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column. Elution of this zone with acetone and separation of 
the pale yellow acetate by evaporation of the solvent, re- 
sulted in a sirup which still failed to  crystallize. 

An amount of 10 g. of the above crude sirup, dissolved in 
150 ml. of glacial acetic acid containing 0.01 g. of cupric 
acetate, was heated at reflux for 20 min. One hundred ml. 
of solvent was removed under reduced pressure and the re- 
sidual solution was treated with decolorizing charcoal. 
This solution of crude keto-D-altroheptulose hesaacetate was 
diluted to 750 ml. with N HCl and refluxed for 3 hr. After 
treatment with decolorizing charcoal the solvent was re- 
moved under reduced pressure and the resultant sirup was 
dissolved in 50 ml. of 80% ethanol. The large crystals of 
sedoheptulosan monohydrate48ll that formed on slow 
evaporation of the solution at  room temperature were re- 
crystallized from hot 80% ethanol; yield 2.0 g., m p. 100- 
102' with sintering at  90-92' unchanged on admixture with 

(11) Laura C. Stewart, N K. Richtmyer and C S Hudson, THIS 
JOURNAL, 71, 3533. footnote 21 (1949). 

an authentic specimen12 of like melting point bchavior. 
X-Ray powder diffraction data (identical with those of i ~ i i  

authentic specimen): 7.831"4,14 6.15-3, 5.37-3, 4 . 9 5 1 ,  

Crystallization of the monohydrate from hot abs. meth- 
anol yielded the anhydrous form; m.p. l55', [ c Y ] ~ ~ D  -145' 
(c 4. water) in agreement with those (155" and -146") 

4.41-3, 4.11-3, 3.47-2, 3.32-5, 2.95-5, 2.61-5, 2.53-5, 
2.46-5,2.35-4, 2.20-5, 2.12-5. 

cited by LaForge a i d  Htidson.2 X-Ray diffraction data'sr'4: 
6.15-2, 5.61-1, 5.01-1, 4.23-5, 3.93-2, 3.44-4, 3.22-5, 
3.20-5. 2.77-4, 2.56-5, 2.48-3. 

(12) We are indebted to Dr. N. K. Richtmyer of the National In- 
stitutes of Health, Bethesda, Maryland, for an authentic sample of 
sedoheptulosan monohydrate. 

(13) Interplanar spacing, A , ;  X, 1.5418 b.; film exposure, 1.8 hr. 
Acknowledgment is made to Prof. P. M. Harris and Messrs. A. Mishkin 
and H. B. Wood for assistance in obtaining these data. 

(14) Relative intensity, estimated visually; 1 = strongest line. 
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Some Reactions and Derivatives of Sedoheptulosan 
RY IT. T. HASKINS,' RAYMOND M. H A N N ~  AND C. S. HUDSON 

The behavior of sedoheptulosan and of tetramethylsedoheptulosan toward periodate oxidation has been studied; the 
molecular weight of sedoheptulosan and the position of the equilibrium between sedoheptulose and sedoheptulosan in acid 
have been confirmed; and crystalline isopropylidene, dimethylene, tetratosyl and tetrabenzoyl derivatives of sedoheptulosan 
have been described 

The experiments described in this paper were 
carried out several years ago and although they 
did not distinguish between the two most probable 
formulas for sedoheptulosan they did furnish 
valuable information leading to the definitive proofs 
of structure for that compound that are elaborated 
in the following paper.3 

In 1938 one of us14 assuming the correctness of 
the experimental observations that had been re- 
ported from other laboratories, showed that sedo- 
heptulosan must be regarded as possessing the 
unusual structure I, with one of its rings having an 
ethylene oxide forin and the other a septanoid form. 
Shortly afterwards i t  was found5 that D-altrosan, 
which is formed under acidic conditions from D- 
altrose in the same way that sedoheptulosan is 
formed from sedoheptulose ( = D-altroheptulose), 
has a l16-anhydro ring and a normal pyranose ring 
as shown in forniula 11. Accordingly, it seemed 
desirable either to obtain a confirmatory proof of 
structure I for sedoheptulosan or to secure evidence 
of its possible formulation as 111, analogous to that 
of D-altrosan (11). To this end we subjected sedo- 
heptulosan to periodate oxidation6; the consump- 
tion of two molecular equivalents of oxidant and 
the liberation of one molecular equivalent of formic 
acid and no formaldehyde was in agreement with 
either I or 111. Further oxidation of the dialde- 
hyde with bromine water yielded a dibasic acid 

(1) National Microbiological Institute, Nations1 Institutes of 

(2) Deceased April 30, 1949. 
(3) J. W. Pratt, N. K. Richtmyer and C. S. Hudson, THIS JOURNAL, 

74, 2200 (1952); see also ibid. ,  78, 1876 (1951). 
(4) C. S. Hudson, ibid., 60, 1241 (1938). 
( 5 )  N. K. Richtmyer and C. S. Hudson, ibid., a, 961 (1040). 
(6) A preliminary announcement of this reaction was reported by 

N. K. Richtmyer, Admncrr in Carbohydrate Cham., 1, 63 (1946). 

Health. 

whose crystalline calcium salt had the composition 
CaHaCa07-3Hz0. Unfortunately, neither the dial- 
dehyde nor the dibasic acid appeared to be hydro- 
lyzable to fragments whose identification .would 
enable us to decide between formulas I and I11 
for sedoheptulosan. 

CHiOH 
I 
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The precipitated salts were removed by filtration and the 
filtrate was concentrated in vacuo to a thick sirup that was 
extracted with several 25-ml. portions of absolute ethanol 
and the filtered extracts concentrated in vacuo to remove the 
solvent. The residual sirup was dissolved in 500 ml. of 
water, 40 g. of calcium carbonate and 8.5 ml. of bromine 
were added, and the mixture was allowed to  stand for 18 
hours at 25'. Excess bromine was removed by aeration, 
the bromide ions by shaking with silver carbonate, and, 
following a filtration, the silver ions were precipitated with 
hydrogen sulfide. The clear, colorless, filtered solution 
was concentrated in vacuo to about 25 ml. and upon the ad- 
dition of an equal volume of ethanol the calcium salt began 
to crystallize. After several days the salt was filtered, 
washed with ethanol, and allowed to dry a t  room tempera- 
ture; i t  weighed 9.0 g. (79%). Upon recrystallization from 
aqueous alcohol i t  formed fine needles; the air-dried mate- 
rial had the composition of a trihydrate and an [CY]% value 
of +43.5' in water ( c  0.88). A solution of 4.0 g. of the hy- 
drated salt in 20 ml. of water was freed from calcium ions 
by the addition of a slight excess of sulfuric acid and the 
calcium sulfate precipitated with ethanol. The filtered 
solution was concentrated to  a sirup that was then made up 
to a volume of 50 ml. with N sulfuric acid. The rotation of 
the liberated dibasic acid under these conditions was esti- 
mated as [CY] a0, +24' ( G  5.4). 

Anal. Calcd. for C&CaO+%o: c ,  25.35; H ,  4.26; 
Ca, 14.10; HzO, 19.0. Found: C, 25.46; H, 4.28; Ca, 

Behavior of Tetramethylsedoheptosan toward Periodic 
Acid.-The methylation of sedoheptulosan with methyl 
iodide and silver oxide as described by Hibbert and Ander- 
sons yielded a product with m.p. 52-53' and [a]% -145' 
in water ( c  0.84); their values were m.p. 48-49' and [ c Y ] ~ J D  
-137'in water (c 1.14). 

Anal. Calcd. for CllHZOOe: C, 53.21; H,  8.12; CHaO, 
50.00. Found: C, 53.26; H ,  8.09; CHaO, 49.89. 

If tetramethylsedoheptulosan contained an ethylene oxide 
ring as in formula I ,  it might hydrolyze slowly in periodic acid 
solution and liberate a pair of contiguous hydroxyl groups 
that would then be oxidized by that reagent. Experiment 
showed, however, that in such a solution kept a t  25' for 6 
days none of the oxidant was consumed. 

The Molecular Weight of Sedoheptulosan.-A 0.4829-g. 
sample of pure sedoheptulosan depressed the freezing point 
of 9.975 g. of water 0.475'. The calculated molecular 
weight for C,Hl?Oe is 192; found, 190. LaForge and Hud- 
son' found 175. This verification of the molecular weight 
definitely excludes the possibility that sedoheptulosan is a 
dimolecular anhvdride similar to the non-reducing dihetero- 
levulosans and difructose anhydrides that are formed by the 
action of acids on D-fructose and inulin.g 

1sopropylidenesedoheptulosan.-A suspension of 2.0 g. of 
finely powdered sedoheptulosan in 20 ml. of acetone con- 
taining 0.2 ml. of concentrated sulfuric acid was shaken 
for 24 hours; the character of the crystalline material 
changed from the original granular form to small, rod-like 
prisms. The product was recovered by filtration and washed 
free of acid with acetone; the yield was 2.4 g. (quantitative). 
It was recrystallized from 30 parts of methanol, forming 
clusters of elongated prisms melting a t  226-227' and show- 
ing [aI2O~ -124' in water ( c  0.88). I t  is soluble in water, 
pyridine, dioxane, hot methanol and hot ethanol, and only 
slightly soluble in acetone, ether, petroleum ether, cold 
methanol and cold ethanol. 

14.19; HzO, 18.6. 

Anal. Calcd. for C1OHIBO6: C, 51.72; H ,  6.95. Found: 
C, 51.77; H, 6.95. 
~Dimethylenesedohept1osan.-A solution of 10 g. of sedo- 

heptulosan in a mixture of 10 ml. of concentrated hydro- 
chloric acid and 10 ml. of 37% aqueous formaldehyde was 
concentrated in a vacuum desiccator containing calcium 
chloride, sodium hydroxide and a beaker of concentrated 
sulfuric acid. After seven days the dark-colored, crystal- 
line magma was stirred with 25 ml. of methanol, cooled to 
5', and filtered. The crude product was extracted with 175 
ml. of boilingzmethanol and the hot extract, after filtration 

(8) H. Hibbert and C. G. Andaron, Can. 1. fiararch, I, 806 (1980). 
(9) Pos a review utlclr, LW E. J. M c D o d d ,  Adranus in Carbahy- 

dr& Cbm., I, 268 (1946): M dto M. L. Wolhmm and M. 0. Blair, 
Tm JOURNAL, TO, 'A08 (1948) and M. L.. Wolhmm, W. W. Binklcy, 
W. L.%hllling and H. W. Hflton, IbU., T I ,  8S68 (19S1). 

through a layer of activated carbon, gave a nearly colorless 
solution from which was deposited on cooling 4.1 g. (36%) of 
long, stiff needles. The dimethylene compound, after re- 
crystallization from 30 parts of methanol, melted at 183- 
184" and showed [ C Y ] ~ D  -131' in water ( c  0.86). It is 
soluble in water, dioxane, pyridine, hot methanol and hot 
ethanol, and nearly insoluble in ether, petroleum ether, cold 
methanol and cold ethanol. 

Anal. Calcd. for COH1206: C, 50.00; H, 5.60. Found: 
C, 50.19; H,  5.57. 

Tetratosy1sedoheptulosan.-To an ice-cold solution of 
5.0 g. of sedoheptulosan in 50 ml. of pyridine was added 21.8 
g. (4.4 molecular equivalents) of p-toluenesulfonyl chloride. 
After standing a t  25' for 5 days the reaction mixture was 
poured into 500 ml. of ice-water and the fine, flocculent 
precipitate filtered and washed with water. The crude 
product, which was slightly sticky, was recrystallized by 
dissolving it in 2 parts of acetone and adding 10 parts of 
ether; the clusters of 6ne needles (18.4 g., 87%) then 
melted at 98-97' and showed [ C Y ] %  -73.0' in chloroform 
( c  0.84). Tetratosylsedoheptulosan is very soluble in ace- 
tone, chloroform, pyridine, dioxane and methyl cellosolve, 
moderately soluble in hot methanol and hot ethanol, and 
nearly insoluble in ether, petroleuq ether, cold methanol and 
cold ethanol. 

Anal. Calcd. for C&&S4: C, 51.97; H, 4.49; S, 
15.85. Found: C, 51.82; H ,  4.57; S, 15.80. 

Tetratosylsedoheptulosan did not react with sodium io; 
dide in acetone solution when heated for 65 hours a t  100 
in a sealed container, or in acetonylacetone when heated for 
48 hours a t  80'; at 130' the acetonylacetone reaction mix- 
ture became very dark and while 1 molecular equivalent of 
sodium p-toluenesulfonate was isolated at the end of 96 
hours, 60% of the original tetratosylsedoheptulosan was 
recovered, indicating some deep-seated decomposition of a 
portion of the material. 

Tetrabenzoy1sedoheptulosan.-To an ice-cold solution of 
1.0 g. of sedoheptulosan in 10 ml. of pyridine was added 5.0 
ml. of benzoyl chloride. After standing at 25' for 24 hours 
the mixture was poured on 50 g. of crushed ice, thereby pre- 
cipitating a thick gum that  crystallized slowly while 
standing at 5' for several days. The product (3.2 g., quan- 
titative) was recrystallized from 40 parts of 95% ethanol, 
forming lustrous, pointed plates that  melted at 165166' 
and showed [ C Y ] %  -188' in chloroform (c 0.84). The 
tetrabenzoate is soluble in chloroform, acetone, ether and 
pyridine, and nearly insoluble in water and petroleum ether. 

Anal. Calcd. for C,~HSO~~: C, 69.07; H, 4.64; CHb- 
CO, 69.1. Found: C, 69.09; H, 4.69; C&IrCO, 69.4. 

Upon debenzoylation catalytically with sodium methoxide 
it yielded sedoheptulosan of m.p. 154-155' and [ ~ ] * O D  
-146' in water ( c  0.72). 

The Equilibrium between Sedoheptulose and Sedohep- 
tulosan in Acid Solution.-The equilibrium mixture was 
shown by LaForge and Hudson' to  contain approximately 
20% of the sugar and 80% of its anhydride, based on the 
copper reduction values of the solutions obtained by heating 
sirupy sedoheptulose or the crystalline sedoheptulosan in 
1 % hydrochloric acid until equilibrium was established. 
In a new study of this equilibrium we have confinned these 
figures, both from equilibria established at 20' and a t  steam- 
bath temperature, by preparing and isolating crystalline 
tetrabenzoylsedoheptulosan from the mixture; this was 
possible because from crystalline sedoheptulosan the tetra- 
benzoate was obtained in quantitative yield, and the proce- 
dure may be employed as a means of estimating the amount 
of sedoheptulosan present in the equilibrium solutions. 

Thus, a solution of 2.534 g. of sedoheptulosan ([a] W, 
-146' in water) was made up to  25 ml. with 10% aqueous 
sulfuric acid and the rotation measured in a I-dm. all-glass 
tube at 20'. The initial rotation, [ C Y ] ~ D  -147' (calcu- 
lated as sedoheptulosan), changed to the equilibrium rota- 
tion, [a]% --134", within 260 hours and remained un- 
changed for an additional 740 hours. The solution was then 
diluted with 500 ml. of water, neutralized with aqueous 
barium hydroxide, filtered to  remove the precipitated ba- 
r!um sulfate, and the filtrate concentrated in vacuo to a dry 
s m p .  The sirup was dissolved in 25 ml. of pyridine and 
10 ml. of benzoyl chloride added; after standing at 26' for 
18 hours the mixture was poured into 100 ml. of ice-water 
and the precipitated crystalline product recovered by filtra- 
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tion. One recrystallization from 2.50 nil. of 95% ethanol 
yielded 6.4 g. (80%) of tetrabenzoylsedoheptulosan of m.p. 
165-166' and [ C Y ] ~ D  -188" in chloroform (c 0.88). 

A similar experiment was made in which the 10% sulfuric 
acid solution of sedoheptulosan was heated on the steam- 

bath, reaching a constant rotation of [a] 'OD -133" (cal- 
culated as sedoheptulosan) in 1.25 hours. A 75% yield of 
tetrabenzoylsedoheptulosan was then obtained by the pro- 
cedure described above. 
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Proof of the Structure of Sedoheptulosan as 2,7-Anhydro-/3-~-altroheptulopyranose~ 
B Y  JAMES w. PRATT, NELSON K. RICHTMYER AND c. s. HUDSON 

Oxidation of sedoheptulosan with periodate, hydrogenation of the resulting dialdehyde, and subsequent hydrolysis of the 
product yielded glycerol. Oxidation of tetramethylsedoheptulosan with nitric acid yielded as a final product the optically 
active N,N'-dimethyl-~-ara60-2,3,4-trimethoxyglutaramide and not the optically inactive rib0 derivative reported by Hibbert 
and Anderson in 1930. These data permit sedoheptulosan to be formulated only with a normal pyranose ring and as either a 
1,2- or a 2,S-anhydride. Four arguments have been advanced, all leading to the conclusion that sedoheptulosan is 2,7- 
anhydro- 8-D-altroheptulopyranose. 

In  1917 LaForge and Hudson2 discovered in 
Sedum sgectabile Bor. the ketoheptose that is now 
known as sedoheptulose. I ts  configuration as 
D-altroheptulose (I) was established in 1932 by 
Ettelj3 and confirmed later by its degradation to 
D-altronic acid in this Lab~ra to ry .~  Although 
the sugar itself has not yet been obtained in crys- 
talline form, LaForge and Hudson described the 
transformation of sedoheptulose sirup in the pres- 
ence of acids to the crystalline, non-reducing an- 
hydride, sedoheptulosan, whose structure is the 
subject of this paper. 

In 1930 Hibbert and Anderson5 methylated sedo- 
heptulosan with methyl iodide and silver oxide, 
oxidized the resulting crystalline tetramethylsedo- 
heptulosan with nitric acid, and obtained a tri- 
methoxyglutaric acid that was characterized by its 
rnethylamide melting a t  14,5-146'. This methyl- 
amide was optically. inactive, and, because a t  that 
time i t  was believed that sedoheptulose was either 
D-alloheptulose (11) or L-taloheptulose (111),6 
the new substance was presumed to be ribo-tri- 
methoxyglutaric methylarnide (IV). Hibbert and 
A4nderson then concluded that sedoheptulosan con- 
tained the usual 2,6-pyranose ring and a 2,7- 
anhydro ring, a decision that agreed with either 
formula I1 or I11 for sedoheptulose. The COIZ- 
densation of sedoheptulosan with an excess of trityl 
chloride to  yield only a rnonotrityl derivative, in- 
dicating the presence of only one primary alcohol 
group, appeared to confirm their suggested struc- 
ture. 

However, when Ette13 advanced his conclusive 
proof that sedoheptulose is D-altroheptulose, and 
Levene and Compton* prepared from 2,3,4-tri- 

( 1 )  A portion of this material has been taken from the thesis sub- 
mitted by James W .  Pra t t  to the Department of Chemistry of the 
Graduate School of Georgetown University in partial fulfillment of the 
requirements for the degree of Doctor of Philosophy, June, 19.51. 

(2) F. B. LaPorge and C. S. Hudson, J .  B i d  C h e m . ,  SO, 61 (1917). 
(3) V. Ettel, Collection Csechosloa. Citena. Coinmuns., 4 ,  513 (1932). 
(4) N. K. Richtmyer, R. 11. IIann and C S.  Iludson, THIS JOI:KSAL, 

( 5 )  H. Hibbert and C. G. Andersoii, Cniz J .  Research, 3, 306 (1930). 

(7) The optically inactive zylo-trimethoxyglutaric methylamide 
melts a t  167-108° ['A'. Ii Hamorth and D. I. Jones, J.  Chon.  SOL. ,  2349 
(1927) 1. 

( 8 )  P. A,. Leveoe and J. Compton, J .  Bioi. Chem., 118, 184 (1936). 

61, 343 (1939). 

6) F. B. LaForge, J. Biol Chem., 43, 367 (1920). 

methyl-D-ribose an authentic ribo-trimethoxyglu- 
taric methylamide that agreed in its melting point 
and in its optical inactivity with the product de- 
scribed by Hibbert and Anderson,6 the arguments 
for a 2,6: 2,7-structure for sedoheptulosan were no 
longer tenable, and in 1938 one of us9 drew the 
following conclusion : "Assuming the correctness of 
I for the configuration of sedoheptulose (from 
Ettel's work) and of the observation that tetra- 
methylsedoheptulosan yields by oxidation ribo- 
trimethoxyglutaric acid (from the work of Hibbert 
and Anderson and of Levene and Compton) there 
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is only one stereostructure that can apply to tetra- 
inethylsedoheptulosan, namely, V, and there follows 
for sedoheptulosan necessarily the stereostructure 
VI." Hibbert and Anderson's observation re- 
garding the monotrityl derivative applied equally 
well to formula VI for sedoheptulosan. 

Because the combination of ethylene oxide and 
septanoid rings in formula VI was in such marked 
contrast to  the 1,5- and 1,6-ring combination that  

( R f  C S Hudson, Tala JOURNAL, 60, 1241 (1938). 


