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Abstract A new route to rutecarpine and/or vasicolinone
from 2-chloro-4-quinazoclone through an acid catalyzed cycliza-
tion of 2-chloro-3-indelylethylquinazolin-4-one has been de-

veloped and the mechanism of the cyclization reaction clarified.

Recently, Bergman et al. reported a novel synthesis of rutecarpine (3) from

2-triflucromethyl-3-(indol-3-yl)ethylquinazolin-4-one (la) via an acid-catalyzed

cyclization to Za followed by elimination of CF3 by base.1 The same type of
synthesis was reported by Kametani et al. who cyclized 3-{indol-3-ylj)ethyl-4-
quinazolone {1b} by HCl-AcOH to give directly the same alkalcid (g).2 Obvicusly,
this synthesis includes dehydration of the primary cyclizaticn product {(2b) to 3.
Bergman's synthesis is superior both in the yield and shortness of the reaction

time to that of Kametani et al. According to Bergman et al., these superiorities
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are due to the presence of CF3 group at the 2-position of the quinazolone ring

which not only facilitates the ring closure of la to the pentacyclic intermediate
{(2a) but also acts as a leaving group in the final step (2a-3).
In these syntheses, however, whether spiro intermediates (5) are involved in the
cyclization reaction or not has not yet been determined. Since the importance of
the electron-withdrawing CFs—group is evident in Bergman's synthesis, we have de-
veloped an efficient synthetic method of rutecarpine (3), which started from
readily available 2—chloro—4—quinazolone.3 At the same time, we have not only
obtained a strong supporting evidence for the participation of a spiro interme-
diate (A: Y=Cl) in the cyclization step, but also accomplished the synthesis of
vasicolinone (g),4 an alkaloid of Adhatoda vasica (Acantaceae).
Reaction of 2-chloro-4-guinazolone with tryptophyl bromide in acetone in the pre-
sence of Kch3 (reflux, 20 h)} afforded 2-chloro-3-(indol-3-yllethylquinazolin-4-
1

one (lc) [mp ca. 263°C (dec.): (KBr): 3328 and 167% cm

— max : 8 (acetone-d.);

3.1-3.35 (2H, m), 4.4-4.65 (2H, =), 6.9-7.9 (8H, m), 8.18 {1H, br d, J & Hz),

10.0 {1H, br s}] and Z-chlorc-4-[2-{indol-3-yl)ethoxy]quinazoline [mp 147-148°C;

1

{KBr): 3200 cm ~; & (acetone-d 3.35% {(?2H, t, J 7 Hz), 4.82 (2H, t, J 7

Ymax 6):
Hz), 6.9-8.0 (8H, m), 8.12 (1H, br d, / 8 Hz), 9.9% (1H, br s}] in the respec-
tive yields of 68 and 19%. The quinazolone (lc) was then subjected to acid

catalyzed cyeclization reactions under three different conditions te give three

preducts (3, 4, and 5). The results of these reactions are summarized in Table I.

Table I. Cyclization reactions of l¢ under acidic conditions

Reaction condition Product (Yield in %)

Run Solvent Time Temp. 3 4 5 &

CHC1, containing a small

1 3 1 h reflux 44 26 - —
amount of HCl gas
5 CHCl3 saturated with 1 h room a0 a0 __ __
HC1 gas temp.
- . — 70 20
3 conc. HCL HED MeQH 17 h room 9
(1:20:180) temp.
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In Runs 1 and 2, rutecarpine (3) and 3-(2-formamidophenyl}-1,2,3,9-tetrahydro-

pyrrolel2,1-b]quinazolin-9-one (4) [mp 218-219.5°C; Vaax (KBr): 3160, 1660, 1618
Cm_l; & (CDClS): 2.71 (2H, aq, J 7 Hz), 4.32 (2H, t, / 7 Hz), 4.77 {(1H, br t, J
7 Hz), 7.0-7.9 (7H, m}, 8.13 (lH, br 4, J 7.6 Hz), 8.35 and 8.5 {1H, each br s
1:3), 10.1 (1H, br s); Aﬁng nm (log e): 203 (4.64), 225.% (4.48), 266 (3.87),

273 (sh){3.85), 302.5 (3.56), 313.5 (3.48)] were obtalned in comparable amounts.

In Run 3, however, 3-{2-aminophenyl)-1,2,3,9-tetrahydropyrrolo[2,1-b]lquinazclin-9-

one (5) {(mp 82—8400; Vimax {KBr}: 3360, 1662, 1515 cm_l; 8§ (CDClB): 2.58 (2H, q,
J 7 Hz), 4.0 {(2H, br s), 4.24 (2H, t, J 7 Hz), 4.57 (1H, t, J 7 Hz), 6.45-
7.7 (7H, m), 8.12 (1H, br d, J 8 Hz); szgH nm (log e): 203.5 (4.76), 225 (4.53),

229.5 {sh)(4.52), 271.5 {3.93), 2%1 (3.77), 302 (3.78), 313.5 (sh)}(3.61)] was

obtained as the major product in 70% yield, together with small amounts of 3 and

the hydrolysis product (&) [mp 276—277.500; max (KBrj: 3370, 1700, 1642 cm’l;

&
(DMSO—d6): 2.75-3.2 (2H, m), 3.9-4.35 (2H, m), 6.8-8.1 {(9H, m), 10.75 (14, br =),
11.35 (1H, br s)] in the respective yields of 9 and 20%.

The presence of a set of signals at 4.2-4.3 (2H, t), 2.5-2.7 (?H, q), and 4.5-4.8
{1H, t}, and the doublet at the lowest field (8.0-8,2)characteristic to the
Ca—proton in a 4-guinazolone molety revealed the existence of common deoxy-
vasicinone structure (7} having an aryl function at the 3-position in 4 and §.6
These two 3-arylated deoxyvasicinones {4 and 5) were interrelated each other as
feilows. Thus, <Lreatment of the formyl derivative {4} by HC1l/MeOH at room
temperature afforded the aniline derivative (5), while refluxing of the latter in
formic acid gave the former (4}. The yields of both reactions are almost
quantitative. Considering the facile hydrolysis of 4 to 5 in HC1/MeCH, it is
evident that 4 is formed as the primary preoduct in these reactions and survives
only wunder the c¢onditions of Runs 1 and 2, while in Run 3 ccmpound 4 1is
solvolyzed to 5. From these experiments, it is obvious that cyclization of 1lc
proceeds in two different manners, one (path a) giving rutecarpine (3) and the
other (path b) the decxyvasicinone derivatives (4 and 5).

The feollowing mechanism seems to be reascnable which involves the spire compound
(A: ¥Y=C1} as the common intermediate in these cyclization reactions.

The aza-stabilized carbonium ion (g)7 formed by protonation of lc cyclizes teo the
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spiro compound {(A). If no other path is possible for A, it is transformed to the
more thermodynamically stable D via ga and finally affords rutecarpine {(3) (path
a). In our case, however, the other path may alsc be possible which would give
rise to E by elimination ¢f HCl. Though E might be transformed to 3 by an acid

catalyst under anhydrous conditions, addition of H,0 to the imine function of E

2
followed by subsequent retro-aldol type C-C bond fission then affords the vasjici-
none (4) (path b). In accordance with this explanation, a preferential formation
of the vasicinone derivative (5) is only observed in Run 3 whose cenditions
facilitate the solvolysis of E.

Complete lack of the formation of wvasicinone derivatives from la and 1b is
explainable, because the corresponding spiro intermediate (A) (in which Cl1 is re-

placed with H or CF can not afford E due to a poor leaving ability of the sub-

47
stituent and hence only rutecarpine (3) should be formed.
Finally, treatment of 5 with NaBH,CN and 37% ag. HCHO in CH,CN at room

3 3
9,10

temperature for 2.5 h gave the dimethylated preduct (8) [mp 155-156°C: v

max

1

(CHCl3): 1665, 1615 cm ~; & (CDCl.): 2.83 (6H, s), 1.9-2.9 (2H, m), 4.0-4.55

3
{2H, m}, %.02 (1H, t, J 9 Hz), 7.05-7.7 (7H, m), 8.26 (1H, br d, J 8 Hz)] in 70%
yield, which was identical in all respects with those of wvasicolincne, an
alkaloid of Adhatoda vasica (Acantaceae).4 Hence, we have not only developed a
new synthetic method of rutecarpine (3) and/or wvasicelinone (8}, but also

demonstrated an inveolvement of a spirs intermediate (A) in this sort of cycliza-

tion reactions.
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