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

SI':Vl,:I_AJ.rel)orts have apt)eared (m the metabolism of tile metabolism of ].SD (I) at time subcellular level and
lyse.rgic acid diethylamide (I.SI)) (I), a strong halh|cino- isolated two metabolites, the structures of which were

genic agent. In 1957, Axelrod ¢:1al. 2 claimed formation rigidly established as iysergic acid ethylamidc ? (LAE)
of 2-hydroxylysergic acid diethylamide (2) by enzymatic (5) and norlyscrgic acid diethylamide s (norLSD) (6).

systems of mammalian liver microsomes SUl)l_lenwnted At the time, we assumed that the mctal)olis|n _f a foreign
with NAI)I)I1 and oxygen, h| I!),_!), Bovd ashowed that compound wouhl proceed in an essentially similar
administration of l.S1) (I) t(_ rats resulted in the biliary manner in both mannnals and micro-organisms, and the

identification of metabolites produced by microbial'
R3 transformation of LSD (1) would facilitate the furtherII

Rt'--_--_N_ detailed studies on the metab9iie pathway of LSD (1) in
9 -R z mammals. Then we 1 examined the transformation of

10/_----_ H LSD (1)with several Streplomyccs species and found that

T lysergic acid ethylvinylamide (LEV) (7) and lysergi¢
acid ethyl-2-hydroxyethylamide (LEO) (8), with a

113_'_'/'N"_R known metabolite, LAE (5), but S. lavendulae gave the
14 H known norLSD (6) as a sole metabolite. In this paper,

11) ; R t = Rt': RS: H, RZ: Me, R3= CONEt z we wish to describe the establishment of the structures o[

12) ; RI=OH, RZ=Me,R4=RS=H,R3= CONEIz these new metabolites.

..... (3) ; R t: Rt'= H, Rz= Me, R3= CONEtz, RS=OH LEV (7) was isolated as labile colourless needles, m.p,.

1/,)(1; RI=R3=H,RZ=Me,R/'=CONEtz,RS=OH 86--88 °C, which show v....... 1660 and 1625 cm l
b; R1 :R3: RS:H, RZ=Me,Rt'= CONEt2 (CONC:C). hi the mass spectrum, it shows a parent

(5) ; Rt :Rt':RS: H, RZ=Me, R3 : CONHEt peak at m./c321 corresl_onding to the molecular formula
C20H2zN_O, where two hydrogen atoms have been

16) ; RI= Rt' : R5= H, R2 =H, R:I= CONEtz removed from the molecule of LSD (1). The correctness
3 ... CH= CHz of this formulation was confirmed by determination of the

(7). ; RI=Ri':RS=H,RZ=Me, R =CON...E t high-resolution mass spectrum of its parent ion. In an

.Z -- R3 .... CH2CHzOH earlier paper, we" (T. N. and Y. N.) discussed the
18) ; RI=R_':RS=H K =me, =t.oN...Et' fragmentation of several derivatives of lysergic acid and

110) ; R1:R4:RS: H ,RZ=Me, Ra=COzH prol)osed a general pathway which involved fragment
ions, M +- 43 (CHa-N=('Hz) lion a: retro-Diels-Alder

excn.tiou of two, I'.'hrlich i,,sitivv nu,tabolitcs, and reaction at the ring _)]. 31 _ -- CONRR' lion b: rentm,al

Slaytor ,'t al., 4 in 1,'t(;2, suggested that these |netal)olites of the side-chain at C-St, and hi _ -- ('ONRI¢.' -- 2fltion
were the {3-glucuronides of 12-hydroxylysergic acid c: aromatization of ion b at the ring I)]. Appearance of
diethvlamidc (3} and 12-hydroxyisolysergic acid diethyl- the corresponding ions at m/c 278 (ion a), 223 (ion b), and

ami(h' (4a). l.ah'r, hmvever, Szara s cast (hml,t ,)it their 221 (ion c) in the mass spectrum of I.F.V (7) unequivoc-
structures and clainted that hydr()xylation could take ally in(licates that the skeh,l,m of lysergic acid is retained
place at (7-13 of the lyscrgic acid skch't(m, in I.EV (7). Furthernmre, the presence of a peak at role

Recently, two of us " (T. N. and Y. N.) re-examined 295 corresl)omling to an (M' - Czlt 2) ion suggested that
I.EV (7) has a vinyl group on a nitrogen amide atom.

t Part _ffthe material contained in this l,alwr was presented at
the I,qth Symposium on the Chemistry ol Natural l'roducts, In the n.m.r, spectrum, I.EV (7) shows the presence of an
Hiroshima, Japan, October 1973. ethylamide group [a 1.22 (3 H, t, J 7 Hz, CHa) and _ 3.77
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(2 H. q, ./7 llz, CII,.N)J and a vinyl amide group 1-84.45 acetate {11) shows an alcoholic acetate band at v.......
(1 tt, m, NCtI::Ct/.xtt.), _ 4.6(I (1 tt, m, NCtt=(71-1xH.), 1 740 cm i
and a t_.9- 7.1 (I It, m, N('H-:('IIAtt.)I. This spectral In tilt, nmss spectrum of 1.1'.'O (8), three important
evidence all.wed us to assign the structure of lysergic fragment ions indicating the presence ol a lysergic acid
acid ethyh'inylamide (7) to this metabolite, except for moiety in the nloh'cuh" were observed at m/e 296 (ion a),
tilt, asynunetric centre of ('-8. 233 (ion b), and 221 (ion c). This fact strongly sugge.sts

in Ol-dt,r io collfilm the c_mfiguratiml t,[ C-8, I.I':V (7) that 1.1':() (8) is a Ira,duct hydroxyluted on the amide
was hydrogenated over platinunl black to give LSD {I)
and dihydrolysergic acid diethylamide (I) m (9) in 75 anti 0
10% yiekls respectively, demonstrating that LEV (7) IIC-NEtz

t_

.--R' • CoN_R t • -_H

R (71 _- Ill +

_[CH2= NCH3) Me

H

(9)
_CItEME

chain of the starting LSI) (i). In the n.m.r, st)ectrum,H H
_. LEO (8) shows the signals due to one ethyl group [_;1.22

Ion ¢= M÷ (3 H, t, J 7 Hz, CHa) and 8 3.49 (2 H, q,.l 7 Hz, CHzN)]

I#*- CH2mN-Me) and a new AzX z type of signal, attributable to an NCH_-
Ctt.,O group 18 3.56 (2 H, t, J 5 Hz, NCH,a), and _ 3.80

-(CONRR') (2 H, t, J 5 Hz, CH_O)]. On the basis of these results we
hypothesized that LEO {8) would be lysergic acid ethyl-
2-hydroxyethylanfide. We therefore undertook syn-

" " + thesis of this compound from lysergic acid (10).
N-F-thylethanolamine (12) was treated with trityl

H chloride to give ethyl-2-trityloxyethylamine (13) as an

__ oily product in 67% yield, Lysergic acid (10) was

Me Me

-;ZH ROCHzCHzNHEt+ It0)
4

112);R = H [

(13};R = CPh3 I (Ph0) 3 P-imidazole

H H / in HMPA
Ion c |on b

m/r 221 B/e 223 _.
s_R sit

SCHEME ] C-N_.Ett__ -=,
has the same comlguratiou at C-8 as LSD (1). This _/_ \,NMe
evidence established rigidly the structure of LEV (7) as
lysergic acid ethyh, inylanfide. 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. " v H

Another new metabolite, LEO (8), was obtained as Iltl;R'= CH2CH2OCPh3
coi_mrtess needles, m.p. 1118--109 °C, which show v.......
3 430 (OH) and 1 610 cm-t (CON<). In the mass spec- lal; R' =CI-IzCHzOH
trum, it shows its parent peak at role ,339 corresponding SCaE_E a
to the molecular formula C,0H_NnOz. This elemental treated with triphenyl phosphite-imidazole complex in
composition of LEO (8) was confirmed by examination of hexametl_ylphosphoric triamide (HMPA), followed by
the high-resolution mass spectrum of its parent ion. etlwI-2-trityloxyethylamine 03) to give lysergic acid
LEO (8) could not be such a phenolic compound formed ethyl-2-trityloxyethylamide (14) • as an amorphous
by oxidation of the skeleton of LSD (1) as reported by product in 72% yield. This reaction 7 retains the
several research groups, 4,5 since the i.r. spectrum of its optical centre of lysergic acid at C-8.
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Treatment of the trityl amide (141 with acetic acid g. soluble starch, 20 g; NaCl, 1 g; K,HPO,, 1 g; city

afforded lysergic acid ethyl-2-hydroxyethylamide (LEO) water, 1 000 ml; pH adjusted to 7.2 with IN-NaOH] and
(8) in 95% yield. Tile synthetic material was identical preincubated at 28 °C on a reciprocating shaker at 60 r.p.m.
with the sample of LEO (8) obtained by microbial for 48 h. Tile preincubated culture (3 ml) was inoculated

in 500-ml Sakaguchi flasks containing soybean mediuul (lea1
transformation, ml) and incubated on a reciprocating shaker at 28 °C and 60

Slaytor ct al. 4 reported formation of an epimerized r.p.m. At 48 h alter inoculation, a solution of LSD (11 in
product in the mammalian metabolism of LSD (1) but methanol (10 mg/ml) was added until its concentration
the confirmatory evidence for retention of the optical reached to 0.1 mg/ml of medium (0.01%). Incubation was
centre at C-8 in LFO (8) came Iron1 the observation of its continued until conversion ot I.Si) (1) reached a maximum

o.r.d, curve. In a previous Imper, 7 we (Y. N. mid T.N.) [96 to 120 h after addition of LSI) (1)].
revczded that, in the o.r.d. Slwctrum, the amidc deriv- The whole culture was added to three times its volunle of

atives of lysergic acid (10) having an amide group at the ethanol and filtered or centrifuged. The precipitates were
C(8)-f_ pscudocquatorial position and those of isolysergic well washed with ethanol. The washings were combine_l
acid (4b) having it at the C(8)-_ pseudoaxial showed a with the filtrate and evaporated to 1/5 vohune in vacuo.

peak at ca. 335 nm. The values of molecular rotation of The concentrated solution (pH 8) was extracted with ethyl
the former correspond to +8 ° for -t-13 ° x 103, while acetate. The combined extracts were evaporated to dry-ness in vacuo. The residue was dissolved in benzene and

_ tho_e of the latter to t 17" for I 200 X 103. Ill I.EO extracted with 1% tartaric acid. The acid layer was
(8), molecular rotation of the peak observed at 334 nm basilied to plt 8.11 with sodium hydrogencarbonate and
has a value +10.8" × 1(#, indicating that the amide extracted with ethyl acetate. The extract was evaporated

group should be located at C(81-f3. to dryness in vacuo.
It is of irnportauce that the isolation of LFV (7) is The extract was separated into individual components by

apparently the first indication of the presence of a eolumn chromatographyusinga65 × 3cmneutralalumina
metabolic pathway in which the alkvl chain of an amidc column [Merck, Brockmann (activity 1I--1II), No. 1t).07]

group ix oxidized to a vinyl alnide group. Furtherlnore, for 100 mg of the extract, and benzene-acetone, chloro-

¢Oml_Outnl (7) was rt,cent ly also found in the mixture of orderf°rm'ofethylelution.acetate'Tlwandmetabolitesmethan°lwereaSelutiUgelutedinS°lventSthe0rd_r'in
mammalian metabolites of I.Si) (I) in a subcellular LEV (7) [with benzene--acetone (10 : !) (v/v)], the recovered
experiment tl using the LEV {171 obtained in this work l.Sl) (I) [with benzene-acetone (.0 : I) (v/v)], I.AE (5) [with
as a reference, samph'. Thc fact that three out of four benzene-acetone (9:1 or 7 : I) (v/v)], and LEO (8) [with
microbial metabolites were identical with luanunalian chloroform]. Each fraction was purified by preparative
mctabolites suggests that the metabolism of a foreign t.l.c, to give LEV (7), the recovered LSD (1), LAE (51, and

coml_ound even in different species of organism proceeds LEO (8) in 1.0, 28, 22, and 10% yields, respectively,
along a similar pathway. In view o_ the fact that micro- Lysergic Acid lithylvinylamide (LE V) (7).--Recrystalliz-
lfial transformation can easily afford sufficient quantities ation of the metabolite having R1,, wflues 0.92 (solv. A), 0,60
of metabolitcs for structural establishnlcnt, suggests that (solv. B), anti 0.61 (solv. C) on t.l.c, from benzene-n-hexane

these exlwrimeuts arc vahml)le for the study of foreign gave colourless needles, m.p. 86--88 °C; %,,,x.(KBr) 1 66tt(C=C) anti 1 625 cm q (amide); ;_.......(EtOH) 243 (log ¢ 4.29)
-so/ MeOH)COllll)Oun¢l ntctal)olisnl in nlaillnlals either ;is a nlodel or and 31:t nm (3.94); o.r.d. (c = 1.72 × 10 /o,

as an cxtrllcnt auxiliary pr(wedure. [qb]"-2" +390 {500 nm), +1 640 1400), +9 770 (peak, 335),
.... 0 (318), and --12 100° ('100); 8 1.22 (3 H, t, .] 7 Hz. CI-Ia),

1,_XI'VRIMI'.'NTAL 2.51.1 (3 14, S, NCHa), 2.7--4.2 (6 H, m, aliphatic H), 3.77

M.p.s were t_tken on a hot-stage apparatus. I.r., u.v., (2 1-1,q, .] 7 Hz, NCH,), 4.45 {1 H, m, H A of fit-I--CHAItt0,
and mass spectra were measured with JASCO DS--701(;, 4.611 (1 H, m, HI_ of CH=CHAHI0, 6.39 (! H, s, 9-H), 6..0--
llitachi F.I'S-3T, and JEOI. JM `_ 01SG spectrometers, 7.1 (1 tt, m, NCH=C), 6.91 (1 H,s, 2-H), 7.1--7.3 (3 H, m,
respectively. H-I N.m.r. spectra _cre measured with a ArH), and 8.03 (1 H, s, NH); m/e 321 (M s , 100%), 255
tlitachi R-22 (90 MHz) spectrometer for solutions in (M 4 -- C_H,, 33), 278 (21'/+-- CHz=NCHa, 12), 221 (M ÷ --
deuteriochloroform with tetramethylsilane as internal CON(('.zH_)CH=CHz--2 H, 90) (Found M +, 321.1841.
st;_udard. Confir nation of purity by t.l.c, on silica ge.l w_ts Cz0H2aN30 requires M, 321.18:181.
performed on each l_roduct with three solvent systems: (i) Recovered Lysergic .4cid l)ielhylamide (LSI)) (I).--The
chloroform- methanol 14 " ! (v/v) I (solv. A), (it) chloroform- product having R F values 0.87 (solv. A}, 0.27 (solv. I3), and
acetoue [1 : 4 (v/v)] (solv. B), (iii) methanol-chloroform- 0.49 (solv. C) on t.l.c., after recrystallization from benzene
n-hexane [I : 4 : 2 (v/v/v)] (solv. C). T.l.c. detection was gave colourless prisms, m.p. 82---84 °C. This material was
effected with u.v. light (3115 nm) and/or I:.hrlich reagent idet_tical with L.%I.)(I).
(p-dimethylaminobenzaldehyde in alcoholic HC1). The Lysevgic,4cid Ethylamide (LA E) (5).--The product havitlg
starting materials 7 used in this study were prepared in our RF values 0.74 (solv. A), 0.21 (solv. I_), and 0.40 (solv. C) on
laboratory fronl l_-IyserRic acid lnlrchascd from the .%igma t.l.c, was obtained as all oil. Treatment of this oily sub-
('o. lad. stance with au equivaleut amount of 1_-tartaric acid

Strain.--N roscochromo,ge,cs (IMF 10811 stored _11 the altorded colourlessprisuls, m.p. 149 150°C. This tartrate
]{esearch htsfilute for('hemolfiodynantics, Chil_a l_nivcrsily, was ideutical with lhat of autheutic I.AE [5). *'7
was used. Lysergic .I,-id 1,Slhyl-2-hydrox.vethvhtmide (Lb'.O) (8).-

Microbial Transformation of LSD (1).--The mvcelium Reervstallization of the product having RF valnes tl.64
and/or spore of S. roscochromogenes from stock culture ,.'¢_1n (solv. A), 0. I1 (solv. l_;), and (1.25 (solv. C) on t.l.c., crystal-
suspended in 100 ml of soybean medium [soybean meal, 30 lized from ethyl acetate as colourless needles, m.p. 108--109
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°C; v,nax.(Kllr ) 3430 (hydroxyl and i 610 cml (amide); cmuplexoftriphenylphosl)hiie(0.93ml) andimidaz(de (204
kmax (Et()H) 243 (log z 4.32) and 312 mu 13.91i); o.r.d. (c. rag) ill acetoniirile was added to a solution of 1.._1) (I) {268

=- 2.50 x 10 a°o, MeOH) (_]'_!') -t 450 (500 urn), _ I 770 rag) in }thll):\ (3 ml) at r()om temperature, m|icr addilion

(400), I l0 800 (peak, 334), 0 (320) aml .... I1t 2(_11'3 13(}1|); t_[ a stdution of ethyl-:2-trityh)xyeihylamine (13) (501) m_).
8 1.22 (:1 II, l, .] 7 iiz, Clt:_), 2.5--4.0 (6 ii, m, alit)|l_llic 11), the mixture was set aside ;11 rt_olll temperature ,,\crfti_hl ;

2.55(311, s, NCIla), 3.49 (2 I!,11 ,.[ 7 IIz, N('tI_), 3.56 (2 II, it was then diluted with a large ,lUantity _)f I)cnzcnt_ and

1,.] 5 Iiz, N('It_), 3.80(2 lt, t,.] 5 IIz, ()('i1:), ll.'lS(I II, d, extrm'h'd t_illJ 1'!,, t;irlarit'acids(_lulitm. "l]ma_hl._]tilitm

9-11), fi.87 (I H, s, 2-1-1), 7.1--7.3 ('1 lq, m, Arll), and 8.25 was madealkalinc with saturated sodium hydrogen('arl_(m-

(l H, l)road s, NH); role 339 (M i, 101)_o), 309 (M _ _ ate solution and extracted with benzene. The org;mic layer

CIrce, 19), 296 (M + -- CH_=NCHa, 8.5), 221 IM _ -- CON- was dried (sodium suit)hate ) and evaporated to dryness

(C.,Ha)CI|_CH,,t)H--2 t4, 85j (Found: /ti _ 339.1952. under reduced pressure. Theresiducwaschromatograt)hcd

C_0H.,sNaO. a requires M, 339.1947). on alumina using benzene-acetone [9 : I (v/v}] as solvent t_)

Catalytic Hydrogenation o]LEV (7).--A solution of LEV give an amorphous substance (418 rag); raft: 581 (M _,

(7) (8 rag) in ethyl acetate was hydrogenated (_ver Pt black "16'_(,}, 1138 (AI' - I'haC, 33), 243 (Iq_aC _, 1010, 221 (hi

(2D lug) ,'tt atmospheric pressure and room temperature for -- CON(('zlI_) -- ('ll:('H.z(J'fr -- 2 !1, li5 I,

2 It. After removal of the catalyst by filtration, the tiltrate Synthetic LEO (8).---A sululitm of tile at)eve trityloxy-
was evaporate(! t() dryness under reduced pressure, l're- amide deriwltive (14) ill 20,o acetic acid s()htti(m (10 ml) was
parative t.l.c, of the oily residue on silica, gel using a mixed warmed at 80 "C for 30 rain, nmde alkaline with saturate(l

solvent (solv. A) gave two pure components. The main sodium hydrogen carb(mate solution, and extracted with

product (6 rag), corresponding to Rr, 0.87 on t.l.c. (st)Iv. A), chloroform. The chloroiorm suh, tion was dried (sodium

was identical with I,SD 11) and tile min()r product (0.8 rag), sulphate) and evap{)rated t- dryness un(lcr re(luted pressure.

_rresponding to Rr, 0.78, with dihydrolysergic acid diethyl- (Thromatography of the residue on alutuiua using benzene--
&le (I) (!t). 10b acehme 1_9: I (v/v)] (fraction 1) and ethyl acetate (fractim_

Lysergic Acid 2-Acetoxyethylethylamide (AcLEO) (! I).-- 2) as eluant gave c(_lourless needles 12:1i) ulg) in fraction 2,
A solution o_ LEO (8) (10 nag) in benzene (20 ml) containing m.p. 108----10!) °C, which were recrystallized from ethyl

pyridine (1 ml) and acetic anhydride (1 ml) t_as warmed at acetate.
32 °C for 4 h; tim reaction mixture was then extracted with

This material was identical with the sample of LEO (8)
1_ tartaric acid. The acid layer was basified to pH 10

obtained by microbial transformation.
with sodium hydrogencarbonate and then extracted with
chloroform. The chloroform solution was dried (sodium [8]11111) Itcccived, 19lh June, !(.)78j

sulphate) and evaporated to dryness under reduced pres-

sure, The residue was purified by preparative t.l.c, using REFERENCES
the mixed solvent (solv. C), to give a colourless oil (8 lug) ; t Part 7, tl. Ishii, M. Hayashi. T. Niwztguchi, al_d Y. Nakzdumt,

Vmax.(CHC]a) 1 740 (ester) and I 615 eel -_ (amide); role Chem. Pharm. Bull. (Japan), 1979. 9.7, 1570.
J. Axelrod, R. (). Brady, B. Witkop, aml E. V. Evarts,

381 (M4, m0%), lag (M_ --coco., 78) (Fomxd: M + Nature, 1956, 178, 143; Ann. N.Y. Acad. Sci.. 1957, 66, 435;
381.2075. C_aHz_NaO a requires M, 381,2052). K. Freter, J. Axelrod, and B. Witkop, J. Amer. Chem..got:., 1957.

Ethyl-2-trityh)xyelhylamine (13).--'1"o a solution of N- 71), :1191 ; 1;. Troxler and A. ltohnann, Heir. (7him. Acta, 1_,}59,g2,

gthylethan01am, ine (0.89 ml) was added sodium hydride 7i)3_

_::[_)i_) g; 57_a suspended in mineral oil). Then trityl 292. !,.'. S. Boyd, Arch. Internal. l'harmacodyu. Yh,'¢a/,, 1_.)59, 120.

chloride (3.3 g) was added and tile mixture stirred at room a M. B. F,laytor and S. E. Wright, J. Mcdicin. Pha,.m. Chem.,
temperature for 2 h. After tile precipitate produced during 1962, li, 483.

the reaction had been rmnoved by filtration, the filtrate was _ S. Szara, Life Science, 1963, _, 662.
T. Niwaguchi, T. lnoue, and Y. Nakahara, Biochcm.

evaporated to dryness under reduced presaure. The oily Pharmacol., 1974, 28, 107:1.

residue was dissolved in cyclohexane and chromatographed r y. Nakahara and T. Niwaguchi, l:ahttgaku Zasshi, 1974, 94,
,_ silica gel (Mallinckrodt). After rejection of the initial ,11i7.

.lohexane eluate the fraction eluted with the mixed sol- " Y" Nakahara and T. Niwaguchi, Chem. Pharm. t¢ull. (Japan),

vent, cyclohexane-ethyl acetate [9 : 1 (v/v)], gave a yellow 1971, 1_, 2337.T. lnouc, Y. Nakahara, lad T. Niwaguchi, Ch,'m. Phar,_t.
oil (2.2 g); 8 1.05 (3 H, t, J 7 Hz, ('Ha), 2.9--3.1 (1 H, Bull. (Japau), 1972, Pal, 409.
broad s, NH), 2.43 (2 H, q, J 7 Hz, NCH_}, 2.56 (2 H, t, J 7 ,0 (a) A. Sto|l and A. lfofmann, Holy. Chi_u. Acla. 1955, 38,

Hz, NCH_), 3.78 (2 H, t, J 7 Hz, CH,,O), and 7.0--7.6 115 I-t, 421; (b) Y. Nakahara. T. Niwaguchi, and t[. lshii, Chem. Pharm.
Bull. (Japan), 1977, 25, 1756.

m, ArH). _t T. Niwaguchi a_td T. lllotte, Biochcm. t'ha_'macol., in
Lysergic Acid Ethyl-2-trityloxyethylamide ( 14).--The preparation.


