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Abstract: Hofmann degradation of isomeric thiobinupharidine (TBN)
monomnethiodides is described, The structure and stereochemistry of
the products obtained have been proposed on the basis of 14 nar and
13¢ amr spectra, Hofmann degradation products of DN- and 7EON-methio-

dides have been ueed as model compounds,

Methylation of thiobinupharidine (TBN) 1 has been reported to result in four
monomethiodides which contain quaternary nitrogen in either of the two quinolie-
zidine rings: in A"B {(trans), 2, in A'B {cis), 3, in AB (trans), 4, in AP (gcis),

5142 (Fig.1).

Presently, the chemistry of those compounds has been studied by means of Hof-
mann degradation using trans 7-epideoxynupharidine (7EDN} methiodide & and cis
deoxynupharidine (ON) methiodide 7, me well as their Hofmann degradation pro-
ducts, ae model compounds (Fig,2).

Hofmann degradation of DN methiodide 7 was previously described® and some cha-
racteristics of the products were given, Both methiodides & and 7 were treated
.in a standard way: first with Agao in water-methanol solution and then by
heating with NaOH, The reaction products - N-methyl substituted piperidines 8
and 9 (identified, smong others by the presence of two olefinic protons in the
1y nmr spectrum: 6’=6.32 ppm, d, J=16 Hz and 636.01 ppm, m) differ enly in
their stereochemistry on carbon C3, Cleavage of the N-C4 bonds in both ammonium
hydroxides, followed by the formation of a double bond between carbons C3 and
C4 corresponds to the generally accepted mechanism of Hofmann degradation,

Cleavage of the N-C4 bond in 7EDN methiodide § resulted in formation of & pi-
peridine derivative with both equatorial substituents in the ring on carbon Cé

and on carbon C3 {(no conformationsl changes were observed). Hofmann degradatiocn
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of 7 differs from this reaction course, Its first step should lead to the forms-
tion of a piperidine ring with axially situated bulky side chain with furan at
carbon C6 and equatorially situated methyl group st carbon C3, This unfavorable
conformation causes a spontansous change in the stereochemistry

around the piperidine ring and results in a new conformation with equatoriesl

bulky side chain and axiasl methyl group, Compounds 8

and 9 differ, therefore,

in the conformation of the methyl group on cerbon C3, It is equatorial (1H nor
13

d'(ppn:)cr_,c:l3 C3-CH;, 0.86, di % nmr d (ppmlype, C3-CH,, 19.6, q) in compound

8, whereas in compound 9 it is axiel (4 nme d'(ppm) C3-CH 1,06, dj
CDCI

3
13¢ hmr é-(ppm)00013 C3-CH,, 18.1, q).

Compounds 8 and 9 were catalytically reduced over 5§ Pd/C to compounds 10 and
11, respectively, This catalytic reduction confirmed the presence of trans
double bonds in compounds 8 and 8. No conformational changes in the piperidine
ring were observed,

Both compounds 10 and 11 were exhaustively remethylated resulting in methio-
dides 12 and 13. The reaction was carried out in acetone at room temperature for
3 h, The course of the reaction was monitorad continuously by TLC {(acid Al,043
benzene:ethyl acetatein~propanol=1:1:1; 12: R.=0.42, 13: R4=0.40). Quaternize-
tion did not cause any stergochemical changes in methiodides 12 and 13,

4 nor end 1% nar spectra displayed in both cases quaternization of nitrogen

atom (3¢ nmr J(ppm)cm1 12: - -(GHy)y, 54,1, q, 45.0, a3 3: ~N-(CH 49,8,

sz
q. 44.2, q; M nmr 5(ppm)cuc1 12: -N-(CH;),, 3.60, 8, 3,28, s; 13: ~N=-(CH,),,
3.60, 8, 3.40, s),

Methiodides 12 and 13 were subjected to Hofmann degradation by heatipg with
50% aqueoua solution of NaOH (4 h), This leads to unsaturated sliphatic amines
14 and 15 which are epimeric on carbon C3 (EﬁJgon-90.1° for compound 14 and
Bx1309-7.9° for compound 15). In accordance with the accepted resaction mechanisn
the most probable is the cleavage of the N-C6 bond with formation of a double
bond between carbons C5-C6 or C1°-C6, Ths presence of the signal of two olefinic
protons at 5'=5.38 ppm and 6.=5.28 ppm indicated the formastion of a double bonc
between carbons C5-C6. The AB signal {J=15 Hz), observed at d.=5.38 ppm indi-
cetes a trans substitution at the double bond, In the course of Hofmann degrade-
tion some demethylation was observed and, therefore, the reaction with methio-
dide 12 resulted in compounds 14 and 10, whereas that with methiodide 13 =~ in

15 and 3.
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Catalytic reducrion of compounds 14 and 15 in methancl over S% Pd/C leads to
an aliphatic, N-substituted amine 16 {as evidenced by the disappearance of the
signals of olefinic protons in 14 nmr spectrum and of the unsaturated carbons
signals in 13¢ nmr) of the opfical activity[}ﬂ§0=0.0°,

Signal of C7 and C4 carbon atoms (16) in 13C nmr spactrum have besn shifted
diamagnetically by -4,1 ppm and -2,6 ppm, respectively, This confirms the pre=-
senca of & trans double bond in compounds 14 and 15,

The full characteristics of *H nmr and 13¢ ner spectra of all products ob~
tained at varicus degradation stages of both methiodides § (7EDM) end 7 (DN)
has enabled the identification of the products of Hofmann degradation of TBN
methiodides 2, 3, 4 and 5.

TBN monomethiodides were transformed into corresponding hydroxidss (Agao) and
each-of them was subjected to Hofmann degradation by heating for 4 h with an
equivalent of NaOH in water-methanol solution, On the basis of TLC (A1203;
benzene, 17: Rf=0.44. 18: Rf=0.68) and a comparison of W ame and 3¢ nor spect-
ra it has been established that degradation of methiodides 2 and 3 leads to the
same product 17, whereas degradation of methiodides 4 and 5 to the product 18
(Fig,3)., This fact confirms the appropriate assignments of structures and the
stereochemistry to TBN monomethiodiaes.

Analysis of 4 nmr end 13C nmr spectra of 17 and 18 has shown that the course
of Hofmann degradation of methiodides 2 - 5 is the same as in the case of methio-

dides 6 (7EDN) and 7 (DN), In methiodides 2 and 3, A"B"quinolizidine ring has

been fused and the N-C4 bond has been split with formation of a trans double

bond between carbons C3 and C4” (10 nar 5'(ppm)coé1 6.32, d, J=13,5 Hz, 6,01, m,
for compound 17). 3

Degradation of A"B methiodide 3 with gis A"8 ring junction ceuses a change in
confeormation on carbon C7” (carbon C17”is axial in methiodide 3, whereas it is
equatorial in the degradation product 17). Inversion of the conformation on.
carbon C7 causes a change of conformation of the side chain with furan from
axial into equatorial. Conversely, degradation of methiodide 2 with a trans
ring junction im the A'B"quinolizidine ring retains the configuration on carbon
C7 owing to the favorable equatorigl conformation of the large side chain with
furan, Thus, the same degradastion product 17 is formed from both methiodides 2
and 3 due to the lower stebility and spontaneous ring inversion in the degraf

dation product of 3,
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The stereochemistry of Hofmann degradation of methiodides 4 and 5 {AB trans
and AB cis respectively) is similar to the degradation of methiodides 2 and 3.
Therefore, instead of the two differant configurations on carban C7°, only ons
corresponding to the single product, 18, is obteined, It has been established
that the N-C4 bond is broken with formation of a trans double bond between car-
bons C3 and C4 (1K nmr d.(ppru)co01 6.32, d, 3s13.5 Hz, 6,04, m, for compound 18},

Compounds 17 and 18 were requatgrnized at room temperature, in acetone, with
oexcess of Mel (Fig.4), The reaction was monitoréd by TLC (Al,0, acid; benzene:
ethyl acetate:n-propanol=i:1:1, 19: R.=0,4, 20: Rf=0.4). Thess conditions pre-
vented the nitrogen atom in one of the quinclizidine rings from quaternization
which, under conditions described, is much slowsr than quaternization of the
nitrogen in the piperidine ring.

Analysis of 13¢ nmr spectra shows no chenges in chemical shifts of carbon
atoms in A'B or AB quinolizidine rings, respectively; however, changes are ob-
served in values of chemicel shifts of carbon atoms OL to nitrogen atom of the
piperidine ring, Chemical shifts of -f:-—(CHs)2 groups (in 13: 54.8 ppm and 44,7
ppm; 20: 54,5 ppm and 44,4 ppm) have shown that compounds 19 and 20 ara the
respective products of gquaternization of nitrogen atoms in corresponding pipe~-
ridines,

Mathiodides 19 and 20 were rescted with Ag,0 to form hydroxides and each of
the latter was subjectad to Hofmann degradation by heating with a 50¥ aqueous
solution of NgOH for 4 h, From compound 13 a mixture of two products wes obtai-

ned: compound 21 (TLC: ALO benzene, Rf=0_32) and compound 17 - the demethyla-

2 3¢
tion product. From compound 20, compound 22 (TLC: Al,0.; benzene, R¢=0.28) and
the demethylation product - compound 18 were obtained,

Analysis of the *H nmr (6-(ppm)coc1 21: H10°5,38, Qage =15 Hz and He" 5,28,
t; 22: H10 5,40, qug, J=15 Hz and H9 5 28, t} and 13¢ nmr spectra (é;(PPm)c061
21: C10°125.6, d and €97 139,.0, d; 22: €10 125.3, d end €9 138.8, d) indicates
that in both cases N-C10"(21) or N-C10 (22) bond was broken, respectively,
whereass e trans subatituted double bond was formed between cerbons €9 and C10°
in 21 or C9-C10 in 22,

The valuas of chemical shifts in 130 nmr spectrum of carbon C7 in compound 21
and of carbon C7"in compound 22 show that in both these cases conformational
changes do not occur (138 nmr 6'(ppm)coc1 23: C7 56,00, s; 22: c7"48.8, 8),
£ 13

Details o C nmr analysis of all products disscused in this paper will be
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published separately.

EXPERIMENTAL
Melting points (uncorrected} were determined on a Boetius apparatus (Carl
Zeiss Jena), Results of elemental analysis were within permissible error. The

4 nmr spectra were recorded on a Jeol 100 MHz spectrometer and the 13

C nmr
spectra on a Jeol FX 90Q spectrometer using TMS as an internal reference, Mass
spectra were registered on a LKB 9000 spectrometer, All optical rotetions were
measured in chloroform solution on a Perkin-Elmer polarimeter (type 241) using
a 1-dm cell, The purity of the products wae determined by TLC Aluminium oxide

6CF The column chromatography was carried out on Fluka 506C, 3 rd activity

254"
after Brockmann A1203, The solvents used in chromatography procedures were

purified and distilled in conventional manner.

The first Hofmann degradation {Genersl Procedura).~ A solutien of (0,002 mol)

7EDN methiodide &, ON methiodide 7 or TBM methiodides 2, 3, 4, § in 10 ml of
70% methanol, moist silver oxide {prepared from 500 mg of silver nitrate) was
added and the mixture was shaken for 1 h, After filtration, the solvent was
removed in vacuo, sodium hydroxide (10 g}, water (10 ml) and methasnol (10 ml)
were added and the mixture heated under reflux for 4 h, After dilution with
water, the crude products were extracted with chloroform, The solvent was removed
in _vacuo, the residue was chromatograephed on alumina using benzene as eluent.
Following compounds were obtaeined:
8 (from B) yield 79%; colorless oil; TLC in a benzene:chlorofarm (1:1) system,
R¢=0.38; 3 nor {COCl;) ppm: 0.86 (d 6H J=6 Hz C3-CH, eq., C1"-CH,), 2.22
(s 3H N-CH.), 2.78 (dd 1H JI=15 Hz, 3,5 Hz C6-H eq.), 6,01 (m 1H C3"-H), 6,32
(d 1H 3J=16 Hz C4~-H), 6,58 (s 1H P-furanyl H), 7.46 {m 2H CC-furanyl H);
13 nar (coci,) ppm: 12.78 (q C107), 19.63 (q €7), 23,93 (r €5), 31.21 (d C3),
33,51 (t C4), 33,59 (d c1%), 38,27 (v C2%), 42,74 (q CB), 66,10 (t C2), 67.49
(d C6}, 107.63 (d C6"), 120,41 (d C37), 124.49 (s C57), 129,56 (d C47), 139.40

(d ¢9%), 143.25 (d C7"); ms: m/z (relative intensity) = 247 (M¥, 3), 112 (100},
70 (11).

g (from 7) yield 62%; colorless oil; TLC in a benzene:chloroform (1:1) system,
R¢=0,61; 4 anr (CDC1,)} ppm: 0.92 (d 3H J=6 Hz C1"-CH;), 1.06 (d 3H J=10 Hz

C3-CH, ax.), 2,28 (s 3H N-CH;), 2.66 {dd 1H I=15 Hz, 3.5 Hz CB-H eq.), 6.01

3
(m 14 C3°=H), 6.32 (d 1H J=16 Hz C4”-H), 6,58 (s 1H P-furanyl H), 7.44 (m 2H
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17 (from 2 and 3) yield 88%; colorless oil; TLC in benzene, R

o -furenyl H}; *3C nme (CDCL,) ppm: 13.61 (q C10°), 18.16 (q C7), 18.68 (t

¢s5), 27.35 (d €3}, 29,95 (t C4), 33,25 (d C1”), 37.97 (v Cc2"), 43.39 (q C8),
61.64 (v €2}, 67,01 (d C6), 207.62 (d C&”), 120,33 (d €3%), 224,57 {8 C5"),
129,73 (d C47), 139,26 (d €C9"), 143,21 (d C7"); ms: m/z (relative intensity)
= 247fM*", 3), 112 (100}, 70 (9),

¢=0.44; [o0)3%=4.4%;
4 nmr (cnc13) ppm: 0.94 {d &H C1-CH,, 01‘-CH3), 2.22 (s 3H N-CH;), 2.42 (s

2H S—CH,), 2,98 (m 2H C6" =Ha, C6~He)}, 6,01 {m 1H C3 =H)}, 6,32 {d 1H J=13,5 Hz
C4*<H), 6,50 (s 1H (> ~furanyl 13H), 6.58 (s 1H (5 -furanyl 13°H), 7.45 (m 4H
oL ~-furanyl H); 13¢ nmr (cncls) ppm: 12,79 (q C11”), 19.07 {gq C11}, 21,97 (¢
co%), 29,26 (t c9), 33,59 (r c2), 33,59 (d C1”), 35,02 (¢ C3), 35.98 (d C1),
36,50 (t €8"), 38,27 (v C2°), 40.09 (t C8), 42,48 (r C17"), 43,17 {q N-CH,},
44,91 (t €17}, 49,07 (s C7"), 56.82 (s €7), 59.64 (d ca), 65,80 (t C6), 67.79
(t, d c6", c10%), 68,57 {d C10), 107.58 (d C13"), 109.49 {d C13), 120,28 (d
C3"), 124,30 (s C12"), 129.21 (s C12), 129.56 (d €4}, 139,35 (d C16°),

139.52 (d C16), 142.64 (d C14), 143.25 (d €147 ); ma: m/z (relative intensity)
= 508 (M*", 12), 400 (3), 373 (100), 230 (9), 178 (8}, 136 (3), 107 (18), 94
(29), 81 (10},

(from 4 end 5) yield 87%; colorless oil; TLC in benzene, R.=0.68; [ 20=-14,4°
— - = ¥ D

* nmr (€OC1,) ppm: 0.94 (d 6H C1-CHy, C17-CH ), 2.22 (s 3H N-CH,), 2.52 {qug
2H J=12 Hz S-CH,), 3,00 (m 2H C6 -He, C6-He), 6,04 (m 1H C3-H), 6,32 (d 1H
3=13.5 Hz C4-H), 6.46 (s 1H P -furenyl 13°H), 6.62 (s 1H {b -furanyl 134},
7.48 (m 4H O, ~furanyl H); 13¢ nor (00013) ppm: 12,70 (g C11), 19,16 (q c11”),
22,63 (t C9), 28,48 (t €97}, 33,51 (d C1), 33.68 (t C27), 35,02 (t C3%), 35,97
{d c1”), 37,80 (t c87), 38,19 (t c2), 38.62 (t cB), 42.61 (t C17"), 42,91

{q N-CH3J, 45,16 (t €17), 49,11 (s C77}, 56.61 (s C7), 59.86 {d Cc4"), 62,85
(t c6™), 66.92 (d €10}, 69.65 (d C107), 71,17 (t C6), 107.58 (d C13), 109.66
{d C13"), 120.33 (d C3), 124.40 (s C12), 129.47 (s C12"), 129.47 (d C4),
139,35 {d 616}, 139.48 (d C16"), 142.60 (d C14%), 143,25 (d C14); ms: m/z
(relative intensity) = 508 (M*', @), 400 (3), 373 (100), 316 (4), 243 (3),
230 (8), 192 (3), 178 (3}, 136 (4), 1120 (7), 107 (18), 94 (30),

Catalytic reduction (General Procedurs}, - 0,0015 mol of 8, 9, 14 or 15 in 20 ml

of

methanol was reduced cetalytically in the presence of 70 mg of 5% Pd/C. VWhen

99% of the theoretical amount of hydrogen was absorbed, the catalyst was filtra-

ted and the solvent removed, The residue was chromatographed on alumina using
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benzene as eluent, Following compounds were obtained:

10 (from 8) yield 90%; colorless oil; TLC in & benzens:chloroform (1:1) system

Ru0,38; 14 nar (COC1;) ppm: 0,90 (d 6H Jug Hz C3CH; eq., C1°=CH,), 2.28
{s 3H N-CH,), 2.48 (t 2H C4"=H), 2,90 (dd 1H C6-H), 6.40 (s 1H (b ~furanyl
H), 7.32 {m 2H o -furanyl H); 3¢ amr (00013) ppm: 13.00 (q C107), 19,64
(q C7}), 24,01 {t €5), 25,10 (t Cc3"), 28,43 (t C4"), 31,29 (d C3), 32.81
{(t c4), 33,55 (d C1™), 34,42 (t C2™), 42,78 (q CB), 66.23 (t C2), 67.92
(d c6), 110.96 (d C67), 125,13 (s €57), 138,75 (d C9")}, 142,60 (d €77 )}
ms: m/z (reletive intensity) = 249 (M*", 3), 112 (100), 70 {10).

11 (from 9) yield 95%; colorless oil; TLC in e benzene:chloroform {1:1) system

R ¢=0.61; 1y nmr (coc13) ppm: 0.90 {d 3H Ju6 Hz c1‘-CH3). 1,06 (d 3H J=10 Hz
C3-CH, ax.), 2.24 (s 3H N-CH,), 2.42 (t 2H C4™-H), 2,70 (dd 1H I=15 Hz, 3.5
Hz C6=H), 6.38 {s 1R [b=furanyl H), 7.32 (m 2H K =furanyl H}; 13¢ nar
(cocl,;) ppm: 13,61 (g C207), 18,03 (q C7), 18,77 (t €5), 25,14 (t C37),
27,74 (d ¢3), 28,30 (t C4"), 30,08 (t C4), 32,64 {d C1°), 34,24 (t c2°),
43,39 (q C8), 62,28 (t C2), 67,92 (d C6), 111,00 (d C&"}, 125,26 (s C5"),
138,75 (d CS™), 142.60 (d C7°); ms: m/z {relative intensity} = 249 (M*, 13}
235 (3}, 112 (100}, 70 (22},

(from 14 and 15) yield 92%; colorless oil; TLC in a benzene:chloroform
{1:1) systenm, Rf=0,44; [&J§0=0.0°; 19 nor (00013) ppm: 0.86 (d 3H J=6 Hz
C7-CH,}, 0.92 {d 3H J=6 Hz c3-CH3). 2.16 (d 28 J=8 Hz C2-H), 2.28 (s 6H
N-(CH.),), 2.42 (t 2H C10-H), 6.32 (s 1H ) -furenyl H), 7.34 (m 2H OL-fu-
ranyl H); 3¢ nar (cocl,) ppm: 18.25 {g C18), 19.64 (q C19), 24,40 (t C9),
25,10 (t cs5), 27,52 (tr c10), 31,03 (d C3}, 32,64 (d C7), 35,46 (t C4),
36.80 (t c8), 37,23 (t c6), 45,82 (2xq C16, C17), 67,23 (t C2), 111,00

(d C12), 127,09 (s C11), 138.45 (d C15), 142,5 (d C13); ms: m/z (relative

intensity) = 265 (M*", 2), 129 (1), 81 (4), 58 (100), 55 (2).

Methylation (General Procedure}, - Te 0,0015 mol of 'compounds 10, 11, 17 or

19

in 5 ml acetone excess of mothyl iodide was added end the mixture was

allowed to stand overnight at room tamperature (for compounds 10 and 11

~ 3 h), Upon removal of excess of Mel and Me

in

200 crude product was purified

each experiment chromatographically on acid Al 05, using chlorofornm

(for compounds 12,13) or chloroferm:methanol (99:1) (for compounds 18 and 20)

as

eluent, Following compounds were obtained:
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a2

(from 10} yield 8i%; mp 143-145°C (from acetone:ethyl acetate); TLC (acid

Al 03. benzene:ethyl acetate:p-propanol=1:1:1), Rfao 42; Y har (CDCl ) ppm.
1.06 {d 6H J=10 Hz C3-CH; eqg,, C1"~CH;), 3.28 (s 3H N~CH 3¢ 3.60 (s 3H N-CH 2)
6.44 (s 1H (b -furanyl H), 7,42 (m 24 OL~-fursnyl H); 136 nmr (COC1,) ppm:
16,12 (q €10}, 18,07 {q C7), 21.98 (t C5), 24,66 (r C3"), 26.83 (d C3),
27.57 {t c4™), 30,51 (¢ C4), 30,73 (d c1%), 36.32 (v c2"), 45,04 (q CB),

54,14 {q C9), 71.95 (t c2), 75,77 {d c&), 111.18 (d ¢c6"), 124,57 (s C5°),
139,13 (d c9%), 142.69 (d C77),

(from 11) yield 88%; mp 135-136 °c (from ethyl acetate}; TLC (acid Al,0,; ben-

3

J=8 Hz C1°-CH;), 1.14 (d 3H =10 Hz C3-CHyax.). 3,40 (s 3H N-CH;}, 3.60 (s 3H

2Y33
) ppm: 1,06 (d 3H

zenesethyl acetate:n-propanclai:i:i), Rf=0_40; 14 nee (cocl
N-CH 3)s 6.42 (s 14 (b ~furanyl H), 7,42 (m 2H OL-furanyl H); 3c nmr (CDCL,)
ppmz 16,77 (q C10”), 18,90 (g C7), 19.50 (t ©5), 25 44 (t ©3°), 27,00 (d C3)},
28,43 {t c4™), 28,52 (t C4), 32,38 (d €17), 37.41 {t c27), 44,21 (q CB), 49.84
{q c9), 69,87 (t C2}), 75.5% (d c6), 112,96 {d C6*), 125.87 {s C5°}, 140,17

(d €97}, 143,77 (d C77),

19 {from 17) yield 77%; mp 240-243°C (from ethyl acetate); TLC {acid Al 03; hen-~

zene:iethyl acetate:n-propanol=i:i:l), Rf=0;40. 13 nmr (CDCl ) ppm. 0,920 (d 3H
Ci -CHy), 1,08 (d 3H 01‘-ca3), 3,22 (s 3H N-CHs) 3,50 {s 3H N-CH ) 6.01

(m 1H C3"=H), 6.32 (d 1H J=16 Hz C4"-H), 6.40 (s 14 [b=-furanyl 13H), 6,70

(s 2R -furenyl 13°H), 7.46 {m 44 O -furanyl H); 13C nmr (CDC1) ppm: 16.21
(q C11*), 19,11 (q C21), 19,89 (t c9"), 28,74 (t C€9), 31.25 (d C1"), 31.94

(v c2), 33.42 (r C8™), 34.37 (t C3), 35.85 (d c1), 39,83 {t C27), 42,13 (¢
c8), 42,30 (t C17°), 44,69 (q ;-CHS). 46.12 (t €17}, 47.94 (s C7°), 54.87

(q ;-cn3), 57.56 (s C7), 59,34 (d ca), 64.28 (t c6), 68,61 (d Ci10}, 73,38

(t c6™), 74,90 (d c10"), 108,10 (d C137), 108.86 (s C12), 109.53 (d C13),
123,31 {d C3°), 124.01 (s C12"), 126.17 (d C4"), 139,96 (d C16), 140,22 (d
C16™), 142,69 (d Ci4), 143,47 (d c14")},

(from 18) yield 80%; pale yellow oil; TLC (acid Al,0.; benzene:ethyl acetate:
n-propanolsi:1:i), R 0,401 4 nmr (cocly) ppm: 0,90 (d 34 C1"~CH,), 1.06

(d 3H C1-CH;), 3,30 (s 3H N~CH;), 3.50 (s '3H N-CH,}, 6.01 (m 1H C3-H), 6,32
(d 1H J=16 Hz Ca-H}, 6.38 (s 1H [b-furanyl 137H), 6.70 (s 1H ﬁ-furanyl 13H),
7.48 (m 44 OC~furanyl H); 3¢ nmr (COC1,) ppm: 16.30 (g €11), 19.20 (q G117),
2i.41 (r c9), 28,82 {t €9"), 30.73 (d C1); 33.59 (t c2*), 34,33 {: c37}, 36,32

(d c17), 37.27 (t ¢8), 39.92 {r c8"), 39,92 {t c2), 42.40 (v C177), 44,38
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(q ;-cus), 45,38 (t C17), 51,97 (s C77), 54,48 (q ;-CH3), 54;74 {s c7), 59,55

(¢ c4™), so.81 (t C6”), 70.28 (d C10”), 74.16 (d ¢10), 74,68 (t Cé6), 108.02

(d c13), 110,05 (d €13™), 123,18 (d C3), 124,01 {s C12), 126,34 (d Ca), 128,82

{s C122%), 140,23 (d C16), 140,13 (d C16™), 142,64 (d C14"), 143.42 (d C14),
The second Hofmann degradation (Gensral Procedure).- A solution of (0,001 mol}

of compounds 12, 23, 19 or 20 in 5 ml of 50% methanol, moist silver oxide (prepa-

red from 300 mg of silver nitrate) wes sdded and the mixture shaken far 1 h.

After filtration, the sclvent wes removed in_vacuo, sodium hydroxide (10 g) and

water (10 ml) was added and the mixture refluxed for 4 h. After dilution with

water, the crude products were extracted with chloroform. The solvent was removed

in_vacuo, the residue was chromatographed on alumina using hexane:benzene (1:1)

{for compounds 14 and 15} or benzene (for compounds 23 and 22). Following

compounds were obtained: '

14 (from 12) yield 84%; colorless oil; TLC in a benzene:chloroform (1:1) system,
R¢=0.42; [%]2%-90.1°; W nmr (CDC1;) ppm: 0.92 (d 3H =6 Kz C7-CH,), 0,98

{(d 3H J=6 Hz C3—CH3), 2.24 (s 6H N=(CH 2.42 (t 2H Ci0-H}, 5.28 (m -1H

%))
C5-H), 5.38 (qgug tH JI=15 Hz C6-H), 6.30 (s 1 (b-furanyl H), 7.34 {m 2H
O -furanyl H); 13C nmr (COCL,) ppm: 18,03 (q C18), 21.07 (q C19), 24,88 (¢
c9), 27,83 (r €10}, 31,55 {d C3), 36,80 (d C7), 36.80 (tr CB), 38.14 (t C4),
45,95 (2xq C16, C17), 66.62 (t C2), 111,05 (d Ci12}, 125.58 (s C11), 126.65
(d C6), 137,84 (d C5), 138.85 (d C15), 142,% (d C13); ms: m/z (relative
intensity) = 263 (M*", &), 98 (1), 81 (7), 58 {100).

15 (from 13) yield 77%; colorless oil; TLC in a benzene:chlorofaorm (1:1) systen,
Rg=0.42; Bi]§0=-7.9°; 4 ner (CDC13) ppm: 0.90 {(d 3H I=7.5 Hz C7-CH3). 0.96

(d 3H 3=7.5 Hz c3-cn3), 2,22 (s 6H N-(CH 2,42 (t 2H C10-H}, 5.28 (m 1H

300
C5=H), 5,38 (qag 1H I=15 Hz C6-H), 6,30 (s 1 (b-furanyl H), 7,32 (m 2H
o -furanyl H); 2%C nmr (coc1;) ppm: 18,03 (q C18), 21,07 (q c19), 24,88 (¢
C9j, 27.83 (r c10), 31.55 (d €3}, 36.80 (d C7), 36.80 (t c8), 38,14 (t c4),
45,95 (2xq C16, C17), 66,62 (t c2), 111,05 (d Gi2), 125.58 (s C11), 126,65
(d C6), 137,84 (d C5), 138,85 (d C15), 142.56 {(d C13}; ms: m/z (relative
intensity) = 263 (M**, 4), 126 (3), 98 (3), 58 (100}, 431 {(10),

21 (from 19) yield 50%; colorless oil; TLC in benzene, R¢=0.32; [OL]§0=-15_3°;

M ner (COC1,) ppm: 0.90 (d 3H C1-CHy), 1,02 (d 3H C17-CH,), 2.34 (s 6
- - H €9 -H
N-{CH.) )}, 2,48 (g5 2H J=12 Hz S-CH,). 2.98 (q,g 1H C6-He), 5.28 (t 1H C9™-H)
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5.38 (qug 1H Im15 Hz C10"-H), 6.01 (m 1H C3"-H), &.32 {d 1H I=16 Hz G4~ -H),
6,48 (s 1H P-Juranyl 13H}, 6.58 {s 2H (b -furanyl 13"H), 7.38 {(m 4H OL-fura-
nyl H); 3¢ pur (cocl,) ppm: 19.03 (q C11), 20.46 (q C11"), 29.21 (¢ C9),
33,59 (t c2), 34,98 (t C3), 36.03 {(d Ci), 37.23 (d C1™), 39.18 {t C8"), 40.14
(v c8), 40,27 (t C17"), 40,61 (t C2%), 46.72 (t C17), 48,46 (2xq N-(CH.),),
54,18 (s C77), 56.00 (s C7), 59.68 (d C4), 64.93 (t C6°), 65,71 (t C6), 68,44
{d c10), 107.62 (d C13"), 109.42 {d C13), 120.62 (d C4™}, 125,60 (d €10%),
128,35 (e C12), 128,35 (s C127), 128,90 (d C4™), 138,83 (d ég‘), 139,40 (d
€167), 139.57 (d C16), 142.86 (d C14™), 143,21 (d C14); ms: m/z (relative
intensity) = 522 (M*", 4), 464 (2}, 415 (7), 356 (2), 230 (17), 178 (4), 149
(8), 107 (7)., 94 {4}, 58 (100),

22 (from 29) yield 57%; colorless oil; TLC in benzene, Rf=0_28; BMJgoa-SBO;

Y nmr {cocl,) ppm: 0,92 (d 3H c1‘-CH3), 1.04 (d 3H C1-CH,), 2.38 (s EH
N-(CH.),), 2.50 (s 24 S-CH3), 2,96 (q,g 1H C67-He), 5,28 (t 1H C9-H), 5,40
(gpg 1H J=15 Hz C10-H), 6.02 (m 1H C3-H}, 6.32 (d 1H J=16 Hz C4-H), 6.48
(s-1H (b-furanyl 13°H), 6.60 (s 1H b -furanyl 13H), 7.42 {m 4H OL-furanyl H);
13¢ nmor (coCl,) ppm: 19.16 (g C11°), 20.15 (g €11), 28,17 (tr €9), 33,76 (t
cz2*), 35,15 (t €3"), 36,30 (d C1*), 36.97 (d C1), 36.97 (t C8"), 40.57 (t c2),

43,73 (t c8), 43,73 (t c17"), 46.42 (t C17), 48,07 {2xq N-(CH 48,76 (s

z70)
c7"), 60.12 (d C47), 62,89 {8 C7}, 63,24 (¢ cg‘), 69.35 (d c10"), 69.70 (¢
ce), 107,75 (d C13), 109,70 (d C13”), 120,50 {d C3), 125,27 {d C10), 128,34

{d c127), 129.04 {d c4), 129,25 (s C12), 138.76 (d c9), 139,52 (d C18),

139,52 (d C167), 142,77 (d C14), 143,16 (d C14™); ms: m/z (relative intensity)
= 522 (MY, 3), 464 (20), 416 (2), 356 (7), 230 (3), 178 (3), 107 (8), 94 (3),

58 (100).
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