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Abstract From cultures of .Swepom,p-cs curu-WI. a chlormc contaming glycosidic antibiotic. named 
curamycin, has been lsolatcd. Curamycin on acid hydrolysis yields a crystalline product, curacin. 
and a mixture of monosaccharldcs. Curacm. which contains all of the chlorine of curamycin. is 
the ester of dlchloroisoevcrnimc actd (3.5-dichloro-4-hydroxy-f+mcthoxy-2-mcthyl-benro~c acid) with 
a di-desoxyaldose C,H,,O,, uho.w structure has not as ye1 bwn cstablishcd. Three other mono- 
saccharides are presenr. IWO of u hlch could be ldentlficd as I -1yxose and 4-0-methyl-u-fucose. 

FROM the culture broth of a new Strcptomyccs species, S. curocoi, isolated from a soil 
sample collected in the Province of La Pampa, Argentina, a chlorine containing anti- 
biotic, named by us curamycin. has been isolated in crystalline form. Analysis 
revealed the composition C s3 ast(,, J&O,,. 33. It gave a strong positive Molisch 
test for carbohydrates, the Fchling reaction being negative. 

Curamycin inhibits the growth of S. uureus in a concentration of O-125 mgjml and 
was found to be stable at ptl 7, much less so at pH 9.5 and very unstable at pH 2.0. 

Curamycin. which is insoluble in sodium carbonate solution, contains one phenolic 
group that is responsible for its ready solubility in 0.1 N sodium hydroxide. It does 
not give a color reaction with ferric chloride, but gives a positive test with Millon’s 
reagent. With diazomcthanc, a monomcthyl curamycin is formed which is insoluble 
in strong alkalies and gives a negative test with Milton’s reagent. The activity against 
S. 4ureus has also been lost. 

When curamycin is heated at 100 with O-l N hydrochloric acid for 30 min. a 
product, rcprcsenting 26 per cent in weight of the antibiotic, precipitates in crystalline 
condition, while a partially hydrolyzed mixture of carbohydrates remains in solution. 

1 he crystalline product, which has been named curacin, contains all the chlorine 
and the phcnolic group of curamycin and has the composition C,6H,,C110,. Curacin 
has a pK tcs 7.55 and is soluble in sodium hydrogen carbonate. When curacin is 
treated with diazomethane, a mono mcthylcuracin is produced which fails to give the 
Millon reaction and is insoluble in 0.1 N sodium hydroxide. 

Curacin has been found to be an ester of an aromatic acid CBH,CI,O,, identified as 
dichloroisoeverninic acid (I), with a carbohydrate-like substance, which is responsible 
for the positive Molisch, I:ehling and iodoform tcs~s. The reaction with tetrazolium 
saialts is negative. 

The ester linkage of dichloroisoeverninic acid to the carbohydrate is very sensitive 
to alkali. Treatment of curacin with aqueous 0.1 N sodium hydroxide at 100” for 
5 min or for 24 hr at room tempcraturc hydrolyzes the ester and dichloroisocvcrninic 
acid can be obtained in quantitative yield by acidification and extraction with cthcr. 

lb 
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The aqueous solution containing the carbohydrate failed to yield any recognizable 
products. 

This hydrolysis can be followed very easily by U.V.-spectrophotometry, because 
curacin in 0.1 N sodium hydroxide, exhibits in its U.V.-spectrum an intense peak at 
294 rnp (F 78OO), which after 24 hr at room temperature has shifted to 300 rnp (E 4700). 
the absorption characteristic of dichloroisocveminic acid under the same conditions. 

(Anax 300 m/l ; F 4750) (Fig. I). 

240 260 280 300 mp 

FIG. I. U.V.-Spcclra in 0.1 N sodium hydroxide. 
-. . -.-. Curacm (After 6 min) 

. .C’uracin (After 24 hr) 
-._. - D~rhloroirocvcrnin~c acid. 

It is interesting to note that the hydroxamic acid test for esters is negative with 
curacin and mcthyl-curacin, but this seems to be the rule with heavily substituted 
benzoic acids.’ 

Curamycin in 96 per cent ethanol shows &x 284 rnp (E:,% 9.9) and from this 
figure and the identity of absorption of curacin in the same solvent (A,,, 284 rnp. 
E 7400) (Fig. 2). a molecular weight of about 1360 can be calculated for the antibiotic, 
in fair agreement with that obtained from analytical and degradation data. From the 
U.V. spectra of curamycin and curacin it is evident that the dichloroisoeverninic acid 
is the only chromophoric group present. 

If from curacin, C,,H,,CI,O,, the dichloroisoevcminic acid residue, CIH,CI,Os, is 

’ F. M. Dean, 1. <‘. Robcrls and A. Robertson. J. C‘km. Sot. 1432 (1954). 
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deducted, there remains a residue C,H,,O,, that corresponds to the carbohydrate 
component. This moiety has not yet been isolated either as such or in form of a 
derivative, as it is decomposed during the alkaline hydrolysis. The formula C,H,,O, 
and the positive iodoform test indicate that the carbohydrate-like compound is a di- 
desoxyaldohexose containing the grouping (CH,-CHOH-_). That it is an aldose follows 
from the fact that curacin contains a carbonyl group (semicarbazonc, p-tosyl-hydra- 
zone and dinitrophenylhydrazonc) which can be titrated as an aldehydc according to 
Willstatter- Schiidcl. 

E ‘E 1Y. 
lcm 

. I . 

240 260 280 300 mp 

FIO. 2. U.V.-Spectra in 96 % ethanol. 

Curamycin (talc. E:,9C,) 

. . . . . . . . . . Curacin 
-.-.-.-.-.-.- D~chloroisocveminic acid. 

This carbonyl group can be reduced with sodium borohydridc. In the resulting 
dihydrocuracin the ester linkage is more stable than in curacin. It is necessary to boil 
dihydrocuracin with 0.1 N sodium hydroxide for 100 min. to effect complete hydro- 
lysis, whereas 5 min boiling suffices in the case of curacin. 

Curacin on acetylation yields a tri-acetyl derivative. Since one of the acetyl groups 

must reside on the phenolic group of the dichloroisoeverninic acid residue, two 
acylatable hydroxyl groups must be present in the carbohydrate compound. One of 
these must be hemiacetalic because triacetylcuracin does not give an immediate 
positive Fchling reaction. This is also in agreement with the fact that curacin and 
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mcthyl-curacin, in contradiction to dihydrocuracin and triacetylcuracin, show 
mutarotation. 

Since neither curacin nor dihydrocuracin consume periodic acid under the usual 
conditions of oxidation, it is clear that the two non-phenolic hydroxyls present in 
curacin are not located at vicinal carbon atoms. Furthermore structures in which the 
carbon atom next to the carbonyl contains a free hydroxyl group are excluded by these 
results. 

In the solid state curacin seems to have at least in part an aldehyde structure as its 
IR-spectrum in potassium bromide shows a band at 1730 cm 1 (ester carbonyl) as 
well as one at 1709 cm l that can only be attributed to an aldchydo group. 
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That the aromatic acid, CIH8CI,0,, obtained from curacin, was dichloroisoever- 
ninic acid followed from its conversion by catalytic reduction, with Raney-Nickel as 
catalyst, to isoeverninic acid (II), which was identified by direct comparison with an 
authentic sample. Dichloroisoeverninic acid could also be obtained by treatment of 

curamycin with alkali. 
Alkaline hydrolysis of methylcuracin and methyl-curamycin furnished dichloro-O- 

dimethylorsellinic acid (III), which could be also prepared by the action of diazo- 
methane on dichloro-isoeverninic acid and subsequent saponification. 

Dichloroisocveminic acid has not been found in nature in the free state. A pattern 

of substitution similar to that of dichloroisoevcrninic acid is found in one of the 
benzene rings of some natural occurring dcpsidones, such as the chlorine containing 
compounds from lichens gangaleodine. diploicinti and vicanicir? and in the anti- 
biotics of the nidulin group. l In both cases, the carboxyl contributes to the formation 

of a depside and the otrho hydroxyl participates in ether formation with a phenyl 
group, instead of with methyl as in isoeverninic acid. 

From these data, a preliminary partial structure for curacin (IV) can be deduced. 
It is based in the reasonable hypothesis that the aldehydo group, by enhancing the 
electrophilic activity of the carbonyl of the dichloroisoeveminic acid residue, facilitates 
the hydrolysis of curacin by alkali and that the absence of this group in dihydrocuracin 

’ T. J. Nolan and J. Keane. froc. Roy. Sot. nub/in 22,199 (1940); V. E. Davison. J. Kcanc and T. J. Nolan. 
/bid. 2.3, 143 (1Y43); T. J. Nolan, J. Algrr. E. McCann. W. A. Manahan and N. Nolan, Ibrd. U, 
3lY (lY48). 

* S. Neclakantan. T. R. Scshadrl and S. S. Subramanlan. Trrrohrdron Lrrrrrr No. 9. I (19S9). 
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is cause of its greater resistance to hydrolysis. The grouping (C*H,OH) may or may 
not be branched, the only condition being that the two remaining hydroxyls cannot be 
located at neighboring carbon atoms and that the terminal methyl adjoins a carbon 
carrying a hydroxyl group (iodoform test). Hcmiacctal formation between the 
carbonyl and one of the hydroxyls as cxcmplihcd in V will explain the mutarrotation. 

It is doubtful that curacin contains a 2-dcoxy aldosc sugar, because the Dischc and 
the xanthydrol reactions are negative, although the possibility that this is due to 
constitutional features in the molecule cannot be dismissed. 

When the material remaining in solution after the separation of curacin from the 
hydrolysis of curamycin was subjected to further treatment with 0.1 N hydrochloric 
acid and then to paper chromatography, the presence of three different substances 
which reacted with the usual carbohydrate reagents could be demonstrated. Preparative 
separation of the three components could be effected by chromatography on a cellulose 
column. 

The substance first eluted from the column could not be crystallized, either as 
such or in form of derivatives and was set aside for future work. As it gives some 
carbohydrate reactions, it is provisionally dcsignatcd sugar I. The component in the 
following cluate crystallized readily and was found to be the unknown CO-methyl-r>- 
fucose (VII) named by us D-curacosc. 

The sugar cluted with the last fractions was only obtained as a syrup. It was 
identified as I.-lyxose (VI) by the observation that it gave an osazone m.p. 163”. 
identical with L-xylosazone, which when mixed with r>-xylosazone melted at 205”. the 
m.p. reported for r>t_-xylosazone. The p-bromophcnylhydrazonc had the same m.p. 
and rotation, except for the opposite sign, as the derivative from I>-lyxosc. The 
behavior of the sugar on ionophorcsis was identical to that of II-lyxose and different 
from the other pentoscs. 

This is the first time that L-lyxosc (VI) has been found in a natural product, al- 
though other sugars configurationally analogous to it have been isolated from certain 

antibiotics. Streptose, oxystreptose and novobiose have three asymmetric carbon 
atoms corresponding sterically to the three central carbon atoms of r.-lyxose. 
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The sugar C,H,,O, having intermediate mobility contained one C-methyl and one 
methoxy group. When it was treated with hydrobromic acid according to Hough 
er ai.’ and the reaction products were submitted to paper chromatography, a faint 
spot with an R, identical to that of L-fucose was observed. When larger amounts of 
curacose became available a fully methylated derivative could be prepared. This 
crystalline compound was found identical, except for the sign of rotation, with 
a-methyl-2,3,4-O-trimethyl-t.-fucosidc. prepared from t.-fucosc in the same manner. 

’ L. Hough. J. K. N. Jones and W. tl. Wadman, / Chcm. Sot. 1702 (1950). 
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‘This confirmed that D-curacose was an 0-methyl-D-fucose. The known 2- and 
3-O-methyl ethers of D- and r.-fucose differ from curacox in their m.p.s and rotation 
(Table 1) and behavior on paper chromatography. D-Curacose is not 5-O-mcthyl- 

D-fucose, because the mcthylatcd methyl glycoside prepared from it has a pyranose 
structure, and it follows that it must be 4-0-methyl-I>-fucose (VII). 

Another methyl ether of D-fucose found in nature is the well known digitalosc 
(3-0-methyl-t>-fucose), but the Cmethyl-ether has never been isolated before. It is 
interesting also to note that the methylation of the 4-hydroxyl group could not be 
cffccted by Gardincr and Percival5 by incomplete mcthylation of methyl-a+-fuco- 
pyranosidc. 

When curacose is oxidized with an cxccss of sodium periodate at pH 3.6, the con- 
sumption of the reagent is completed in 2 hr with 2 moles of periodic acid reduced and 
one molt of formic acid produced. This xcms lo be a case similar lo the oxidation of 
I.-fucosc described by Hough er a1.O who found that the sugar consumed rapidly 3 
molts of the reagent, forming a rather stable formyl ester of lactaldehydc. In our case 
a 3-formyl ester of 2-0-methyl-r>-threose (VIII) should be formed, which explains why 
only 1 mole of formic acid is detected. 

Curacosc is dcxtrorotatory and does not mutarotate. It is interesting that all the 
known ethers of D-fucosc are dextrorotatory (Table 1). 

TARI~ I. MowO-MEIHYI. F.lIlERF OF D- A?GD I -f~:cobt! 
-._- 

SUhtilIMXS M.p. Ill0 (1i,O) ! Rcfcrc~ 
_._ _ .__ _-- . --.. __ . .-- - --.-- ..-- . _.-_,__ 
2-0-Me[hyl-I)-fucosc 15s ; 161’ . 73’> ., 87’ 
20Mc~hyl-1 -fucosc 151 R7.2’ ;: 

3-O-Methyl-r>-fucox (o-du$talosc) 119 ; 1M’ ’ 
3-O-Mcrhyl-1:fucosc I I09 ; 110 -97’ I I 
4-0-Methyl-rbfucosc (twurxosc) 131”; 132’ I 82‘ 

D II. R. MacPh,llamy and R. C. F.ldcrfield, 1. Orr. Chrm. 4. I50 (1939). 
h J. Ct. <;ardmcr and E. Percival. /. Chem. Sot. 1414 (1958). 
c J. D. Lamb and S. Smith. /. Chrm. Sot. 442 (1936). 

It is evident that in curamycin, the curacin moiety (IV) is linked glycosidically to 
an oligosaccharide of a molecular weight about 1000, formed by several molecules of 
L-lyxose, txuracose and sugar 1. 11 does not reduce Fehling reagent and hcncc cannot 
contain a free carbonyl group. Schematically curamycin structure can be represented 
shown in V. where nt, n and p arc the number of molecules of each individual sugar 
prcscnt in the oligosaccharidc. 

EXPF.RIMENTAL 

Ups arc not corrcckd. pK&s wcrc dckrmincd in mcthylccllosolvc-water (80:20 by weight). 

Sfrqxomrces curu-coi was grown In a medium containing 3 t: (by weight) of co(lon seed meal, 

5 “,A corn starch. 0,015 “/, prolcm hydrolyzatc, 0.5 Y/i sodium chloride. 0.2 “/A calcium carbonate and 
waler added IO complclc 100 parts in volume. 

Ten ken of harvested broth. with a conlent of I55 mg of curamycin per Ilkr (based on biological 

potency). wcrc adjusted lo pll 9.5 with 4032 sodium hydroxide solution, 900 g filter aid added, the 

’ J. <i. Gardincr and E. Percival. /. Chrm. Sot. 1416 (1958). 
* I.. Hough. T. J. Taylor. G. H. S. Thomas and B. M. Woods. J. Chem. Sot. 1213 (1958). 
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mycclmm lillcrcd and the cake washed with 1 hter of waler three tunes. The fil~rnte and washings 
wcrc adjuslcd to pH 7.0 with 107; hydrcshloric acid and cxtrac~cd twice with 25&l ml ofethyl acelate, 
Ihc actrviIy passmg inIo the solvent. The cxIrac~s vvcrc conccnIraIcd in vacuum IO 500 ml, Ihe con- 
anIraIc was washed with 250 ml waIcr. Aflcr addiIion of 5 g of dccolorizmg charcoal added IO the 
ethyl acemtc layer and lilIraIion, the solution was concentmtcd IO 30 ml. On standing overnight al 
5’. the curamycin prccipimtcd III cryslallinc form (930 mg. m.p. 196198’). II was rccrysIallirrd by 
dissolving it in a minimum amount of boilmg ethanol (98>:) and adding after cooling four volumes 
of pclrolcum ether (b.p. 69 -72’) and one volume of absolurc cIhyl ether (m.p. 198”). For analysis 
Ihc malcrial was rccrystallircd scvcral times from isopropyl alcohol and Ihcn from ethyl acctatc. 
Nccdlcs. m.p. I98-, [Z]O -. 5.3’ (c. 1; chloroform); 5.0’ (c. 1.0; pyridine); no mutarrotatron. 
2 .m.X 284 m/t. F.::’ 9.9. pK& 7.48 (Found: C. 48.85, 49.12: H. 6.45. 6.49; Cl, 4.67, 5.05: 
OCH,. 885; (CJ CH,, 9.38. C,,ll&I,O,, (1301) rcquircs C, 48.89; H. 6 30; Cl, 5.45; 4OCl1,. 
9.53; 8 (GUI,, 9.22. C,,H,,CI,O,,(IUS) rcquircs C.48.89; H. 6.30; Cl, 5 45; 4OCH,, 9.53: 8(C) 
CH,, 9,22C,-fl,CI,O,(l345)~qui~C. 49X)6; H. 6.38; Cl. 5.27; 4OCH,. 8.W; 8 (C)Cl{,. WO”,). 

Curamycin is cas~ly soluble in acelonc, chloroform, accIic acid and pyridmc; k?is so in mcrhanol. 
ethanol. isopropyl alcohol and butyl acctarc: almosI insoluble in waIcr. cthcr and bentcnc. Curamv- 
cm gives a positive Molisch. anthronc and furfural rcaclions: Fchling and Tollcns ICSIS arc ncgativc. 
II gives a posmvc Millon’s test for phenols. alrhough other phenolrc rcacI~ons arc ncgaIivc (Fohn. 
ferric chlorrdc). A posnivc iodoform test is obIamcd. 

Mrrh~l curamycin 

Three hundred milligrams of curamycm were dissolved in a mixture of 7 ml ethanol and 7 ml 
crhyl accIaIc. An cxccu of diacnmethanc in ether was added and the solution left at 5 ’ for 72 hr. 
The solvents were then cvaporrfcd IO dryness and the solid, partially crystalline. miduc, was rc- 
crysrallrred from 5 ml ethanol. 283 mg of methyl rurumycin wcrc collcctcd by filIration. Nccdlcs. 
m.p. 224”. unchanged by further crystalliation. (& - 6.6 (c. 1.21. pyridioe). The substance was 
purified for analysis by repeated rccrystallirirtion from bcnrcnc. (Found: C, 49.97. 50.37; H. 6.45. 
6.34; Cl. 5.50, 5.33: OCH,. 11.59. C,,H,,CI,O,, (1315) requires: C. 49.26: H, 6.38; Cl, 5.39; 
SOCH,, 11.78. C,.H,,Cl,O,, (1359) requires: C. 4944; H. 6.47; Cl. 5.22; SOCH,. 1140:.). 

lclcrhyl curamycin is cas~ly soluble in acetone. chloroform, a&c acid. pyridinc and cIhcr and 
Icss solubk in mcIhanol, ethanol. with a low solubilny in bcnzcnc. II gives Ihc same rcacrions as 
curamycin. cxccpt for the IMillon’s rcacIion. which is ncgarivc. 

.UtM ucid hydrolysis uf curumycin 

(a) C’urucin. One gmm of curamycin was suspended in 100 ml 0.1 N hydrochloric acid and the 
solurion was hcaIcd in a boiling waIcr bath. with good agitation. for W min. The sohd dissolved 
slowly and when the hearing was finished. a clear, IighI yellow soluIion was obtamcd. II was filtered 
hor IO climinatc a very small amounl of insoluble dark producrs. On cooling a crystalline prccipiIaIc 
began IO nppr that after sIanding overnight at 5. was filtered. Yield: 267 mg. m.p. 138-140’. 
RccrysIalhrcd xvcml Iimr- from chloroform, irregular plates. m.p. 145”, [XII) .: 41.3 - _ 21 3 
(20 hr) (c. 1.0. pyridinc). pK;cs 7.55. (Found: C, 45.77, 45.78; 11, 5.15. 4.85; Cl. 17.93. 18.28; 
OCH,. 8.13; (C)Cl{,. 10.87; CHO. 096. C,,iI,.CI,O: rcquircs: C. 45.33; 11. 4.53; Cl, 17.88: 
IOCH,. 7.83: 2 (QCH,. 7.559;). 

Curdcm is very soluble in methanol. ethanol and acelone; less so in chloroform and benxnc. 
sparingly solublc’in cIhy1 crhcr and waIcr. II is soluble in sodium hydrogen carbonale solution. 
II gtvcs 3 positive Mohsch. Tollcns. Fchling. Millon and Folan (phenol) rcacIion and a positive 
iodoform test. The ferric chloride tcsl is negative. 

(b) Curbohydrur~frucfion. The mother hquors from Ihc filtration of cuncin, which give a sIrong 
,Molisch and Fchling rest. wcrc trcatcd with Ambcrlitc IR 4B unril 1hc soluIion was free of chlormc 
ions, conccnIrJtcd in vacuum IO a small volume and frccrr dried. 658 mg of a ~Ircous yellow product 
wcrc obtained and employed in the work described funhcr below. 

.Utvhylcurucin 

500 mg of cuncin wcrc suspended in IO ml cIhyl ether and Ircatcd wiIh an excess of diazomcrhanc 
in cIhcr. After 24 hr Ihc ckar.soluIion was cvap&Icd and a fresh solulion of diazomcthanc added. 
The glassy res~duc obtained on cvaporalion crystallized by dissolving it in 3 ml of dry bcnrcnc 
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(m.p. I 1X-l 19’). For analysis it was rccrystallir.cd first from bcn~nc and then from water. m.p. 
118 119’: (x), ,t 56’ + .t 4s” (5 hr) (c. 1.0 pyridine). d,, 284 m/l (E 570) in ethanol. (Found: 
C. 48.15; H. 520; Cl, 17.52; OCIT,. 15.12. C,,H,Cl,O, requires: C, 48.60; H. 5.08; Cl, 17.97; 

2OCH,, 15.77%). 
Methyl cuncin is very soluble in ether. chloroform; less in methanol, ethanol. benzene; soluble in 

boiling water. poorly soluble in cold water. Mellon and Folin reactions arc mgattvc. The Molisch. 
Fchlmg and Tolkns tests arc pos~t~vc. It behaves as 3 neutral product, consuming no alkali when 
titrated m 50:: ethanol. It is insoluble in 0.1 N sodium hydroxide. 

Curacin scmirarbazonc 

One hundred milligrams of cuncin were suspended in 5 ml of a water solution containing 500 mg 
scmtcarbazitk hydrochloride and 750 mg sodium acctatc. By heating at 80“. curacin dissolves in 
about IS mm. On coohng a crystallure precipitate appeared that was filtered and rcctystallizcd from 
ethanol (prisms. m.p. 168’). It IS soluble in saturated sodium hydrogen carbonate solution. (Found: 
C. 44.13, 44.08; 11. 4.87. 4.88; Cl, 16.13; N. 9.37. 9.47. C,,II,,CI,N,O, requires: C, 43.83; 
Il. 4.79; Cl. 16.21; N, 958:Q. 

Curacin p-,osylh,rJraronc 

Fi\c hundred milligrams of curacin and SO0 mg of p-tosylhydraridc wcrc suspended in 30 ml 
ethanol and rclluxcd for 30 min. A clear solution was obtained that on cooling yielded long needles, 
that wcrc filtered and rcctystallucd from methanol, m.p. 176’. It is soluble in 0.1 sodium hydroxide. 
insoluble in sodium hydrogen carbonate and sodtum carbonate. (Found: C. 47.72; N. 4.83; 
Cl, 12.85; N. 5 59; S, 6.08. C,,H,,CI,N,O,S requires: C. 48.05; H. 4.91; Cl, 12.93; N, 5.10; 
s, 584”‘.) 0 

Curuon dinitrophenylhydraridc 

Twenty milligrams of curacin were treated with the usual acidic dtnitrophcnyl hydrarinc~thanol 
reagent and heated in a boiling water bath for 2 min. On cooling. a gummy precipitate was formed, 
whtch when separated and treated with SO’% ethanol, solid&d. On rccrystalliration from 70% 
ethanol yellow needles were obtamcd. m.p. 2022U3”. Soluble in 0.1 N sodium hydroxide. insolubk 
in so&urn carbonate. (Found: C, 44.63; H. 3.97; N. 10.53. C,,H,,Cl,N,O,, requires: C, 4490; 
H, 3%); ;v, 9.98:;). 

Dihydrocurocin 

Two hundred miUigmms of cumcin wctc dissolved in 20 ml of water containing 200 mg of sodium 
borohydridc. After 20 min the solution was aciditia! to pH 2 with 5 N hydrochloric acid and 
cxtnctcd four times with IO ml of ethyl ether. The ether was well washed and evaporated to dryness. 
giving 170 mg of a vitreous solid. It was dissolved in boiling butyl ether and on standing at room 
tcmpcnturc and scratching, irregular prisms wcrc collected. After rcctystalliration from hot butyl 
ether. the m p. was 9&93*. [a]: .-- ! 17.6 (c. I.0 pyridinc. no mutarrotation). &..x 284 rnp (c 1330). 
(Found: C, 47.17; 11, 5.34; Cl, 18.19. C,,H,CI,O, requires: C, 4699; 11, 5.25; Cl, 18,53:/A.) 

Triucefylcuracin 

A solution of Roe mg of cuncin in 40 ml pyridinc and 32 ml acetic anhydridc was boiled for 5 
min. After cooling the solution was poured into 308 ml of ice-water. The resulting gummy precipitate 
solidified on addition of fresh cold water. The solid was then collcctcd and well dried, (560 mg). 
On digestion with a few ml of dry cthcr it crystallized. On three rccrystalli7ations from the minimum 
amount of boiling ethanol 4tlO mg of small short prisms wcrc obtained, m.p. 193-194’. [x]D + 15.8 
(r. 1 0 pyridtnc). No change in rotation was detected in 24 hr. rl,.. 284 my (c 905) in ethanol. 
(Found: C. 49.71; H. 4.71; Cl, 13.77; CHICO, 2646. C,,H,,Cl,O,(COCH,), requires: C, 49.70; 
H, 4.14; Cl, l4GO; 3CH,CO. 2544). 

Alkaline hy&olysis of curacin. Dichioroisomvrninic acid (I) 

One hundred milligrams of curacin were dissolved in 6 ml of @l N sodium hydroxide solution 
and left for 24 hr at room temperature. After standing, the ckar brown yellow solution was acidified 
to pIl 2 wcth 2 N hydrochloric acid and extracted 3 times with 3 ml of ethyl ether. On evaporation 
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of the clher a crystalline residue was obtained which when rcqstallircd from boiling water (Darco) 
gave 30 mg of prisms, m.p. 129-130’, unchanged by further crystalliraIIon. kIDu 284 mlc (e 1270) in 
clhanol. pK& 5.47; 9.51. (Found: C. 43.30; H, 3.36; Cl. 28.58; OCH,. 1260. C,H,CI,O, 
rcquircs: C. 43.15; 11. 3.26; Cl. 28.37; IOCH,. 12.35?/;.) 

The brown soltnion remaining after Ihc extraction of dichlorolsocvcrninic acid gave a sIrong 
Fchling reaction. The same rcsul~s were obtamcd by boiling the alkaline solution of curacin for 
5 mm under nnrogen. 

Alkaline hp%olysis of dihylrocuracin 

A solution of 13 mg of hydrocuracin m 2.6 ml of 0.1 N s&ium hydroxide was bolled under 
nilrogcn. Hydrocuracin gradually dIsappeared and after 100 min lhc only acidic compound dctectcd 
was dichloroisocvcrninic acid. 

The solulion was then acidified IO pH 2 with hydrochloric acid and the dichloroisoeveminic acid 
cxrractcd with ether and idcnulicd in Ihc usual way (m.p. 129’). The aqueous solulion gave a ncgauvc 
Fchling and Molisch reaction. No cffon was made IO chamctcrire the fraction remaming in solution. 

For the control of Ihe hydrolysis. descending chromatography on Whatman No. 1 was cmploycd. 
The mobile sysrcm was Ihc upper phase of a mixture of bcnrene:accIic acid:watcr (2:2: I). For 
dcvclopmcnt a mixlure (I : I) of I ?, solurions of porassium fcrricyanide and ferric chloride was used. 

Isoeverninic acid (II) 

One hundred and sixty milligrams of dichloroisocvemnnc acid were dissolved In I2 ml of melha- 
nolic I N potassrum hydroxide solution, 5 ml of the usual Raney nickel suspension added and the solu- 
Iion was shaken with hydrogen aI 5 aim pressure for 24 hr. After fihcrmg the caralyst, the solution 
was cvaporatcd IO dryness. the miduc dIs..lved in warcr. acIdtlicd IO pll 2 and cxtmctcd with ether. 
The ether was washed wirh water and aficr drying gave on cvapuraIion 120 mg of small prisms. 
which after rcc_rysIallicaIion from water (Marco). m&cd at 176176”. This m.p. was not depressed 
on admixture of a sample of isoevcminic acid with m.p. 176 prepared by oxydation of accIyhso- 
cvcmmic aldchydc by an adapIation of the method of Robertson and Srcphcnson for cvcrninic acid.’ 

Dichlaro-O~lm~efh~~orsellinic acid (O-merh,vl-dichloraisoecerninic acid) (III) 

Tucnty milligrams of rhc acid mcltIng I29 wcrc dissolved in 4 ml of cIhyl ether and an cxccss of 
crhcrcal soluIion of diaromcthanc was added. AfIcr 48 hr sIanding m the cold. Ihc cIhcr was 
cvapntcd, and the residue rclluxcd for I.5 hr In a solurion of 2 ml of cIhanol and I.6 ml sodium 
hydroxide. The alcohol was cvaporaIcd in vacuum and the aqueous solurion washed wiIh 3 ml eIhyl 
cthcr, acrdibcd to pH 2 with 20”: hydrochloric acid and cooled. White prisms formed which wcrc 
collecicd (I4 mg). and rccrysIallizcd from pctrolcum cIher (b p. 69 72 ) gave a m.p. I35 (h’olan and 
Murphy).” gIvc m.p. I35 136 ). pK&s 4.91. (Found: C, 45.52; H, 4.02; Cl. 26.48; C,,H,,CI,O, 
rcquircs: C, 45.28; H. 3.77; Cl. 26.7t1°;). 

Dichloro-O-dimeth~ior.~eUmic acid 

(a) From methyl curoryin. F’ifIy milhgrams of methyl currmycm were suspended in 5 ml 0.1 N 
hydrochloric acid and heated in a boiling water baIh for 30 min. The antihiouc dissolves slowly 
and a gummy precipnalc appeared. AfIcr cooling, the Wi#tCr solution was decamcd and the precipiIatc 
dissolved in crhcr. The clhcrcal solulion was washed w IIh water. dried and cvapomrcd IO dryness. 
The amorphous rwduc was hcatcd at 100’ for 5 min. with 0.1 N sodium hydroxide. The solubon 
was cooled. acldilicd with hydrochloric acid and cxrraclcd wiIh crhyl ether. On cvapordlion the 
crhercal cxtrdcI gave a solid residue that was recrysIallirrd from pcrrolcum cthcr boiling 69 72 ; 
iI was ohlamed as lung prisms, m.p. 133-l 34 ‘. II gave no depression in ~hc m.p when mixed with the 

acid obtained by mcthylation of dichlorotsocvcrmmc acid. 

(h) horn methyl caracm. Methyl dichloroisoe\crninic acid was obtained by a similar alkahnc 

hydrolysis of methyl curacin. m p. 135’. 

’ A. Roherlron and R. J. SIephcnson. /. C’hrm. Ser. l38R (1932). 
l 1’. J. Nolan and I). Murphy. fror. Rq’. Ser. Dublrn 22. 315 (1940) 
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Acid hy&olysis of rhe carbohydrare fraction 

The 658 mg of freerrdricd carbohydrate contaming fraction obtained by mild acid hydrolysis of 
1 g of curamycin were dissolved in 140 ml of 0.1 N hydrochloric acid and heated in a boiling water 
barb for 3 hr. The chlorine ions were eliminated by treating batchwise with Ambcrlitc IR4B. the 
chlonne free soluIion was concentrarcd IO about 40 ml and finally freerr dried. The malcrial so ob- 
tained showed three difTerent spots in papcrgrzms. with R,‘s 0.28. 0.52 and 0.5Y (descending chroma- 
Iography, WhaIman No. 1, n-butanol :eIhanol : waler (4: 1: 5); upper phase was used as mobile phase). 

Column chromatqeraphy of the hydrolysis products 

A column of 1X :X 300 mm packed with Whatman Standard Ciradc Cellulose powder cquilibnIcd 
wiIh solvent (n-butanol:waIcr, 4O:6) was used. Crude hydrolysatc (490 mg) in 6 ml of solvcnr was 
placed on Ihc top of the column and chromatography carried ouI as usually. Fractions of about 
3 ml wcrc collccfed and analyrcd for the presence of amlinc phtalatc positive substances. Tubes 
conlaming fracrions wlIh Ihc same R, wcrc pooled. As cxpecrcd. the substance with R, 0.5Y was 
clurcd first. followed by the one wiIh R, 0.52. Fmally IhaI of R, 0.28 was obIaincd. 

The solutions were evaprarcd in vacuum, while water was added IO climinale the n-buIanol. and 
then frccrc-dr~cd. The amounts rccovcrcd wrc 141 (R, 0.59): I52 (0.52) and 123 mg (0.28). 

Iahijcarion of the substance with R, 0.2U (IS L-lyxose (VI) 

The frcc7cdricd solid was a uaIcr clear syrup IhaI could not bc crystallized. 11 reduced Fchling 
solurion and gave a posilivc Hial Itit. After several chromatographic IriaLc failed IO separale n-lyxos 
and r~xylox, it was found that lonophoresrs with 220 V on WhaIman No. 1 imprcgnatcd with 
boraIc buffer ar pH 9.6 during 4 hr. gave a spot (anihnc phtalatc) that migrated lrke n-lyxosc and 
was drffcrenr from the remaming pcntoses: 

The phcnylosazone was prepared m Ihc usual way and m&cd at 162 163” [z]? -1 Y.0“ l 41.2” 
(24 hr) (c, 0.5 pyridmc:cIhanol, I : I). 
with m.p. 182 and [z]:’ - 8.5’ l 

Mixed with a sample of I.-xylosazone prepared from I.-xylose. 
42.0’ no dcprcssion was observed. In mixlure with n-xylosazone 

of m.p. 162 ‘, Ihc m.p. was of 204-205.‘. Zcrncr and WalIuch’” reported a m.p. 205” for oL-xylosazonc. 
The p-hromophcnylhydrawne had m.p. 157-158’. IX]:,’ 30.1” l - 10.0’ (40 hr) m pyrrdine. 

Lcvcnc and Timpson” give m.p. I55 I57 and [z]t, - 34.5 - I. 10.0” (I 15 hr) for the r+isomer. 
The p-nctrophenylhydrdronc melted a1 171 ’ in agrcemcn1 with Levcnc and La Forge” who gave 

169’ for I~-lyxosc p-ni1rophcnylhydrdIone. 

l&nrijcarion of Ihc suhsroncr with R, 0.52 05 4-O-merhyl-r+furose (wcurucose) 

The frcczr-dried maIerral corresponding IO Ihc second fraclion was crysIallizcd by dissolving m 
the minimal amoun1 of isopropanol and slowly evaporating at room tcmpcnturc unItI crysrals 
appear. The suspension was cooled aI 5” overnight and crystalltition increased. The crysrals were 
filIcrcd and washed well wiIh cool isopropanol. m.p. 120-122,. On several recrysIallti;lIions from 
cIhyl accIaIe long prisms, m.p. 131-l 32 , were obtained. [z]: - 82 ‘. No muIarroIaIion was obscrvcd 
(c. I”, water). (Found: C, 46 91; If, 7.89; OCH,. 17.21. C,H,,O, requires: C, 47.19; H. 7.86; 
oCH*. 17.41.) 

I)-Curarose p-tosylh~drtxane 

FifIy milhgrdms of curdcosc and 50 mg of the hydrtidc were dissolved m 3 ml of mcIhanol and 
refluxcd for 30 min. On cooling, crystals appeared which were filrcrcd and recrysIalhzed three Iimcs 
from aceronilrrlc. Long prisms melting a~ 134 wcrc obtained [z]:: 16.0 - 3,3”(c, I :A pyridmc). 
(Found: C. 4X.20; 14, 6.34; S. X.24; S. 9.58; OCfI,. 8.98. C,,il,,S,O,S requires: C. 48.55; 
H, 6 36; N. 8 09; S, 9.24; 10 CII,, 8.95”;). 

f’criodufe oxidurion of curacose 

<‘urac~sc (X.795 mg) was dlssolvcd in 25 ml of waler, 2.5 ml of 03 M of sodturn mcIaperiodaIc 
added, Ihc volume was brought IO 50 ml with waler and the solution was allowed to stand at room 

* R. Con&n and W. M. SIantcr, .vafurr. I.und 169. 783 (1952); M. J. Crumpron. I&f. 180, 606 (1957). 
lo E. Zcrncr and R. WalIuch. Sfonafsch. Chem. 34. 1639 (1913). 
‘I P. A. Lcvcnc and R. S. TlrnPson. 1. Biol. C’hem. 115. 731 (1936). 
‘* I’. A. Lcvcnc and 1:. H 1.a Forge. 1. Biol (‘hem. II) 319 (1914). 
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tempcraturc. Aliquots wcrc taken from time to time and the consumed rncro-pcriodatc and formic 
acid produad detcrmincd. After 120 min, 1.94 moles of periodate were consumed per mole of sugar 
and 1.10 moles of formic acid wcrc titrated. A stable state was already reached at that time, because 
after 240 min the figures were 1.93 moles periodate and I.18 moles formic acid. 

a-Methyl 2,3,drri-0-~rhyl-r>-fucopyranosicic (nwfhyl-2-3-di_O-mrIhyl-~-curacosi~) 

A solution of 160 mg of CU~~COK in 9 ml absolute methanol containing 1% hydrochloric acid was 

rcfluxcd for 6 hr. After elimination of the acid with silver carbonate. the clear filtered solution was 
evaporated IO dryness and the partly crystalline rcsiduc was dissolved in 5.5 ml of dimethylformamide 
and 1.6 ml of methyl iodide. Silver oxide (I.6 g) was added slowly with vigorous stirring, that was 
continued for 40 hr.i8 The insoluble was separated and washed with dimcthylformamidc (2 x 2 ml) 
and chloroform (4 x 4 ml). The washings and the original solution wcrc pooled and washed with 
10 ml of 10:: sodium cyanide solution in water. The aqueous washing was extracted six times with 
5 ml chloroform which was added to the organic phase. Evaporation of the combined extracts 
yielded 165 mg of a syrup. This material. partly crystalline. well dried. was dissolved in 2 ml of 
warm petroleum cthcr (40-6C). On standing at 5’ for several days, crystals appeared. They were 
filtered (50 mg) and rccrystalliccd from petroleum cthcr scvcral timca. Short prisms, m.p. 9697”: 
[xl;; -1.206’ (c. I.0 water). 

When mixed with a r-methyl-2.3,~Iri-O-methyl-o-fucoside, m.p. 97“. [Z]D i 21 I’ (c. 1.0; H,O), 
prepared from u-fucosc by the method described by Gardincr and Percival’ for the r.-isomer. the 
product showed no melting point dcprcssion. When mixed with the sam-e amount of the L-isomer 
(m.p. 97’. [Z]O 202”’ a sharp m p. 69-70’ uas observed. 

Purpcr chromurqraphy of mon90-methyl-fkoses 

On descending paper chromatogmphy, employing Whatman No. I. r~uracosc had, with the 
n-butanol<thanol -water (4: 1: 5). mobile phase already described. R, 0.52 and R, 060. while 2-O- 
methyl-L-fucosc had 0.54 and 0.63 and 3-0-methyl-t.-fucosc, 0.48 and 0.56. Gardincr and Percival’ 
found with the same system 0.56 and 060 for the 2-Dmethyl isomer and for the 3-O-methyl isomer 
0.48 and 0.56. 

When bcnccne-n-butanol-pyridinc-water (1: 5:3:3) was used as mobile phase the following 
R, and R, were found: r~uracosc: 0.56 and 066; 2-0-mcthyl+fucosc: 0.62 and 0.72; 30- 
methyl-L-fucosc: 0.56 and 066. Gardincr and PcrcivaP found R, 0.63 for the 20mcthyl and 0.56 
for the 3-0-methyl+fucosc. 

Stqar I 

This amorphous solid gave a positive Molisch reaction and a weak positive Fehhng test. Bial. 
tctrazolium and iodoform reactions mrc negative. With Dische’s reagent for 2-dcoxy pcntoses, the 
reaction was a typical (brown-yellow color). 
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