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Microbial transformation of lysergic acid diethylamide (1) by Streptomyces roseochromogenes gave a known
product, lysergic acid ethylamide (5), and two new ones. The structures of these new metabolites have been
chemically established as lysergic acid ethylvinylamide (7) and lysergic acid ethyl-2-hydraxyethylamide (8).

SEVERAL reports have appeared on the metabolism of
lysergic acid diethylamide (1.SD) (1), a strong hallucino-
genic agent.  In 1957, Axelrod ¢f al.? claimed formation
of 2-hydroxylysergic acid dicthylamide (2) by enzymatic
systems of mammalian liver microsomes supplemented
with NADPH and oxvgen.  In 1959, Bovd 3 showed that
administration of LSD (1) to rats resulted in the biliary
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excretion of two  LEhtlich  positive metabolites, and
Slaytor ef al.,* in 1962, suggested that these metabolites
were the B-glucuronides of  12-hvdroxvlysergic acid
diethylamide (3) and 12-hydroxvisolysergic acid diethyl-
amide (4a).  Later, however, Szara 8 cast doubit on their
structures and claimed that hvdroxylation could take
place at C-13 of the lysergic acid skeleton.

Recently, two of us® (T. N. and Y. N.) re-examined

t Part of the material contained in this paper was presented at
the 19th Symposium on the Chemistry of Natural Products,
Hiroshima, Japan, October 1973,

the metabolism of LSD (1) at the subcellular level and
isolated two metabolites, the structures of which were
rigidly established as lysergic acid ethylamide 7 (LAE)
(5) and norlysergic acid diethylamide 8 (norLSD) (6).
At the time, we assumed that the metabolism of a forcign
compound would proceed in an essentially similar
manner in both mammals and micro-organisms, and the
identification of metabolites produced by microbial
transformation of LSD (1) would facilitate the further
detailed studies on the metabolic pathway of LSD (1) in
mammals. Then we ! examined the transformation of
LSD (1) with several Streptomyces species and found that
S. roseochromogenes produced two new metabolites,
lysergic acid ethylvinylamide (LEV) (7) and lysergic
acid ethyl-2-hydroxyethylamide (LEO) (8), with a
known metabolite, LAE (5), but S. lavendulac gave the
known norLSD (6) as a sole metabolite. In this paper,
we wish to describe the establishment of the structures of
these new metabolites.

LEV (7) was isolated as labile colourless needles, m.p.
86—88 °C, which show v, 1660 and 1625 cm!
(CONC=C). In the mass spectrum, it shows a parent
peak at mfe 321 corresponding to the molecular formula
CyoHgN3O, where two hydrogen atoms have been
removed from the molecule of LSD (1). The correctness
of this formulation was confirmed by determination of the
high-resolution mass spectrum of its parent ion. In an
earlier paper, we? (T. N. and Y. N.) discussed the
fragmentation of several derivatives of lysergic acid and
proposed a general pathway which involved fragment
ions, M* — 43 (CH,-N=CH,) [ion a: retro-Diels-Alder
reaction at the ring p], M* — CONRR’ [ion b: removal
of the side-chain at C-8{, and M' — CONRR’ — 2H}ion
c: aromatization of ion b at the ring n]. Appearance of
the corresponding ions at m/e 278 (ion a), 223 (ion b), and
221 (ion ¢) in the mass spectrum of LEV (7) unequivoc-
ally indicates that the skeleton of lysergic acid is retained
in LEV (7). Furthermore, the presence of a peak at m/fe
295 corresponding to an (M — CyH,) ion suggested that
LEV (7) has a vinvl group on a nitrogen amide atom.
In the n.m.r. spectrum, LEV (7) shows the presence of an
cthylamide group (3 1.22 (3 H, t, J 7 Hz, CH,) and 8 3.77
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(2 H, q, / 7 Hz, CH,N)} and a vinyl amide group [3 445
(L H, m, NCH=CH H}), 3 4.60 (1 H, m, NCH=CHHy),
and 3 6.9-7.1 (1 H, m, NCH=CH,Hy)]. This spectral
evidence allowed us to assign the structure of lysergic
acid ethylviuvlamide (7) to this metabolite, except for
the asynnuetric centre of C-8.

Tn order to vonfirm the configuration of C-8, LEV (7)
was hydrogenated over platinum black to give LSD (1)
and dibydrolysergic acid diethylamide (I) ** (9) in 75 and
109, yields respectively, demonstrating that LEV (7)
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has the same contiguration at C-8 as LSD (1). This
evidence established rigidly the structure of LEV (7) as
lysergic acid ethylvinylamide. It should be noted here
that LEV (7) is so labile that treatment of it with either
acid or base gives LAE (5) and all efforts to synthesize it
from lysergic acid (10) itself failed.

Another new metabolite, LEO (8), was obtained as
colourless needles, m.p. 108109 °C, which show v
3 430 (OH) and 1 610 cm™ (CON<). In the mass spec-
trum, it shows its parent peak at m/e 339 corresponding
to the molecular formula CyHy;N;O,. This elemental
composition of LEO (8) was confirmed by examination of
the high-resolution mass spectrum of its parent ion.
LEO (8) could not be such a phenolic compound formed
by oxidation of the skeleton of LSD (1) as reported by
several research groups,®5 since the ir. spectrum of its
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acctate (11) shows an alcoholic acetate band at v,
1740 em L

In the mass spectrum of LEO (8), three important
fragment ions indicating the presence of a lysergic acid
moiety in the molecule were observed at m/fe 296 (ton a),
223 (ion by, and 221 (ion ¢).  This fact strongly suggests
that LEO (8) is a product hydroxylated on the amide

i}
C—NEt2

(7 ——— ) +

SCHEME 2

chain of the starting 1LSD (1). In the n.m.r. spectrum,
LEO (8) shows the signals due to one ethyl group {8 1.22
(3H,t, J 7 Hz, CHy) and § 3.49 (2 H, q, J 7 Hz, CH,N)]
and a new A,X, type of signal, attributable to an NCH,-
CH,0 group [83.56 (2 H, t, ] 5 He, NCH,), and & 3.80
(2H, t, J5Hz,CH;0)].  On the basis of these resuits we
hypothesized that LEO (8) would be lysergic acid ethyl-
2-hydroxyethylamide. We  therefore undertook syn-
thesis of this compound from lysergic acid (10).
N-Ethylethanolamine (12) was treated with trityl
chloride to give cthyl-2-trityloxyethylamine (13) as an
oily product in 679, yield. Lysergic acid (10) was

ROCH,CH,NHEt + (10)

12);R =H
{13}); R = CPhy (PhO)4 P -imidazole

in HMPA

(14); R' = CH,CH,0CPhy
{8); R = CH2CH20H
ScHEME 3

treated with triphenyl phosphite-imidazole complex in
hexamethylphosphoric triamide (HMPA), followed by
ethyl-2-trityloxyethylamine (13) to give lysergic acid
cthyl-2-trityloxyethylamide (14) - as an amorphous
product in 729, yield. This reaction? retains the
optical centre of lysergic acid at C-8.
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Treatment of the trityl amide (14) with acetic acid
afforded lysergic acid ethyl-2-hydroxyethylamide (LEO)
(8) in 959, vield. The synthetic material was identical
with the sample of LEO (8) obtained by microbial
transformation.

Slaytor et ald reported formation of an epimerized
product in the mammalian metabolism of LSD (1) but
the confirmatory evidence for retention of the optical
centre at C-8 in LEO (8) came from the observation of its
o.rd. curve. Ina previous paper,” we (Y. N and T. N.)
revealed that, in the ord. spectrum, the amide deriv-
atives of lysergic acid (10) having an amide group at the
C(8)-B pscudocquatorial position and those of isolysergic
acid (4b) having it at the C(8)-a pseudoaxial showed a
peak at ca. 335 nm.  The values of molecular rotation of
the former correspond to +8° for 4-13° x 103, while
those of the latter to | 17° for 207 x 103, In LEO
(8), molecular rotation of the peak observed at 334 nm
has a value 108" x 103, indicating that the amide
group should be located at C(8)-p.

It is of importance that the isolation of LEV (7) is
apparently the first indication of the presence of a
metabolic pathway in which the alkyl chain of an amide
group is oxidized to a vinyl amide group.  Furthermore,
compound (7) was recently also found in the mixture of
mammalian metabolites of LSD (1) in a subcellular
experiment ' using the LEV (17) obtained in this work
as a reference sample.  The fact that three out of four
microbial metabolites were identical with mammalian
metabolites suggests that the metabolism of a foreign
compound even in different species of organism proceeds
along a similar pathway.  In view of the fact that micro-
hial transformation can casily afford sufficient quantities
of metabolites for structural establishment, suggests that
these experiments are valuable for the study of foreign
compound metabolism in mammals either as a model or
as an excellent auxiliary procedure.

EXPERIMENTAL

M.p.s were taken on a hot-stage apparatus. Lr., wv,
and mass spectra were measured with JASCO DS-701G,
Hitachi EPS-3T, and JEOL JM<-015G spectrometers,
respectively. 'H N.m.r. spectra wcre measured with a
Hitachi R-22 (90 MHz) spectrometer for solutions in
deuteriochloroform  with  tetramethylsilane as internal
standard. Confirmation of purity by t.l.c. on silica gel was
performed on cach product with three solvent systems: (i)
chloroform-methanol {41 1 (v/v)} (solv. A), (i1} chloroform-
acetone [1:4 (v/v)] (solv. B), (iii) methanol-chloroform—
n-hexane [1:4:2 (v/v/v)] (solv. C). T.lec. detection was
effected with u.v. light (365 nm) and/or Ebrlich reagent
(ﬁ-dimethy]mninohenml(lchy(le in alcoholic HCI). The
starting materials 7 used in this study were prepared in our
laboratory from b-lysergic acid purchased from the Sigma
Co. Lad.

Strain.—S. roscochromogenes (IME 1081) stored at the
Research Institute for Chemobiodynamics, Chiba University,
was used.

Micvobial Transformation of 1.S/? (1).—The mycelium
andjor spore of S. roscochvomogenes from stock culture was
suspended in 100 ml of soybean medium {soybean meal, 30
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g: soluble starch, 20 g; NaCl, 1 g; K,HPO, 1 g; city
water, 1000 ml; pH adjusted to 7.2 with In-NaOH]} and
preincubated at 28 °C on a reciprocating shaker at 60 r.p.m.
for 48 h. The preincubated culture (3 mi) was inoculated
in 500-ml Sakaguchi flasks containing soybean medium (100
ml) and incubated on a reciprocating shaker at 28 °C and 60
r.p.m. At 48 h after inoculation, a solution of LSD (1) in
methanol (10 mg/ml) was added until its concentration
reached to 0.1 mg/ml of medium (0.019%). Incubation was
continued until conversion of 1.SD (1) reached a maximum
[96 to 120 h after addition of LS (1)].

The whole culture was added to three times its volume of
ethanol and filtered or centrifuged. The precipitates were
well washed with ethanol. The washings were combined
with the filtrate and evaporated to 1/5 volume in vacuo.
‘The concentrated solution (pH 8) was extracted with ethyl
acetate. The combined extracts were evaporated to dry-
ness in vacuo. The residue was dissolved in benzene and
extracted with 19 tartaric acid. The acid layer was
basified to pH 8.0 with sodium hydrogencarbonate and
extracted with ethyl acetate. The extract was evaporated
to dryness in vacuo.

The extract was separated into individual components by
column chromatography using a 65 X 3 cm neutral alumina
column [Merck, Brockmann (activity 1I—III), No. 1097]
for 100 mg of the extract, and benzene—acetone, chloro-
form, cthyl acetate, and methanol as etuting solvents in
order of elution. The metabolites were eluted in the 'or(]l.'r
LEV (7) {[with benzene-acetone (10 : 1) (v/v)], the recovered
LSD (1) [with benzene-acetone (9: 1) (v/v)], LAE (5) [with
benzene-acetone (9:1 or 7:1) (v/v)], and LEO (8) [with
chloroform]. Each fraction was purificd by preparative
t.l.c. to give LEV (7), the recovered LSD (1), LAE (5}, and
LEO (8) in 1.0, 28, 22, and 109, yields, respectively.

Lysergic Acid LEthylvinylamide (LEV) (7).—Recrystallie-
ation of the metabolite having Ry values 0.92 (solv. A), 0.60
{solv. B), and 0.61 (solv. C) on t.l.c. from benzene-n-hexane
gave colourless needles, m.p. 86—88 °C; v, (KBr) 1660
(C=C) and 1 625 cm™ (amide); X .. (EtOH) 243 (log € 4.29)
and 313 nm (3.94); ord. (¢ = 172 X 1073%, MeOH)
[$]22° 4390 (500 nm), +1 640 (400), +9 770 (peak, 335),
0 (318), and —12 100° (300); 8 1.22 (3 H, t, ] 7 Hz, CHy),
2.50 (3 H, s, NCH,), 2.7—4.2 (6 H, m, aliphatic H), 3.17
(2 H, q, ] 7Hz, NCH,), 4.45 (1 H, m, H, of CH=CHHy),
4.60 (1 H, m, Hy of CH=CH,Hp), 6.39 (1 H, s, 8-H), 6.9—
7.1 (1 H, m, NCH=C), 6.91 (1 H, s, 2-H), 7.1—7.3 (3 H, m,
ArH), and 8.03 (1 H, s, NH); m/e 321 (M*, 100%), 295
(M* - C,H,, 33), 278 (M* — CH,=NCH,, 12), 221 (M* —
CON(C,H)CH=CH, — 2 H, 90) (FFound M*, 321.1841.
C4oH,3N,O requires M, 321.1838).

Recovered Lysergic Acid Diethylamide (I.SD) (1).—The
product having Ry values 0.87 (solv. A}, 0.27 (solv. B), and
0.49 (solv. C) on t.l.c., after recrystallization from benzene
gave colourless prisms, m.p. 82——84 °C.  This material was
identical with LSD (1),

Lysergic Acid Ethylamide (LAE) (5) —The product having
Ry values 0.74 (solv. A), 0.21 (solv. B), and 0.40 (solv. C) on
t.l.c. was obtained as an oil.  Treatment of this oily sub-
stance with an cquivalent amount of bD-tartaric acid
afforded colourless prisms, m.p. 149150 °C. This tartrate
was identical with that of authentic LAE (5).%7

Lvsergic . Aecid Ethyi-2-hydvoxyethylamide (.LEO) (B).—
Recrvstallization of the product having Ry values 0.64
(solv. A), 0.11 (solv. B), and 0.25 (solv. () on t.l.c., crystal-
lized from ethyl acetate as colourless needles, m.p. 108-—109
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°C;  vax (KBr) 3430 (hydroxy) and 1610 em'? (amide);
Agax (ELOH) 243 (log e 4.32) and 312 nm (3.96); ord. (¢
= 2.50 X 10739 MeOH) [$]**” -1 450 (500 nm), {1770
(400), 110800 (peak, 334), 0 (320) and — 10 2007 (300);
3 1.22 (3 H,t, ] 7Hz CHy), 2540 (6 H, m, aliphatic ),
A5 (3 H, s, NCHY), 349 (2 H, q, J T Hz, NCH,), 3.56 (2 H,
, 7 54z, NCH,), 3,80 (2 1, t, f 5 1z, OCHy), 6.35 (1 H, d,
9-H), 6.87 (1 H, s, 2-H), 7.1.-7.3 (3 H, m, Ar}l), and 8.25
(1 H, broad s, NH); mje 339 (M', 100%), 309 (M' —
CH,0, 19), 296 (M* — CH,=NCH,, 8.5), 221 [M* — CON-
(C,H-)CH,CH,0H — 2 H, 85 (Found: M" 339.1952.
CyoH s N,O, requires M, 339.1947).

Catalytic Hydrogenation of LIV (7).—A solution of LEV
(7) (8 mg) in cthyl acetate was hydrogenated over Pt black
(20 mg) at atmospheric pressure and room temperature for
2 h. After removal of the catalyst by filtration, the filtrate
was evaporated to dryness under reduced pressure. Pre-
parative t.1.c. of the oily residue on silica gel using a mixed
solvent (solv. A) gave two pure components. The main
product (6 mg), corresponding to Ry 0.87 on t.l.c. (solv. A),
was identical with L.SD (1) and the minor product (0.8 mg),
corresponding to Ry 0.78, with dihydrolysergic acid diethyl-

ide (1) (9).100

Lysergic Acid 2-Acetoxyethylethylamide (Acl.LO) (11).—
A solution of LEO (8) (10 mg) in benzene (20 ml) containing
pyridine (1 ml) and acetic anhydride (1 ml) was warmed at
32 °C for 4 h; the reaction mixture was then extracted with
19 tartaric acid. The acid layer was basified to pH 10
with sodium hydrogencarbonate and then extracted with
chloroform. The chloroform solution was dried (sodium
sulphate) and evaporated to dryness under reduced pres-
sure. The residue was purified by preparative t.l.c. using
the mixed solvent (solv. C), to give a colourless oil (8 mg);
Vpux (CHCly) 1740 (ester) and 1615 cm™ (amide); mfe
381 (M*, 100%,), 338 (M* — COCH,, 75) (Found: M7
381.2075. C,gHy,N,O, requires M, 381.2052).

Ethyl-2-trityloxyethylamine (13).—To a solution of N-

o

- -

._ethylethanclamine (0.89 ml) was added sodium hydride
0:50 g;

579 suspended in mineral oil). Then trityl
chloride (3.3 g) was added and the mixture stirred at room
temperature for 2 h. After the precipitate produced during
the reaction had been removed by filtration, the filtrate was
evaporated to dryness under reduced pressure. The oily
residue was dissolved in cyclohexane and chromatographed
o= silica gel (Mallinckrodt). After rejection of the initial
lohexane eluate the fraction eluted with the mixed sol-
vent, cyclohexane-ethyl acetate [9:1 (v/v)], gave a yellow
oil (2.2 g); 8 1.05 (3 H, t, J 7 Hz, CH,), 2.9—3.1 (I H,
broad s, NH), 2.43 (2 H, q, J 7Hz, NCH,), 256 (2H,t, J 7
Hz, NCH,), 3.78 (2 H, t, J 7 Hz, CH,0), and 7.0—7.6 (15 H,
m, ArH).
Lysergic Acid

Ethyl-2-trityloxyethylamide  (14).—The
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complex of triphenyl phosphite (0.93 ml) and imidazole (204
myg) in acetonitrile was added to a solution of LSD (1) (268
mg) in HMPA (3 ml) at room temperature.  After addition
of a solution of ethyl-2-trityloxyethylamine (13) (500 myg),
{he mixture was set aside at room temperature overnight;
it was then diluted with a large quantity of benzene and
extracted with 10 tartaric acid solution.  The acid solution
was made alkaline with saturated sodium hydrogencarbon-
ate solution and extracted with benzene.,  The organic layer
was dried (sodiumn sulphate) and evaporated to dryness
under reduced pressure.  The residuc was chromatographed
on alumina using benzene-acetone (9 : 1 (v/v)] as sulvent to
give an amorphous substance (418 mg); mfe 581 (M,
369,), 838 (M' - Ph,C, 33), 243 (PhyC', 100), 221 {31!
— CON(C,11,) — CH,CH,OTr — 2 H, 65].

Synthetic 1EO (8).~—A solution of the above trityloxy-
amide derivative (14) in 209 acetic acid solution (10 ml) was
warmed at 80 °C for 30 min, made alkaline with saturated
sodium hydrogen carbonate solution, and extracted with
chloroform. The chloroform solution was dricd (sodium
sulphate) and evaporated to dryness under reduced pressure.
Chromatography of the residue on alumina using benzene-
acetone 19 1 (v/v)] (fraction 1) and ethyl acetate {fraction
2} as cluant gave colourless needles (230 mg) in fraction 2,
w.p. 108109 °C, which were recrystallized from cthyl
acetate.

This material was identical with the sample of LIEO (8)
obtained by microbial transformation.

(31130 Received, 19th June, 1978)
REFERENCES

U Part 7, . Ishii, M. Hayashi, T. Niwaguchi, and Y. Nakahara,
Chem. Pharm. Bull. (fapan), 1979, 27, 1570,

2 J. Axelrod, R. O. Brady, B. Witkop, and L. V. Lvarts,
Nature, 1956, 178, 143; Ann. N.Y. Acad. Sci., 1957, 66, 435;
K. Vreter, J. Axelrod, and B. Witkop, ]. 4mer. Chem. Soc., 1957,
%9, 3191; F. Troxler and A. Hofinann, Helv, Chim. Acta, 1959, 42,
793.

3 10, S. Boyd, Arch. Internat. Pharmacodyn. Therap., 1959, 120,
292,

4+ M. B. Slaytor and S. E. Wright, J. Medicin. Pharm. Chem.,
1962, b5, 483.

5 S, Szara, Life Science, 1963, 2, 662.

8 T. Niwaguchi, T. Inoue, and Y.
Pharmacol., 1974, 28, 1073.

7 Y. Nakahara and T. Niwaguchi, Yakugaku Zasshi, 1974, 94,
407.

¥ Y. Nakahara and T. Niwaguchi, Chem. Phavm. Bull. (Japan),
1971, 19, 2337.

¢ I Inoue, Y. Nakahara, and T. Niwaguchi, Chem. Pharm.
Bull. (fapanr), 1972, 20, 409.

1 (g) A. Stoll and A. Hofmann, Helo. Chim. Acta, 1955, 38,
421; (b) Y. Nakahara, T. Niwaguchi, and H. Ishit, Chem. Pharm.
Bull. (Japan), 1977, 25, 1756.

1T, Niwaguchi and T.
preparation,

Nakahara, Biochem.

Inoue, Biochem. Pharmacol., in



