITH OXIDIZING AGENTS 

a. Nitric Acid 

The cyclitols are resistant to oxidation with dilute nitric acid, but with 
concentrated acid, depending on the conditions, a variety of products may 
be obtained ranging from carbon dioxide to cyclic ketones. Reference will 
be made here, as well as in subsequent sections, to those instances in which 
the ring has remained intact or in which it has been opened and compounds 
retaining all the original carbons have been isolated. 

The Scherer test (78) for rm/o-inositol is dependent on the formation of 
rhodizonic acid (p. 280), whose calcium salt has a red color. This test is 

94. B. Magasanik and E. Chargaff, J. Biol. Chem. 176, 939 (1948). 
96a. J. W. Dunning, E. I. Fulmer, J. F. Guymon, and L. A. Unterkofler, Science 

87,72 (1938). 
95b. E. I. Fulmer and L. A. Unterkofler, Iowa State Coll. J. Sei. 21, 251 (1947). 
96. H. E. Carter, C. Belinsky, R. K. Clark, Jr., E. H. Flynn, B. Lytle, G. E. 

McCasland, and M. Robbins, J. Biol. Chem. 174, 415 (1948). 
97. B. Magasanik and E. Chargaff, J. Biol. Chem. 174,173 (1948). 
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general for the inositols, but not for their methyl ethers. Salkowski (98) 
has modified the Scherer test so that as little as 0.1 mg. inositol may be 
detected. The test is carried out as follows:- A little inositol is dissolved in 
1-2 drops of nitric acid (sp. gr. 1.2), a drop each of 10% CaCl2 and 1-2% 
H2PtCle solutions are added, and the mixture is cautiously concentrated 
on a porcelain crucible cover. A rose to brick-red color appears. Hoglan 
and Bartow, and Preisler and Berger (99) give detailed directions for the 
preparation of rhodizonic acid and tetrahydroxybenzoquinone in quantity 
from rai/o-inositol. 

Posternak moderated the nitric acid oxidation and obtained about a 
10% yield of pure DL-epi-inosose-2 (90). This is the racemate of the active 
form obtained by bacterial oxidation of epi-inositol, which was obtained 
by reduction of DL-epi-inosose-2 (Fig. 1) (84a, 76). The oxidation of d-quer-
citol to galactaric acid has already been mentioned. 

b. Alkaline Permanganate 

This oxidation, as employed by Posternak, was very useful in elucidating 
the configuration of the inositols (see above). From myo-inositol, S. and T. 
Posternak obtained DL-talaric and DL-glucaric acids. From mi/o-inosose-2, 
T. Posternak obtained DL-idaric acid. In these instances, the ring was 
opened to form dibasic acids. d-Quercitol was oxidized by Posternak (58) 
to 3-deoxy-D-galactaric acid. In all these oxidations, it was necessary to 
maintain low temperatures. 

d-Quercitol was oxidized to benzoquinone by Prunier (100) with manga-
nese dioxide in sulfuric acid. 

Z-Quinic acid was oxidized to benzoquinone by Wöhler (101). Derivatives 
of conduritol and shikimic acid were hydroxylated at the double bond by 
Fischer and Dangschat (62, 85). 

c. Hypobromite and Bromine 

d-Quercitol was oxidized by Kiliani and Schäfer, who used bromine on 
an aqueous solution of the cyclitol. They obtained a cyclohexanetrioldione 
characterized as the bis(phenylhydrazone), m.p. 180° (dec.) (102). 

Z-Quercitol was oxidized by Power and Tutin (52) to a cyclohexanetri-

98. E. Salkowski, Z. physiol. Chem. 69, 466 (1910). 
99. F. A. Hoglan and E. Bartow, J. Am. Chem. Soc. 62, 2397 (1940) ; P. W. Preisler 

and L. Berger, ibid. 64,67 (1942) ; rhodizonic acid and tetrahydroxybenzoquinone are 
used as indicators in the volumetric determination of sulfate ; a red color is formed in 
the presence of excess barium (cf. Scherer test). 

100. L. Prunier, Ann. chim. phys. [5] 15, 54 (1878). 
101. F. Wöhler, Ann. 51, 148 (1844). 
102. H. Kiliani and J. Schäfer, Ber. 29,1765 (1896). 



292 R. L. LOHMAR 

oldione using sodium hypobromite. They characterized the compound as 
the bis(phenylhydrazone), m.p. 209° (dec). 

d. Glycol-Splitting Reagents 

Lead tetraacetate was employed for the oxidation of muco- and allo-
inositol derivatives obtained by hydroxylation of the corresponding conduri-
tol compounds (see above). Ultimately, the dibasic acids corresponding to 
the dialdehydes obtained by breaking the cyclitol ring were isolated and 
identified. Lead tetraacetate was also used to cleave 1,2:5,6-di-O-iso-
propylidene-D-(or L-)inositol to the corresponding marmo-hexodialdose 
(103). The dialdoses were reduced to mannitol derivatives. In the L-series, 
this was accomplished by the use of the Meerwein-Pondorfï reaction, which 
has had little application in the carbohydrate field. 

Periodic acid does not oxidize myo-inositol according to the classical 
pattern. The consumption of 6 moles of oxidant with the formation of 6 
moles of formic acid would be expected. Instead, a complex reaction ensues 
in which there is an overconsumption of oxidant and only about 4 moles of 
acid are produced (104). A mechanism has been advanced to account for 
these results (104). Similar results have been obtained with D-inositol 
and pinitol (105). Structural studies with periodic acid are of less appli-
cation here than in other branches of carbohydrate chemistry, although use-
ful results have been obtained (61 b, 105a) by taking into account the over-
oxidation caused by the 0-dicarbonyl anomaly. Certain substituted deriva-
tives, 1,3-di-O-methyl-raî/o-inositol (dambonitol) (41 a) and isopropylidene-
inositols (7), for example, appear to be oxidized in the classical manner. 

C. REACTION WITH HALOGEN ACIDS 

The reactions of the cyclitols with halogen acids may be divided into two 
groups, halohydrin formation and aromatization. 

a. Halohydrin Formation 

There appears to be only one example of halohydrins obtained by direct 
action of halogen acids on the cyclitols; d-quercitol was heated at 100° 
with a solution of HCl (saturated at 10°), and a very small amount of 
substance, m.p. 198-200°, was obtained which had an analysis correspond-
ing to a monochlorohydrin (100) and also one, m.p. 155°, that appeared 
to be a trichlorohydrin, CeH7Cl3(OH)2. 

108. D-Isomer: C. E. Ballou and H. O. L. Fischer, / . Am. Chem. Soc. 75, 3673 
(1953); L-isomer: Reference 13b. 

104. P. Fleury, G. Poirot, and J. Fievet, Compt. rend. 220, 664 (1945). 
105. A. M. Stephen, / . Chem. Soc. p. 738 (1952). 
105a. P. Fleury, J. Courtois, W. C. Hamman, and L. L. Dizet, Bull. soc. chim. 

p. 1307 (1955). 
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A number of such derivatives have been obtained from cyclitol esters 
through the action of HCl or HBr on the ester (46) or by reacting an acyl 
halide (106a, b) with a cyclitol. Considerable isomerization occurs, since the 
same dibromohydrin tetraacetates are obtained from m?/o-inositol, scyllo-
inositol, and pinitol (61b). Denomination to known cyclohexanepentols 
and -tetrols has enabled McCasland (61b, 65) to assign tentative struc-
tures, and, in some cases, configurations to the mono- and dibromohydrins. 

In addition to the conversion of the three cyclitols to the same bromohy-
drins, Müller (46) found further evidence for isomerization. When the reac-
tion mixture from myo-inositol or sci/ZZo-inositol was treated with Ba(OH)2, 
he was able to isolate "iso-inositol," which has since been shown to be 
DL-inositol (107). It is to be noted that inversion of any two adjacent car-
bon atoms of scs/ZZo-inositol would give DL-inositol, while inversion of any 
one carbon atom would give m^/o-inositol. Inversion of the stereochemically 
equivalent carbon atoms (number 1) of mî/o-inositol would give DL-inositol. 
Müller also isolated an ill-characterized "pseudo-inositol." 

b. Aromatization 

The halogen acids acting directly on the cyclitols generally produce sub-
stances of a benzenoid nature. This behavior is especially characteristic of 
hydriodic acid, although instances where hydrochloric and hydrobromic 
acids have acted similarly are reported. Thus, Maquenne reported the iso-
lation of 2,4,6-triiodophenol, phenol, and other aromatic substances (77, 
108) by the action of fuming HI at 150-170° on D- and m^/o-inositol. 
Lautemann (109) reported benzoic acid from Z-quinic acid using HI. 
Prunier (100) obtained benzene, phenol, hydroquinone, and benzoquinone 
from d-quercitol. Oswald (110) obtained benzoic acid by heating an aque-
ous solution of shikimic acid with PI 3. 

Hydrochloric acid has been used for the aromatization of shikimic acid to 
p-hydroxybenzoic acid (71), and of Z-quinic acid to hydroquinone and p-hy-
droxybenzoic acid (111). Conduritol was transformed in part to catechol by 
12.5 to 25 % HCl (66). Fuming hydrobromic acid converted Z-quinic acid to 
hydroquinone, 3,4-dihydroxybenzoic, and benzoic acids (112). Müller (46) 

106a. E. G. Griffin and J, M. Nelson, J. Am. Chem. Soc. 37,1552 (1915). 
106b. A. E. O. Menzel, M. Moore, and O. Wintersteiner, J. Am. Chem. Soc. 71, 

1268 (1949). 
107. H. G. Fletcher, Jr., and G. R. Findlay, / . Am. Chem. Soc. 70, 4050 (1948); 

T. Posternak, Helv. Chim. Ada 31, 2242 (1948). 
108. L. Maquenne, Compt. rend. 109, 968 (1889). 
109. E. Lautemann, Ann. 125, 9 (1863). 
110. F . Oswald, Arch. Pharm. 229, 84 (1891). 
111. O. Hesse, Ann. 200, 232 (1880). 
112. R. Fittig and W. F. Hillebrand, Ann. 193,194 (1878). 
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reported the isolation of a small amount of bromobenzene as a result of the 
treatment of inositol hexaacetate with a glacial acetic acid solution of HBr. 

Such aromatization is not peculiar to the halogen acids, for sulfuric acid 
or alkali at high temperatures or even heat alone will cause the dehydration 
of certain of the cyclitols to aromatics (113). 

D . ESTERIFICATION 

Esterification of the cyclitols may be carried out using the free acid, 
acid anhydride, or acid chloride with or without catalysts in the usual 
manner (see Chapter IV). However, partial esters have in some instances 
been recovered from reactions in which full esterification was desired. The 
distribution of the acyl groups in these compounds is not known. 

An interesting case of partial esterification is the acylation of Z-quinic 
acid. If the acid and acetic anhydride are refluxed briefly, one obtains 
tri-O-acetylquinide (the lactone of quinic acid). If zinc chloride is present, 
tetra-O-acetylquinic acid is formed (114)· However, if quinic acid and ben-
zoyl chloride are heated at 130 to 140°, the main product is tetra-O-ben-
zoylquinic acid. If the reaction is carried out in the presence of pyridine, 
tri-O-benzoylquinide is the chief product (11δ). 

Some phosphate esters of mi/o-inositol have been prepared by the action 
of phytase on phytic acid (80, 116), in order to arrive at a better under-
standing of the structure of the biologically important phytic acid. The 
structures of these esters are not known. Iselin (117) has prepared myo-
inositol 2-phosphate and scî/ZZo-inositol monophosphate via the penta-
acetates derived from the reduction of penta-0-acetyl-m2/o-inosose-2. The 
myo-inositol derivative does not have the biological activity toward micro-
organisms that the free inositol has. 

Esterification of m^/o-inositol with linseed oil fatty acids leads to a hexa-
ester having excellent drying oil properties (118). However, the potential 
availability of rai/o-inositol from corn-steep liquor would not appear to be 
high enough to justify the industrial exploitation of this ester in paints. 
I t has been pointed out that six million pounds annually of pinitol are po-
tentially available from sugar-pine mill waste produced in California (9). 
If an inexpensive means of isolating the pinitol and demethylating it to 
D-inositol were found, it would be likely that similar esters of D-inositol 

118. "Beilsteins Handbuch der Organischen Chemie," Vol. 6, p. 1186. Springer, 
Berlin, 1923; Vol. 10, p. 458, 536 1927. 

114. E. Erwig and W. Koenigs, Ber. 22,1457 (1889). 
116. P. Echtermeier, Arch. Pharm. 244, 37· (1906). 
116. R. J. Anderson, J. Biol. Chem. 12, 97 (1912); 18, 441 (1914); M. H. McCormik 

and H. E. Carter, Biochem. Prep. 2, 65 (1952). 
117. B. M. Iselin, J. Am. Chem. Soc. 71,3822 (1949). 
118. J. P. Gibbons and K. M. Gordon, Ind. Eng. Chem. 42, 1591 (1950). 
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could find industrial use. Large amounts of quebrachitol are available from 
the natural rubber industry (19). 

E. ALKYLIDENE FORMATION 

Cyclitols do not form alkylidene derivatives with the same ease as acyclic 
carbohydrates. However, the technique of Dangschat and Fischer, wherein 
zinc chloride catalysis is used, enables the formation of isopropylidene 
derivatives. They made brilliant use of this reaction in their elucidation of 
the structures of shikimic acid, quinic acid, conduritol, and rai/o-inositol 
(see above). The structures of the naturally occurring methyl ethers, pinitol 
and quebrachitol, were determined with the aid of this reaction (7, 18a, b). 
L-Inositol and epi-inositol can be converted to triisopropylidene derivatives 
(7). This requires acetonation of trans hydroxyl groups. A chair conforma-
tion of the ring does allow vicinal trans hydroxyl groups in the equatorial 
plane to approach one another closely (7). 

F. MISCELLANEOUS REACTIONS 

Griffin and Nelson (106a) prepared a mono- and a dimethyl ether of 
?ra/0-inositol by the action of dimethyl sulfate and alkali. These were charac-
terized as their crystalline acetates. Partial ethyl ethers were prepared 
similarly. Griffin and Nelson's monomethyl ether is apparently DL-bornesi-
tol (119) (p. 274), which was also obtained by methylation of 1,3,4,5,6-
penta-O-acetyl-mi/o-inositol (119). Because an acyl migration occurred 
during this methylation, the structure of the methyl ether is not established. 
McGowan (120) obtained the completely methylated compound by use 
of the methylation technique of West and Holden (121). A by-product of 
the reaction was a pentamethyl ether, which was later crystallized (122). 

There is only one instance in the literature of the preparation of a di-
cyclitol ether. This was obtained by Prunier (100) by heating d-quercitol 
at 235-250°. A compound, m.p. 228-230°, and having the composition 
C12H22O9, sublimed. The residual sirup contained a small amount of sub-
stance (quercitan) which may be an internal ether. 

The cyclitols can form complexes with metals similar to those of the 
glycitols. The formation of an insoluble reaction product with basic lead 
acetate is a means of removing ra^/o-inositol almost quantitatively from 
solution (128). 

119. L. Anderson and A. M. Landel, J. Am. Chem. Soc. 76, 6130 (1954). 
120. J. C. McGowan, J. Soc. Chem. Ind. 66, 446 (1947). 
121. E. S. West and R. F. Holden, Org. Syntheses 20, 97 (1940). 
122. G. E. McCasland and S. Boutsicaris, J'. Am. Chem. Soc. 75, 3845 (1953). 
128. G. Meillère and P. Fleury, J. pharm. chim. [7] 1, 384 (1911) ; J. Needham, Bio-

chem.J. 17, 422 (1923). 
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Inososes apparently exist in the enediol form in alkaline solution (91, 
124) ; they readily reduce 2,6-dichlorophenol-indophenol (the ascorbic 
acid reagent). Inososes cannot be acetylated under alkaline conditions, 
such as obtain with the conventional pyridine - acetic anhydride reagent, 
because aromatization occurs. Esters of inososes are likewise aromatized 
when heated with pyridine or sodium acetate (56). The deoxynitroinositols 
of Grosheintz and Fischer are converted to diacetyl-5-nitroresorcinol by 
pyridine and acetic anhydride (33). Attempts to convert cyclitols to cyclo-
hexenetetrols (e.g., conduritol) by ordinary procedures of dehydration also 
result in the introduction of three double bonds. 

The proportions of the two epimeric inositols obtained by reduction of 
inososes is dependent on the conditions used. 

5. BIOCHEMISTRY (1, 125) 

Because of the widespread occurrence of rai/o-inositol in animals, plants, 
yeasts, molds, and bacteria, many attempts have been made at its synthesis. 
The chemical syntheses have been considered earlier in this chapter. Bio-
chemical synthesis of inositol from D-glucose or D-glucose phosphate 
by action of a plant cyclase has been reported (126). The evidence for this 
transformation is a positive Scherer test; there has been no definitive evi-
dence in the form of isolation of m^/o-inositol. Evidence for synthesis in the 
animal body is based on the isolation of C14-labeled rayo-inositol after the 
administration of C14-labeled D-glucose (32b). 

ra^/o-Inositol was shown to be present in Bios I, a growth factor for yeast, 
by Eastcott (127) in 1928. This led eventually to the recognition of myo-
inositol as a growth factor for other microorganisms and for warm-blooded 
animals (128). It is noteworthy also as an early use of microbiological assay 
as a research technique. 

myo-Inositol has a curative action on dietary alopecia of the mouse (128) 
and also on a condition known as "spectacle eye" (129). It has been recog-
nized that myo-inositol, along with other members of the B-complex vi-
tamins, can prevent or decrease excessive deposits of fat in the liver 
(lipotropic action) (125). Although it appears that m^/o-inositol may have a 
lipotropic action for humans, no dietary requirement has been set. The 

124. D. H. Couch and W. W. Pigman, Anal. Ghent. 24,1364 (1952). 
125. E. R. Weidlein, Jr., "The Biochemistry of Inositol," Bibliographic Series 
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126. O. Fernandez, G. Izquierdo, and E. Martinez, Farm, nueva {Madrid) 9, 563 

(1944); Chem. Abstr. 40, 4115 (1946); O. Fernandez, M. de Mingo, and E. Martinez, 
ibid. 10, 541 (1945) ; Chem. Abstr. 43, 4229 (1949). 

127. E. V. Eastcott, J. Phys. Chem. 32,1094 (1928). 
128. D. W. Woolley, J. Nutrition 28, 305 (1944). 
129. P. L. Pavcek and H. M. Braun, Science 93, 502 (1941). 
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occurrence of inositol is so ubiquitous that it is extremely difficult to pre-
pare a diet in which it is deficient. 

rayo-Inositol appears to be converted to glucose in the animal body 
(130). However, this conversion is probably indirect. When ra^/o-inositol 
labeled with deuterium in (mainly) position 2 was fed to phlorizinized rats, 
part of it was recovered as deuterated D-glucose (l3l). Since the glucose 
was labeled in the 6-position, a simple decyclization of inositol to hexose is 
not indicated (see formulas, p. 272). 

Although complete accord has not been reached, lindane appears to be a 
metabolic antagonist for microorganisms that require inositol (132). Lin-
dane is a hexachlorocyclohexane insecticide that is thought to have the 
same conformation as rra/o-inositol. 

The presence of a cyclitol derivative in the antibiotic streptomycin is 
very interesting. (For more details, see Chapter X.) This derivative, strept-
amine, has been shown to be a diaminodideoxy-sci/Wo-inositol of the follow-
ing structure (133) : 

NHa 

KNH, 

It has been synthesized by Wolfrom and associates from natural glucos-
amine (133) and by Heyns and Paulsen from rai/o-inositol (133a). Another 
antibiotic, neomycin, contains a related diaminotrideoxyinositol: 

NIL, 

I t is known that the amino groups are eis, but the configurations of the 
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hydroxyl groups were assigned by analogy with streptamine (134)- 2-Am-
ino-2-deoxy-neo-inositol has been obtained by degradation of another anti-
biotic (13δ). 
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