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A NEW SYNTHETIC ROUTE TO 
(k) LYSERGIC ACID’ 
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I‘hc Robert Robinson LaboratorIes. University of Liverpool. Liverpool L6Y 3HX. England 

Abstract A route to the synthesis of lysergic acid, I is dexrlbed based on a mechanism proposed for the 
raLymlsation of lysergic acid and related compounds. The strategy involves cyclisatlon of the aminodienoic 
esters 19 and 22 10 produce tetrahydropyrldinc systems. A modllied Curtius degradation sequence is 
described. 

Ergot is the product of the filamentous fungus 

Claricc~p.\ purpur~u (Fries) Tulasne which grows 

parasitically on the rye plant and as early as the 

seventeenth century it was established’ ’ that ergot 
was responsible for epidemics known as St. Anthony’s 
Fire. From historical survey it became clear that 

outbreaks of such epidemics followed wet and barren 
seasons when the flour of rye, infested by ergot, was 

used for bread manufacture. Of the two forms of the 
disease convulsive ergotism caused twitching and 

convulsions whilst gangrenous ergotism was 

characterised by violent burning pains in the limb 

which often resulted in amputation. Although the 

adverse results of the pharmacological activity ofergot 
alkaloids have long been known, as well as the more 

recent recognition of the hallucinatory properties of 
lysergic acid dicthylamide.s it is important to 

remember that ergot alkaloids exhibit a broad and 
useful spectrum of pharmacological properties. The 

positive pharmacological importance of ergot 

alkaloids was lirst rccogniscd during the Middle Ages 
and led to introduction of crude preparations of ergot 

into medical practice for induction of uterine 
contractions. 

During the twentieth century isolation and 
structural elucidation of the components ofcrgot have 

led to the identification of two mam classes of ergot 
alkaloids.h.’ one of which is based on the structure of 
lysergic acid Ix “’ and is constituted of amldes having 

the following representative structures: ergine 2. 

ergonovme 3, and a series of peptidc alkaloids having 
the general formula 5. The naturally occurring 

alkaloids are known m isomeric pairs which direr only 
in the stereochemistry at C 8. This cpimcrisation may 

be accomplished by either acid or alkali and it is of 
significance that the constituents of fresh ergot arc 
optically active and belong to the pharmacologically 

active X/I-series. The acidity of the C- H bond at C-8 
also plays an important role in the chemistry and 

stability of lysergic acid and its derivatives. Careful 
stcreochcmlcal arguments based on hydrogenation 
studies.’ ’ ” as well as the transformation of both 
Iyscrgic and isolysergic acids by hot acetic anhydride 
into the same lactam IO.’ showed that isolysergic acid 

+Dedlcatcd lo the lak Prof. R. B. Woodward wwth whom it 
was both a prwllege and a pleasure 10 be associated in 
research. 
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6 is epimeric at C -8 but retains the same configuration 
at C-5 as in lysergic acid I. The absolute 

configurations of the two acids were elucidated by 
both optical rotary dispersion’” and degradative 

methods.” In 1974 the conjugated acid. 8, was 

isolated” from saprophytic cultures of a strain of 

Clatliceps pu.sptiIi (Stevens and Hall) whereupon it was 
established’(’ that this isomer could be transformed 

easily by alkaline treatment into lysergic acid I in 
which the olefinic bond is preferentially conjugated 

with the indole system rather than the carbonyl 
function. From a biosynthetic standpoint’- it is 

interesting to note that free lysergic acid I is never 

found m large quantities whereas paspalic acid 8 

occurs abundantly in certain Claricc~ps strains. 

The retrosynthetic planning which controlled our 

approach to the synthesis of raconic lysergic acid I was 
founded upon the observation”’ that both (+ )- 
lysergic acid I and (+ )-isolysergic acid 6 could be 
converted into rocrmic lysergic acid I by barium 

hydroxide in aqueous solution at high temperatures. 

Further evidence of the stereochemical lability of the 
lysergic system is to be found in the formation of the 

rucemic hydrazide 7 by hydrazine treatment of the 

natural alkaloids having the general structure 5.‘” 

These two observations involve loss of stcreochemical 
integrity at both the C-5 and C-8 positions which is at 
first sight surprising since only the carboxyl function at 

C-8 would be expected to undergo the epimerisation 

which relates I and 6. In order to rationalise the 

cpimerisation at the apparently unactivated C-5 

position Woodward proposed’” that the racemisation 
process proceeded through the achiral tricyclic 
intermediate 9 which could be formed by retro- 

Michael fragmentation of I. 6 or 8. Since the 

postulated intermediate 9 is achiral, any subsequent 
cyclisation of the amino function by Michael addition 

to the dlcnoic acid system to form ring D must produce 
racemic products which would be cpimeric at C-8. It 

has to be assumed that the isolation of (+ )-lysergic 
acid I and the ( ? )-hydraride 7 is due to the equilibria 
in these reactions being displaced by the greater 
insolubility of the /I- and z- epimers of these 
compounds respectively under the reaction conditions 
employed. The failure to isolate ( f )-paspalic acid 8 
from the cyclisation of intermediate 9 can be explained 
by the aforementioned facile equilibration of 8 to 
lysergic acid I as a consequence of their relative 

thermodynamic stabilities. A maJor consideration in 

favour of the intermediacy of 9 is that such a structure 
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would be chemically stable towards hydrolytic 
cleavage under the alkaline reaction conditions. 

Alternative mechanisms involving imonium inter- 
mediates would be expected to yield hydrolysis 

products during the prolonged alkaline treatment 
leading to racemisation. It is significant to note, in the 
context of the racemisation mechanism proposed by 

Woodward. that the alternative mode of cleavage of 

ring D in lysergic acid I is responsible for the 
formation of thechiral methylene lactam 10 from I and 

6 on treatment’ with acetic anhydride by a path which 
probably proceeds r.iu the chiral intermediate II. 

Thus if the elegant explanation put forward by 
Woodward for the facile racemisation of lysergic acid I 
is correct then it follows that synthesis of the 

intermediate 9 would, in fact, produce (+ )-lysergic 

acid I by spontaneous cyclisation. In order to 
circumvent the anticipated problems associated with 

indole-naphthalene tautomerism in 9 it was decided to 
aim for the modified target 19 which has the masked 

indolic system employed in the two preceding 

synthesis”.” of (+ )-lysergic acid 1 in which the final 

stage involves oxidation of the indoline system of 30. 
The first2’ total synthesis of this important substance 
was achieved in 1955 by a collaboration of Woodward 

and the Eli Lilly group. In the course of this classical 

work a route to the aldehyde 12 was developed. which 

we have optimised to a!low satisfactory production of 

this key intermediate for the synthesis of 19. After 
abortive attempts to synthestsc a phosphorane capable 
of reacting with 12 to give 19 directly it was decided to 

utilise the readily accessible reagent l3’2 and 

introduce the amino function later by sclcctive 
degradation of a carboxylic acid group using the 
Curtius degradative procedure. 

The stereochemistry of the olefinic double bond 
formed in the Wittig reaction involving the 

phosphoranc 13 should lcad to the E-configuration 

required for the projected synthesis by analogy with 
the work of House2J who showed that Wittig reactions 
involving resonance stabilised ylides allord the 

predominant stereoisomer having the carbonyl 

function rum to the larger group at the /I-position. 

Reaction of 13 with bcnzaldehyde afforded 34 as the 
sole isolated product, the I\;lviR spectrum of which 

exhibited a I H resonance at 7.3X 6 consistant with that 

expected2’ for the P-proton deshicldcd by the adjacent 

cis ester function. Furthermore reaction of 12 with 
carbomethoxymethylenetriphenylphosphoranc gave 
the dienoic ester 35 in which the acyclic proton /I- to 

the ester function was found in the NMR spectrum to 

be deshielded into the aromatic region in accordance 

with the E- configuration shown. The complementary 
part of the AB system (J = 16Hz) due to the acyclic 

1, m 

2, a=r% 
3, Rai.cHW) .clLp 

4, RMI.arH(Et) .af.$dt 

11 R’=ux8i, lt*=li 8 9 

6; R’=i.i, R*eXEi 
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23; R'~,R~=H, R'W 
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R' 25; Rt=UBb,~i=~' =H 

26: R'=R'=R, R'w 

271 R'.OX;Me, R'=QQ R*mR 

28; R'nH, R'mr*?, RI- 

proton x IO the ester group can he observed The reaction between 12 and I3 was found to be slow 
approximately 1.2ppm upfield at 6.35 & together with but could be induced to give the required diester 14 in 
the oiefinic proton of the tricyclic system. As expected 79 ‘A yield using benzene~t-butanol f 1: I ) as solvent at 
for such a diene, 35 reacted smoothly with 4-phenyl- reflux for 4 days. Only one isomer, as indicated by 
1,2.4-triazoline-3. S-drone to give a Diels Aider adduct NMR. hplc and tic analysts was isolated in which the 
in almost quantitattvc yield. Two isomers were formed 
in the ratio of 9: 1 and these were easily separated due 

acyclic olefinic double bond may, be assigned the E- 
configuration, since the acyclrc olefinic proton 

to the insolubihty of the minor isomer. Consideration resonance was observed together with the aromatic 
of molecular mod& and the Woodward Hoffmann” protons in the region 5.7-7.X 6 in accord with the 
selection rules strongly indicate that the major isomer chemical shifts quoted for the reference compounds 34 
has the relative stereochemistry rcpresentcd in 36 and 35. With the diester 14 in hand the next task was to 
arising from attack of the azo-dienophile from the z- effect the transformation to the intermediate 19 
face of the diene system. This allows ring D of the 
pentacyclic structure to adopt a boat conformation 

required for the crucial cyclisation to the tetracyclic 
products 23.24 and 29. After acidolytic cleavage of the 

enabling maximum overlap of the n-orbitals in the t-butyl ester function produced the corresponding acid 
styrenc system which is a consequence of the C H 15. the introduction of the amino function was 
bonds at C-3 and C-5 being c.i.s and quasi axial. The 
same argument has been invoked by the Sandoz 

accomplished by the Curtius degradation procedure in 

rescarchcrs’~ in the course of structural assignment of 
overall yield of go”,. This optimisation was the result 

2.3-dihydrolysergic acid ( t )-butanolamide. which iy 
of many preliminary experiments in which the acid 

produced by Zn!HCI reduction of the indole ring in the 
azidc formation was investigated using carboxyl 
activation as the acid chloride or carbonic mixed 

corresponding lysergic acid derivative 4. As a rcsutt of anhydride with either sodium azide or tetramethyl- 
these considerations we would assign the structure 37 guanidinium azide,” 
to the minor Dicls Alder product. It can readily be seen 

or directly using diphenyl- 

that this synthetic approach could lead to the 
phosphonic azide,29 The selc ted conditions employed 

interesting 7-aza-lysergic system with judicious choice 
tetramethylguanidinium azide and the diphenyl- 

of the azo-dienophile component for reaction with 35. 
phosphinic mixed anhydrideJo in CH,CI,. Thermal 
rearrangement of the acid azide 16 to the isocyanate 17 

30: R’--CXDk?,Rz=?i,Rs=t& 

31: R'=?S, RI-, R'=t4e 

=I R'-UXW, R==R'=H 

331 R'=R'=EI, R'=CXKW 



proceeded smoothly in refluxing benzene, however it 
was anticipated that hydration of the isocyanate and 
decarboxylation of the resulting carbamic acid under 
the usual aqueous acid conditions would cause 
untoward hydrolytic side reactions. In order to avoid 
this occurring, it was decided to effect the acid 
cataiysted hydration using p- toluenesulphonic acid 
monohydrate in anhydrous medium on the premise 
that the reatent contains sufficient water for hydration 
and that the subsequent decarboxylation step would 
be driven by formation of the amine salt. This result 
was realised by performing the reaction in 
benzene~ether as solvent, whereupon the p- 
toIuenesulphonate of 18 crystal&d from the reaction 
mixture. 

The free amine 18 was found to be exceedingly 
reluctant to cyclise to the tetracyclic compounds, 
however this result did not cause undue anxiety that 
the corresponding secondary amine 19 might also be 
recalcitrant when called upon to cyclise since the work 
of Harley-Mason” on the oxidative cyclisation of a 
series of substituted dopamines 38 to the bicyclic 
quinones 39 showed the secondary amines to be vastly 
superior in this respect. Indeed it was possible to 
prepare derivatives of the amine 18 such as the 
tri~uoroacetamide 20 and the urethane 21 which were 
also found to exist as the tricyclic structures in which 
the N-- H IR absorption was particularly diagnostic. If 
the Woodward hypothesis is a correct representation 
of the mechanism of lysergic acid racemisation then it 
follows that any methylation method which produces 
the secondary amine 19, however transiently, should 
afford the 2,3-dihydrolysergic system as a result of 
spontaneous cyclisation. The method selected for the 
purpose was the Eschweiler-Clarke reaction using 

HCOOH/HCHO involving hydride reduction of the 
intermediate imonium species. Although this would 
normally be expected to give the dimethylated amine it 
was found that the intermediate secondary amine 
preferred to cyclise rather than undergo the second 
methylation step. This reaction gave 62 4; yield of three 
tetracyclic isomers in the ratio 9:3:2 which were 
assigned the structures 23, 24 and 29 respectively. 
Hydrogenation of these compounds in methanol using 
10 ?,, I’d/C indicated that only one olelinic double 
bond was present and, therefore, that the products 
were tetracyclic. A combination of crystallisation and 
chromatography allowed a separation of the 
components of the mixture, although the minor isomer 
29 could not be isolated in pure form due to 
contamination with 24 as a result of rearrangement 
induced by silica chromatography. The major 
products 23 and 24exhibited IR CO absorption bands 
corresponding to saturated ester functions and the UV 
spectra were in agreement with that expected for the 
2.3-dihydrolysergic system.2’ Although both major 
isomers clearly incorporated an oletinic proton. as 
indicated by the NMR spectra, it was noteworthy that 
the signals in 23 (6.52 6) and 24 (6.19 6) were consistent 
with known lysergic and isolysergic analogues. The 
relative stereochemical assignments at C-8 were 
clarified by equilibration studies using conditions 
which are known to favour methyl lysergate over 
methyl isolysergate.‘” It was found that 24 could be 
epimerised to 23 in refluxing MeOH whereas, under 
the same conditions. 23 was unchanged. The relative 
configuration at C-3 and C-5 are determined during 
the cyclisation of 13, and, under thermodynamic 
controi, it is to be expected that the developing n- 
overlap between the 9. 10 double bond and the 
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aromatic ring should be the dominant factor in 
product de~~elopment. This would result in the C-3 and 
C-5 C-H bonds being cis as represented in 23 and 24. 
Stadler cr rtl.” have used the same argument for the 
relative stereochemistry at C-3 and C-5 in the 2.3- 
dihydrolysergic system: in their case the C-3 sp3 
stereochemistry was introduced relative to C-5. 

The minor product 2Parising from thecyclisation of 
19 exhibited the expected JR absorption at 1708 cm- ’ 
attributed to the conjugated ester function compared 
with 23 (1728 cm-‘) and methyl lysergate 
(1728cm I). The assignment of the A8.9 double bond 
was also supported by comparison of the UV spectra. 
the NMR signal due to the 9-H deshielded by the 
COOMe group to 7.37 6. and the finding that 29 
underwent facile rearrangement to the A’.” isomer 24. 
This latter observation is consistent with the known 
propensity ” o p f asp&c acid 8 to rearrange to lysergic 
acid I. The relative stereochemistry at C-3 and C-5 in 
29 is the same as in 23and 24, however. the assignment 
at C-IO is not certain. 

The mixture of 23 and 24 was treated with HCI in 
MeOH lo afford a mixture of methyl 2,3- 
dihydrolyscrgate 30 and the 8lepimer, 31 in the ratio 

.S:2. Methanolysis of the N-benzoyl group of 23 or 24 
separately gave the same mixture of 30 and 31 which 
was found to be identical in all respects with material 
used in the first synthesis of fysergic acid 1.” Although 
this had been thought to be solely the BP-epimer 30, the 
mixture of epimcrs could be detected only by NMR, 
and hplc: two techniques not available to the 
researchers in 19%. Accurate mass fragmentation data 
on 23 and 30:31 exhibited an important ion eor- 
responding to P-C,HSN which would result from 
retro-Diets Alder fragmentation of ring D. Since the 
intermediate methyl 2.3-dihydroiysergate 30 together 
with the 8r-epimer 31 have previously been 
transformed into lysergic acid 1 by Kornfeld et al.” 
the route described above not only constitutes a 
synthesis of lysergic acid but also lends support to 
Woodward’s proposal about the racemisation 
mechanism and. additionally, helps to ratlonalise the 
greater thermal and photochemical stability of the 
9.10-dihydro series of lysergic acid derivatives. 

In order to extend this synthetic route based on 
cychsation of 19 other derivatives of the parent amine 
18 were prepared. As stated previously the 
trifluoroa~etamide 20 and the urethane 21 did not 
cyclist to tctracyclic structures analoguous to 23, 
however formylation of the primary amine 18 using 
formic acetic mixed anhydride gave the mixture of 
isomers 27 and 28 which could be separated by 
fractional ~rystailisa~l~)n. The tetracyclic nature of the 
products was substantiated by hydrogenation with 
IO”;, Pd,‘C to afford dihydro compounds which could 
be compared readily with the product derived by 
hydrogenation and formy~ation of 18. Support for the 
structures 27 and 28 was alTordcd by the IR data which 
lacked the NH absorption expected for 22, which 
would be a tricyclic product of similar type to 20 and 
21. but did exhibit an absorption at 1725cm. I due to 
the saturated ester fun~tjons of cyclised products. The 
NMR spectrum of the epimeric mixture of 27 and 28 
displayed singlets due to the formyl protons at 8.16 
and 8.21 ii in addition to the important olefmic 
rcsonanccs at 6.28 and 6.50 ci due to the vinyl proton at 
C-9 in the two epimers. The absence of signals due to 

the N-H proton and the associated characteristic 2 H 
doublet at 4.2 6 of the methylenc protons adjacent to 
the non-indoline nitrogen in tricyclic structures such 
as 20 and 21 further supports the tetracyclic structure 
as opposed to 22. Further evidence for the slructurcs 
27 and 28 was given by the UV maxima at 251 and 
304 nm which are consistant with that expected for the 
2,3-dihydrolysergic system.” Having obtained the 
tetracyclic N-formyl derivatives it was hoped to 
methanolyse selectively the formamide function to give 
both epimeric secondary amines 25!26 which would 
then allow structural modification s~~i~~ally al 
N--6.32 Unfortunately this could only be a~~ornpl~sh~d 
in low yield: the major product being the his- 
secondary amine as a mixture of 8r and 88 epimcrs 32 
and 33 which were isolated as the mixture of’ bis- 
hydrochlorides. This route to the lysergic system 
through N-formylation and cyclisation of inter- 
mediates derived from 18 has great potential Tar 
producing a range of N-alkylated derivatives of 
lysergic acid which would be of considerable 
pharmacological interest. 

EXPERIMESI’AI. 

All m.ps are uncorrected. IR spectra were determined using 
a Cnicam SPZOO and CV spectra obtained using a L’niwm 
SP800 spectrometer. Mass spectra were obtained from 
AEI MS12 and MS902 Instruments (the latter with an on-line 
COmpUter). NMR 5ixY.m Were InwSUred I&g Ovarian 

HAIOO, XL100 spectrometers. Hplc was carried out usmg a 
Waters ALC204 ma&me with a Model 440 IJV detector and 
M660 solvent gradient system. 

l-Ben;o~f-S-form~I-1,2.2.2~.3-r~rr~~~~~~~~~~n~~cd]in~~~~t~~~~. 
12. To MeCN (32Oml) at 58 were added the Na salt of I- 
benzoyl-S-carboxymethyl-a, 5-epoxy-1.2,ta,3.4.5-hcxa- 
hydrobcnz[cd Jindole” (l6.Og. 44.X mmole) and pyrldmlum 
hydrobromide perbromldc (14.4 g. JS mmole). The surrcd 
mixture was llluminatcd For 15 min with a 750 Watt lamp. and 
then cooled to 40 without illumination. A soln of 
semicarbaztde HCI (14.9Xg. 134.3 mmolc)and NaOAc,3H,O 
(7.39g. 54.33mmole) in Hz0 (3Oml) was added thtn the 
mixture stirred at 40 for 3hr. The solvent was removed or 
I’UCUO followed by addition of HZ9 (3.50 ml) and filtration, 
The crude solid product was washed wtth HIO then digested 
with hot MeOH, Et,0 and dried to give the semicarbazone of 
I2 (12.2g. 79’:,,), m.p. 227-9 flit.“m.p231 2 ) 

The semicarbazone of I2 (26.5g. 76.6mmole) was 
suspended in CHCIJ (332ml) and on addition of freshly 
distilled MeCO.COOH (102.5g. 1 l6mmole) and p- 
toiuenesulphonic acid H20 (0.265 g, 1.39mmole) soln was 
attamed. After addition of H,O (26.5 ml) the soln was stirred 
at 25’ for 18 hr. The precipitated solid was filtcrcd and washed 
with CHCI,, then the &ICI, filtrate was washed with fI,O 
(3x), sat. NaHCO, and dried (MeSO,). Removal of the 

solvent in cucuo aRorded the crude aldchyde 12 whrch was 
digested with hot MeOH, fittered then washed with MeOti, 
Et@ and dried to give 12 (20.7g. 94”,,) m.p. 177 I79 (lit.“‘. 
179.5- 180.5 ) which was ldcnrlcal with authenttc material. 

(2.0~. 4.46mmole) in db t.BuO?f under N, atmosphere. 
After 4X h reflux the solvent was removed in L‘~~(‘uo leaving 
crude product which was chromatographed on grade III 
alumma (6Og). Elution with benzene 40.%0 petroleum ether 
(4: 1) gave the &ester which crystalhscd from hexanc (0.97 g. 
87?,,) m.p. 55-6’; I’,,,~,(CHCI.,) 1700, 1720. l64ocm i’ 
R,,,(EtOH) 267nm (I: 15.800); ‘H NMR (CDCI>) CT I.48 (s: 
9H) 3.47 (s. 2H). 379 (s. 3H). 732 (s. 5H). 783 (s. 1H) 
(Found: C, 69.77; H. 7.54.C,,H,,,O, Rcqmres: C. 6Y 54: H, 
7.33 “,,f. 
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l-Ben;o~l-1,2,2a,3-rerruh~dro-S-(2’-~r~r/~r~~~~~urbo~~~l- 
cr/rJ/ene)hen; :cd]indolr, 35. A soln of 12 (1 S.0 g, S2 mmole) 
and methoxycarbonylmethylenetriphenylphosphoranc 
(17.37 g. 52 mmole) in dry benzene (1.3 1) was retluxed under 
N2 for 18 hr. The soln was concentrated to 30 ml rn cuwo then 
chromatographcd on grade 111 alumina (1 kg). Elution wrth 
benzene gave the product 35 which was crystallised from 
EtOAc 60180 petroleum ether (7SOg. 42’!;,): m.p. 131 3 : 
rmn, (CHCI,) 1705, 1635. 1615cm~‘:.,,,(EtOH)250nm (c 
29,OCO); ‘H NMR (CDCI,) 6 7.0-7.8 (9H. m). 6.2-6.5 (2H, 
m). 4.41 (I H. m), 3.75 (3 Hs), 3.3-3.9 (2 H, m) 2.0 2.9 (2 H, 

m); “7 :‘e 345.1362- CZ2HL9N0., (-lppm). 
286.1208 C,,,H,,NO (-8ppm). 240.1017 C,,H,.,N02 
(-3ppm) (Found: C. 76.49; H, 5.47; N, 4.18. CZ2H,,NOA 
Requires: C, 76.50; H. 5.55: N, 4.06’:,). 

4-PI1c~n~/-1,2,4-rr~u;olinr-3,5-dronr udducrs, 36:37. The 
ester 35 (6.Og, 17.4 mmolc) and 4-phenyl-I. 2.4-triazoline-3,5- 
dione (3.05 g. 17.4 mmole) were dissolved in dry acetone (I 1) 
and the soln refluxed under N1 for 2 hr. During this time the 
deep red soln became colourless and the solvent was removed 
rn IYJWO to grve a white solid which was digested m EtOAc 
and filtered to aITord two isomeric adducts (8.28 g, 92 g,,) in the 
ratio 9: I. Crystalhsation from EtOAc effected separation of 
the soluble isomer 36, m.p. 263 6 , v,~~,(CHCI,) 1775. 1750. 
1720. 1640. 1610, 1595cm-‘; /.,,,,,(EtOH) 228 (c 24550). 245 
(E 23, 443). 305 (I: 4898) nm: ‘H NMR (CDCI,) 6 7.0 7.8 
(13H.m).6.35(1H.dd.J = 5).5.26(IH.dd.J = 5).4,45(2H. 
m), 3.77 (3H, s). 1.2-3.9 (4H, m). (Found: C, 68.89; H. 4.52; 
N. 10.46. CJ,,HI,N,OS Requires: C, 69.22; H, 4.65; N, 
10.76”,,). The least soluble isomer was extremely insoluble 
hence a comparable spectral analysis could not be obtained 
for 37, m.p. 295 ; v,,,,(Nujol) 1762, 1735, 1700. 1642. 
159Ocm ’ ; m:‘e 520 -Cj,,H2.,N\i,0S. 

l-Ben:oyl-1,2,2a,3-retrahydro-5-(2’-me~hoxycarbonyl-2’- 
r-bury/oxycarhony/mefhy/ethy/ene)benz[cd]- 
171dole. 14. A soln or 13 (56.Og. 12Smmole) in dry 
benzeneit-BuOH (I : 1; 48Oml) was added to a suspcnston of 
12 (24.2 g. 8.35 mmole) in dry benzene/t-BuOH (1: 1; 300 ml) 
and the mixture retluxed under N2 for 4 days. After removal of 
the solvent in cacuo the residue was dissolved m benzene and 
washed with 2N HCI. HzO, sat. NaHCO, then dried 

(MgSO,). Concentration of the solution in cacao followed 
by chromatography on silica (Zkg). Elution with 
benzenc:EtOAc (9: I) gave an 011 which crystalliscd from 
EtOAc- 60/X0 petroleum ether to afford 14 (26.1 I g. 79;6) 
m.p. 162-4 ; vmsx (CHCI,) 1710, 1640. 1620, 16Wcm-‘; 
i,,(EtOH) 235 (I: 26, 303). 254 (c 26, 915)nm: ‘H NMR 
(CDCI,) 5 6.7-7.7 (YH. m). 6.05 (I H, br. d), 4.4 (1 H, m), 
3.4 3.9 (2 H, m), 3.80 (3 H. s). 3.34 (2 H, s), 2.0-2.9 (2 H. m), 
1.44 (9H, s); m:‘e 459.2067 C,,H,,NO, (+jppm), 
403.1433-CZ,H,IN0, (+3ppm), i05.0342-CiH,O 
(+2oom) IFound: C. 73.00. H. 6.28: N. 3.08. C,,H,,NO, 
Requires:’ C, 73.18; H, 6.36; N. 3.05 “b). 

-.. _, _ 

I-Be~~-_o~/-I,2,2u,3-retrahydro-5-(2’-m~f/~o,~ycurb~~n~/-2’- 
curboxymeth~lerh~/ene)benz[cd]indo/e, 15. The diestcr 14 
(lO.Og. 24.8mmole) in 90”,,, TFA (100ml) was allowed to 
stand for 2 hr at 25‘ then diluted with benzene (lOOmI). After 
removal of the solvent in rac‘tto the crude product was 
azeotroped with benzene (3x) then dissolved in benzene and 
extracted with sat.NaHCO, (2x). The aqueous extracts were 
combined, washed with benzene and acidified with 2 N HCI. 
After extraction of the product wnh CHCIj (2x). the organic 
solutron was dried ( MgSOI) and evaporated in ~‘ucuo to give a 
crude product which on crystalhsation from MeOAc:Et,O 
(I: 1) afforded 15 (7.73~. 88:,) m.p. 175-7 ; \I,,,(CHCI,) 
25Ot-3.500. 1710. 1610. 159Ocm~‘: I.,.. (EtOH) 254 (B 26, 
915) nm; ‘H NMR (CDCI,)G9.80 (1 H, br.s).6.7- 7.7 (9 Hm), 
6.04(1 H. br.dk4.4011 H. br.m).3.5-3.9(2H,m),3.74(3H. 
s), 3.45 (2H, sk.2.0 2.8 (ZH, m): “C NMR i 28.4 (t), 33.8, 
33.9 (I), 52.2 (q), 58.7 (I), 118.1 (d), 127.2, 127.4, 128.5, 129.5, 
130.5, 130.8, 131.3. 132.7 (s). 138.9 (d), 140.7 (s), 167.2 (s), 168.9 
(s), 175.0 (s); m/e 403.1438<24H2,N01 (+4ppm). 
385.1298 CL4H,9NOJ (-4ppm), 372.1259-C,,H,,NO, 
(+6ppm), 3.58.1472 CL.IHZONOI (+8ppm), 344.1254. 

CIjH,,NO, (- 10ppm) (Found: C, 71.57; H, 5.40. N, 3.53. 
CZJHI,NO) Requires: C, 71.45: H, 5.25; N, 3.47?,,). 

p-7b/rtenesulp/~o~~arp w/r oj I-ben-_o~/-l.2.2u.3-rr~rah~dro- 
S-(2-methoxycurbonyl-2’-ominomechy/erhy/ene)benz [cd] 

mdole 18. The acid 15 (4.Og 9.94mmol) was dissolved in 
CH,CI, (250ml) and cooled to -20”. N-methylmorpholine 
(1.02 g, 9.94 mmole) and diphenylphosphinyl chloride (2.56g, 
10.82mmole) were added to the mixture which was then 
stirred at -20” for 30min. Tetramethylguanidinium azide 
(I .86 g, 11.76 mmole) in dry CH,CN (20 ml) was added to the 
mixture which was then stirred at 0” for 90min. The mixture 
was then poured on to ice-water and the organic layer 
separated and dried (MgSO,). Removal of the solvent in 
L’acuo at 25” gave 16 as a yellow oil, v,,, (film) 2150, 1710. 
164Ocm-‘. 

The acid azide was dissolved m dry benzene (50 ml) and 
refluxed under N2 for I hr. Removal of the solvent III rucrro 
afforded 17as a yellow 011. Y,,, (lilm) 2250. 1705, 164Ocm ‘_ 

The isocyanate was then dissolved in dry benzene (200 ml) 
and stirred at 25 for 16 hr with a soln of p-toluenesulphonic 
aad. H,O (1.9Og, IOmmole) in a minimum volume of dry 
Et,O. During this time the product crystallised from the soln 
to give the p-toluenesulphonate of 18 (4.3Og. 80:‘,,), m.p. 
166-170v,,(KBr)2700-3300,1730.1640,1620.1600cm~‘: 
i.,,, (EtOH) 234 (E 16. 982). 255 (c 18, 621) nm: ‘H NMR 
(TFA) 5 6.9 8.2 (15 H. m), 6.26 (1 H, br. s). 6.05 (I H, br. d). 
4.03 (3 H. s), 3.6 4.5 (5 H. m), 2.42 (3 H, s), 2.6 3.2 (2 H, m) 
(Found: C, 65.54; H, 5.64. N, 4.96. C3r,HJON10hS Requires: 
C, 65.92: H, 5.53. N. S.12’:,). 

I-Ben;oy/-1,2.2a,3-rerra/7~dro-j-(2’-mer/l(~.~~carb~~ny/-2’- 
rrijluoroaceramidomethy/erh~/ene)benz ;cd] 
indole, 20. The p-toluenesulphonate of 18 (275mg. 
OSOmmole) was drssolved in pyridine;benzene (I: I. 20ml) 
and stirred at 25’ for 3 days with tritluoroacetic anhydride 
(1.49 mg, 0.7 I mmole). After removal of the solvent 1)7 CLICUO 

the residual oil was dissolved in CH2C12 and washed with 
2N.HCI. HZ0 then dried (MgSO,). Removal of the solvent in 
I:UCUO. followed by crystalhsation of the residue from EtOAc. 
gave20(127mg,54”;,). m.p.200-3.:r,,, (CHClA)3450. 1720. 
1640.1602,154O.15OOcm~‘;i.,,,(EtOH)253(c21.380)nm: 
‘HNMR(CDCIJ)G6.8-7.8(8H,m).6.73(1H.d.J = X),6.12 
(1 H, br.d, J = 6) 5.03 (1 H, mk4.32 (2H.d. J = 6). 4.1. 4.6 

(I H. m), 3.84 (3 H, s). 3.3-4.0 (2 H. m), 2.0-3.0 (ZH, m); m:e 
470.1447-C15Hz,N20JF, (-I ppm), 105.0299- C,HSO 
( - 39 ppm), HPLC (Corsasil II-500 p.s.i., 2 ml:min- ‘. 
loo”,: CHCI,) Rt = 18.4min. (Found: C. 63.35: H. 4.25: N. 

6.04, C,,H,,?J,O,F, Requires‘: C, 63.83-H. 4.50, N. 5.95”!,): 
I-Ben;o~~/-1,2,2a,3-rerru/~vdro-S-(2’-tnefh~~.~~curb~~nv/- 

~-m~rho.u~curbon)1-2’-umi~omerh~lerh~/ene~benz[c~]- 
indole. 21. The isocyanate 17. prepared from I5 (l.COp. 
2.49 mmole) as prevrously described. in dry benzene (125 ml) 
was treated with p-toluenesulphonic acid H,O (475mg. 
2Smmole) in MeOH (IOml). After 16 hr at 25 the solvent 
was removed rn rucuo and the residue chromatographed on 
silica (30g). Elution with ben~enc/EtOAc (4: I ) yielded 21 

(56) mg, 52 y,,) m.p. 139-140 (crystallised from 
EtOAchexanc): vmsr (CHCI,) 3440, 1715, 1630, 1600, 
1570cm ‘: i.,,, (EtOH) 255 (E 29, 512) nm: ‘H NMR 
(CDCl,)ii 6.9-7.7 (8 H. m), 6.74 (I H. d, J = 7). 6.18 (1 H. br. 
~),5.3O(lH,br.s).4.10(2H,d.J =6)3.78(3H.s),3.56(3H.s) 
3.3 4.6 (3H. m) 2.0-3.0 t2H. m): mie 432.1698- 

CZ5HLJN’JOs (+‘3 ppm), 358.1445-- CZ2’H1”NOJ (+ I 
DDm): HPLC (Micronorasrl 2000 n.s.i.. 2.5 ml. min- ‘. lo%.. 
Me CN in CHiCI,) R = 1.9min. (Found: C, 69.61; Hi SSS‘I 
N. 6.70. C,,H,,N,O, Requires: C. 69.43: H, 5.59; N. 6.48 ‘,A). 

Mc~rh~/-I-ben;o~l-2.3-drhvdr~~/~.~er~crre 23. methyl-l- 
benzoy/-2,3_dihydroiso/ysergate 25 and 1-benzoyl-2,3-dihydro- 
6-~nefh~/-8-curbome~/~~~,~y-An~y-er~o/ine, 29. The p-toluene- 
sulphonate salt of 18 (4.Og. 7.31 mmole) was dissolved in 

CH,CI, (25Oml) and stirred with K2C0, soln. The CH,CI, 
layer was separated, washed with Hz0 and drted (MgS04) 
followed by removal of the solvent in cucuo to give 18 as an orI. 
which was dissolved in H.COOH (98 y<,, 200 ml) and H.CHO 
soln (40”,,, 4Oml) and heated for 3 hr. After cooling, the 
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solvent was removed in I‘LI~UO and the residue partitioned 
between CH2CI, and 4N NaOH. The CH,CI: layer was 

washed with HLO then dried (MgSO,). Removal of the 
solvent ~1 ~U~‘UO afTorded an oil which was chromatographed 
ober pradc III alumina (80~). Elution with benzene. EtOAc 
(4: I ) gave an ml which was crystalhsed from EtOAc-hcxane 
1oe~~cam~xturc~l.76g.6L”..~of2~.24and29~9:3:2l.SIow 
crj’stallisation of this-m&& from EtOAc gave 24. m.p. 
14Y- I53 : \‘,,,, (l’HCl,I 1733. 1633. 1610. 1580cm I: i,,,?, 
2421s lY.953).30li:4.766lnm;‘H NMK (CDC’1~)Rh.Y 7h 
1XH.ml,b.19(1 H.hr.sW:hHz).4.2 J.b(ZH.m),3,73(3H. 
bl. 3.0 3.7 (5 H. ml, 2.3X (3 H. s). I X ~2.9 (2 H. ml; m I’ 388: 
hplc (I'mad II. loo0 n.s.i.. l.Om. rmn-‘. IO”,, I-PrOH m 
C’H Il’l, I At = IO 5 mm A soln of 24 in McOli was rcflulrd 
under N2 for 2 hr. HPLC and NMK lndloated quanrlta- 
tlvo epimerlsation to 23. 

The total minturc of 23 and 29 (1.5g1 was separated by 
prcparatlvc TLC (7 I::, MeOH m CHCI,; plhca) to give 23, 
m.p. 165-168 (crptallised from EtOAc); u_,~ [CHCI,) 1728. 

1632, 16G4, 1590, 1578cn~‘:i..._ (EtOH)253(r:3X,9(Xl).307 .._” 
(~7.762)nm: ‘HNMR(CDCI,)Jb.X- 7.7(XH,m),h.52(IH, 
br.s. W. 6Hz).4.1-4.5 (1 H. br.ml.3.73 13H.sk2.4 3.7(7H. 
m). 2.4s (3 H. s), 1.2-1.6 (1 H, q. J = Yl&), m:;i 38X.17& 

C24H~JN20,(-Xpp~),345.1375--C,,H,,N0,~(+3ppm), 
329.1620--C,,H,,N,O (+lOppm). 105.0363 C,H,O 
(+ 22 ppm I; HPLC (Corasil II. loo0 p.s.i., l.Omlmin ‘, 10’1,. 
i-PrOH m CH,CI,) Rt = IOSmin. (Found: C, 74.09; H, 6.11‘. 
N. 7.20. C,,H,,N,O, Rcauires: C. 74.21 : H.6.23: N. 7.21 “..I. 

The Ai”-e;gol;ne” isomer 29. which was lsoiated 6; 
preparatn’e tic. could not be ohtaincd completely pure due to 
transformation on silica to 24, exhibited the follouing 
charaaeristicsm.p. 152-7 (crystallised EtOAc-hexane); I’,., 
(CHC[.,) 170X. 16j5, 1607, 15% 157hcm ‘; i,,, (EtOH )Z??[ 
292nm: ‘H NMR (Cl>Cl,)6 6.9 7.7 (SH. m). 7.37 II H. di. 
3.73 (311, s). 2.34‘ (3H:‘s). I50 (1.H. I. j= X&l: ;ri;; 
38X.1791 -C,,Hz4Kz0, (+I ppm ). 373.1536 - 
CzJH:,N,OJ (-4 ppm). 345.1366-CC,,H,,,NO, IO ppm), 
329.1644 C,,HI,N,O (-3ppm); HPLC (Corasil II. loo0 
psi. l.Oml min -‘, IO”,, I-PrOH in CH,CI,) Rt = 6.0min. 

EIydrogcnatmn of the mlxrure of Isomers 23. 24. and 29 
(100mgl In MeOH (5Oml) using IO”,, Pd,C (SDmgI gave a 
dihydro- product (100mg). ni 0 39O.lY 17 Cz4HIhNZ03 

(-7ppml. 
Alrrl~d 2.3-ci1/1!.drc~l1.se~~~~r~~. 30 czrld nicrh~ I 2,3- 

rilil?dro~rc~!l..~~~~clr~. 31. The eplmcric mixture of 23 and 24 
(500 mg I.29 mmolc) was dissolved in dry MeOH (55ml) 
containing conc.HCI (Sml) and the soln reffuxed under Nz 
for 6 hr followed hy removal of the sohcnt ifr IUUO. The 
residue was dried irl &I,O over P,O, for I h hr. then dissolved 
In dr\ McOll 120mll and a 2 M soln of HCI:MeOH 13.0 ml. 
6mn&). AI’ter 24 hr stirrIng under N, the solvent was 
removed i/l IUU,O and the residue partitioned ktwcen 
CH,C12 and the minimum volume al’ sat. K2C0, soln 
required f’or ncutralisation whltst maintainmg the soln at c) 
‘The CHICI, layer was washed with Hz0 and dried I MgSO, 1 
followed by evaporation in tww 10 gwe the crude product 
which crystalhscd from Et,0 to give a mixtureof.t0.31 in the 
ratio 5:2 (203mg 55”,,) m.p. 157 I61 : I,,, (CHCI,) 3500. 
1730.1615 1600cm ‘:i “,~, 243 (c 25.704),31X (I: 2.291) nm: 
‘H NUR (CI~E’l,J67.01 lZH.mj.6.4Y (ZH.mj.singlets(3H) 
at 3.73 I/&<‘OOMe) and 3.71 (z-COOMe). 2.5 3.7 (9 H. m 1, 
singlets (3 HI at 2.53 and 2.50. 1.1-1.6 (I H. m); OZ,~’ 
2X4.15i4- C,-HI,,N202 I+ IO ppm). 241.1098 - 
C’,,H,,NO- i-2 ppm). 22.5.1378 C,,H,,N, 1-6 ppml. 
1X2.0944 C,,H,,h’ (-3ppml; HPLC (Mtcroporasil, 2ooO 
p.s.,. ?.5mlmin. ‘. 15’!;, MeC‘y III C‘H*CI,I Rt = 7.4 min. 
(minor isomer) and R = 9.0min. (major Isomer). 

Thus product was ldcntlcal in every respccl with an 
authentic sample kmdly suppIled by Dr. E. C. Kornreld and 
prepared by the iirst route” to lysergic acid. 

E‘pimwr~ ~I.TIIII’P of I -hr,o~o~/-?.3-dik~rlro-6-lormr,l-X- 
m~~ri?o\ i~~.nrl~~~n!~l-A~.‘“-~r~~~l~nrs. 27 and 28. The fret amine 
IS. d&cd rrom the p-toluenesulphonate (1.2 g. 2.20mmole), 
wastrcatrd aitha snln ofH.COOH (60ml)and Ac,O (21 ml) 

which had been prccooled to0 After I hr at 0 followed by I6 
hr at 25’ the reaction was quenched by the addition of iced 
water (l20ml) and concentrated in CUUIIJ to yield an oil. 
Crystallisation from EtOAc hexane gave the pure mixture 
(I: I) of 27 and 28 (76Xmg. X7”,,), m.p. 236 239 : 
~maz(CHC:I,,) 172S, 1670, 1455. IdlO. 1595cm-‘:L,,), (EtOHl 
251 (r:22.90Y~.304(~:5.1291nm:‘I~N~RR(CDCl,~~isinelets 
at X.,16 and 8.21 (I H). 6.9. 7.7 (X H. m) doublets at h.S0-and 
6.28 (1 H. J = 6). 4~54 5.00 (I H, m). singlets at 3.72 and 3.74 
13H). 3.1~4.5 (6H. m). I.6 2.6 (2H. m); fn;~ 402.1’5CXG 
C,,H,,N,O, (-5 ppm). 105.0345 - C,H,O (+$ ppm): 
HPLC lCorasi1 II. lo(W) n.s.i.. I.5 ml min- ‘. 3’!.. i-PrOH in 
CH2C12‘) Rt = 5.1 m,n. (bound: C. 71.46: H. 5.26: N. 6.Y4. 
CLJl12ZN20a Rcqulres: C. 71.62: 11. 5.5 I: hi. 6.9”,,). The two 
eplmers cnuld hc separated by fractIona crystallisation from 
CHIC’l,:EtOAc. The most soluble epimcr exhibited m.p. 
20X 233 : ‘HNMR (CDCI,,)&X.l6(1 H,s).h.9-7.7(XH.m). 
6.28 (I H. d. J = 6 Hz). 4.71 (I H. I. J = IO Hz); 4.07 4.57 

( I H. m). 3.96 (I H, d, J = 15 Hz). 3.74 (3 H, sl. 3.23--3.X5 (4 H, 
m). 1.7 2.5 (2 H. m). 

The epimerlc rnlhture 27~28 (5oOmg, 1.24mmolc) rn dry 
DMF (125 ml)was hydrogenated using IO”,, Pd-C (I35 mg). 
After filtration and evaporation of the solvent in cacuo the 

residue was chromatographed o\cr grade III alumina. 
Elutlon with CH,CII gave a colourlcss oil which crystallised 
from EtOAc to ~lvc a nuxture (3:3:l) of 3 isomers of l- 
ben~oyl-2.3-dihydro-6-formyl-X-methoxycarbonylcrgoline 
(3S2mg. 70”,,) m.p. 214-6 : v,,,., (CHCI,) 1735. 165.5. 1610, 
1595cm-‘.j. . m.,x ( EtOH ) 26 I (I: 13.4(H)). 290 (E X. 709) nm: 1 H 
NMR (CDCI.,) d singlets at 8.45, X.25 (minor) and 8.13 (I H); 
nr’e 404.1762 C,,H,,N,O, (~6 tmm). 260.1069 - __ _. _ 
C,,H,,NO (-2 ppm), 149.0240 -‘Cd& (1 mm) 
(Found:C.71.26:H,6.13;N.6.X4.CL,HL,I\;,0, Requircs:C, 
71.27; H. 5.YX. N. 6.93”,,). 

Bi.sh!,dro~lt/orrdr .\U/f f!/ 7.3-drh~~/ro-X-,fr~~~/l~).~~~urbfJ~!~/- 
A“.‘“-rrgo/ine. 32,33. The eplmeric mixture of 27 and 28 
(800 mg, 2 Ommolc) was dissolved in dry MeOH (XX ml) and 
cont. HCI (X ml) and the soln rcfluxed under N, for 2 hr. The 
solvent was then removed 01 r~cuo and the residuecrystallised 
from MeOH-Et,0 to give the di-HCI salt ol’32 33 (4OOmg). 
A further quantity of product was obtained by esterilicatlon 
(MeOH-HCI) of the mother liquors to give a total yield of 
560mp (X2”,,) m.p. z 205 : L’,,, (KBr) 2300-3M)& 1730, 
1595. 1580cm ‘: i,,. lEtOH) 253 IC 10.0001. 322 0: I. 77X) .._. 
nm: ‘H NMR (TFh)ri9.25 (2 H. br.)7.56(3 H. m).singtetsat 
6.86and6.52(IH).3.93(3H.s).3.5-4.X(iE~,m).1.Y 3.1(2H. 

n):,,1?u(offrcrdiaminc)270,13SX ( ,~,Hla~~OZ (-4ppm). 
241.1104 C,sH,,NOZ (Oppm). 211.1246 C,,H,.F\‘J 
(+5 ppm) (Found: C. 54.7X; H. 6.0X: N. 8.19: Cl. 20.17. 
CI,,H~oN,0zC12.0.5~l~0 Requires: C. S4.55: H. 6.01: x. 
7.9s: Cl. 20. I3 “,,). 
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