Tetrahedron Vol. 38, No. 7, pp. 1015 to 1018, 1982
Printed in Great Britain.

0040-4020/82/071015-04503.00/0
© 1982 Pergamon Press Ltd.

TOTAL SYNTHESIS OF
(+)-DESMETHYLHEXAHYDROVALLESIACHOTAMINELACTONES

REUA JOKELA and MAURI LOUNASMAA*
Technical University of Helsinki, Department of Chemistry, SF-02150 ESPOO 15, Finland

(Received in UK 4 September 1981)

Abstract—Total synthesis of (+)-desmethylhexahydrovallesiachotaminelactones 1a and 1b, and their isomers 2a
and 2b is described. The formation of other epimeric pairs of lactones (la and 3a, and 1b and 3b) from

vallesiachotamine 4 is also described.

The sodium dithionite reduction of alkylpyridinium salts
possessing an electron withdrawing group at the 3 posi-
tion of the pyridinium ring, to the corresponding 1,4-
dihydropyridine derivatives, followed by acid-induced
cyclization of the appropriate - derivatives to in-
doloquinolizine systems, has proven to be very useful in
the preparation of several indole alkaloid models of the
vallesiachotamine type.'*

We have recently shown that the sodium dithionite
reduction of the pyridinium salt 5 in aqueous MeOH
yields tetrahydropyridine derivatives 6 and 7.7 The
presence of the lactone ring in § apparently strongly
hampers the formation of the corresponding 1,4-dihy-
dropyridine derivative and “overreduction” to the tetra-
hydropyridine stage easily results. On the other hand, the
formation of 1,2- and/or 1,6-dihydropyridine derivatives
in connection with sodium dithionite treatment of several
alkylpyridinium salts of the above type has been reported.®

With this information in mind we reasoned that if the
“over-reduction” of § to the tetrahydropyridine stage
could be avoided, the reduction might also yield the
1,2-dihydropyridine derivative 8, which would be ideally
suited for the preparation of (+)-desmethylhexahy-
drovallesiachotaminelactones 1a and 1b.

We found that when the dithionite reduction was
effectuated in a two phase system the derivative 8 was
indeed formed, and in the present report we describe
the total synthesis of (+)-desmethylhexahydro-
vallesiachotaminelactones 1a and 1b. These were
also prepared from vallesiachotamine 4 itself by suc-
cessive reductions and lactonization (vide infra).

As far as we know, our work represents the first case
where totally synthetic compounds have been proven
identical with real vallesiachotamine derivatives.
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RESULTS

Alkylation of the lactone 9 with tryptophyl bromide 10
afforded the pyridinium salt 5,” whose sodium dithionite
reduction in a two phase system (CH.ClL, H,0) yielded
the unstable 1,2-dihydropyridine derivative 8. By acid-
induced cyclization 8 was transformed to the in-
doloquinolizine lactones 11a and 11b, whereafter cataly-

tic hydrogenation (H,/PtO,) of 11a and 11b afforded
lactones 1a and 2a, and 1b and 2b, respectively.

Sodium borohydride reduction of vallesiachotamine 4
afforded dihydrovallesiachotamine 12,” which by cataly-
tic hydrogenation (H,/PtO,) vyielded tetrahydro-
vallesiachotamines 13a and 13b. A small amount of
hydrogenolysis product 14 was also obtained. Reduction of
tetrahydrovallesiachotamines 13a and 13b with sodium
borohydride in acetic acid'® afforded lactones 1a and 3a,
and 1b and 3b, respectively.

The lactones 1a and 1b synthesized from vallesiacho-
tamine 4 proved to be identical (IR, '"H NMR, MS, TLC)
with the lactones 1a and 1b synthesized via compound 8,
thereby confirming the total synthesis of (+)-desmethyl-
hexahydrovallesiachotaminelactones fa and 1b.

The reaction producing lactones 3a and 3b must pro-
ceed through the cis C/D ring juncture conformation''
and leads to trans diequatorial D/E ring juncture.

The choice of C-20 stereochemistry for 11a and 11b
was made on the basis of "H NMR results (Table 1). The
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Table 1. '"H NMR data of lactones 11a, 11b, 2a, 2b, 3a and 3b, Spectra were run in CDCl, at 400 MHz. Values are in
& (TMS=0), s, singlet, d, doublet, t, triplet, q, quartet, m, multiplet, br, broad. The coupling constants between the
aromatic protons are not included

Chemical shifts

s b 23 2b 32 3b

H-3 3.58 br 3.58 br 3.32 br 3.34 br 4.56 br s 4,62 br s
H-5a 2.7 ddd 2.7 br dd 2.6 m 2.6 m 3.30 ddd 3.26 ddd
H-58 3.28 dd 3.27 dd 3.10 dd 3.20 br d 3.40 dd 3.38 dd
H-6a 26 m 2.5 m 2.7 2.8 m 3.10m 3.05m
H-68 3.00 m 3.02 m 2,95 m 2.95 m 2,62 dd 2,62 dd
H-9 7.48 7.48 7.46 7.44 7.52 7.48
H-10 7.08 7.06 7.07 7.06 7.14 7.4
H-11 7.15 7.14 7.12 7.12 7.19 7.18
H-12 7.30 7.30 7.30 7.30 7.37 7.36
H-lbo  2.65%m 2.7Pm 2.23 br d 2.22 m 2.40 d 2.25 br d
H-148  2.78%m 2.78%m 1,49 q 1.50 q 1.94 ddd 2.18 ddd
H-15 2,08 m 2.05m 1.22 m 1.25 m
H-16 2.3km 2.34m 2,54 ddd 2.66 ddd
H-17a 3.18 br d 3.32 br d 2.52 dd 2,56 br d 3.20 dd 3.30 dd
H-178 3.90 d 3.73 4 3.78 dd 3.70 dd 2.82 dd 2.82 dd
H-18 1.00 ¢ 1.04 ¢t 1.03 t 1.03 t 0.97 t 0.99 t
H=19 1.48 m 1.68 m 1.6 ! m 1.45 m 1.40 m
H-19' 1.72 m 1.68 m 1.6 1.6 1.60 m 1.63
H-20 2.27 br 1.98 br 2.00 m 2.00 m 1.65 m 1.76 m
H-21a 4 .43 dd 4.37 dd 4,29 dd 4,28 dd 4,38 dd 4.25 dd
H-218 4.23 dd 4.31 dd 4.07 dd 4,05 dd 4.02 dd 4.18 dd
NH 7.8 br 7.8 br 7.7 br 7.8 br 7.8 br 8.3 br

Coupling constants lla

J3,14a ~ 4 Hz; J3,l43 ~ 9 Hz; JSa,SB = 13 Hz; 50,60 3 Hz;

Jsa,6p = 9 HZ; Jgg go < 1 HZ; Isp,6 = S HZi Jgu gq = 15 Hz;

Jl4a,148 = 16 HZ; J17a,173 = 16 Hz; Jq 19 = 7 Hzi Jyg 1490 = 7 Hz;

20,210 = 4 H23 Jpq, 515 = 6 Hz; Jpy, 914 = 12 He.

Coupling constants 11ib

J3,l4a ~ 4 Hz; J3l14B ~ 9 Hz; JSG,SB = 13 Hz; JSG,Gu = 3 Hz;

Isa,68 = 7 Hzi Jgp g4 < 1 Hz; J55,6p = > H23 Jg, ¢ ~ 15 Hz;

Ji4a,148 ~ 18 HZP Jygq 19g = 16 Hz; J1g 1q = 7 Hz; Jyg 19, = 7 Hz;

920,210 = 3 HZ3 Jpq 915 ~ 1 H2zi Ty, 515 = 12 Hz.

Coupling constants 2a

I3,140 ™ 3 HES Iy 140 ~ 12 HZ3 Jg, g = 12 Hz;p Jgp oo < 1 Hz;

JSBIGB = 6 Hz; Jl4u,148 = 12 Hz; J14B,15 = 12 Hz; J16,17u = 5 Hz;

J16,178 ~ 2 HZ3 Jy94,19 T 12 H2i J1g 19 = 7 Hz; Jyg 14, = 7 Hz;

920,210 ~ 3 HZi Jpg 215 ~ 3HZi Jy o 51, = 12.5 Hz.
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Table 1. (Contd)

Coupling constants 2b

J},l4a ~ 3 Hz; J3:14B ~ 12 Hz; J14a,l4B ~ 12 Hz; J17a,l7B = 12.5 Hz;
J18,19 = 7 Hz; J18,19' = 7 Hz; JZla,ZlB = 12.5 Hz.
Coupling constants 3a
JJ,lAa 2 Hz; J3,l4B 4 Hz; JSG,SB 12.5 Hz; JSa,6a 5 Hz;
JSa,GB 12.5 Hz; JSB 6a < 1 Hz; JSB,GB 6 Hz; 60,68 16 Hz;
J140,14p = 12 H23 T4 05 = 12 HZ3 Jy44 05 7 2 HZ Jig g9, = 3 HE:
Jls,l’e = 12 Hz; Jl?a,l7a = 12 Hz; J18,19 = 7 Hz; JlS,lQ' = 7 HzZ;
20,21a = 5 Hz; J20,218 = 6 Hz; 2lu 218 = 12 Hz.
Coupling constants 3b
J3,14“ ~ 2 Hz; J3,l48 ~ 4 Hz; JSa,SB = 12.5 Hz; JSq,Ga S Hz;
Jﬁu,GB = 12.5 Hz; JSB,SG < 1 Hz; JSB,SB 6 Hz; JGa,GB 16 Hz;
Jiga,148 ~ 12 HZ3 Ty 15712 B2 Ty g5~ 2 HZG Ty 4q, = 3 HE
= . = 2 = H
J16,178 = 12 HZi Jyqq,17p = 12 H23 Jyg 19 = 7 HZ3 Jyg 390 = 7 HZ;
J20,21a = 2:3 BZ3 Jyq 219 = 3 H23 Ty, 515 = 12 Hz.
a’bAssignments may be interchanged.
transformation of 11a to 1a and 2a, and of 11b to 1b and
2b determines the C-20 stereochemistry of these four (= T n - T — -
[ . Moreover, it can be supposed that the N A\ AN AN
catalytic hydrogenation of 11a and 11b proceeds in a cis N | " |
CO,Me CO,Me
The f‘ 15 stereochemistrv of vallesiachotamine 4 ig
S SOLLCINSW Y W 4 //\CHO 12 //\CH OH
2 and it is re asonable to suppose that the C-15 - < z
stereochemistry in tetrahydrovallesiachotamine 13a and
13b is the same as in 4. Since then the transformation of f\l I N . 2 . ’H\.
13a to 1a and 3a, and of 13b to 1b and 3b determines a |\ N BN ANANEN
like C-15 stereochemistry for these four compounds, the o ﬂ N T[
difference between ia and 3a and between 1b and 3b CO,Me CO,Me
must be at C-16. The identicalness of fully synthetic and CH.OH 1 cH
vallesiachotamine derived 1a and 1b indicates that both 2 = H 2
C-15-H and C-16-H must be 8."* As a consequence, the  13a H-20a(S)
stereochemistries of 1a and 1b, and as a corollary those 13t H-208(RI
of 2a, 2b, 3a, 3b, 13a and 13b are completely determined. }

A similar reasoning concerning the stereochemistry of
the compounds can equally well start from several other

H 0N
pairs of epimeric lactones. The conformationally “rigid” . NANE N|\ * i:[fyﬁ— ~
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lactones 3a and 3b are particularly favourable for that H o e, o i o
L o) Ho
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EXPERIMENTAL H H
The IR spectra were measured on a Perkin-Elmer 700 ap-  1a H-20a(S) 3g H-20a(S)
paraius. The 'H NMR spectra were takén with the LE.F. 400 1b H-20p(R} 3b H-20piR)
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(400 MHz) spectrometer’* using the sample temperature of 52°,
The mass spectra were recorded on a Jeol JMS-D-100
Mass Spectrometer at 70eV using direct sample insertion
into the ion source, whose temp. was 140°. The m,ps were
determined on a Kofler micro hot stage and are uncorrected.

Preparation of lactones 1la and 11b

To a stirred mixture of § (550 mg), KHCG; (1000 mg), H,0
(40 ml) and CH,,Cl; (40 ml) under N, was rapidly added 780 mg of
sodium dithionite. The mixture was stirred for 1 hr. The CH,Cl,
layer was separated, a new lot of CH,Cl, was added and the
mixture stirred for a further hr. This procedure was repeated
twice. The combined CH,Cl, layers were washed with water and
dried over Na,S0,. Filtration and careful evaporation of the
solvent yielded 8 (MS: m/e 322 (M* calc. for CypHN;0,), 144,
130). Owing to the instability of B, it was cyclized, without
purification, in anhyd MeOH presaturated with dry HCI gas.
After purification by PLC (toluene/EtOH/AcOEL; 2/1/2) two
isomers were obtained.

Lactone 113, yield 22 mg, m.p. 160-163° (MeOH). IR (CHCly)
NH 3340 (m), Bohlmann bands 2830, 2770, C=0 1690 (s} cm™".
UV (EtOH 949) Apox 247 nm. “H NMR (CDCl;). Sze Table 1. MS
M* at mfe 322 corresponding to CHy;N;0,. Other noteworthy
peaks at mfe 321, 170, 169.

Lactone 11b, yield 22 mg, m.p. 172-175° (MeOH). IR (CHCLy)
NH 3340 (m), Bohlmann bands 2830, 2770, C=0 1690 (5) cm™.
UV (EtOH 94%) Appqx 247 nm. 'H NMR (CDCly). See Table 1. MS
M at mje 322 corresponding to CyHy;N;05. Other noteworthy
peaks at mje 321, 170, 169.

Preparation of lactones 1a and 2a

The lactone 1ta (20mg) in 10ml MeOH was catalytically
hydrogenated in the presence of 30 mg PtO,. Reaction time 25 hr.
After purification by PLC (toluene/EtOH/AcOEL; 2/1/2) two
isomers were obtained.

Lactone 1a, yield 3 mg, amorphous. TR (CHCl;) NH 3380 (m),
C=0 1720 (s) cm™!. 'HNMR (CDCly) 5 1.00 3H, t, J=7Hz,
H-18), 4.10 (1H, m, H-21), 428 (1H, m, H-21), 7.08 (1 H, t,
I'=8Hz H-10,7.17 (1H,1,J =8 Hz, H-11), 7.32 (1 H, d, ] =8 Hz,
H-12),7.44(1 H,d,) = 8 Hz, H-9). MS M* at mj¢ 324 corvesponding
to CyHpyNyOr. Other noteworthy peaks at mfe 323, 170, 169.

Lactone 2a, yield 6 mg, m.p. 224-227° (MeOH). IR (KBr) NH
3400 (m), C=0 1725 (s) cm™". "H NMR (CDCls). See Table 1. MS
M?* at mje 324 corresponding to CagHayN20;. Other noteworthy
peaks at m/e 323, 170, 169.

Preparation of lactones 1b and 2b

The lactone 11b (20mg) in 10ml of MeOH was catalyticaily
hydrogenated in the presence of 30 mg of PtQ; Reaction time
30 hr. After purification by PLC (toluene/EtOH/AcOEt; 2/1/2)
two isomers were obtained.

Lactone 15, yield 3 mg, amorphous. IR (CHCl;) NH 3380 {m),
C=0 1720 {s) cm'. 'HNMR (CDCly) 5 0.9 (3H, t, }=7Hz,
H-18), 4.08 (1H, m, H-21), 426 (1 H, m, H-21), 7.08 (1H, t,
J=8Hz, H-10) 7.14 (1H, t, J=8Hz, H-11), 7.34 (I1H, d, J=
8Hz, H-12), 745 (1H, d, J=8Hz, H-9). MS M?* at mje 324
corresponding to CyHzN;0,. Other noteworthy peaks at mfe
323, 170, 169.

Lactone 2b, yield 6 mg, m.p. 230-232° (MeOH). IR (KBr) NH
3400 (m), C=0 1725 (s} cm™". "H NMR (CDCl,). See Table 1.MS
Mt at mle 324 comresponding to CyH4N202. Other noteworthy
peaks at mie 323, 170, 169.

Dihydrovallesiachotamine 12

NaBH, (500 mg) was added to a soln of 146 mg of 4 in 25 ml
abs EtOH. The stirring was continued for 3 hr. Water was added
and the mixture extracted several times with CH,Cl,. Purification
by PLC (toluene/EtOH/AcOEL; 2/1/2) afforded 110mg of 12,
m.p. 171-173° (MeOH) (1it.5 172-174°). MS M? at mje 352 cor-
respending to Cp H4N,05. Other noteworthy peaks at mfe 334,
321, 263, 281, 280, 279, 251.

Preparation of tetrakydrovallesiachotamines 13a and 13b
Compound 12° (107 mg) in 15 ml abs EtOH was catalytically
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hydrogenated in the presence of 75 mg PtQ,. Reaction time 12 hr.
After purification by PTC (toluene/EtOH/AcOEt; 2/1/2) two
isomers were obtained,

Tetrahydrovallesiachotamine 13a, yield 32 mg, m.p. 136-138°
(MeOH). MS M*al mfe 354 corresponding to €y HyN,04. Other
noteworthy peaks at mfe 322, 282, 281 (1009%), 156.

Tetrahydrovallesiachotamine 13b, yield 28mg, m.p. 146-14%°
(MeOH). MS M* at mie 354 corresponding to CyHzsN2O;. Other
noteworthy peaks at mfe 322, 282, 281 (100%), 156.

Preparation of lactones 1a and 3a

Compound 13a (30 mg) was dissolved in 10 ml of glacial AcOH.
NaBH, (600 mg) was added and the mixture stirred for 2hr.
Water was then added, the soln neutralized with NaHCO,, and
the products extracted with CH,Cl,. After purification by PLC
(tolvene/EtQH/ACOEL; 2/1/2) two isomers were obtained.

Lactone 1a, yield 3 mg, amorphous. IR, 'HNMR, MS, TLC
identical with those of the synthetic 1a described above.

Lactone 3, yield 20 mg, m.p. 232-235° (MeOH). IR (KBr) NH
3375 (m), C=0 1725 (s) cm™!. '"HNMR (CDCL3). See Table 1.
MS Mt at mie 324 corresponding to CaHyN20,. Other note-
worthy peaks at mfe 323, 170, 169.

Preparation of lactones 1b and 3b

Compound 13b (25 mg) was dissolved in 10 ml glacial AcOH.
NaBH, (500 mg) was added and the mixture stirred for 2hr.
Water was added, the soln neutralized with NaHCOs, and the
products extracted with CH,CL. After purification by PLC
{toluene/EtOH/AcOEt; 2/1/2) two isomers were obtained.

Lactone 1b, yield 2 mg, amorphous. IR, 'H NMR, MS, TLC,
identical with those of the synthetic 1b described above.

Lactone 3b, yield 16 mg, m.p. 216-219° (MeOH/H,0: 1/1). [R
(KBr) NH 3375 (m), C=C 1725 (s) em™. 'H NMR (CDCL). See
Table 1. MS M* at m/e 324 corresponding to CagHayN2Q). Other
noteworthy peaks at mfe 323, 170, 169.
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