
phytocbemiptry, 1966, VoL 5. pp. 1323 to 1326 PagamoaprssrLtd. PrhtediuE!n&d 
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CYANOGENESIS IN MANIOC: LINAMARIN AND 
ISOLINAMARIN 
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(Received 4 May 1966) 

Al&act-The cyanogenetic glucoside linamarin was obtained in good yield from tubers of maniac (Manihot 
esculenta Crantz) by a chromatographic procedure. From the reaction of acetobromogl- and acetone 
cyanohydrin both the 01- and p-anomers of the ghxoside of acetone cyanohydrin were obtained, and compari- 
son of the properties of natural linamarin with those of the synthetic samples established the identity of the 
natural ghuxside as the /3-anomer. The spectroscopic prope&s of the u- and @anomers are consistent 
with the con&rational assignments. 

INTRODUCTION 

IN 1906, Dunstan, Henry and Auldl isolated a cyanogenetic glycoside from tubers of maniac 
(Manihot esculentu Crane) and demonstrated that it was identical to linamarin, a cyanogenetic 
glycoside that had been isolated from flax seedlings (Linum usitutissimum L.) by Jorissen and 
Hairs.* Dunstan et al., showed that linamarin was the glucoside of acetone cyanohydrin, 
and particularly because of its resistance to hydrolysis by such a &glucosidase as emulsin, 
considered that it was an cr-glucoside.3 The latter conclusion was ~hallenged,~ however, and 
in 1919 Fischer and Angers succeeded in synthesizing hnamarin by a method that would be 
expected to afford a Bglucoside. The levorotatory properties of hnamarin and of the inter- 
mediates in its synthesis supported the view that it was a j?-glucoside. 

Although the @configuration for linamarin was thus strongly indicated, it was not 
rigorously established by the synthesis of both the a- and /I-anomers. The weak hydrolytic 
activity of almond emulsin toward linamarin has been confirmed by various workers,6 and 
because of this anomalous enzymatic behaviour, the question has remained of interest. 
Recently, Butler and co-workers6 have presented some i.r. data as additional evidence for the 
/3-cotiguration for hnamarm. However, this spectral data, which will be discussed later, is 
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not conclusive. In the present paper, the synthesis of the cr-anomer of the glucoside of 
acetone cyanohydrin (isolinamarin) and its comparison with samples of both natural and 
synthetic linamarin are reported. In this way the &configuration for the natural glucoside 
(structure I) is unequivocally demonstrated. 

RESULTS AND DISCUSSION 

Linamarin was isolated from the dried roots of “bitter” maniac by Dunstan er al.’ after 
an attempt to obtain the glucoside from imported fresh roots was unsuccessful. Purification 
of the glucoside was achieved by successive precipitations from an alcoholic solution with 
ether, a process they recognized as -‘both tedious and wasteful”. The difficulties generally 
encountered in the isolation of pure cyanogenetic glycosides have been pointed out by 
Dillemann,7 who proposed that these difficulties account for the relatively small number of 
cyanogenetic species in which identity of the glycoside has been established. Thus Fmnemore 
et a/.* isolated only 1 per cent of the calculated quantity of lotaustralin. the glucoslde of the 
cyanohydrin of methyl ethyl ketone, from dried white clover (Trifolimt repens L.). An 
improved method for the isolation of dhurrin, the glucoside ofp-hydroxq-r_-mandelonitrile, 
that includes column chromatography on cellulose has recently been described.” 

We have found that linamarin can be isolated expeditiously from tubers of maniac with 
a relatively low hydrogen cyanide content by column chromatography on silica gel, with 
chloroform-methanol as the eluting solvent. Column chromatography of the concentrate 
from an ethanolic extract, combined with treatment with activated carbon and crystal- 
lization from ethyl acetate, afforded a colorless crystalline sample of linamarin. The identity 
of this product to a sample synthesized from acetobromoglucose and ethyl a-hydroxyisobuty- 
rate as starting materials by the method of Fischer and Anger’ was demonstrated by mixed 
melting point, optical rotation, i.r. and NMR spectroscopy, and thin-layer chromatography. 

A number of approaches to the synthesis of the cr-glucoside of acetone cynnohydrin ivere 
tried and found to be unsatisfactory, apparently because of the difficulty in effecting the 
desired reactions with tertiary hydroxyl groups. Ultimately, the tetraacetate of the CC- 
glucoside, together with a small quantity of the tetraacetate of linamarin. was obtained from 
the reaction of acetobromoglucose and acetone cyanohqdrin without solvent in the presence 
of mercuric cyanide. Removal of the acetyl groups gave the a-glucoside of acetone cyan+ 
hydrin (II), isolinamarin. This anomer melted at 155-156’ and had a specific rotation of 
+ 151’, ascomparedtoameltingpoint of 143-144 rindarotationof- 2X-5- for thcp-anomer, 
linamarin. 

The NMR spectra of the cc- and &$ucosides corroborate the asslgned structures. Tile 

CH:OAc CHzOH 

+ HO-C--CHx L ----- 

OAc OH kH, 

II 
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Qanogencsis in maniac: linamam ‘n and isoliiamarin 1325 

spectra of the natural and synthetic samples of linamarin contain a doublet at 5.15 T that 
represents the anomeric proton, whereas it appears at 4.7 T in the spectrum of isolinamarin. 
Such a location of this signal at lower field is characteristic of a-glucosides.lo Further, the 
coupling constants for this doublet were found to be 7.2 c/s for linamarin and 3.2 c/s for 
isolinamarin, as would be anticipated for their respective formulations as /3- and tx-gluco- 
sideslo The NMR spectra of the tetraacetyl derivatives are also consistent with the assigned 
StlllCtureS. 

As mentioned previously, i.r. evidence for the ~-configuration of linamak has been 
reported by Butler et aL6 These investigators advanced the absence of bands at 845 f 9 cm? 
in the spectra of mixtures of linamarin and lotaustralin as evidence for the jkxmfiguration of 
the gluosides, and they proposed the presence of a band in the 891 f 7 cm-l region as support- 
ing, though inconclusive, evidence. In the 800-900 cm-i region, the spectrum of pure 
linamarin shows a peak at 872 cm-i and a weak band at 896 cm-l. The spectrum of isolina- 
marin contains a peak at 888 cm? and rather weak, though defmite, bands at 842 and 860 cm-l. 
Thus the a-anomer is difkrentiated by the presence of absorption, though rather weak, in the 
850 cm1 region, but a band at 891 f 7 cm-l does not provide evidence for the /?-configuration. 

EXPERIMENTAL 

Extraction of Maniac 

Analysis of a 90-g sample of whole tubers of Manihot escdenta, hanmted in Puerto Rico 
and transported to this Laboratory by air, by the method of Winkh~‘~ indicated a hydrogen 
cyanide content of 6.4 mg1100 g. Portions of 600 g of the whole tubers were cut into pieces 
and mixed for 2-3 min in a Waring Blendor with 1500 ml of 90 % ethanol. After the resulting 
slurry had been heated to boiling for 10 min, it was filtered, and the filter cake was washed 
with two lOO-ml portions of 90% ethanol. Concentration of the 8ltrate and washings in a 
rotary vacuum evaporator at 35-40”, followed by drying in a vacuum desiccator, afforded a 
viscous syrup. The 600-g portions yielded 20-22 g of concentrate. 

Isolation of Linamarin [2-cs-D_Gh4copyranosyloxy) Isobutyronitrile] 

A 22.3-g portion of concentrate, obtained from 600 g of Manihot, was extracted with 
170 ml of boiling methanol. The 8ltered solution was chromatographed on a column of 
500 g of silica gel (Davison Co., Baltimore 3, Md., Grade 950, 60-208 mesh) with 5 : 1 
chloroform-methanol as eluent. The fractions from the column were monitored for the 
presence of linamarin by thin-layer chromatography on plates of silica gel G (Stahl), developed 
with 5 : 1 chloroform-methanol, sprayed successively with a 2 % solution of a-naphthol in 
ethanol and with cont. sulfuric acid, and heated. The fractions containing linamsrin were 
combined in two portions. The 8rst portion was concentrated in a rotary vacuum evaporator, 
and after the concentrate had been treated with 0.8 g of Darco G-60 in methanol, it was 
rechromatographed on a column of 60 g of silica gel, again with 5 : 1 chloroform-methanol 
as eluent. The fractions containing linamarin were concentrated, and the residue was 
crystallized from 9 ml of ethyl acetate. Linamarin separated as clumps of colorless crystals; 
37.8 mg, m.p. 139-141”. 

The second portion of pooled fractions from the 500-g column, which appeared to 
contain glucose as an impurity, was similarly concentrated, treated with Darco G-60, and 

10 R. U. LEMIEUX, Ckm. Cm. 16,14 (1964). 
11 w. 0. WINKLER, J. Assoc. O@. Agr. chcmisrs 34,541 (1951). 
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rechromatographed on a column of silica gel (70 g). Crystallization from ethyl acetate gave 
146 mg of colorless crystals, m.p. 141~5-142-5”. The total weight of linamarin obtained 
(183.8 mg) represents a 52 per cent yield of the calculated quantity in the 600 g of Manihot. 
Recrystallization from ethyl acetate afforded clusters of glistening crystals: m.p. 143-144’. 
[ct]g-28.5’ (c=386, water). A synthetic sample of linamarin gave m.p. 143-144’ and 
[a]g- 27.5”. Specific rotations from - 26 to - 29” have been reported.“*’ ” 

Synthesis of Zsolinanrarbz [2-(cr-D-Glucopyranosylo.uJl) Zsobutyronitrile] 

A mixture of 5.12 g (0.0125 mole) of 2.3.4,6-tetra-0-acetyl-cr-D-glucopyranosyl bromide 
(acetobromoglucose) and 4.5 g (0.05 mole) of acetone cyanohydrin was stirred at 40-50’, 
and 3.12 g (0.0125 mole) of mercuric cyanide was added in small portions. Stirring was 
continued for 24 hr at 40-50’ and then for 24 hr at room temperature. The mixture was 
poured into 100 ml of water, and after the precipitated oil had been separated. the aqueous 
solution was extracted with ether. The oil and ether extract were combined. dried over 
anhydrous sodium sulfate, and concentrated. The resulting yellow syrup (5.94 g) was 
chromatographed on a column of 300 g of Woelm silica gel. After a small quantity of dark 
material had been removed by elution with methylene chloride. elution with ethyl ether 
afforded a yellow oil that crystallized. Recrystallization from ether yielded 710 mg of 2-(2.3, 
4. 6-terra-O-acetyl-cr-D-glucop~ranosyloxy) isobutyronitrilc as colorless crystals. m.p. 108% 
109.5’ [%]:I f24.6” (c=O*97, acetone). (Found: C, 52.02; H. 6.19: N. 3*36”.; mol. wt. by 
vapor pressure osmometer. 419. CrYH2s0r0N required: C, 52.05; H. 6.07; N, 3.3713;; 
mol. wt., 415.) For [z]g of linamarin tetraacetate in acetone Fischer and Angers report 
- 10.66, -10.81’. 

A second crystalline fraction was obtained by further elution of the silica gel column with 
ether. Recrystallization of this fraction from methanol yielded 35 mg of linamarin tetra- 
acetate, m.p. 138-139 ; lit.5 m.p. 140-141”. 

To a solution of 350 mg of isolinamarin tetraacetate in 4 ml of absolute methanol was 
added 3 mg of sodium methylate. and the solution was refluxed for 10 min. Removal of the 
solvent and crystallization of the concentrate from ethyl acetate-methanol afforded 109 mg 
of 2-(x-D-glucopyranosyloxy) isoburyronitrile as colorless crystals, m.p. 149.5-151 I. Further 
crystallization from absolute ethanol-carbon tetrachloride gave an analytical sample. m.p. 
155-156*. [0~~~+151” (c=3*05. water). (Found: C. 48.35: H. 7.04: N. 560. CloH1706N 
required : C, 48.58 : H, 6.93 : N. 5.66 s;). 

Spectra 

The NMR spectra were recorded at 60 MC on a Varian Model A-60 spectrometer. 
Deuterium oxide was used as a solvent for linamarin and isolinamarin, and carbon tetra- 
chloride was used for the acetates. Infrared spectra were determined in potassium bromide 
pellets with a Beckman Model IR-12 spectrophotometer. 
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