
~~r~~~ the last decade the structures of new 
h~miterpe~~~d qu~~~~i~~ alka 
e~~c~dat~d ~r~~c~~~~l~ by spectrosc 
main problems in the case of the extensiv 
tricyclic quinoline alkaloids are to 
those with linear (4-~~i~o~one~ an 
qui~olonc~ a~~clatio~ and ~twe~~ furs- and 
q~ino~in~s; IR,3 UV,4 “H NMR,~~~ and iEiS 

ctroscopyJ have been w this end. The 
sen O- and nyl g~~~~~ in 
nol ds is easi ut t ttern 

of su is fess readies establ by 
spectroscopy alone. Since only a few isolated examples 
of the I36 NMR spectra of these alkaloids have been 
reported ~r~y~~~~~y8*~~ we were prompted to use the 
structural utility of ’ 3c NMR s~~t~~scopy in the 
study of a ~~p~~~~~t~t~~~ group (25) of ~~~~~~i~~ 
alkaloids and related compounds. 

The compounds in this survey fall into three 
structural types: (a) C-, a- and N-prenyl-quinoline 
and -~~~~~~~~e derivat~v~s~ (b) tr~c~cljc-, furo- or 
p~rano-qu~~~l~~es~ and Ec) furo- 
ofcach sarnp~~ is ~~d~c%e~ In the 

‘“C NMR chemical shifts are gi 
2, or are incorporated in structural formulae 7-l 1 and 
21-25. The system o 

2~.4-25.~~~m, with those at 2 
to rn~thyle~~ carbon. The ole 
res~~~te~ at 121.3-122.5 ppm 
substituted olefinic carbon at 
accord with the reported ’ 3C chern~c~l shifts of 
~s~pr~~~l corbels’ ’ 

ivid~a~ly ~d~ntjfied follows 
rightly repor%ed.t2 The assi t for C-I fi was 
canfirmed in compound 3 by single-frequency 
d~c~u~li~g at the Kiowa ~~~tio~ of %he o~e~~jc 
pr (t 4.55). 

pro%o~a%~~ aromatic C atoms of compounds 
1 re identified by the characteristicdoublets in the 
off-r~s~~an~ spectra and the assignment followed 

‘son with p~b~i~~ed chemical §hifts.~~ The 
R spectra of corn unds 1, 2 and 4 were 

ned; bowev~r in compounds 5 and 6 
not all the signals due to non-protonated C atoms were 
in fact observed (Expe~me~tal~. The high frequency 
awn-pr~tona%ed carbons were readily identified as %he 
CQ carbon at C-2 (~62_7--~~.7 burns and the C ~%~rn 
at C-4 (146.8-. 162.~ppm), in the latter examples we 
note that the presence of an OH group at C-4 in 

reduces a signal at the low fre~~~~c~ 
ven, whereas ~~bstitut~~~ by UMe in 
6 shifts the C-4 resonance to a h~gber 

frequency (160.4- 162.0 ppm). 
In c~rn~u~ds 2,4,5 and 6 ~~sona~~s assigned to 

the C atoms of QMe g~~~~s occur in the ran 
1.7 ppm, The 3-preny 
and the quinoline alkaloids 8, 10 and 12-21, 

discussed below, contain N-Me groups that give 
res ~al~i~~ into djsti~ct groins hatred at cu 
30 at ca 36 ppm. chap the homocyclic ring of 
an ~~~Q~j~~ derivative is u~~~bst~t~ted at C-8 
then the signal for the N-Me group appears at 
29.G 31.2ppm, but when an QMe group is present 
at that p~~~ti~~ the N-Me carbon resonates at lower 

an OMe group, the 7,8-methylenediaxy 
derogative, 6, an ~ni~~~d~ate value of 32.5 
N-Me resu~a~~ was obsc~~. The 

from their “It NMR spectra. This 
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Carbon 

1 

2 

2 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

3r.e 

OMe 

OPle 

I:He 

OCHIO 

Table I. ‘-‘C N.MK chemical shifts of compounds I 6 (d values) 

13 

Rd A& 

1 R,=Rb=Rc=Rd=H 

2 R,=Rb=Rc=H, Rd=OMe 

3 Rd=Rc:Rd=H, Rb=Me 

5 Ra=Rc=E, pS =Me , Rd=OF!e 

2 Ra=Me, kb=H, R =R =O:<e 
c d 

5 Ra=Rb=Me, RcRd=OCH23 

2 

127.4 

162.7 

116.1 

157.1 

114.3 

12C.8 

110.4 

145.4 

111.9 

22.2 

122.5 

130.6 

17.8 

25.4 

56.0 

1 

137.3 

163.4 

115.5 

156 .E 

1:o.e 

122.6 

129.6 

114.8 

111.5 

22.2 

122.4 

130.6 

17.8 

25.L 

2 !! 
-- 

5 

138.5 

163.7 

116.4 

157.4 

121.6 

123.2 

133.4 

113.8 

109.5 

23.9 

121.3 

136.4 

18.0 

75.8 

130.6 

164.7 

118.7 

157.1 

115.6 

122.1 

113.9 

148.5 

109.6 

24.1 

121.3 

136.5 

18 .O 

25.7 

56.7 

164.4 164.2 

123.R 120.2 

162.0 l60.4 

11: .k :10 .‘., 

107.6 134.4 

112.2 

23.5 

121.8 

132.3 

18.0 

2: .7 

61.7 

61.0 

56.3 

114.5 

24.3 

121.9 

132.3 

18 .O 

25.7 

61.7 

19.8 35.5 32.5 

131 .o 

Compounds I and 2 wcrc run in DMSO-d, solution, the others in CDCI, 
“A dash indicates that the appropriate signal has not been detccrcd (see ExperImental). 

“CNMR criterion may therefore prove to be of 
general diagnostic value. While steric compression can 
lead to a shift of a ‘%?NMR resonance of the 
magnitude observed for the X-methoxyquinoline 
derivatives such shifts are always to lower frequency.13 
Spatial proximity is therefore not the explanation for 
the two distinct N-Me resonance locations found: the 
additional presence of the electronegative 0 atom of 
the OMe group may be significant. Chemical shifts for 
the 2,4,8-trimethoxy-3-prenylquinoline derivative, 7, 
are unexceptional on the basis of the shifts assigned in 
compounds 1-6. Again not all tertiary carbons are 
identified. 

Complete assignments have been made for the O- 
prenylquinolone, ravenine I(, and for the N- 
prenylquinolone 9. The chemical shifts of C atoms of 
the prenyl group of ravenine are comparable to those 
of an 0-prenylcgumarin.‘4 Attachment of prenyl 

groups to 0 and to N results in high frequency shifts of 
the methylene C resonances by ca 42ppm and by ca 
17 ppm, respectively, compared with that for the group 
attached to carbon. The resonances ofother carbons of 
the prenyl groups are relatively unaffected. 
Resonances for C-3 carbons in ravenine and in 
compound 9 appear at 97.2 and at 97.0ppm, 
respectively. In compound 9, the resonance at 
105.2 ppm attributed to C-S is consistent with that of 
an aromatic carbon ortho to an OMe group and agrees 
with the chemical shifts observed for the correspond- 
ing C atom of 2-methyl-6-methoxy-quinoline.‘” 

The 1,2-dimethylallyl derivative, ravenoline 10, has 
also been studied and the assignment of side-chain 
resonances made on the basis of expected chemical 
shifts and off-resonance multiplicity. 

The ‘%NMR spectra of five quinoline alkaloids 
containing oxygenated 3-prenyl groups ll- 15 have 



Quinohne alkalods XXI 

2 

i236 25 7 

I 162 0 
OMe 

also been obtained (Table 2) but not all tertiary 
ns were iden tidied (~~~rimentai )_ Cb~rn~~a~ 
for the C-3 substituent of orixinc 11 are in 

a~re~rne~t ~~tb those reporter for x~~tb~~e 
erivatives with the same side-chain,’ ’ The most 

natewortlry feature 
fre 

the 2X0 carbon re 
1,2,4--G a 

8-10. This shift is due tn intramolecular H-bandi 
between the CO Qxyge~ a de-e~a~~ OH group, 
as has been observe 
~em~~str~tj~~ of this 
e~rnpar~s~~ of the ’ 32 N MR spectra 
and 15. lntramalccular H-banding can occur in the 
alcohol 14 but not in the ~~~~~g~~s methyl ether 15 as 
is indicated by ;a higher fre uency ~~erni~al shift fur the 
CO fraud barber (Table 2) in the former with res 
to that in the latter. 

The side-chain carbon chemical shifts of balfou- 
roEone 12 c~rn~are~ ta ~r~~i~e ll can a 
attributed to the conse belies of ~ntr~rnQ]e~~~ar H- 

ding in the f#rme~; he d~~er~~~~s for C-l 2. C-l 3 

and C-14 in the c‘asc of lunacridine 13 simply reflect the 
absence of the second OH group at C-12. 

(b) ~~~~~~~~~ ~~~~~~~~~s~ The chemical shifts of 
roxyisoprspyldihydrofura_4_quinl>lone alkaloids, 

is~~latydesmi~e 16 and balfouredine 17 are compared 
with those of the 3-hyd 
~~ra~~4-qu~~~l~~~ alkaIo 
k feature in each of the three ra is the weak si 
at a p~s~tiu~ h~~ber (171. 

for compounds already discussed, This we 
to the carbon of the 4-CO group as part of a 

amide system. For the furo 
I? ass~g~rn~~t of res~~a~~es at 

e carbons {C- 13 and C-l 4), at 
27. I - 27.2 ppm to methylene carbon (C-IO), at 

ine carbon ~~ja~e~t to ~~~ge~ (C- 
to the ~~n-~~~t~~ated 

adjacent to ~x~~e~ was 
confirmed by off-resonance dccaupiing, The isomeric 
pyrano derivative 18 is similarly constituted, 

the data of the furo system 16 and the 
ue 18 reveats a large ical ~~~f~ 
waft ~~rres~~~d~~~ ens e.g. 
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Table 2. "CNMR chemical shifts of compounds 12-20 (6 values) 

/5 

ii 5= :‘H Ealfourolone 

L3 R=H Lunacridine 

Carbon 
atom 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

lS(N-CHs) 

OMe at c-4 

0% at C-E 
yt*, .,+ !‘_l 

r 

I 
I 1 

12 JG 

--- 

14 

167.3 167.1 

161.5 161.3 

116.1 116.1 

123.2 123.0 

113.9 113.9 

149.2 149.1 

120.3 

27.9 33.0 

79.4 77.4 

73.0 34.6 

24.0 17.7 

25.7 18.5 

36.0 35.6 

62.3 62.0 62.3 ; 62.1 

56.7 56.7 
I ‘>I 
I 

.3 

Compounds 16 and 17 were run in DMSO-d, solution the others in CDCI,. 
"A dash indicates that the appropriate signal was not observed (see experimental). 

139.1 
165.9 

117.5 

161.8 

122.4 

123.7 

130.7 

114 .5 

12C.5 

32.2 

76.2 

148.0 

110.2 

18.1 

30.3 

139.4 

164.0 

117.8 

161.6 

121.9 

123.7 

130.2 

114.2 

120.2 

30.6 

71.3 

144.9 

113.2 

16.7 

27.7 

138.7 

99.5 

172.0 

122.6 

125.2 

130.8 

115.3 

126.2 

21.2 

91.1 

70.1 

25.0 

25.0 

31.2 

129.7 

162.7 

99.7 

171.5 

117.6 

123.4 

114.6 

150.5 

129.8 

27.1 

90.6 

70.0 

25.0 

25.0 

36.5 

138.9 

154.0 

96.3 

175.1 

122.0 

125.2 

131.3 

115.4 

123.2 

25.7 

67.3 

82.1 

20.9 

25.0 

30.1 

140.5 
162.3 

112.4 

161.2 

121.5 

123.0 

130.9 

114.5 

108.7 

23.1 

97.1 

71.7 

24.4 

25.5 

29.1 

56.9 

R Me 
15 

r’+ 

1: P:H Isoplatgdesmine 

1; i =Sl<e Ealfourodine __ 

15 

12 hraliopsine .ir.ine 

138.6 

163.2 

116.3 

154.9 

121.5 

123.0 

130.2 

113.8 

103.6 

27.2 

68.8 

79.2 

21.9 

24.8 

29.2 



ONe 
61.7 

d C-t 2 of 18. Therefore I %Z NM It spectroscapy 
unequivocal method of ch~racteris~~g 

fts for the jsorne~i~ angular t~jcy~l~~ 
q~ino~o~~ isomers, ara~iops~ne 19 and ~-rjbal~~~n~ 20 
are similar to those of the corresponding linear 

Ie 2); again the same d~stj~ctio~ can 
made between furo- and r~no~d~rivat~ves. 

II the a~g~~a~ co 
linear compounds (4- 

yuinolones) is that the carbon ofthe CO group (C-2) in 
dcri~~t~ves has 

lanthanide-induced shifts used to allocate QMe 
signals, has been retorted a~rcady;9 our data for the 

iffer by no more than 0.4 ~prn~ The spectra of 
three other ~~~oqui~~l~ne a~kalo~ds~ dictam~~n~ 23, 
:voxine 24 and chojsy~~e 25 have aIso been recor 
and analysed by off-resonance decoupling and 

s~~~~at~d from aromatic orbits ~ar~~~ hydrogen, 
are erred for the f~r~n~~~ G+ and ~-~rb~ns. The E- 
car s resonate in the range 142.6143.6ppm, while 
the ~-~rbons appear in the equally narrow rangy 

these r~s~na~~s seem to be 
cb~racte~st~c 0 roqu~~o~i~~ and arise at somewhat 

than the corresponding chemical 
shifts in benzofuran and in furocournarins, in which 
the furan rfng is attached directly to a 

he carbon chemical swifts of the C- 
~~~~in~ are ~irn~l~~ to thmx for the 
chains of orixine 11 and balfourolone 12, the only 

ing that f he met hylene group of 

The resonates d 
dihydrofuro moiety in the “%INMR spectrum of 
cho~syine 25 were readily assigned following OK- 

ing. The chemical shifts are similar 
to those of other qu~~ol~~e~ ~~~t~i a b~dr~x~~ 

rofuro ring, for exam compounds 
16, 17 and 19 and the coumarin” 26, except that the 
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