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Abstract-Two diastereoisomers of S-hydroxy-6-methylpipecolic acid have been isolated from heechnuts. The 
configurations of the two amino acids have been assigned as (2S, SS, 6s) (1) and (2S, SR, 6.9) (2). The determination 

of structure and configuration for the two new amino acids is mainly based on spectroscopic and rotatory evidence. 

The “C-NMR and ‘H-NMR spectra of the three ionic forms of the two amino acids and of S-pipecolic acid and (2s. 
SR)-5-hydroxypipecolic acid and the CD-curves of the cations and amfoions of I, 2. and (2s. SR)-5-hydroxypipecolic 
acid have been recorded. 

In the course of a study of the free amino acids and 

peptides in seeds of Fogus silcotica L. (beechnuts) a spot 
was observed on two-dimensional paper chromatograms 
which could not be ascribed to any known amino acid.’ 

The present paper describes the separation and isolation 

of the two amino acids (1 and 2) responsible for this spot 
and their identification as (2s. 5s. 6s) - 5 - hydroxy - 6 - 
methylpipecolic acid and (2S, SR, 6s) - 5 - hydroxy - 6 - 
methylpipecolic acid. A preliminary account of part of 

this work has been given previously.* 

METHODS AND RESULTS 

The partial purification of 1 and 2 has been described.’ 
Final purification was accomplished by preparative paper 
chromatography to give a sample, which gave only one 

spot in the standard paper chromatographic systems. 
However, the ‘H-NMR spectrum showed that it was a 

mixture of two closely related compounds and accord- 

ingly it could be separated by paper chromatography in 
special solvents (see below). 

Compound 1 was obtained in a chromatographically 

pure state from the mixture by crystallization. Recrystalli- 
zation could be performed in water-ethanol-ether. 2 was 
obtained from the mother liquor from this crystallization 

by preparative paper chromatography, using the upper 
phase of t-amyl alcohol : acetic acid: water (20: I : 20) as 

solvent and development of the chromatograms for 10 

days. It was obtained as a chromatographically pure, 
semicrystalline residue after concentration of an aqueous 
solution. A crystalline hydrochloride was obtained from 

water-ethanol-ether. 
Elementary analysis of 1 indicated the composition 

C,H,,NO, with a small amount of water, and the hydro- 
chloride of 2 showed the composition C,H,,CINO,. The IR 
spectra of 1 and 2 did not indicate the presence of double 
bonds. The spectra are distinctly different, especially in the 
fingerprint region. Both 1 and 2 are stable in 6 N HCI for 
24hr at 100”. With ninhydrin on paper both compounds 
develop a blue-purple colour similar to that exhibited by 
pipecolic acid.’ Furthermore. by preservation of the 
chromatograms with cupric ions after development with 
ninhydrin’ the blue colour persists, whereas the normal 

tTaken in part from the thesis of I. Kristensen. Copenhagen 
(1973).’ 

purple ninhydrin colours turn into red by this treatment. 

This behaviour is characteristic of pipecolic acid deriva- 
tives. The colour reaction with ninhydrin on paper 

chromatograms is slow and takes place only after heating. 

About 5 min at loo” are necessary to fully develop the 
colour. and even then the colour yield is lower than for 
normal amino acids. 

In Table I are recorded the molecular rotations of 1 and 

2 in water and acid. For comparison rotation values from 

the literature for (S)-pipecolic acid (S), (2S, SR)-S- 
hydroxypipecolic acid (6). (2S, 5S)-5-hydroxypipecolic 
acid (7). (S)-2-methylpiperidinium chloride (8), (IS, 2R)- 

2-methylcyclohexanol (9) and (lR, 2R)-2- 
methylcyclohexanol (10) are included in Table I. 

In Table 2 are recorded CD-data for 1. 2 and 6. For 
comparison, values for 5 from the literature are included 
in Table 2. 

In Table 3 are recorded ‘H-NMR chemical shifts and an 

interpretation of the coupling data observed for the 
different ionic forms of 1. 2, 5 and 6. The couplings 

assumed for the amfoions of 1 and 2 were confirmed by 
decoupling experiments. Further details of the interpreta- 

tion of the spectra are given in the Discussion. 
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Table 1. Molecular rotations for 1.2, and S-10 

Compound 
H2° 

Acid Reference 

INID cone. MID cont. 

1 -170 = 

4. -74" 

5 -330 = 

P -340 

z -450 

a 

sr 4280 

&B -490 

1.3 +2o 

2.8 -540 

2.2 -14o 

1.0 -zoo 

1.0 -170 

-50 

1.0 in 
HeOH 

1.0 in 

2.2 in 
2 N HCl 

2.8 in 
2 N HCl 

1.6 in 5 
5 N NC1 

0.7, 1 6 
equiv. 
of HCI 

0.6, 1 6 
equiv. 
of HBr 

2.4 in 7,a 

R2O 
9 

9 

For designation of compounds see text and Formula Chart. 
. 

The numerical values are probably too small because of water 
content in the samples. 

Table 2. CD-data for Lt.5 and 6 

Compound H2O 0.1 N IX1 

x Af 
h 

max max Ahc 
(M1) (nm) 

L 208 +0.43 210 +0.77 

2 210 +0.4a 210 +0.85 
$0 208 +0.46 208 +0.76 

B 208 to.55 208 +0.89 

For designation of compounds see text and Formula Chart. 

The CD-curves were recorded on a Roussel-Jouan CD 185 

Dichrograph using l- or 2-nun cells and concentrations 

of approximately 0.5-l mg/ml. 

In Table 4 are recorded “C-NMR chemical shifts for 
the different ionic forms of 1.2.5 and 6. The number of H 
atoms on each C atom in the amfoion of 1 and 2 was 
determined by use of partially decoupled spectra. Further 
details of the assignment of signals to the individual C 
atoms are given in the Discussion. 

‘OOC 
DlSCUSSlON 

The isolation procedure and chemical properties for 1 H k4;t.i 
OH 

and 2 demonstrate that both compounds are neutral amino 
acids containing one carboxyl group and one amino group. 
This conclusion is in full agreement with the spectro- 
scopic properties of the compounds as discussed below. 

The “C-NMR spectra of 1 and 2 indicate the presence 
of one CH,-, two CH,- and three CH-groups in both 
compounds. The ‘H spectra of 1 and 2 and especially the 
changes in the chemical shifts occurring by changing the 
ionization states indicate for both compounds that one 
CH-group is in a-position to both the carboxyl group and 
the amino group. A second CH-group and the CH~groups 
are close 10 the amino group; the chemical shift of the 
protons in these groups is not influenced by the ionization 
state of the carboxyl group. The spectrum of 2 
demonstrates that the chemical shift of the proton in the 

e OH 

w 
10 

14 R=COCHl 
15 R:CC(OHCH, 
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Table 3. Chemical shifts and coupling patterns in the ‘H-NMR spectra of 1,2.5 and 6 

I 3 I P 

wa Cation PndOlcn m cation AndOlar Anion Cat ian lhfoim Anion CdU0” hnfoion Anial 
dtnn 

4.07 3.63 3.16 

m -G-z-s- 
arrd 1; HZ 

1.7- 1.7- 1.1- 
2.4 2.3 2.2, 

m 

4.01 3.99 3.1 

bm&is 

,1.14 1.35 1.07 

d, J7Hz 

4.05 3.62, 

tu) d, .I 1.5 
arrd 12 Hz 

1.6- 1.5- 
2 Iax) 2.5 

brmdt, m bma t. 
Sp11ttlIS3 sp*ittlq 
12 “7. 10 HZ 

2.07- 1.95- 
2.6 l-1 2.2 (cq) 

1.2 

m 

- 1 
Ll.12 1.04 

3.15 

” 

3.97 3.6 Cd. 3.1. .4.07 3.67 3.1, 

hod, J 3.5 ard 10.5 Hz t*o d, Z 4 ard 10.5 HZ 

1.25- 
1.7 ktx, I 

1.45- 1.4- 1.2-1.75 (axI 

u 
Ixvai t, 

m 
SpllttiJq 
9 HZ 

i.5- 
2.45 

1.9-2.25 kql 

1.5- 1.2- hmd d. 
2.35 2.05, splltthq 7 Hz 

m ,4.03 4.00, 1.68 

ty3 d, J 4.5 ermd m. 
Jrd 9 Hz WIdeI 12 HZ 

2.48, ,a. 1.07 cx. 3.32 a. 2.%,,2.93 2.07 2.4~ 

hs q, J 6.5 ti 10 Hz broad t, width 30-35 lk. tu3 d, J 9.5 ard 12 Hz 
spl1ttuq cd. 10 Hz. 

cil. 3.5 Cd. 1.45 cd. 3.0, ,3.55 1.5 3.18, 

bmtd d, width 23 Hz J 1 (6e,4c), 4.5 .r,, 
sp1ittu-q 13 Hz 12 Hz 

,I.44 1.42 1.16, - 

d, .I 6.5 Hz 

Table 4. “C-NMR chemical shifts for 1.2.5 and 6 

A 3 > 6 

CartcKl CarLon Ma - AnlO” c%tti knfo- Anicn AnIan catial P&G- ANar cz&lc¶l SXnfG- &!un 
atnll IQ, c&z. Icn cak. ia, ion 

c-z 50.0 60.5 61.2 58.8 57.5 60.1 61.0 60.4 57.5 59.9 61.4 56.5 58.8 60.6 

C-l 20-5 21.4 24.2 23.9 25.4 26.2 10.1 29.1 26.5 27.1 30.4 23.7 24.5 29.8 

C-4 29.7 10.2 31.6 29.5 31.4 12.0 33.5 12.8 

c-5 65.1 65.6 67.6 68.4 69.6 70.0 71.7 74.2 I2 2.2 

22.4 24.8 30.0 10.5 31.5 

22.6 25.9 63.6 64.0 67.9 

C-6 56.7 56.1 53.1 53.4 57.5 57.1 57.1 57.3 44.8 44.5 45.5 48.2 48.0 51.6 
Q(3 15.5 15.6 18.2 - 15.5 15.7 18.5 - _ - _ _ 

- 17i.6 174.9 182.2 - 171.5 174.6 181.6 - 172.1 175.4 182.7 171.6 174.4 181.9 

third CH-group in this compound likewise is influenced by 
the ionization state of the amino group. The chemical shift 

of the remaining CH-proton in 1 is also influenced but to a 
smaller degree by the ionization state of the amino group. 

The ionization changes observed are in good agreement 
with values from the literature.‘* The elementary analyses 

performed indicate two double bond equivalents in both 1 
and 2. The carboxyl group accounts for one and since no 

other double bonds are reflected in the NMR and IR 
spectra, both compounds must contain one ring. 

The combined evidence points to the presence of a 

CH,-CH-CH-CH&H,-CH-COO~-skeleton and indi- 
cates that 1 and 2 are diastereoisomeric 5 - hydroxy - 6 - 
methylpipecolic acids. An oxygen-containing ring could 
not explain the titration shifts observed in the ‘H-NMR 
spectra. A 3-membered nitrogen-containing ring can be 
excluded because of the stability of the compounds and 
also would not provide an explanation for the titration 
shifts. A S-membered ring, as in 5-(I-hydroxyethyl)proline 
is again unlikely in view of the titration shifts observed. 
Also the coupling constants in the CH-CH-fragment (1.5 

and IO Hz for 1 and 2 respectively) are incompatible with 
this structure. since here free rotation within the fragment 

would be expected. 

The pipecolic acid structure also explains the slow 

ninhydrin reactions. In analogy it has been observed that 
I - methyl - 6 - hydroxy - 1.2.3.4 - tetrahydroisoquinoline - 
3 - carboxylic acid does not react with ninhydrin,” 
whereas 6.7 - dihydroxy - 1.2.3.4 - tetrahydroisoquinoline - 
3 - carboxylic acid does.” 

Both I and 2 supposedly have (2s) (i.e. L-) configura- 
tion. Provided that the contribution to the rotation values 
from the asymmetric centers at C-5 and C-6 are not 
influenced by protonization of the carboxylate ion, this 
assumption is supported by the dextrorotatory shift in 
rotation on going from water to acid (Table I) according to 
the Clough-Lutz-Jirgensons rule.” This rule holds for 5,6 
and 7 (Table I), and also for the isomeric 4 - hydroxy - 
pipecolic acids.’ The CD-curves also support the (2S)- 
configurations (Table 2). The sign, size and position of the 
CD-maxima are nearly identical for 1. 2.5 and 6, so that 
the Cotton effect presumably is due to the common 
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carboxylate ion or carboxyl group” with no contribution 
from the centers at C-S and C-6. The similarity between 1, 

2,s and 6 may furthermore be taken as evidence for the 
same position (equatorial) of the carboxyl group in all four 

compounds. This conclusion is also supported by the 
signals for the C-2 protons in the ‘H-NMR spectra. The 

signal is a broad multiplet in all four compounds (Table 3). 
Correspondingly the axial proton (H-6) in O,O’- 

benzylidenedesoxoprosophylline (11) gives a broad signal 

(half height 24 Hz)‘~ whereas the equatorial proton H-6 in 
O.O’-benzylidenedesoxoprosopinine (12)” and H-2 in the 

nitroso derivative of 5” appear as narrow signals. 

Compounds 1 and 2 must be two of the compounds 1,2, 
3 and 4, which each may occur in two chair conformations, 
a and b. Since it is reasonable to assume that conformations 

involving an axial carboxyl group are unlikely, particularly 

when I ,3-diaxial to the Me group at C-6, lb and 2b are very 

unlikely and shall not be considered. 3b and 4b are possible, 
but conformations 3a and 4a would be expected to 

predominate. 
With regard to the configuration at C-5 in 1, the narrow 

signal (almost a singlet) observed for H-5 indicates an 

equatorial position for this proton. A similar broad singlet 

has been observed for H-3 in carpaine 13,19 cassine (14) 
and carnavaline (l!!).” In contrast, H-5 in 6 (Table 3, cf. 

Ref. II), and the axial H-3 in 1116 and 12” give broad 

multiplets. Therefore 1 must have the OH-group axial as 
in (al, cl or d2), the latter possibility is. however, ex- 

cluded by the appearance of the H-2 signal. 

Having established the configuration at C-2 and C-5 in 
1, that at C-6 may be determined on basis of the coupling 

constants between H-5 and H-6, which is only about 
1.5 Hz. This shows a gauche relationship and hence 

structure la, rather than 31 applies. Similarly the coupling 

constants between H-2 and H-3 and between H-2’ and 
H-3’ in 13” and azimine (16):’ and between H-2’ and H-3’ 

in pseudocarpaine (17)19 are small (l-3 Hz). Both interact- 

ing protons in la as well as those in 13 and 16 are trans 

coplanar to electronegative atoms (0 or N), a fact that 
partially accounts for the small coupling constants.“,” 

The configurations at C-5 and Cd in 2 appear from the 

large coupling constants (10Hz) between H-5 and H-6. 
Both protons must be axial, and 2 must have the structure 

2a, 3b being excluded by the appearance of H-2. Similar 

coupling constants have been observed between H-2 and 

11 R,- H(H-6), RI= KHz),, CH] 

12 R,= KHz),,CH3, RI= H (H-6 1 

‘3 “= ~,RI-CH~, RI= HtH-2) 

16 n = 5,R1 = CHj, RZ= H(H-2) 

17 “=7,R,=H(H-2).RI=CH3 

H-3 in 12,‘“,” and between the axial protons at C-5 and C-6 
in 6 (Table 3, cf. Ref. 11). The multiplet found for H-5 in 2 

is to be expected. 
Also the proton chemical shifts are in agreement with 

the structure la for 1. and 2a for 2. The proton at C-6 in 1 
is observed at 3.36 ppm, whereas it is found at 3.04 ppm in 
2 (Table 3). This downfield shift from 2 to 1 must be due to 

the change of the OH-group at C-5 from equatorial to 
axial position.” The H-5 in 1 is observed at 3.99ppm 

whereas it is found at 3.6ppm in 2 (Table 4). This 

downfield shift is in good agreement with the change from 

equatorial to axial position.“3’ 
The strong levorotatory shift observed on going from 1 

to 2 cannot be due to the OH-group alone because the 

differences in rotation between 5,6 and 7 are small (Table 

1). The Me-group cannot either be responsible, its position 

being the same in 1 and 2, and besides 8 has only a small 
rotation (Table 1). On the other hand a change in the 

Me-OH interaction seems to be capable of causing a 

large shift, as evident from the rotation of 9 and 10 (Table 
I). 10 has the two substituents in equatorial positions, 

whereas 9 must predominantly occur with the OH-group 
axial. The sign and size in shift of rotation from 1 to 2 can 

thus be interpreted as support for structures la and Zb, 

respectively. 

The assignment of the individual signals to the C atoms 
in 5 has been made on basis of the known spectra for 

piperidine and the piperidinium ion,26 using shift parame- 

ters for amino acids.n Even if the justification for using 
these shifts parameters in a cyclic system may be ques- 

tioned the agreement is fairly good for all three ionization 
states of 5 except for C-2. The titration shifts observed are 
in good agreement with known titration shifts for amino 

acids,m39 and for piperidine itself.16 

The assignment of the individual signals to the C atoms 
in 6 has been made on basis of the experimental values for 

5 using published shift parameters for the introduction of 
an equatorial OH-group into a cyclohexane ring.M Consid- 

ering the differences between a cyclohexane ring and a 

piperidine ring the agreement between calculated and 
experimental values seems satisfactory, especially for the 

anion where the largest difference is 2.4 ppm (for C-6). 
Again the titration shifts are in good agreement with those 
expected.a.29 

The assignment of the individual signals to the C atoms 

in 1 and 2 has also been made on basis of the experimental 

values for 5. First the effect of introduction of the 
Me-group has been calculated using published values for 

the introduction of an equatorial Me-group into 
piperidine.” Similar values may be found using other 

published values for the effect of a Me-group in a 
piperidine ring.“-” Then the effect of the OH-group is 
calculated using published values for the introduction of 
either an eauatorial or axial OH-erouo into methvlcvc- 
lohexane.= The agreement is again-fairly good, especially 
for the anions. The calculated values for the anions of 1 and 
2 listed in Table 4 demonstrate that the largest difference 
between calculated and experimental values is 2.4 ppm for 
1 (for C-2) and I ppm for 2 (for C-3). Using the 
experimental values for 6 and the published values for the 
introduction of an equatorial Me group into piperidine” 
values for 2 are also found in close agreement with the 
experimental (largest deviation for the anion I .5 ppm). The 
titration shifts for 1 and 2 are in good agreement with those 
expected.=,” 

The “C-NMR spectra therefore also support the con- 
figurational assignments made, especially providing an 
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