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Abstract — In the course of the reaction between galanthamine and diazomethane in
the presence of a catalyst, such as palladium(Il) acetate or copper(I) bromide,
methylene insertion into the aromatic ring was observed instead of the expected

cyclopropanation of the carbon-carbon double bond.

This paper is dedicated to Professor Albert Padwa on the occasion of his 75"

birthday.

INTRODUCTION

Galanthamine' (1) is a member of the Amaryllidaceae alkaloids, isolated from the Caucasian snowdrop
(Galanthus woronowii).* Galanthamine is a butyrylcholinesterase and acetylcholinesterase inhibitor™ as
well as an allosterically potentiating ligand of the neuronal nicotinic receptor,® currently used for the

. . 4
treatment of Alzheimer’s disease.*’
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Many reports have described different synthetic routes to prepare galanthamine,*"

and with systematic
transformations of its cyclic structure a number of derivatives were synthesized; e.g. by changing the
position of the nitrogen atom in the azepine d ring,"* building in a sulfone group in ring d in place of the
nitrogen atom,"” and substituting the furan b ring with pyrrole.'® Derivatives without a furan b ring,'’
compounds containing a nitrogen heteroatom in the aromatic ring a'® and galanthamine with an opened

azepine d ring were also investigated.'” The last result in the chemistry of galanthamine was the synthesis of

homogalanthamine (2) with a larger azepine ring.*’

A study of the literature data presented above led us to the concept of attempting to change the ¢ ring by
considering the carbon-carbon double bond as a target. The saturated derivative of galanthamine is known
as lycoramine” and has a weaker biological effect, but the cyclopropano derivative (3) is unknown in the
literature.

21,22
“ structural element not

The cyclopropane subunit has always been considered as an electronically unique
only in the chemistry of artificial molecular structures™ but in natural compounds as well.***® Synthetic
methods for the cyclopropanation of carbon-carbon double bond were reviewed recently,”’ the

28,29

Simmons-Smith reaction,”®*’ reaction with dimethyloxosulfonium methylide,’® and cyclopropanation with

diazomethane®' in the presence of a catalyst are frequently used.

RESULTS AND DISCUSSION

In our first approach to the cyclopropanation reaction of galanthamine (1) we used the Simmons-Smith
method by allowing 1 to react with diiodomethane® in the presence of diethylzinc at 0 °C or using
trifluoroacetic acid® besides the aforementioned reagents at -15 °C. However, from these reactions only
decomposition products were isolated. Secondly, a reaction between 1 and diazomethane generated from
N-methyl-N-nitrosourea in dichloromethane solution in the presence of palladium(Il) acetate’ at 0 °C
resulted in a new derivative of galanthamine (Scheme 1). Cyclopropanation has not taken place but from
the reaction mixture we could isolate a cycloheptatriene derivative (4) in 8% yield. Besides 4 a side-product

with an open d ring (5) could also be detected.
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Scheme 1

The structure of 4 was determined from IH, 13C, COSY, TOCSY, HSQC, HMBC and NOESY NMR
spectra. The 'H NMR spectrum of 4 showed that, as compared to 1, the aromatic proton signals had
disappeared and two new double-bond proton signals emerged. One of these protons (later assigned as H-7)
showed only a cis type of vicinal 'H-'H coupling (9.7 Hz), but the other one (H-8) exhibited further vicinal
couplings (8.1 and 6.3 Hz) with the geminal CH, protons at 1.49 and 2.76 ppm (H»-9). The location of that
double bond could be unambiguously determined from the 2D gHMBCAD spectrum which exhibited the
following diagnostic two- or three-bond 'H-to-">C coupling correlations: 5.06 ppm (H-8) to 32.0 ppm (C-9)
and 136.6 ppm (C-6); 6.09 ppm (H-7) to 32.0 ppm (C-9) and 145.5 ppm (C-5a); 1.49 ppm and 2.76 ppm
(H2-9) to 59.9 ppm (C-10), 112.3 ppm (C-8), 123.0 ppm (C-7), 126.5 ppm (C-9a) and 134.1 ppm (C-9b).
Moreover a strong positive homonuclear NOE was observed from the signal at 3.21 ppm (Hx-10) to that at
2.76 ppm (Hy-9). The other signals in the proton and carbon spectra showed the same pattern and
correlations as in the starting material galanthamine indicating that only the a ring was transformed and
other parts of the molecule remained unchanged in the reaction.

The formation of compound 4 occurs with insertion of a methylene group into the aromatic ring. The
reaction is known in the literature and was mainly investigated in relatively simple aromatics to prepare

3235 (The formation of compound 5 can be explained with an

36)

tropylium salts with different substituents.
oxidative ring opening of 1; N-formylation reaction with diazomethane is known in the literature.

According to the literature®® the Rh/C catalyst gives the best yields in these types of reaction and in some

34,35

cases copper(I) halogenides, copper(I) chloride® and copper(I) bromide were also effective. Using
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Rh/C catalyst no reaction was observed between 1 and diazomethane. Performing the reaction in the
presence of copper(l) bromide, however, the cycloheptatriene derivative 4 was isolated in 13% yield.
Replacing diazomethane with trimethylsilyldiazomethane®” proved to be unsuccessful.

Based on literature results®™ a possible mechanism is presented in Scheme 2. Carbene formed from
diazomethane attaches to the aromatic a ring (1a) producing the cycloheptatriene derivative (4) via a
norcaradiene-type intermediate (1b).

Formation of an aromatic methyl derivative (1¢) in this reaction is also possible, but no traces of this

product were detected.

CONCLUSION

In summary, an attempted cyclopropanation of the carbon-carbon double bond in the ¢ ring of galanthamine
(1) with diazomethane resulted in a new derivative (4) with a cycloheptatriene structure in place of the
aromatic a ring. Such a reaction with methylene insertion into an aromatic ring has not yet been described in

the field of natural compounds.

e+
Hzg’NEN - :CHZ + N2

Scheme 2



HETEROCYCLES, Vol. 84, No. 2, 2012 1175

EXPERIMENTAL

General procedures

Melting points are uncorrected. IR spectra were recorded on Zeiss IR 75 and 80 instruments. NMR
measurements were performed on a Varian 800 MHz NMR spectrometer equipped with a 'H{"*C/"*N}
Triple Resonance °C Enhanced Salt Tolerant Cold Probe operating at 800 MHz for 'H and 201 MHz for
13C, and a Varian 500 MHz NMR spectrometer equipped with a 'H {?C/"’N} 5 mm PFG Triple Resonance
C Enhanced Cold Probe operating at 500 MHz for 'H and 125 MHz for '*C. Chemical shifts are given on
the delta scale as parts per million (ppm) with tetramethylsilane (TMS) (‘H) or dimethylsulfoxide-ds (0)
as the internal standard (0.00 ppm and 39.5 ppm, respectively). '’N chemical shifts are reported relative to
the internal reference of the spectrometer, set to nitromethane as the reference compound. 'H-"H, direct
'H-"C, and long-range 'H-">C scalar spin-spin connectivities were established from 2D gDQFCOSY,
zTOCSY, gHSQCAD, and gHMBCAD experiments, respectively. All pulse sequences were applied by
using the standard spectrometer software package. All experiments were performed at 298 K.
High-resolution ESI-MS measurements were carried out on a Thermo LTQ FT Ultra mass spectrometer
(3.1 kV source voltage, 280 °C capillary temperature, solvent: MeOH:H,0 1:1 + 1 V/V% cc. AcOH). The
protonated molecular ion peaks were fragmented by CID at a normalized collision energy of 35-55%. The
relative abundance values of the fragment ions in the MS-MS spectrum are given in brackets. TLC was
carried out using Kieselgel 60F,s4 (Merck) glass plates.
(3R,4aS,13a5)-3-Hydroxy-6-methoxy-11-methyl-4,4a,10,11,12,13-hexahydro-3H,9H-11-azabenzofuro-
[3a,3,2-ef]heptalene, 4

To a solution of 575 mg (2 mmol) of galanthamine (1) in CH,Cl, (20 mL) containing 51 mg (0.23 mmol) of
palladium(Il) acetate, a solution of diazomethane (freshly prepared under the usual manner from 6 g (58.2
mmol) of N-methyl-N-nitrosourea) in CH,Cl, (180 mL) was dropped in one hour period with stirring in an
ice-water bath. Then the reaction mixture was stirred an hour under cooling and was filtered. The solvent
was evaporated in vacuum, the crude product was purified by preparative thin-layer chromatography
(Kieselgel, CH,Cl,-MeOH 9:1) and 46 mg (8%) of the product (4) was isolated as a pale yellow solid. Mp
143-145 °C. TLC (CH,Cl,-MeOH 10:1) R/0.5. [a]Hg54623 -175°(c 1.2, CH,Cl,). IR (KBr) 3529, 2923, 1655,
1626, 1550, 1408, 1293, 1235, 1114, 1045, 978,927, 811 cm™. "H-NMR (500 MHz, DMSO-dy) 5 1.49 (dd,
J=12.5,J=6.3 Hz, 1H, Hs-9), 1.62 (dd, J= 13.6, J= 6.6 Hz, 1H, H\-13), 1.81 (td, /= 13.6, J= 7.0 Hz, 1H,
Hy-13), 1.95 (ddd, J= 15.6, J= 5.8, J= 2.5 Hz, 1H, H\-4), 2.23 (m, 1H, Hy-4), 2.27 (s, 3H, H3-N(11)Me),
2.36(dd,J=11.6,J=6.6 Hz, 1H, H\-12),2.76 (dd, J= 12.5, J= 8.1 Hz, 1H, H;-9),2.76 (m, 1H, H,-12), 3.21
and 3.47 (AB system, J= 18.4 Hz, 2H, H»-10), 3.54 (s, 3H, H3-OMe), 3.67 (d, J= 7.5 Hz, 1H, OH), 3.99 (m,
1H, H-3), 4.02 (br, 1H, H-4a), 5.06 (ddd, /=9.7,J=8.1, J= 6.3 Hz, 1H, H-8), 5.76 (dd, J= 10.3, /= 4.8 Hz,
1H, H-2), 5.96 (d, J= 10.3 Hz, 1H, H-1), 6.09 (d, J= 9.7 Hz, 1H, H-7) ppm. C-NMR (125 MHz,



1176 HETEROCYCLES, Vol. 84, No. 2, 2012

DMSO-dy) 6 29.7 (C-4), 32.0 (C-9), 33.5 (C-13), 46.3 (N-CH3), 47.6 (C-13a), 53.3 (C-12), 58.3 (OCH3),
59.9 (C-10), 60.2 (C-3), 82.2 (C-4a), 112.3 (C-8), 123.0 (C-7), 126.5 (C-9a), 128.3 (C-2), 129.3 (C-1),
134.1 (C-9b), 136.6 (C-6), 145.5 (C-5a) ppm. "N-NMR (81 MHz, DMSO-d;s) & -347 (N-11) ppm. MS:
MS-MS of m/z 302 (M+H): m/z 284(59), 253(5), 245(100), 227(4). M+H: m/z 302.17526, calculated value
for C13sH»403N: 302.17507 (delta: 0.6 ppm).

In the case of using higher (three times) excess of diazomethane, a side product (5) was detected in the
crude product by NMR, which, however, could not be isolated.

5: 'H-NMR (800 MHz, DMSO-dy) 5 1.45 (m, 1H, H,-4), 1.87 (m, 1H, H,-13), 2.03 (m, 1H, Hy-13), 2.19 (m,
1H, Hy-4), 2.63 (s, 3H, H3-NMe), 2.98 (m, 1H, H,-12), 3.22 (m, 1H, Hy-12), 3.88 (s, 3H, H3-OMe), 4.12 (br,
1H, H-3), 4.88 (br, 1H, OH), 4.98 (dd, J/=10.3, J=5.1 Hz, 1H, H-4a), 5.80 (d, /=10.3 Hz, 1H, H-2), 6.29 (dd,
J=10.3, J= 2.1 Hz, 1H, H-1), 7.13 (d, /=8.4 Hz, 1H, H-7), 7.53 (d, J/=8.4 Hz, 1H, H-8), 7.85 (s, 1H,
N(11)CHO), 9.92 (s, 1H, H-10) ppm. *C-NMR (200 MHz, DMSO-d5) & 28.8 (N(11)Me); 36.2 (C-4, C-13),
44.7 (C-12), 49.7 (C-13a), 55.9 (OMe), 62.2 (C-3), 83.9 (C-4a), 111.4 (C-7), 126.2 (C-9), 127.2 (C-1),
130.1 (C-8), 131.6 (C-9a), 134.1 (C-2), 147.1 (C-5a), 150.0 (C-6), 162.4 (N(11)CHO), 191.7 (C-10) ppm.
’N-NMR (81 MHz, DMSO-dj) § -265 (N-11) ppm. MS: MS-MS of m/z 332 (M+H): m/z 314(63), 304(31),
300(23), 296(21), 286(100), 268(14). M+H: m/z 332.14944, calculated value for C;sH»,0OsN: 332.14925
(delta: 0.6 ppm).

Performing the reaction presented above in the presence of 96 mg (0.67 mmol) of copper(l) bromide at

room temperature, yield of the product (4) was 80 mg (13%).
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