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Syntheses of some new pyrrolo—fused pyrrolof],Rdole derivatives have been achieved by comlginin
N-allyl-indole-2-carbaldehyde with a variety Nfalkyl-glycine esters as well as tetrahydroisoquinolines
in an ionic liquid, triethylammonium acetate (TEAA) recyclable reaction mediuwia intramolecular

10 [3+2] cycloaddition reaction. This new method ighiy efficient, and the ionic liquid employed is
recyclable. The stereochemistry of all the compsuwds confirmed by 2D NMR NOESY and in some
cases single crystal X-ray diffraction data. Thevitro screening of all new candidates against various
bacterial strains and representative human sofitbticell lines; A549 (lung), HelLa (cervix), SW1573
(lung), T-47D (breast) and WiDr (colon), revealédttmany of them have good antibacterial, antifunga

15 and antitubercular and antiproliferative activities

Introduction

The heterocycles witiN-fused indole/isoquinolinéneterocyclic
framework as one of their integral structural uritsstitute an
important class of bioprofiles, and have attradétéerest of many
win the research fields of medicines and pharmacaisti
Containing pyrrolo—indole nucleus, terpenoidal alié# and
mitomycins exhibited antitumor activity (Fig.1A). With

so In addition, the members of the trolline family aetive against
respiratoryStaphylococcus aurewmnd pneumonia bacteflaike
trolline, (+)-crispine A (Fig. 1D) also incorporatan analogous
heterocyclic framework and has potential anti-peotitive
activity against SKOV3, KB, and HeLa human canaeesi?

ss  Finally, the pyrrolizidine occurring in many heteycles
represents another useful framework of biologicgkrest. In

pyrrolo[1,2ajindole as a specific fusion, cyclopropamitosenes aqgition to anti-inflammatory and analgesic projesitit confers

revealed cytotoxicity through bacterial cell dieisi and DNA
2 alkylation? Likewise, antimalarial Flinderole B, bioactive

heterocycles with effective aromatase and tumouowtr
inhibition action®® Besides, 5-H7. receptor agonists, known to

Isatisine A (Fig.1B) and hallucinogenic Yuremamine (Fig.1C)y, pe effective in hyperglycaemia and other diseas@se from the

which are potential candidates of this class hdtracted interest
of many chemists and biochemiéts.
Pyrrolo-isoquinoline alkaloids, on the other harsthowed
30 promising results for depression in animals, withrrolo-
isoquinoline nucleou$. A tricyclic hydropyrrolo [2,1-a]
isoquinoline is a key fused-ring systems of (2}kime structure,
which can be derived frorTrollius Chinese flowers and its
Portulaca oleraced. weed-derived antipode (+)-oleracein’g!!
35 Studies showed that (2)-trolline has remarkabléviactagainst
influenza viruses A and B, and so revealed antipiraperty. (+)-
Oleracein E displayed DPPH-radical scavenging igttd
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same family and make it interesting source of Higac
scaffolds*
In view of the above, it follows that incorporatiof N-fused

indole, N-fused isoquinoline and pyrrolizidine into a molku
es assembly helps generate a new and useful classtefdeycles,

finding a great importance in the medicinal chemjist

Development and enlargement of a molecular librairythese

heterocycles is thus desirable and worth studying t

70 << Figure: 1 Some biologically active heterocyaiestaining pyrrolo-
indole and pyrrolo-isoquinoline units >>

Intermolecular  alkylatiod® radical cyclizatiort® trans
annulation reactiof carbene—based rearrangermiengtc. are
general synthetic approaches ffused indoles. Cycloaddition

7s reaction involving in  situ azomethine ylide generation,
nevertheless, seems to be seldom studied for kihdhis
heterocycles!® The protocol is highly atom economic, and.used
so far for many complex heterocyclic systems. Ititness of
many aldehyde reacted with amino acid derivatfesdesign 6-

s0 5 fused-ring systems. Indole-based substrates rewewmained
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with a very few in number in the protocol for desitg of 5-5 s takes relatively less reaction times (3 h) tharecff’. It should
fused-ring system®. The ring system exists in biotin, an be noted further that the present combination alpwrrolizidine
important naturally occurring heterocyéfé. as highly significant, bioactive unit to incorparatffectively into
As part of our research program, we have repayathesis of  N-fused indole/isoquinoline heterocycles.
® many py.ranheterocycle%.’ " including amlnob.enzopy.raﬁjg‘ << Table 1: Optimization of conditions of the reactlmetween amine 3a
via 1,3 dipolar cycloaddition. Here, we describe pyrindole , ang aldehyde 1>>
and pyrrolo-isoquinoline derivatives as new biojesf
constructed from N-allyl-3—chloro-indole2-carbaldehyde 1 <<Scheme 2 Synthesis of all newly pyrrolo-fused-indoles and
with a variety of a-amino acid esters as well as isoquinolines (1) TEAA, 106C>>
10 tetrahydroisoquinolines, in ionic liquid TEAA as affective
reaction medium.
Use of ionic liquids (ILs) helped translate mangntsetic .<<Tal.3|e' 2: Synthesis of all newly pyrrolo-fused-indoles and
routes into green methodologies, with adopting istppractice isoquinolines >>

not only as economic one, but as environmentalgnély too® ., A plausible mechanism of the reaction has beerictighin
15 To the best of our knowledge, very few reports appe on use  scheme 3. Addition of electron from the tetherddeaé terminal
of ionic liquid in 1,3-dipolar cycloaddition reaoti** And those  carbon on imine follows the addition of the enclizsster on the
reported in ILs still suffer from preparation costse and  other end of the alkenga semi bicyclic transition state that may
recyclability of ILs, and, of course, promotiontbe reactiorf™®  force system to adopt the most favougisifusion product. The
Conventional methods in general suffers from manyexo or endoattack of dipolarophile alkene on azomethine ylide
20 disadvantages like use of conventional solventgéorreaction dipole determines the stereoselectivity of the tieac The

time and tedious work-up procedufe. spectral data support thes-fusion between central pyrrolidine

rings in all heterocycles, hence favouring thedo transition
Results and discussion state. In 11’a-b, however, theis-fusion may involve a further
Chemistry 75 isomerization of the ylidé’

All requisite secondary amine2-6, except tetrahydro- <<Scheme 3:A plausible mechanism of the reaction betweentgidel

2s isoquinolines6;  N-methyl/ethyl/benzyl4-morpholinyl) ethyl ~ and secondary amirnga 1,3-dipolar cycloaddition reaction >>
glycine esters, are liquids and prepared by methegerted
elsewheré® Teterahydroisoquinolineé were used as received
from commercial sources. The substraté;allyl-3—chloro— The proposed structures of all newly synthesized
indole—2—carbaldehydé, was obtained by reacting 3—chloro— heterocycles fully agreed with the observed elealeamalyses,

« indole—2—carbaldehyde with ally bromide in the pre of @ mass, IR and NMR spectral data. In thé NMR spectra, all
anhydrous KCO, suspended in DMF (dimethylformamide) COmpounds excepta showed a multiplet in the regiah2.93—
solution (Scheme 1), in 95% yield. 3—Chloro—indole—2 4.09 ppm, due to diastereotopic methylene protohsthe
carbaldehyde was obtained as Vilsmeier—Haack ptoaiic ~ Pyrrolidine ring. In7a, insteadN-methyl proton appeared as a

(phenylglycine)O—carboxylic acid, with excellent purity. singlet at§ ~2.75 ppm. The carbonyl group 10 showed a
ss characteristic IR band at ~1730 ¢mand a'*C NMR signal &

35 << Scheme 1 Synthesis ofN-allyl-3-chloro—indole2-carbaldehydel, 173 ppm. In all compounds, a doublet in thel.00-4.80 ppm
The reagents and conditions (1)aO, allyl bromide, DMF, 10 — 12 h,  range, with] value in the 7.6-8.4 Hz range, can be attribubeal t
room temp>> bridge-head protorilOb or 12b, suggestive of thecis-fusion
between central pyrrolidine rings. Another bridgest protorBa

90 Or 5a appeared as a multiplet @& ~3.80 ppm is therefore
orientateccis to this10b or 12 b proton. Analysing cross-peaks in
2D NMR NOESY (nuclear Overhauser effect spectrospaoyl
DQF-COSY (double quantum filtered correlation spestopy)
of representativeBa (Fig. 2 and 3), the similar relationship

os between these protons could be confirmed. The b+dEad
proton 2 or 4b is howevertrans with respect to protodOb or
12b, appeared at 4.00-4.40 ppm, except in 11’a-b. In 11'a-b, it

The reaction between amiBa and aldehydé& was taken as a
model to optimize the reaction conditions (Tablelaitially, we
40 heated the aldehyde and amine in refluxing methéewtry 1),
acetonitrile (entry 2), toluene (entries 3 andrj aylene (entries
5, 6), in presence and absence oft9@. Although results in
toluene and xylene using MaO; were good, prolonged heating
was discouraging to accept this method (6 h). Ewéren tried
s reported methods, they failed to run present caiwer

. 22cd . is ds oriented.
effep tively.="" Thus, we opted for heatl.ng under sol.vérﬁe Finally, with the single-crystal X-ray diffractiodata of9b and
environment at 100C. Here, the reaction time could be improved

. . 10011'b, we could be able to establish important sterezgbal
but not the yields (entry 7). The conventional wags thus

abandoned in favour of the TEAA promoted one (eyy It considerations (Fig. 4)
so showed improved results in yield and reaction tah@&0°C that
were improved further at 100C (entry 9). Above 100°C, << Fig. 2 Characteristic NOESY interactionsa>
however no further improvement was seen. This iwvgxo
method was then generalised to receive other pteduoo

(Scheme 2, Table 2). Advantage of the present pobis that it ** << Fig. 3 Characteristic COSY interactionssa>>

2 | Journal Name, [year], [vol] , 00—00 This journal is © The Royal Society of Chemistry [year]
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particular context, compounds-8 showed more activity against

<< Fig. 4 The ORTEP views of compour@tsand11’b, with HelLa cells, with GJ, values in the range8.1-14 uM and

displacement ellipsoids at the 40% probability leve comparable to those ofsplatin (2.0uM) or etoposide(3.3uM).
so No significant differences were observed betweerhyheand

ethyl ester derivatives. In contrast, the pres@fi@benzyl group

Table 3 summarizesn vitro antimicrobial screening test (9) or a morpholine substituentl® on the pyrrol nitrogen
results of all the compounds. The majority of coopis produced a severe loss in activity. From the pgrfabed-
displayed good resistance against bacteria, at, leasine with isoquinolinesl1 obtained in our investigations, the best results o
one of the standard reference dragspicillin. The activity of es antiproliferative activity were obtained for addutib, which
some of them was found to be equal to that of rpotent drug.  Showed active against all the cell lines withsfQlalues in the
Analyzing results in terms of maximum how many kacm range 9.5-18 uM. This is a relevant result, since the class of
species a compound can Kill effectively, it revelaiee compound — adduct correlates to selectivity towards cancericels.
can cover a maximum five species at least with fbéency Analysing N-fused indoles derived from amino aeisters,
equivalent toampicillin. Examples includ@c, 9¢, 10eand11b. o structurally, it reveals that methyl at pyrolidingrogen confers
Among them, 7c revealed excellent activity against Gram- heterocycles with enhanced resistivity agai@kistridium tetani
positive Clostridium tetani(reaching to potency of even more and Escherichia coli bacteria, when carbpropoxy moiety is
potentnorfloxacin) and Gram-negativEscherichia colibacteria ~ present at carbon next to this nitrogen. Pyrrolidivith
(reaching to the potency of even more potibramphenicol). morpholine or ethyl moieties at nitrogen in combio@ with
Similarly, compound 9c resembled more potent standards caromethoxy group also had a similar effect agaithsise
norfloxacin drug in activity, against Gram-positivBacillus ~ bacteria. Carbbutoxy moiety, on the other hand, e less
subtilisbacteria. Compoundé, 7d, 8a, 8c, 8d, 9e, 10a, 10b, 10c effect on activity, irrespective of substituentgest at pyrrolidine
and11a,on the other hand, had recorded better resistzgaiast nitrogen. Antiproliferative activity, neverthelesseemed to be
at least four types of bacteria. Among théfa, 7d, 8c,and10a  altered very less taking any ester component witiethyl/N-
registered excellent activity against Gram-posit@@stridium s ethyl pyrrolidine ring, against HelLa (cervix) celines. In
tetani bacteria, with MIC values in line wittiprofloxacin which addition, N-ethyl pyrrolidine with any ester compom had
is more potent thammpicillin. Compounds7d and 10a with similar effect against Widr(colon) cell lines. TNefused indoles
chloramphenicol-equivalent potency had good results againstderived from tetrahydreoisoquinolines showed  reiualk
Bacillus subtilisand Salmonella typhbacteria respectively. It is ~ bioactivities as well. In general, heterocycles ivbet from
noted that botliprofloxacin and compoundd recorded similar ss electron releasing methoxy substitutedrahyderoisoquinoline
MIC value againsBacillus subtilisbacteria. Next, those with at are excellent in antibacterial, antitubercular, iaitlant and
least activity against three types of bacteriuncigseincluderb, antiproliferative activities, compared to the orderived from
7e, 8b, 8e, 9b, 9&nd10d. Among thenBb, 8cand9d are very  simple tetrahydro isoquinoline.
close to standardiprofloxacin in potency, againsClostridium
tetani bacteria. Further, a few of the compounds showedg ,, << Taple 4: Antiproliferative activity (Gio) against human solid tumor
antifungal activity, particularly again§tandida albicangungus. cells. >>
Examples include7a, 7e, 8c, 8e, 9cand 10d all having
griseofulvin-equivalent  power. As anti-fungal agents,
compound¥d, 10aand10b are relatively more active.

Biological results

Conclusions

Anti-tubercular activity study shows that compounéld and Thus, we synthesizedN-fused indole and isoquinoline
10b have hlgheStM tuberculosis H37RWbacterial resistance, os derivatives as new bioactive Compounds'a 113_dip0|ar
with growth inhibition in the 90-100% range. Compds8a, 93,  cycloaddition reaction, using an ionic liquid, TEAAS
9c,10aand11’b have growth inhibition in the 80-90% range. inexpensive, environmentally friendly and recyctabeaction

medium. The resistance power B, 7d, 8aand 10a at least

FRAP values of majority of the heterocycles areuath225  against one of the bacterial species studied idhesig with
(mmo/100 gm), indicating that they are moderatariti-oxidant .4, resembling Chloramphenicol in activity with MIC 62}5g/L.

power. However, compouritDb revealed remarkable activity. Antiproliferative activity of 11b, on the other hand, found
<< Table 3: Antimicrobial, antitubercular and antioxidant aittis test excellent against all cell lines, with &halues laying in the 9.5—
result. >> 18 uM range, comparable with standard drugs used. Bediab,

L ) . ) with FRAP value of 225 (mmol/100 gm), showed exaiferric
The antiproliferative activity of 7-11 was evaluated against a

) ) o 105 reducing anti-oxidant power.

panel of representative human tumor cell linesudicig A549

(lung), HelLa (cervix), SW1573 (lung), T-47D (bréaahd WiDr

(colon), using the SRB ass&/The experimental G values are

summarized in Table 4 and compared to thosecigplatin,

etoposideand camptothecin after 48 h of treatment. Taken as a

whole, pyrrolo-fused-indole§-8 was the most active class of

compounds, with activity against all cell linestégs In this

This journal is © The Royal Society of Chemistry [year] Journal Name, [year], [vol], 00-00 | 3
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138.5(Ar-C), 172.87(C=0). ESI-MSm(2: 304.97 (M), Anal
Calcd for GgH;7CIN,O,: C, 63.05; H, 5.62; N, 9.19; Found: C,
63.35; H, 5.27; N, 9.42.

All solvents and reagents were used as suppli@dn fr e
commercial sources. The recorded melting pointsiacerrected.  Ethyl (2S,3aS,10bS)-10-chloro-1-methyl-1,2,3,3a,410
IR spectra were recorded in KBr on Shimadzu FT-IR 8401hexahydropyrrolo[2',3"3,4] pyrrolo[1,2-aJindole-2-
spectrometer and are reported in wave numbers)(¢id NMR  carboxylate(7b). yield 82%, mp 102-108, IR (Vmay CMY):
and *C NMR spectra were recorded on a Bruker Avance 4003059, 2983, 1730, 1631, 1455, 1177, 1038, 732, 82\MR
spectrometer operating at 400 MHz fét NMR and 100 MHz & (400 MHz, CDCY): 6 1.33(3H, t,J = 6.4 Hz, -OCHCHj),
for 3C NMR as solutions in CDGlunless otherwise indicated. 2.21(1H, m, H-3’), 2.40(1H, ddd] = 13.2, 8.4, 5.2 Hz, H-3),
Chemical shifts are reported as parts per milliopn(pd) and  2.75(3H, s, N-CH), 3.66(1H, tJ = 5.6 Hz, H-2), 3.79(1H, m, H-
referenced to the residual protic solvent. Couplingstants are  3a), 3.96 (1H, ddd) = 9.9, 4.0, 1.2 Hz, H-4), 4.18-4.28(3H, m,
reported in Hertz (Hz). Splitting patterns are deated as s, 2H of -COOCHCH; and 1H of H-4’), 4.82(1H, d] = 7.6 Hz, H-
singlet; d, doublet; t, triplet; g, quartet; brobad; m, multiplet. 7 10b), 7.18(3H, m, Ar-H.), 7.6(1H, dd,= 7.8, 0.8 Hz, H-9)**C
The degree of substitution (C, CH, gHand CH) was NMR (100 MHz, CDCJ): 6 14.3(OCHCHs), 36.7(C-3),

Experimental

Materials and methods

determined by the DEPT-135 method. The ESI massrspeere

37.1(NCH), 45.3(C-3a), 50.8(C-4), 60.6(0GEHs), 64.8(C-

measured on Shimadzu LCMS-2010 spectrometer. Elanent 10b), 67.0(C-2), 98.2(C-10), 110.0(C-6), 118.6, .120122.2,

analysis (% C, H, N) was carried out by Perkin-EIn2€00
series-Il elemental analyzer (Perkin-Elmer, USA)LCT was
performed on Merck 60 F254 precoated silica pladpsts were

130.2, 131.9, 138.5 (Ar-C), 172.8(C=0). ESI-M&/3: 319.10

5 (M)*, Anal Calcd for GH1oCIN,O,: C, 64.05; H, 6.01; N, 8.79;

Found: C, 64.21; H, 6.17; N, 8.62.

detected either by UV (254 nm, 366 nm) or dippimgoia
permanganate [KMngX3 g), K,CO;(20 g), NaOH (5 mL, 5% in  Propyl (2S,3aS,10bS)-10-chloro-1-methyl-1,2,3,3al0b-
H,0), H0 (300 mL)] or an anisaldehyde solution [3 % p- hexahydropyrrolo[2',3":3,4] pyrrolo[1,2-a]indole-2-
methoxybenzaldehyde and 1 %8, in MeOH] or 2,4 dinitro s carboxylate(7c) yield 77%, mp 106-108, IR (Vmay CMY):
phenyl hydrazine solution [2,4-DNP (12 g), congSBy (6 mL), 3059, 2984, 1732, 1630, 1457, 1179, 1039, 730, 58ONMR
water (8 mL), EtOH (20 mL)] followed by heating. (400 MHz, CDC)): 0 0.99(3H, t, J 78 Hz, -
COOCHCH,CH3), 1.75(2H, m, -COOCKCH,CH;), 2.19(1H,
m, H-3"), 2.42(1H, dddJ = 13.8, 8.2, 5.4 Hz, H-3), 2.74(3H, s, -
s NCHy), 3.70(1H, t,J = 5.4 Hz, H-2), 3.79(1H, m, H-3a), 3.98
(1H, ddd,J = 9.6, 4.0, 1.6 Hz, H-4), 4.17 (3H, m, 2H of -
COOCHCH,CHjs, 1H of H-4"), 4.83(1H, dJ = 7.8 Hz, H-10b),
7.16(3H, m, Ar-H), 7.71(1H, ddl = 7.6, 1.0 Hz, H-9)}*C NMR
(100 MHz, CDCi): & 10.4(-COOCHCH,CHs), 22.1(-
90 COOCHCH,CH;), 36.6(C-3), 37.0(-NC}), 45.3(C-3a), 50.7(C-
4), 64.8(C-10b), 66.7(-COOGBH,CH;), 67.0(C-2), 98.2(C-10),
110.0(C-6), 118.5, 120.1, 122.2, 130.2, 131.9, 1(28-C),

General procedure for the synthesis oN-fused indoles and
isoquinolines:

A mixture of an aldehyde 1 (1 equiv.) and an acyskcondary
amine2-5 (1 equiv.) or isoquinolinéa-b (1 equiv.) in 2 mL of
ionic liquid TEAA in a round bottom flask was hedtat 100°C
and completion of the reaction was confirmed thtotlge TLC.
The reaction mass was cooled to room temperatwiepanred
into ice species. The oily product thus emulsifieds then
extracted with three 10 mL diethyl ether portiolhgielded crude
products in quantitative amounts on removal of ethmally, the 172.8(C=0). ESI-MS rf/2: 332.92 (MJ, Anal Calcd for
product was purified by column chromatography usirgf:10n- CyeHo1CINLO,: C, 64.96; H, 6.36; N, 8.42; Found: C, 64.75: H,
hexane-ethyl acetate mixture as an eluent. Thels/igkere in the 6.47: N, 8.62

75-85 % range. The TEAA was recovered quantitativiey
heating the aqueous layer—left after the etheraetiom of
product—under the reduced presser at@0The recovered ionic
liquid can be used again for the same. It was adtibat TEAA
can be recycled at least four-time with its unaieefficiency.

Isopropyl  (2S,3aS,10bS)-10-chloro-1-methyl-1,2,33},10b-
hexahydropyrrolo [2',3":3,4]pyrrolo[1,2-a]indole-2-
carboxylate(7d) yield 84%, mp 107-108; IR (Vma CMY):

100 3058, 2984, 1732, 1632, 1456, 1179, 1038, 732, 599YMR
(400 MHz, CDC}): ¢ 1.30(3H, dJ = 2.4 Hz, CH of isopropyl),
1.32(3H, d,J = 2.4 Hz, CH of isopropyl), 2.20(1H, m, H-3"),
2.39(1H, dddJ = 12.8, 8.2, 5.0 Hz, H-3), 2.74(3H, s, N-gH
3.67(1H, t,J = 5.8Hz, H-2), 3.80(1H, m, H-3a), 3.96 (1H, ddd,

105 = 9.8, 4.0, 1.2 Hz, H-4), 4.18(1H, dd,= 16.8, 7.8 Hz, H-4"),
4.81(1H, d,J = 7.4 Hz, H-10b), 5.12(1H, septet,= 6.4 Hz, —
CH(CHg),), 7.18(3H, m, Ar-H), 7.61(1H, dd, = 7.6, 0.8 Hz, H-
9); ¥ NMR (100 MHz, CDGJ):  21.2(-OCH(CH),), 36.7(C-
3), 37.0(-NCH), 45.2(C-3a), 50.7(C-4), 64.8(C-10b), 67.0(C-2),

110 68.0(-CH(CH),), 98.2(C-10), 110.0(C-6), 118.5, 120.1, 122.2,
130.2, 131.9, 138.6(Ar-C), 172.87(C=0). ESI-M8/3: 332.94
(M)*, Anal Calcd for GgH»N,O,, C, 64.96; H, 6.36; N, 8.42;
Found: C, 64.88; H,6.25; 8.34.

Spectroscopy data of compounds (7-11)

Methyl (2S,3aS,10bS)-10-chloro-1-methyl-1,2,3,3al40b-
hexahydropyrrolo[2',3":3,4]pyrrolo[1,2-a]indole-2-

carboxylate (7a). yield 82%, mp 118-120C, IR (pax CMY):
3058, 2983, 1732, 1630, 1455, 1178, 1039, 731, 89QYMR
(400 MHz, CDC}): 6 2.20(1H, m, H-3"), 2.41(1H, ddd,= 13.6,
8.2, 5.6 Hz, H-3), 2.76(3H, s, -NG} 3.68(1H, tJ = 5.8Hz, H-
2), 3.78(4H, m, 3H of -COOGCH 1H, H-3a), 3.97 (1H, ddd), =
9.8, 4.2, 1.4 Hz, H-4), 4.19 (1H, m, H-4'), 4.8/(1d,J = 7.4
Hz, H-10b), 7.17(3H, m, Ar-H), 7.70(1H, dd= 7.6, 1.0 Hz, H-
9); C NMR (100 MHz, CDGJ): ¢ 36.7(C-3), 37.1(-NCh),
45.3(C-3a), 50.8(C-4), 51.3(-CO0OG)H64.8(C-10b), 67.0(C-2),
98.2(C-10), 110.0(C-6), 118.6, 120.1, 122.2, 130131.9,

4 | Journal Name, [year], [vol] , 00—00 This journal is © The Royal Society of Chemistry [year]
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Butyl (2S,3aS,10bS)-10-chloro-1-methyl-1,2,3,3a,04- carboxylate(8c); yield 84%, mp 64-6&, IR (vmay, cm): 3050,
hexahydropyrrolo[2',3":3,4] pyrrolo[1,2-aJindole-2- & 2976, 1730, 1632, 1452, 1198, 1168, 739, 648; NMR (400
carboxylate(7e).yield 77%, mp 92-9%€, IR (Vmax CM-): 3060, MHz, CDCk): 6§ 0.99 (3H, t,J = 7.4 Hz, —COO(CH,CHy),
2982, 1732, 1630, 1456, 1178, 1039, 731, 66ONMR (400  1.21(3H, t, J = 7.4 Hz, —-NCHCHz), 1.72(2H, m, -
MHz, CDCk): 6 0.99(3H, t,J = 7.8 Hz, -COO(CH3;CHa), COOCHCH,CHy), 2.22(1H, m, H-3%), 2.41(1H, ddd] = 12.6,
1.43(2H, sextetJ = 7.6 Hz, -COO(CH,CH,CHs), 1.68(2H, 9.2, 3.4 Hz, H-3), 2.95(1H, m, 1H of -NGEH3), 3.30(1H, m,
quintet,J = 7.2 Hz, -COOCKCH,CH,CHy), 2.22(1H, m, H-3), s 1H of -NCH,CHj), 3.78(1H , m, H-3a), 3.97(2H, m, 1H of H-2
2.39(1H, dddJ = 13.6, 8.4, 5.6 Hz, H-3), 2.73(3H, s, -NgH and 1H of H-4), 4.16-4.21(3H, m, 1H of H-4" and 2M -
3.70(1H, tJ = 5.4 Hz, H-2), 3.78(1H, m, H-3a), 3.97 (1H, ddd, COOCH,), 4.79(1H, d,J = 7.8 Hz, H-10b), 7.21(3H, m, Ar-H),
= 94, 42, 18 Hz, H4), 419 (3H, m, 2H of - 7.62(1H, dd) = 7.4, 1.6 Hz, H-9}*C NMR (100 MHz, CDCJ):
COOCH,(CH,),CHs, 1H of H-4"), 4.81(1H, dJ = 7.6 Hz, H- ¢ 10.4(~COO(CH),CHs), 13.8(-NCHCHy), 22.1(-
10b), 7.17(3H, m, Ar-H), 7.70(1H, dd,= 7.4, 1.2 Hz, H-9)®*C 7 COOCHCH,CH,) 35.9(C-3), 44.2(-NChkCH,), 45.0(C-3a),
NMR (100 MHz, CDC}): ¢ 10.4(-COO(CH)sCH3), 19.2(- 50.5(C-4), 63.9(C-2), 64.1(C-10b), 66.3(-COOLH,CHs),
COOC(CH),CH,CHjz), 30.7(-COOCHCH,CH,CHz), 36.7(C-3),  97.7(C-10), 112.0(C-6), 118.5, 120.0, 122.1, 13031,.8, 139.4
37.1(-NCH;), 45.3(C-3a), 50.7(C-4), 64.7(C-10b), 66.7(- (Ar-C), 173.8(C=0); ESI-MSm/2: 346.87 (M}, Anal Calcd for
COOCH,(CH,),CHs), 67.0(C-2), 98.2(C-10), 110.0(C-6), 118.5, C;gH,:CIN,O,: C, 65.79; H, 6.68; N, 8.08; Found: C, 65.89; H,
120.1, 122.2, 130.2, 131.9, 138.5(Ar-C), 172.8(C=E8I-MS 5 6.43; N, 7.89.

(m/2): 347.04 (MY, Anal Calcd for GgH,3sCIN,O,: C, 65.79; H,

6.68; N, 8.08; Found: C, 65.55; H, 6.57; N, 8.22 Isopropyl (2S,3aS,10bS)-10-chloro-1-ethyl-1,2,3,3a10b
hexahydropyrrolo[2',3":3,4] pyrrolo[1,2-a]indole-2-
Methyl (2S,3aS,10bS)-10-chloro-1-ethyl-1,2,3,3a,04- carboxylate (8d) yield 78%, mp 62-6%, IR (vmax, cmb):

hexahydropyrrolo [2',3:3,4] pyrrolo[1,2-ajindole-2- s 3054, 2967, 1733, 1631, 1456, 1373, 1185, 1107, 838; H
carboxylate(8a) yield 85%, mp 84-8€, IR (Vyay Cm%): 3051, NMR (400 MHz, CDC}): 6 1.2(3H, t,J = 7.2 Hz, —CHCH,),
2975, 1728, 1631, 1453, 1197, 1169, 738, 65DNMR (400 1.31(3H, dJ = 2.4 Hz, CH of isopropyl), 1.32(3H, d] = 2.4 Hz,
MHz, CDCk): 6 1.20(3H, tJ = 7.2 Hz, -=NCHCH;), 2.19(1H, m,  CHjz of isopropyl), 2.19(1H, m, H-3), 2.39(1H, ddd,= 13.4,
H-3"), 2.40(1H, ddd,) = 12.8, 9.4, 3.2 Hz, H-3), 2.95(1H, m, one 9.2, 2.8 Hz, H-3), 2.93(1H, m, 1H of -NGEH,), 3.37(1H, m,
of NCH,CHj), 3.35(1H, m, another of -NGBHy), 3.78(4H, m, & 1H of -NCH,CHj), 3.81(1H, m, H-3a), 3.93(1H, dd,= 7.2, 2.8
3H of -COOCH, and 1H of H-3a), 3.96(2H, m, 1H of H-2, and Hz, H-4), 3.98(1H, ddJ = 10.2, 4.0 Hz, H-2),4.20(1H, dd,=
1H of H-4), 4.18(1H, ddJ = 10, 8.4 Hz, H-4"), 4.82(1H, d| = 17.2, 8.0 Hz, H-4"), 4.82(1H, d] = 8.4 Hz, H-10b), 5.12(1H,
8Hz, H-10b), 7.20(3H, m, Ar-H), 7.60(1H, dii= 7.6, 1.6 Hz, H-  septet,J = 6.4 Hz, -OCH(CH),), 7.19(3H, m, Ar-H), 7.59(1H,
9); 3C NMR (100 MHz, CDG)J): 6 13.8(-NCHCH,), 35.9(C-3),  dd,J = 7.8, 1.2 Hz, H-9)X*C NMR (100 MHz, CDCJ): 6 13.5(-
44.2(-NCHCH,), 45.0(C-3a), 50.5(C-4), 51.3(GH 63.9(C-2), s NCH,CH), 21.2(Me of iso propyl), 35.9(C-3), 44.6(-NGEH,),
64.1(C-10b), 97.7(C-10), 110.0(C-6), 118.5, 1202R.1, 130.1, 45.7(C-3a), 50.7(C-4), 64.1(C-2), 64.2(C-10b), €8.0
131.8, 139.4(Ar-C), 173.8(C=0); ESI-MSnf): 319.10 (M§, = OCH(CHy),) 97.4(C-10), 110.0, 118.1, 120.1, 122.2, 130.1,
Anal Calcd for G;H1oCIN,O,: C, 64.05; H, 6.01; N, 8.79; Found: 131.6, 139.6(Ar-C.), 173.4(C=0); ESI-M®/): 346.00 (M},

C, 63.88; H, 6.23; N, 8.94. Anal Calcd for GgH,3CIN,O,: C, 65.79; H, 6.68; N, 8.08; Found:
95 C, 65.88; H, 6.73; N, 8.16.

Ethyl (2S,3aS,10bS)-10-chloro-1-ethyl-1,2,3,3a,4,10b

hexahydropyrrolo[2',3":3,4] pyrrolo[1,2-a]indole-2- Butyl (2S,3aS,10bS)-10-chloro-1-ethyl-1,2,3,3a,414:0

carboxylate(8b), yield 82%, mp 92-%€, IR (Vmaw CMY): 3053, hexahydropyrrolo[2',3":3,4] pyrrolo[1,2-a]indole-2-

2973, 1730, 1630, 1450, 1248, 1198, 1170, 739, 83IMR carboxylate (8e) yield 89%, mp 60-6Z, IR (Vmay Cm1): 3052,
(400 MHz, CDCY): § 1.22(3H, t,J = 7.2 Hz, —NCHCHy), 102976, 1729, 1630, 1451, 1198, 1170, 1130, 740, 64BNMR
1.32(3H, t,J = 6.8 Hz, —COOChKCH,), 2.20(1H, m, H-3), (400 MHz, CDC}): § 0.98 (3H, tJ = 7.6 Hz, —COO(Ch)sCHs),
2.42(1H, dddJ = 12.4, 9.6, 3.4 Hz, H-3), 2.94(1H, m, 1H of - 1.19(3H, t,J = 7.8 Hz, -NCHCH,), 1.42(2H, sextet] = 7.2 Hz,
NCH,CHg), 3.32(1H, m, 1H -NCKCHy), 3.79(1H , m, H-3a), —-COO(CH),CH,CH,), 1.68(2H, quintet,J = 7.2 Hz, -
3.98(2H, m, 1H of H-2 and 1H of H-4), 4.18-4.22(3H, 1H of COOCHCH,CH,CH,), 2.21(1H, m, H-3’), 2.41(1H, ddd] =
H-4' and 2H of -COOCH), 4.80(1H, d,J = 8.2 Hz, H-10b), 105 12.8, 9.6, 3.2 Hz, H-3), 2.94(1H, m, 1H of -N&H,), 3.32(1H,
7.22(3H, m, Ar-H), 7.62(1H, dd, = 7.8, 1.4 Hz, H-9)*C NMR  m, 1H of -NCHCHj), 3.79(1H, m, H-3a), 3.96(2H, m, 1H of H-2,
(100 MHz, CDC}): 6 13.8(-NCHCH,), 14.3(-COOCHCH;) and 1H of H-4), 4.18-4.21(3H, m, 1H of H-4' and 2M -
35.9(C-3), 44.2(-NChKCHjy), 45.0(C-3a), 50.4(C-4), COOCH,), 4.80(1H, d,J = 7.6 Hz, H-10b), 7.20(3H, m, Ar-H),
60.3(COOCHCH,), 63.9(C-2), 64.1(C-10b), 97.7(C-10), 7.61(1H, ddJ= 7.2, 1.8 Hz, H-9)**C NMR (100 MHz, CDGJ)):
112.0(C-6), 118.5, 120.0, 122.1, 130.1, 131.8, 4(28-C), 1100 10.4(-COO(CH)sCHy), 13.8(-NCHCHy), 19.2(-
173.8(C=0); ESI-MS rt/2: 332.82 (MJ, Anal Calcd for  COO(CH),CH,CHs), 30.7(-COOCHCH,CH,CHz) 35.9(C-3),
Ci1gH,1CIN,O,: C, 64.96; H, 6.36; N, 8.42; Found: C, 64.86; H, 44.2(-NCHCHj3), 45.0(C-3a), 50.5(C-4), 63.9(C-2), 64.1(C-10b),

6.53; N, 8.74. 66.8(-COOCH(CH,),CHs), 97.7(C-10), 112.0(C-6), 118.5,
120.0, 122.1, 130.1, 131.8, 139.4(Ar-C), 173.8(C=B§I-MS

Propyl (2S,3aS,10bS)-10-chloro-1-ethyl-1,2,3,3a,8F 15 (M/2: 360.88 (MY, Anal Calcd for GH,sCIN,O,: C, 66.56; H,

hexahydropyrrolo[2',3":3,4] pyrrolo[1,2-a]indole-2- 6.98; N, 7.76; Found: C, 66.78; H, 6.54; N, 7.98.

This journal is © The Royal Society of Chemistry [year] Journal Name, [year], [vol], 00-00 | 5
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4 NMR (400 MHz, CDC)): 6 1.31(3H, d,J = 2.4 Hz, Me of
Methyl (2S,3aS,10bS)-1-benzyl-10-chloro-1,2,3,3d8b- 0 isopropyl), 1.33(3H, dJ = 2.4 Hz, Me of isopropyl), 2.18(1H, m,
hexahydropyrrolo [2',3":3,4]pyrrolo[1,2-a]indole-2- H-3"), 2.36(1H, dddJ = 12.8, 9.2, 3.2 Hz, H-3), 3.69(1H,X=
carboxylate (9a) yield 80%, mp 154-156, IR (Vmax CM-): 6.0 Hz, H-2), 3.84(1H, m, H-3a), 4.03(2H, m, -N{H),
5 3055, 2980, 1723, 1581, 1455, 1369, 1195, 1028, 7G5S, 598; 4.20(1H, m, H-4), 4.82(1H,d = 13.4 Hz, H-4"), 5.02(1H, d] =
4 NMR (400 MHz, CDCJ): ¢ 2.16(1H, m, H-3"), 2.35(1H, ddd, 8.4 Hz, H-10b), 5.14(1H, septefi = 6.4 Hz, —CH(CH),),
J=12.4,9.0, 3.2 Hz, H-3), 3.67(1HJtz 6.2 Hz, H-2), 3.77(3H, s 7.25(8H, m, Ar-H), 7.65(1H, d] = 7.8 Hz, H-9)*C NMR (100
s, -COOCH), 3.84(1H, m, H-3a), 4.06(2H, m, -NGPh), = MHz, CDCk): § 21.3(-COOCH(CH),), 35.8(C-3), 45.4(C-3a),
4.21(1H, m, H-4), 4.79(1H, d,= 13.4 Hz, H-4’), 5.01(1H, dl=  50.2(C-4), 54.0(-NCkPh), 63.8(C-10b), 64.3(C-2), 68.0(-
10 8.2 Hz, H-10b), 7.25(8H, m, Ar-H), 7.62(1H,3= 7.4 Hz, H-9);  CH(CHs),), 97.2(C-10), 110.0(C-6), 118.6, 120.0, 122.1,.127
13C NMR (100 MHz, CDG)): 6 35.8(C-3), 45.4(C-3a), 50.1(C-4), 128.2, 129.0, 130.1, 131.7, 138.8, 140.3(Ar-C), 4(f8=0);
51.3(-COOCH), 54.0(-NCHPh), 63.9(C-10b), 64.4(C-2), 70 ESI-MS (n/2: 408.90 (M}, Anal Calcd for GsH»:CIN,O,: C,
97.2(C-10), 110.0(C-6), 118.6, 120.0, 122.1, 12728B.2, 129.0, 70.49; H, 6.16; N, 6.85; Found: C, 70.54; H, 6/886.73
130.2, 131.7, 138.8, 140.3(Ar-C), 173.4(-C=0); ESI-M&2:

15 380.87 (MY, Anal Calcd for G,H»,CIN,O,: C, 69.38; H, 5.56; N,  Butyl (2S,3aS,10bS)-1-benzyl-10-chloro-1,2,3,3a,8l%t
7.36; Found: C, 69.54; H, 5.68; N, 7.42. hexahydropyrrolo[2',3":3,4] pyrrolo[1,2-ajindole-2-
75 carboxylate (9e) yield 74%, mp 96-9%, IR (Vymaw CMY): 3052,

Ethyl (2S,3aS,100bS)-1-benzyl-10-chloro-1,2,3,3a,410 2981, 1722, 1584, 1453, 1372, 1194, 1028, 741, 80Z; H
hexahydropyrrolo[2',3":3,4] pyrrolo[1,2-a]indole-2- NMR (400 MHz, CDC}J): § 0.99(3H, t,J = 7.8 Hz, -
20 carboxylate(9b), yield 82%, mp 124-128, IR (Vpay CMY): COO(CH)3CHs), 1.46(2H, sextet, J = 7.6 Hz, -

3053, 2982, 1720, 1582, 1455, 1371, 1194, 1027, 780, 599; COO(CH),CH,CH), 1.66(2H, quintet, J = 6.8 Hz, -
'H NMR (400 MHz, CDCJ): ¢ 1.30(3H, t,J = 7.2 Hz, - s COOCHCH,CH,CHy), 2.16(1H, m, H-3"), 2.34(1H, ddd] =
COOCHCH;), 2.17(1H, m, H-3"), 2.34(1H, ddd, = 12.6, 9.2, 12.6, 8.8, 3.2 Hz, H-3), 3.68(1H,X= 6.2 Hz, H-2), 3.87(1H, m,
3.0 Hz, H-3), 3.68(1H, tJ = 6.0 Hz, H-2), 3.85(1H, m, H-3a), H-3a), 4.06(2H, m, -NCHPh ), 4.17(3H, m, 1H of H-4 and 2H of
25 4.05(2H, m, -NCHPh), 4.2(3H, m, 2H of -COOGBHg, and 1H  -COOCH,CH,CH,CH;), 4.79(1H, d,) = 13.4 Hz, H-4"), 4.99(1H,
of H-4), 4.8(1H, dJ = 13.6 Hz, H-4"), 5.0(1H, d) = 8.0 Hz, H-  d,J = 7.6 Hz, H-10b), 7.25(8H, m, Ar-H), 7.62(1H,X& 7.6 Hz,
10b), 7.23(8H, m, Ar-H), 7.63(1H, d,= 7.6 Hz, H-9)°C NMR & H-9); °C NMR (100 MHz, CDGJ)): § 10.4(-COO(CH)sCHs),
(100 MHz, CDC)): 6 14.4(-COOCHCHZ), 35.8(C-3), 45.4(C-  19.2(-COO(CH),CH,CHj), 30.7(-COOCHCH,CH,CHj),
3a), 50.1(C-4), 54.0(-NCjPh), 60.3(-COOCKCH;), 63.9(C-  35.8(C-3), 45.4(C-3a), 50.1(C-4), 54.0(-Ngk), 63.9(C-10b),
20 10b), 64.4(C-2), 97.2(C-10), 110.0(C-6), 118.6, .020122.1,  64.4(C-2), 66.7(-COOCKH,CH,CHz), 97.2(C-10), 110.0(C-6),
127.1, 128.2, 129.0, 130.2, 131.7, 138.8, 140.8®Ar173.4(- 118.6, 120.0, 122.1, 127.1, 128.2, 129.0, 130.2,7,3138.8,
C=0); ESI-MS (n/2: 395.30 (M), Anal Calcd for s 140.3(Ar-C), 173.4(-C=0); ESI-MSn{/2: 422.95 (M}, Anal
C,3H23CINLO,: C, 69.95; H, 5.87; N, 7.09; Found: C, 69.74; H, Calcd for GsH,7CIN,O,: C, 70.99; H, 6.43; N, 6.62; Found: C,

5.68; N, 7.23. 70.64; H, 6.58; N, 6.92.

35
Propyl (2S,3aS,10bS)-1-benzyl-10-chloro-1,2,3,34d,8b- Methyl  (2S,3aS,10bS)-10-chloro-1-(2-morpholin-4-ytayl)-
hexahydropyrrolo[2',3":3,4] pyrrolo[1,2-ajindole-2- o 1,2,3,3a,4,10b-hexahydro  pyrrolo[2',3"3,4]  pyrrol¢l,2-

carboxylate (9c) yield 78%, mp 126-12€, IR (vmax, cn): ajindole-2-carboxylate (10a) yield 76%, IR {mas CM): 3060,
3054, 2981, 1725, 1582, 1457, 1369, 1196, 1029, 733, 601; 2956, 1727, 1684, 1456, 1338, 1158, 1029, 745, 862, 608;
©'H NMR (400 MHz, CDC)): 6 1.02(3H, t,J = 7.4Hz, - H NMR (400 MHz, CDCJ): § 2.24(1H, m, H-3'), 2.40-2.62(7H,
COO(CH),CHg), 1.76(2H, m, -COOCKCH,CHz), 2.18(1H, m, m, 1H of H-3 and 6H of —CHN-(CH,),-), 3.12(1H, m, 1H of
H-3"), 2.33(1H, ddd,J = 12.8, 9.0, 3.0 Hz, H-3), 3.69(1H,k= 10 CH,-11), 3.52(1H, m , 1H of CH11), 3.70(5H, m, 1H of H-3a,
5.8 Hz, H-2), 3.86(1H, m, H-3a), 4.09(4H, m, 2H-BICH,Ph  and 4H of —-CH-O-CH,-), 3.79(3H, s, -COOCH), 3.96(1H, dd,)
and 2H of -COOCKCH,CHy), 4.19(1H, m, H-4), 4.81(1H,d,= = 10.2, 4.0 Hz, H-2), 4.07(2H, m, H-4 and H-4")8&(1H, d,J =
45 13.6 Hz, H-4"), 5.01(1H, dJ = 7.8 Hz, H-10b), 7.24(8H, m, Ar- 8.4 Hz, H-10b), 7.21(3H, m, Ar-H), 7.59(1H, 3= 7.6 Hz, H-9);
H), 7.64(1H, dJ = 7.2 Hz, H-9)1*C NMR (100 MHz, CDGJ)): ¢ 3C NMR (100 MHz, CDG)): ¢ 36.1(C-3), 44.8(C-3a), 46.4(C-
10.4(-COO(CH),CH,), 22.1(-COOCHCH,CHg), 35.8(C-3), 105 11), 50.3(C-4), 51.3(-COOGH 53.7(C-14), 57.7(C-12), 64.6(C-
45.4(C-3a), 50.1(C-4), 54.0(-NGPh), 63.9(C-10b), 64.4(C-2), 10b), 64.7(C-2), 66.2(C-15), 97.3(C-10), 110.0, .218120.0,
66.7(-COOCHCH,CH,), 97.2(C-10), 110.0(C-6), 118.6, 120.0, 122.1, 130.0, 131.7, 139.7(Ar-C), 173.5(-C=0); ESI-\#&2):
s0122.1, 127.1, 128.2, 129.0, 130.1, 131.7, 138.8).3(Ar-C), 404.02 (MY, Anal Calcd for GH,6CIN3Os: C, 62.45; H, 6.49; N,

173.4(-C=0); ESI-MS r(/2: 408.92 (M), Anal Calcd for  10.40; Found: C, 62.64; H, 6.38; N, 10.02.

C,H,sCIN,O,: C, 70.49; H, 6.16; N, 6.85; Found: C, 70.54; Hy

6.38; N, 6.72. Ethyl (2S,3aS,10bS)-10-chloro-1-(2-morpholin-4-yletd)-

1,2,3,3a,4,10b-hexahydro  pyrrolo[2',3":3,4]  pyrrol¢1,2-

ss Isopropyl  (2S,3aS,10bS)-1-benzyl-10-chloro-1,2,3,3310b- alindole-2-carboxylate (10b) yield 78%, IR {may, cm1): 3059,

hexahydropyrrolo[2',3":3,4] pyrrolo[1,2-alindole-2- 2954, 1729, 1685, 1454, 1336, 1151, 1028, 742, 861, 612;

carboxylate (9d) vyield 76%, mp 132-13€, IR (Vmay CMY): 1s*H NMR (400 MHz, CDCJ): ¢ 1.32(3H, t,J = 7.6 Hz, -

3055, 2984, 1719, 1579, 1458, 1369, 1192, 1028, 7d@D, 602; COOCHCHy), 2.23(1H, m, H-3"), 2.38-2.63(7H, m, 1H of H-3,

6 | Journal Name, [year], [vol] , 00-00 This journal is © The Royal Society of Chemistry [year]
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and 6H of —CHN-(CH,)>), 3.13(1H, m, 1H of CH11),
3.51(1H, m, 1H of CH11), 3.71(5H, m, 1H of H-3a, and 4H ofs
-CH,-O-CH,-), 3.97(1H, dd,) = 10, 4.2 Hz, H-2), 4.07-4.15(4H,
m, 2H of -COOCHCHj5, and 2H of H-4 and H-4"), 4.85(1H, d,
= 8.2 Hz, H-10b), 7.20(3H, m, Ar-H), 7.58(1H, 3= 7.4 Hz, H-
9); 3C NMR (100 MHz, CDGJ): § 14.4(-COOCHCH;), 36.1(C-
3), 44.8(C-3a), 46.4(C-11), 50.3(C-4), 53.7(C-18},7(C-12),
60.5(-COOCHCH,), 64.6(C-10b), 64.7(C-2), 66.2(C-15),
97.3(C-10), 110.0, 118.4, 120.0, 122.1, 130.0, 2,3139.7(Ar-
C), 173.6(-C=0); ESI-MSni/2: 417.90 (M}, Anal Calcd for
CyH,CINO5: C, 63.22; H, 6.75; N, 10.05; Found: C, 63.54; H,
6.58; N, 10.22.

65

70

Propyl (2S,3aS,10bS)-10-chloro-1-(2-morpholin-4-ytbyl)-
1,2,3,3a,4,10b-hexahydro pyrrolo[2',3":3,4]pyrrolofL,2-
aJindole-2-carboxylate (10c) yield 72%, IR {mas CM-): 3059,
2952, 1728, 1632, 1455, 1308, 1116, 1026, 743, 8Q2; *H
NMR (400 MHz, CDCJ): § 1.01(3H, t,J = 7.6 Hz,
COOCHCH,CHs), 1.74(2H, m, -COOCKH,CH,), 2.25(1H,
m, H-3’), 2.40-2.65(7H, m, 1H of H-3, and 6H of —EN-
(CHy)z-), 3.12(1H, m, 1H of Ck11), 3.50(1H, m , 1H of CH
11), 3.7(5H, m, 1H of H-3a, and 4H of —§B-CH,-), 3.97(1H,
dd,J = 10, 4.4 Hz, H-2), 4.15(4H, m, 2H of —-COO&HH,CHg,
and 2H of H-4 and H-4), 4.84(1H, dl = 8.0 Hz, H-10b),
7.21(3H, m, Ar-H), 7.58(1H, d] = 7.6 Hz, H-9)**C NMR (100
MHz, CDCh): 0 10.4(-COO(CH),CHs), 22.1(-
COOCHCH,CH,), 36.1(C-3), 44.8(C-3a), 46.8(C-11), 50.3(Css
4), 53.7(C-14), 57.7(C-12), 64.6(C-10b), 64.8(C-&§,1(C-15),
66.7(-COOCH), 97.3(C-10), 110.0, 118.4, 120.0, 122.2, 130.0,
131.7, 139.7(Ar-C), 173.5(-C=0); ESI-M®n(9: 430.90 (M},
Anal Calcd for GsH3¢CIN;Os: C, 63.95; H, 7.00; N, 9.73; Found:
C, 63.74; H, 6.78; N, 9.96.

75

80
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Isopropyl (2S,3aS,10bS)-10-chloro-1-(2-morpholin-fdethyl)-
1,2,3,3a,4,10b-hexahydro pyrrolo[2',3":3,4] pyrrol¢l,2-
ajindole-2-carboxylate (10d) yield 74%, IR {max cmiZ): 3060,
2950, 1729, 1632, 1454, 1309, 1117, 1028, 741, 802; 'H
NMR (400 MHz, CDC)): ¢ 1.32(3H, d,J = 2.4 Hz, Me of -
COOCH(CHy),), 1.34(3H, dJ = 2.4 Hz, Me of -COOCH(CH},),
2.24(1H, m, H-3’), 2.40-2.66(7H, m, 1H of H-3 and 6f —CH,-
N-(CHy)>-), 3.12(1H, m, 1H of CK11), 3.51(1H, m, 1H of CH
11), 3.71(5H, m, 1H of H-3a and 4H of -gB-CH,-), 3.98(1H, 100
dd, J = 10.2, 4.6 Hz, H-2), 4.15-4.18(2H, m, H-4 and }-4
4.85(1H, d,J 8.2 Hz, H-10b), 5.14(1H, m, -CH(G}),
7.20(3H, m, Ar-H), 7.59(1H, d] = 7.6 Hz, H-9):*C NMR (100
MHz, CDCk): 6 21.3(-COOCH(CH),), 36.1(C-3), 44.8(C-3a),
46.8(C-11), 50.3(C-4), 53.7(C-14), 57.7(C-12), ©@-80b), 105
64.8(C-2), 66.1(C-15), 66.1(-CH(G}), 97.3(C-10), 110.0,
118.4, 120.0, 122.2, 130.0, 131.7, 139.7(Ar-C), 6(8=0);
ESI-MS (m/2: 430.94 (MJ, Anal Calcd for GsH3CIN3Os: C,
63.95; H, 7.00; N, 9.73; Found: C, 63.86; H, 6/819.86.

95

110
Butyl (2S,3aS,10bS)-10-chloro-1-(2-morpholin-4-yléiyl)-
1,2,3,3a,4,10b-hexahydro  pyrrolo[2',3"3,4]  pyrrol¢l,2-
ajindole-2-carboxylate (10e); yield 75%, IR {may, cit): 3060,
2955, 1728, 1685, 1455, 1337, 1152, 1028, 744, 863, 613;
'H NMR (400 MHz, CDCJ): 4 0.98(3H, t,J = 8.0 Hz, -O(CH)-
3CHa), 1.44(2H, sextetJ = 7.6 Hz, -COO(Ck),CH,CH,),

115

1.67(2H, quintet) = 7.2 Hz, -OCHCH,CH,CH,), 2.24(1H, m,
H-3"), 2.35-2.65(7H, m, 1H of H-3 and 6H of —GN-(CH,),-),
3.12(1H, m, 1H of Ck11), 3.50(1H, m , 1H of CH11),
3.69(5H, m, 1H of H-3a and 4H of —Gi®-CH,-), 3.98(1H, dd,]
=10.0, 4.0 Hz, H-2), 4.06(1H, dd= 7.6, 2.4 Hz, H-4), 4.18(3H,
m, 2H of -COOCH and 1H of H-4"), 4.84(1H, d] = 8.4 Hz, H-
10b), 7.19(3H, m, Ar-H), 7.58(1H, d,= 7.6 Hz, H-9)C NMR
(100 MHz, CDC}: 6 10.4(-COO(CH);CHy), 19.2(-
COO(CH2)CH,CHs), 30.7(-COOCHCH,CH,CHs), 36.1(C-3),
44.8(C-3a), 46.3(C-11), 50.3(C-4), 53.7(C-14), %2-12),
64.4(C-10b), 64.6(C-2), 64.9(C-15), 66.7(-COOLHI7.3(C-
10), 109.9, 118.4, 120.0, 122.2, 130.0, 131.7, 7(39-C),
173.6(-C=0); ESI-MS rt/2: 446.10 (M), Anal Calcd for
C,4H3.,CIN;Os: C, 64.63; H, 7.23; N, 9.42; Found: C, 64.74; H,
7.48; N, 9.76.

(4bR, 5aS, 12bS)-12-chloro-4b,5,5a,12b,14,15-hexdhy-6H-
benzo[5',6'lpyrrolizino [2',1":4,5]pyrrolo[2,1-
alisoquinoline(11a) yield 45%, mp 118-120, IR (Vyay, CMY):
3054, 2939, 2817, 1637, 1455, 1321, 1220, 740, BAMR
(400 MHz, CDC}): 6 2.30(1H, m, H-5), 2.40(1H, m, H-5),
2.90(1H, m, 1H of C-14), 3.15(2H, m, 1H of C-15 diid of C-
14), 3.66(2H, m, 1H of C-14 and 1H of H-5a), 4.08(, J=7.6
Hz, H-4b), 4.10(1H, ddJ = 10.2, 3.2 Hz, H-6), 4.28(1H, i, =
10.0 Hz, H-6'), 4.93(1H, dJ = 7.6 Hz, H-12b), 7.20(7H, m, Ar-
H), 7.61(1H, dJ = 8.0 Hz, H-11)}*C NMR (100 MHz, CDGJ)):

0 24.9(C-15), 34.6(C-5), 44.2(C-14), 48.4(C-5a), 58C-6),
59.6(C-4b), 64.4(C-12b), 99.0(C-12), 109.3, 11931.3, 122.5,
123.2, 125.0, 126.8, 128.2, 128.9, 129.9, 130.8,413.39.5(Ar-
C); ESI-MS (/2: 334.20 (MY}, Anal Calcd for GH,4CIN,: C,
75.33; H, 5.72; N, 8.37; Found: C, 75.41; H, 5838.42.

(4bS, 5aS, 12bS)-12-chloro-4b,5,5a,12b,14,15-hexdto6H-
benzo[5',6'pyrrolizino [2',1:4,5]pyrrolo[2,1-
alisoquinoline(11'a). yield 37%, mp 152-15€ IR (Vmae CMY):
3055, 2938, 2818, 1638, 1454, 1321, 1222, 1138, #42;'H
NMR (400 MHz, CDC})): § 1.89(1H, m, H-5’), 2.78(1H, m, H-5),
2.88(2H, m, two H of C-15), 3.16(1H, m, 1H of C-18)72(2H,
m, 1H of C-14 and 1H of H-5a), 3.89(1H, dds 10.8, 7.2 Hz, H-
6), 3.97(1H, ddJ = 10.0, 6.4 Hz, H-6’), 4.12(1H, d,= 8.4 Hz,
H-12b), 4.39(1H, tJ = 9.6 Hz, H-4b), 7.16(7H, m, Ar-H),
7.61(1H, ddJ = 7.6, 1.2 Hz, H-11)}3C NMR (100 MHz, CDG))
0 25.0(C-15), 34.6(C-5), 44.2(C-14), 48.2(C-5a), 5%C-6),
59.6(C-4b), 64.5(C-12b), 98.9(C-12), 109.3, 11923].3, 122.5,
123.2, 125.2, 127.0, 128.2, 128.9, 130.0, 130.8,413139.8(Ar-
C); ESI-MS (m/2: 334.20 (MJ, Anal Calcd for G;H1¢CIN,: C,
75.33; H, 5.72; N, 8.37; Found: C, 75.39; H, 5818.45.

(4bR, 5aS, 12bS)-12-chloro-2,3-dimethoxy-4b,5,5al4,24,15-
hexahydro-6H-benzo[5',6']pyrrolizino[2',1":4,5]pyrr olo[2,1-
aJisoquinoline(11b) yield 46%, mp 162-168€ IR (Vyax CM):
2998, 2934, 2820, 1608, 1516, 1452, 1323, 1219%,1M6, 674;
'H NMR (400 MHz, CDC)): § 2.32(2H, m, H-5 and H-5),
2.80(1H, m, 1H of C-15), 3.13(1H, m, 2H, 1H of C-disd 1H of
C-14), 3.65(2H, m, 1H of C-14 and 1H of H-5a), 33%(s, -
OCHy), 3.87(3H, s, -OCH), 4.01(1H, t,J = 7.2 Hz, H-4b),
4.09(1H, ddJ = 10.4, 3.6 Hz, H-6), 4.27(1H, dd,= 10.2, 8.4
Hz, H-6"), 4.90(1H, d,J = 7.6 Hz, H-12b), 6.56 (1H, s, H-1), 6.64
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(1H, s, H-4), 7.20(3H, m, Ar-H), 7.60(1H, dii= 7.0, 1.2 Hz, H-  [2]
11); ®°C NMR (100 MHz, CDCJ): § 26.2(C-15), 36.8(C-5), ®
40.9(C-14), 45.7(C-5a), 50.6(C-6), 55.8(-OMe), %8XB/e),
60.4(C-4b), 64.6(C-12b), 98.4(C-12), 109.7, 11197.0, 118.6,

5121.8, 123.2, 125.2, 128.7, 130.0, 130.3, 132.3,Q,4147.5(Ar-
C); ESI-MS /2: 394.54 (M}, Anal Calcd for GgH,:CIN,O.:
C, 69.95; H, 5.87; N, 7.09; Found: C, 69.81; H, 5937.02.

65

(3]
(4bs, 5aS, 12bS)-12-chloro-2,3-dimethoxy-4b,5,5a,124,15-
10 hexahydro-6H-benzo[5',6"] pyrrolizino[2',1":4,5] pyrrolo[2,1- 70
alisoquinoline(11°’b); yield 38%, mp 202-204 IR (Vyayx CMY):
3002, 2935, 2818, 1608, 1518, 1454, 1325, 1218,1M8, 672;
'H NMR (400 MHz, CDC)): ¢ 1.90(1H, m, H-5'), 2.79(3H, m,
1H of H-5 and 2H of C-15), 3.07(1H, m, 1H of C-138)68(2H, 7
1sm, 1H of C-14 and 1H of H-5a), 3.83(4H, m, 3H ofCE; and 4]
1H of H-6), 3.88(3H, s, -OC¥), 3.98 (1H, ddJ = 9.6, 6.4 Hz, H-
6’ ), 4.13(1H, d,J = 8.0 Hz, H-12b), 4.40(1H, 8§ = 9.6 Hz, H-
4b), 6.58 (1H, s, H-1), 6.63 (1H, s, H-4), 7.18(3H, Ar-H),
7.60(1H, d,J = 7.6 Hz, H-11);"*C NMR (100 MHz, CDGJ): ¢
20 26.2(C-15), 36.9(C-5), 41.0(C-14), 45.7(C-5a), $0:6), 56.0(-
OMe), 56.6(-OMe), 60.4(C-4b), 64.5(C-12b), 99.0(8);1110.1,
112.0, 117.0, 118.6, 121.8, 123.3, 125.2, 128.1.13130.4, [5]
132.6, 147.2, 147.8(Ar-C); ESI-MIn(): 394.54 (M), Anal @
Calcd for G3H,3CIN,O,: C, 69.95; H, 5.87; N, 7.09; Found: C,
2569.91; H, 5.90; N, 7.04
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Figure 2.Characteristic NOESY interactions8a.
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10 Figure 4. The ORTEP views of compounélb and11'b, with displacement ellipsoids at the 40% probability leve
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Table.1 Optimization of the reaction conditions betweenreBia and aldehydé.

Entry Solvent(reflux)  Catalyst Temp(C) Time(h) Yield (%)
1 MeOH — reflux 24 trace
2 ACN — reflux 10 40
3 toluene — reflux 6.0 68
4 toluene NgSO reflux 6.0 72
5 xylene — reflux 55 70
6 xylene NaSQ, reflux 5.0 75
7 — — 100 4 70
8 TEAA TEAA 80 35 78
9 TEAA TEAA 100 2.5 85

@ solvent free
Table 2.Synthesis of all pyrrolo-fused-indoles and isoqliies.

Entry Compound R R R? T(lrr]r;e Yield (%)

1 7a Me Me - 2.75 82
7b Me Et - 2.75 80

3 7c Me nPr - 3.0 77
4 7d Me iPr - 3.0 84
5 7e Me nBu - 3.5 77
6 8a Et Me - 25 85
7 8b Et Et - 2.75 82
8 8c Et nPr - 3.0 84
9 8d Et iPr - 3.0 78
10 8e Et nBu - 3.0 79
11 9a Bn Me - 25 80
12 9b Bn Et - 3.0 82
13 9c Bn nPr - 3.0 78
14 9d Bn iPr - 35 76
15 9e Bn nBu - 3.5 74
16 10a Mp Me - 3.0 76
17 10b Mp Et - 3.0 78
18 10c Mp nPr - 3.0 72
19 10d Mp iPr - 35 74
20 10e Mp nBu - 3.0 75
21 1la - - H 2.75 45
22 11a - - H 2.75 37
23 11b - - OMe 3.0 46
24 11'b — — OMe 3.0 38
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Table. 3Antimicrobial, antitubercular and antioxidant adtes test result.

10

15

o . - 1 Anti TB?2 Antioxidant
Antimicrobial activity (MICugmL™) Activity?
Compound Gram-positive bacteria Gram-negative bacteria Fungi
(%)inhibition FRAF®
S.p. C.t B.s. St V.c. E.c. Af. Ca.
Ta 250 100 250 250 125 100 >500 500 46% 22511
7b 200 125 100 500 100 200 >500 >500 20% 220.49
7c 250 62.5 200 125 125 625 >500 >500 13% 215.27
7d 100 100 62.5 200 200 100 >500 250 47% 216.87
Te 100 250 100 250 250 250 >500 500 57% 227.32
8a 125 200 200 200 250 62.5 >500 >500 84% 219.28
8b 125 100 250 200 200 200 >500 >500 59% 217.28
8c 100 100 250 250 250 125 >500 500 58% 210.25
8d 125 200 250 250 250 125 >500 >500 33% 213.26
8e 200 125 200 200 250 100 >500 500 47% 222.90
9a 200 200 125 250 250 200 >500 >500 80% 213.46
9b 250 250 200 250 200 100 >500 >500 33% 228.72
9c 100 250 100 100 125 200 >500 500 87% 234.95
9d 250 100 200 100 200 250 >500 >500 91% 236.35
9e 200 250 100 100 125 250 >500 >500 12% 245.99
10a 125 125 100 625 200 200 500 250 84% 232.14
10b 200 200 100 125 125 250 500 250 92% 285.15
10c 500 250 250 125 250 100 >500 >500 25% 236.15
10d 200 250 100 125 250 250 >1000 500 74% 239.37
10e 500 200 250 125 125 100 500 >500 65% 241.37
1lla 100 200 250 100 200 250 500 500 65% 22451
11a 500 250 100 200 250 200 250 500 78% 252.22
11b 200 125 125 125 100 100 >500 >500 58% 254.23
11b 250 200 200 200 250 250 500 >500 88% 217.28
[A] 0.5 5 1 5 5 0.05 — — — —
[B] 100 250 250 100 100 100 — — — —
[C] 50 50 50 50 50 50 — — — —
[D] 50 100 50 25 25 25 — — — —
[E] 10 50 100 10 10 10 — — — —
[F] — — — — — — 100 100 — —
[G] — — — — — — 100 500 — —
[H] — — — — — — — — 99% —

S.p.: Streptococcus pneumoniae, C.t.: Clostridietani, B.s.: Bacillus subtilis, S.t.: Salmonellahy, V.c.: Vibrio cholerae, E.c.: Escherichia cdlif.:
s Aspergillus fumigatus, C.a.: Candidaalbicans; [B&ntamycin, [B]: Ampicillin, [C]: ChloramphenicdD]: Ciprofloxacin, [E]: Norfloxacin, [F:
Nystatin, [G]: Griseofulvin, [H]: IsoniazideConcentration of compounds used against M. tulhesisuH37Rv bacteria = 250y /mL, standard
antimicrobials used: isoniazide (Qug /mL)” Concentration of compounds = 20§ /mL and standard: A.A. (ascorbic acid) = 1igmL° A.A. mm/100

g sample.
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Table. 4 Antiproliferative activity (Gdo) against human solid tumor cells

Antiproliferative activity (Gio)*

Compound
Cell line (origin)

A549(lung) HelLgcervix) SW1573lung) T-47D(breast) WiDr(colon)
7a >100 3.3 (0.4) 68 (+45) 67 (¥47) 66 (+48)
7b 61 (+18) 5.7 (1.6) 92 (+11) 84 (+29) 76 (+37)
7c >100 3.9 (+1.2) 53 (+26) 66 (+49) 62 (£54)
7d 47 8.3 (£3.2) 29 (x0.2) 26 (6.5) 22 (+4.0)
Te 32 (+8.8) 9.9 (#5.2) 32 (¥2.3) 25 (+5.8) 23 (4.
8a 33 (¥3.0) 14 (x1.4) 25 (¥3.3) 27 (+4.8) 24 (917
8b 43 (¥19) 3.4 (x0.7) 33 (¢4.6) 29 (+16.0) 28 (310
8c 47 (¥19) 3.6 (£0.3) 41 (+4.3) 37 (¢13.0) 35 @y7.
8d 28 (+6.9) 13 (+2.8) 27 (¥3.5) 25 (+9.4) 27 (4.3
8e 40 (+20) 3.1 (+0.4) 32 (+2.5) 26 (+4.7) 24 (8.9
9c >100 41 (+30) >100 54 (+21) >100
ad >100 48 (+36) >100 57 (+43) 89 (+15)
9e >100 >100 >100 >100 >100
10a >100 >100 >100 >100 >100
1la 89 (+16) 33 (+6.8) >100 53 (+14) 73 (+39)
11'a >100 84 (¥21) >100 >100 >100
11b 18 (+14) 9.5 (+7.1) 17 (#1.9) 15 (£7.3) 14 @p.
[A] - 2.0 (+0.3) 3.0 (x0.4) 15 (+2.3) 26 (+5.3)
[B] - 3.3 (+1.6) 14 (+1.5) 22 (#5.5) 23 (¥3.1)
[C] - 0.6 (x0.4) 0.25 (x0.12) 2.0 £(0.5) 1.8 (+0.7)

[A]: cisplatin, [B]: etoposide, [C]: camptothecin.

2values are given ipM and are means of two to four experiments; stahdaviation is given in parenthesB®nly was experiment was done
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