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Abstract

A single-step gateway synthesis of glochidine aadongeners that possess the rare uncommon
tetrahydroimidazo[1,%]pyrrolo[1,2-a]pyrimidine core was developed employing histamamel
readily availabley-ketoesters. Key features of the developed readtienlve tandem three C-N
bonds formation and concomitant annulation of timgs in one pot to access this unique and
complex tricyclic structure. Exploration of the unakvn bioactivity of these compounds revealed
that they elicit antiproliferative activity compéla to the anticancer drug imatinib against 6

cancer cell lines.
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1. Introduction

Imidazo[1,5€]pyrrolo[1,2-a]pyrimidines, dipyrrolo[1,2a:1',2'c]pyrimidines and pyrido[1,2-
c]pyrrolo[1,2-a]pyrimidines (Fig. 1) are unique fused azahetecgtlic ring systems possessing
ring-junction nitrogen atoms. They are rarely emgeted in natural products and scarcely found
in synthetic reports. As of September 2019, Sci€iradib-structure search presents glochidine as
the only known example of natural products havimglazo[1,5¢€]pyrrolo[1,2-a]pyrimidine ring
system and reveals also that there is no knowrhetintcongener other than the unsubstituted
tricyclic skeleton [1]. Meanwhile, several natutatraponerines T1-8 (dipyrrolo[1g1',2'-
c]pyrimidines or pyrido[1,Z]pyrrolo[1,2-a]pyrimidines; Fig. 1) are known and they were found
to possess interesting cytotoxic, neurotoxic, ansegdticidal bioactivities [2]. In literature,
several reports are found for the synthesis ofrahtas well as non-natural tetraponerines which
afforded multiple synthetic approaches to accesapenerines [2b,2d,3]. Accordingly, it was
possible to explore biological activities of naturgtraponerines and their synthetic congeners.
On the opposite, the biological activity of glocime, which is the sole known member of

substituted imidazo[1,8}pyrrolo[1,2-a]pyrimidines is completely unknown.
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Figure 1.Ring systems and structures of glochidine andpeinerines

Up-to-date, two synthetic approaches to accesshglme were reported which involvés situ
generation ofN-acyliminium cation as a key intermediate [4]. Tivst approach involves: 1)
succinic anhydride-histamine condensation to suwmiite followed by 2) Grignard reagent
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addition to form the key intermediate hydroxylactémat was employed in 3)-acyliminium
cation-mediated cyclization (Scheme 1A) [4a]. Swagdproach would necessitate the use of
custom Grignard reagents if varied angular sulestisiare desired. The second recently reported
method is a photochemical approach includes: 1) Lifi-irradiation using a photosensitizer to
catalyze photo-oxygenation of furan derivativedolwked by 2) condensation with a primary
amine to afford 2-pyrrolidinone derivative then tBgatment with formic acid to generate
acyliminium cation (Scheme 1B) [4b,4c]. Despite utefulness, such photochemical approach
requires special instrumentation [4c]. Despitegtesence of these two approaches, we found no
attempt was reported up-to-date to synthesize cwmrgeother than glochidine itself or the
unsubstituted tricyclic skeleton. In lieu of thengalete absence of biological activity information
for this unique ring system while the structuralijosely related tetraponerines possess
interesting bioactivities, addition of an alternatiefficient route is needed to access derivatives
of unique ring system. Therefore, we conducted tisk aiming to develop a novel, more
practical, efficient, economic and divergent route access glochidine and its synthetic

congeners in order to fill this vacant chemicalcgpa

2. Results and discussion

Pursuing ideality, economy, and targeting develapgmaf diversity enabling reactions are
important in planning a successful practical sytitheoute [5]. Imines and iminium ions are
powerful intermediates for construction of C-N a@dC bonds that enable rapid entry into
complex structures employing using simple fragmeiefs Aiming to develop a practical

synthetic method to access the almost unknown higdraimidazo[l,5¢]pyrrolo[1,2-

alpyrimidin-7(8H)-ones in a single-step, we envisioned that regdtistamine with the readily



available diverse-ketoesters would afford transient imine intermesiathat would undergo
tandem formation of three C-N bonds with concontithityclization (Scheme 1C). Quite
different form the reportetl-acyliminium cation-mediated cyclizations, we aipted aminals
might be formedn situ upon addition of the imidazole’s nucleophilic ogen atom to the
transient imines obtained through condensatiorhefdarbonyl group of-ketoesters with the
amino group of histamine. Intramolecular aminolysisthe formed aminals would afford the
desired tricyclic tetrahydroimidazo[l,5-c]pyrimidi® derivatives 1 as a product of one pot
tandem reaction (Scheme 1C). The designed routddwopen a convenient gateway for
synthesis of tetrahydroimidazo[1¢fpyrrolo[1,2-a]pyrimidin-7(8H)-ones employing the
commercially available or readily accessilp&etoesters and would circumvent the limitations
of the litature reported routes. In addition, tkadily available diverse-ketoesters array would
offers possibilities for divergent synthesis of gmwunds’ library bearing substituents at all

available position of the pyrrolidine ring includitthe angular position.
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We started to explore our envisioned synthetic oekthy investigating the one pot reaction of
histamine with methyl levulinate2§). As Table 1 shows, refluxing histamine dihydracide
with methyl levulinate in methanol did not affordoeoduct (Table 1, entry 1). Replacement of
histamine dihydrochloride salt with the freebastoraied exclusively the desired glochidine
analog (a) in 41% vyield (Table 1, entry 2). This outcome faoned the crucial role of

nucleophilicity of histamine for the reaction’s sess. Towards more economic route, the use of



histamine dihydrochloride as a starting materialdessirable since it is more stable and
commercially ca. 6 times cheaper. Therefore, sodium carbonate wvdaedato histamine
dihydrochloride and methyl levulinat®d) mixture in methanol to generate situ histamine
freebase. Successfully, the desired glochidineogn@la) was obtained but in 35% vyield after
refluxing for 24 h (Table 1, entry 3). Biosynthetieactions occur in aqueous phase and, in
addition, aqueous reactions are more economicra@nwientally benign and, furthermore, water
might affect the reactivity [7]. Therefore, the lman—nitrogen bond-forming reaction to be
developed was tested in an aqueous solution bugrtunately, water was not a suitable
reaction’s solvent (Table 1, entry 4). The use motic polar solvents such as acetonitrile and
N,N-dimethylformamide in the presence of triethylami{3e equivalents) afforded glochidine
analog (a), but in poor yields after heating at 70°C for A&urs (Table 1, entries 5 and 6).
Switching back to methanol while maintaining thee usf trimethylamine (3 equivalents)
afforded exclusively glochidine analo@aj in satisfactory yields after refluxing for 24 heu
(Table 1, entry 7). Increasing the stoichiometratiar of trimethylamine to 5 equivalents
improved the isolated yield to 77% (Table 1, erljy Incorporation of molecular sieves or
increasing refluxing time did not improve the yietldhile increasing the stoichiometric ratio of

trimethylamine to 10 equivalents lowered the yi@ldble 1, entries 9, 10 and 11).

Table 1. Optimizing conditions using methyl levulinat2s].

\_N_ _N o
Conditions H30U

2a 1a

j\oj/ooHs Histamine . 2HCI N/%
HsC

Entry?  Solvenf! Additive (equiv.) Time (h) Yield (%)

1 MeOH — 24 i

2l MeOH — 24 41



3 MeOH NaCO; (10) 24 35

4 H,0 Na,CO; (10) 24 5

5 CHCN NEt (3) 48 9

6 DMF NEt (3) 48 15
7 MeOH NEt (3) 24 66
8 MeOH NE (5) 24 77
olf MeOH NEg (5) 24 75
10 MeOH NE (5) 48 78
11 MeOH NEt (10) 48 65

[a] 1.1 Equivalents of methyl levulinate. [b] Refltor MeOH and heating at 70°C for other solveftklsolated
yields. [d] No reaction. [e] Histamine freebasé.Ifethe presence of 10 wt.% 4 A molecular sieve.

With optimum reaction conditions in hand, we pratetto explore the scope of the developed
method using diverse-ketoesters substrates. As shown in Table 2, thetiom of histamine
dihydrochloride salt was first explored withketoester2b—e whose R groups were primary
aliphatic chains. The reaction of these substratsrded under the established optimum
condition glochidine analogsb—e possessing angularly 9a-substituted tetrahydr@mufdl,5-
c]pyrrolo[1,2-a]pyrimidine ring system in good yields (Table 2trees 1-4). Glochidinel(c)
itself could be obtained in 59% isolated yield whis higher than the previously reported three-
steps approach A (Scheme 1A) and comparable tmapipB that employed photo-oxygenation
as initial step to prepare the key substrate (Seh&B). Interestinglyp-substituteey-ketoester
2d and aslon-substitutedy-ketoestere afforded cyclized productsd and le in higher yields
than a,p-unsubstituteg-ketoester substratezb and 2c. *H NMR spectra of the productd
showed a weak preferance to form the dgever the 1,2rans diastereomerca 1 : 1.23 1,2-
trans to 1,2€is ratio). The producte showed more predominace for the fr@is over the 1,3-

cisdiastereomerc@ 1 : 1.74 1,3isto 1,3transratio). These lowig/trans ratios for productdd



and le might indicate a limited influence of ’Rand R substituents on the products’

diastereoselectivity.

Table 2.Scope of the one-pot cyclization reaction.

o) OCH Histamine . 2HCI, S
o) ®  NEt3 (5 eq.), MeOH, N/\\m
SNCN
R’ R® reflux, 24 h R?Lf
R? 2

2b-f 1b-f

Entry? Substrate Product Yield (%)

Os__OCHs
O —
)J Ncm o
n-CsHy 1

1 n-C5H11U 52
2b 1b
Os__OCHj
O —
T I
A\ (0]
2 n-CGH13 n-CeH13><j 59
2¢c 1c, glochidine
Os<__OCHj />(\\
(0] N N
-N (0]
3 H3C H3C 77
CH; HaC
2d 1dc
(@) OCH
o 3 \ ES
N N (0]
4 HsC CHs H3c><_<V/ 72
2e 1eld! CH,
o O+ OCH3 =
N N o
5 18"
H;CO
2f HyCO  1f

[a] 1.1 Equivalents of histamine dihydrochloride] [solated yields. [c] Ratio of 1,2ans.1,2<cisdiastereomers =1 :
1.23 {H NMR analyses). [d] Ratio of 1,8s:1,3rans diastereomers = 1 : 1.744NMR analyses). [e] Reflux for 4
days.
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Next, hindered substrates were used suchy-kestoester2f whose R was the aromatic 4-
methoxyphenyl moiety. The reaction of subst2ftafforded the cyclized produtf in low 18%
yield after an extended refluxing time for 4 dayslfle 2, entry 5). This might indicate that the
steric effect of R was detrimental to the formation of the imine imtediates or to the
cyclization step iny-ketoester substrates in whict Bet to an aromatic moiety. After several
variations of reaction conditions, compouhfi could be obtained in an improved 54% vyield
(brsm) by increasing the stoichiometric ratios @ftdamine hydrochloride to 3 equivalents and
the triethylamine to 6 equivalents (Table 3, erit)y Under the modified reaction conditions,
diverse hindereg-ketoesters substrat@g-j whose R groups were aromatic or aliphatic cycles
were successfully converted to the correspondinghitiine analogég- in acceptable 65-42%
yields (brsm). As shown in Table 3, th@-unsubstituteg-ketoester substrat@g), 2f and2i in
which the phenyl ring was unsubstituted or bearihg activating 4-methoxy or 4-methyl
substituents, respectively, afforded produtts 1f and 1i in almost similar yield (65-54%)
which might suggest low impact of 4-substituents tbha reaction. Again, the hindered
substitutedy-ketoester substragh afforded the producth that possessed an almost equal ratio
of 1,34rans and 1,3is diastereomersca 1 : 1.09 1,3:is:1,34rans) which confirms the limited
influence of R substituents on the products’ diastereoselectifipally, the reaction of the
hindered substrat®jy possessing the aliphatic cyclopropyl ring as dament to the aromatic
ring afforded also the produ@ in similar yield. Thus, the scope of this reactimight be
extendable to hindered substrates to allow acckdkeotetrahydroimidazo[1,B}pyrrolo[1,2-

a]pyrimidine ring system possessing a cyclic substit at 9a angular-position.

Table 3.0ne-pot reaction with hindered substrates.



Histamine . 2HCI (3 eq.), S

Os_OCH3 N
ﬁ\i NEt; (6 eq.), MeOH, SNN
R’ R3 reflux, 48 h R?Lf

R2 R2 R3
2f-j 1
Entry Substrate Product Yield (%)
O«__OCHj =
i NO NN o
1 32 (54)
HCO
2 HiCO  1f
O«_OCH; =
i NN N o
2 40 (56)
2g 1g
Os__OCHs =
i NN N0
3 CHs 35 (42)
CHs
2h 1hlb!

=z
<
4
b
(@)

H
o O ~OCH;
4 40 (65)
HsC o _
o OxOCHs
5 46 (55)
2j

I
)
(@)
=

>

¢

z
pd

O
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[a] Isolated yields. Yields between parenthesedased on recovered ketoesters. [b] Ratio of 1ds:1,34rans
diastereomers = 1 : 1.08H NMR analyses).

With derivatives in our hands, we started to explthe unknown biological activities of
compounds belonging to this ring system. As theicstirally related tetraponerines were
reported as antiproliferatives [2c], we investigathe cytotoxic activity of glochidinel¢) and
its analogsld—j on the growth of cancer cells relative to the reteld anticancer drug imatinib at
10 uM dose using SRB assay [8]. Glochidine was nebfective than imatinib as a growth
inhibitor against HL-60 cancer cells (blood cang@iable 4). In addition, compoundsi—| were
more effective growth inhibitors of some cancerl dales relative to imatinib. Notably,
glochidine analogde and1j were more effective against some blood cancergevghochidine
analogsld, 1h and1i were more effective against some renal cancemhémunore, glochidine
and most of tested analogs elicited significantgiainhibition against NCI-H522 cell line (lung
cancer).

Table 4. Percentage inhibition of cancer cells growth byuM dose of imatinib, glochidinel€) and glochidine
congenersid).

Cancer Cell

Disease  Line 'Mmatinib lc 1d 1le 1f 1g 1h L 3

HL60 NIE! 15 NI 38 12 2 4 4 44
CB;ﬁg‘ejrS K562 NT NIl NI 13 N N N NI NI
MOLT4 18 NI NI 12 NI N N NI 35
Cli_:r?ger H522 NT 10 8 15 13 14 1 12 1
meng | RXF393 6 8 6 N 1 2 12 13 3
Cancers ;031 8 NI 10 7 2 3 6 3 NI

[a] Imatinib; an FDA approved drug as a standdaidNI: No inhibition of cancer cells growth. [c] N Not tested.

3. Conclusion
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In summary, a single-step one-pot synthesis wasldpgd to access glochidine and its
congeners which possess the very uncommon tetrainyidiazo[1,5€]pyrrolo[1,2-a]pyrimidine

ring system starting from the readily availapiketoesters and histamine. The key feature of the
developed method is a tandem formation of three BeNds in a single-step. The developed
method allow simple and convenient preparationhig tlass of compounds that circumvent
limitations of other methods. The reaction scope extened to hindered substrates to afford the
desired products in acceptable yields. This metlomns a gateway to access unprecedented
diverse library of glochidine analogs. Finally, thekown biological activity of this class of
compounds were explored for the first time and theye found to possess antiproliferative

activity comprarable to imatinib against six cancelt lines.

4. Experimental Section
General instrumentation and chemicals

NMR spectra were recorded on Bruker AC 400 spetenperating at 400 MHz fOH-NMR

and 100 MHz or 125 MHz fol*C-NMR. Chemical shifts&) are reported in ppm, downfield
from internal TMS standard. High resolution masecs@ (HRMS) were recorded on Jeol
accuTOF (JMS-T100TD) equipped with a DART (direntlysis in real time) ion source from
ionsense, Tokyo, Japan in the positive modes. Ftadlimn chromatography was performed

using Merck Kiesegel 60 Art 9385 (230-400 mesh).

Reaction of methyl levulinate (2a) with histamine thydrochloride using Na,CO3

A solution of histamine dihydrochloride (276 mg, Tamol), methyl levulinate2@, 215 mg, 1.7

mmol) and sodium carbonate (1.59 g, 15.0 mmol) @O (10 mL) was heated at reflux for 24

12



h. The mixture was evaporated in vacuo and thelueswas treated with water followed by
extraction with CHCI,. The combined organic phase was washed with buaned over
anhydrous MgSQ filtered, and evaporated. The residue was pdrifizy flash column

chromatography (C¥Cl,/CHsOH/NH,OH = 20:1:0.01) to afforda (100 mg, 35%).

9a-methyl-4,5,9,9a-tetrahydroimidazo[ 1,5-c| pyrrolo[ 1,2-a] pyrimidin-7(8H)-one  (1a): White
solid; mp 140.1 °C*H NMR (400 MHz, CDCY) 6 7.49 (1H, s, H-1), 6.78 (1H, s, H-3), 4.34 (1H,
ddd,J = 13.7, 4.9, 3.4 Hz, H-5a), 3.14 (1H, dt 13.7, 8.3 Hz, H-5b), 2.88-2.85 (2H, m, H-4),
2.67-2.43 (4H, m, H-8, H-9), 1.72 (3H, s, -@H°C NMR (125 MHz, CDG)) § 167.9, 127.4,
120.1(2C), 71.0, 29.6, 28.5, 24.9, 23.8, 15.6; HR-bAlcd for GoH14N3O [M+H]" 192.1131,

found 192.1145.

General Procedure for reaction ofy-ketoesters (2a—e) with histamine dihydrochloriden

MeOH using trimethylamine

A solution of histamine dihydrochloride (184 mg) amol),y-ketoestersda—e 1.2 mmol) and
triethylamine (0.69 ml, 5.0 mmol) in MeOH (10 mLpw heated at reflux for 24 h. The mixture
was evaporated in vacuo and the residue was tredthdwater followed by extraction with
CH,Cl,. The combined organic phase was washed with bdried over anhydrous MgS0©
filtered, and evaporated. The residue was purifigdash column chromatography to afford the

desired productsa—e

13



9a-Pentyl-4,5,9,9a-tetrahydroimidazo[ 1,5-c] pyrrolo[ 1,2-a] pyrimidin-7(8H)-one (1b): orange
semisolid; Yield 52%'H NMR (400 MHz, CDCJ) 6 7.48 (1H, s, H-1), 6.79 (1H, s, H-3), 4.34
(1H, ddd,J = 13.2, 6.4, 2.4 Hz, H-5a), 3.10 (1H, ddds 13.2, 10.7, 6.4 Hz, H-5b), 2.95-2.82
(2H, m, H-4), 2.66-2.40 (4H, m, H-8, H-9), 1.984.@H, m, H-1'), 1.39-1.22 (6H, m, H-2’, H-
3', H-4%), 0.88 (3H, t,J = 6.5 Hz, -CH); °C NMR (125 MHz, CDG)) § 173.7, 132.5, 125.2,
125.0, 78.7, 41.7, 33.7, 31.6, 31.6, 30.1, 23.66,220.3, 14.1; HR-MS calcd foriH2,N30

[M+H] *248.1757, found 248.1770.

9a-Hexyl-4,5,9,9a-tetrahydroimidazo[ 1,5-c] pyrrolo[ 1,2-a] pyrimidin-7(8H)-one (1c, Glochidine):
White solid; mp 44.3 °C; Yield 599%H NMR (500 MHz, CDCJ) § 7.48 (1H, s, H-1), 6.79 (1H,
s, H-3), 4.36-4.32 (1H, m, H-5a), 3.13-3.07 (1H, Hh5b), 2.94-2.83 (2H, m, H-4), 2.65-2.40
(4H, m, H-8, H-9), 1.98-1.94 (2H, m, H-1"), 1.3&1.(8H, m, H-2", H-3', H-4’, H-5’), 0.87 (3H,

t, J = 6.9 Hz, -CH); ¥°C NMR (125 MHz, CDGJ) 5 173.7, 132.5, 125.3, 125.0, 78.7, 41.8, 33.7,
31.8, 31.7, 30.1, 29.1, 23.9, 22.7, 20.4, 14.2; MR-<alcd for GsHz4N3z0 [M+H]" 262.1914,

found 262.1867.

9,9a-Dimethyl-4,5,9,9a-tetrahydr oimidazo[ 1,5-c] pyrrol o[ 1,2-a] pyrimidin-7(8H)-one (1d):
Yellowish white solid; mp 111.3 °C; Yield 77%4 NMR (400 MHz, CDC}) J 7.54 (0.55H, s,
H-1), 7.45 (0.45H, s, H-1), 6.82 (0.45H, s, H-38@(0.55H, s, H-3), 4.41-4.35 (1H, m, H-5a),
3.08-2.97 (1H, m, H-5b), 2.94-2.80 (2H, m, H-4){22.56 (2H, m, H-8), 2.29-2.18 (1H, m, H-
9), 1.74 (1.35H, s, -C4)l, 1.60 (1.65H, s, -C¥J, 1.41 (1.65H, dJ = 6.9 Hz, -CH), 0.76 (1.35H,

d,J = 6.9 Hz, -CH); **C NMR (125 MHz, CDG)) § 171.1, 171.0, 133.5, 132.0, 126.2, 125.2,
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124.9, 124.7, 78.3, 77.9, 41.4, 39.7, 39.1, 384,33.5, 27.5, 22.8, 21.6, 21.3, 16.5, 14.8; HR-

MS calcd for GiH1gNzO [M+H] " 206.1288, found 206.1365.

8,9a-Dimethyl-4,5,9,9a-tetrahydroimidazo[ 1,5-c] pyrrolo[ 1,2-a] pyrimidin-7(8H)-one (1€): White
solid; mp 113.5 °C; Yield 729%H NMR (400 MHz, CDCJ) 5 7.49 (0.37H, s, H-1), 7.48 (0.63H,
s, H-1), 6.78 (0.63H, s, H-3), 6.76 (0.37H, s, H®B6-4.28 (1H, m, H-5a), 3.25-3.08 (1H, m,
H-5b), 2.96-2.77 (3H, m, H-4, H-9a), 2.65 (1H, m8H 2.05 (1H, m, H-9), 1.76 (1.11H, s, -
CHa), 1.72 (1.89H, s, -C#), 1.31 (1.11H, dJ = 7.3 Hz, -CH)), 1.23 (1.89H, dJ = 7.3 Hz, -CH));
13C NMR (125 MHz, CDGJ) § 177.6, 174.5, 132.6, 132.3, 125.5, 125.3, 12469),7/3.9, 44.1,
41.9, 36.1, 35.7, 34.0, 33.4, 30.5, 27.9, 21.01,206.8, 15.9; HR-MS calcd for1@116N3O

[M+H] * 206.1288, found 206.1381.

General Procedure for reaction of hindered y-ketoesters (2f—j) with histamine

dihydrochloride in MeOH using trimethylamine:

A solution of histamine dihydrochloride (806 mg4 4nmol),y-ketoestersZf—j, 1.5 mmol), and
triethylamine (1.25 ml, 9.0 mmol) in MeOH (10 mLp# heated at reflux for 48 h. The mixture
was evaporated in vacuo and the residue was tredthdwater followed by extraction with
CH.Cl,. The combined organic phase was washed with bdried over anhydrous MgSQ©
filtered, and evaporated. The residue was purifieg flash column chromatography

(CH,CI,/CHzOH/NH4OH = 20/1/0.01) to afford the desired produbts.
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9a-(4-Methoxyphenyl)-4,5,9,9a-tetr ahydroimidazo[ 1,5-c] pyrrol o[ 1,2-a] pyrimidin-7(8H)-one

(1f): White solid; mp 115.1 °C; Yield 54% (brsmii NMR (400 MHz, CDC}) 6 7.69 (1H, s, H-
1), 6.91 (1H, s, H-3), 6.85 (2H, d= 8.8 Hz, Ar-2’, Ar-6’), 6.76 (2H, dJ = 8.8 Hz, Ar-3’, Ar-
5%, 4.09 (1H, ddd, = 13.2, 7.3, 2.4 Hz, H-5a), 3.79 (3H, s, -Of;8.04-2.96 (1H, m, H-5b),
2.93-2.77 (4H, m, H-4, H-8), 2.73-2.59 (2H, m, H-8C NMR (125 MHz, CDG)) 6 173.7,
160.0, 133.7, 126.3(2C), 126.1, 125.7, 114.9, (2€}R 80.3, 55.4, 35.0, 33.8, 29.8, 19.4; HR-

MS calcd for GeH1gN30, [M+H] " 284.1394, found 284.1459.

9a-Phenyl-4,5,9,9a-tetrahydroimidazo[ 1,5-c] pyrrolo[ 1,2-a] pyrimidin-7(8H)-one  (1g): White
solid; mp 179.6 °C; Yield 56% (brsmH NMR (400 MHz, CDCJ) 6 7.71 (1H, s, H-1), 7.37-
7.34 (3H, m, Ar-2', Ar-4’, Ar-6’), 6.92 (1H, s, H)36.88-6.85 (2H, m, H-3', H-5'), 4.10 (1H,
ddd, 13.2, 7.3, 2.5 Hz, H-5a), 3.05-2.94 (1H, m5h); 2.92-2.79 (4H, m, H-4, H-8), 2.72-2.64
(2H, m, H-9);**C NMR (125 MHz, CDGCJ) ¢ 169.0, 137.0, 128.9, 124.38(2C), 124.35, 121.5,
121.0(2C), 120.1, 75.7, 30.2, 29.2, 25.0, 14.6; MR-alcd for GsH1gNzO [M+H]" 254.1288,

found 254.1278.

8-Methyl-9a-phenyl-4,5,9,9a-tetrahydroimidazo[ 1,5-c] pyrrol o] 1,2-a] pyrimidin-7(8H)-one (1h):
White solid; mp 138.0 °C; Yield 42% (brsmii NMR (400 MHz, CDCY) 6 7.74 (0.48H, s, H-1),
7.69 (0.52H, s, H-1), 7.36-7.33 (3H, m, H-2', H-#:6"), 6.91 (1H, s, H-3), 6.90-6.85 (2H, m,
H-3', H-5'), 4.09 (1H, m, H-5a), 3.18 (0.48H, dii= 13.7, 8.8 Hz, H-5b), 3.12 (0.52H, dH=
13.7, 8.8 Hz, H-5b), 3.06-2.94 (2H, m, H-4), 2.882(2H, m, H-8, H-9a), 2.51 (0.52H, dH=
13.7, 7.3 Hz, H-9b), 2.51 (0.48H, diiz 13.7, 9.8 Hz, H-9b), 1.41 (1.44H, 3= 7.3 Hz, -CH)),

1.28 (1.52H, dJ = 7.3 Hz, -CH); C NMR (125 MHz, CDGJ) 6 178.0, 175.8, 141.9, 141.7,
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134.1, 133.6, 129.4(2C), 129.3(3C), 129.3, 12626.4, 126.3, 125.54, 125.49(2C), 124.9(2C),
79.8, 78.4, 44.3, 43.5, 36.3, 35.9, 34.5, 34.47,110.3, 16.9, 16.3; HR-MS calcd fold81sN30

[M+H] * 268.1444, found 268.1467.

9a-p-Tolyl-4,5,9,9a-tetrahydroimidazo[ 1,5-c] pyrrolo[ 1,2-a] pyrimidin-7(8H)-one  (1i): White
solid; mp 145.0 °C; Yield 65% (brsmH NMR (400 MHz, CDCJ) 6 7.68 (1H, s, H-1), 7.14
(2H, d,J = 8.3 Hz, Ar-2’, Ar-6'), 6.91 (1H, s, H-3), 6.72K, d,J = 8.3 Hz, Ar-3’, Ar-5’), 4.09
(1H, ddd,J = 13.2, 7.4, 1.5 Hz, H-5a), 3.00 (1H, m, H-5bP222.77 (2H, m, H-4), 2.72-2.59
(4H, m, H-8, H-9), 2.34 (3H, s, -G} °C NMR (125 MHz, CDGJ) 5 173.8, 139.1, 138.8, 133.6,
129.7(2C), 126.3, 125.7, 124.8(2C), 80.4, 35.09329.8, 21.0, 19.3; HR-MS calcd for

Ci6H1sN30 [M+H]"268.1444, found 268.1493.

9a-Cyclopropyl-4,5,9,9a-tetrahydroimidazo[ 1,5-c] pyrrolo[ 1,2-a] pyrimidin-7(8H)-one (2):
White solid; mp 138.3 °C; Yield 55% (brsmiH NMR (400 MHz, CDCJ) 6 7.40 (1H, s, H-1),
6.78 (1H, s, H-3), 4.32 (1H, ddd= 13.7, 6.8, 2.0 Hz, H-5a), 3.43 (1H, m, H-5b}&2.84 (2H,
m, H-4), 2.64-2.35 (4H, m, H-8, H-9), 1.37 (1H, k1’), 0.69-0.57"(2H, m, H-2a’, H-3a’), 0.36
(1H, m, H-2a"), 0.10 (1H, m, H-2b’}’C NMR (125 MHz, CDGJ) 5 173.4, 132.7, 125.7, 125.4,
78.7, 33.7, 31.2, 29.9, 20.9, 20.1, 2.7, 1.2; HR-d4Bd for G,H1eN3O [M+H]*218.1288, found

218.1317.
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Highlights:

» Single-step one-pot gateway synthesis of glochidine and its congeners.

» Tandem formation of three C-N bonds and annulation of two ringsin asingle-step

» Employsthe readily avail able y-ketoesters and histamine as starting materials.

» For thefirst time, the unknown biological activity was explored for this rare class of

compounds.
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