Chemistry of Chelocardin

residue was recrystallized from methanol: 615 mg (85%) of prisms; mp
244-246 °C dec; 1H NMR (TFA) 6 3.40 (3 H, s, NCH3), 2.95 (2 H, dd,
CH,COOH), 3.75 (1 H, m, H-4),4.95 (1 H, br s, H-3), 5.87 (2 H, s,
OCH:0), 6.17 (2 H, s, OCH,0), and 6.55-7.08 (5 H, m, ArH); vpax
(KBr) 1613, 1715, and 2400-3200 cm™~L.

Anal. Caled for CopH1-NO-: C, 62.65; H, 4.47. Found: C, 62.72; H,
4.40.

trans-5,8-Dioxohexahydrosanguinarine (21). A solution of 5
g (35 mmol) of P05 in 50 g of methanesulfonic acid was warmed to
45 °C. To this solution was added 500 mg (1.31 mmol) of the above
acid 20, and the mixture was stirred for 2 h while the temperature was
maintained at 45 °C. The mixture was poured into ice water and ex-
tracted with chloroform. The organic solution was extracted with
dilute aqueous NaOH and with water and dried, and the solvent was
evaporated. The residue crystallized from ethanol: 210 mg (44%) as
tan prisms; mp 277-280 °C dec; 'H NMR (TFA) 5 3.38 (3 H, s, NCH3),
2.55-4.08 (3 H, m, H-6 and H-13), 5.28 (1 H, d, J13.:4 = 11.5 Hz, H-14),
5.33 (2 H, s, OCH;0), 5.38 (2 H, s, OCH;0), 6.85 (1 H, d, /11,12 = 8 Hz,
H-12),7.02 (1 H,s,H-1),7.15(1 H,d, J4;,12 = 8 Hz, H-11), 7.53 (1 H,
s, H-4); vmax (CHCl3) 1640 and 1675 cm~1; Apax (EtOH) 213, 237, 273,
and 317 nm (log ¢ 4.48, 4.60, 4.02, and 4.07).

Anal. Caled for CooH 3NO¢: C, 65.75; H, 4.14. Found: C, 65.71; H,
4.01.

5-Hydroxy-8-oxohexahydrosanguinarine (22). A suspension
of 100 mg (0.27 mmol) of the above keto lactam 21 and 100 mg (13
mmol) of NaBH, in 100 mL of isopropyl alcohol was stirred at room
temperature for 16 h. The solvent was evaporated and water added
to the residue. The mixture was acidified with councentrated HCIl and
extracted with chloroform. The organic extracts were washed with
water and dried and the solvent was evaporated. The residue crys-
tallized from methanol: 75 mg (74%) of white prisms; mp 281283 °C
dec; vmax (KBr) 1620 and 2150-3600 cm™1; Apa (EtOH) 219 sh, 236
sh, 290, and 318 nm (log ¢ 1.40, 4.17, 3.80, and 3.59).

Anal. Caled for CogH{7NQg: C, 65.39; H, 4.66. Found: C, 65.20; H,
4.76.

Oxysanguinarine (23). A solution of 50 mg (0.14 mmol) of lactam
alcohol 22 and 10 mg of p-toluenesulfonic acid in 50 mL of benzene
was refluxed for 16 h. The solvent was evaporated and the residue was
dissolved in chloroform. The solution was extracted with 5% aqueous
NaHCOj; and dried, and the solvent was evaporated. The residue was
subjected to preparative TLC using a 3:97 methanol-chloroform
solvent system. A compound with an Ry 0.62, which was significantly
higher than the Ry (0.29) of the starting Jactam alcohol, was obtained.
Recrystallization from ether gave 15 mg (30%), mp 347-349 °C dec,
spectrally and chromatographically identical with oxysanguinarine:
vmax (CHCl3) 1645 em™1; Ay,ax (EtOH) 241, 281 sh, 289, 331, 348, 370,
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and 385 nm (log € 4.27, 4.61, 4.70, 4.17, 4.18, 4.06, and 4.02).
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Isochelocardin (2), a minor component of the chelocardin fermentation, was shown to be a condensation product
of two molecules of chelocardin. Carbobenzoxyisochelocardin acethydrazone (9) was synthesized by treatment of
carbobenzoxychelocardin with chelocardin acethydrazone, thus confirming the assigned structure. The synthesis

of isochelocardin itself is also described.

During the isolation of chelocardin (1),23 a potent broad-
spectrum antibiotic produced by Nocardia sulphurea
(NRRL-2822), a contaminant which we designated as iso-
chelocardin, was noted to be present and was subsequently
isolated as a hydrochloride salt after chromatographic sepa-
ration. This compound was present in the isolated chelocardin
in proportions ranging from 1 to 3%. In view of the potential
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Table I. Comparative !3C NMR Chemical Shift data® of Carbobenzoxy-8-chelocardin (4) and
Carbobenzoxyisochelocardin

(”) ”
CH, HN—C—OCHQ—O
: -H v
6 .
\J OH
C /‘ 2a CHg
CH, fh c”
OH oH 0770 g
4
Carbobenzoxy- Carbobenzoxy-
Region 4 Assignment® isochelocardin Region 4 Assignment¢  isochelocardin
Carbonyl 200.8 12 202.7, 200.3 Aromatic 121.9 6 121.7
200.5 2a 199.6, 199.0 119.0 9 119.3,118.9
196.0 1 192.5,191.8 114.3 7 114.4,114.3
190.7 3 191.7,191.3 111.2 2,11a 111.4,110.8
175.1,174.3 108.7 10a 109.0, 108.8,
108.7,1017.3,
106.8
Aromatic 162.5 11 162.9, 162.6, Aliphatic 79.0 12a 79.8,77.8
162.1
157.0 C(O)N 156.7 66.1 -CHyPh 65.6
154.7 10 154.7,154.6 53.1 4 56.7, 55.1
136.9 6a 136.9 41.7 4a b
136.8 17 135.2 26.3 2a-CHj 27.1
135.0 8 134.9 25.6 5 26.5
129.7 Sa 130.4, 129.6, 18.1,17.8
129.3
128.4 27,6" 128.3 15.2 9-CHj 15.2
128.0 37, 4", 5" 127.8 13.7 6-CHjy 13.7

a Chemical shift data are given in ppm downfield from internal Me,Si and spectra taken in Me;SO. ® Resonances in the aliphatic
region in the carbobenzoxyisochelocardin spectrum at ~40 ppm were obscured by solvent peaks. ¢ Assignments for compound 4 are
taken from ref 7.
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Figure 1. Major fragmentation of chelocardin and analogues.

clinical use of chelocardin, the characterization of isochelo-
cardin was of particular interest. Isochelocardin is somewhat
unstable in solution at room temperature, giving rise to new Y

impurities at a rate which depends on the nature of the sol- Isochelocardin formed a carbobenzoxy derivative 3 (mp
vent. 238-243 °C) upon treatment with benzyl chloroformate. The

The UV absorption spectrum of isochelocardin, whose IR spectrum of 3 showed a carbamate absorption at 1730
structure is shown in this report to be 2,8 has the characteristic em~1, and its 'H NMR spectrum was poorly resolved. N-
chelocardin peaks? Apqx™MeOH 226 (¢ 36 000), 273 (¢ 50 400), and Carbobenzoxyisochelocardin showed a similar UV spectrum
438 nm (¢ 9 600) and an additional absorption at 307 nm (¢ {4 that of the starting isochelocardin. The mass spectrum of

20 500). It had been observed® in this laboratory that 2a- 3 showed no molecular ion but the presence of several frag-
substituted chelocardin analogues (in which the 2a-carbonyl

group is replaced by an imine) normally possess an additional
absorption at 307-312 nm. The presence of this additional
absorption (307 nm) in isochelocardin suggested the possi-
bility that it has a chelocardin skeleton with an imino sub-
stituent at the Cy, position.

The IR spectrum of isochelocardin shows significant dif-
ference to that of chelocardin® in the carbonyl region
(1600-1700 cm™!}, but little information could be obtained
from it other than an indication of the presence of a 3-hy-
droxy-«,3-unsaturated carbonyl function or alternatively a
3-amino-«,3-unsaturated carbonyl function. The 1H NMR °
spectrum of this compound was of very poor resolution.? 2 R=H 3 R = —C—OCH,C(H,

CH, NHR
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Table II. Some Comparative 13C NMR Chemical Shift Data® of Carbobenzoxy-§-chelocardin and Its Analogues and 2-
Substituted Dimedones

NHCOOCH,Ph
i /O
Ax~CH, CH;
0 NH,
6 4(R=0H),7(R = NH,), 8 (R =NHCH,Ph)
5 6 4 7 8
196.3 196.5 196.0 192.0 192.2
196.3 196.5 190.7 190.8 191.3
112.0 106.5 111.2 105.0 106.4
201.6 173.2 200.5 174.7 173.8
28 24 26.3 23.8 17.8

@ Chemical shift data are given in ppm downfield from internal Me4Si and spectra taken in MesSO. ¢ Substantial upfield shift by

substitution at Co, carbonyl. ¢ Assignments were taken from ref 7.

ments normally found in the mass spectra of chelocardin an-
alogues; the most important and prominent ion can be as-
signed to structure B shown in Figure 1 (m/e 270, C,6H;406)*
confirming our previous observation that isochelocardin
contains the basic chelocardin skeleton.

Carbobenzoxyisochelocardin (3) was subjected to detailed
13C NMR analysis. The chemical shift data along
with those of carbobenzoxychelocardin (4)7 are presented in
Table I. The remarkable feature of the 13C NMR spectrum
of compound 3 is that in many cases there are two or more
resonances for each carbon of compound 4. This suggested
that carbobenzoxyisochelocardin was a mixture of two isomers
in approximately equal proportions and/or that its molecular
structure incorporated two molecules of chelocardin.

The 13C NMR chemcal shifts’ of the three carbonyl carbons
of the 3-triketone system and also the 2a-methyl of chelo-
cardin are profoundly affected by substitution on the 2a-
carbonyl, as illustrated in Table II. In each case, the Cy, and
Coa-methyl carbon resonances undergo substantial upfield
shifts.

These changes are extremely useful in the structural de-
termination of isochelocardin. In addition to our previous
observation from UV and 13C NMR spectra, the presence of
resonance at 175.1 and 174.3 as well as at 18.1 and 17.8 ppm
together with resonances at 199.6, 199.0, and 27.1 ppm in the
13C NMR spectrum of carbobenzoxyisochelocardin (see Figure
2) suggested that isochelocardin has a “dimeric” structure
formed by a Schiff base condensation of two molecules of
chelocardin with the loss of a molecule of water. Carboben-
zoxyisochelocardin would then be represented by 3, a struc-
ture consistent with its elemental analysis. The presence of
signals in its mass spectrum at m/e 503 and 435 is also con-
sistent with structure 3 in that they can arise from fragmen-
tation as outlined in Figure 3.

To confirm that carbobenzoxyisochelocardin was indeed
3 and not just a mixture of two isomers of a mono-2’-substi-
tuted carbobenzoxychelocardin, carbobenzoxyisochelocardin
was converted to its acethydrazone 9 by reaction with acet-
hydrazide in tetrahydrofuran (Scheme I), by analogy to the
preparation of hydrazones from chelocardin and carbobenz-
oxy-chelocardin.® The formation of compound 9 established
the presence of a free 3-tricarbonyl system in the A ring of
carbobenzoxyisochelocardin. The 13C NMR (see Table III)
and UV data for 9 are consistent with hydrazone substitution
in the 2a position of a chelocardin moiety.

The structure of carbobenzoxyisochelocardin acethydra-
zone (9) was confirmed by synthesis. Treatment of carbo-

i
N—C—OCH,CH;

OH 175.1, 174.3
/CH3‘/ 18.1, 17,8

Figure 2. Some important 13C NMR chemical shifts (in ppm down-
field from internal Me,Si) of carbobenzoxychelocardin derivatives
as taken from ref 6.

benzoxychelocardin with chelocardin acethydrazone hydro-
chloride (10)5 in dimethylformamide in the presence of sodi-
um bicarbonate gave, after purification, a clean product
having the same R; as compound 9 on TLC analysis. This
product was made by reacting two distinct compounds in more
than 70% yield with gradual disappearance of both starting
materials; it is therefore unlikely that it was a rearrangement
product of either one of the starting materials, as in that case
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Table I11. Comparative 13C NMR Chemical Shift Data® ¢ of Carbobenzoxyisochelocardin Acethydrazone (9) and Its
Synthetic Counterpart (11)

I
NH——C—OCH.J—@w
H

0

e

2 _CH,
CH,

OH

‘E‘/CPL

N

NHCOCH;

11 9 Assignment 11 9 Assignment 11 9 Assignment
202.3 202.‘2} 12. 19/ 136.8 136.8 6a 107.2 107.2 2
200.7 200.0 ’ 134.8 X 2 134.7 X 2 8,8 104.2 104.2 2/
192.6 193.1*} L1 130.4 130.4 5a, b'a 79.7 79.7 12a
191.2 191.2 ’ 129.0 129.1 4” 78.8* 78.8* (CHCI; trace)
189.7 189.8 3,3 1283 X 2 1283 X 2 2, 6" 78.5 78.4 12'a
188.7 188.7 127.8 X 2 127.8 X 2 37, 5" 65.7 65.7 -CHyPh
174.9 174.9 2a 121.4 121.3* 6.6 57.5* 57.6*} A g
169.3 169.3 2'a 121.2 121.2 ’ 54.9*% 54.9* ’
167.1 167.2 NHC(O)CH; 1189 118.7 X 2 25.8* 25.8*} 5 5
162.8 163.2*} 11. 11 118.7 9,9 25.1* 24.8* !
162.3 162.7 ’ 114.2 X 2 1142 X 2 7,7 20.2 20.2 2’a-CHjy
157.0 157.0 NHC(0)O 1114 111.6 1la 11a 18.3* 18.4 2a-CHj
155.2} 10. 10’ 111.5 ! 16.9 16.9 -NH-C(0)CH;

154.7 154.8 ’ 108.9 108.9 10a. 10a 151X 2 15.1 X 2 9-CHs, 9°-CH;q
136.9 X 2 136.9X2 17,6a 108.6 108.6 ’ 13.6 X 2 13.6 X2 6-CHj, 6'-CHj3

@ Chemical shift data are given in ppm downfield from internal MesSi and spectra taken in MeoSO. b Shifts marked * were not
generated by the computer but were hand calculated and are less precise; those marked X2 are of double intensity, although in some
cases the peaks are not twice as tall but reather broadened. ¢ Resonances in aliphatic regions around 40 ppm were obscured by sol-

vent.

one would expect to have no more than 50% conversion. Fur-
thermore, neither of the starting materials alone gave the
product under the same experimental conditions.

The product must therefore be the expected condensation
product, the Schiff base 11, Its elemental analysis showed a
nitrogen value which is compatible with a “dimeric” structure
and its structure was further confirmed by 13C NMR analysis
(Table III).

Compound 11 appeared as one spot on TLC and appeared
to be identical to compound 9, having the same R in TLC,
identical elemental analysis, 13C NMR, and UV spectra, and
very similar IR spectra. Thus, compounds 9 and 11 are un-
ambiguously identical.

Under the same experimental conditions used to prepare
compound 11, a considerable amount of chelocardin acethy-
drazone (10) epimerized to its a epimer at C4 (12). Hence,

Scheme I
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I
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Figure 3. Initial fragmentation of carbobenzoxyisochelocardin 3.

compound 11 as well as 9 should be a mixture of components
isomeric at C4. This possibility was confirmed by LC. LC
analysis indicated that compound 11 was a mixture of two
components in a ratio of 2:1. Compound 9 has the same re-

12

tention volumes as compound 11 ( the ratio of the two com-
ponents was 95:5). (The presence of additional isomers dif-
fering at the C4 atom cannot be excluded, since it is possible
that the LC conditions we employed did not resolve the ep-
imer at C4.)

Since the structure of carbobenzoxyisochelocardin acet-
hydrazone (11) is confirmed, the structure of isochelocardin
is fully established to be 2, having a mixture of at least two
epimers presumably at Cy.

Isochelocardin (2) was synthesized by reacting chelocardin
hydrochloride with a 1 molar equiv of chelocardin free base
in THF to give a 65% conversion to a mixture of products with
a major component having the same Ry in three different TLC
systems and identical retention volumes in LC analysis as
isochelocardin.

Experimental Section

Melting points were determined on a Fisher-Johns melting point
apparatus and are uncorrected. The infrared spectra were recorded
on a Beckman Model IR8 infrared spectrophotometer. The 'TH NMR
spectra were recorded on Varian Associates EM-360 and HA-100
spectrometers in deuterated solvents; resonance positions are given
on the 6 scale (ppm) relative to internal tetramethylsilane. The mass
spectra were recorded on an AEI MS-902 double-focussing mass
spectrometer. The UV spectra were recorded on a Unicam SP-800A
spectrometer in 0.1 N methanolic hydrogen chloride solution. The
13C NMR spectra were recorded on a Varian Associates XL-100-
15/T'T-100 spectrometer system in MeoSO; resonance positions are
give in ppm relative to internal tetramethylsilane. Parameters used
were pulse width (30°) 3.5 us, pulse delay 0.5-1.0 s, 6K sweep width,
and 8K data table. LC analyses were performed on a Waters Asso-
ciates ALC-202 instrument through a phenyl/corasil column (Y in.
X 24 in.). Detection was by UV absorbance at 280 nm. Injections were
performed with a Waters Model U6K injector.

The IR absorption spectrum of isochelocardin hydrochloride is
uncharacteristic. Since the various derivatives reported here have a
B-hydroxy-a,3-unsaturated carbonyl function which would have a
similar absorption to the 8-diketone system, very little change in the
carbonyl absorption region (1580-1680 cm™~1) was observed. However,
the changes in relative intensity of the carbonyl absorptions correlated
with the structural changes. Thus, only the relevant difference in
absorption bands will be mentioned in the Experimental Section.
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Since all the 1H NMR spectra obtained are of poor resolution, they
are not reported. The relevant 13C NMR data are given above.

The abbreviations used both in the text and in the Experimental
Section are designated as follow: TLC, thin layer chromatography;
DMF, dimethylformamide; THF, tetrahydrofuran; IR, infrared; UV,
ultraviolet; 'H NMR, proton magnetic resonance; 1*C NMR, carbon
magnetic resonance; LC high pressure liquid chromatography.

Isolation of Isochelocardin Hydrochloride (2). Crude chelo-
cardin—calcium chloride complex from fermentation sources having
2% of isochelocardin was chromatographed on Sephadex (LH-20)
using a 0.1 N methanolic hydrogen chloride solution as the eluting
solvent. The isochelocardin hydrochloride was isolated as a deep or-
ange amorphous solid: UV Ap,a,™MeCH 226 (e 36 000), 273 (e 50 400), 307
(¢ 20 500), and 438 nm (¢ 9 600).

Carbobenzoxyisochelocardin (3). Sodium bicarbonate (168 mg;
2 mM) and benzyl chloroformate (120 mg; 0.67 mM) were added to
a solution of isochelocardin 2 (200 mg; 0.45 mM) in 50 mL of 96%
aqueous THF. The reaction mixture was stirred for 1 h at room
temperature. Water (45 mL) was added and the THF was evaporated
under reduced pressure. The aqueous suspension was extracted with
ether. After decanting the ether, the aqueous layer was acidified to
pH 1-2 with 5% hydrochloric acid and extracted with chloroform (2
X 80 mL). The chloroform extract was washed twice with water, dried,
and evaporated to dryness. The residue was washed with ether to give
192 mg of product 3: mp 238-243 °C; UV Ape,™eOH 224 (€ 50 000), 273
(e 77 000), 300 (e 33 000), 311 (e 30 000), and 432 nm (e 11 000); the IR
spectrum showed a carbamate absorption at 1730 cm™1; MS m/e 503,
435, 394, 270, 255, 109, and 91. Anal. Caled for CaoH46N2O;5: C, 66.50;
H, 4.90; N, 2.99; O, 25.60. Found: C, 66.73; H. 5.09; N, 2.91; O,
25.25.

Carbobenzoxyisochelocardin Acethydrazone (9). Acethydra-
zone (24.5 mg; 0.33 mM) was added to a solution of carbobenzoxy-
isochelocardin (3) (180 mg; 0.33 mM) in 256 mL of THF and the mix-
ture was stirred at room temperature for 1 h. The solution was then
evaporated to dryness under reduced pressure, taken up in chloroform
(3 mL), and precipitated with methanol. Upon filtration, a dark vellow
solid was obtained, which was then purified by preparative thin layer
chromatography on Quanta-gram precoated silica plates (eluting
solvent system: chloroform-methanol-acetic acid (20:1:1 v/v aged for
24 h)), yielding compound 9 (145 mg): UV AmaMeOH 224 (¢ 49 000),
272 (e 80 000), 300 (¢ 43 300), 311 (¢ 43 300), and 430 nm (¢ 11 900).
Anal. Caled for Cs4HsoN4Oys: C, 64.18; H, 5.06; N, 5.63; O, 24.12.
Found: C, 64.50; H, 5.00; N, 5.37; O, 24.90.

Condensation between Carbobenzoxychelocardin and Che-
locardin Acethydrazone (Synthetic Carbobenzoxyisochelo-
cardin Acethydrazone (11)). Carbobenzoxychelocardin® (545 mg;
1 mM) and chelocardin acethydrazone hydrochloride® (502 mg; 1 mM)
were dissolved in 12 mL of DMF. Sodium bicarbonate (84 mg; 1 mM)
was added and the mixture was stirred for 5 days at room temperature.
It was then added dropwise to 500 mL of ether and filtered. After
purification by preparative thin layer chromatography on Quanta-
gram Q. silica precoated plates (eluting solvent system: chloroform-
methanol-acetic acid (20:1:1)) a 730 mg (72%) yield of 11 was obtained:
UV AmaxMeOH 224 (¢ 51 000), 272 (¢ 84 000), 300 (e 45 000), 311 (e
45 000), and 430 nm (e 12 000). Anal. Calcd for C54HggN4O15: C, 64.18;
H, 5.06; N, 5.63; O, 24.12. Found: C, 65.00; H, 5.20; N, 5.55; O,
24.80.

LC Determinations of Compounds 9 and 11. With a flow rate of
2 mL/min and using a step change procedure, starting with a mixture
containing 17.50% (v/v) of acetonitrile in a 0.01 M Na.ETDA aqueous
solution adjusted to pH 8.8 and changing 5 min after injection to a
mixture containing 17.43% (v/v) of acetonitrile, compound 9 was
shown to have two components in the ratio of 5:95 with retention
volumes of 22 and 30 mL, respectively. Under identical conditions,
compound 11 was also shown to be a mixture of two components in
the ratio of 1:2 with retention volumes of 22 and 30 mL, respective-
ly.

Preparation of Isochelocardin (by Synthesis). Chelocardin
hydrochloride (223 mg; 0.5 mM) was added to a solution of chelocardin
free base (205 mg; 0.5 mM) in tetrahydrofuran. After stirring for a
period of 15 h, a mixture of several compounds was observed. The
major component had a Ry identical to isochelocardin (2) in three
different TLC systems: (1) Quanta-gram silica gel plates deactivated
with 10% oxalic acid in methanol and developed with chloroform-
methanol-formic acid (90:10:5); (2) Merck aluminum precoated silica
gel plates oxalic acid deactivated and developed with chloroform-
methanol-formic acid (80:20:5); and (3) Merck aluminum precoated
polyamide 11 plates developed with Chloroform-methanol-formic
acid (90:10:5). After performing a gel filtration through Sephadex
LLH-20, the mixture was subjected to L.C analysis using 10% acetoni-
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trile in 0.01 M NaETDA solvent at pH 7.8 (flow rate 2 mL/min) and
the major component was found to be identical to isochelocardin ac-
cording to retention volume (26 mL). The major component could not
be isolated in pure enough form for full characterization.
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The synthesis and mass spectrometry of a group of structurally related nicotinoids (1a~c-6a—c) have been inves-
tigated. A detailed discussion is presented of their complex electron-induced fragmentation mechanisms, estab-
lished with the aid of 27 site-labeled deuterium analogues, high-resolution measurements, and metastable ion stud-

1es.

Substantial interest in the minor tobacco alkaloids, their
mammalian metabolites, and the physiological effects of ni-
cotine has been noted in the recent literature.2-4 Further, the
widespread occurrence of nicotine-like compounds in na-
ture,> as well as the expanding interest in the trace compo-
nents of tobacco and tobacco smoke,? have led us to undertake
an investigation of the preparation and spectral properties of
a group of structurally related nicotinoids (1a—c—6a—c). The

H CHO
2a~-c 3a-c
e - = :;V”Y Y = 1
PN NN @’[1,* 0
CH, H
4a—-c Ha-c 6a-c¢

a = 2-pyridyl; b = 3-pyridyl; ¢ = 4-pyridyl

results of our synthetic and mass spectrometric studies are
reported here.

Synthesis.® Despite the extensive studies2-6.2-11 reported
on the Nicotiana alkaloids (1b-4b), their metabolites (5b and
6b), and a host of analogues, only a limited amount of diffuse
work has been carried out on the isomeric nicotinoids (la,e—
6a,c).12 It therefore seemed appropriate to investigate the
applicability of newer methods of alkaloid synthesis to the
preparation of this cohesive group of structurally related,
isomeric nicotinoids.

The reaction of cyclopropyl 3-pyridyl ketone (7b) with
formamide has been shown to give 3-nornicotine!3 (2b; via acid
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0 0
7 -~ |
< CCH,CH,CO,Et
N SN
Ta=-c 8a-c

a = 2-pyridyl; b = 3-pyridyl; ¢ = 4-pyridyl

hydrolysis of N’-formyl-3-nornicotine (3b), generated in situ).
This method was chosen as a route to the nornicotines (2a and
2¢) and the N’-formylnornicotines (3a—¢). After having first
established that 3b could be isolated from the reaction of 7b
with formamide, the synthesis was used to prepare 2- and
4-nornicotine (2a and 2¢) and N’-formyl-2- and N’-formyl-
4-nornicotine (3a and 3c¢) from the appropriate cyclopropyl
pyridyl ketone (7a,c).

The cotinines (5a and 5¢) were prepared by treatment of
the pyridoylpropionates (8a and 8c) with N-methylform-
amide using an altered version of Sugasawa’s method.!¢ The
prerequisite a-keto esters were obtained from the reaction of
ethyl acrylate with 2- and 4-pyridinecarboxaldehyde,!® a
method which was found preferable to the published proce-
dure.16

Attempts to apply the cotinine synthesis to the preparation
of the norcotinines (6a and 6¢) by substituting formamide for
N-methylformamide were unsuccessful. However, 6a and 6¢
could be obtained by reaction of the appropriate a-keto ester
(8a or 8¢) with NH,4Cl and NaBH3;CN.

During the course of our study, Hul® reported an excellent
improvement of Spéath’s original 3-myosmine (4b) synthesis.!®
This method,!® with some modification, was used to prepare
the myosmines (4a—c).

The synthesis of the deuterated nicotinoids (Table I),
necessary for both this and NMR studies,2® proved facile ex-
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