
REVIEW 

ISOLATION AND CHARACTERIZATION OF NATURALLY 
OCCURRING CYANOGENIC COMPOUNDS 

D. s. SEIGLER 

Department of Botany, University of Illinois. Urbana. IL. U.S.A. 

Key Word Index--Cyanogenic glycosides; pseudocydnogenic glycosides: isolation; spectral properties: review. 

Abstract- -~Thc literature dealing with the detection, isolation. purification and characterization or cyanogenic 
glycosides has been integrated with spectral and chemical data as well as other techniques (Yom our laborator) 
to establish a method for the positive identification of glycosidcs of this type. The compounds are arranged into 
biosqntheticallq related groups (those dcrivcd from I.-phenqlalanine; I -tyrosinc: L-leucine. L-valine: t.-isoleu- 
tine; those with cyclopentene rings and pseudocyanogcnic glycosides) and features of each of the above pro- 
cedures are critically reviewed and spectral data for each group preqented (IR. MS, UV and NMR). The NMR 
spectra of TMS ethers of cyanogenic glycosidcs have proven cspccially useful in chemical structure dctermina- 
tion. This information is suficicnt to nermit identification of any of the 76 known glycosidcs as well as certain 
uncharacterired ones. 

INTRODC CTION 

Many plants synthesize compounds which are cap- 
able of liberating hydrogen cyanide upon hydroly- 
sis. This ability, known as cyanogenesis, has been 
recognized for centuries in such plants as apricots. 
peaches, almonds and other important food plants. 
Each year there are frequent livestock and occa- 
sional human victims of the many and widespread 
plants with cyanogenic ability. Most cases of 
cyanide poisoning are caused by the consumption 
of plants in the Rosaceae, Leguminosae, Euphor- 
biaceae (primarily cassava) or members of the 
genus So~~hur~~ (Gramineae) [ 1). Although many 
cases of poisoning are accidental (such as children 
drinking tea made of peach leaves or cattle eating 
young sorghum seedlings), large numbers of 
people are exposed daily to low concentrations of 
cyanogenic compounds in the foods they eat [2,3]. 
Cassava flour in Nigeria may contain as much as 
35 mg of HCN in the individual’s approximate 
daily consumption (750 g), which represents 
almost one-half the lethal dose if consumed at one 
time. Although the body can detoxify relatively 
large amounts of HCN efficiently and rapidly, 
there is growing concern that certain neurological 
conditions arise from this chronic cyanide poi- 
soning [2-51. 

Two chemical types, cyanogenic glycosides and 
cyanolipids (e.g. 1 and 5, Table I) are responsible 
for this cyanophoric capability; both are deriva- 
tives of r-hydroxynitriles (cyanohydrins) and both 
liberate a carbonyl component and hydrogen 
cyanide when the sugar or the fatty acid moiety rc- 
spectively is removed. The presence of hydrogen 
cyanide is readily detected by several simple and 
reasonably specific color tests [& IO] ; these tests 
form the basis of most literature reports of cyano- 
genie plants. The isolation and characterization of 
cyanogens containing fatty acid moieties. which 
are much restricted in distribution, has been 
treated elsewhere [ 1 1, 121. 

Cyanogenic glycosides are known to occur in at 
least 800 species of plants representing 70 to 80 
families [lo]. They are known from fLingi, ferns. 
gymnosperms. both monocotyledonous and dico- 
tyledonous angiosperms and several insects. In 
general. the highest concentrations are found in 
leaves, but compounds of interest may be concen- 
trated in the roots, seeds or other plant tissues. 
Despite the fact that many plants are known to be 
cyanogenic, the structures of less than 30 such 
compounds have been reported, and the com- 
pounds responsible for activity have been studied 
in less than 50 species of plants. This is largely due 



IO D. S. SEIGLER 

Table 1. Cyanogenic compounds from plants 

A. Dericutiws of caliw. isolrucine and leucine 

CH,OH Me 

H&“;._ H&T H&+ H~~CH2~oH 

OH OH OH OH 

Linomorin ( 1 ) (RI - Lotoustrolin (2) Acocipetolin ( 3) Cordiospermin (4) 

Cyanolipids probably derived from leucine 

\ x‘ 
8 

0-C-KH;?),, Me \ 
51 F1 R 

17 1 r 

0-C-(CH,),b Ma Ms(CHI),e-C-O 0-C-(CH&Me 

NC O-C-(CH2)x Me 
f 

NC O-C-(CHz),aMa NC’ H 
?r NC H 

( 5) X = 14.16.16.20 (6) CT)* ISI* 

B. Compounds deriued from phenylalanine 

CHzOH 

f-??$” 

HO H 

“Q-&$ Hog;&% Hoqi& 

Ho HO 

HO HO OH OH OH 

(R)-Prunosin (9) (S)-Sambuniqrin ((0) CR)-Amyqdolin (11) (RI-Vicianin (12) CR)-Lucumin (13) 

Probably derived from phenylalanine 

OH OH 

CR)-Holocalin t (141 (S)-Zierin $ (15) 

C. Cowpounds deriwdfrorn tyrosine 

Hb ‘OH 

CR)-Toxiphyllin (16) 

Hb bn Hb 
“Y 

IS ) - Dhurrin ( 17 ) p-Glucosyloxymandslonitrile (161 ( R ) - Proteacin ‘tJ/’ H OH 
HO 

C(CN)-0--glUCOsyl § C(CNl-0-qk0sYl § 

Triqlochinin (20) Methyl ester of triqlochinin (21) 

D. Compounds with cyclopentrne ring structure 

CN 

HO 
Gynocordin (22) 

HO HO 

Barterin (tetraphyllin 6) (23) Daidoclin (tetraphyllin A) r (24) 
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Table 1 (contd.) 

CHzOH 
CH,OH 

0 

c 

-CH2-N=N--Me 

OH 
+ 

0 
HO H 

Ho&o~-cH~-~=N-ue 

HO 
Cycosin (25) 

Hb Hd 
Macrozomin (25) Neocycosin A (27) 

CH.OH CHzOH 

HO HO 
Neocycasin E (25) Nsocycoain E (29) 

*Not cyanogenctic. 
+ SW Ac,tu C/XVI. Scanli. 27, 2661 ( I973), and reference [611. 
$ Probably, the (Sj isomer of (R)-holocalin. 
$ The porltlon of the nitrile and the glucosyl group have not been established. The coupling constant (J 13 cps) for the two vinyl 

protons is consistent with either a cis or tram arrangement of the double bond. 
The stereochemistry of the hydroxyl group has not been established but is probably the same as in gynocardin. 

’ It has not been established that tetraphyllin A and deidaclin are identical. 
** The position of the oxygen in the azoxy group is not definitely established. 

to difficulties in isolation and purification, as well 
as the inherent instability of the aglycones of some 
upon hydrolysis. Enzymes within the plant decom- 
pose these compounds on damage to the tissues in 
which they occur. Furthermore, sugars and other 
glycosides with which they co-occur often make 
purification difficult. Only one cyanogenic com- 
pound, amygdalin [ 1 I], is commercially available 
and reference standards of most others are difficult 
to obtain. 

Because of the toxicological and chemical inter- 
cst in cyanogenesis, we have attempted to develop 
more rapid and positive methods for the identifica- 
tion of this group of compounds. Through the 
kindness of numerous investigators and work in 
our own laboratory we have obtained samples of 
many cyanogenic compounds. We have tried to 
correlate as much data as possible derived from 
these samples, our own work and the literature to 
make this goal attainable. The NMR spectra of 
TMS (trimethylsilyl) ethers of the glycosides has 
proven especially valuable in this regard. Much in- 
formation concerning the techniques of working 
with these compounds is scattered and recent 
reviews have dealt more with distribution, biosyn- 
thesis. toxicology and other aspects of this interest- 

ing group of compounds than the practicalities of 
isolation and identification. 

STRUCTURES AND PHYSICAL PROPERTIES 

The structures of 29 currently known cyano- 
genie compounds are arranged by probable bio- 
synthetic origin in Table 1, and several of their im- 
portant physical properties are summarized in 
Table 2. In general, accurate melting points and 
optical rotations can only be obtained with pure 
samples. Glycosides are often hydrated and it is 
sometimes difficult to obtain crystalline materials 
with reproducible melting points. The correspond- 
ing acetates, which are soluble in less polar sol- 
vents, can usually be readily prepared and their 
melting points are more easily reproducible. 

DETECTION. ISOLATION AND PURIFICATION 

In various isolation and purification procedures, 
it is necessary to ascertain those fractions contain- 
ing cyanogenic glycosides. This may be accom- 
plished by several techniques. One of the easiest is 
to hydrolyze a small portion of the fraction (from 



Compound 

Acacipetalin 

Amygdalin 
Barterin 

Cycasin 

Dcidaclin 

Dhurrin 

{I-Glucosyloxymande- 
lonitrile 
Gynocardin 

Holocalin 

Linamarin 

Lucumin 

Macrozamin 

Neocycasin A 
Proteacin 

Prunasin 9 

Sambunigrin 10 
Taxiphyllin 16 

Tetraphyllin A (24) 

TetraphyJlin B (23) 

Triglochinin 20 

Vicianin 12 

Zierin 15 
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Table 2. Physical properties of cyanogenic glycosidrs 

Formulae OptKzal Acetate 
NO. m.p. ( Cl rotation dcrivativcs m.p. References 

3 

11 
23 

25 

24 

17 

17&l 71 

214d 
157-158 

145m 146 

165 

[r]e -36.6 
(2. 0.25. HzO) 
[r]$” -41.9 

1110 -78 
(EtOH) 

[X]” -46.5 

(H,(J) 
yyy ; 2;)4 

L > 2 
[a];” - 62.7 

(c. @485. EtOH) 

Tetraacetate 104 

Hcptaacetate 171-172 

127-128 

Cl31 

[78.81] 
[14J 

Cl51 

Cl61 

Cl71 Pentaacetate 132-132.5 

18 
22 

14 

1 

2 

13 

26 

27 
19 

16c-164 
165-166 

_ 

[z]h” 72.9 
(c, 0.96. H,O) 

Hexaacetate 

154-155 
(impure. $ee ref. 61) 

143-144 

119-120 

129. 130 

140~141 

1X.5-124.5 

[Xl;? - 28.5 
(c, 3.86, H,O) 
[X16’ - 19.15 

(c. I. HzO) 
w-;;24 

[,I$ - 70 
(c, 0.4. H,O) 
[r]b” -35.1 

116~116~5 

Pentaacetate 

Tetraacetate 

Tetraacetate 

Hexaacetate 

Hexaacetate 

Heptaacetatc 
Octdacetate 

[981 

c21.221 

1X3-184 

1x3- 1x4 137-138 

199-200d 15s 151 

162- 163d 
102-104 

[231 

[W 251 

;‘:;; 

148-151 [XI]&” - 30.1 
(c, 0,418, H,O) 

LX];;” -76.1 
[r]g -66.7 

(c. 0.372. EtOH) 
[a];5 - 14.0 
(c. 1.0, HzO) 
[r];‘ - 35.6 
(c. 1 ,O, HzO) 
[r]l:” s + 5.5 

(c\ O-2. MeOH) 
b]s” I -X0 
(c. 0.5. H,O) 
[x]? -29.5 

Tetraacetate 

142-143 
181-183 

remelted at 
208.-209 
139-140 

151-152 
168%169d 

Tetraacetate 125-126 
Pentaacetate 144-144.8 

I16118 Tetraacetate 108-109 

169-170 Pentaacetdte 114115 

171-176 Hexaacetate 170-171 

153-156 Pentaacetate 

[28,29,78] 

[781 
Cl71 

r301 

[301 

1311 

~321 

C981 117.5-118.5 

a column, or from a paper or TLC) with enzyme. solution in methyl cellosolve. After drying, the 
acid or base and perform one of the HCN color paper is sprayed with a O.lo/ solution of fl-glucosi- 
tests [&lo]. A sandwich method for the deter- dase in phosphate buffer (pH 7.9). The paper is 
mination of cyanogenic compounds directly on then placed on a polyethylene sheet on a sponge 
paper chromatograms or cellulose TLC plates and a cover plate added. After about 30 min. the 
with picrate paper has been described [34]. plate is removed and the paper sprayed with 2’%, 
Cqanogens may also be detected on paper of cel- NaOH in water -acetone (1 : 2). The paper is then 
lulose TLC plates by spraying with a 0.1 M p- dried at 80 for a short time; cyanogenic glycosides 
nitrobenzaldehyde and @ 1 M o-dinitrobenzene appear as violet- blue spots. The limit of detection 
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is about 510,~g [3.5]. This method is somewhat 
similar to that of Bennett and Tapper [84] which 
has been widely used. 

It should be born in mind that some com- 
pounds. e.g. linamarin and lotaustralin, are hydro- 
lyzed slowly by the /?-glucosidase of almonds 
(emulsin) preparations. Additionally, the sensi- 
tivity of individual compounds to basic or acidic 
reagents varies widely and several dil?erent hy- 
drolysis conditions may need to be examined to 
maximize the results of the HCN test. Once the 
appropriate spots are located on paper or thin 
layer chromatograms, they may be visualized with 
a number of reagents. Some which have proven 
generally useful are given in Table 3. 

Cyanogenic glycosides are normally isolated 
from plant materials by grinding, with subsequent 
or concomitant extraction with solvents such as 
EtOH, MeOH. water or mixtures thereof. If fresh 
materials are used, it is desirable to freeze them 
with dry ice or liquid nitrogen to facilitate grind- 
ing. The mixture is heated to boiling (usually in 
80:<) EtOH) for several minutes to further deacti- 
vate enzymes. The slurry is filtered and centrifuged 
to remove particulate material. The extraction 
method used by Reay [30, 40, 411 avoids some 
problems of enzymatic and possible thermal 
decomposition by carrying out the extraction at 
-SO”, followed by filtration at room temp. Solvent 
is then removed under vacuum and the sample 
redissolved in water. Any precipitate which may 
occur at this stage should be removed by filtration 

and tested for HCN before being discarded. If the 
plant material was not initially extracted with a 
non-polar solvent to remove lipids, the aqueous 
solution should be extracted with light petroleum 
or CHCl, . 

From this point approaches differ greatly. A 
number of workers have used lead acetate treat- 
ment followed by hydrogen sulfide to remove 
undesirable acidic components. Others have 
used chromatography on polyvinylpyrrolidone 

to remove undesirable phenolic compounds 
[30, 31, 35,40,41]. Mixed bed ion exchange resins 
or a combination of acidic and basic ion exchange 
resins also remove many acidic, basic, and ionic 
impurities [42,43] but caution should be exercised 
as some cyanogenic compounds, contain carboxyl 
groups. Eyjblfsson [31] used a basic ion exchange 
resin (Amberlite IR-45,OH-) to isolate triglo- 
chinin which contains two carboxyl groups. 
Several workers have used kieselguhr, celite, 
diatomaceous earth, charcoal, carbon, cellulose or 
combinations of these for additional purification 
steps. 

At this stage of purification, most cyanogenic‘ 
compounds are reasonably stable; however they 
should be stored under refrigeration and under an 
inert atmosphere as a precautionary measure. 
These prepurified fractions are frequently contami- 
nated with sugars and other glycosidic compounds 
and several additional purification methods are 
often required. Some compounds have been iso- 
lated and/or further purified by continuous liquid- 

Table 3. Techniques for visualization of cyanogenic glycosides on paper and thin layer chromatograms* 

Reagent Chromatogram Compound 

0.1 M Alkaline KMnO, 
Naphthoresorcinol~ H,SOI 
reagent followed bv 
heating at 105” . 
H,SO,-water (I: 1) and 

Paper 
Silica gel 

Silica gel 

Proteacin [ 181 
Lucumin [36] 
Triglochinin [31] 

Tetraphyllin A [30] 

heating 
Resorcinol-hydrochloric 
acid in ethanol solution 
2”;, x-Naphthol in EtOH 
followed by cone H,SO, 
and heating 
AaNO? in aqueous 
acetone. followed by 
0.5 NaOH in EtOH-Hz0 

Paper 

Silica gel 

Silica gel 
or paper 

Cycasin [26] 

Linamarin [22] 
Lotaustralin 

Acacipetalin [37] 

* These methods detect sugars and glycosides other than cyanogenic derivatives; they do not measure the presence or absence 
of the nitrile function. 
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Table 4. Solvent systems used for paper chromatographic isolation and purification of cyanogenic glycosides 

Compound 1 2 3 4 
Rr x 100 in solvent system* 
5 6 7 8 9 Reference 

Acacipetalin 
Amylgdalin 
Barterin 
Cardiospermin 
Cycasin 
Deidaclin 
Dhurrin 
p-Glucosyloxymandelonitrile 
Gynocardin 
Holocalin 
Linamarin 
Lotaustralin 
Neocycasin A 
Proteacin 
Prunasin 
Taxiphyllin 
Tetraphyllin A + B 
Triglochinin 
Triglochinin-methylester 

13” 67 
35,’ 6 
60b 
5ta 

85” 
74” 80 

41 

52’ 67 
66” 73 

91” 83 

71d 

37 43” 72 60 
30” 

55b 
57.82 57” 

12h 82 
41 42” 66 61 

70” 
45,54 77 71 

66 66” 83 71 
33b 

35” 85’ 55 
70” 85 78 

70h 

30” 

42b 
65’ 

51b 

38’ 
78 70” 
68 

66 

L37.451 
[9.29,35] 

1141 
E461 
WI 

f9.471 
f451 
Cl81 
191 
1201 

[9, 21,40,45] 
[9. 2 1,40,45,47] 

f261 
El83 

19, 29, 35,481 

5::; 
C31,481 

f491 

* Solvent systems 1: 2-Butanone-acetone-HzO: (a) 15:5:X (b) 30:11:6. (c) 15:5:2. 2: n-Butdnol-pyridine-HIO; 6:4:3. 3: 
EtOAc-acetone-H,O; 4:5: 1.4: n-Butanol-EtOH-HLO; (a). 7:2:?. (b) 40: I I: 19. 5: n-Butanol-HOAc-H,O; (a) 4: 1:5. (b) 4: I: I, 
(c) 12:3:5.6: n-PrOH-H,0;7:3.7: MeOH-H,O;9: 1. 8: 2-Butanone-EtOAc-HCO2W_H,O; 5:3:2: 1.9: (a) wet BuOH on cellu- 
lose TLC, (b) n-BuOH-H,O; 50:9, (c) 5% HOAc. 

liquid extraction with ethyl acetate [28,32,36]. the pertinent data for several of these separations 
Others have been purified by paper chromat- are presented in Table 5. 
ography; some of the solvent systems used and R, It is possible to separate the TMS ethers of most 
values of glycosides are given in Table 4. Triglo- cyanogenic compounds from co-occurring impuri- 
chinin 11311, cycasin [43], prunasin [35], and pro- ties by GC, although generally poor results are 
teacin [27] have all been purified by chromat- obtained with crude samples. Samples which have 
ography on cellulose columns. Silica gel (and to a been purified by one of the previously described 
lesser extent kieselgel and Florisil) have been used methods normally give excellent results. Several 
for final purification of cyanogenic compounds; separations which have been accomplished are de- 

Table 5. Purification of cyanogenic compounds on silica gel. kieselgel. and florisil* 

Compound Support Form Solvent system 

Acdcipetalin Silica gel 
Cardiospermin Silica gel 
Dhurrin Silica gel 

Gynocardin 
Holocalin 
Linamarin 

Silica gel 
Kieselgel 
Silica gel 

Lotaustralin 

Lucumin 
Prunasin 
Tetraphyllin A 

Tetraphyllin B 
Vicianin 

Silica gel 

Silica gel 
Silica gel 
Silicic acid 
Florisil 
Silica gel 
Silicic acid 
Silica gel 

Column 
Column 
TLC 

Column 
Column 
Column 
TLC 
Column 
TLC 
Column 
Column 
Column 
Column 
TLC 
Column 
Column 

PrOH-H,O mixtures [37] 
PrOH-Hz0 mixtures [46] 
2-butanone-EtOAc-HCO,H 
water (5:3:2: 1) [17] 
Acetone [19] 
EtOAc-MeOH mixture [20] 
CHCl,-MeOH (5: 1) [22] 
CHCI,-MeOH* (5: I) [21] 
CHCI,-MeOH (5: 1) [21] 
CHC13-MeOH* (5: 1) [21] 
EtOAc-MeOH-water (7.9-1.1-l) [36] 
MeOH-EtOAc mixtures [32] 
CHCl,-MeOH mixtures [30] 
CHCl,-MeOH (9: 1) [30] 
CHCl,-MeOH (4: 3) [30] 
CHCl,-MeOH mixtures [30] 
MeOH-EtOAc mixtures [32] 

*R, lotaustralin/RI linamarin = 1.2 in CHCl,-MeOH (5: 1). 
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Table 6. Gas chromatographic separations of the TMS ethers of cyanogenic glycosides 

Column liquid phase 
Temperature 

(’ C) support 

Compounds 
(as TMS ethers) 
and references 

3”,, ov-I II 

3”,/, ECNSS-M 

10 or 20”, SE-30 /” 

3”/;, ov-I 7 

3% SE-30 

238 
200 
19@280. 1 ‘/min 

190-280. 1 /min 

I5b-2 10, S“/min 
15&210.5’/min 
15&250. 5 /min 

155’ 

21&230- 

195-255’ 

195-255 

215’ (22 min) 
followed by 6’.,imin 

Gaschrom Z 
Chromasorb W 
Chromasorb AW 
DMCS 
Chromasorb AW 
DMCS 
Gaschrom Q 
Gaschrom Q 
Gaschrom Q 

Gaschrom Q 

Silanized 
Chromasorb W 
Chromasorb AW 
DMCS 
Chrornasorb AW 
DMCS 
Chromasorb AW 
DMCS 

Cycasin [ 151 
Cycasin [ 151 
Prunasin and 
sambunigrin [SSJ 
Amygdalin and 
neoamygdalin [SS] 
Acacipetalin [37] 
Cardiospermin 1461 
Lotaustralin 
linamarin [SO] 
Prunasin and 
sambunigrin [35] 
Linamarin 
and lotaustralin [Zi] 
Prunasin and 
sdmbunigrin [85] 
Amygdalin and 
neoamygdalin [SS] 
Deidaclin [47] 

scribed in Table 6. Corresponding diastereomers 
are not separated on SE-30. but may be resolved 
on OV-1, OV-17, and other liquid phases [44], 
Nahrstedt [21] observed that in the series pruna- 
sin-sambunigrin, vicianin-isovicianin. lucumin-iso- 
lucumin, and amygdalin-neoamygdalin. the (S)- 
form is eluted first from the column. Lotaustralin 
has been isolated by preparative GC of the TMS 
ether on SE-30 silicone gum liquid phase. 

SPECTRAL PROPERTIES 

After the materials of interest have been isolated 
and purified, one may make spectral determina- 
tions to identify the cyanogenic compounds. These 
measurements involve relatively small amounts of 
materials which can often be reclaimed for further 
testing. 

Although determination of IR spectra would 
seem to be a potential method for monitoring frac- 
tionations, nitrile absorptions are quenched in 
cyanohydrins and their derivatives by the presence 
ofan oxygen on the nitrile bearing carbon [38,39]. 

For determination of an NMR spectrum on a 

pounds involved are water-soluble. However, spec- 
tra determined in heavy water have somewhat 
broadened peaks as compared to those measured 
in non-polar solvents, and the presence of an HDO 
peak (near 4.6 6) often overlaps peaks of interest in 
cyanogenic compounds. 

The NMR spectra of TMS ethers of cyanogenic 
glycosides in non-polar solvents such as CCI, and 

60 mc machine about 20-30 mg is required; for a 
100mc instrument good spectra can often be 

l!~r~-~ I ix L--l-LA- 
6 5 4 3 2 

obtained with as little as l-5 mg. The spectrum (61 

may be determined by several procedures. They Fig. I. The NMR spectrum of the TMS ether of acacipetalin in 

may be run directly in DzO, as most of the com- ccl,. 
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CDCI, have proven especially useful in our labor- 
atory for the characterization and identification of 
these compounds (Fig. 1). To prepare these deri- 
vatives we have slightly modified the procedure of 
Mabry et ul. [Sl]. This procedure has many 
advantages: it is fast, inexpensive, and relatively 
free of side reactions. 

Amygdalin (IOmg) was dissolved in pyridine (stored over 
KOH. 0.5 ml) in a small vial. It is important to have the com- 
pound in soln at this point. Slight warming may be necessary, 
but extensive heating with pyridine may cause racemization.* 
Hexamethyldisilarane (HMDS) and trichloromcthylsilane 
(TMCS) (0.5 ml. Pierce Chemical Co.. Rockford, Illinois) are 
added and the vial warmed gently for about I5 min. The mix- 
ture is then cone under a stream of N, and the remaining paste 
dried under vacuum (oil pump). The dried material is then 
scraped from the sides with a spatula. and thoroughly dispersed 
in Ccl, (l--2 ml). This mixture is filtered through a small pipette 
plugged with glass wool (not cotton) and the filtrate cone un- 
der NZ. The residue is redissolved in C‘CI, (0.5 ml) which con- 
tains tetramethylsilane (I”;,) and transferred to a dry NMR 
tube. HMDS and TMCS (I drop each) arc added to insure an- 
hydrous conditions and the sample is ready for NMR analysts. 

The use of unextracted cotton for filtration 
should be avoided, and the lower half of each 
NMR tube should be rinsed with chloroform 
before determination of the spectrum to avoid con- 
tamination with lipids. These lipid impurities often 
produce peaks at 1.25 and 0.9 6 in spectra of TMS 
ethers. To recover the cyanogenic compounds, add 
MeOH (two or three drops) and allow the solvent 
to evaporate most of the compounds we have 
tested can be recovered, apparently unchanged, 
although there is possible danger of racemization. 

Acetates are generally more dificult to prepare 
than TMS ethers. These, however, are crystalline, 
water-stable solids that can be preserved more 
easily and. in contrast to the glycosides, can be dis- 
solved in non-aqueous solvents, hence are easier to 
separate from residual amounts of water and give 
sharper and more reproducible melting points. 
The two procedures in Shriner et ~(1. [53] work well 
for most of the compounds we have tested. One can 
often obtain a good NMR spectrum on non-crystal- 
line material. The NMR spectra of acetates are 
usually determined in CDCl,. Most syntheses of 
cyanogenic glycosides involve preparation of the 
tetraacetates of cyanogenic glycosides (see Table 
15). For comparison of the naturally occurring 
material and the synthetic product, it may be 
easier to convert the natural product to the corre- 

*This is normally a minor problem under the condittons 
used; see ref. 34 for example. 

sponding acetate than to remove the acetates from 
the synthetic product. 

Several biochemical applications of mass spec- 
trometry have recently been reviewed [54]. A 
number of workers have used mass spec,t.rometry 
of cyanogenic compounds and their derivatives, 
e.g. acetates and TMS ethers, to establish MWs 
and to identify aglycone portions of the molecules 
by interpretation of their fragmentation pat- 
terns [ 16, 19,21, 30, 31, 37,47,90]. 

PSEt!DOCY.AYOGENIC GLYCOSIDES 

Several derivatives of methylazoxymethanol (so- 
called pseudocyanogenic glycosides) are known to 
occur in the seeds of members of the family Cyca- 
daceae. These compounds, which are of consider- 
able interest since cycdd seeds are used as a source 
of edible starch in some parts of the world [43], 
cause livestock fatalities in Australia [.55], are 
thought to be related to the high incidence of 
amyotrophic lateral sclerosis in Guam [56], and 
produce hepatomas [433. 

When treated with dilute base these compounds 
liberate HCN, whereas treatment with acid or 
emulsin liberates N,, formaldehyde and MeOH. 
They have a UV absorption at 217 nm which cor- 
responds to that of the aglycone [43]. The pres- 
ence of a strong IR absorption at about 1530 cm- ’ 
is associated with the azoxy group of the agly- 
cone [24,25]. 

Peaks corresponding to the methyl and methyl- 
cne peaks of the aglycone portion of cycasin and 
neocycasin A are sharp singlets with integrals in a 
3:2 ratio, (Table 7). Other protons correspond to 
those normally found in glycosides. One anomeric 
proton of laminaribiose is found at almost the 
same chemical shift value as that of glucose 
whereas the other falls partially under the methyl- 
ene peak of the aglycone, and although it exhibits 
this relatively large chemical shltt, It stall tails in the 
range of P-glycoside linkages. The coupling con- 
stant also precludes the presence of an x-link- 
age [57]. 

CYANOGENIC COMPOUNDS DERIVED FROM TYROSINE 

Several cyanogenic compounds have structures 
suggesting they are derived from tyrosine. This has 
been established for dhurrin, p-glucosyloxymande- 
lonitrile, taxiphyllin, proteacin, triglochinin [SS], 
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Table 7. NMR spectral data for compounds related to cycasin 

la 2a lb 2b 
Signal from protons* 
lc ZC 2d le 2e If 2f 

Chemical shift (6) 
Number of protons 

Multiplicity 

Coupling constant (Hz) 

3.92 3.96 4.87 4.92 4.34 4.36 4.9 366 3.70 2.8-3.6 2.8-3.7 
3 3 2 2 1 I 1 2 +2f 4 + 2e 

12 12 
s s s s d d d d d complex 

multiplet 
6.8 7.0 - 2.8 _ __ ~. 

* Protons shown in formula b 
P a 

supor -0- CH2-N=N--Me 
: 1. cycasin; 2. neocycasin A with c. anomeric proton of sugar; d. 

second anomeric proton of disaccharide; e. -CH,OTMS of sugar; and f. other sugar protons. 

and the methyl ester of triglochinin [4,59]. The 
distribution of these compounds is widespread in 
the plant kingdom: dhurrin is found in the Gra- 
mineae, taxiphyllin in the Taxaceae, Proteaceae 
and Euphorbiaceae; p-glucosyloxymandelonitrile 
in the Berberidaceae and Ranunculaceae; protea- 
tin in the Proteaceae and Ranunulaceae; triglo- 
chinin in the Lilaeaceae and Juncaginaceae; and the 
methyl ester of triglochinin in the Ranunculaceae. 

All compounds in this group have UV absorp- 
tions characteristic of para substituted phenols. 
The band at 22c-230 nm (n---f rc*) generally has an 
E.C. of 610 x lo3 whereas that at 270-280nm 
(n -+ rr*) is 0.2-2.5 x IO3 [39]. Triglochinin and its 
methyl ester, although lacking an aromatic ring 
have an extended conjugated system and have 
absorptions at 275 and 280 nm respectively [ 18, 
313. Literature reports [17, 181 indicate that dhur- 

rin has an absorption at 228 nm, p-glucosyloxy- 
mandelonitrile at 270, proteacin at 226 and 270, 
and taxiphyllin at 228 and 272 nm. Upon treat- 
ment with base, the absorption maxima undergo a 
bathochromic shift of about 25 nm in dhurrin and 
taxiphyllin; however these compounds undergo 
decomposition in base with time. This shift is not 
observed in proteacin and p-glucosyloxymande- 
lonitrile, although the latter of these two com- 
pounds is sensitive to dilute acid and spon- 
taneously liberates HCN. 

The IR spectra of dhurrin and taxiphyllin have 
peaks at 320@3480 (s, hydroxyl), 286&2960 (m C- 
H stretching), 1600 and 1515 (m, phenyl nucleus), 
1622 (s, water of crystallization) 1020-1090 (s, eth- 
ereal stretching) and 840cm-’ (1,Cdisubstituted 
benzene ring). Dhurrin has, in addition, absorp- 
tions at 920, 900 and 805 cm- ’ and taxiphyllin at 

Table 8. NMR data for the acetate of triglochinin and that of its methyl ester measured in CDCI, 131, 561 

la 2a lb 2b 
Signal from protons* 

IC 2c Id 2d 2e 2f 2g 

Chemical shift (6) 6.93 7.03 3.63 3.8 4.8 under 4.1 - 5.14 3.8 5.4 4.2 
6.69 6.42 2d 2.9 

Integral value 1+1 If1 -2 +2e I 8 4 +2b 2 
5 5 

Multiplicity two s s ,n - complex broad s broad broad 

doublets mull. d signal d 
Coupling constant (Hz) 12.5 13 - 

H (1 H 

- * Protons shown in formula Hoz Y 
(CN)o-Q’ucosy’ 

no2c s 
: R = H, triglochinin; R = Me, methyl ester of triglochinin; c. anomeric 

proton of sugar; d. other sugar protons; e. methyl of the ester group; f. carboxyl proton; g. -CM-OAc protons. 
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Fig. 2. The NMR spectrum of the TMS ether of dhurrin. 

975, 950 and 900 cm- ’ (all medium, also see refer- 
ence 22). The JR spectrum of triglochinin [31] has 
peaks at 1715 (acid carbonyl), 1625 (conjugated 
double bond), 1410 (active methylene) and 
2220 cm- ’ (moderately strong, X, /?-unsaturated 
nitrile). Other peaks occur at 1200 (s), 1075 (s), 987 
(112) 895 (w), 825 (w), and 632 (w) cm- ‘. The corre- 
sponding methyl ester from 77zalictruun aquileg$o- 
lium (Ranunculaceae) has peaks at 2220 (rn), 1750 
(s), 1230 (PI), 1760 (MZ), 1650 (I)?), 1590 (m), 1030 (nt), 
800 (MZ), 720 (s) and 680 (s) cm- ’ suggesting a com- 
pound similar to triglochinin [49]. MS determina- 
tions have also been useful in determining 
ture. Thus, triglochinin was treated with 
drous HCl-MeOH (prepared by adding 

struc- 
anhy- 
acetyl 

CYANOCENIC COMPOUNDS DERIVED FROM 
PHENYLALANINE 

Another-major group of cyanogenic compounds 
is derived from phenylalanine. This route of bio- 

Table 9. NMR data for the TMS ethers of dhurrin and taxiphyllin 

chloride to MeOH) to yield two products; one of 
them was the dimethyl ester corresponding to trig- 
Jochinin. The MS of this has a weak parent (M+) 
ion at 387, and a prominent signal at m/r 162 (M- 
C,H,,O,)[31]. The methyl ester of triglochinin, 
after acetylation, gave peaks at q/e 210 (M+ 
tetracetyl glucose), 168 and 151. When the gluco- 
side acetate was methylated under conditions in 
which only the carboxylic acid could be methy- 
lated and the MS re-examined, the peak at 210 dis- 
appears and one is seen at nz/e 224 1491. 

A central argument in the structure determina- 
tion of triglochinin was obtained using NMR. The 
coupling constant of the vinyl protons (5.93 and 
6.69 6) [31, 561 was the same as is observed in the 
methyl ester isolated by Sharples et al. [49] (Table 
8). This information together with the UV and IR 
spectral data strongly suggests that their com- 
pound is the methyl ester of triglochinin. 

The NMR spectra of the pentaacetates of dhur- 
rin and taxiphyllin have previously been exa- 
mined [17]. In dhurrin the anomeric and methine 
protons were observed to be shifted downfield with 
respect to those of taxiphyllin in accord with 
theoretical predictions helping to establish the 
absolute configurations of the two compounds. In 
the spectra of the two TMS ethers (Fig. 2, Table 
9) similar shifts were observed; however, the 
remaining sugar peaks were separated from the 
peaks of interest. 

la 2a lb 
Signal from protons* 

2b IC 2C Id 2d le 2e 

Chemical shift ((5) 

Number of protons 
Multiplicity 

Coupling constant (Hz) 

7.3 1 1.37 3. l- 2% 
6.13 6.11 552 5.36 4.50 3.96 3.12 3.69 3.6 3.7 

4 4 I I 1 I 2 2 4 4 
A’,B’, s s d n d (1 complex 

multiplet multiplet 
8.0 8.0 7.0 7.0 3.0 3.0 

* Protons shown in formula 1. dhurrin; 2. taxiphyllin: c. anomeric proton of sugar; d. -CH2-OTMS 

of sugar; e. other sugar protons. 
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Table IO. The taxonomic distribution of cyanogenic glycosides derived from phenylalanine 
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Compound Family Compound Family 

Prunasin 

Amygdalin 

Rosaceae 
Saxifragaceae 
Myrtaceae 
Polypodiaceae 
Myoporaceae 
Scrophulariaceae 
Caprifoliaceae 
Rosaceae 

Holocalin Leguminosae 
Cdprifoliaceae 

Sambunigrin 

Vicianin 

Lucumin 

Caprifohaceae 
Leguminosae 
Olacaceae 
Leguminosae 
Polypodiaceae 
Sapotaceae 

Zierin Rutdceae 
Caprifoliaceae 

synthesis has been established for prunasin, amyg- 
dalin, and vicianin, and is likely for lucumin and 
sambunigrin [4]. It seems more probable that 
zierin and holocalin arise by oxidation of an inter- 
mediate derived from phenylalanine than descend- 
ing from m-tyrosine. The distribution of these com- 
pounds is indicated in Table 10. 

All compounds in this group have UV absorp- 
tions in the same range as substituted benzenes, 
except for holocalin in which the absorption max- 
ima are at 222 and 280 nm (E of 3300 and 2180 res- 
pectively) and resemble those of m-disubstituted 
phenols [20]. 

The IR spectra of cyanogenic compounds de- 
rived from phenylalanine show absorptions 
characteristic of mono-unsubstituted rings (745, 

690-700 cm-‘), with the exception of holocalin 
with 785 and 705 cm- ‘w (characteristic of 77wta 

substitution) [60]. All showed bands at 320&3600 
(hydroxyl), 292ct2980 (117, C-H stretching), and 
1040-1095 cm-’ (ethereal stretching bands). Only 
holocalin had a strong band at 1620 (water of crys- 
tallization). The nitrile absorption bands in pruna- 
sin (2270cm- ‘), and lucumin (2250cm-‘), are 
barely detectable. 

The NMR spectra are similar in many respects 
to those of compounds derived from tyrosine. The 
aromatic ring protons (in all except holocalin and 
zierin) are a broad multiplet at 7.45 (Figs. 3, 4, 
Table 1 la and b). It has previously been demon- 
strated that lucumin, amygdalin and vicianin yield 
prunasin on partial hydrolysis [37], and thus have 

7 6 5 4 3 2 I 

(8) 

Fig. 3. The NMR spectrum of the TMS ether of amygdalin 
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Fig. 4. The NMR spectrum of the TMS ether of holocalin. 

the same stereochemistry at the carbon of the 
cyanohydrin group (R). The NMR absorptions of 
the anomeric protons of prunasin (4.04) lucumin 
(4.12 and 4.32) and amygdalin (4.16 and 444) are 
all reasonably similar. The methine protons of 
prunasin (5.43) lucumin (5.44) and amygdalin 
(5.46) are consistently positioned. These peaks for 

100 

/ I ,\,,,,I.. ,/. 
I .I _.I ./, /,., 

6 5 4 3 2 

(61 

Fig. 5. The NMR spectrum of the TMS ether of tetraphyllin B. 

the three glycosides all differ in the same direction 
from taxiphyllin which has an (R) configuration. 

Gmelin has argued that since the rotation of 
holocalin is [z]u - 59 (compare: [z]n - 76 in sam- 
bunigrin and [x]n - 65 in dhurrin), this compound 
must have the (S)-configuration. He further states 

Table 1 la. NMR data of the TMS ethers of compounds derived from phenylalanine 

Signal for protons* 
la 2a 3a 4a lb 2b Jb 4b Ic 2c 3c 4c 

Chemical shift (6) 

Number of protons 
Multiplicity 
Coupling constant (Hz) 

742 7.39 7.35 6.77 5.43 5.46 5.44 5.37 3,99 4.44 4.32 4.04 
14 

5 5 5 4 1 11 11 1 I1 
complex multiplet s s s s d - d d 

_ _ _ _ _- ~.._ ~- - 7.0 7.0 7.0 7.0 

Signal for protons* 
Id 2d 3d 4d le 2e 3e 4e 2f 3f 

Chemical shift (6) 

Number of protons 

Multiplicity 

Coupling constant (Hz) 

3.68 3.69 3.12 3.12 2,9- 3G 3G 2.9- 4.16 4.12 
3,9 3.9 3.8 3.6 

2 2‘ 2 4 +2d 11 4 4 1 
12 

m s m m complex pattern d d 

_ _ _ _ _ _~ _ _ 6.5 6,O 

* Protons shown in formula Q?J-q 
Hb 

: 1. prunasin (glucose); 2. amygdalin (gentiobiose); 3. lucumin (prime-verose); 
(1 0-supor 

4. holocalin (glucose); c. anomeric proton of sugar; d. -CH,OTMS of sugar; e. other sugar protons; f. second anomeric proton 
of disaccharides. 
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Table lib. NMR data for amygdalin heptaacetate and vicianin hexaacetate in CDCI, [32] 

Chemical shift (6) 
Number of protons 
Multiplicity 
Coupling constant (Hz) 

la 2a 

143 7.48 
5 5 
s s 

Signal for protons* 
lb 2b IC 2c Id 2d 

5.53 5.60 3.5 54 3,5- 5.4 1.9-2.15 1.9-2.15 
I I 14 I? 18 21 
s ., 1,) !)I all s (4) all s (5) 

* Protons shown in formula @q H b 

83 0 dissacharide 
acetote 

protons; d. acetate protons. 

that it is a disastereomer of zierin which has the 
rotation [#x]~ -29 (compare: prunasin [x& -30. 
taxiphyllin [r]u -67). The proton of holocalin 
(3.99) is more similar in chemical shift to that of 
taxiphyllin (3.96) than to that of dhurrin (4.50 ii); 
other effects such as tn vs. p substitution may play 
a role but these appear to be small, when one com- 
pares the para and unsubstituted series. The meth- 
ine proton of holocalin (5.37) is also closer to that 
of taxiphyllin (5.36) than that of dhurrin (5.52 6). 
Recent work by Nahrstedt[61] with GC sepa- 
rations of diastereomers indicates that holocalin 
has an (R)-configuration, in agreement with our 
NMR data [98]. The rn-substituted ring pattern of 
holocalin is similar to those of other similarly sub- 
stituted compounds [62]. 

Although the signals of the second anomeric 
protons of lucumin and amygdalin are shifted 
downfield with respect to the anomeric protons 
adjacent to the aglycone; the coupling constants 
(C 7 Hz) and chemical shifts (4.32 and 4.44 6 res- 
pectively) indicated they represent b-linkages, and 
the values are similar to those for the glycosidic 
linkages of disaccharides (e.g. gentiobiose in D,O 
4.50 6, J 7.7 Hz) [57]. The NMR spectra of amyg- 
dalin and vicianin are almost identical [32]. 

CYANOGENIC COMPOUNDS DERIVED FROM VALINE, 
LEL CINE AND ISOLEUCINE 

Several aliphatic cyanogenic compounds are de- 
rived from valine, leucine and isoleucine. In addi- 
tion, the structures of all known cyanolipids [ 12) 
suggest they are derived from leucine. Linamarin 
and lotaustralin, frequently, if not always, co-occur 
and are found in the Compositae, Leguminosae, 
Euphorbiaceac, Linaceae and Papaveraceae. Aca- 

I. amygdalin (gentiobiose): 2. vicianin (vicianose); c. other sugar 

cipetalin is found only in two South African spe- 
cies of Acacia (Leguminosae) and cardiospermin 
only in the Sapindaceae. 

Linamarin has IR absorptions at 320&3600 (s, 
hydroxyl), 2940-3000 (m, C-H stretching), lOlO_ 
1190 (s. ether stretching) and 895 (w). X70 (w) and 
705 (w). The use of the latter three bands to estab- 
lish the nature (x or p) of the glycoside linkage of 
these compounds has been investigated by Clapp 
et al. [22].The major absorptions of cardiosper- 
min arc similar, with the exception of a strong 
band at 1390 (s, vinyl) [46]. 

Bissett and coworkers identified lotaustralin 
(isolated as the TMS ether by gas chromatogra- 
phy) by comparison of its MS to an authentic 
sample of natural lotaustralin. The spectrum had 
peaks at JII/(J 535 (M-15) and 200 [(Me),SiO-OH 
=O-C(CN) (Me) C2H,]. These assignments were 
confirmed by high resolution mass spectro- 
metry [21]. The MS of the TMS ether of linamarin 
showed analogous peaks at 111/t) 520 and 186. Both 
spectra had maJor fragments at rnie 73, 103, 147, 
204 and 217 which are characteristic of the TMS 
ethers of glycosides [21.63]. The MS of acacipeta- 
lin showed a parent ion at m/e 259 which was con- 
firmed by accurate mass measurement. Other 
major fragments corresponded to m/r 163 (M-agly- 
cone), 145 and 127 1371. 

The NMR spectra of this group have been espe- 
cially useful in determination of the aglycones, as 
the aglycones tend to be somewhat unstable under 
many reaction conditions (Table 12). The NMR 
spectra of linamarin and lotaustralin are reason- 
ably straightforward. Linamarin and lotaustralin 
have a methyl singlet (1.52 and I.58 ii respectively). 
In addition. iotaustralin has the characteristic of 
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Table 12. NMR spectral data from the TMS ethers of compounds derived from valine, leucine and isoleucine ’ 

la 
Signals for protons* 

2a I-Me 2-CH,Me lc 2C Id 2d le 2e 

Chemical shift (S) 1.58 I.52 I.58 I.78 I.03 4.45 4.45 3.67 3.67 2.9934 2.9-34 
Integral value 3 3 3 2 3 1 I z 2 4 4 
Multiplicity 5 ., s ‘/ 1 tt 11 III m complex 

pattern 
Coupling constant (Hz) _ ~_. 7.0 7.0 7.0 - _~ - 

Signals for protonst 
la Za lb 2b Ic 2c Id 2d le 2e If 2f 

Chemical shift (5) 5.04 5.39 1.78 4.13 4.35 4.44 362 3.70 3.0- 3,1- 5.29 5.51 
4.86 5.1 I 3.5 3.8 

Integral value 2 2 3 2 1 I 2 2 4 +2d I 1 
6 

Multiplicity s s s AB d d d 111 complex s s 
111 pattern 

Coupling constant (Hz) 7.0 7.0 3 _ _ ~_ - -- 

R CN 

* Protons shown in formula 
>( \ 

: I. R = Me, linamarin; 2. R = CH,Me. lotaustralin; c. anomeric proton of sugar; 

Me 0-qlucQse 

d. -CH,OTMS of sugar; e. other sugar protons. 

t Protons shown in formula : I. R = H. acacipetalin; 2, R = OTMS, cardiospermin; c. anomeric proton of 

cl’ O-glucose 

sugar; d. -CH,OTMS of sugar; e. other sugar protons; f. methine proton of cyanohydrin 

an ethyl group pattern (triplet at 1.03 and a quad- 
ruplet at 1.78 6). The doublet corresponding to the 
anomeric proton of each is centered at 4.45 6 
(J 7.2 Hz) and 5.38 6 (J 3.2 Hz) respectively, clearly 
indicating linamarin is a P-glucoside [22]. The (R) 
configuration of lotaustralin has been established 
by conversion to (-)2-hydroxy-2-methylbutyric 
acid; rpi-lotaustralin gives the (+) acid. It has pre- 
viously been demonstrated that the ( -) acid has 
the (R) configuration [21]. 

The NMR absorptions of acacipetalin closely 
resemble those of the cyanolipid from Ungnudiu 
speciosa (Sapindaceae) 1641. The spectrum has a 
methine proton (allylic in this case) at 5.29 6 (cyano- 
lipid 5.79) two vinyl protons (5.04 and 4.86 6, 
cyanolipid 5.37 and 5.17 6) and a methyl group at 
1.79 (cyanolipid l-86). Irradiation of any one of 
these four signals results in decoupling of the other 
three, a characteristic of allylic systems [50]. The 
anomeric proton occurs at 4.35 6 (J 7.0 Hz), indica- 
tive of a /I-glycoside. 

(cyanohydrin) proton and vinyl protons are shifted 
downfield with respect to those of acacipetalin; a 
similar effect was observed in comparisons of the 
two previously described cyanolipids. The methyl- 
ene protons of the aglycone appear as a doublet 
(again closely resembling those of the correspond- 
ing cyanolipid) at 4.13 6. When the spectrum was 
rerun in C,D,, the apparent doublet was more 
clearly an AB pattern (4 peaks). Peaks correspond- 
ing to sugar protons were all similar to those of 
acacipetalin (anomeric protons at 4.44 and 4.35 6 
(J 7 Hz in both) respectively, indicating that car- 
diospermin is also a fl-glycoside, and likely has the 
same configuration as acacipetalin and lotaustra- 
lin. The presence of a hydroxyl group in the agly- 
cone was demonstrated by the proton integral 
values of the acetate prepared from cardiosper- 
mine [47]. 

CYANOGENIC COMPOUNDS WITH 
CYCLOPENTENE RlNCZj 

Cardiospermin is similar to the cyanolipid Another type of cyanogenic compound contains 
found in the seed oil of Cardiosprrrnz~m hirsm- a cyclopentene ring. Compounds of this group are 
tum~46,Sl. 651. The signals for the methine of uncertain biosynthetic origin, but it has been 
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suggested [16] that they are derived from L-2-cyc- 
lopentene-1-glycine, and “that if a group of plants 
has the quirk of producing this amino acid, the 
conversion to deidaclin and its additionally hyd- 
roxygenated congeners involves little change in 
enzymatic specificity from the widespread syn- 
thesis of linamarin and lotaustralin”. However, 
Zilg and Conn[47] have recently shown that flax 
seedlings lack the ability to synthesize deidaclin 
from D-L-2-cyclopentene- 1-glycine when the 
amino acid was administered to cut shoots of the 
seedlings. Members of this group are found in a 
number of species of the taxonomically related 
families Flacourtiaceae and Passifloraceae. 

The IR spectra of all compounds of this type 
show peaks at 32W3600 (s, hydroxyl) 2840-2960 
(C-H stretch) and 5 100~1100 (s, ether stretch- 
ing). Most other absorptions of deidaclin, tetra- 
phyllin A, tetraphyllin B, barterin, and gynocardin 
are weak (gynocardin has a strong band at 
1635 cm- ‘). 

The MS of deidaclin (70 eV, probe temperature 
130”) had a peak at M-49 (as did barterin and 
gynocardin) and a pair of peaks at m/e 92 and 93 
corresponding to the aglycone (R + ) and (RH + ). 
Barterin had a corresponding pair of peaks at 108, 

109 and gynocardin had a single intense peak at 
124 [ 161. Tetraphyllin A and B have peaks corre- 
sponding to deidaclin and barterin respecti- 
vely [30]. 

The vinyl protons of all compounds containing 
cyclopentene rings appear as two doublets, except 
in gynocardin where they are a singlet (Table 13). 
In the NMR spectra of the TMS ethers run in 
Ccl,, the two doublets were separated by 13 Hz 
(deidaclin), 33 Hz (tetraphyllin A), and 47 Hz 
when run in D,O [ 161. Each was an AB multiplet 
appearing to be an unresolved triplet, at 6.00 and 
6.40 6 respectively (J 6 Hz). Those of barterin in 
D,O occurred at 6.05 and 6.30 6 (a separation of 
25 Hz) [ 141. The ring protons of the TMS ether of 
deidaclin occur at 2.47 6 (multiplet), tetraphyllin A 
at 2.46 fi (singlet), and those of deidaclin (in D,O) 
occur at 2.6 6 [16]. In tetraphyllin B (Fig. 5, TMS 
ether in Ccl,) the ring protons, one of which is on 
a carbon bearing a hydroxyl group, are at 4.92 6 
(distorted triplet) and appear as an ABX pattern, 
i.e. 2 quartets centered at 2.83 and 2.15 respect- 
ively. In the spectrum of barterin (DzO) the two 
methylene protons appear as two doublets at 2.50 
and 2.75 6 [ 141, and may possibly be the upper half 
of the tetraphyllin B set of quartets? These protons 

Table 13. NMR data for cyanogenic compounds with cyclopentene rings 

Signal from protons* 
la 2a 3a 4a lb 2b 3b 4b Ic 2c 3c 4c 

Chemical shift (6) 6.06 6.17 6.12 588 2.47 2.46 4.92 4.45 2.47 2.46 t2.83 4.08 
5.94 5.84 5.92 2.15 

Integral value 2 2 2 2 +1c +2c 1 1 +lb +2b 2 I 
4 4 4 4 

Multiplicity 2 2 2 s 111 s dis- AB m s ABX 
d d d tort- ,,, (8 pks) d 

ed 
Coupling constant (Hz) -6.0 6.0 6.0 - -~- -. - 5.0 _ ~ ~ 5.0 

Id 2d 3d 4d le 2e 3e 4e If 2f 3f 4f 

Chemical shift (6) 4.52 .4.46 4.44 4.42 3.68 3.68 3.71 3.73 3% 3G 3G 30 
3.6 3.7 3.7 3.7 

Integral value 1 1 1 1 2 2 2 2 4 4 4 4 
Multiplicity d d d d d ,,7 complex pattern 
Coupling constant (Hz) 7.0 6.5 7.0 7.0 -3.0 ~ ” ” _ - - _ 

* Protons shown in formula b R : I. deidaclin R = R’ = H; 2. tetraphyllin A R = R’ = H; 3. tetraphyllin 

BR = OTMS, R’ = H; 4. gynocardin R = R’ = OTMS; d. anomeric proton of sugar; e. -CH,OTMS of sugar; f. other sugar pro- 
tons. 

t 2 quartets centered at these 6 values. 
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Table 14. Enzymes and other reagents that effect hydrolysis of cyanogenic glycosides 

Compound Enzyme Reference Other reagents Products References 

Acacipetalin 

Amygdalin 

Barterin 
Cycasin 

Deidaclin 

Dhurrin 

p-Glucosyloxy- 
mandelonitrile 

Gynocardin 

Holocahn 
Linamarin 

Lotaustralin 

Lucumin 

Macrozamin 

Neocycasin A 

Proteacin 
Prunasin 

Sdmbunigrin 
Tawiphyllin 
Tetraphyllin A 
Tetraphyllin B 

Triglochinin 

Almond emulsin 
linamarase 

Almond emulsin 

Almond emulsin 
Almond emulsin 
produces glucose 
and methylazoxy- 
methanol 
Cycad emulsin 

Gynocardase 
Lindmarase 
Almond emulsin 

Spontaneously 
liberates HCN 
Almond emulsin 
Gynocardase 

Emulsin 
Linamarase 

Gynocdrdase 
Linamarase 

Emulsin 

Cycad em&in 
gives glucose 

Emulsin 
Emulsin 
Gynocardase 

Linamarase 
Emulsin 
Emulsin 
Linamarase 
Linamarase 

Em&in 

Gynocardase 
Linamarase 
Emulsin 

113, 50,721 

r371 

[9.87] 

Cl41 
[IS, 261 

115,431 

191 
c91 
[17,40,41] 

~921 

I181 
c91 

c201 
[34,691 

r91 
C34.691 

~231 

WI 

Cl% 701 
C9,28,291 
191 

c91 
c421 
Cl71 
[301 
[301 

c31,911 

II911 
c911 
[491 

Ba(OH), followed 
by acid 

Alkaline hydrolysis 
Acid 
Dilute mineral acid 

1 N H2S0, 
1NHCl 

Alkaline hydrolysis 

Hot dilute HCl 

Alkaline conditions 

Ba(OH), followed 
by Amberlite 
IR-120 (H+ form) 

0.2 N Bd(OH)> 

Aq. Ba(OH), 
followed by dilute 
HCl 
4 N HCI for 30 min 

0.4 N HCI for 30 min 
1 NHCI 

dilute NdOH 
1 N NH,OH 
0.2 N H2S0, 

Alkaline solution 
HCl 

Acid 
Dilute mineral acids 

Acid 

I N HZSO, for 2 hr 
I N HZSO, for 2 hr 

Ba(OH), followed by 
Dowex 50 (H + form) 
Acid 

Y 
oAcc$H 
Amygdalinic acid 
Mandelic acid 
HCN. benraldehydc 
and glucose (2) 
Glucose 
Glucose. NZ, CH,O, 
MeOH 

Glucose, HCN. N, 
HCOzH 

HCN, p-hydroxyben- 
zaldehyde. glucose 
Dhurrinic acid 

Gynocardinic acid 
acid 

y-Hydroxyisobutyric 
acid-@-glucose 

(R)-2-Hydroxy-2- 
methylbutyric acid 

Xylose, glucose 
benzaldehyde 
Prunasin 
N,. CHZO, MeOH. 
glucose and xylose 
N,. HCN. HCOzH 
Primeverose 
Cycasin and glucose 

HCN. CHzO 
2 glucose 

(-)-Mandelic acid 
HCN. benzaldehyde, 
glucose 

( + )-Mandelic acid 

Glucose 
4-Hydroxy-2-cyclo- 
penten-l-one and 
glucose 
Tetraphyllinic acid 

Triglochinic acid, 
glucose and HCN 

[I31 

C261 

II971 

c971 

Cl91 

[891 

1211 

[361 

C361 
C24.251 

[24.25] 

c241 
[I261 

1261 
WI 

c93,941 
1971 

II911 

C30J 
[301 

c301 

1311 

Triglochinin. 
methyl ester 
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Table 14 (contd.) 

Compound Enzyme Reference Other reagents Products References 

Vicianin 

Zierin 

Emulsin 
Enzyme from 
Vicia angust~folia 

seeds gives the 
disaccharide 
vicianose. benzalde- 
hyde and HCN 
Emulsin 

[32] 
1951 

c331 

Acid 
Cone HCI 

Sat Ba(OH), 
sol followed 
by dil. HCI 

HCN 
Mandelic acid 
arabinose, glucose 

m-Hydroxymandelic 
acid 

~321 
~321 

c331 

in the TMS ether of gynocardin are both on car- 
bons bearing hydroxyls and are found at 4.45 and 
4.08 6 as a pair of AB multiplets. The chemical 
shifts and coupling constants of the anomeric pro- 
tons of TMS ethers of deidaclin, gynocardin, and 
tetraphyllin A and B are all at 4.42-4.52 6 with 
.I 7.0Hz.Those inD,O are at -4.85 6 [14, 16, 191. 
Other sugar protons of TMS ethers of these glyco- 
sides occur between 3.0 and 3.7 6. 

The absolute configuration of gynocardin has 
been established by X-ray crystallographic struc- 
ture determination [66]. The C-l position was pre- 
viously known to have the D-configuration; it was 
established that the C-l cyano group is cis to the 
hydroxyl at C-2 and trc~zs to that at C-3. The ster- 
eochemical similarity of gynocardin and chaul- 
moogric acid suggests that deidaclin and barterin 
possess similar stereochemistry [ 161. The simi- 
larity of NMR spectra of all these compounds con- 
firms their structural similarity. It has been sugges- 
ted [67] that barterin and tetraphyllin B are identi- 
cal. Although we have not obtained an authentic 
sample of barterin, the literature values and our 
spectral studies of tetraphyllin B tend to confirm 
this view. 

CHARACTERlZATIOh AND SYNTHESIS 

The aglycones of many cyanogenic compounds 
have been isolated and studied. This has often been 
accomplished by hydrolysis and concomitant deri- 
vatization with various reagents such as 2,4-dini- 
trophyenylhydrazine and semicarbazone. Most of 
the aforementioned compounds are cleaved by 
almond fi-glucosidase at neutral pH, although 

some (linamarin, lotaustralin, and cyclopentene 
ring containing compounds) react slowly with this 
enzyme. These instead are sensitive to linamar- 
ase [68, 691 or gynocardase [9] preparations. 
Enzymes involved in the hydrolysis of cyanogenic 
glycosides have been summarized in Table 14. 
Most “enzymes” have proven to be mixtures of 
enzymes with differing activities upon closer inves- 
tigation and none are absolutely specific [99]. For 
example, although amygdalin is not hydrolyzed at 
an appreciable rate with linamarase, prunasin is 
hydrolyzed slowly [69]. One component of lina- 
marase isolated from flax can hydrolyze com- 
pounds with an aromatic nucleus. An enzyme iso- 
lated from sorghum [S6] hydrolyzes dhurrin, taxi- 
phyllin and prunasin. Some compounds such as 
acacipetalin and cardiospermin are hydrolyzed by 
both emulsin or linamarase [ 13,37,46,50,72]. 
Studies on the types and specificity of enzymes 
involved in the hydrolysis and dissociation of 
cyanogenic glycosides have been reviewed 
[4, 9, 10, 69, 87, 901. 

With dilute mineral acid (HCl, H,SO,) or rea- 
gents that apparently give rise to these (CHCl,) 
most cyanogenic compounds are hydrolyzed suffi- 
ciently to give a positive test for HCN. Several 
compounds (e.g. linamarin, lotaustralin, and dhur- 
rin) give more rapid tests with dilute base 
(NaOH, KOH) [SO, 881. Treatment with stronger 
acid (e.g., 1N HCl or IN H,SO,) usually produces 
the corresponding hydroxy-acid, frequently with- 
out racemization [lo, 91,921. [e.g. R-prunasin 
gives R-mandelic acid]. Treatment with strong 
base usually produces the corresponding glycosi- 
die acid but may also produce racemiza- 
tion [ 10, 87). 
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After hydrolysis, the resulting carbonyl com- 
pounds may be isolated by distillation, chromat- 
ography or derivatization. Compounds derived 
from tyrosine yield p-hydroxybenzaldehyde, which 
has been detected by TLC, PC (visualized by spray 
with O,l”,, 2,4_dinitrophenylhydrazine in 2N HCl), 
UV spectroscopy [ l&41,70], melting and mixed 
melting points [17], and preparation of the 2,4- 
dinitrophenylhydrazone (2,4-DNP) [27]. Benzal- 
dehyde. from the series of compounds derived 
from phenylalanine, has been determined by prep- 
aration of the 2,4-DNP derivative [22,29, 32, 361. 
Triglochinin is an enol ether, and as such under- 
goes ready acid hydrolysis. The cyanohydrin can 
then lose HCN to yield a ketene which reacts with 
water to produce triglochinic acid [31,58]. The 
structure of this acid (30) has been confirmed by 
synthesis [71]. 

HO& 
7 

\ C02H 

HOaC 

(30) Triglochinic acid 

m-Hydroxybenzaldehyde from zierin and holoca- 
lin has been identified by preparation of the 
phenylhydrazone, semicarbazone, and other deri- 
vatives [33]; by UV and IR spectroscopy; and by 
TLC on Kieselgel [20]. Linamarin and lotaustra- 
lin yield acetone and 2-butanone respectively. 
Mixtures of the 2,4-DNPs of these ketones have 
been separated on silica gel lB-F TLC plates [42]. 

Steyn and Rimington reported the isolation of 
isobutyrylformic acid (r-ketoisovaleric acid) from 
the hydrolysis mixture of acacipetalin [ 13,721. We 
have recently shown that enzymatic hydrolysis of 
a mixture of glycosides from Acacia sieberiana, 
(Leguminosac) subsequent distillation, prep- 
aration of the 2.4-DNP (and as indicated by NMR 
spectroscopy) yields the 2,4-DNP of a-methylacro- 
lein [SO]. One can explain the origin of isobutyryl- 
formic acid in Steyn and Rimington’s materials by 
a shift of the double bond and hydrolysis of the 
enol ether and ketonization. 

\ 
f 

HO/+0 

(31 1 lsobutyrylformic acid 

The aglycone of cardiospermin, by analogy to 
tk&t of the cyanogenic lipids of Cordia verhenacea 

(Boraginaceae) [SO. 651, is unstable and we have 
been unable to isolate it or its derivatives. Com- 
pounds with cyclopentene rings have been hydro- 
lyzed to yield the corresponding cyclopentenones. 
Deidaclin was hydrolyzed with gynocardase and 
the 2,4-DNP of 2-cyclopentenone prepared [16]. 
Russell and Reay, however, were unable to obtain 
a 2,4-DNP derivative of tetraphyllin A which has 
been considered identical to deidaclin by acid hy- 
drolysis in (1 N H,SOJ [30]. The hydrolysate of 
tetraphyllin B. on the hand. readily yielded a 2,4- 
DNP derivative. 4-Hydroxycyclopent-2-eneone 
was identified by NMR spectroscopy. its optical 
rotation ([r]r, 25%28.2’), UV spectroscopy 
(213 nm. E = 6200, EtOH) and its IR spec- 
trum [30]. Paris et al. did not isolate an aldehyde 
from the hydrolysis mixture of barterin [14]. As 
the aglycone moiety apparently underwent spon- 
taneous decomposition upon hydrolysis. Coburn 
and Long prepared gynocdrdinic acid by basic hy- 
drolysis of gynocardin with barium hydroxide. 
They were able to convert this to methyl 1.2,3-tri- 
hydroxycyclopentane- 1 -carboxylate, which was 
characterized by NMR spectroscopy. 

Pseudocyanogenic compounds yield formalde- 
hyde on cleavage with fl-glucosidase. Formalde- 
hyde from cycasin and other pseudocyanogenic 
compounds has been determined by the chromotro- 
pit acid method [43]. 

Sugars in hydrolysis mixtures have largely been 
determined by standard TLC and PC techni- 
ques [52,73, 751. GLC has also proven useful for 
the identification of sugars in hydrolysis mixtures 
[75-771. Glucose in holocalin [20], tetraphyllin 
A, tetraphyllin B [30]. triglochinin [3 11. and bar- 
terin [14] has been confirmed by the highly speci- 
fic glucose oxidase method. The number of sugar 
molecules in proteacin was determined by the glu- 
cose oxidase reaction followed by UV spectro- 
photometric determination of peroxide [ 1 S]. The 
sugars of vicianin were isolated from the hydroly- 
sis mixture and identified by PC, by preparation of 
phenylosazones and measurement of the specific 
rotation. Additionally. the glycoside was methyl- 
ated, hydrolyzed and 2,3.4-tri-O-Me-D-glucopyr- 
anose and 2.3,4-tri-O-Me-L-arabinopyranose isola- 
ted [32]. Eyjblfsson[36] demonstrated that partial 
hydrolysis of lucumin yielded prunasin (and thus 
has glucdse adjacent to the aromatic system) but 
complete hydrolysis gave xylose and glucose. The 
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- 

Compound 

Sambunigrin and prunasin 

Table 15. Syntheses of cyanogenic glycosides 

Method 

The first four compounds in this 
table were all synthesized by 

Reference 

1781 

Linamarin 

Amygdalin 
Dhurrin and tetraphyllin 
tctraacetates 

Vicianin acetate 

Linamarin (and rsolinamarin) 

treating the appropriate hydroxy- 
carboxylic acid ethyl ester with 
the acetobromosaccharide in the 
presence of silver oxide, conversion 
to the acetate of the cyanogenic 
glycoside 

Treatment of the cyanohydrin of 
the acetate of p-hydroxybenzaldehyde 
with acetobromoglucose in the 
presence of Hg(CNb in MeNO 
Treatment of the 2,3,4-triacetyl- 
P-glucoside of ( -)mandelonitrile 
with triacetyl r-arabinosyl bromide 
in the presence of silver oxide, and 
subsequent dehydration with phosphoryl 
chloride 

1791 

[80. 8 I] 

WI 

WI 

Lotaustralin (and epilo- 
taustralin) 

Treatment of acetone cyanohydrin 
with acetobromoglucose in the presence 
of Hg(CN), in MeNO,. The acetate 
was deacetylated with sodium methoxide 
in absolute MeOH 

P-21 

p-Glucosyloxymandelonitrile 

Same as above except the cyanohydrin 
of 2-butanone used, deacetylated with 
barium methoxide 

I211 

Tetraacetyl-p-glucosyloxybenzaldehyde 
was deacetylated with ammonia in MeOH. 
The resulting p-glucosyloxybenzaldehyde 
was converted to the cyanohydrin with HCN 

1181 

identity of the sugars was again established by PC, 
methylation of the glycoside and hydrolysis. 

Nishida and co-workers were able to show that 
partial hydrolysis of neocycasin A gives cycasin 
and glucose establishing that the glycoside con- 
tains only glucose as the sugar component. An ad- 
ditional spot on PC had an identical R,. value to 
that of laminaribiose [26]. These workers then 
prepared the octaacetyl derivative m.p. 1% 160“ 
which agreed with literature values. Lythgoe and 
Riggs[24] in a similar manner established that the 
sugar of macrozamin is primeverose, ~-@%-x$o- 

side)-D-glucose. The structures of several cyano- 
genie glycosides have now been confirmed by inde- 
pendent synthesis (Table 15). 

Note: persons interested in receiving a mimeographed set of 
NMR spectra of cyanogenic glycosides mentioned in this article 
should contact the author. 
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