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_-Lysergic and dihydrolysegic acid a-hydroxytthylamides (Ia and II& undergo acid catalysed 
solvolytic ~~tutio~ at the asymmetric carbon atom in the side chain, resulting in the formation of 
epimuk compounds, The mu&rotation of IIa has been studied, and shown to take place by an A-I 
mechanism. The haniacetalk chvoaa of the side chain hydroxyl, and other lines of evidence, 
co&m the structure Ia pn&ualy assigned to the mctabotite of CrCmkeprparpOrr Stcvcm and Hall. 

LYSERGIC acida a-hydroxyethylamide is a mctabolite of Clmiceps pqaJi Stevens and 
Hall? Structure la has been assigned to this alkaloid on the basis of its cleavage to 
lysergic acid amide and acetaldehyde under mild conditions.‘ We wish now to report 
the results of an investigation on the bchaviour of the novel a-hydroxyethyiamide 
derivatives la and IIa in acidic medium. 

The natural compound Is-as obtained from the fermentation media, carefully 
avoiding any acid treatment during the extraction process-and its dihydroderivative 
IIa are readily converted, by aqueous acids, to equilibrium mixtures, each consisting 
of two tpimers having opposite conf@urations at the asymmetric carbon in the side 
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Jersey, U.S.A. 
lThroughout this paper ‘*lysergic acid’* indicates D-lysergic a&, and “dihydrolysagic acid” 

indicates ~hyd~l~~c acid-1 [A Stoll. Th. P&&a, J. Rut&maim, A. Hofmann and Hs. 
H. Gtlnthard, Helo. C&n. Rcta 37,2039 (1954)E 

* F. Arcamonc, E. B. Chain, F.R.S., A. Fantti, A. Minghctti, P. Penn&a, A. Tonoloand L Vao, 
Proc. Roy. .Soc. 155B 26 (l%l;) P. Bianchi, F.. B. Chain, F.R.S., P. G. Mantk and A. Ton010 
Nature Land. 202,312 (1964). 

* The attachment of the two-carbon fragment to the amide nitrogcn bar been confirmed by redtin 
of Ia with LAH to bmahyl-8ahylaminomahyl-hragoknc (i, R = H). which in turn was con- 
verted to the corresponding N-acetate (i, R = CDCH& The identity of the latter compounds was 

i 

proved by their independent ayntksk starting from lysergic acid monocthylamkk [A. Stall md 
A. Hofmann, Helo. Chim. Acfu 311,421 (19591 by tbc sux~ p”durc. 
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Ia: R-H IIa: R = H III 
Ib: R - Me IIb: R - Me 
Ic: R=Et 11~: R = Et 

IId: R = CH,-CH,OH 
11~: R - CH+.TH,-NH--CO-Me 

chain. In the case of Ia, formation of the strongly dtxtrorotatory isolysergic acid 
derivative’ does not occur; therefore, the isomerization of Ia observed under these 
conditions does not involve a variation of configuration at CS. The two isomeric 
dihydrolysergic acid a-hydroxyethylamides (IIa) are readily cleaved to dihydrolysergic 
acid amide and acetaldehyde, thus proving that they are epimeric compounds which 
differ only in the spatial arrangement of the substituents around the asymmetric 
carbon in the side chain.” A similar reversible isomerization to “aci-compounds’* 
in acid medium has been described for the alkaloids of the ergotamine type, the 
reaction taking place in the peptide part of the molecule.’ 

When the a-hydroxyethylamides Ia or IIa are treated with alcohols in the presence 
of a weak acid, the reaction results in the formation of O-alkyl derivatives (Ib,c or 
IIbIIe) which are easily cleaved to lysergic or dihydrolysergic acid amide by heating 
in either acid or alkaline aqueous solution. E Compounds IIbIIe are obtained as 
mixtures of two diastereoisomers having opposite configurations at the asymmetric 
carbon in the side chain. By heating each individual isomer in the appropriate alcohol, 
and in the presence of weak acids, the mixtures of both epimers results. If, on the 
other hand, the reaction is carried out in another alcohol (R’OH, where R’ =t R in 

6 The natural fotm of Ia-and the corrcspnding dihydrodaivativbwill be referred to (u “cpi- 
mcr A”; the novel isomers will be indicated as “epimm B”. 

t W. Schlicntl R. Brunna, F. Thudium and A. Hofmann, Exprienrfa 17,108 (l%l). 
@ A similar degradation in weakly alkaline soln is known to occur with artain peptide ergot alkaloids, 

for instance crgotaminc,which also contains a substituted z-hydroxyalkylamide pup[A. Stall and 
A. Hofmann. Hch. Chim. km 33, 170s (1950).] Analogously. 2H-2-methyl-1.3-benzo~~~ 
(ii) is cleaved into salicylamide and acetaldehydc when heated with 

oc ,:: ‘CH-Me 

d 

b 

II 

aqueous alkalis [W. L. Hi&, 1. Gent. SM. 97, 1032 (19lO)J. 
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the starting material) the epimeric mixture of the corresponding new 0-alkyl derivative 
arises. 

Although it seems reasonable to expect that the a-allroxycthyl-amides Ib,c-re- 
sulting from the O-alkylation of Ia under identical conditions-also consist of 
epimeric mixtures, confirmatory evidence for such a case was not available: the 
products had a sharp m.p., appeared chromatographically homogeneous, and frao 
tional crystallization failed to effect any separation. In absence of evidence to the 
contrary, we assume that compounds Ib,c were indeed mixtures of diastereoisomers. 
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FIG. I. Epimcrization of Ila-Logarithm of the tint order rate constants in H.0 BS a 
function of pH 0, and in D,O as a function of pD 0, at 24” and constant ionic strength 

050. 

The epimerization of IIa in water has been studied polarimetrically in order to 
gain information about its mechanism. The equilibrium mixture contains equal 
amounts of the two epimers, the final rotation being the mean value between the initial 
rotations of the two optically pure forms. O The reaction shows specific proton 
catalysis, the rate constant being directly proportional to the hydrogen-ion con- 
centration (Fig. I), but independent from the buffer concentration (Fig. 2).l” The 
observed rate is faster in D,O by a factor of 4 (Fig. 1). This result is consistent with 
a fast pre-quilibrium protonation of the substrate (Step I), followed by a unimolccular 
rate determining step (Step 2).” 

s1ep 1 
CH, CH. 

R-C&NH-CHOH $ H+e R-CO-NH-CHOH: 

step 2 
CH, CH, 

RX=O-NH<HOH* , + R<&NH-CH f H,O 
+ 

’ For instanoz. cpimcr A (footnote 6) of IIa mutarotatcs in pH 44 acetate ku!Tcr from [& -270” 
(c QS) to -200”; cpimcr B mutarotata from [a& - 1W IO -200”. 

lo A similar khaviour has ban obecrvcd in the hydrolysis of simple acetab. See for instanct C. K. 
Ingold, Sfrucrure and Mechunirm In Orgunic Chemisrry p. 334. Cornell University Press (1953); 
F. A. Long and M. A. Paul, Gem. Revs. 57, %5 (19S7). 

‘I F. A. Long, AM. N. Y. Acad. Sci. 84.5% (1960). 
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2.4-dinitropheny1hydrPtone (93% yield); the latter was idcntifkd by its &mental analysis and 
comparison of its m.p.. [ab IR spatrum and chromatographic bchaviour with those of an authentk 

‘pbdm 

Dihydrolyscrgic acid a-&ydroxv_Btrkhkmethylam&ie (I 11) 

A mixture of dihydrolyscrgic acid amide (10 g) and anhydrous chloral(26.2 g) in dioxane (220 ml) 
was stirred 60 hr at room temp. The resulting @pitate. essentially consisting of the loss soluble 
epimcr, was coktcd by filtration and crystallixul from acetone, yield 4.3 g; m.p. 195” (dcc). [aL 
-100” (c 1-O. pyridine). (Found: C, 52.13; H, 5.08; Cl, 25.39%) The tiltcrcd soln, containing the 
more soluble cpimer. was evaporated in vuew, the residue washed with McOH and ether. and crystal- 
litad twioc from McOH yield 2.2 g. m.p. 167’ (da) [a]n -80” (c 1.0 pyridinc). (Found: C. 52.19; 
H, S.17; 0, 7*Sl; N, 9.88; Cl, 24.62. C,,HWO,N,Cl, rcquircs: C, 51.88; H.484; 0, 768; N. 
1098; Cl, 2552x.) The R, values (TLC) of the two cpimus were @7 and 0.9 respectively. Both 
isomers showed spectroscopic properties in agmancnt with the assigned structure. They did not show 
mutarotation even in 1 M pcrchloric acid. 

Lysergic acid a-alkoxyerhylami&s (Ib, c) 

Lysergfc acid a-merhoxyefhyiumid (lb). A soln of Ia( 1 g) and malcic acid (@4 g) in McOH (30 ml) 
was refluxcd for 30 min. On cooling the product precipitated as tk malcate (099 g) which was 
recrystallized from MeOH; [x]n +SO” (c 1.85, dimcthylformamidc) and ill defined m.p. (Found 
[maleate]: C, 62.37; H, 6%; N. 9.25. C,,HUO,N,CIH,OIrequircs: C. 6257; H, 6.16; N, 9.S2%.) 
The free base was isolated by treatment of an aqueous eaztonc soln of the maleate with Dowcx l-X4 
rosin (S&l00 mesh, OH form), followed by filtration, removal of most of the acetone in racw, and 
extraction with chf. The residue obtained on evaporation of chf was crystallized from acetone. and 
yielded Ib (76% recovery); m.p. 166167” (dcc), [z]n TW (c 0.56. EtOH 95%). 

Lyseqic acid a-erhoxyerhylamti (1~). This was prcparcd in similar manna, yield 77 %; m.p. 
176177” (dcc). [a]n -1.62” (c la, EtOH). (Found [free base]: C. 7068; H, 7.74. &,HUO,NI 
requires: C. 70.77; H. 7.43%) 

Dihya%olysegic acid r-dkoxyethylatnides (IIbIIe) 

General proee&re. A soln. of IIa (1 mM) and malcic acid (l-l.5 mM) in the appropriate 
alcohol was heated at 70” for 2 hr. The crude IId and Ilc (mixtures of isomers) were recovered as free 
bases by using Dowcx-l-X4 resin as described above; camps IIb and IIc, instead. were removed from 
the reaction mixture by extraction with chf, after addition of an excess of solid NaHCOrandcvapora- 
tion to near dryness. In all cases, repeated fractional crystallization of the crude materials from AcOEt 
allowed the separation of the two epirners. 

a-hferhoxyerhyfumfde (llb) 

Leu soluble epimer. Yield 36%; m.p. 224-225” (Kotkr), [ah - 68” (c 0.25. EtOH). (Found: 
C. 69.50; H. 8.10; N, 12.72. C,.H,OxN, requires: C. 69.70; H, 7.70; 0, 9.77; N, 1284%) 
More soluble epimer. Yield 12%; m.p. 217-218” (Koflcr), [a]n -68” (c @25. EtOH). (Found: 
C, 6942; H, 7.82; 0.994%) 

f.es s&b/e l pbner. Yield 24%; m.p. 21>214” (dcc, Kok). [aID -90” (c @2. EtOH). (Found: 
C, 70.36; H. 896; 0.946. C,,H,,O,N, requims: C. 7@35; H, 7.97; 0.9.37. N, 12.31%) More 
soluble epbner. Yield 23%; m.p. 198-199” (dcc, Koflcr). [a]r, -95” (c @2, EtOH). (Found: C. 
7@30; H. 7.98; N, 1252%.) 

a-(24fydroxyerhoxy)erhykud& (IId) 

L.es~ soolubfe eplmr. Yield 28%; m.p. 231-232” [a]n -75” (c la EtOH). (Found: C, 67.1 I ; 
H, 7.58. GH,,O,N, requires: C, 67.20; H, 7.61%); 1R spectrum: primary alcohol absorption at 
3600 and IOSO cm L 

More solubie epimer. Yield 12% ; m.p. 209-212”. [aJn -48” (c 1.0, EtOH). (Found: C, 64.35; 
H, 7.98. C,.H,,O,N,CH,CO,C,H, requires: C. 64.69; H, 7.92x.) IR spcc~um: 1740 and 1240 
(AcOEt); 1045 (CO) and a very broad O-H band (bonded). 
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a-(2-Acct&fhoxy)ctrhylomidc (He) 

Las s&&e cpimer. Yidd 24%; mp. 228-230”. [a]o -55” (c, l-OEtOHf. (Found: C, 66.13; 
H, 7.77; 0, 12.28; N, 13.70. C,,H,O,N, requires: C, 66.31; H. 759; 0, 12QS; N, 14+06’/,) 

More sol&e epinwr. Yield 27 %; m.p. 2&206’ [aJo -70” (c l-0, EtOH). (Found: C, 66.3 1; 
H, 7.57.) 

The members of each cpimcric pair mcntioncd above&owed-in addition to a dimerent soiubility- 
diffaent chromatographk bchaviour and IR spaztrum. In particular, the soiubiiity ratio of the two 
cpimeric a-mcthoxyethylamidu (lib) wan 2 to 1; Chest cpimers were und~tin~~abie by TLC, but 
they showed two quite distinct spots when chromatographcd on paper impregnated with pH 7 phos- 
phate buffer and with chf as the soivcnt.lS 

When any cpimcr was treated with the parent alcohol and maicic acid under the conditions de- 
scribed above, the mixture of the two cpimers resulted. In addition, when Ilc (less soiubie cpimer), 
@5 g, was heated with 1.2-ethancdioi and makic acid, the mixture of the two cpimcric IId was 
obtained. From the reaction mixture O-166 g of the less soluble cpimcr and 0.103 g of the more 
soluble one could be isolated. 

Cic~e of lysergic and dihya%olysetgic acti ct-ethoxyethyiamidcs (k and 11~) 

(a) In acid solution. A soln of Ic m&ate (61 mg) in 1 M phosphoric acid (3 ml) was heated on a 
steam bath while a vigorous stream of N was bubbkd through. The outgoinggat was passed through 
two tuba each containing a saturated soin of 2,4ainitrophenyihydnc (25 ml) in 2N HCi. Ail 
aoctaldchyde evoivcd was coiiaztui in the first tube as the f4-dinitrophcnyihydraz.onc (24 mg, 80% 
of theory). 

(b) In ufkufine sctfution. Compound Ic (SO0 mg) wassuspended in 125 ml of 66% aqueous EtOH 
and treated with 50 ml 1 N NaOH. The mixture was heated under reflux for 1 hr, concentrated in vucw 
and chilled. The precipitate. upon crystallization, yielded 80 mg lysergic acid amide and 50 mg iso- 
lysergic acid amide. TLC of the mother liquors of crystallization showed aiso prcscnoe of traas of 
starting material. 

Compound UC (100 mg) was suspended in 25 mg of 66% aqueous EtOH, and treated with 5 ml of 
1N NaOH. The mixture, afta heating under rdiux for 1 hr. concentration in wcw and chilling, 
yielded 70 mg of dihydroiyscrgic acid amide, f%Jn -- 130” (c @S pyridinc). Its IR spectrum and chro- 
matographi bchaviour was identical with those of an authentic sampk. 

Epitneriza:ion of dihydrolyscrgic acid -x-hydroxyethylamide (IIa). Kiutlc meawrcnun~s 

Kinetic studies were carried out in water and D,O. Acetate and formate buffers wao employed 
in the range @2 to 1+6M, the ionic strength being maintained at 050 ail the times by addition of KCI. 
Mcasunments of pH were made with a glass ckctrode and a Metrohm E388 pH-mctcr. The pD was 
determined by the glass &strode correction formula of Fife and B&X.‘* The rates of cpimcrization 
were measured by following the variation of optical rotation at 364 and 426 w. Tcmp was kept 
constant ( =@I”) by the use of jacketed polarimctrk tubes. The buiTcr solutiona were equilibrated in 
a thermostat before use. Compd lla (cpimcr A or B) were weighed in 10 ml volumetric flasks which 
were then filled to mark with the proper buffer soin. Readings were taken beginning 5 min after the 
addition of buffer to the sample, and continued at intcrvais until the cpimcrization had proceeded IO 

** In addition, the less soluble cpima was found to show less than one tenth the activity of the more 
soiubk one in antagonizing the action of cpincphrinc on the isolated guinea pig seminal vacicie. 
A similar trend was also observed in the scriu of the I-nuthyi daivativu of compounds Ilb-Ha 
(British Pat. 980,016, May IS, 1965; Canadian Pat. 724,185. Dec. 12, l%n; namely the in vluo 
and in cirro biological activity of the I-mcthyi dcrivativa of the more soluble cpimcrs was found to 
be constantly greater than that displayed by the analogous derivatives of the corresponding ks.s 
soiubk cpimcrs. Spccifkaliy, in the case of the pair of epimcric a-rncthoxyethyiamida Iib, the 
I-methyl derivative of the more soluble isomv showed an anti-S-hydroxy-tryptaminc activity on the 
rat paw o&ma equal to 250, while that displayed by the l-methyl derivative of the less soluble 
isomer war 75. the activity of lysergic dicthylamide having been made equal to 100 (A. GiPsrr, 
personal communication). 

I* T. H. Fife and T. G. Bruicc, 1. Pkys. Chtm. 65, 1079 (1961). 
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compktion. The tinal reading a. was taken after a time inta-val equal to S-10 half-livca Tba 
results of cacJ~ run were plottul on aani-logarithmic graph paper a~ a - a. vs. time, the value of 
a, - a. being obtained by extra 

z” 
lation at zero time. The cpimcrization reaction was treated as a 

unimokcular raxmization A e B whae K- K’. The fitat order rate constants (&~a - K + 

K’ - 2K) were obtained from t:; slopes of plots of log (a, - z./a - a.) against time. Rcdsc Ant 
order plots were invariably obtained. All recorded valued of &m arc mean values from two or 
three experiments, each expcrimcnt bdng &cd out in duplicate runs with different conentrations 
of the solute (from @C@S to @02 M). The values of &a were rcproducibk to within I_LS % and 
the rc~ults did not necessitate a statistical treatment. Valuea of the Arrtius energy of activation (E) 
were obtained in the usual fashion from the gradient of the plot of Ko- vs. tlu reciprocal of the 
abcmlutc temperature. Valu*l of AS* were cakulatal from the Eyring equation (1). where Km + - 

WH’I. 
In Km+ = In (ckT/h) + A.S*/R - E/RT (1) 

Ac&~t&~~~~~rs--nK authors arc indebted to Dr. Wanda Barbieri for the IR spectra and to Mr. 
Akmanni for the miaoanelyx~ 


