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Abstract — Treatment of 4-(a-benzyl-a-hydroxybenzyl)quinazoline (2a) with
potassium cyanide in DMF resulted in carbon-carbon bond cleavage to give benzyl
phenyl ketone (3a) and quinazoline (4). Similar results were obtained with other 4-
(o-hydroxybenzyl)quinazolines (2b-f and 7a). This reaction proceeds through retro-
benzoin condensation. This condensation also proceeded in pyrazolopyrimidine (9a)
triazolopyrimidine (10a), quinoxaline (11a), and benzimidazole {12a), and the

imidazolium salt (16) was an effective catalyst.

We have reported that substituted benzoins (A) catalytically decompose to ketones and aldehydes in the

presence of cyanide ion.' This carbon-carbon bond cleavage proceeds through retro-benzoin condensation.

In previous papers, we have shown that the chemical behavior of heteroarenes, in particular quinazolines and

pyrazolopyrimidines, is similar to that of aromatic aldehydes.? Namely, the carbon-nitrogen double bond

(C=N) of heteroarenes behaves like a carbonyl group (C=0). From this viewpoint, the structures of

hetercarenes having an ¢-hydroxybenzyl group at the o-position of the nitrogen are similar to those of

benzoins. It was thus expected that carbon-carbon bond cleavage might be catalyzed by cyanide ion. To

examine the similarity between benzoins (A) and the ¢-hydroxybenzylheteroarenes (B), retro-benzoin

condensation was investigated.’
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When 4-(o-benzyl-oi-hydroxybenzyl)quinazoline (2a) was treated with potassium cyanide in DMF at 80 °C
for 1 h, benzyl phenyl ketone (3a} and quinazoline (4) were the main products, together with 4-
quinazolinecarbonitrile (3) and 4-quinazolinecarboxamide (6). An attempt at carbon-carbon bond cleavage
of 2a in the presence of base alone was unsuccessful. Namely, treatment of 2a with K,CO, in DMF resulted
in recovery of the starting 2 in 96 % yield. This result indicates that the carbon-carbon bond cleavage
requires the action of cyanide ion. We considered that the products (3 and 4) were formed through retro-
benzoin condensation, as expected. The compound (5) was formed through addition of 4 with cyanide ion,
followed by oxidation. Hydrolysis of 5 resulted in the formation of 6. The formation mechanism of 3a and
4 may be as shown in Scheme 2, based on retro-benzoin condensation.
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To determine the scope and limitations of this retro-benzoin condensation, the reaction of several
heteroarenes was examined. Among quinazolines, compounds (2) and (7) having an tt-hydroxybenzyl
moiety at the 4-position underwent carbon-carbon bond cleavage with potassium cyanide to give the
corresponding ketones (3) and quinazolines (4 or 8), as shown in Scheme 3.
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Such carban-carbon bond cleavage was also observed to proceed in pyrazelopyrimidine (9a),
triazolopyrimidine (10a), quinoxaline (11a), and benzimidazole (12a)* in the presence of cyanide ion to give
benzyl phenyl ketone (3a) in moderate yields. However, similar treatment of the pyridine {14a) resulted in
recovery of the starting compound (14a). The nucleophilic reactivities of pyridines are known to be low
compared with those of other heteroarenes having one or two nitrogens in the six-membered ring system.’
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In the case of pyrazolopyrimidine (9a), the yield of the ketone (3a) was low because of the formation of
benzylpyrazolopyrimidine {13a) in 57% yield.®* Compound (13a) might be obtained through benzyl
migration catalyzed by cyanide ion, as shown in Scheme 3, because in the absence of potassium cyanide, the
benzyl compound (13a) was not obtained. The rearrangement of the benzyl group was also observed in
another pyrazolopyrimidine (9b) on sirnilar treatment, to give benzylpyrazolopyrimidine {13a) in 68% yield.
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In this reaction, p-anisaldehyde (15b) was formed in 60% yield.” This result is consistent with the formation
pathway proposed by us.

We have already reported that imidazolium iodide (16) catalyzes benzoin and retro-benzoin condensations,
like cyanide ion.":* However, 2a was decomposed by the catalytic action of 16 to give 3a in only 7% yield.
One of the reasons for the low activity of 16 may be the difficulty of attack at the C—4 position of quinazoline
because of the bulkiness of the catalyst.

These results indicate that an &-hydroxybenzyl moiety on heteroarenes can be used as a protecting group,
and this group attached at a n-deficient position on heteroarenes can be easily removed by the catalytic
action of cyanide ion. This reaction was applied to

synthesize 2-substituted quinazolines from 2,4- NaH, DMF, 80°C, 1 h
dichloroquinazoline (17), as shown in Scheme 7.° 2a e 3a (7%)
Namely, this compound (17) reacted with 1.2
molar equivalents of p-bromobenzaldehyde (15a)
in the presence of the imidazolium salt (16) to give

= (catalyst)
Me—N\éN—Me ys
16

2-chloro-4-(p-bromobenzoyllquinazoline (18).19 Scheme 6
The quinazoline (18) was allowed to react with

\ p-Br-PhCHO 153
—————-
N/)\CI 16 (Catalyst)

i7 79% 1g
H
Me—C—Ph-p-Br KoN
X
MeMgBr [ ~N - @f\/io + p-Br-Ph—ﬁ—Me
/J\O N Me
8% e N oMe 21 (86%) 3d (84%)

Scheme 7

sodium methoxide to give 2-methoxy-4-(p-bromobenzoyl)quinazoline (19). Treatment of 19 with
methylmagnesium bromide gave the quinazoline (20} having an a-hydroxybenzyl moiety at the 4-position.
The retro-benzoin condensation of the quinazoline (20) furnished 2-methoxyquinazoline (21)!! and the
ketone (3g). The sequential reaction proceeds owing to the difference of reactivity between the 2- and 4-
positions of quinazolines, and this sequence shows that the a-hydroxybenzyl moiety can be used as a
protecting group. We have established a method for synthesis of 2-substituted quinazolines from 2,4-
dichloroquinazoline (17).

On the basis of retro-benzoin condensation and the similar reaction behavior of a-hydroxybenzyl-
heteroarenes (B) and benzoins {A), we found two carbon-carbon bond cleavage reactions, i,e.,
decomposition of an o-hydroxybenzyl moiety on a heteroarene to afford a ketone and heteroarene, and
rearrangement of benzyl group with release of arenecarbaldehyde. Both reactions are catalyzed by cyanide
ion.
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