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COMMUNICATIONS TO THE EDITOR

THE TOTAL SYNTHESIS OF LYSERGIC ACID
AND ERGONOVINE
Sir:

The striking physiological effects attributable to
ergot have been known since pre-Christian times,
and were familiar to mediaeval Europe, where the
ingestion of grain infected by the fungus Claviceps
purpurea not infrequently caused outbreaks of the
dread malady known as St. Anthony’s Fire. More
recently, the active principles have been shown
to be amides of lysergic acid (I, R = —OH),
of which the simplest is ergonovine (I, R = —NH-
CH{CH;)CH,OH), whose oxytocic effect has led
to its widespread use in obstetrical medicine.
We now wish to record the first total synthesis of
lysergic acid.
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The reaction of N-benzoyl-3-(3-carboxyethyl)-
dihydroindole! with thionyl chloride, followed by
aluminum chloride, gave 1-benzoyl-5-keto-1,2,2a
3,4,5-hexahydrobenz[cd]indole (II, R = —CO-
CsHs, R’ = H) (m.p. 148-150° (uncor.); caled. for
CisHi:NOQs: C, 77.96; H, 5.45; N, 5.05. Found:
C, 77.81; H, 5.29; N, 5.13). Bromination of the
tricyclic ketone gave the 4-bromo derivative (11,
R = —COC4H;s, R’ = Br) (m.p. 181-182°; calcd.
for CisHi:BrNOs: N, 3.94; Br, 22.44. Found:
N, 3.94; Br, 22.14), which was converted by re-
action with methylaminoacetone ethylene ketal

to the ketal-ketone (II, R = —COCiH;; R’ =
0
1
O
@ l / 4 /I\TCHS
RN———] 11 RN— JIT
———————— -
—N(CHy)CH,C(CH)OCH,CH,0) (m.p. 135-136°;
caled. for C24H26N2042 C, 7091, H, 645, N, 6.89.
Found: C, 70.95; H, 6.49; N, 6.95). Acid hy-

drolysis of the latter yielded the diketone (II,
R = H, R’ = —N(CH;3;)CH,;COCHj;) (m.p. 109-
110°; caled. for CisHisN,Oq: C, 69.74; H, 7.02;
N, 10.85. Found: C, 70.00; H, 7.41; N, 10.91),
which on treatment with sodium methoxide was
converted to the tetracyclic ketone (III, R = H)
(m.p. 155-157°; caled. for CisHieN:0O: C, 74.97;
H, 6.71; N, 11.66. Found: C, 75.08; H, 6.95;

(1) B. K. Blount and R. Robinson, J. Chem. Soc., 3158 (1931).

N, 11.78). Acetylation of the ketone afforded
(I1I, R = —COCH;) (m.p. 169-170°; caled. for
CyHisN.O,: C, 72.32; H, 6.43; N, 9.92. Found:
C, 72.61; H, 6.53; N, 9.75), which on reduction

with sodium borohydride gave the alcohol (IV,
RI
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R = —COCH,;, R’ = OH) (m.p. 187-188°).
The hydrochioride (m.p. 245-246° (dec.); caled.
for C17H21N202C12 C, 63.64; H, 660, N, 8.73.
Found: C, 63.47; H, 6.81; N, 8.96) of the latter,
when treated with thionyl chloride in liquid sulfur
dioxide, furnished an amorphous chloride hydro-
chloride, which was converted by sodium cyanide
in liquid hydrogen cyanide to the nitrile (IV, R =

—COCH;; R’ = —CN) (m.p. 181-182°; caled.
for CiuHpN:O: C, 73.69; H, 6.53; N, 14.33.
Found: C, 73.41; H, 6.53; N, 14.17). Methanol-

ysis of the nitrile gave the ester IV, R = H, R’ =

—COOCH;) (m.p. 160-161°; caled. for Cy-
HyN.O,: C, 71.80; H, 7.09; N, 9.85. Found:
C, 71.86; H, 7.19; N, 10.05). Alkaline hydrolysis

of the latter, followed by catalytic dehydrogenation
in water using a deactivated Raney nickel catalyst?
gave dl-lysergic acid (I, R = —OH) (m.p. 241-
242° (dec.); caled. for CigHigN,O:: C, 71.62; H,
6.01; N, 10.44. Found: C, 71.51; H, 6.10;
N, 10.32). The synthetic dl-lysergic acid was
converted to the corresponding ester by means of
diazomethane and thence with hydrazine to di-
isolysergic acid hydrazide (I, R = —NHNH,)

(m.p. 224-227° (dec.); caled. for CiHisN4O:
C, 68.06; H, 6.43; N, 19.85. Found: C, 68.00;
H, 6.44; N, 19.76). Both the acid and hydrazide

were identical with the corresponding samples
derived from natural ergot alkaloids®* in melting
point, mixture melting point, ultraviolet spectrum,
infrared spectrumi, paper chromatographic be-
havior and X-ray diffraction pattern.

Since dl-isolysergic acid hydrazide (I, R =
—NHNH;) has already been resolved and re-
converted to ergonovine (I, R = -—NHCH-
(CH;)CH:0OH),5 the present work constitutes also
a total synthesis of this ergot alkaloid.
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