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Rapid identification of ergot derivatives by ‘H-NMR 
spectroscopy 

ALAN F. CASY* 

School of Pharmacy and Pharmacology, University of Bath, Claverton Down, Bath BA2 7AY, UK 

Abstract: The 400 MHz ‘H-NMR spectra of some therapeutically important ergot derivatives (three bases, four 
protonated bases and four dihydroergoline salts) are analysed in terms of the low field chemical shift region (above 5 
ppm), common resonances of rings C and D (below 5 ppm) and C-8 substituent features. Attention is drawn to data of 
specific analytical value, and a scheme for the rapid identification of members of this group of ergots proposed. Features 
which provide evidence of the solute conformation of ring D, and isomerization to less active C-8 epimers are also 
emphasized. 
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Introduction 

‘H-NMR Spectroscopy is a valuable technique 
for the identification of individual members of 
a closely related group of compounds with 
similar electronic, vibrational and other prop- 
erties. Examples of the application of NMR in 
this regard are differentiation of the penicillin, 
cephalosporin and tetracycline families of anti- 
biotics [l-3]. Ergot (ergoline) derivatives, 
both natural and synthetic variants, likewise 
form a group which presents problems of 
specific identification. This paper presents a 
review of reports on the NMR features of the 
group and extends it to include most deriv- 
atives in therapeutic use [4]. Data of specific 
analytical value are highlighted; in addition 
features that provide evidence of stereochem- 
istry (notably the conformation of ring D) and 
isomerization to less active C-S epimers are 
emphasized. 

The described analyses concern first 
common features of the ergoline nucleus 1 (low 
field: aromatic, vinylic and acidic protons 
above 5 ppm: alicyclic ring protons), and 
secondly those of the C-8 substituent (peptide- 
based moiety or simple function as in ergo- 
metrine I and methysergide 2) which primarily 

carry specificity (Structure 1 and 2). 
Literature reports on ergolines refer exclus- 

ively to free bases [5-81 whose ‘H-NMR 
spectra are generally well resolved, as con- 
firmed in the further examples of this paper. 

1 R=%-ICH@Ie)CIQOH 

2 R=NHCI3(33Y3$OH 
with H-N’ rsplaced by M-N’ 

Structures 1 and 2 

Data on protonated bases, the usual thera- 
peutic form of ergots, make up the bulk of the 
present results. With the exception of certain 
C-S function and aromatic signals, broad 
resonances often of poor resolution were 
encountered. These features of salt spectra 
limited signal assignment in many cases but, as 
will be shown, did not preclude the designation 
of diagnostic points. The broad nature of 
resonances due to alicyclic ring protons of 
ergoline salts may be a consequence of con- 
formational equilibria set up as a result of 
proton exchange at 6-N and/or changes in 
conformation about the C-8 amido bond (less 
probable: single COR features were observed, 
mostly sharply resolved). 

Spectral assignments shown in Tables l-3 
were aided by previous analyses of lysergic acid 
diethylamide (220 MHz) [6] and ergotamine 
(270 MHz) [7] made by consideration of 
chemical shifts and coupling constants 

*Correspondence to 5 Piplar Ground, Bradford-on-Avon BA15 lXF, UK. 
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supported by spin-decoupling experiments. In 
this paper spectra were run at 400 MHz and 
analyses assisted by 2D ‘H-‘H correlation 
(COSY) plots. Salts were examined as sol- 
utions in DMSO-d6 and, when solubility 
allowed, D20. The former solvent allowed the 
detection of N-H and O-H resonances, 
both D20-exchangeable. 

Materials and Methods 

‘H-NMR Spectra were obtained on a JEOL 
GX 400 spectrometer. Samples of approxi- 
mately 10 mg were dissolved in the appropriate 
solvent (0.5 ml) and examined without degass- 
ing at the ambient probe temperature (20°C) 
and employing the standard conditions of 32K 
data points with digital resolution of 0.18 Hz 
per point [9]. The homonuclear ‘H-‘H chem- 
ical shift correlated 2D plots were obtained 
using the standard COSY-45 pulse sequence 
[lo]. Solvents employed were CDC13 and 
CDsOD for bases, and DMSO-de, CD30D 
and DzO for salts. TMS served as reference in 
all cases except that of DzO when DSS was 
used. 

Samples of bromocriptine mesylate, di- 
hydroergotamine mesylate, ergotamine 
tartrate, methysergide maleate and ergo- 
metrine maleate were supplied by Sandoz 
Pharmaceuticals, and pergolide mesylate by 
Lilly Research Laboratories. The Home Office 
Forensic Science Service provided samples of 
dihydroergocornine and dihydroergocristine 
mesylates. Ergocryptine and ergocristine bases 
were purchased from Sigma. 

Results and Discussion 

Free base ergolines 
The ‘H-NMR features of three C-8 peptidic 

ergots, ergotamine 3a, ergocryptine 3c and 
ergocristine 3b (Structure 3) are given in Table 

R, R2 R? 
(a) ergotamine H Me CHzPh 
(b) ergocristine H CHMez CHzPh 
(c) ergocryptine H CHMe, CH,CHMe> 
(d) bromocriptine Br CHMe, CH,CHMe2 
(e) erogcornine H CHMe, CHMez 

Structure 3 

1. It was possible to identify l-H(NH) and 2-H 
by a COSY cross-peak in spectra of ergo- 
cryptine (3~) and ergocristine (3b). The vinylic 
9-H signal (broad resonance 6.34-6.4 ppm in 
CDC13, 6.22-6.3 ppm in DMSO-de) was 
accompanied by a minor signal to low field 
(near 6.5 ppm) in DMSO-d6 spectra, evidence 
that this solvent induces epimerization at C-8. 
Most aliphatic ring proton signals were 
resolved in all three base spectra and their 
multiplicities and “J coupling magnitudes were 
consistent with a pseudo-axial C-8 substituent 
half-chair conformation (4) (Structure 4) for 
ring D stabilized by an intramolecular hydro- 
gen bond [7]. The coupling interactions of 5l3- 
H and So-H include both allylic and homo- 
allylic contributions [6, 71, and in consequence 
both resonances are characteristically broad 
(Fig. 1). 

Structure 4 
Base conformation. 

C-8 Substituent features 
The 5’-H resonance was well defined in all 

spectra as a narrow triplet near 4.6 ppm, as 
were those of the benzyl methylene protons 
(AB of ABX system) of ergotamine (3a) and 
ergocristine (3b) (dd near 3.4 and 3.25 ppm). 
Methyl features distinguished ergotamine 3a 
(2’-Me, s near 1.5 ppm), ergocristine 3b (2’- 
CHMe,, 2d near 1 ppm) and ergocryptine 3c 
(2’-CHMe, and 5’-CH,CHMe2, 4d near 1 
ppm). The presence of the C-S epimer of 
ergocryptine was apparent from the minor 5’- 
H resonance upfield of the major signal in the 
spectrum run in DMSO-d6. 

Protonated ergolines 
Ergometrine 1 and methysergide 2 maleates 

were the simplest cases examined since they do 
not carry peptidic units at C-S (Table 2). Only 
a single NH resonance (20-NH) was present in 
the spectrum of methysergide run in DMSO-d6 
- the l-NH signal was replaced by an NMe 
singlet near 3.8 ppm additional to that of 6- 
NMe. Aryl signal integrals distinguished ergot- 
amine 3a tartrate (9, includes 5’-CH,Ph) 
and bromocriptine 3d mesylate (3, 2-H re- 
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Figure 1 
Part of the 400 MHz’H-NMR spectrum of ergocryptine base 3c in CDCI,. The chemical shift scale is ppm from TMS. 

placed by Br) from other members of this 
group. 

Although resolution of ring C-D proton 
signals of salts was inferior to that of the Table 
1 bases, it proved possible to assign many 
individual resonances by the aid of COSY plots 
and other means. The 7@-H signals (mostly 
2.8-2.9 ppm) were generally well resolved; 
their appearance revealed a strong coupling 
(-12 Hz) to 8~H indicative of preference for 
a pseudo-equatorial 8-R half chair conform- 
ation of ring D (5) (Structure 5). The SWH 
resonances near 4 ppm were characteristically 
broad (the 4P-H signal was obscured by over- 
lap with that of 5P-H). 

5 

Structure 5 
Ring D conformation for salts. 

C-8 Substituent features 
COSY plots clearly delineated the C-8 

features of ergometrine 1 maleate (the 8-line 
CHCH,OH signal was specially well resolved 
in the D20 spectrum), and methysergide 

maleate. In the peptidic examples 3a and 3d, 
characterized by 5’-H triplet signals near 4.5 
ppm, 2’ (Me for 3a, CHMe* for 3d) and 5’ 

(CH2Ph for 3a, CH2CHMe2 for 3d) spectral 
features were all resolved. Signals due to ring 
G (pyrrolidino protons) of 3a and 3d, absent 
from spectra of the non-peptidic examples, 
were assignable to various multiplet reson- 
ances (8’, 11’ near 3 and 3.8, respectively, 9’, 
10’ 1.9-2.33 ppm). 

Dihydroergoline protonated bases 
The absence of a vinylic proton resonance 

near 6.5 ppm in spectra of the examples given 
in Table 3 immediately revealed them as 9,10- 
dihydroergoline derivatives 6 (Structure 6). 
Integrals of the aryl proton band differentiated 
pergolide 7 (Structure 7) and dihydrocornine 

R 
C-- 

6 
I 

Structures 6 and 7 
For structure 6: (a)-(e) as for 3. 
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6e (both 4) from dihydroergotamine 6a and 
dihydrocristine 6b (both 9). The spectrum of 
the non-peptidic example pergolide 7 was best 
resolved in regard to ring C-D proton signals. 
Entry to its analysis was gained by assignment 
of C&I&S (a typical 8-line signal) which led 
via COSY cross-peaks to &x-H and other 
resonances. The 9P-H signal near 1.4 ppm was 
unique in displaying three large couplings 
(producing an apparent quartet) consistent 
with a pseudo-eq-S-CH,SMe ring D chair 
conformation 8 (Structure 8) for this dihydro- 
ergoline derivative (in dihydroergolines with 
bulky 6-N substituents a twist-boat conform- 
ation of ring D is favoured [8]). The low field 
position of the signal due to its geminal partner 
(9~H) may be attributed to aromatic deshield- 
ing. Ring C-D assignments are in accord with 
those made for festuclavine base (6-NMe, S- 
Me analogue of 7) once allowance for N- 
protonation effects are made [5]. Proton 
signals below 4 ppm were poorly resolved in all 
peptidic dihydroergoline spectra due to ex- 
tensive overlap of ring C-D and pyrrolidino 
(ring G) resonances. However, all spectra 
revealed an apparent quartet near 1.5 ppm of 
separations -12 Hz assigned to 9P-H. 

a 

Structure 8 

C-8 Features 
The presence of a peptidic C-S substituent in 

derivatives 6a, b and e was revealed by 
observation of a .5’-H resonance near 4.5 ppm 
in their spectra; signal multiplicities (t for 6a 
and 6b, d for 6e) served to pin-point dihydro- 
ergocornine (5’-CHMeJ. The S-line signal 
diagnostic of 5’-C&Ph was clearly resolved in 
spectra of dihydroergotamine 6a and dihydro- 
ergocristine 6b, as were 2’ and 5’ methyl 
features (2’-Me for 6a, 2’-CHMe2 for 6b, 2’- 

and 5’-CHMe2 for 6e). COSY cross-peaks 
allowed assignment of other features of the C-8 

substituent. 

Proposed diagnostic scheme 
Once there is reason to suspect an analyte to 

be an ergot, e.g. by its positive response in the 
coloration reaction with p-dimethylaminobenz- 
aldehyde [ll, 121, examination of the pattern 

of the low field region of its ‘H-NMR spectrum 
run in DMSO-dh will confirm the presence of 
an ergoline skeleton (moving from low to high 
field: two 1 pr singlets, multiplet of integral 3 
or more, 1 pr singlet). Absence of the highest 
field 1 pr singlet of this group near 6.5 ppm 
(due to the 9-H vinylic proton) reveals a 
dihydroergoline derivative. Only three low 
field features of this kind are seen in the 
spectrum of methysergide 2 (l-NH + l-NMe). 

C-8 Substituent evidence. The next point to 
check is the presence or absence of a 1 pr 
resonance near 4.5 ppm (usually a narrow 
triplet). Such signals are due to 5’-H of a 
peptide-based C-8 substituent and take the 
form of triplet in spectra of 3/6 a-d and 
doublets in those of the ergocornines 3e and 6e. 
The count of high field Me doublet signals near 
1 ppm differentiates ergocryptine 3c and 
bromocriptine 3d (both 4) from ergocristine 3b 
(2) and ergotamine 3a (nil). Identities of the 
last two examples are confirmed by additional 
C-8 substituent signals (8-line 5’-C&Ph reson- 
ance within 3.0-3.5 ppm for 3a and 3b, 2’-Me 
singlet near 1.5 ppm for 3a). Dihydro- 
analogues 6a-d may be differentiated similarly 
from their spectra. Careful integration of the 
aromatic signal near 7.0 ppm serves to distin- 
guish ergocryptine (integral 4) from its 2- 
bromo congener 3d (integral 3). 

C-8 Spectral features of the non-peptidic 
derivatives readily identify ergometrine 1 (Me 
doublet near 1.1 ppm, 8-line C&OH signal 
near 3.5 ppm) and methysergide 2 (Me triplet 
near 0.9 ppm, CEMe resolved 1 pr multiplets 
near 1.4 and 1.6 ppm). The dihydro-derivative 
pergolide 7 is best characterized by its 6- 
NCH,CH,Me (m and t near 1.8 and 1.0, -_ 
respectively) and S-Me (s 2.4 ppm) resonances. 
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