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Asymmetric Cyanohydrin Synthesis catalysed by a Synthetic 
Cyclic Dipeptide 

By JUN-ICHI OKU and SHOHEI INOUE* 
(Faculty of Engineering, University of Tokyo, 7-3-1 Hongo, Bunkyo-ku, Tokyo 113, Japan)  

Summary Asymmetric addition of hydrogen cyanide to 
benzaldehyde catalysed by cycZo(~-phenylalanyl- histi ti- 
dine) gave the highest optical yield ever obtained. 

reported examples and the optical yields obtained are low.1 
In the present communication, we report an asymmetric 
synthesis catalysed by a synthetic cyclic dipeptide which 
yields the highest optical yield ever obtained. 

ASYMMETRIC syntheses catalysed by synthetic peptides are The reaction examined is the addition of hydrogen 
of much interest in connection with the high stereospeci- cyanide to benzaldehyde to give the corresponding cyano- 
ficity of enzymatic reactions. However, there are few hydrin [HO-CH(Ph)-CN] . The enzyme oxynitrilase is 
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at C-10) served as internal standards to ascertain that the
iridoid skeleton was preserved during the biosynthetic
transformations. The stereochemical analogue (5b) was
prepared from geniposide penta-acetate (6) by palladium-
catalysed elimination of acetic acid [Pd(OAc),, PPh, in
toluene19 to give (7). Catalytic deuteriation (Rh-C, 2H2 in
ethanol), followed by saponification and treatment with
C2H2N2, gave (5b).1° The product contained a mean of 2.5
deuterium atoms per molecule. In this case the methoxy-
carbonyl group contained 85% (2.1 2H) of the label present.:
The labelled compounds were administered in aqueous
solutions by the cotton wick method to Hebenstreitia dentata
plants during the flowering period in August. After 11 days
mined by comparing the relative intensities of the signals
at 7.27 (CHC1, internal standard) and 3-7 p.p.m. (CO,CH,)
after correcting the latter for natural-abundance deuterium.
The results are presented in Table 2.
These results demonstrate that 8-epi-deoxyloganin (3e),
rather than deoxyloganin (2e), is a precursor for ipolamiide
(lb) and for lamiide (la) in Hebenstreitia dentata. This is
the first time that a compound of the 8-epi-iridodial series
(3a-e) has been shown to be a precursor for an 8fl-hydroxy-
substituted iridoid. Iridoid glucosides with this feature are
very common in the orders Scrophulariales-Lamiales.
The experiments illustrate further the utility of ,H n.m.r.
spectroscopy for biosynthetic investigations in higher plants.
TABLE 2. Enrichments and incorporations into lamiide and ipolamiide in Hebenstreitia dentata.
Precursor
Lamiide Ipolamiide
Enrichment Incorporation Enrichment Incorporation
Deoxyloganin (5a) - < 0.3 %
8-epi-Deoxyloganin (5 b) 0.4 % 1.0%
the plants were harvested. Work-up of the plant material
gave a water-soluble fraction from which (la) and (lb) were
isolated by reversed-phase h.p.1.c. The compounds were
acetylated and subjected to preparative t.1.c. The results
are given in Table 1.
From the feeding experiment with (5a) a small amount
(<3 mg) of a highly deuteriated compound was isolated. It
was tentatively identified (lH, 13C, and ,H n.m.r., mass
spectrometry) as (5c). Its mass spectrum showed that no
dilution with unlabelled material had occurred.
The 2H n.m.r. spectra of the purified acetates (lc) and
(ld) in CHC1, were recorded. The enrichments were deter-
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$ 270 MHz 1H n.m.r. spectroscopy showed that (5a) contained ca. 1.5 % of its 8-epimer, while the 8-epimer content of (5b) was 4-2 %.
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known to catalyse this reaction to give only the (R)-isomer 
of the cyanohydrin. As for non-enzymatic catalysts, 
alkaloids, poly(~-iminoisobutylethylene) , 3  and linear or 
cyclic dipeptides from histidine and alanine4 have also been 
examined, but the highest optical yield was ca. 20y0395 

In the present study, we used as the catalyst a synthetic 
cyclic dipeptide cyclo (L-phenylalanyl-L-histidine) [cycZo( L- 
Phe-L-H~s)] in which the imidazole group of the histidine 
residue is catalytically active as a base. cycZo(L-Phe-L- 
His), recrystallized from water, is a white powder, m.p. 
262-264 "C, [a]:' - 66.4" (c 2.00, CH,CO,H), containing 
half a molecule of water (lit. m.p. 267-268 "C, [a]: -72" 
(c 2.00, CH3C0,H)).6 1.r. v(C=O) 1662 cm-l (amide I);  no 
amide 11. lH N.m.r. (CF,CO,H) 6 8-16 ( lH,  s, Im), 7.91 
and 7.84 (2H, 2 s, Im), 6.7-7-1 (ca. 6H, m, Im and Phe 
C,H5), 4.38 (lH, s, His C,H), 3.99 ( lH ,  t, Phe C,H), 2-7-3.2 
(2H, m, His CpH,), 1.3-2.1 (2H, m, Phe CpH,). 

The addition reaction was carried out using equimolar 
amounts of hydrogen cyanide and benzaldehyde in benzene 
under a nitrogen atmosphere at 35 & 1 "C with stirring. 
At first, the reaction mixture was heterogeneous, but it 
became homogeneous after cn. half an hour. The isolation 
and the determination of the enantiomeric excess (e.e.) of 
the product were carried out by a procedure similar to that 
described previously.* 

The results of the asymmetric synthesis are summarized 
in the Table. In  the half-hour reaction (run l), the e.e. of 

TABLE. 

Run 
No. 

1 
2 
3 
4 
5 

Asymmetric addition of HCN to benzaldehyde catalysed 
by cyclo (L-Phe-L-His) .a 

Time/h % Conversion E.e.b of product/ % 
0-5 40 90 
1 80 76 
4 80 69 
16 90 21 
72 90 12 

a Benzaldehyde (50 mmol) ; hydrogen cyanide (50 mmol) ; 
b In  all cyclo(L-Phe-L-His) (0-97 mmol); benzene, 20 ml; 35 "C. 

cases, the (R)-antipodes were preferred. 

the product was as high as 90% and rich in the (R)-antipode. 
This value is the highest ever reported not only in this 
asymmetric cyanohydrin synthesis but also for all asym- 
metric syntheses catalysed by synthetic oligo- or poly- 
peptides. When the reaction time was longer, the e.e. of 
the product was reduced (runs 2-45), indicating that 
racemization of the product takes place under the reaction 
conditions. In fact, when a mixture of optically active 
(90% e.e.) cyanohydrin (4.8 mmol) and benzaldehyde 
(3.9 mmol) was kept with cycZo(L-Phe-L-His) (0.17 mmol) 
for 3.5 h, the e.e. of the recovered cyanohydrin was 35%. 
Consequently, in this reaction, the 'real' enantioselectivity 
of cycZo(L-Phe-L-His) is considered to  be higher than 90%. 
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Combined Use of Multiple and Selective Proton-decoupled I3C and
'H N.M.R. Spectra for Complete Proton and Carbon-13
Resonance Assignments of Polypeptides
By M. ABU KHALED and DAN W. URRY*
(Laboratory of Molecular Biophysics, University of Alabama in Birmingham, Birmingham, Alabama 35294)
Summary Selective proton irradiations during proton and
carbon- 13 n.m.r. observation demonstrate unequivocal
assignments of 1H and 13C resonances of the model
peptide valinomycin and the usefulness of this technique
in peptide sequencing is noted.
ASSIGNMENT of the resonances is the essential first step in the
n.m.r. determination of the molecular conformations of
peptides and proteins. Assignments of the peptide N H
proton and the C=O carbon nuclei are of particular im-
portance since they can provide valuable information on the
secondary structure of a peptide.l Expensive and time-
consuming synthetic isotope enrichments have been used
for unequivocal n.m.r. signal assignment. However, off-
resonance2 and selective decouplings2-4 have been used to
assign the 13C resonances provided their respective lH
resonances have been previously assigned. We report here
the use of selective irradiation of lH for the simultaneous
and co mplete assignment of both the lH and 13C resonances
of peptides .
0 R 2
A peptide fragment can be written as in structure (1)
where R1 and R2 are the amino side chains. The peptide
C=O carbon is 2J coupled to the cc-proton of the same
residue and to the NH proton of the subsequent residue




