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Abstract

Linarinic acid, (-)-1,2,3,9-tetrahydropyrrolo[2,1-b]quinazoline-1-carboxylic acid (4a), was isolated from the ethanol extract
of Linaria vulgaris Mill. In our previous study, a series of tetrahydropyrrolo[2,1-b]quinazoline derivatives 4b, 4c, 5a, Sb, 6a
and 6b that were structurally related to 4a and evaluated as neuroprotective agents were synthesized. The aim of the present
study was to investigate the novel features of these compounds. We examined their allergy-preventive effects using an in vivo
assay system we developed previously, that monitors a decrease in blood flow in the tail vein of mice subjected to sensitiza-
tion with hen egg-white lysozyme. We observed that 4a and its three derivatives, amide (6a), ester (5a), bromine (4b), and
alcohol substituent (6b), showed significant allergy-preventive activities. The study confirmed the allergy-preventive activity
of tetrahydropyrrolo[2,1-b]quinazoline derivatives by comprehensively monitoring the specific blood flow decrease occur-
ring in the induction phase of allergy. This finding may aid in the development of new agents for the treatment of allergic
diseases such as atopic dermatitis, allergic asthma, and hay fever.

Keywords Linaria vulgaris - Tetrahydropyrrolo[2,1-b]quinazoline - Allergy-preventive activity - Hen egg-white lysozyme -
Linarinic acid - Blood flow

Introduction

(—)-Linarinic acid, (—)-1,2,3,9-tetrahydropyrrolo[2,1-b]
quinazoline-1-carboxylic acid (4a), is an optimally active
tricyclic quinazoline alkaloid that was isolated from Linaria
vulgaris Mill., which is distributed in the northeastern and
Inner Mongolia regions of China. L. vulgaris is a traditional
Chinese medicine plant used for treating scattered stasis,
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detumescence, headache, jaundice, and dermatosis, and
as antitussive, anti-asthmatic, diuretic, and laxative agents
[1]. We accomplished the total asymmetric synthesis and
assignment of absolute configuration for this natural prod-
uct in 2006 [2]. In our previous study, various derivatives
were designed and synthesized, which were evaluated as
neuroprotective agents against ischemia-induced cell injury
in an in vitro oxygen—glucose deprivation model of ischemic
stroke in SH-SYSY cells. Most of the target compounds
exhibited moderate to excellent protective potency [3].

In a continuing effort to determine the new features of 4a,
we examined its preventive effect against allergy using the
system we developed previously. This assay system monitors
the decrease in blood flow (BF) in the tail vein of mice sub-
jected to hen egg-white lysozyme (HEL) sensitization alone
without HEL challenge as a guide [4—6]. We termed this
phenomenon ‘the induction phase of the allergy’ which pro-
gressed with xenobiotics. HEL-sensitized mice showed vari-
ous immunological responses including production of anti-
HEL immunoglobulin E (IgE) antibody during this phase,
and re-administration of HEL (challenge with HEL) induced
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antigen-specific anaphylaxis [7]. The BF of HEL-sensitized
mice (control group) gradually and significantly decreased to
70-80% of the BF of normal mice at day 9, without changes.
BF decrease is extremely complicated and involves various
factors such as nitric oxide (NO), thromboxane A, (TXA,),
prostacyclin (PGI,), and endothelin-1 (ET-1) together with
granulocytic elastase (GE), cyclooxygenase (COX)-1 and
-2, inducible nitric oxide synthase (iNOS), and constitu-
tive nitric oxide synthase (cNOS) [4]. The reduction in BF
occurs via iNOS-independent and -dependent pathways [5],
and this decrease is similar to ‘oketsu’ (the state of blood
stagnation) in Oriental medicine [6]. This monitoring sys-
tem would be useful when searching for substances that can
prevent complicated inflammatory allergies involving NO,
TXA,, PGI,, ET-1, GE, COX-1, COX-2, and oketsu.

In this study, we evaluated the allergy-preventive effects
of 4a and its derivatives, which were designed and synthe-
sized for obtaining further knowledge on structure—activ-
ity relationships (SAR), to investigate the novel features of
quinazoline alkaloids from L. vulgaris, and develop a novel
agent for the treatment of allergic diseases.

Materials and methods
Materials
Complete Freund’s adjuvant (CFA), HEL, and epinastine

hydrochloride were purchased from Difco (MI, USA), Sigma
Co., Ltd. (St. Louis, MO, USA), and Tokyo Chemical

Fig. 1 Structures of seven
tetrahydropyrrolo[2,1-b]quina-
zoline derivatives examined in
this study

\\—OH

Industry Co., Ltd. (Tokyo, Japan), respectively. The syn-
thesis of tetrahydropyrrolo[2,1-b]quinazoline derivatives 4a,
4b, 4c¢, 5a, 5b, 6a, and 6b containing different substituents
on the tricyclic quinazoline ring has been reported previ-
ously (Fig. 1). In this study, we synthesized the derivatives
according to the reported methods. The detailed preparation
method and the spectral and elemental analysis data of their
compounds have been reported elsewhere [3].

Animals

Four-week-old male ddY mice (SPF grade) were obtained
from Japan SLC, Inc. (Shizuoka, Japan) and housed at
26 + 2 °C. The mice were provided ad libitum access to
food and water. All animal experiments were performed in
accordance with the Guidelines for Animal Experiments of
Mukogawa Women’s University.

HEL sensitization

Sensitization with HEL was performed as previously
described [4]. On day 0, 5-week-old male ddY mice were
injected intraperitoneally with 50 ug of HEL in 50% CFA.

BF measurement

Subcutaneous BF in mice tail veins was monitored using
a laser Doppler blood flow meter (FLO-C1; Neuroscience,
Tokyo, Japan) as reported previously [5]. Each mouse was
warmed for 15min at 36 °C prior to the experiment, and

(0]
° OH \—NH,
P Cr0
- o
N N
4c 6a
O

\\/OH

CCQ~©03 @CQ

@ Springer

Cf @”Q

6b



Journal of Natural Medicines

then placed on a holder (Muromachi Kikai Co., Ltd., Tokyo,
Japan) in a measuring chamber kept at 36 °C throughout the
measurement. The systolic microcirculatory BF in the tail
veins of unanesthetized mice was measured (n = 5). Normal
BF was measured for 10 min 1 day before initiation of the
study. The BF of sensitized mice was measured for 10 min
every other day up to 7 days after sensitization. The results
were expressed as the relative percent of normal BF for each
mouse.

In vivo assay method of allergy-preventive activity

Compound 4a at 10 and 20 mg/kg, and each derivative at
50 umol/kg were dissolved in water and administered (10 uL.
of test solution/g body weight) orally to HEL-sensitized
mice at days O (1 h before sensitization), 3 and 6. The con-
trol group was administered water on the same schedule.

Statistical analysis

Data are presented as mean + SE and analysis was per-
formed using GraphPad Prism 6. ANOVA was applied for
between-group comparisons. When significant differences
(p < 0.05) were identified, the data were further analyzed by
Dunnett’s hoc multiple comparison test coupled with Bon-
ferroni inequality for significant differences between each
test group and the control group. For the Bonferroni test,
4 points were used 3 days after HEL sensitization because
a significant difference was observed between the BF of
untreated and sensitized mice after 3 days. The results were
considered significant at p < 0.05.

Results
Synthesis and identification of compounds

Tetrahydropyrrolo[2,1-b]quinazoline derivatives 4a, 4b,
4c, Sa, Sb, 6a, and 6b containing different substituents on
the tricyclic quinazoline ring were synthesized according to
previously reported methods (Fig. 1). The detailed prepara-
tion method and the spectral and elemental analysis data of
their compounds have been reported elsewhere. The struc-
tures of these compounds were identified by comparison of
their physical and spectroscopic data (UV, MS, IR, 'H-, and
3C-NMR) with the literature values (Supplementary data).
These compounds were subjected to bioassay.

Effects of 4a on HEL-induced BF decrease
in the allergic induction phase

The BF in the tail vein of HEL-sensitized mice (con-
trol group) gradually and significantly decreased to

approximately 70% of the BF of normal mice at day 9
(Fig. 2). However, oral administration of the lead com-
pound 4a (20 mg/kg) significantly (p < 0.05) inhibited the
BF decrease compared with the control group after day 7
of HEL sensitization. Compound 4a at a dose of 10 mg/
kg (46 pmol/kg, p.o.) showed significant effectiveness.
Therefore, we examined the activity of other compounds at
50 pmol/kg (p.o.) on HEL-induced BF decrease.

Effects of derivatives of 4a on HEL-induced BF
decrease in the allergic induction phase

Figure 3 shows the effects of epinastine hydrochloride of
the positive control and 4a at 50 pmol/kg (p.o.). Epinastine
hydrochloride and 4a significantly inhibited HEL-induced
BF decrease after day 7 of HEL sensitization. Figure 4
shows the effects of 4a and its derivatives at 50 pmol/kg
(p.o.). The bromo derivative 4b and ethyl ester deriva-
tive S5a significantly inhibited HEL-induced BF decrease
after day 5 of HEL sensitization. However, 4¢ showed no
significant inhibition on HEL-induced BF decrease after
day 9 of HEL sensitization (Fig. 4a). Compounds 4a and
6a significantly inhibited HEL-induced BF decrease. 6b
showed a significant suppressant effect, which was weaker
than that of 4a and 6a, while Sb showed no significant
inhibition (Fig. 4b). Compounds 4a, 4b, 4c, 5a, 5b, 6a,

100 [4
90 - * *
= # #
£
5 80
c
“
9)
S 70
2
[9)
&= —O=—normal
B 60—
S —&— control
@ —{~10mg/kg
50 4 ——20mg/kg
O T T T T T T T T T
01 2 3 4 5 6 7 8 9
Time (day)

Fig.2 Inhibitory effect of compound 4a on HEL-induced blood
flow decrease in male ddY mice. Open circle: normal (untreated
mice); filled square: control (blood flow of HEL-sensitized mice);
open square and filled triangle: treatment with compound 4a at days
0 (starting day), 3 and 6 from sensitization. Each value presents the
mean + SE (n =5). * and #p < 0.05 compared with the control (Dun-
nett’s test with Bonferroni)
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Fig.3 Inhibitory effect of compounds 4a and epinastine hydrochlo-
ride on HEL-induced blood flow decrease in male ddY mice. Filled
circle: control (blood flow of HEL-sensitized mice); open triangle:
pretreatment with 50 umol/kg 4a or epinastine hydrochloride at days
0 (starting day), 3 and 6 from sensitization. Each value presents the
mean + SE (n = 5). * and #p < 0.05 compared with the control (Dun-
nett’s test with Bonferroni)

and 6b when treated individually did not affect the nor-
mal BF (data not shown). Therefore, it can be suggested
that compounds 4a, 4b, 5a 6a and 6b improved the HEL-
induced BF decrease in the allergy induction phase, but
did not increase the normal BF.

Fig.4 Inhibitory effect of

compounds 4a, 4b, 4c, 5a, 5b,

6a, and 6b on HEL-induced 100
blood flow decrease in male

ddY mice. Filled circle: control

(blood flow of HEL-sensitized 90
mice); a, b open triangle, open

Discussion

A series of tetrahydropyrrolo[2,1-b]quinazoline derivatives
4b, 4c, 5a, 5b, 6a, and 6b that were structurally related to 4a
and evaluated as neuroprotective agents were synthesized in
our previous study [3].

In this study, we investigated the allergy-preventive
effects of 4a and its related compounds using an in vivo
assay method to identify substances that can prevent com-
plicated inflammatory allergy. This assay system monitors
the decrease in BF of mice during ‘the induction phase of
the allergy’ induced by HEL [4-6]. HEL-sensitized mice
showed various immunological responses including pro-
duction of anti-HEL IgE antibody during this phase. The
re-administration of HEL (challenge with HEL) induced
antigen-specific anaphylaxis after day 9 as previously
reported [7]. The lead compound 4a significantly inhibited
BF decrease (Figs. 2, 3) in the HEL-induced allergy induc-
tion phase compared to the control group. The other three
derivatives 4b, 5a, and 6a also significantly inhibited BF
decrease. 6b showed a significant suppressant effect, which
was weaker than that of 4b, 5a, and 6a. 4c and 5b showed
no significant inhibition (Fig. 4a, b). The presence of a free
carboxylic acid is not essential for allergy-preventive activity
as opposed to the neuroprotective effects reported previously
[3]. By comparing the experimental activity of the com-
pounds reported in this study to their structures, the follow-
ing SAR was postulated. The addition of a bromine substitu-
ent at the C-7 position of 4a resulted in slightly increased
activity (compound 4b) (Fig. 1). The ester derivative Sa and
the amide derivative 6a showed improved activities. Further-
more, the alcohol derivative 6b showed decreased activity
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compared to the corresponding carboxylic acid derivatives.
We also found that changing the configuration of the chiral
carbon of 4a resulted in slightly decreased activity (com-
pound 4c), suggesting that S configuration of the chiral car-
bon might favor the inhibitory activity. The introduction of a
phenylmethylidene substituent at the C-3 position of 4a led
to considerable loss of activity (compound 5b). This could
be due to low hydrophilicity and lipophilicity of compound
5b. None of the derivative compounds showed an effect
stronger than that of the lead compound. These findings will
aid in the development of stronger pharmaceutical products.
Further results will be reported elsewhere. In previous stud-
ies, we demonstrated that flavonoids, chalcones, and iridoids
significantly inhibited HEL-induced BF decrease. The inhib-
itory mechanisms involved inhibition of platelet aggregation
and production of COX-2, iNOS, and NO. We suggest that
the inhibition of BF decrease by 4a and its derivatives may
occur in a similar manner [8—11]. The detailed mechanisms
of action of 4a and its active derivatives are under inves-
tigation. Tricyclic quinazolines and their derivatives have
been reported to possess a broad spectrum of biological
activities, such as antimicrobial, bronchodilator, and hypo-
tensive actions [12—15]. A previous study demonstrated that
quinazoline alkaloids showed potential anti-inflammatory
and anti-allergic activities, such as an inhibitory effect on
pro-inflammatory cytokines [16]. To our knowledge, this is
the first study to confirm the allergy-preventive activity of
tetrahydropyrrolo[2,1-b]quinazoline derivatives by compre-
hensively monitoring specific BF decrease occurring in the
induction phase of allergy.

Conclusion

In summary, we designed and synthesized a series of
tetrahydropyrrolo[2,1-b]quinazolines and most of these
compounds exhibited moderate to good activities against
HEL-induced BF decrease. Compound Sa showed the best
activity among all the synthesized analogs. The synthesized
compounds certainly hold great promise in the pursuit to
discover novel agents for the treatment of allergic diseases
such as atopic dermatitis, allergic asthma, and hay fever.
Our study is a preliminary step towards developing newly
synthesized preventive agents against BF decrease. Further
studies are being conducted to acquire more information on
SAR of the novel synthesized compounds to clarify their
mechanisms of action. Modifications to improve the potency
of the synthesized derivatives by structural diversification
are currently under progress in our laboratory.
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Chemistry

All commercially available reagents and solvents were used without further
purification. Melting points were determined in a Bichi Melting Point B-540
apparatus and were uncorrected. Infrared spectra were recorded in a Bruker 1FS-55
spectrophotometer. Optical rotations were measured on a Perkin Elmer 241MC
spectrometer. *H NMR and *C NMR spectra were recorded in a Bruker ARX 300
MHz. Chemical shift values were reported in d (ppm), and coupling constants were
reported in Hertz. High-resolution mass spectrometry (HRMS) data were obtained
using a Bruker microTOF-Q time of flight mass spectrometer or a Bruker APEXIII
7.0 Tesa FT-MS. Column chromatography was performed on silica gel H, and
anaytical TLC data was obtained using silica gel HF254.

The synthetic procedures adopted to obtain the test compounds are depicted in
Charts 1. The synthetic strategy began with the reductive amination of
2-nitrobenzaldehydes la—b using commercially available L-glutamic acid or
D-glutamic acid followed by an intramolecular cyclization and dehydration in
refluxing ethanol to produce the desired series of significant intermediates 3a—c. Next,
compounds 3a—c were treated with an excess of 80% hydrazine hydrate, ferric
chloride, and activated carbon in refluxing ethanol for 72 h, yielding three of the
target compounds 4a—c. Compounds 4a were then reacted with thionyl chloride and
ethanol to afford compounds 5a via the esterification. In addition, treatment of
compound 5a with an agueous solution of ammonia a 60  afforded the
corresponding amide derivative 6a. On the other hand, reduction of 5a with lithium
aluminum hydride in tetrahydrofuran afforded 6b. The structures of all target
compounds were identified by *H NMR, **C NMR, IR, and HRMS.
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Chart 1. Synthetic Scheme for Compounds
(9)-(-)-1,2,3,9-Tetrahydropyrrolo[2,1-b]quinazoline-1-car boxylic acid (4a)
White solid; yield 37.3%; mp: 229.4-232.5°C; [a]® .5 -222.2 (c 0.25, MeOH); *H

NMR (300 MHz, CDs0OD) &: 2.22-2.33 (m, 1H), 2.53-2.66 (m, 1H), 2.93-3.32 (m,
2H), 4.32 (dd, 1H, J = 4.1, 9.3 Hz), 4.76 (d, 1H, J = 15.4 HZ), 4.98 (d, 1H, J = 15.4
Hz), 7.00-7.02 (m, 1H), 7.19-7.27 (m, 2H), 7.29-7.35 (m, 1H); *C NMR (75 MHz,
CD3;0D) d: 25.6, 30.2, 46.5, 70.2, 117.7, 118.4, 128.1, 128.3, 130.3, 132.2, 165.0,
174.6; IR (KBr): 3419.7, 2921.7, 1667.3, 1613.4, 1584.2, 1499.5, 1385.3, 12914,
764.2 cm™; ESI-HRMS: caled for Ci,H13sNL0,, 217.0972; found, 217.0969. [M+H]™.

(9)-(-)-7-Bromo-1,2,3,9-tetranydropyrrolo[2,1-b]quinazoline-1-car boxylic acid
(4b)

White solid; yield 30.8%; mp: 282.5-284.9°C:; [a]® 5. —224.0 (c 0.25, MeOH); *H



NMR (300 MHz, CDs0D) 3: 2.22-2.33 (m, 1H), 2.53-2.66 (m, 1H), 2.92-3.13 (m,
2H), 4.32 (dd, 1H, J = 3.9, 9.3 Hz), 4.75 (d, 1H, J = 15.7 Hz), 4.97 (d, 1H, J = 15.8
Hz), 6.94 (d, 1H, J = 8.5 Hz), 7.43 (d, 1H, J = 1.7 Hz), 7.48 (dd, 1H, J = 1.7, 8.5 Hz);
3C NMR (75 MHz, CD30D) d: 25.6, 30.3, 46.1, 70.3, 119.4, 120.5, 120.8, 131.2,
131.7, 133.3, 165.2, 174.7; IR (KBr): 3424.7, 2926.1, 1657.7, 1577.2, 1497.1, 1421.1,
1373.5, 1296.3, 819.0 cm™; ESI-HRMS: calcd for CioH12BrN;Os, 295.0077; found,
295.0079. [M+H]".
(R)-(+)-1,2,3,9-Tetrahydropyrrolo[ 2,1-b]quinazoline-1-car boxylic acid (4c)

White solid; yield 28.5%; mp: 279.7-282.8°C; [a]® ,s: +212.2 (c 0.25, MeOH); *H

NMR (CDsOD, 300MHz) &: 2.23~2.30 (m, 1H), 2.58~2.62(m, 1H), 2.98~3.07 (m,
2H), 4.31 (dd, 1H, J= 4.1, 9.3 Hy), 4.73~4.79 (d, 1H, J = 15.4 Hz), 4.95~5.00 (d, 1H,
J=15.3 Hz), 6.98~7.01 (m,1H ), 7.18~7.34 (m, 3H); *C NMR (75 MHz, CDs0D) d:
24.2,28.8,45.1, 68.8, 116.4, 117.0, 126.7, 126.9, 128.9, 130.9, 163.6, 173.5; IR (KBr):
3412.7, 2917.8, 1664.9, 1614.3, 1585.4, 1499.9, 1384.8, 1290.7, 764.6 cm™;
ESI-HRMS: calcd for C12H1oN,0,, 216.0899; found, 217.0984. [M+H] ™.

(9)-(-)-ethyl 1,2,3,9-tetrahydropyrrolo[2,1-b]quinazoline-1-car boxylate (5a)

Thionyl chloride (10 mL) was added dropwise to a stirred solution of 4a (9.26
mmol) in anhydrous ethanol (30 mL) at 0-5C. The mixture was stirred at this
temperature for 6 h and then concentrated under vacuum. The residue was akalified
to pH 8 with a 5% agueous solution of potassium carbonate and then dissolved in
ethyl acetate (300 mL). After being washed with water and brine, the organic layers
were dried over NaxSO, and concentrated under reduced pressure. The residue was

purified by flash chromatography on silica gel using ethyl acetate to give compound
5a (1.38 g, 61.2%) as a white solid. mp: 103.7-106.0°C; [a]° s -117.2 (c 0.25,

MeOH); 'H NMR (CDCls, 300MHz) 3: 1.31 (3H, t, J = 7.1, 7.2 Hz ), 2.07-2.17 (m,
1H), 2.31 -2.44 (m, 1H), 2.59-2.70 (m, 1H), 2.74-2.85 (m, 1H), 4.05 (dd, 1H, J =
4.2,8.7 Hz), 4.26 (dd, 2H, J = 7.1, 15.6 Hz), 4.50 (d, 1H, J = 15.1 Hz), 4.72 (d, 1H, J
= 13.0 Hz), 6.88 (d, 1H, J=7.3Hz ), 6.99 (t, 1H, J= 7.3, 7.4 Hz ), 7.06 (d, 1H, J =
7.1 Hz), 717 (t, 1H, J= 7.2, 7.4 Hz ); **C NMR (75 MHz, CDs0OD) d: 14.4, 23.8,



20.5, 454, 61.4, 63.2, 120.1, 123.8, 124.1, 126.4, 128.3, 143.2, 162.4, 171.5; IR
(KBr): 3447.3, 2973.5, 1733.9, 1622.9, 1591.5, 1572.5, 1492.0, 1446.0, 1290.6, 776.0
cm®; ESI-HRMS: caled for Ci4H17N,0,, 245.1285; found, 245.1293. [M+H]".

(S)-(-)-3-phenylmethylidene-1,2,3,9-tetrahydropyrrol o[ 2,1-b]quinazoline-1-car
boxylic acid (5b)

Compound 4a (40 mmol) was added into a solution of benzaldehyde (40 ml), the
mixture was heated at reflux for approximately 1h and cooled to the room temperature.
The precipitate was filtered off, washed with ethyl ether, dried, and crystallized from
methanol to furnish compound 5b (8.19 g, 67.3%) as a light yellow solid. mp:

255.5-256.0°C; [0]° 25 -104.2 (¢ 0.25, MeOH); *H-NMR(300MHz, DMSO, § ppm) &

325~ 3.31(m, 1H), 3.64~3.73(m, 1H), 4.85~4.89(m, 1H), 4.93~5.00(m, 2H),
7.25~7.69(m, 9H), 8.59(s, 1H); *C NMR (75 MHz, CDs0D) d: 31.7, 45.4, 48.4, 66.8,
116.6, 116.8, 126.4, 126.6, 126.8, 128.9, 129.0, 130.0, 130.2, 131.0, 133.9, 134.3,
158.1, 173.0; IR (KBr): 3428.7, 2920.5, 1652.6, 1571.5, 1497.8, 1455.1, 1372.1,
1289.6, 1196.6, 1136.4, 937.6, 760.0 cm™; ESI-HRMS: calcd for CigHigN2O2Na,
327.1104; found, 327.1113. [M+Na]".
(9)-(-)-1,2,3,9-Tetrahydropyrrolo[2,1-b]quinazoline-1-car boxamide (6a)

White solid. mp: 261.0-261.4°C; [a]® s 192.2 (c 0.25, MeOH); *H NMR (300

MHz, DMSO-d6) &: 1.78-1.88 (m, 1H), 2.15-2.28 (m, 1H), 2.40-2.60 (m, 2H), 3.93
(dd, 1H, J = 5.0, 8.3 Hz), 4.42 (s, 2H), 6.81-6.83 (m, 1H), 6.90-6.94 (m, 2H),
7.05-7.10 (m, 1H), 7.25 (s, 1H), 7.69 (s, 1H); *C NMR (75 MHz, DM SO-d6) 3: 24.0,
29.6, 44.9, 63.8, 119.8, 123.3, 123.4, 126.1, 127.9, 143.2, 162.7, 172.2; IR (KBr):
3357.5, 3193.5, 2922.5, 2852.1, 1680.5, 1621.2, 1596.5, 1573.4, 1490.2, 1291.2,
763.3cm™; ESI-HRMS: calcd for CioH14N30, 216.1131; found, 216.1134. [M+H]".

(9)-(-)-1,2,3,9-Tetrahydropyrrolo[ 2,1-b]quinazoline-1-methanol 6b

A suspension of 5a (7.32 g, 30.0 mmoal) in an anhydrous solution of tetrahydrofuran
(40 mL) was cooled to 0°C, lithium aluminum hydride (2.28 g, 60 mmol) was added
in small portions at 0-5C, the mixture was stirred at this temperature for 0.5 h. The

water (5 ml) was added dropwise, at this point, the mixture was filtered and the



solvent was removed by vacuum evaporation. The precipitate was filtered off, washed

with ethyl ether, dried, and crystallized from ethyl acetate to furnish compound 6b
(4.65 g, 76.7%) as awhite solid. mp: 179.9-181.0°C; [a]° .5 -132.2 (¢ 0.25, MeOH);

'H-NMR (DM S0-d6, 300MHz) 3: 6.91-6.86 (m, 1H), 6.75-6.68 (m, 2H), 6.61 (d, 1H,
J = 7,7 Hz), 4.80 (s, 1H), 450 (d, 1H, J = 13.9 Hz), 4.25 (d, 1H, J = 13.9 Hz),
3.49-346 (m, 1H), 3.37-327 (m, 2H), 2.38-2.17 (m, 2H), 1.85-1.78 (m, 1H),
1.61-1.58 (m, 1H); *C NMR (75 MHz, DMSO-d6) &: 21.9, 30.2, 45.0, 60.9, 63.6,
120.4, 123.4, 123.5, 126.4, 128.2, 144.4, 172.2; IR (KBr): 3357.5, 3193.5, 2922.5,
2852.1, 1680.5, 1621.2, 1596.5, 1573.4, 1490.2, 1291.2, 763.3 cm; ESI-HRMS:
caled for CioH1sN,0, 203.1179; found, 203.1193. [M+H]".
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