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It is well documented that picrotoxinin (1a) is the potent
analeptic component of picrotoxin.! In order to modify the
analeptic properties of 1a, we were interested in the intro-
duction of a basic nitrogen moiety in the picrotoxinin mole-
cule. Picrotoxinin possesses an epoxide ring which should
theoretically be opened with amines or other nucleophiles,
but is known to be very resistant to intermolecular nucleo-
philic attack. This unusual feature of the picrotoxinin
structure is explained on the basis of shielding of the epox-
ide ring from rearward attack by the lactone groupings.
However, the close proximity of the axial C-8 a-hydroxyl
group to the C-4 a-isopropenyl group in 1 suggested to us
that the 8,9-epoxide of picrotoxinin (i.e., 2a) would be
prone to nucleophilic attack due to participation by the C-6

Notes

hydroxyl group in oxirane ring opening. Indeed, this was
found to be the case since epoxidation of 1a with m-chloro-
perbenzoic acid in methylene chloride followed by aqueous
work-up resulted in a mixture of the desired epoxide 2a
and the glycol 4d. It is interesting to note that previous
workers have reported similar problems in the synthesis of
this epoxide.? In contrast, no difficulty was experienced in
the epoxidation of picrotoxinin 6-acetate (1b) to give 2b by
the same procedure. Hence picrotoxinin epoxide (2a) ap-
pears to be much more reactive than 2b. Because of this re-
activity the epoxide 2a was not isolated in pure form but
was used, after a modified work-up procedure, directly in
subsequent reactions with amines. On treatment of 2a with
pyrrolidine or diethylamine at room temperature, the cor-
responding amine derivatives 4a and 4b were obtained
whereas chloroform reflux conditions were required to ob-
tain 4¢ from 2b with diethylamine.

1a,R = H (picrotoxinin)
b, R =COCH;,

b,R =H; R’ =N(C:H;),

¢, R =COCHg R’ = N(C,H;),
d,R=H;R'=0H

e, R=H; R’ = H (picrotin)

The ease of opening of the epoxide in 2a with amines to
yield compounds of type 4 can be ascribed to the neigh-
boring 6-hydroxyl group participation in an “anionic” pro-
cess. Only a few examples of such participation are known
such as the neighboring hydroxy group participation in the
alkaline hydrolysis of esters3-® and more recently the open-
ing of epoxides by nucleophiles in steroids.® Neighboring
group participation in “cationic” reactions, on the other
hand, has been known for many years and is well under-
stood.37:8

The structural assignment of these compounds (4a-c)
seems secure on the basis of spectral data. The NMR spec-
tra of 4a and 4b are compared in Table I with those of pi-
crotoxinin (1a) and picrotin (4e). The NMR spectra of the
latter two important compounds have apparently not been
reported previously. Infrared spectra of the amines show
that the lactone groupings are maintained in the picrotoxi-
nin epoxide molecule during reaction with amines. The
mass spectrum of 4a showed principal ions at m/e 380 (M
+ 1)*, 379 (M.+), 280, 128, and 84 (base). The base peak at
m/e 84 and the peak at m/e 128 correspond to the ions i
and ii, respectively, both of which confirm the presence and
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Table I. NMR Assignments of Picrotoxin Derivatives (6, acetone-d,)
Proton Picrotoxinin (1la) Picrotin (4e) 4a 4b
C, 5.08,d 4.88,d 4.91,d 4.90,d
Jy . =4 J, —35 “—35 J, ;=35
C, 5.23, dd 5 08 ddd 5.11, aa 5.12, dd
o JZ’33=64;bJ3’4=4 Jy3=86;d,,=40,d,,=1 J,,s= 3.5; Jam' 5.0 J,3=38b;J,,=4.5
0, - .6—3.2, ma .8-3.1,
& 3.o,da} 2.8-3.1,m 2.6 32,m} 2.8-3.1, m
C, 1.21,s 1.22,s 1.23,s 1.23,s
C, 4.98, bs 1.49,s 2.80, s 2.66
Cio 1.94, bs. 1.46,s 1.46,s 1.43,s
Ci; a, 1.86, de «,1.87,dJ=15 ®,1.98,d2J~ 15 «,2.02,d J~ 15
B, 2.88, dd g, 2.82,dd;J,,,, = 15; 8, 2.82, dda 8, 2.83, dda
Ju,11=15; i1, =3.5 i1~ 155 Jin~ 153
=)r11,12=3"5 J11,12~ 3.5 Ju,1z~ 3.
C,, 3.60,d,4,,,,=8.5 3.58,d;J,,,,=8.5 3.58,d;dJ,,,,=38.5 3.60,d;J,,,,=35
OH 2.87, bs 5.52,5.87,2bs 4.37,b 4.8,
'—CNCI 1.6-1.9,m; 2.6-2.9, m
/[
C 0381} ena

@ Multiplet partially obscured.

+
CH2=NG

0 H
k[
v
i ..
ii
establish the position of the pyrrolidine moiety in 4a. The
peak at m/e 280 is rationalized as arising from 5 as shown.

5 m/e 280
Similarly, the mass spectrum of 4b showed principal ions at
m/e 381 (M."), 282, 130, and 86 (base) indicating a frag-
mentation pattern identical with that of 4a, the increase in
mass by 2 units being due to the substitution of pyrrolidine
by diethylamine moiety.

A different course of reaction takes place on treatment of
picrotoxinin acetate (1b) with isopropylamine at room tem-
perature for 16 h, which results in an attack on the C-14
lactone with concomitant opening of the C-15 lactone to
form the amide 3, similar to the formation of hydroxy-a-
picrotoxinic acid from 6-acetylpicrotin with dilute alkali.?

Experimental Section

Melting points are uncorrected and were determined on a
Thomas-Hoover capillary melting point apparatus. NMR spectra
were measured on a Varian T-60 spectrometer and ir spectra were
determined on a Perkin-Elmer Model 700 instrument.

8,9-Epoxypicrotoxinin 6-Acetate (2b). To a solution of 2.34 g
(0.007 mol) of picrotoxinin 6-acetate!® in 50 ml of methylene chlo-
ride was added a solution of 1.21 g (0.007 mol) of m-chloroperben-
zoic acid (85%) in 50 ml of methylene chloride and the mixture was
refluxed for 24 h. After cooling, a 10% aqueous solution of sodium
sulfite was added and the organic layer was separated. The aque-
ous layer was twice extracted with methylene chloride and the
combined extracts were washed with bicarbonate solution followed
with water and dried. After evaporation of the solvent in vacuo, a
white solid was obtained which was crystallized from chloroform—
methanol mixture to give colorless needles: mp 175-177 °C; NMR
(CDCla) 6 1.43 (6 H, s, C; CHj3, Cs CH3), 2.08 (3 H, s, acetate), 2.10
(LH, d, Ji1,11 = 15.5 Hz, Cy; Ha), 2.54, 2.78 (2 H, AB, J = 4.4 He,
Cg Hs),3.30 (1 H, dd, Jus = 4.5, J3,5 = 5.0 Hz, C4 H), 3.57 (1 H, dd,
J11‘11 = 15.5, J11,12 = 3.5 HZ, Cu HB), 3.72 (1 H, d, J4,5 =45 HZ,

CsH), 3.79 (1 H, d, J11,12 = 3.5 HZ, C12 H), 4.63 (1 H, d, Jg,a =35
HZ, C2 H), 5.02 (1 H, dd, J2_3 = 3.5, J3,4 = 5.0 HZ, Cg H); ir (KBI‘)
1790 (lactone), 1735 (acetate), 860, 830 cm™! (epoxide). Anal.
Caled for C17H150g: C, 58.25; H, 5.18. Found: C, 58.04; H, 5.32.
8,9-Epoxypicrotoxinin (2a). To a solution of 2.34 g (0.008 mol)
of picrotoxinin in 50 ml of methylene chloride was added a solu-
tion of 1.38 g (0.008 mol) of m-chloroperbenzoic acid (85%) in 40
ml of methylene chloride and the mixture was refluxed for 27 h.
After cooling, solid sodium sulfite was added to the mixture and
stirred for 0.5 h. The solution was filtered and evaporated to leave
a white solid: mp 100-105 °C; ir (KBr) 3450 (OH), 1800, 1770 (lac-
tones), 860, 830 cm™! (epoxide). Without further purification, this
material was used in subsequent reactions with amines. When the
epoxide 2a was worked up as 2b (aqueous work-up) a consider-
able amount of glycol 4@ was formed? (positive periodate test).
N-Isopropylpicrotoxininamide 6-Acetate (3). A mixture of
0.33 g (0.001 mol) of picrotoxinin 6-acetate (1b) and 3 ml of isopro-
pylamine was stirred at room temperature. After 16 h, the product
was evaporated in vacuo and the residue was purified by prepara-
tive TLC (2-mm thick silica gel, Merck, ether) to yield a gum:
NMR (CDCls) 6 1.13 [d, J = 6.5, Hz, CH(CHa)2), 1.37 (s, C; CHay),
1.79 (bs, Cg CHj3), 1.90 (s, acetate), 2.3-2.7 (bm, Ci; Hy), 3.77 s,
3.95 d, J =2 HZ, 3.7-4.3 m [Cs H, Clz H, C4 H, CH(CH3)2], 4.53
(bs, exchangeable, OH), 4.59 (d, J = 5.5 Hz, C3 H), 5.00 (b=CHy),
5.52 (s, Cg H), 6.33 (d, J = 8 Hz, exchangeable, NH); ir (CHCl3)
3430 (OH), 1760 (5-lactone), 1740 (acetate), 1665 (amide), 1520,
1380, 1280, 1065, 1055 em™L. Anal. Caled for CooH27NO7: C, 61.05;
H, 6.92; N. 3.56. Found: C, 61.11; H, 6.79; N, 3.51.
8-Hydroxy-9-pyrrolidinopicrotoxinin (4a). To 0462 g
(0.0015 mol) of 8,9-epoxypicrotoxinin, an excess of pyrrolidine was
added and the orange-colored solution was stirred at room temper-
ature for 1 h. The pyrrolidine was removed in vacuo and 5 ml of 4
N hydrochloric acid was added. After filtration the solution was
extracted with ether, The acid solution was neutralized with sodi-
um bicarbonate and extracted with chloroform. The combined
chloroform extracts were washed, dried, and evaporated to leave a
solid. It was purified by preparative TLC (2-mm thick silica gel,
Merck, 20% methanol-chloroform) followed by crystallization
from chloroform-ether to yield colorless crystals: mp 149-151 °C;
NMR (see Table I); mass spectrum m/e (rel intensity) 380 (0.21),
379 (0.18), 364 (0.95), 280 (6.86), 128 (3.63), 84 (100); ir (KBr) 3400
(OH), 1790 (five-membered lactone), 1140, 980 cm~!. Anal Caled
for C19HgsNO7: C, 60.15; H, 6.64; N, 3.69. Found: C, 60.09, H, 6.65;
N, 3.58.
8-Hydroxy-9-diethylaminopicrotoxinin (4b). To 0.616 g
(0.002 mol) of 8,9-epoxypicrotoxinin, an excess of diethylamine
was added and the orange solution was stirred at room tempera-
ture for 0.5 h. After evaporation in vacuo and similar work-up as in
4a, a solid was obtained which was purified by preparative TLC
(2-mm thick silica gel, Merck, 20% methanol-chloroform): mp
78-81 °C; NMR (see Table I); mass spectrum m/e (rel intensity)
382 (0.62), 381 (0.45), 366 (1.82), 282 (18.0), 130 (6.37), 86 (100), ir
(CHCIs) 3400 (OH), 1800 (y-lactone), 1300, 1260, 1140, 1000 cm™1,
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8-Hydroxy-9-diethylaminopicrotoxinin 6-Acetate (4¢). To a
solution of 0.35 g (0.001 mol) of 2b in 12 ml of chloroform contain-
ing a catalytic amount of p-toluenesulfonic acid was added 4 ml of
diethylamine. After refluxing for 3 h, the solvent was removed and
dilute hydrochloric acid was added. The mixture was extracted
with ethyl acetate and the acid solution was evaporated in vacuo to
leave a gummy solid: NMR (CDClg) ¢ 098 (t, J = 7.0 Hg,
NCHcha), 1.33 (S, 01 CHa), 1.40 (S, Cs CHa), 2.10 (S, acetate),
2.09 (d, J1111 = 15 Hz, Cy3 Ha) 2.40 (s, CgHz) 2.65 (q,J = 7.0 Hz,
NCH;CH3), 3.3 (m, C4 H), 3.59 (dd, J11,11 = 15, Ji1,12 = 3.5 Hz, Cyy
Hp), 8.73-3.87 (m Cs H, Cg H), 4.93-5. 13 (m, Cg H CsH); ir (KBr)
3450 (OH), 1790 (y- lactone) 1730 (acetate), 1260, 1160 1000 em™1,
Anal. Caled for CoHeNOgHCL: C, 54.84; H, 6.59; N, 3.04, C1, 7.71.
Found: C, 55.27; H, 6.90; N, 3.17; Cl, 7.80.
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From the reduction of pregnenolone (la and 2a) and
other 20-keto steroids as well as from other data, it has
been concluded! that rotation about the.17(20) bond can
occur and that the preferred conformation at the time of
reaction is dependent on certain structural factors. Lithium
alummum hydride reduction of pregnenolone for instance,
yields a 2:1 mixture of the 20-hydroxy epimers,23 As pre-
dicted qualitatively by Cram’s rule, the dominant epimer is
the one derived by a-side attack of the reagent on conform-
er 1a in which C-21 is cis oriented relative to C-13. Surpris-
ingly, however, the Grignard reaction of the same ketone is
reported?® to be complétely stereospecific, yielding only
the product from conformer la, which led us to a reinvesti-
gation of this problem.

Since the angular methyl group on C-13 should direct at-
tack of the large Grignard reagent to the o face of the ste-
roid, the product composition from the reaction of preg-
nenolone acetate (1a and 2a) should indicate what the con-
formational equ1hbr1um is about the 17(20) bond in the ke-
tonic starting material. The a-hydroxy product (3) must be
derived from the cis conformer (la) with the methyl group

Notes

3 4
¢ ¢
O C5H13 CSHIS O
—
2b o 1b

toward C-13 and the 8-hydroxy product (4) from the trans
conformer (2a) with the methyl group away from C-13. We
have found that both epimers are indeed formed -which
implies that an equilibriurh does exist between both con-
formers as expected from the work on reductions. Our data
also show that conformer la is present in the greater
amount at the moment of reaction, since the o epimer (3)
was present in greater amotint in the product mixture, and
this is in agreement with deductions based on dipole mo-
ment measurements’ and application of the axial halo ke-
tone rule.® ,

While the cis conformet (1a) will yield the 200 epimer (3
from la) when the incoming group is Cg, the 208 epimer (4
from 1b) should be formed when the incoming group is Ci.
Furthermore, examination of molecular models reveals that
the trans conformer should be destabilized when the alkyl
group is increased in size owing to interaction of C-22 with
C-16, and the ratio of.cis to trans conformer should in-
crease, i. é., the ratio of 1b to 2b should be greater than that
of 1a to 2a These congclusions require that 20-keto-21-nor-
cholesteryl acetate, which is tantamount to 21-isovaleryl-
pregnenolone acetate, should exist with conformer 1b being
present in larger amount compared to conformer 2b than is
so for conformer la compared to 2a in the pregnenolone
case. The observed facts from the respective Grlgnard reac-
tions are in agreement, since we find that the 208 epimer is
formed in much greater amount from. 21- isovalerylpregne-
nolone than is the 20a epimer from pregnénolone. The
ratio of 208 to 200 epimer in the former case is 10:1.0 while
the inverse ratio in the latter case is only 1.7:1.0.

In the NMR spectta of the 20d- and 208-hydroxycholest-
erols {3 and 4, respectively) the signals for C-18 are exactly
the same. The downfield chemical shift compared to cho-
lesterol is 5 0.19 which agrees with expectat10n9 for a 1,3-
diaxial relationship between the 20-hydroxy group and
C-18. Such a relationship coincides with the corformations
of each of the epimer§ which would result from Grignard
reagent aftack on the ketone conformers (3 from la or 2b
and 4 from 1b or 2a), The spectrum thus implies conforma-
tional preference leading to the structure of the 20-hydrox-
ycholesterol 'being: “frozen” in the conformation existing
at the end of the reaction. The 20c-hydroxy epimer (3)



