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Abrwt-The structures of five new 4quinaxdone alkaloids II-VI have been elucidatal by the extensive 

use of spectrographic techniques and a few selectal chemical reactions. 

THE alkaloid mixture extracted from Anisotes sessifcjfwus C.B.Cl. with ethanol, 
consisted of one major and live minor, optically inactive alkafoids. The mixture was 
separated by liquid-~q~d d~t~butio~ and chro~to~aphy. 

~emajora~aloid,m.p.21 l-212O, en226 303 mp(e I2,~~d~,~~tively) 
aualysed for the empirical formula C, ,H, lN,O, in agreement with the mass spectrum 
obtained, M + 188. This alkaloid was identical with dl-vasicine (pegan&)’ I (m.p., 
mixed m.p. chromatographic behaviour, W and IR spectra). The nuclear magnetic 
resonance (NMR) spectrum in CDCl, showed four aromatic protons at T 2.7-3.2, a 
one-proton triplet (a) at t 5.20 (J = 7 c/sX two multiplets each representing two pro- 
tons, centred at r 6.5 and T 7.2 which were assigned to the b,b’ and c,c’-protons, 
respectively. The two-proton singlet at T 538 was assigned to the d,d’-protons. 

The live minor alkaloids anisotine II, anisessine III, midrib IV, ~~xy~i~r~ V 
and SessiJIorine VI are closely related and the structures II-VI were assigned on the 
evidence described below. 

Anisotine II, m.p. 189-190” from acetone-bexane analysed for C&,H,,NsO,. 
The W spectrum was very similar to that of 4-quinazolone2 and remained practically 
unaltered in acid or alkaline solution. The IR spectrum indicated the presence of an 
;NH (299 u). and two carbonyl functions, assigned to an amide (609 u) and an 
aromatic carbomethoxy (5.95 u). The amine present consisted of the grouping 
--NH - Me. detected in the NMR spectrum as a doublet at T 7.1 (J = 5 c/s), which 
collapsed to a singlet on equilibration with deuterium oxide. The unresolved amino- 
proton signal in the region T 2-l-2*8 disappeared 8~~~~~~. The -OMe 
signal appeared at T 620. The NMR spectrum, when compared with the spectra of 
desoxyvasicinone VII, 3-, and 2-benzy14quinazolone3*4 VIII and IX, respectively, 
was exceedingly informative (see Table 1). The total of seven aromatic protons indi- 
cated the presence of the second aromatic ring The doublet at lowest field T 1.73 
(J = 9 c/s) was characteristic for the C-8 proton’ situated peri to the amide carbonyl 

* E SpPtb and E Nikawitz. Ber Dti Cha. bk 67.45 (1934) 
a J. M. Heirs R. A. Morton and J. C E Simpwa 1. Ck Sot 3318 (195l). 
’ M. J. Bogert ad G. A. Geiger, 1. Am C&JR. Sot 34,5U (1912). 
* S C Faknshi, J. Bhattacbryya L F. Johnson and H. Budzikiew@ Tcbvrhckon 19,1011(1%3). 
s S Goodwin, J. N. Shooky and L F. J~~IMo~, f. Am Ck SOG Il. 306f (1959). 
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in a 4quinaxolone moiety. The substitution pattern of the extra phenyl group was 
deduced from the presence of a one-proton doublet at an exceptionally high field 
position, 7 3.36 (J = 9 c/s). This was ascribed to the shielding effect of an ortho amino 
group.‘j The proton was coupled to an ortho proton, with no meta coupling observed. 
Further, the proton found as a doublet at 7 2.17 (J = 3 c/s) must be situated next to 
the deshielding carbomethoxy group,’ coupled to a meta proton--a situation met in 
structure II. That this phenyl group was attached to the vasicinone moiety on C-3 
was concluded from the analysis of the chemical shift values for the methylene protons 
in comparison with the values for the corresponding protons in compounds VII, 
VIII, and IX (see Table 1). The 7-values for protons b,b’ and GC’ in II and VII were of 
the same order, whereas the signal ascribed to the a-proton (R? in II had shifted down- 
field into the 7 5441 region. This was in agreement with the value found for the 
a&-protons in IX, but not with the much lower value for the b&‘-protons in VIII. 
The mass spectrum (Fig. 1) of anisotine II was simple, but nevertheless diagnostic. 

’ H. Spicske and W. G. Schneider, J. Chen~ Phys. 35,734 (lW1). 
’ P. DieI& HeIn Chh Acra 44.829 (19613. 
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TAW I. Cfif?Mch~ SHttT VALUES (T, ppm) OF PROToNS IN coypOUNDS II-IX 
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Com- 
pound 
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df = doublet with fmc splitting 

dd = double doubiet 
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The fact that the ester group was situated ortho witb respect to the amino substituent 
on the aromatic ring, was evident from the loss of methanol’(m/e 317, M-32) fragment 
z (scheme A) or m/e 316 (M-l-32) fragment y, explained by the “ortho effecti’.* This 
interpretation was supported by the loss of methanol-d (M-33) to give fragment z 
fkom the N-d-methyl compound obtained by treatment with deuterium oxide, and 
also by the loss of water in the mass spectrum of the acid formal by hydrolysis of II. 

8 K. Bicnuna Angew. chem. 74,102 (1962). 



3524 R. R. ARNDT. S. H. ECKIERS and A. JORDMN 

H+J.CH, 

The mode of attachment of the aromatic substituent on the desoxyvasicinone 

H.N.CH, 

moiety on C-3 received further support from the appearance of the peak at m/e 185. 
(Found: 1859714, talc. for C,,H,N,O 185*0715), represented by fragment x. The 
peak at m/e 290 was ascribed to fragment w, formed by the loss of the carbomethoxy 

group. 
Chemical evidence for the position of attachment was obtained from the failure of 

formation of the benxal derivative of II, a derivative which readily formed in the case of 
desoxyvasicinone,9 to yield X Potassium permanganate oxidation of II in acetone 
(24”) afforded a product Xl, m.p. 185-187”. C2,,H,,N,0b, M+ 365. The NMR spec- 
trum of this compound was nearly identical with that of II, the only difference being 
the absence of the signal for the C-3 proton in the T 54-6.1 region. The UV spectrum 
of this oxidation product was also very similar to that of II. In acid medium no im- 
mediate change was observed. However, after standing for 10 hr at room tempera- 
ture (24”), a considerable hyperchromic shift of all the bands except the 212 and 222 mu 
absorption bands was observed. This W spectrum was very similar to that obtained 
for the benxal derivative X. Therefore, the oxidation product must be the 3-hydroxy- 
anisotine XI and the dehydration product obtained in acid solution can be represented 

’ R. C Morris, *. E Hanford and Roger Adams, J. Am Chem SC. 57.951(1935). 
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stituted. The analysis of the aromatic proton signals (Table 1) showed the C-8 low- 
field proton signal at T 1.73 (J = 4 c/s). Another proton appeared at low field T 2.00 
as a double doublet (J = 4 and 1 c/s), typical of an aromatic proton next to an ester 
grouping, cou~l~ed to ortho and meta protons. Two aromatic proton signals at 
higher field 7 3.1 (doublet, J = 4 c/s) and 7 3.27 (triplet, J = 4 c/s) indicated the pres- 
ence of protons ortho and para to the amino group, the spin-spin coupling pattern 
being in accordance with the substitution pattern shown in III. In a decoupling ex- 
periment performed on a Varian HA-100, the proton signal at z 4.97 was irradiated 
with a frequency of 2985 c/s. This caused marked simplification of the multiplets 
at ‘5 7.1 and 7.84, and no change in the multiplet at r 5.3-62, supporting the assign- 
ments made to these various protons as given in Table 1. 

The mass spectrum (Fig. 2) of anisessine showed the loss of ethanol m/e 3.3 (M-46). 
fragment f, while water was lost in the case of the free acid obtained on hydrolysis of 
III, through the “ortho effect” (scheme B). The different mode of attachment of the 
phenyl substituent was apparent from peaks at m/e 200 and m/e 183, fragments u and 
u. The possible routes for the formation of the other prominent peaks in the spectrum 
at m/e 302 and m/e 275 are given in scheme B. 

From the oxidation of III with potassium permanganate in acetone (24”), ethyl 
anthranilate was isolated. 

SCHEME B 
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Anillorine IV, m.p. 197” from methanol, analysed for C2,,H21NJ03. The similarity 
of the UV spectrum with those of alkaloids II and III indicated a close relationship 
with these alkaloids. The IR spectrum indicated the presence of a hydroxyl group 
(290 p), an amide group (6-02 p) and the absence of an ester carbonyl. In the NMR 
spectrum, the pr&ence of a dimethylamino group was evident from the six-proton 
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SCHEME D 

I 
-CH; 

“/* 200 

higher field due to the shielding ekt of the amino group. The mass spectrum (Fig. 5) 
was consistent with the proposed structure VI. An accurate mass determination of 
the peak at m/e 303 (303.103 3 CrsH,,N@2) showed that this fragment was not 
due to the loss of water from the molecular ion (CtgHi,N,O requires 303437), 
but due to loss of a methyl group and three additional hydrogens (scheme E). The 
absence of a hydroxyl was also proved by failure of deuterium exchange and the 
absence of IR absorption in the 24-Z-9 u region. 

The UV spectrum of VI in ethanol was simi1a.r to those of alkaloids IV and V. 
However, in acid solution electron transfer from the exocyk nitrogen to the aromatic 
ring was eliminated with a corresponding decrease in the intensity of the spectrum, 
as in the case of Ndimethylaniline. In the spectra of IV and V only a very slight 
change in intensiiy of the absorption band at 235 mp was observed. 

It may thercfore be concluded that in alkaloids IV and V, electron transfer from 
the exocyciic nitrogen was inhibited due to steric effects. This may be regarded as 
fimal evidence for placing the Ndimethyl substituent on the carbon ortho to the 
point of linkage in alkaloids aniklorine and ~xy~o~e. 



Tbe alkaloids of Anisotes sess#iflorss 

SCHEME E 
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EXPERIMENTAL 

UV absorption spectra refer to etbaaoi, and IR absorption spectra refer to chloroform solutions. The 
latter were recorded on a Perklo-Elmer lnfracord 237 spectrometer. Nuclear magnetic monana spectra 
wcce determined with a Variau A-69 instrument, with T.M.S. as internal standard (T IOOO) unless otbcrwi.qc 
stated. Maas spectra were determined with an A.E.1, MS-9 spectrometer, using the direct insertion tccb- 
niqw. Melting points wcn determined ou a Koflcr block. 

Extmctin ad hkufon o/dkaloids. Ground, airdrial braacba and leavea (22 kg) of Anisotes sessili- 
fbnu were exhaustively extracted with ethanol, the extract concentrated, and shaken witb 2% aqueous 
tartaric acid. The acid solution was made alkaline, aod the crude alkaloids (1 I.8 g) isolated with chloroform. 
The crude alkaloid mixture was subjectad to a IO-tube Craig counter-current distribution between cbloro- 
form aod aqueous buffer solution (citric acid-phosphate; pH 7.4.10 ml of cab pbasc per tub@. Tube 10 
yielded alkaloid I (79 g) m.p. 211-212’ (metbaool-bcoxene) (Found: C 69.9; H, 6-5; N, 146; 0, 8.8; 
Calc for C,,H,xN1O:C 702; H, 64; N, 149; 0, gS%.)Tbis alkaloid (1) was fouud to be identical in all 
vta with d,l vasicinc, kindly supplied by Dr. K. Schrciber (Inst. ffir Kultu~~e~or~bung Gatcr- 
&bat dcr Dcutxchcn Akademic der Wisscnschafbm xu Berlin) Tubes 1 and 2 yielded a mixtum of the 
minor alkaloids (35 g), contaminated with some vasiciue wbicb was removed by cbromatograpbing the 
mixture through formamide-impregnated allulosc powder. Elution witb bcuxenc alforded the mixture 
d minor alkaloids (30 g), and vasicinc (400 mg) was clutal witb 9: I bcrueacmetbylcoc chloride. Finally. 
tbc minor alkaloids were separated into five alkaloids IL 111. V. VI, and IV iu decreasing order of their 
R, vdutr, by preparative thin-layer cbromatograpby ou silica gel. 

Anisofine (IQ, crystalliz.cd from acetone-bexanc, bad mp. 18%190’. 1, 212, 226,259, Ml, 312, and 
356 mp (a 37.700, 54.100; 14,liOO; 4900; 4500, sod 5400, reapactively.) (Found: C, 687; H, 57; N, 120. 
C&,H,,N,O, requirea C, 68.4; H, 60; N, 129%) M’ 349. 

Arrlsearine (IiIj wbeu cryatallii from methanol, had mp. 17~171°, 1,207,225,253,~ 311, and 
340 trm (a 36,600; 54,100; 14,7tQ 4900; 4200, and 6300, mapcctivcly) (Found: C 68.6; H, 5.7; N, 12.2. 
Cx,H,,N,Os requirea C, 683; H, M); N, lZflo/,) M+ 349. 



3532 R. R. ARNDT, S. H. Ec0ett.s and A. JORDAAN 

Anijlorine (IV), crystallized from methanol, had m.p. 195-197”. L_ 207, 235, 286, 312, and 324 mu 
(E 31,300; 19.900; 7ooO; 6600 and 5800, respectively.) 1,. eioH-Ha 207.236.291, 312, and 324 mu (c 30,500; 
16,100; 6200; 7700, and 7500. respectively.) (Found: C 68.5; H, 6.3; N. 11.6. Cr,,Hr,N,O, rquires C, 
68.4; H, 60; N, 12.0%) M+ 351. 

Deoxyaniflorine (V). crystaHixed from methanol, had m.p. 168-172”. 1,. 211.232.285.315. and 330 mu 
(e 33.000; 23.100; 8600; 6900, and 58Og. respectively.) A,,, EQH-Ha 2 I I. 237. 285. 3 15. and 320 mu (E 33.000; 
20,300; 7700; 6900. and 5700. respectively.) (Found: Mf 335.160; C,,H,,N,Or requires 335.163.) 

Sessijlorine (VI), crystallized from methanol, had m.p. 195-1979 1, 212. 239, 286, 315, and 327 mu 
(s 34.700; 30,300; 9200; 8800, and 6600, respectively). I, ErOH-H” 212.239.286, 315 and 327 mp (c 30.100; 
19.400; 7ooO; 6900, and 5900, respectively). (Found M’ 321.148; CIPHIPNJOl requires 321.147.) 

Benzoldesoxyuclsicinne (X). Desoxyvasicinone (10 mg) was heated at 145” in the presence of a few drops 
of freshly distilled benxaldehyde for 45 min. After cooling the reaction mixture was extracted with methy- 
kne chloride, and this solution extracted with dilute sulphuric acid (3N). The acid solution was made 
alkaline with sodium carbonate and extracted with methylene chloride, Yield 50 mg m.p. 135” from 
hexane. i_ 207.223,279,292,304,317, and 332 mu (E 35,ooO; 32.900; 13,600; 11,800; 12,700; 13,200. and 
11.000, respectively). (Found M’ 274.106; C,,,H,.NrO requires 274.1 Il.) 

Oxidation ofonisotine (II) to 3-hydroxyonisotine (XI) To a solution of anisotine (43 mg) in acetone (5 ml) 
freshly distilled from potassium permanganate, was added solid potassium permanganate (34 mg). Excess 
of oxidixing agent was destroyed after I2 hr at 24’. the solids removed by filtration and the solution evapora- 
ted in uactw. Only one product was formed according to t.1.c. A small amount of starting material was 
removed by preparative 1.l.c. on silica gel (96 :4 methylenechloride-methanol). Crystallization from methanol 
gave crystals m.p. 185-187’. 1, 212 225,262,303,315, and 354 mu (E 31.500; 51,ooO; l4.100; 7500; 7300, 
and 5100, respectively.) 1z”- “O f a ter standing for 12 hr 210, 225. 275. 287. 302, 317, 332, and 354 mu 
(s 31,400; 51,200; 17.500; 16,500; 17,500; 16.500; 12.900. and 5800, respectively) M’ 365. 

Ox&ation o/onisessine (I I I). Solid potassium permanganate (20 mg) was added to a solution of anisessine 
(7 mg) in acetone (2 ml) distilled from potassium permanganate. After standing for 30 min at 24”, excess of 
oxidising agent was destroyed, the solvent evaporated the residue taken up in, methylene chloride and 
filtered. A fast-moving component on t.1.c. (2 mg) (silica gel. methylene chloride) was recovered and identi- 
f& as ethyl anthraoilate. (Gas chromatography, mass spectroscopy and t.1.c.). 

Hy&ugenolysis ofoniflorine (IV) to deoxyanijrorine (V). Aniflorine (2 mg) in ethanol (2 ml) was shaken 
with hydrogen in the presence of Raney nickel (100 mg) for 4 days. The product consisted of two major 
oomponcnts separated by preparative 1.l.c (silica gel 98:2 methylene chloride-methanol). One of these 
components was identified as starting material and the second as deoxyaniflorine (chromatograhic behav- 
iour and mass spectroscopy). 
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