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a product of the same nature. Its dinitrophenylhydrazone 
~ lso~mel ted  a t  185-188" and its semicarbazone a t  223- 
225 . The identity of the two derivatives with the corre- 
sponding ones from dextropimaric acid was shown by mixed 
melting points that showed no depression and also by the 
fact that their X-ray diffraction patterns were identical. 

Dehydrogenation of Dextropimaric and Isodextropim- 
aric Acids.-A 2,O-g. sample of the pure acid was mixed 
intimately with 1.0 g. of 6% palladium-carbon catalyst 
and heated a t  300-330' for four hours. The catalyst was 
filtered from an ether solution of the mixture of hydro- 
carbons. 

Isolation of the Trinitrobenzolate of Cla Hydrocarbon 
(XIII or XIV).--The dehydrogenation product (1.4 9.) 
was dissolved in 10 cc. of hexane and transferred to a 
column of silica gel. The chromatogram was developed 
with hexane and. followed with ultraviolet light. The 
fraction (0.6 9.) taken was that which preceded the blue 
fluorescence due to pimanthrene. 

The same trinitrobenzolate, m. p. 122-123', was iso- 
lated from the corresponding fraction obtained from each 
of the two resin acids as shown by identical X-ray dif- 
fraction patterns and no depression in a mixed melting 
point. Once their identity was established, they were 
mixed and analytical data obtained. 

Anal. Calcd. for C d I a  4- CsHd%Oa (T. N. B.), 
CuHpsNiOs: C, 63.56; H,  6.00; N, 9.27. Found: C, 
04.16, 64.10; H, 5.75, 5.75; N,9.18, 9.34. 

Isolation of Hydrocarbon WI or XIV.-The procedure 
is the same as that described for the isolation of hydro- 
carbon X. The first experiments were done with the pure 
trinitrobenzolates of the hydrocarbons obtained from each 
acid. Each was found to have a rotation of 0" in absolute 
ethanol or benzene. 

Anal. Calcd. for C I ~ H ~ :  C, 90.65; H, 9.35. Found: 
C, 90.23, 90.64; H, 9.30, 9.35. 

Dehydrogenation of Hydrocarbon XIII or XIV.-The 
same procedure was used as in the section on the dehydro- 
genation of the free acids. The trinitrobenzolate of 
pimanthrene, m. p. 15&160", was isolated in good yield. 

summary 
The positions of the vinyl group and of the en- 

docyclic double bond of dextropimaric acid have 
been established, hence the structure of the acid 
completed. 

The structure of isodextropimaric acid has been 
determined and the stereoisomerism of the two 
acids demonstrated. 
WILMINGTON, DELAWARE RECRIVBD~~ AUGUST 12. 1947 

( 1  1) Original manuscript received August 9. 1946. 
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Streptomyces Antibiotics. XVI. The Structures of bis-Desoxystreptose, 
Dihydrodesoxystreptose and Tetraacetyl-bis-desoxystreptobiosamine 

BY NORMAN G. BRINK, FREDERICK A. KUEHL, JR., EDWIN H. FLY" AND KARL FOLKERS 

Treatment o:f ethyl tetraacetylthiostreptobios- 
aminide diethyl mercapta1,lJ I, with Raney nickel 
catalyst gave tetraacetyl-bis-desoxystreptobiosam- 
ine, I1 , and tetraacetyldesoxystreptobiosamine, 
111. Acid hydrolysis of tetraacetyl-bis-desoxy- 
streptobiosamine yielded N-methyl-L-glucosam- 
ine,' IV, and bis-desoxystreptose, a 3,4-dihydroxy- 
2,3-dimethyltetrahydrof~ran,~ V. Details of these 
investigations and an account of the analogous 
degradation of pentaacetyldihydrodesoxystrepto- 
biosaminess6 to dihydrodesoxystreptose are de- 
scribed herein. 

When a solution of ethyl tetraacetylthiostrepto- 
biosaminide diethyl mercaptal in 70% ethanol was 
refluxed in the presence of Raney nickel catalyst 
(not freshly prepared) and the products of the re- 
action were chromatographed on alumina, two 
compounds were isolated. The f i s t  crystalline 
fractions from the chromatogram consisted of tet- 
raacetyl-bis-desoxystreptobiosamine, m. p. 159- 
160°, [alZ6~ - 85'. The second product melted 
a t  166-167', - 810, and was isolated from 

(1) Kuehl, Flynn, Brink and Folk-, TEIS JOURNAL, 66, 2096 

(2) Hooper, Klemm, Polglase and Wolfrom, ibid., 66, 2120 (1946). 
(3) Kuehl. Flynn, Holly, Modngo and Folkers. ibid., 66, 536 

(4) Brink, Kuehl, Plynn and Folken, ibid., 68,2405 (1946). 
(5) Brink, Kuehl, Flynn and Folkers. ibid., 66, 2557 (1948). 
(6) Lemieux, Polglase, DeWalt and Wolfrom, ibid., 68, 2747 

(1946). 

(1948). 

(1948). 

later fractions. It differed by the presence of one 
additional oxygen atom, and was designated tet- 
raacetyldesoxystreptobiosamine. A mixture of 
the two compounds did not give a mixed melting- 
point depression, and the close correspondence of 
their physical properties added to the difficulties 
of separation. The bis-desoxy derivative was un- 
changed by acetylation treatment, but the desoxy 
derivative on acetylation gave a pentaacetyl de- 
rivative, VI, which melted a t  l 11-112'. The pen- 
taacetyldesoxystreptobiosamine was considerably 
more soluble than either of the tetraacetates. 
This observation was of value for the purification 
of tetraacetyl-bis-desoxystreptobiosamine, because 
after acetylation it could be separated readily 
from pentaacetyldesoxystreptobiosamine by re- 
crystallization. Crude tetraacetyldesoxystrepto- 
biosamine was purified by repeated chromatog- 
raphy. 

The conversion of tetraacetyldesoxystreptobios- 
amine to pentaacetyldesoxystreptobiosamine in- 
dicated that the additional oxygen atom in the 
desoxy compound was present as a hydroxyl 
group, and it seemed likely that this group had 
been introduced by hydrolysis which competed 
with the hydrogenolysis during the treatment with 
Raney nickel catalyst. In support of this inter- 
pretation was the observation that when the re- 
action was carried out with Raney nickel catalyst 
which had been prepared immediately before use, 
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the yield of the bis-desoxy derivative was greatly 
increased and no appreciable amount of the desoxy 
derivative could be isolated. Tetraacetyldesoxy- 
streptobiosamine gave a precipitate with 2,4- 
dinitrophenylhydrazine and reacted with one mole 
of hydroxylamine, as determined acidimetrically .' 
Treatment of tetraacetyldesoxystreptobiosamine 
with methanol containing hydrogen chloride, fol- 
lowed by reacetylation, gave crystalline methyl 
tetraacetyldesoxystreptobiosaminide, VII. These 
observations establish that the hydroxyl group in 
tetraacetyldesoxystreptobiosamine is glycosidic, 
rather than alcoholic, and that this hydroxyl 
group marks the location of the thioglycosidic 
ethylmercapto group in the original ethyl thio- 
streptobiosaminide diethyl mercaptal. 

The partial deacetylation of tetraacetyl-bis-des- 
oxystreptobiosamine with methanolic ammonia 
to N-acetyl-bis-desoxystreptobiosamine has been 
described.' In like manner, N-acetyldesoxystrep- 
tobiosamine was prepared from tetraacetyldesoxy- 
streptobiosamine. Kuhn-Roth determinations 
on both of these N-acetyl derivatives indicated 
the presence of three C-methyl groups. In each 
case, the N-acetyl group accounted for one C- 
methyl group, and another C-methyl group was 
known to be present in the streptobiosamine skele- 
ton.5 Hence, an additional C-methyl group had 
been introduced during the hydrogenolysis reac- 
tion. 

When the infrared spectrum of a sample of tet- 
raacetyl-bis-desoxystreptobiosamine, which had 
been purified by reacetylation and recrystalliza- 
tion and carefully dried, was determined a t  high 
concentration (ca. 5oyO) in tetrachloroethane 
solution, a well-defined absorption band at 2.85 p 
(-OH region) was observed. Further, in a Zere- 
witinoff determination, the compound gave one 

(7) Bryant and Smith, THIS JOURNAL, 67, 57 (1935). 

mole of methane. The presence in the 
bis-desoxy derivative of a free hydroxyl 
group, resistant to acetylation, was indi- 
cated. Tetraacetyl-bis-desoxystrepto- 
biosamine was stable to chromic acid in 
90% acetic acid solution. In view of 
the resistance of this hydroxyl group to 
acetylation and its stability to chromic 
acid, it was presumed to be tertiary. 

When a solution of pure tetraacetyl- 
bis-desoxystreptobiosamine in 5'% sul- 
furic acid was refluxed for six hours, and 
the acid solution then extracted continu- 
ously with chloroform, the chloroform ex- 
tract yielded crystalline bis-desoxystrep- 
tose, C~Hu03. From the sulfuric acid 
solution after chloroform extraction, N- 
methyl-L-glucosamine was isolated as the 
pentaacetyl derivative. 

Bis-desoxystreptose melted a t  90-91 O 

and was dextrorotatory. Kuhn-Roth 
determinations showed the presence of 
two C-methyl groups. No carbonyl group 

could be detected in the compound. That two 
of the three oxygen atoms were present as hy- 
droxyl groups was demonstrated by the prepara- 
tion of a bis-fi-nitrobenzoate. Bis-desoxystrep- 
tose reacted with one mole of periodic acid, from 
which it followed that the two hydroxyl groups 
were on adjacent carbon atoms. The periodic 
acid cleavage product was characterized as a 
dicarbonyl compound of formula C6HI0O3 by 
conversion to the crystalline bis-p-nitrophenylhy- 
drazone. 

Three structures (VIII, IX and X) were to be 
considered for bis-desoxystreptose. Structure 
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VI11 seemed to be unlikely, because it did not 
contain a tertiary hydroxyl group. In order to 
decide which of these three structures was cor- 
rect, the reactions of the periodic acid cleavage 
product CaHlo03 were studied. 

Compounds of structures IX and X on treat- 
ment with periodic acid should yield products XI 
and XII, respectively; and these in turn, being 
ethers of a-hydroxy carbonyl compounds, should 
be readily hydrolyzed by acid, as shown. Further, 
treatment of the acid hydrolysis products with 
excess hydrazines would be expected to give osa- 
zones of biacetyl (XIII) and osazones of pyruval- 
dehyde (XIV), respectively. A similar degrada- 
tion of a compound of structure VI11 would also 
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be expected to yield osazones of pyruvaldehyde 
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Bis-desoxystreptose was allowed to react with 

one mole of periodic acid, the inorganic products 
were removed, and the solution was warmed 
briefly on the steam-bath with 50% acetic acid 
to effect the hydrolysis of the dicarbonyl com- 
pound. Portions of the hot solution were then 
added to solutions of phenylhydrazine, p-nitro- 
phenylhydrazine and p-bromophenylhydrazine in 
hot dilute acetic acid. In each case, the corre- 
sponding osazone of biacetyl (XIII) was ob- 
tained. The products were identified by compari- 
son with authentic specimens and, in the case of 
the phenyl compound, by oxidation to 5,6-di- 
methyl-2,3-diphenyI0satetrazine.~ These results 
show that the structure of bis-desoxystreptose is as 
represented by formula IX and that the com- 
pound is a 3,4-dihydroxy-2,3-dimethyltetrahydro- 
furan. 

The acidity of a dilute boric acid solution was 
strongly increased by the addition of a slight ex- 
cess of bis-desoxystreptose. The formation of 
such an acidic complex with boric acid indicates 
that the two hydroxyl groups are in the cis configu- 
rati0n.O The isolation of the phenylosazone of 4- 
desoxy-L-erythrose from streptobiosamine1° 

(8) H. V. Pechmane, Bn. ,  P i ,  2751 (1888). 
(9) Btieseken, Rcc. frau. chim., 40, 553 (1921). 
(10) Fried, Willz dnd Wintersteiner, THIS JOURNAL, 68, 2746 

(1946). 

showed that carbon atom five of the tetrahydro- 
furan ring of streptose possessed the L-configura- 
tion. Bis-desoxystreptose is thus a 3,4-dihydroxy- 
2,3-dimethyltetrahydrofuran having a configura- 
tion XV or XVI. 
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In tetraacetyl-bis-desoxystreptobiosamine, the 
presence of a free tertiary hydroxyl group re- 
quires that N-methyl-L-glucosamine be attached 
through the secondary hydroxy group of tbe bis- 
desoxystreptose. That the two portions of the 
disaccharide are linked glycosidically through the 
aldehydic carbon atom of the methylamino hexose 
has already been established. 1,2, 

When N-acetyl-bis-desoxystreptobiosamine was 
treated with an excess of sodium periodate in 
aqueous solution, one mole of oxidant was rap- 
idly consumed, the reaction then proceding more 
slowly. At  the time that one mole of periodate 
had reacted, a potentiometric titration of the re- 
action solution showed the presence of 0.25 mole 
of a weak acid, presumably acetic acid formed by 
partial deacetylation. No formic acid could be 
detected. In another experiment, N-acetyl-bis- 
desoxystreptobiosamine was oxidized with ex- 
actly one mole of sodium periodate. No formd- 
dehyde could be isolated from the reaction solu- 
tion. The rapid primary reaction of the disac- 
charide with one mole of periodate without the 
formation of either formaldehyde or formic acid 
is consistent only with a pyranose ring structure 
for the N-methyl-L-glucosamine moiety. 

The structure of tetraacetyl-bis-desoxystrepto- 
biosamine, on the basis of this evidence, is repre- 
sented by formula XVII. 

HLU 
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AeOCH 
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I 
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Since carbon atom four (structure XVII) has 
been shown to have the L-configuration,lO strep- 
tose is an L-sugar by definition. 
Tetraacetyldesoxystreptobiosarnine, on the 

basis of this evidence, is represented by formula 
XVIII.4J1 Since the free hydroxyl group is gly- 

(11) Kuchl, Flynn, Brink and Folken, ibid., 8, 2679 (1946). 
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cosidic, it  must be located either at carbon atom 
one or four; from the structure of ethyl tetraacet- 
ylthiostreptobiosaminide diethyl mercaptal," it 
is evident that the group is a t  carbon atom one. 

It can be seen that in bis-desoxystreptose the 
methyl group adjacent to the tertiary hydroxyl 
group must have been the one formed during the 
hydrogenolysis reaction. However, it  was felt 
that a direct proof of this, and consequently of 
the position of the original streptomycin aldehyde 
group, would be of interest. For this reason, the 
hydrolysis of pentaacetyldihydrodesoxystrepto- 
biosamineb.6 was studied. 
Pentaacetyldihydrodesoxystreptobiosamine was 

hydrolyzed with acid under conditions used for 
the cleavage of tetraacetyl-bisdesoxystreptobios- 
amine, but in this case the products could not be 
separated by chloroform extraction. Treatment 
of the neutralized acid hydrolysate with ion-ex- 
change resins served, however, to remove N- 
methyl-L-glucosamine, and crystalline dihydrodes- 
oxystreptose, GHI~O,, was isolated from the elu- 
ates, Dihydrodesoxystreptose consumed two 
moles of periodate with the liberation of one equiv- 
alent of an acid. One equivalent of formaldehyde 
was also formed upon periodate cleavage as dem- 
onstrated by the isolation of the dimedone deriva- 
tive. These results are consistent with the struc- 
ture XIX of dihydrodesoxystreptose, and support 

T-CHS 1 

I H ~ O H  
0 

I 
CHI 

XIX 
the previously assigned position of the linkage of 
streptidine to streptobiosamine. 

Experimental 
Tetrucetyl-bir-deroxystreptobioMunine (11) and Tetra- 

acetylderoxystreptobioramine (III).-A solution of 10 g. 
of ethyl thiostreptobiosaminide diethyl mercaptal hydro- 
chloride in 20 ml. of pyridine was cooled in an ice-bath, 
and 16 ml. of acetic anhydride was added. The mixture 
was allowed to warm slowly to room temperature and 
stand overnight. Water was added to  decompose the 
excess acetic anhydride, and the solution was concentrated 
in vacuo to 8 sirup which was dissolved in chloroform. 
The chloroform solution was washed with water, 5% 

sulfuric acid, and twice with water. The chlomfmn 
was removed under reduced pressure and 12.6 g. (95%) 
of crude tetraacetate remained. 

A solution of the tetraacetate in 1.4 1. of 70% ethanol 
was refluxed for one and one-half hours in the presence of 
350 g. of Raney nickel catalyst which had been prepared 
some weeks previously. The nickel was removed by cen- 
trifugation and washed repeatedly with portions of hot 
methanol. The combined supernatant and washings were 
concentrated under reduced pressure to a volume of about 
150 ml. The organic material was removed by extraction 
with chloroform. The chloroform was distilled in vacuo 
giving 9.3 g. of oily residue. This oil was dissolved in 265 
ml. of a 78% benzene-22yo petroleum ether mixture, and 
the solution was poured on a column which was prepared 
with 91 g. of acid-washed alumina and petroleum ether. 
The material was eluted by solvents and solvent mixtures 
of increasing polarity. Details of the chromatographic 
separation are shown in Table I. 

TABLE I 

PRODUCTS 
CEROBMTOGRAPBIC &PARATION OF HYDROGENOLYSIS 

Frsc- 
tion 

Prod- 
ucts." M. p., 
mg. "C. Solvents 

I 78% Bc112ent22% petroleum ether (285 Oil 

I1 100% Benzene (120 ml.) Oil 
111 80% Benzene2O% chloroform (120 ml.) Oil 
IV 80% BenzencQO% chloroform (120 ml.) 273 166-159 
V 40% BenzcntSO% chloroform (120 ml.) 967 168-180 

VI 20% Benzent-80% chloroform (120 ml.) 717 161-186 
724 162-164 VI1 100% Chloroform (120 ml.) 

VI11 50% Chloroform-SO% antone (480 ml.) 1460 166-167 
Yields and melting points refer to material crystallized 

from ether and recrystallized from chloroform-zther. 

Fractions IV and V consisted of nearly pure tetraacetyl- 
bis-desoxystreptobiosamine. For final puriftcation, 980 
mg. of this material was reacetylated with pyridine and 
acetic anhydride. The product was worked up in the 
usual manner and crystallized from a chloroform-ether 
mixture, giving 846 mg., m. p. 158-180°. Tworecrystal- 
lizations of this product from chloroform-ether gave pure 
tetraacetyl-bis-desoxystreptobiosamine, m. p. 159-160 *, 
[ a ] " D  -85" (c, 1.0 in chloroform). 

A n d .  Calcd. for C1gH~tNO~(CHOCO)~: C, 53.04; H, 
7.00; N, 2.95; 0-acetyl, 27.2. Found: C, 52.98; H, 
6.75; N, 2.87; 0-acetyl, 27.7." 

In a Zerewitinoff determination carried out in anisole 
solution at room temperature on a sample dried in a 
weighing pig, 0.94 mole of methane was liberated from 
tetraacetyl-bisdxystreptobiosamine. 

In tetrachloroethane solution a t  ordinary concentration 
(10-15%), tetraacetyl-bis-desoxystreptobiosamine showed 
absorption of 5.75 p (ester) and 6.12 p (disubstituted 
amide). However, a very concentrated solution (about 
50%) showed a strong absorption band a t  2.85 p (hy- 
droxyl group region). 

Fractions VI and VI1 contained mixtures of tetraacetyl- 
bis-desoxystreptobiosamine and tetraacetyldesoxystrepto- 
biosamine. These mixtures could not be separated by 
crystallization methods, but rechromatographing on 
alumina afforded some further separation. 

Fraction VI11 appeared to  be pure tetraacetyldesoxy- 
streptobiosamine. Its properties could not be changed 
by recrystallization, nor did repeated chromatography 
give material of higher melting point. A sample for 
analysis was recrystallized from ether containing a small 
amount of chloroform. I t  melted a t  166-167', and had 
a specific rotation of ( a ) " ~  -81' (c.  1.04 in chloroform). 

Anal. W c d .  for ClrH~1NO,(CHgCO)~: C, 51.32; 
(12) Determined by the method of Runr and Hudson, TRIS 

ml.) 

Joonniu, 48,1982 (1926). 
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lI ,6.77; N,2.55; CH8C0,35.0. Found: C,51.29; H, 
6.94; N, 2.81; CHaCO, 33.6. 

There was no appreciable lowering of the melting point 
of a mixture of the two pure products. The desoxy com- 
pound (m. p. 166-167") admixed with the p-desoxy 
compound (m. p. 159-160") melted a t  162-165 . 

Improved Preparation of Tetraacetyl-bis-desorptrepto- 
biosamine (II).-The acetylation product of 4.0 g. of 
ethyl thiostreptobiosaminide diethyl mercaptal hydro- 
chloride was treated with Raney nickel catalyst exactly 
as described above, except that the catalyst was prepared 
immediately before use. The reaction products were 
isolated and chromatographed on alumina as in the previ- 
ous example. The crystalline fractions were recrystallized 
separately from chloroform-ether. The lowest melting 
fraction melted at t53-156 '; the highest melting fraction 
melted a t  158-160 . The total weight of the recrystal- 
lized fractions was 1.91 g. They were combined and 
reacetylated, yielding 1.46 g. (33%) of tetraacetyl-bis- 
desoxystreptobiosamine, m. p. 157-159". 

In subsequent preparations, it was found that the 
chromatographic analysis of the reduction products could 
be omitted if freshly prepared Raney nickel catalyst had 
been used. The total organic material from the reduction 
was reacetylated and once recrystallized. This consist- 
ently afforded essentially pure tetraacetyl-bis-desoxystrep- 
tobiosamine in yields of 30-3570. 
N-Acety1desoxystreptobiosamine.-A solution of 212 

mg. of tetraacetyldesoxystreptobiosamine in 8 ml. of 
methanol was cooled in an ice-bath and saturated with an- 
hydrous ammonia. The solution was allowed to warm 
gradually to room temperature, and after two hours the 
solvent was removed in  vacuo. The residue was dissolved 
in 10 ml. of water and the aqueous solution extracted 
with three 5-ml. portions of chloroform to remove acet- 
amide. The aqueous solution was concentrated to dry- 
ness, the product dissolved in 1 ml. of isopropyl alcohol, 
and 15 ml. of chloroform added. The resulting gel was 
warmed gently, giving an oil which crystallized 07 stand- 
ing. The product, 122 mg., melted at 224-226 . Pure 
N-acetyldesoxystreptobiosamine, m. p. 224-225", was 
obtained by recrystallization from chloroform-methanol 
mixtures. 

Anal. Calcd. For Cl~Hp4N08(CH&O) : C, 49.30; H, 
7.45; N, 3%; (ZH8C0, 11.7; C-methyl, 8.2 (2 moles) 
12.3 (3 moles). Found: C. 49.34; H, 7.20; N, 4.19; 
CHsCO, 10.8; C-methyl, 9.8 (2.4 moles). 
Pentaacetyldesoxystreptobiosamine (VI) .-One hun- 

dred milligrams of tetraacetyldesoxystreptobiosamine 
was acetylated overnight at room temperature with 1 ml. 
of acetic anhydride in 5 ml. of pyridine. The solvents were 
removed in uacuo and the residue was dissolved in ether. 
The solution depositet 40 mg. of needle-like crystals on 
standing, m. p. 60-63 . Several recrystallizations of the 
product from ether gave p t re  pentaacetyldesoxystrepto- 
biosamine, m. p. 111-112 , [a ]* 'D  -132" (6, 0.62 in 
chloroform). 

A n d .  Calcd. for C~~HaNO8(CH&O)': C, 51.78; H, 
6.61; N, 2.63; CH8C0, 40.2. Found: C, 51.90; H, 

Methyl Tetraacetyldesoxystreptobiosaminlde (VU) .- 
A solution of 200 mg. of tetraacetyldesoxystreptobios- 
amine in 5 ml. of absolute methanol containing 1% of 
hydrogen chloride was allowed to  stand overnight at room 
temperature. The solvent was removed in vacuo and 
benzene was added and distilled. The residue was 
evacuated on the oil pump for two hours and was then 
dissolved in 3 ml. of pyridine; cooled to 0", and treated 
with 2 ml. of acetic anhydride. After standing overnight 
at room temperature, the acetylation mixture was treated 
in the usual manner, giving a colorless oil. This oil was 
dissolved in ether containing a small amount of chloro- 
form. On standing for three hour? the solution deposited 
crystals; 68 mg., m. p. 152-165 . Recrystallization of 
the product from a small volume of c:ld methanol gave 
25 mg. of material, m. p. 176-180 . The combined 
mother liquors were chromatographed on 3 g. of alumina. 

6.56; X, 2.99; CHaCO, 36.0. 

An additional 36 mg. of crystalline material, m. p. 177- 
181 "and 172-175 " (two fractions), was eluted by benzene- 
chloroform mixtures. The two highest melting fractions 
were recrystallized from methanol yielding pure methgl 
tetraacetyldesoxystreptobiosaminide; m. p. 179-180.5 , 
[a] 1 6 ~  - 129" (6, 0.925 in chloroform). 

Anal. Calcd. for ClaH~NO,(CHaO) (CHSCO)~: C, 
52.27; H,6.98; N,2.77; CH80,6.1. Found: C, 52.21; 
H. 6.87: N. 2.65: CHIO. 5.0. 

Vol&etric Determinatkn of Carbonyl in Tetraacetyl- 
desoxystreptobio8nmhamine.-Siity-seven milligrams (0.136 
millimole) of tetraacetyldesoxystreptobiosamine, m. p. 
165-167 O, was added to a dilute alcohol solution containing 
pyridine, brom phenol blue, and an excess of hydroxyl- 
amine hydrochloride. After the solution had stood over- 
night, titration with 0.105 N sodium hydroxide in 90% 
methanol according to the method of Bryant and Smith' 
required 1.27 ml. to match the color of a blank prepared 
with hydroxylamine hydrochloride, pyridine, and brom 
phenol blue. This amount corresponded to 0.133 milli- 
mole of pyridine hydrochloride formed, or 0.98 mole of 
carbonyl function in the compound tested. 

Treatment of Tetraacetyl-bis-desoxystreptobioeamine 
with Chromic Acid.-Twenty-seven milligrams of tetra- 
acetyl-bis-desoxystreptobiosamine, m. p. 159-160", was 
dissolved in 0.5 ml: of acetic acid and treated with a solu- 
tion of 14 mg. of chromic anhydride in 0.6 ml. of 80% 
acetic acid. After two hours at room temperature, no 
appreciable color change could be detected. The chromic 
acid was then reduced with methanol. The solution 
yielded 18 mg. of crystals, m. p. 155-158". Recrystal- 
lization of this material from a chloroform-ether mixture 
gave pure starting material, m. p. and mixed m. p. 159- 
160O. 

bis-Desoxyatreptose (3,4-Dihydroxy-2,3-dimethyltetra- 
hydrofuran) (!!).-A solution of 1.52 g. of tetraacetyl- 
bis-desoxystreptobiosamine in 95 ml. of 5% sulfuric acid 
was refluxed for six hours. The solution was then ex- 
tracted continuously with chloroform for six hours. The 
chloroform solution was shaken with solid sodium bicar- 
bonate, filtered, and the chloroform distilled, leaving a 
mixture of crystals and red tar. The crystalline material 
sublimed readily at 50-60" and lo-' mm. pressure. The 
sublimate was recrystallized from an ether-petroleum ether 
mixturebgiving 98 mg. (22%) of needle-like crystals, m. p. 
90-90.5 . After recrystallization of this material from 
ether-petroleum e t h y  and from ether, the product melted 
constantly at 96-91 ; [a]"D +32" (6, 0.975 in chloro- 
form); [cx]'~D +21" (c,  1.02in water). 

Anal. Calcd. for CeH120~: C, 54.52; H, 9.16; 2 C- 
methyl, 22.7; mol. wt., 132. 
C-methyl, 19.4; mol. wt., 141 (ebullioscopic in carbon 
tetrachloride). 

In tetrachloroethane solution, bis-desoxystreptose 
showed 3 p (-OH group) absorption in the infrared; 
no carbonyl absorption could be detected. The com- 
pound did not react with a solution of 2,4-dinitrophenyl- 
hydrazine hydrochloride, nor was it affected by treatment 
with hydroxylamine hydrochloride in the presence of 
pyridine. 

The pure bisdesoxystreptose did not reduce Tollens 
reagent in the cold. Fehling solution was not reduced, 
even when boiled for several minutes. 

Big-p-nitrobenzoate of Bis-desoxystreptose .?ixty mil- 
ligrams of bis-desoxy&eptose, m. p. 89-91 , was con- 
verted to the bis-p-nitrobenzoate by treatment with a 
large excess of p-nitrobenzoyl chloride in pyridine solu- 
tion. The crude crystalline product (89 me.) was re- 
crystaBized from ether. and then tTice from methanol, 
giving the pure ester, nl. p. 141-142 . 

Found: C, 54.63; H, 8.93; ' 

Anal. Calcd. for CWHI~N~&: C, 55.81; H, 4.22; N, 
6.51. Found: C,55.58; H,4.00; N,6.72. 
H drolysis of Tetraacetyl-bis-desoxystre tobi * e 

to Jentaacetgl-N-methyl+ lucosamine an8 N-TL 
L-glucosamine Hydrochlori%e.-The 5% sulfuric acid 
solutiqn from the hydrolysis of 1.52 g. of tetraacetylbis- 
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desoxystreptobiosamine, after continuous chloroform 
extraction to  remove the bisdesoxystreptose, was neu- 
tralized with barium carbonate and the filtrate concen- 
trated to dryness. A solution of the residue in 10 ml. of 
concentrated hydrochloric acid was refluxed for two hours, 
and the hydrolysis mixture was twice extracted with 
chloroform. The aqueous solution was concentrated to 
dryness in vacuo and the product acetylated. Three 
recrystallizations of the crude acetylated product from 
chloroform-et her mixtures gave 707 mg. of centaacetyl-N- 
methyl-L-glucosamine,S m. p. 16C-160.5 . Hydrolysis 
of the pentaacetyl derivative with 10% hydrochloric acid 
gave 330 mg. of crude product,* m. p. 151-155' (dec.), 
and recrystallization gave the pure N-methyl-L-glucos- 
amine hydrochloride, m. p. 161-165' (dec.), [a]ss,! -103' 
(four minutes) -c 88.5" (twelve hours, constant) in aque- 
ous solution (c, 0.61). 

Periodic Acid Oxidation of Bis-desoxvstreDtose. bis- 
p-Nitrophenylhydrazone of Oxidation hoduct  C!HloOs 
(Glycolic Aldehyde Ether of Acetoin) .-To a solution of 
30.3 mg. of bis-desoxystreptose in 2 ml. of dioxane was 
added 2.19 ml. (1.0 equivalent) of a 0.105 M solution of 
periodic acid in 90% dioxane. A white crystalline pre- 
cipitate of iodic acid appeared immediately. After one 
hour at room temperature, the precipitate was removed 
by centrifugation and washed twice with dioxane. To 
the combined supernatant and washings was added drop- 
wise 0.1 N barium hydroxide until the solution was neu- 
tral. The small precipitate was removed and the filtrate 
concentrated in vacuo t o  a sirup. A solution of the sirup 
in 1 ml. of 50% acetic acid was added to a solution of 73 
mg. of p-nitrophenylhydrazine in 1 ml. of 50% acetic 
acid. An orange crystalline precipitate formed and was 
centrifuged and washed with warm 50% acetic acid. The 
crude product, 55 mg., melted at 188-193". Two re- 
crystallizations of the product from alcohol gave tiny 
orange needle-like crystals, m. p. 204-206* (dec.). 

Anal. Calcd. for ClsH~oN60~: C, 53.99; H, 5.04; N, 
20.99. Found: C, 53.95; H,4.92; N,21.42. 

Hydrolysis of the Oxidation Ppoduct CsH100~ (Glycolic 
Aldehyde Ether of Acetoin). Preparation of Phenyl- 
osazone of Biacety1.-The freshly isolated product from 
the periodic acid cleavage of 37.6 mg. of bisdesoxystrep- 
tose was dissolved in 1.5 ml. of 50% acetic acid and the 
solution was heated in the steam-bath for ten minutes. 
The solution was then added to a hot solution of 0:15 ml. 
of phenylhydrazine in 2 ml. of 50% acetic acid, gi%g a 
clear light brown solution. A crystalline precipitate 
began to form after about two minutes at 95-100". The 
heating was continued in the steam-bath for one-half hour, 
after which the hot solution was centrifuged and the pre- 
cipitate washed with dilute acetic acid, twice with water, 
and once with ethanol. The product, light tan, feather? 
needle-like crystals, weighed 28 mg., m. p. 226-237 . 
Two recrystallizations of this material from ethanol- 
pyricine (10: 1) gave material melting constantly at 247- 
249 . A mixture of this product and an authentic 
sample of the phenylyazone of biacetylta (m. p. 246-250") 
melted at 246.5-250 . 

Anal. Calcd. for C16HlsNd: C, 72.15; H, 6.81; N, 
21.04. Found: C,71.65; H,6.69; N,21.34. 
5,6-Dimethyl-2,3-diphenylosatetra&e.-A solution of 

21 mg. of sodium dichromate in 1 ml. of 20% acetic acid 
was added to 22 mg. of the phenylosazone isolated from 
the hydrolysis of the dicarbonyl compound CsHlo01 
The suspensian was heated a t  100" for one hour. The 
mixture was cooled and the precipitate separated and 
washed with water and ethanol. Recrystallization of the 
material from 1 ml. of acetone gave red crystals; 14 mg., 
m. p. 153-155" (dec.). No depression of melting point 
was observed when this product was mixed with an  
authentic sample of 5,6-dimethyl-2,3-diphenylosatetra- 
zine8 of m. p. 151-155". 

p-Bromophenylosazone of Biacety1.-The hydrolysis 
products of the glycolic aldehyde ether of acetoin gave, 

(13) Neuberg and Reinfurth, Biockcm. Z., l l S ,  663 (1923). 

with excess $-bromophenylhydrazine hydrochloride in 
hot 50% acetic acid solution containing sodium acetate, 
a crystalline compound which melted, after recrystalliza- 
tion from chloroform, at 210-215 " (dec.). Similar treat- 
ment of an authentic sample of biacetyl gave crystals of 
m. p. 212-216" (dec.). A mixture of the "natural" and 
synthetic products melted at 208-215". 

p-Nitrophenylosazone of Biacety1.-In a manner similar 
to that described for the preparation of the phenylosazone, 
a p-nitrophenylosazone of biacetyl was prepared. After 
two recrystallizations from pyridine, the product melted 
at 312-316" (dec.), .varying somewhat with the rate of 
heating. Melting points of 316'i4 and 326'1s are re- 
ported for the p-nitrophenylosazone of biacetyl. 

Anal. Calcd. for C1dhN6O4: C, 53.93; H, 4.53; N, 
23.59. Found: C, 53.82; H.4.39: N.23.77. 

Bis-desoxystreptose-Boric Acid Complex.-The acidity 
of an aqueous boric acid solution was greatly increased by 
the addition of a small molecular excess of the 3,4-di- 
hydroxy-2,3-dimethyltetrahydrofutsn. When the solu*- 
tion was titrated with alkali, the general region of binding 
was a t  about pH 7.5, instead of at about pH 9, as is the 
case with boric acid alone. 

Periodate Oxidation of N-Acetyl-bis-desoxystrepto- 
biosamine.-To a solution of 36.3 mg. (0.104 millimole) 
of N-acetyl-bis-desoxystreptobiosamine in water was 
added 3.00 ml. of 0.0955 M sodium periodate solution, 
and water was added to  make exactly 10 ml. of solution. 
The course of the reaction was followed by withdrawing 
1 .00-ml. aliquot portions, adding sodium bicarbonate and 
potassium iodide, and titrating the iodine with standard 
arsenite solution. The results are presented in Table 11. 
After one and eight-tenths hours, a portion of the reaction 
solution was titrated with alkali. There was found to  be 
present 0.25 equivalent of a weak acid (pK 4.8), apparently 
acetic acid, since the pK of acetic acid is 4.85, while that 
of formic acid is 3.8. 

TULE I1 
TITRATION RESULTS 

Time, hours Periodate consumed, equivalents 
0 0 
0.10 0.21 
0.50 0.53 
1.36 1.08 
2.25 1.17 

A solution of 99.8 mg. (0.286 millimole) of N-acetyl- 
bis-desoxystreptobiosamine in 3 ml. of 0.07 A4 phosphate 
buffer (pH 7) was treated with 61 mg. (0.286 millimole) 
of sodium periodate. After one and one-half hours, all 
of the periodate had been consumed. Water was added 
to  a volume of 16 ml., and 10 ml. of the solution was dis- 
tilled into 5 ml. of a saturated solution of 2,4-dinitro- 
phenylhydrazine in 2 N hydrochloric acid. Centrifuga- 
tion of the mixture gave 4 mg. of a gummy orange solid. 
I n  a control experiment, two-thirds of a solution of 9 mg. 
of formaldehyde in 15 ml. of very dilute PH 7 phosphate 
bufFer was distilled into 2,4-dinitrophenylhydrazine hydro- 
chloride solution, yielding 24 mg. of yellow, crystalline 
formaldehyde 2,4dinitrophenylhydrazone. 

Dihydrodesoxystreptose (XIX) .-Nine-tenths gram of 
pentaacetyldihydrodesoxystreptobiosamine was dissolved 
in 75 ml. of 5% sulfuric acid and the solution was 
rehxed for eight hours. It was then neutralized by 
stirring with barium carbonate, filtered, and the filtrate 
(pH 8) concentrated in  YUCUO to a volume of 15 ml. This 
solution was passed over a column of 17 g. of freshly 
regenerated and washed Amberlite IR-100. The first 
10 ml. of eluate was discarded. Washing was continued 
with water until 65 ml. of eluate had been collected. The 
eluate was concentrated in  vacuo to a volume of 12 ml., 
and passed over a column of 5 g. of Amberlite IR-4B. 

(14) Hirsch, ibid., 181, 184 (1922). 
(15) Neuberg and Kobel, ;bid., 160, 265 (1925). 
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The column was washed with water. In all, 30 ml. of 
eluate was collected and lyophilized. 

The solid product was triturated with boiling chloroform, 
and the chloroform solution filtered. Concentration of the 
filtrate to a small volume gave crystals which were filtered 
and washed with cold chloroform. The yield of crystal- 
line product, m. p. 75-77', was 35 mg. Recrystallization 
of the product from chFoform gave pure dihydrodesoxy- 
streptose, m. p. 78-79 . 

Anal.  Calcd. for CBHIZO~: C, 48.64; H,  8.17. Found: 
C, 48.53; H, 7.96. 

Periodate Oxidation of Dihydrodesoxystreptose.-A 
solution of 15.2 mg. (0.102 millimole) of dihydrodesoxy- 
streptose and 55.3 mg. (0.259 millimole) of sodium perio- 
date in 10 ml. of water was allowed to stand a t  room tem- 
perature for one hour. Titrations of aliquot portions 
showed the presence of 0.047 millimole of periodate and 
of 0.098 millimole of acid, corresponding to a consumption 
of 2.07 equivalents of periodate with formation of 0.96 
equivalent of acid. 

In another experiment, 6.7 mg. of dihydrodesoxystrep- 
tose in 2 ml. of water containing 14 mg. of sodium bi- 
carbonate was oxidized with 19.3 mg. (2 equivalents) of 
sodium periodate. After one hour, no periodate could 
be detected, and a solution of 81 mg. of dimedone in 2 
ml. of ethanol was added. The crystalline precipitate 
which formed rapidly was collected, washed with 50% 
ethanol andodried. It weighed 11.6 mg. (88%) and melted 
a t  182-189 . One recrystallization of this material from 
dilute ethanol gave pure dimedone-formaldehydeo con- 
densation product, m. p. and mixed m. p. 191-194 . 
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Summary 
Treatment of ethyl tetraacetylthiostreptobios- 

aminide diethyl mercaptal with Raney nickel 
catalyst has given two products, tetraacetyl-bis- 
desoxystreptobiosamine and tetraacetyldesoxy- 
streptobiosamine. 

The additional oxygen atom of the desoxy com- 
pound is present as a glycosidic hydroxyl group. 
Tetraacetyldesoxystreptobiosamine was charac- 
terized by the preparation of N-acetyldesoxy- 
streptobiosamine, pentaacetyldesoxystreptobios- 
amine and methyl tetraacetyldesoxystreptobios- 
aminide. 

Acid hydrolysis of tetraacetyl-bis-desosystrep- 
tobiosamine yielded N-methyl-L-glucosamine and 
bis-desoxystreptose. 

Bis-desoxystreptose has been determined by 
periodic acid oxidation studies to be a 3,4-dihy- 
droxy-2,3-dirnethyltetrahydrofuran. The two hy- 
droxyl groups of bis-desoxystreptose appear to be 
in a cis configuration. The structure of tetra- 
acetyl-bis-desoxystreptobiosamine is given. 
Pentaacetyldihydrodesoxystreptobiosamine was 

hydrolyzed with acid to give dihydrodesoxystrep- 
tose. The periodate degradation of dihydrodes- 
oxystreptose to yield formaldehyde and an acid 
was in agreement with the proposed structure of 
this product, and offered further evidence for the 
position of the linkage of streptidine to strepto- 
biosamine. 
RAHWAY, N. J. RECEIVED FEBRUARY 11, 1948 
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Alkaloids of Dichroa Febrifuga Lour. 
1 3 ~  FREDERICK A. KUEHL, JR., CLAUDE F. SPENCER AND KARL FOLKERS 

The tests on extracts of about six hundred 
plants have shown that several plants possess in- 
teresting unknown principles which exibit anti- 
malarial activity.' Of those plants containing ac- 
tive principles which were investigated, Dichroa 
febrifugu Lour. was particularly interesting be- 
cause of the high antimalarial activity of the al- 
kaloidal fraction isolated from it. Extractions 
were made on dried roots, stems and leaves of the 
plant obtained from both India and China. Un- 
fortunately, the samples of Dichrou febrifugullour. 
from India, the material available when most of 
this work was done, contained only about one- 
tenth of the alkaloidal fraction present in the Chi- 
nese samples. 

A number of extraction procedures was investi- 
gated. The best yields of the alkaloidal fraction 
from the Chinese root material were 0.1 to 0.15%. 
The yield of alkaloids from stem and leaf material 
was invariably much lower. 

(1) Spencer, Konioaty, Rogers, Shovel, Easton, Kactka, Kuehl, 
Phillips, Walti and Folkerr, Lloydia, 10, 145 (1947). 

Nothing crystallized directly from the crude 
alkaloidal fraction. A solution of this material 
and oxalic acid, however, gave a characteristic 
crystalline oxalate: which represented more than 
75% of the antimalarial activity of the crude 
fraction. The yield of crude oxalate was 0.05% 
from the Chmese root sample and 0.005% from 
the Indian root sample. The recrystallized ox- 
alate, m. p. ut. 212-214' (dec.), (a)%, +IS0 (c, 
1.5 in water), had a composition which was in 
agreement with the formula ( C ~ ~ H ~ ~ N ~ O ~ ) Z ' C Z H ~ O ~ .  

When a sample of a recrystallized oxalate was 
converted to the free base, two different crystal- 
line alkaloids appeared which were not separated 
satisfactorily by crystallization. Chromatography 
of the mixture over alumina gave crystalline alka- 
loid I, m. p. 131-132', (a)"D +31° (c, 1.5 in eth- 
anol), ( C Y ) ~ ~ D  4-120' (c, 0.8 in chloroform) and 
the properties of this alkaloid were not changed 
after repeated crystallization. The results of ana- 
lytical data, potentiometric titration and ebullio- 
scopic molecular weight determination were in- 


