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In determining the structure of natural furanoquinoline and dihydroquinolinone alkaloids and their
derivatives the method of NMR spectroscopy is widely used [1-11], Robertson [1], having studied the NMR
spectra of many furanoquinoline alkaloids and their derivatives, made an assignment of the signals of the .
protons, In the assignment of the signals it must be borne in mind that the chemical shifts (CSs) of the pro-
tons in the NMR spectra of complex molecules are functions which depend, in the first place, on the elec-
tron density and its asymmetry and the magnetic anisotropy and electric field of the dipoles of polar groups
and heteroatoms, and also on ring currents within the molecule. Consequently, to make an unambiguous
assignment of the CSs of the protons in the NMR spectra it is necessary to take these factors into account
quantitatively.

The present paper gives the results of an analysis of the NMR spectra* of some derivatives of the
furanoquinoline and dihydroguinolin-2-one alkaloids taking into account factors governing CSs in hetero-
aromatic systems (Tables 1 and 2), Using the MO LCAO method in Hiickel's approximation} we have cal-
culated the m-electron densities (EDs) on the carbon atoms and the energy characteristics of a number of
molecules, making use of B. and A, Pullman's parameters [12],

Below we give the molecular diagrams (MDs), MO energies, total energies of the r~electrons (Ep),
and the delocalization energies (DE,) of compounds (I-VI),
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TABLE 1, Chemical Shifts and Spin—Spin Coupling Constants
of the Protons of the Furan and Aromatic Rings in Some Deriva-
tives of Furanoquinoline and Dihydroquinolin-2-one Alkaloids

Subst. Sol- | Chemical shift, ppm J, Hz
uhstance vent [y, | ow [ m | 1o | e e [ B [ [Hse
El[:H3
D cpcly|7,5616,04] — | — | = | 23] — | = | =
0gH,
CH
R=CH,—CH=C{ !
\CH,
Haplophyllidine(l) [6]
H
R=CH2—CH2—C/C :
[ \CH,
OH
Perforine  (I1) [6] 7,516,801 — | — | — ) 24 =4 — =
R,=R.=H .
Dictamine (1) [1] CDCl1,/7,53)6,95(7,25 8,30 — | — | — -
R1=H; R2=0CH3
y-Fagarine (1V) 7,60(7,007,80}7,35|7,03| 2,3| 8,0 1,5)8,0
R1=H; R2=OH
Robustine (V) 7.5216,9617,64|7,25(7,12( 2,3| 8,0| 2,0} 8,0
Hy CHeeCl
R,=CH,— CH,—
1 =CH; (|:\c H,
R,=OCH,
O—Me-folifinine (VI)
(7] cal, |7,47]6,92{7,95(7,07f — | 2,3} 9,0/ — | —
Diacetylfolifinine (VII)
{7] cbeyy|7,55(6,97(8,10(7,12| — | 2,5 9,0§ — | —
R1=R3=OCH3
Skimmianine (V’HI) CDCl1, 7,57 |7,02{ 8,0 7,22 - 2,51 9,0 — —_—
CH;
R;:Cﬂg-C—C<C
| | \CH,
OH OH
R,=O0CH, Evoxine (I1X) {1} 7.5516,96(7,95(7,15| — | 2,5| 9,0 — | ~
Diacetylevoxine (X) ccl, {7,43/6,85(7,706,97 — | 2,5[ 9,0} — -
R,:OAc; Rg=OCH3
Haplopine acetate (XI) 7,5316,99|7,95]7,13} — | 2,3] 9,0] — | —
0CH;  R=0-gH,
]
HC~DH
]
N0 G-0H {CDCls
R | /\
GH,  HS CH,
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'''' Sol- |  Chemical shift, ppm J, Hz, ppm
Substance vew [ T T[4 [T
R=OCH, ,
Folimine (XIII) [9_]_« ) —} — l7,557,05) —

The results of a comparison of the values of the r-electron densities on the C; and C; carbon atoms
of the furan nucleus in the molecules of (I) with (II-V) (MDs) show that the introduction of the electron-
donating substituent OCHj; into position 4 of the pyridine ring affects not only the redistribution of the ED
over the corresponding C, and C, atoms but also leads to an appreciable decrease in the magnitude of their
differences (A, 3 from 0,158 in (I) to 0,128 in (II) (MD), At the same time, the condensation of a furano-
pyridine with a benzene ring has little effect on the value of the ED at C, and Cj of the furan nucleus (&; 5 =
0.171), The introduction of a methoxy group into various positions of the benzene ring also has practically
no effect on these magnitudes.

In a comparison of the CSs of the H, and Hj; protons of the furan nuclei of compounds (I-VI) (see
Table 1) with the EDs on the corresponding carbon atoms only a qualitative correspondence is observed,
i.e.. in all cases a weak-field signal of thea~furan protons corresponds to a low value of the ED, and a
strong-field signal of the 8 protons to a high value of the ED, The values of the ED on the C; and C; carbon
atoms of the aromatic nucleus of O-Me-folifinine(VI), skimmianine (VII), and evoxine (IX) (Table 1) also
correlate qualitatively with the CSs of the protons of the corresponding atoms, but not quantitatively. The
values of the ED of the aromatic carbon atoms C;, Cg, and C; in y-fagarine (IV, MD) and robustine do not
correlate with the values of the CSs of the corresponding protons (see Table 1, IV and V). The signals of
the H;, Hg, and H; protons in the NMR spectrum of  -fagarine give a typical pattern corresponding to a
ABC three-spinsystem, a first-order analysis of which leads to the following values: 6}; = 17,80, 84 = 7,03;
8¢, = 7.35 ppm, J%€ = 8,0 Hz, I3, = 1.5 Hz, J% = 8.0 Hz,i,e., the signal of the C; proton is found in the
weakest field although the ED 6n it is greater than on the C; atom. A similar pattern is observed in robus-
tine (V). Consequently, in an analysis of the CSs of the aromatic protons H;, Hg, and H; in Y~fagarine,
robustine, and the other analogous alkaloids, in addition to the EDs of the corresponding carbon atoms,
other factors affecting the CSs must be taken into account,

In condensed heteroaromatic compounds, neglecting contributions from intermolecular and dispersion
interactions, the CSs of the protons can be represented approximately in the form of the sum of the contri-
butions

G=Gy +°l +°E +a’,

where:o 5 is the atomic contribution to the magnetic screening due to the electronic currents of the given
atom;
oy and o are the contributions including the magnetic anisotropy and electric field of the intra-
molecular atoms and groups; and
o' is the sum of the contributions due to the ring currents, magnetic anisotropies (¢ 1\;), and electric
fields (o-g) of the heteroatoms, ’

In calculating the contribution of o 5 to the CSs of the aromatic protons H;, Hg, and H; in ¥ -fagarine
and related compounds, we started from the fact that in aromatic and heteroaromatic compounds the value
of ¢ depends linearly on the electron density (qy) of the corresponding carbon atoms [13-19], i.e., 0= Kq,,
where the proportionality coefficient K = 7-13.6 ppm per electron. In the calculations we used an average
value of K = 10 ppm per electron.

Considering the contributions ¢, and ¢g from CHg in the CSs of the protons under consideration of
v-fagarine to be small, we took into account the-contributions oy and og from the C;,—~0O and C3—O bonds
on the CSs of the H;, Hg, and H; protons in accordance with the McConnell [20] and Buckingham—Musher
relations [21, 22]. The contributions of the ring current of the pyridine ring and the contributions of the
magnetic anisotropy and electric field of the heteroatom on the CSs of the Hy, Hg, and H; protons were
borrowed from the results of a calculation for quinoline {17]. For a comparison between the calculated and
experimental values of the CSs of the Hy, Hg, and H; protons, see Table 2,

It can be seen from Table 2 that although there is no strict correlation between the calculated and
observed CSs of the aromatic protons H;, Hg, and H; in y-fagarine and robustine, nevertheless, this approach -
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TABLE 2, Changes in the CSs of the Aromatic Protons Hg, Hg,
and H; Due to the Effects of Magnetic Anisotropy (Ad), the Elec-
tric Field (Adg) of the C;~0O and C3—O Bonds and of the Hetero-
atom N, of the Ring Current, and of Adp in y~Fagarine and
Robustine, ppm*

’ Experiment, CS
els |5 |5 |° wz|g=| o (05 [ '
S | Gn| | m |G mme | FE S A (STE 28, 82
£ a S 3 a I<1 a 398l 4 Sa+ ~32 2 B
H, 0,127 0,0 [-0,33 0,0 |0,0]—0,06/—0,38; 0,38 {—0,27 7,51 | 7,80 7,64
H, [0,01 | 0,0 |[—0,05/ 0,0 10,0{—0,03;~0,17{ 0,27 | 0,03 7,21 | 7,35 7,25
H, 0,0 0,08 | 0,0 —0.490,0|—0,03}—0,17| 0,65 | 0,04} 7,20{ 7,03} 7,12

* The calculations were performed by using the following parame-
ters of the molecule [23, 24]: 1C—0 =1,43 A®; C—H = 1,09 A°;
C=C=1.34 A% LC=C~0=120° LC = C—H =120°, pc_ = 0.86
D; AXC—O =5.3, 107% ¢m?®/ mole.

+ The absence of sign denotes an upfield shift and the sign — a down-
field shift,

permits a correct assignment of the signals in the NMR spectrum to be made. Furthermore, a substantial
influence on the CS of the proton at C; in (IV) and (V) is made by contributions due to the ring currents of
the pyridine nucleus and the electric field of the C;—O bond. So far as concerns the cause of the difference
between the calculated values of the CSs of the H;, Hg, and H; protons in (IV) and (V) and the experimental
values, they are obviously the following: the approximate values of the EDs according to the simple Hiickel
method used in the present work; the use of the contributions Adxc_o and Aag_o in the dipole approxima-
tion; the neglect of the anisotropic contribution from the lone pairs of electrons of the oxygen atom [24];
and the influence of the o-electrons on the CSs of H;, Hg, and H;. In spite of these limitations, the evalua-
tion of the other contributions permits an unambiguous identification of the signals of the aromatic protons
in the NMR spectra of derivatives of the furanoquinoline and dihydroquinolinone alkaloids. The following is
an illustration of what has been said: in a qualitative consideration of the signals of the aromatic protons
of the alkaloid foliosidine (XM, Table 1) we [4] previously assigned the weak-field signal at § 7.48 ppm to
the H; proton, The facts given above (see Table 2) and the values of the EDs for the C;, C¢, and C; atoms
(MD of (VI)) show that the signal at 6 7.48 ppmin the NMR spectrum of foliosidine is due to the H; proton.

CONCLUSIONS

1. The 7 charges, the bond orders, and the energy characteristics of 12 derivatives of furanoquino-
line and dihydroquinolin-2-one alkaloids have been calculated by the MO LCAO method in Hiickel's approx-
imation. '

2. It has been established that the CSs of the o~ and S-protons of the furan ring are qualitatively
comparable with the EDs on the corresponding carbon atoms C, and C;, and the CSs of the aromatic pro-
tons of y-fagarine and robustine do not correlate with the values of the EDs of the corresponding carbon
atoms,

3. By performing quantitative calculations of the contributions due to the CSs, it has been shown that
a substantial contribution is made to the CSs of H; in ¥ -fagarine, robustine, and other related compounds
by Ady ¢, of the pyridine ring and As E_O of the C—O bond of the OCH; group at C,; the assignment of the
signals of the aromatic protons of foliosidine has been refined.
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