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Abstract-The structure of the title compound has been determined on the basis of spectroscopic evidence 
and synthesis 

INTRODUCTION 
CONTINUING our studies’ -4 on the constituents of the bark of Euxylophora para&sis Hub. 
(Rutaceae), we report now the isolation and characterization of a further new indolopyri- 
doquinazoline alkaloid. The structure was established as I-hydroxy-8,13-dihydro[2’,3’-3,4] 
pyrido[2,3-blquinazolin-5(7H)-one (la) or briefly 1-hydroxyrutaecarpine, on the basis of 
spectroscopic and chemical evidence. 

(2) 
R=H R2 

(3) 
R = Me 

(la) RI =OH ; R2= R3 = R,= H (a) RI =OMe; R2= R,= R4= H 

(lb) Rz=OH ; R,=R1=R4=H (b) Rz=OMe; RI = R,= R4=H 

(1C) R3=OH; R,=R2=R4=H (c) R,=OMe; R, = R,= R4= H 

(Id1 R4=OH; R,=R2=R3=H (d) R4=OMe; RI = R2= R3= H 

(e) R, = R2 = R3 = R4= H 

RESULTS AND DISCUSSION 
The new alkaloid was eluted by MeOH from an alumina column after elution of the 

other alkaloids and was completely purified through repeated silica gel chromatography. 
Crystallization from CHCl,-MeOH afforded pure (la) as pale yellow needles, m.p. 318- 
320”. Elemental analysis and MS (M+ at m/e 303) indicated a molecular formula 

G~HI,N,OZ. 
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The spectral data are strongly suggestive that (la) IS a hydroxy-derivative ofrutaecarpme 
(2e), C, sH, 3N30.5 A bathochromic shift in the presence of a base evidenced the phenolic 

nature of the OH group. 
The MS of (la) showed a poor fragmentation. In addltlon to the molecular Ion at rl?/r 

303, low intensity ions at m/r 169, 168, 167, 155, 115 can be attributed to the carbolmic 
portion of the molecule ” The same fragments are present m rutaecarplne. mdlcatmg that 
the carbohmc system is not substituted and the OH group 1s located on ring E 

The NMR spectrum m DMSO-d, exhlblts two triplets at 6 3 1X and 4.43 (J 7Hz) for 
the 9 C-CH,-CH,-N< sequence. two broad singlets at 6 9 20 and I1 49 for OH and 
NH respectively and a complex multlplet between 6 7-7.X for seven arornatlc protons As 

the splitting pattern of the aromatic region IS too complicated to analyse. wc could not 
obtain any mformatlon about the exact location of the OH group and It was decided to 
synthesize the 4 possible hydroxyrutaecarpmes (la,b,c,d) For expernncntal reasons, we 
thought that a better comparison could be effected on the correspondmg methylether derl- 
vatlves (2a,b,c,d) 

A simple and almost quantitative methylatlon of (la) was achieved by refiuxmg with 
Me1 K,CO, m anhydrous acetone. Surprlsmgly during the couryc of the rcnctlon both 
the phenoltc hydroxyl and the mdollc nitrogen N,, arc meth~latcd~ to altbrd (3a). 
CzoH17N,02, mp 187~~189’ (from C,H,). Therefore, the comparison \vas made with this 

compound. 

COOH COOH 

OzN :I “: 
fi! 

4 OMe 

“qf+$ &;@ &:;e H;IE; 

OMe 

( 4 a) 3 - methoxy ( 5a) (6) (7) (6) 
(4 b) 4 - methoxy (fib) 

(4C) 5 - methoxy (5C) 
6- methoxy (5 d) 

Compounds (2a,b,c,d) were synthesized by condensation of 1,2,3.4-tetrahydronorhar- 
man-l-one with the appropriate anthramhc acids m the presence of POCl,.* The ISO- 
merlc 4- and S-methoxyanthramhc acids (5b,c) were prepared from the corresponding 
mtro acids (4b,c) usmg standard procedures 

The fourth isomer 6-methoxyanthramhc acid (5d) was obtained from 2-methoxy-6-mtro- 

benzonitrlle (6) by catalytic reduction to (7) and subsequent hydrolysis 
Treatment of (2a,b,c,d) under the aforementioned methylatlon condltlon yielded the cor- 

respondmg N, 3 -methyl derivatives (3a,b,c,d) A comparison of the physlco-chemical data 
(see Experimental) and. in particular. of the aromatic regions of the NMR spectra in 
DMSO-d, left no doubt as to the identity of (3a) with the product obtamed from the 
natural compound. Therefore the OH group must be located at posltlon 1 as shown m 

(la). 
Finally, synthetic 1 -hydroxyrutaecarpine, obtained from 3-hydroxyanthramhc acid (8) 

and 1,2,3,4-tetrahydronorharman-l-one, was Identical m spectral and chromatographlc 
comparisons with the natural product 

’ HESSE. M (1964) Indolalkakude m TaMlen, Vol 90, Springer, Berhn 

6 BUD~IKIEWKZ, H , DJERASSI, C and WILLIAMS, D H (1964) Structure Ek-tdatm of .Vm~l Produrrs hj b_fa-~\ 



I-Hydroxyrutaccarp~ne from (‘II\ vlophora pornenv~ 1605 

EXPERIMENTAL 

All capillary m p’s are uncorrected. The spectra were determmed as follows: NMR m DMSO-d6 with TMS 
as Internal standard if not otherwise stated, UV m MeOH, MS on a LKB 9000 equipped with DIS Column 
chromatograpluc separations were effected with alurmna Woelm (activity 3) and slhca gel TLC was performed 
on DC Fertigplatten Kieselgel FZs4 (Merck) the usual solvent bemg CHCI,-EtOAc (8 2) Spots were vlsuahzed 
m UV hght at 350 nm 

Extractron and tsolatcon After elutlon of euxylophorme C and D4 with C,H,-Me2CO-NHEt2 (85 15.1) the 
alumina was washed with MeOH The residue was rechromatographed on slhca gel elutmg v&h C6H,-EtOH 
(98 2) The fractions contammg a mam pale yellow fluorescent spot with R, 0 29 were pooled and chromato- 
graphed under the same con&Ions to afford 63 mg of crude (1). Crystalhzatlon from CHCl,-MeOH gave pure 
I -hydroxyrutaecarpme as pale yellow needles, m p 3 18-320” (Found C, 70.91, H, 4 23 ; N, 13.62 C, ,H, ,N,O, 
required C, 71 28, H, 4 32, N, 13 85%, MS m/e 303 (M’, lOO%), 302 (75%), 169 (4 5%), 168 (5 4%), 167 (5 8%), 
155 (6 6%), 115 (6 2%), v,,, (NuJo~) 3320,3280, 1645, 1622, 1603 cm-‘, A,,,,, (MeOH) 287, 297, 332, 348, 361 and 
379 nm (log E 3 80, 3.86, 4 37, 4 41, 4 51 and 4 40), J.,,, (MeOH + 1 N NaOH) 309 and 393 nm, NMR 6 3 I8 
(2H, t, J 7Hz, C-SE,), 4 43 (2H, t, J 7 Hz, C-7H,), 7 e-7 8 (7 H, complex m, aromatlc protons), 9 20 (I H, broad 
s, Olf), Il.49 (lH, broad s, N,,-IJ; NMR (CF,COOH + 20% CDCl,) 6 3 46 (2 H, t, .I 7 Hz, C-8H,), 4 80 (2H. 
t, J 7 Hz, C-7&) 

I-Hydroxyrutaecarpme hydrochlortde (la. HCl). Yellow needles, m p 326328” (from MeOH-CHCl,) (Found 
C, 63 84, H, 409, N, I2 48 C,,H,,ClN,O, reqmred. C, 63.64, H, 4 12, N, 12 36%) 

Synthesu ofl-hydroxyrutarcarpme (la) 2 ml freshly &St. POCl, was added to 56 mg of 1,2,3,4_tetrahydronor- 
harman-l-one and kept at 60” for 2 mm Addition of 5 ml dry Et,0 to the cold clear soln deposited a sticky 
lemon-coloured sohd which was collected by decantation and washed well with dry Et,0 The solid was quickly 
&solved m 10 ml of dry C6Hh with 46 mg of 3-hydroxyanthramhc acid (8) and refluxed for 3 hr The C,H, layer 
was decanted and the brown-yellow ppt treated with 20% Na,CO, soln and repeatedly extracted with CHCl, 
The combined extracts were washed with H,O, dried (MgSOJ and evaporated The residue was crystalhzed from 
CHCl,-MeOH to afford 67 mg (74%) of pure 1-hydroxyrutaecarpme (l), ldentlcal m all respects to the natural 
product 

1-methoxyrutaecarpme (2a) Yellow plates, m p 232-234” (from C,H,-hexane); R, 0 44, violet fluorescent spot 
2-Methoxyrutaecarpme (2b) Yellow needles, m p 253”, R, 0 38, violet fluorescent spot, I,,, 332, 343, 360 nm 

(log E 4 43, 4 69, 4 40), NMR 6 3 I4 (2H, t, J 7 Hz, C-8&, 3 90 (3H, s, O-g), 4 42 (2H, t, J 7 Hz, C-7&), 7-7 7 
(6H, complex m, aromatic protons), 8 05 (IH, d, J 9 Hz, C-4E), 1 I 79 (lH, broad s, NH) 

3-Methoxyrutaecarpme (2~) Pale yellow needles, mp 278-281” (from C,H,-CHC13), R, 0 39, violet fluores- 
cent spot, I,,, 339, 348, 367 nm (log E 4 49, 4 48, 4 32), NMR 6 3 19 (2H, t, J 7 Hz, C-SC,), 3 91 (3H, s, O&), 
4 49 (2H, t, J 7 Hz, C-7FJ,), 7-7 8 (7 H, complex m, aromatic protons), 12 8 (IH, broad s, NC) 

4-Methoxyrutaecarptne (2d), Needles, m p 320” (from CHCIJ-CsH,), R, 0 25, violet fluorescent spot, NMR 
6 3 I4 (2H, t. J 7 Hz, C-8H,), 3 88 (3H, s, O-E), 4 35 (2H, t, J 7 Hz, C-7gz) 6 9-7 8 (7H, complex m, aromatic 
protons), 11 75 (lH, broad s, N-E) 

Conversion of(la) unto IV,,- methyl-I-methoxyrutaecarpme (3a) 1 ml Me1 and 40 mg fused KzC03 were added 
to a soln of 20 mg of (la) m 50 ml of dry acetone The reaction mixture was refluxed and momtored by TLC. 
After 12 hr the reactlon was complete and then filtered to remove sohd K,CO, The solvent was evaporated 
in uacuo, the residue washed with H,O and extracted with CHC13 Evaporation gave I9 mg of a yellow sohd 
which was crystalhzed from C,H, to furnish pure (3a) as pale yellow needles, m p 187-189” (Found C, 72-22, 
H, 5 11, N, 12 58 C,,H,,N,OZ required C, 7249, H, 5 17, N, 12.68%), R, 0 54, dark blue fluorescent spot, 
v,,,_ (CHCl,) 1670. 1610, 1592 cm- I, I,,, 283, 295, 332, 346, 362 and 380 nm (log E 3 80, 3 86, 447, 4-53, 4 62 
and 4 52), NMR 6 3 I4 (ZH, t, J 7 Hz, C-S&, 3 95 (3H, s, O-E), 4 32 (3H, s, N-M& 4 42 (2H, t, J 7 Hz, C-7E&), 
7 07-7 77 (7H, complex m, aromatIc protons) 

N,,-methyl-2-methoxyrutaecarpme (3b) Plates, m p 164” (from EtOAc), R, 0 55, brilliant dark blue fluorescent 
spot, Y,,, (NuJo~) 1662 cm- ’ , A,,, 334, 346, 362 nm (log E 444, 449, 440), NMR (i 3 I2 (2H, t, J 7 Hz, C-SF,), 
3 89 (3H, s. O-g), 4 26 (3H, s, N-B), 4 38 (2H, t, J 7 Hz, C-7J&), 6 9-7 7 (6H, complex m, aromatic protons) 
8.05 (IH, d, J 8 Hz, C-4H) 

N,,-methyl-3-methoxyrutaecarplne (3~) Needles, m p 185” (from CHCl,-hexane), R, 0 50, dark blue fluores- 
cent spot, Y,,, (NuJo~) 1663, 1618, 1592cm-‘, I,, 341, 353, 373 nm (log E 4 32, 4 22, 4 l3), NMR 6 3 I5 (2H, 
t. J 7 Hz, C-8&), 3 89 (3H, s, O-m), 4.28 (3H, s, N-m), 4.46 (2H, t, J 7 Hz, C-7&), 7 l-7 9 (7H, complex m, 
aromatic protons) 

N,,-me&y&I-methoxyrutaecarpme (3d) Needles, mp. 224-226” (from EtOAc), R, 0 39, dark blue fluorescent 
spot, vmar (NuJoI) 1675 cm-‘, NMR 6 3 15 (2H, t, J 7 Hz, C-8H,), 3 85 (3H, s, O-e), 4.23 (3H, s, N-E), 4 33 
(ZH, t, J 7 Hz, C-7&), 6 9-7 9 (7H, complex m, aromatic protons) ’ 

4-Methoxy-2-nrtrobenzorc actd (4b) Leaflets, m p 194” (ht 9 19>196”), v,,, (NuJo~) 1705 cm-‘, NMR 6 3 87 
(3H, s, O-Iv&), 7 25 (lH, dd, J1 9 Hz, J2 2 5 Hz, C-5H), 745 (IH, d, J 2 5 Hz, C-3H), 7 85 (lH, d, J 9 Hz, C-6g) 

9 ULLMANN, F and DOOTSON, P (1918) Chem Ber 51, 20 
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5-Mrthoxy-2-nrtrohr,nzo1c actd (4~). Pale yellow needles, mp 133’ (ht lo 13&131’), vrnur (NuJo~) 1695, 
1720cm-‘, NMR 6 3 88 (3H. s. O-B), 7.18 (lH, dd, J, 10 HL, JZ 2 5 HZ, C-4FJ). 7 20 (1H. J 2 5 Hz C-6IJ 
8 05 (lH, d, J 10 Hz, C-3H) 

4-Methowyanthrclnrl~ acrd (5b) Needles, m p 172” (from H,O) (ht 9 172”), Y,,, (NuJo~) 3460, 3360, 1670 cm- ’ 
NMR6370 (3H,s, 0-&),608(lH,dd,J, 9Hz,J, 3 Hz, C-5& 625(1H, d. J 3 Hz. C-35). 761 (1H d, J 
9 Hz, C-6&, 8 20 (2H. broad s, NH,) 

5-Methoxyanthraflllrc aad (5~) Grey-sliver plates, m p 151” (from H,O) (ht I0 149 ‘), NMR b 3 68 (3H. 7. 
0-&),672(1H,dd,J,gHz,J, lH~.C-3H),698(1H,dd,J~9Hz,J,35Hz.C-4~),725(1H,dd,J,35Hz. 

- J, 1 Hz, C-6g), 7 88 (2H. broad s, NH,) 
6-~~~erllo\-l~trrlth~u~~~/~~ ucrd(Sd) 500 mgof2-ammo-6-methoxybenzomtrtle(7)” WAS dissolved In 50 ml ofethylene 

glycol m the presence of 20 ml of 3Of/;; NaOH soln and refluxed for 36 hr The soln was poured Into H,O. filtered 
neutrahzed with dilute HOAc and extracted with Et20 to yield 485 mg of (5d) Crystalhzatlon from Isopropyl 

ether-cyclohexane afforded white needles, m p 87” (ht ” 85-87”), vmax (Ccl,) 1705 cm I, NMR b 3 76 (3H. 5, 
O-B), 6 19 (lH, dd, J1 8 5 HI, J, 1 5 Hz. C-3IJ, 6 35 (lH, dd, J, 8 5 HI. .I1 15 Hz, C-5H) 7 09 (IH, 1. J 8 5 
Hz, C-4I$ 8 04 (2H, broad s, NC,) 

2-Nltlo-5-metholyhenzo,zltrlle (7) Amorphous red sohd. m p 150-155” (dec) (ht ‘” 148.-157’). I’,,,,~ (Nu~ol) 
2230cm~.‘. MS m/e 148(M+). I 18(M’-CH20), I17(M+-OCH,), 105(M+ -CH,-CO) 

2-41~rrr1o-h-~~lrfhou,~hen-o~1rtr1/e (7) 1 05 g of 2-mtro-6-methoxybenzomtrlle (6)’ ’ wna dissolved In 150 ml 01 
MeOH and hydrogenated over 210 mg of 104; Pd-C at room temp and atm pres for 6 hr The catalyst was 
filtered and washed with bollmg MeOH The combmed fluorescent filtrates were evaporated and re-crystalhzed 
from MeOH or EtOAc-hexane to afford 608 mg of pale yellow plates of (7). m p 148” (ht I2 147-). \N,,~ (NuJo~) 
2220cm-‘, NMR 6 3 80 (3H, s, O-E), 5 12 (2H, broad s, NC,), 6 22 (lH, dd, J, 8 Hz. JZ 2 Hz, C-3H), 6 40 
(1 H, dd, J, 8 Hz, J2 2 Hz, C-5H), 7 20 (1 H. t, J 8 Hz, C-4E) 
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