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I N T R O D U C T I O N

In our earlier studies, we have demonstrated synthesis and
biological evaluation of numerous β-lactams as anticancer
agents. The current investigation has identified a novel bis β-
lactam that has a 2,7-disubstituted phenanthrene ring at the
nitrogen. This method has two distinctive features i.e., indirect
functionalization of the phenanthrene ring in two unusual
positions at C2 and C7 centers using 9,10-dihydrophenanthrene
as starting materials and preparation of novel bis β-lactams
having sterically constraint polycyclic aromatic ring.

R E S U L T S A N D   D I S C U S S I O N

We previously demonstrated bismuth nitrate-induced
nitration of several aromatic compounds [1-5]. Reaction of
9,10-dihydrophenanthrene (1) with bismuth nitrate penta-
hydrate impregnated with clay produced a single 2,7-dinitro
derivative (2) quantitatively under the influence of microwave
irradiation. The dinitro product 2 was then attempted to trans-
form to the corresponding diamino derivative (3) under the
standard catalytic hydrogenation reaction over Pd/C in anhy-
drous ethanol at room temperature. Surprisingly an unusual
aromatic compound corresponding to 2,7-dinitrophenanthrene
derivative (4) was obtained as the minor product (Scheme-I,
Table-1).

Unusual and new bis-β-lactams substituted at the 2,7-position of
the phenanthrene and 9,10-dihydrophenanthrne ring are prepared
via Staudinger ketene-imine [2+2] cycloaddition reaction. This
methodology is recognized as one of the most important and direct
accesses route to β-lactams. The diastereoselectivity of cycloaddition
processes is controlled by the structures of ketene and imine. The
bulky group in the ketene and imine have a great influence on the
stereochemical outcome of the β-lactam ring.
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TABLE-1 
SYNTHESIS OF PHENANTHRENE AND 9,10-

DIHYDROPHENANTHRENE-2,7-DIAMINE 3 AND 4 

Entry Time (h) 
Catalyst 
loading 

Compound 
3a (%) 

Compound 
4a (%) 

1 
2 
3 
4 

2 
3 
5 
8 

5-10 mol % 
5-10 mol % 
10-15 mol % 
10-15 mol % 

80 
70 
30 
10 

20 
30 
70 
90 

aIsolated yield after chromatography. 

 
The formation of compound 4 was due to a catalytic oxida-

tive dehydrogenation or aromatization reaction. This fascinating
result deserved special attention based on our current study
toward bis β-lactams. Our goal was to improve the yield of 4
by changing catalyst loading and the reaction conditions.

An increase in the catalyst amount to 10-20 mol % resulted
in a substantial improvement in the yield of compound 4.
Moreover, it was the exclusive product with excess of catalyst
and longer reaction time. The usual diamine 3 was obtained
under controlled hydrogenation conditions with low catalyst
loading and short reaction time.

This reaction is highly interesting because phenanthrene
on electrophilic nitration furnish 9 or 10-nitro phenanthrene
as the main product. Drastic reaction conditions may produce
9,10-dinitrophenanthrene and along with other oxidized
products. There is no way to perform an electrophilic nitration
at the C2 position (mono-substitution) or C2 and C7 positions
(di-substitution) because these are not the electron deficient
centers in phenanthrene nucleus. Therefore, an indirect method
as described above is devised for the preparation of unusual
phenanthrene derivatives. However nitration of 9,10-dihydro-
phenanthrene produces 2,7-dinitro derivatives because of the
symmetry present in the molecule. Since it is well known that
Pd/C can be used to force a partially aromatic system to a fully
aromatic compound, the reduction of the two nitro groups were
performed with Pd/C under hydrogen atmosphere for a longer
period of time. The observation was simultaneous reduction
of the nitro groups as well as aromatization of the central ring.
We envisage that the main driving force toward unusual
diamino phenanthrene is high stability of the resulting aromatic
system.

Our synthetic strategy towards polycyclic aromatic β-lactam
involved the ketene-imine cycloaddition reaction. Therefore
the resulting 2,7-diaminophenenthrene 4 was treated with
diverse aldehyde to prepare corresponding diimine (Schiff
base) 6a-c with moderate to good yields under refluxing toluene
with a dean stark apparatus (Scheme-II, Table-2).
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TABLE-2 
SYNTHESIS OF 2,7-DIIMINE  

PHENANTHRENE (SCHIFF BASE) 6a-c 

Entry R1 Solvent Timea 
(h) 

Immine Yieldb 
(%) 

1 
2 
3 

Ph 
PMP 
2-Py 

Toluene 
Benzene 
Xylene 

20 
15 
20 

6a 
6b 
6c 

50 
55 
50 

aReflux up to boiling point. 
bAfter crystallization with different combination of solvent(s). 

 
All diimine were purified by crystallization of the crude

mixture with different solvent combination at low temperature.
Probably all the Schiff bases are very labile on silica gel bed.
In most of the cases it turned in to the amine via reversible
reaction over silica gel bed. After successful synthesis of various
imine corresponding to unusual 2-7-phenanthrene nucleus, we
perform Staudinger ketene-imine [2+2] cycloaddition reaction
towards our goal. Herein to study the feasibility of the cyclo-
addition reaction for the synthesis of bis-β-lactam, the reaction
of 6a with acetoxy acetyl chloride was selected as model.
Treatment of imine 6a with 1.3 equiv of acetoxyacetyl chloride
(7) in dichloromethane in presence of triethylamine at 0 °C
was conducted.

To our surprise the reaction went smoothly and afforded
the corresponding racemic cis and trans β-lactam 8a and 9a
in good yield with 6:4 diastereomeric ratio. The cis and trans
stereochemistry of the β-lactam ring at C3 and C4 position
was established from the 1H NMR data of the crude reaction
mixture. A high coupling constant of J = 4.92 and 5.1 Hz at
C3 and C4 positions corresponds to cis β-lactam and the low
coupling constant value J = 1.6 and 1.7 Hz is for trans β-
lactam (Scheme-III, Table-3). The cis and trans diastereoisomers
8a and 9a were separated by flash column chromatography.
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TABLE-3 
SYNTHESIS OF 3-ACETOXY BIS-β-LACTAM TATHERED WITH 

UNUSUAL 2,7-PHENANTHRENE RING 8a-c AND 9a-c 

Entry R1 Time 
(h) 

Compound Yielda 
(%) 

Diastero-
selectivityb 

1 
2 
3 

Ph 
PMP 
Py 

30 
24 
48 

8a+9a 
8b+9b 
8c+9c 

60:40 
70:30 
75:25 

6:4 
7:3 

7.5:2.5 
aIsolated yield after column chromatography, inseparable mixture. 
bDetermined by means of 1H NMR analysis of crude reaction mixture. 

 
Based upon the successful synthesis of our bis-β-lactam,

we performed similar experiments to prepare the correspon-
ding β-lactams 8b-c and 9b-c. The imines 6b and 6c was used
successfully to furnish the desired products in good to excellent
yields. The complete observations of the results are delineated
in (Scheme-III, Table-3). All the products were purified through
flash column chromatography and were characterized through
NMR analysis. The data of bis-β-lactams are consistent with
compounds 8a and 9a. This promising results prompted us to
investigate β-lactam synthesis with other diimines.

In this context the bis-β-lactam 12 a-c corresponding to
the 2,7-damino-9,10-dihydrophenanthrene 3 to generalized the
scope of methodology were studied.

We performed the similar reaction for the synthesis of
imine 9a-c by condensing the diverse aromatic and heterocyclic
aldehydes under refluxing condition. The results are shown in
(Scheme-IV, Table-4).
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TABLE-4 

Entry R1 Solvent Timea 
(h) 

Compound Yieldb 
(%) 

1 
2 
3 

Ph 
PMP 
2-Py 

Toluene 
Benzene 
Xylene 

20 
15 
20 

10a 
10b 
10c 

60 
65 
50 

aReflux up to boiling point. 
bAfter crystallization with different combination of solvent(s). 

 
The imine 10a-c was then treated with N-phthalimido

glycine 11 in presence of triethylamine and 2-chloro-1- methyl
pyridinium iodide as an acid activator. The reaction underwent
smoothly to furnish the exclusively trans β-lactam 12a-c with
high degree of stereochemical control in good yield (Scheme-
V, Table-5). The stereochemistry of the trans β-lactam is
established from the coupling constants at the C3 and C4 posi-
tions of the lactams ring. The low coupling constant J = 2.3
and 2.4 Hz is assigned for the trans isomer. Therefore, the
ring aromaticity of the imine and the structure of the ketene
have detrimental roles in controlling the stereochemical outcome
in Staudinger ketene-imine [2+2] cyclo addition reaction of
the β-lactam synthesis [6-12]. The current outcome of the
relative stereochemistry of Staudinger reaction of the β-lactam
synthesis is one of the major challenges.
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TABLE-5 
SYNTHESIS OF N-PHTHALIMIDO BIS-β-LACTAM TATHERED 

WITH 9,10-DIHYDROPHENANTHRENE RING 12a-c 

Entry R1 Time 
(h) 

Compound Yielda 
(%) 

Stereochemistryb 
(C3-C4) 

1 
2 
3 

Ph 
PMP 
Py 

30 
24 
48 

12a 
12b 
12c 

50 
60 
50 

β-α trans 
β-α trans 
β-α trans 

aIsolated yield after column chromatography. 
bDetermined by means of 1H NMR analysis. 

 
We assume that the bulky group in N-phthalimido ketene

allows the approach of the diimine selectively from one of the
faces of the ketene in the transition state of the cycloaddition
reaction [13].

The electron withdrawing group in cyclic N-phthalimido
ketene blocks the direct ring closure the transition state leading
to the formation of trans β-lactam [14,15]. In addition to the
ketene, the constraint ring of polyaromatic compound has also
the crucial role in the stereochemical outcome of reaction.

Conclusion

Synthesis of bis β-lactam substituted at unusual position
of the phenanthrene ring is successfully achieved. Based upon
our earlier results on anticancer β-lactams, these new comp-
ounds may prove to be useful. Further, the availability of 2,7-
diamino-phenanthrene opens up the possibility of preparing
new structures that were not possible before by existing litera-
ture methods. The cyclic ketene inbuilt electron withdrawing
group successfully delivered the trans products exclusively.

The acyclic ketene counterpart of the reaction led the
mixture of cis and trans β-lactams. It assume that the planar
structure and weak electron withdrawing group allow both
the concerted and stepwise ring closure leading the mixture
of cis/trans compounds. The investigative study on the stereo-
chemical outcome and unique motif with unusual phenanthrene
nucleus is the main fascination of this work.

A C K N O W L E D G E M E N T S

The authors (RNY, AKS, AKS) greatly acknowledge Veer
Bahadur Singh Purvanchal University, Jaunpur, India for provi-
ding the research facilities. RNY also acknowledges to Depart-
ment of Chemistry, University of Texas Pan-Am, USA for

Asian Journal of Organic & Medicinal Chemistry  87



conducting this research. Another author BKB is grateful to
Kleberg Foundation of Texas for the support of this research.

R E F E R E N C E S

1. S. Samajdar, F.F. Becker and B.K. Banik, Montmorillonite Impregnated
with Bismuth Nitrate: A Versatile Reagent for the Synthesis of Nitro
Compounds of Biological Significance, Arkivoc, 27 (2001);
https://doi.org/10.3998/ark.5550190.0002.804.

2. K. Smith, A. Musson and G.A. DeBoos, A Novel Method for the Nitration
of Simple Aromatic Compounds, J. Org. Chem., 63, 8448 (1998);
https://doi.org/10.1021/jo981557o.

3. S. Samajdar, F.F. Becker and B.K. Banik, Surface-Mediated Highly
Efficient Regioselective Nitration of Aromatic Compounds by Bismuth
Nitrate, Tetrahedron Lett., 41, 8017 (2000);
https://doi.org/10.1016/S0040-4039(00)01397-6.

4. L. Canales, D. Bandyopadhyay and B.K. Banik, Bismuth Nitrate Penta-
hydrate-Induced Novel Nitration of Eugenol, Org. Med. Chem. Lett., 1,
9 (2011);
https://doi.org/10.1186/2191-2858-1-9.

5. J. Jacoway, N.G.G.K.S. Kumar and K.K. Laali, Aromatic Nitration with
Bismuth Nitrate in Ionic Liquids and in Molecular Solvents: A Comp-
arative Study of Bi(NO3)3·5H2O/[Bmim][PF6] and Bi(NO3)3·5H2O/1,2-
DCE Systems, Tetrahedron Lett., 53, 6782 (2012);
https://doi.org/10.1016/j.tetlet.2012.09.137.

6. B.K. Banik, I. Banik and F.F. Becker, Asymmetric Synthesis of Anti-
cancer β-Lactams via Staudinger Reaction: Utilization of Chiral Ketene
from Carbohydrate, Eur. J. Med. Chem., 45, 846 (2010);
https://doi.org/10.1016/j.ejmech.2009.11.024.

7. I. Ojima, K. Nakahashi, S.M. Brandstadter and N. Hatanaka, Remark-
able Effects of Lone Pair-Lone Pair Interactions on the Extremely Stereo-
selective [2 + 2] Cycloaddition of Azidoketene to Chiral 3-Imino-β-lactams,
J. Am. Chem. Soc., 109, 1798 (1987);
https://doi.org/10.1021/ja00240a033.

8. A.K. Bose, J.F. Womelsdorf, L. Krishnan, Z. Urbanczyk-Lipkowska,
D.C. Shelly and M.S. Manhas, Diastereoselective Synthesis of Bis-β-
lactams, Tetrahedron, 47, 5379 (1991);
https://doi.org/10.1016/S0040-4020(01)80972-8.

9. M. Jayaraman, V.G. Puranik and B.M. Bhawal, Stereoselective
Synthesis of Homochiral Pyrrolidinones and cis, cis-bis-β-lactams from
(+)-(1S,2S)-2-Amino-1-phenylpropan-1,3-diol, Tetrahedron, 52, 9005
(1996);
https://doi.org/10.1016/0040-4020(96)00462-0.

10. B. Alcaide, Y. Martin-Cantalejo, J. Perez-Castells, J. Rodriguez-Lopez, M.A.
Sierra, A. Monge and V. Perez-Garcia, Stereoselective Preparation of Mono-
and Bis-β-lactams by the 1,4-diaza-1,3-diene-Acid Chloride Conden-
sation: Scope and Synthetic Applications, J. Org. Chem., 57, 5921 (1992);
https://doi.org/10.1021/jo00048a027.

11. B. Alcaide, Y. Martín-Cantalejo, J. Pérez-Castells, M.A. Sierra and A.
Monge, C4,C4′-Bis-β-lactam to Fused Bis-β-lactam Rearrangement,
J. Org. Chem., 61, 9156 (1996);
https://doi.org/10.1021/jo960826c.

12. B. Alcaide, P. Almendros, J.M. Alonso and M.C. Redondo, Asymmetric
Synthesis of Unusual Fused Tricyclic β-Lactam Structures via Aza-
Cycloadditions/Ring Closing Metathesis, J. Org. Chem., 68, 1426 (2003);
https://doi.org/10.1021/jo026112l.

13. J.X. Xu, G. Zuo, Q.H. Zhang and W.L. Chan, Stereospecific Synthesis
of 2-Phthalimido-2a,3,4,5-Tetrahydro-1H-azeto[2,1-d][1,5]benzothia-
zepin-1-ones, Heteroatom Chem., 13, 276 (2002);
https://doi.org/10.1002/hc.10029.

14. A. Venturini and J. Gonzalez,  Mechanistic Aspects of the Ketene-Imine
Cycloaddition Reactions, J. Mini-Rev. Med. Chem., 3, 185 (2006);
https://doi.org/10.2174/1570193X10603030185.

15. F.P. Cossio, A. Arrieta and M.A. Sierra, The Mechanism of the Ketene-
Imine (Staudinger) Reaction in Its Centennial: Still an Unsolved
Problem?, Acc. Chem. Res., 41, 925 (2008);
https://doi.org/10.1021/ar800033j.

88  Yadav et al.

https://doi.org/10.1016/S0040-4039(00)01397-6
https://doi.org/10.1016/S0040-4020(01)80972-8
https://doi.org/10.1016/0040-4020(96)00462-0

