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A new synthesis of phenanthridine derivatives having three-point diversity has been developed based on
the sequential application of three-atom economic processes viz. aza-Claisen rearrangement, ring-closing
enyne metathesis and Diels–Alder reaction as key steps. An unexpected isomerisation was observed dur-
ing aza-Claisen rearrangement of N-allylanilines which may open up new opportunities in heterocyclic
synthesis.

� 2011 Elsevier Ltd. All rights reserved.
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Phenanthridines represent important core structures of a variety
of both naturally occurring (1–3, Fig. 1) and synthetic molecules
having biological activities ranging from antibacterial, antiproto-
zoal activities to antitumor property through DNA intercalation.1

They are also currently receiving attention in material science
applications.2 Therefore, reports in the development of a new syn-
thetic route to such ring systems continue to appear.3 Although
diverse and elegant approaches have been reported, the need for
a simple but efficient protocol from easily available starting mate-
rials with selective control in the substitution pattern does exist.
Herein, we report a new synthesis of the phenanthridine ring
system using sequential applications of three-atom economic pro-
cesses viz. aza-Claisen rearrangement, ring-closing enyne metathe-
sis reaction (RCEYM) and Diels–Alder reaction.4

Our retro-synthetic analysis of the phenanthridine ring system
4 relied on the construction of the ring C through a Diels–Alder
reaction-aromatisation sequence of an appropriate 3-vinylquino-
line derivative 5, which was thought to be obtainable from ring-
closing enyne metathesis (RCEYM) reaction of the N-tethered eny-
ne 6. Further functional group manipulation sequence brought to
us the 2-vinyl aniline derivative 7 as an appropriate precursor
which we sought to prepare from isomerisation of the easily
obtainable 2-allylaniline derivative 8 (Scheme 1).

Thus, we prepared the N-allylanilines 11a–f from straightfor-
ward N-allylation of the corresponding Boc-protected anilines
9a–f followed by acid mediated removal of the Boc-group in the
ll rights reserved.

adhyay).
resulting 10a–f under conventional conditions (Scheme 2). The 4-
nitro-N-allylaniline 11g was however prepared by direct allylation
of 4-nitroaniline. The thermal aza-Claisen rearrangement of N-ally-
lanilines usually require drastic conditions.5,6 On the other hand,
Lewis or protic acid mediated aza-Claisen rearrangement of N-ally-
lanilines is known to proceed with significant rate enhancements
under either thermal7 or microwave conditions.8 However, the
reaction is more general and more predictable with N-alkyl-N-ally-
lanilines. During the rearrangement of simple N-allylanilines with-
out additional substituent on the nitrogen atom or in the N-allyl
moiety, cyclisation leading to undesired indoline derivatives has
also been reported.9 After some experimentation, we have found
that the aza-Claisen rearrangement of the unsubstituted N-allylan-
iline 11a proceeded better in refluxing chlorobenzene in the pres-
ence of BF3�OEt2 (1.5 equiv) within a reasonable short period of
time (6 h) to provide the rearranged aniline 13a in good yield
(71%). Attempted optimisation of the reaction using high boiling
1: Trispheridine 2: Bicolorine 3: Ethidium

Figure 1. Some phenanthridine derivatives of importance.
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Scheme 1. Retrosynthetic analysis of the phenanthridine ring system.

R

NHBoc

R R

N

Boc H
N

R

NH2

9a-f
10 a-f (77-96%) 11 a-f (81-93%)

13 a-g (71-85%)

R

NH2

14 a-g (59-80%)

NaH, allyl bromide

THF, 0 °C to rt,
15 h

6N, HCl

rt, 15 h

O2N

NH2

12

allyl bromide, Et3N

MeCN, reflux, 24 h
78%

O2N

H
N

11 g

11 a-g
BF3-OEt2 (1.5 equiv)

PhCl, reflux, 6 h

BF3-OEt2 (5-10 equiv)

PhCl, reflux, 24 h

BF3-OEt2 (5 equiv)

PhCl, reflux,12-24 h

Scheme 2. Preparation of the starting materials 14a–g.
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solvent and prolonged reaction time, either singly or in combina-
tion, met with limited success. However, during one such optimi-
sation study we noticed that the use of five equivalents of
BF3�OEt2 and longer reaction time (24 h) led to the formation of
the rearranged and isomerised product 14a as E-isomer. The con-
current isomerisation, although unexpected and unplanned at this
stage, was a fortunate outcome since this was projected in the ret-
ro-synthetic analysis as a subsequent step. To test the generality of
the process, we subjected N-allylanilines 11b–g to a similar course
of reaction and found that all of these undergo facile rearrange-
ment and isomerisation to provide either the rearranged anilines
13b–g (71–85%) or the rearranged and isomerised anilines 14b–g
(69–80%) depending on the amount of Lewis acid and reaction
time. Moreover, the rearranged 2-allylanilines 13a–g could also
be converted to the isomerised products 14a–g separately, if de-
sired, indicating that perhaps these are intermediates in the direct
conversion of 11a–g to 14a–g.

Having access to the required 2-vinylaniline derivatives 14a–g,
we focused on their conversion to the phenanthridine derivatives
along the projected pathway. Thus, the corresponding N-tosyl
derivatives 15a–f (Scheme 3) were prepared and N-alkylated with
propargyl bromide under conventional conditions to obtain the
enyne derivatives 16a–f in good overall yield. Ring-closing enyne
metathesis reaction (RCEYM)10 of olefins other than terminal ole-
fins has been studied less compared to that of the terminal ole-
fins.10 In a few instances studied, interesting mechanistic and
stereochemical observations have been made.11 However, hetero-
atom tethered enynes have been reported to show poor stereose-
lectivity.12 Pleasingly, we observed that RCEYM of the compounds
16a–f proceeded well in the presence of Grubbs’ 2nd generation
catalyst 17 to provide each of the dienes 18a–f as a single diaste-
reomer in good yield. Mechanistically, the reaction may follow
(Fig. 2) either of the ‘ene-then-yne’ or ‘yne-then-ene’ pathways12

(Fig. 2). The ruthenium carbene complex may coordinate with
the alkyne of the substrate i (path A), to produce the intermediate
carbene complex ii which subsequently would cyclise to the prod-
uct v where the product would be expected to exhibit stereoselec-
tivity similar to that of the cross enyne metathesis reaction. On the
other hand, the ruthenium carbene complex III produced during
the reaction at the ‘ene’-site would cyclise to IV and then may react
with the olefin part of another substrate molecule leading to the
1,3-diene product V (path B).
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Scheme 3. Preparation of the phenanthridine derivatives 20a–f. Reagents and conditions: (i) p-TsCl, pyridine, rt, 1–2 h, 70–90%; (ii) propargyl bromide, K2CO3, acetone,
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Figure 2. Representation of possible catalytic pathways: ‘yne-then-ene’ pathway (A) and ‘ene-then-yne’ pathway (B).
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We next studied the Diels–Alder reaction of the dienes 18a–f.
Separate treatment of each of these dienes with diethyl acetylene-
dicarboxylate or dimethyl acetylene dicarboxylate proceeded slug-
gishly in refluxing toluene to provide the cycloadducts in moderate
to good yields. These were mostly obtained as single diastereomers
but the compounds proved to be slightly contaminated with par-
tially oxidised product/s formed during chromatographic purifica-
tion. Compounds 19c and 19d proved to be exceptions and these
could be obtained as pure and single diastereomers. Base-mediated
elimination13 of the tosyl group from the adducts 19a–f proceeded
with concomitant aromatisation to deliver the desired phenanthri-
dine derivatives 20a–f in an overall yield of 16–25% over six steps
from the starting N-allylanilines 11a–g.14

In brief, we have developed aza-Clasien rearrangement of N-
allylanilines in two different modes depending on the use of
amount of Lewis acid and reaction time. The observed isomerisa-
tion15 has been utilised to develop a simple protocol for the syn-
thesis of phenanthridine derivatives having diversity in rings A
and C, a pattern which is usually found in most of the known bio-
logically active phenathridine derivatives. The procedure involves
use of readily available precursors and operationally easy reactions
which are highly atom economic. These attributes may aid to gen-
erate other phenanthridine derivatives of biological interest. The
methodology may therefore complement the existing methodolo-
gies for the preparation of such compounds. The diversity observed
in the aza-Claisen rearrangement may also prove to be useful in
the synthesis of other heterocyclic systems of interest.

Acknowledgements

We are thankful to DST, Govt. of India (Grant No. SR/S1/OC-35/
2009) for financial support and CSIR, New Delhi. P.M. is thankful to
University of Kalyani, and L.T. is thankful to CSIR, New Delhi for
fellowships.

Supplementary data

Supplementary data (list of compounds along with their yield,
melting points, and copies of 1H NMR and 13C NMR spectra are in-
cluded) associated with this article can be found, in the online ver-
sion, at doi:10.1016/j.tetlet.2011.12.095.

References and notes

1. (a) Nyangulu, J. M.; Hargreaves, S. L.; Sharpless, S. L.; Mackay, S. P.; Waigh, R. O.;
Duval, O.; Mberu, E. K.; Watkins, W. M. Bioorg. Med. Chem. Lett. 2005, 15, 2007–
2010; (b) Bernardo, P. H.; Wan, K. F.; Sivaraman, T.; Xu, J.; Moore, F. K.; Hung, A.
W.; Mok, H. Y. K.; Yu, V. C.; Chai, C. L. L. J. Med. Chem. 2008, 51, 6699.

2. (a) Zhang, J.; Lakowicz, J. R. J. Phys. Chem. B 2005, 109, 8701; (b) Stevens, N.;
O’Connor, N.; Vishwasaro, H.; Samaroo, D.; Kandel, E. R.; Akins, D. L.; Drain, C.
M.; Turro, N. J. J. Am. Chem. Soc. 2008, 130, 7182.

http://dx.doi.org/10.1016/j.tetlet.2011.12.095


P. Mondal et al. / Tetrahedron Letters 53 (2012) 1328–1331 1331
3. For some assorted reports, see: (a) Zhang, L.; Ang, G. Y.; Chiba, S. Org. Lett. 2010,
12, 3682; (b) Buden, M. E.; Dorn, V. B.; Gamba, M.; Pierini, A. B.; Rossi, R. A. J.
Org. Chem. 2010, 75, 2206; (c) Mandadapu, A. K.; Saifuddin, M.; Agarwal, P. K.;
Kundu, B. Org. Biomol. Chem. 2009, 7, 2796; (d) Hsieh, J. C.; Cheng, C. H. J. Chem.
Commun. 2008, 2992; (e) Sripada, L.; Teske, K. A.; Deiters, A. Org. Biomol. Chem.
2008, 6, 263; (f) Movassaghi, M.; Hill, M. D. Org. Lett. 2008, 10, 3485; (g)
Bowman, W. R.; Lyon, J. E.; Pritchard, G. J. Synlett 2008, 2169; (h) Shabashov, O.;
Daugulis, O. J. Org. Chem. 2007, 72, 7720; (i) Alonso, R.; Campos, P. J.; Garcia, B.;
Rodriguez, M. A. Org. Lett. 2006, 8, 3521; (j) Patra, P. K.; Suresh, J. R.; Ila, H.;
Junjappa, H. Tetrahedron 1998, 54, 10178.

4. For some of our earlier works in this area, see: (a) Chattopadhyay, S. K.; Roy, S.
P.; Ghosh, S. D.; Biswas, G. Tetrahedron Lett. 2006, 47, 6895; (b) Chattopadhyay,
S. K.; Biswas, T.; Neogi, K. Chem. Lett. 2006, 35, 376.

5. For some reviews, see: (a) Nubbemeyer, U. Top. Curr. Chem. 2005, 244, 149; (b)
Castro, A. M. Chem. Rev. 2004, 104, 2939; (c) Majumdar, K. C.; Bhattacharya, T. J.
Ind. Chem. Soc. 2002, 79, 112.

6. For some earlier but detailed studies, see: (a) Beholz, L. G.; Stille, J. R. J. Org.
Chem. 1993, 58, 5096; (b) Jolidon, S.; Hansen, H.-J. Helv. Chim. Acta 1977, 60,
978; (c) Hurd, C. D.; Jenkins, W. W. J. Org. Chem. 1957, 22, 1418.

7. (a) Organ, M. G.; Xu, J.; N’Zemba, B. Tetrahedron Lett. 2002, 43, 8177; (b)
Nicolaou, K. C.; Roecker, A. J.; Hughes, R.; Van Summeren, R.; Pfefferkorn, J. A.;
Winssinger, N. Bioorg. Med. Chem. 2003, 11, 465; (c) Cooper, M. A.; Lucas, M. A.;
Taylor, J. M.; Ward, D.; Williamson, N. M. Synthesis 2001, 621; (d) Majumdar, K.
C.; Chattopadhyay, B.; Samanta, C. Tetrahedron Lett. 2009, 50, 318; (e) Correa,
A.; Tellitu, I.; Dominguez, E. A.; Sanmartin, R. J. Org. Chem. 2006, 71, 8316; (f)
Martinez-Estibalez, U.; Sotomayor, N.; Lete, E. Tetrahedron Lett. 2007, 48, 2919;
(g) Ghosh, D.; Thander, L.; Ghosh, S. K.; Chattopadhyay, S. K. Synlett 2008, 3011;
(h) Yin, Y.; Zhao, G. J. Flor. Chem. 2006, 128, 40; (i) Fuller, P. H.; Kim, J.-W.;
Chemler, S. R. J. Am. Chem. Soc. 2008, 130, 17638.

8. Gonzalez, I.; Bellas, I.; Souto, A.; Rodriguez, R.; Cruces, J. Tetrahedron Lett. 2002,
2008, 49.

9. (a) Yadav, J. S.; Reddy, B. V. S.; Abdul Rasheed, M.; Sampath Kumar, H. M. Synlett
2000, 487; (b) Sreekumar, R.; Padmakumar, R. Tetrahedron Lett. 1996, 37, 5281;
(c) Irie, K.; Koizumi, F.; Iwata, Y.; Ishita, T.; Yani, Y.; Nakamura, Y.; Ohigashi, H.;
Wender, P. A. Bioorg. Med. Chem. Lett. 1995, 5, 453.

10. For some reviews on enyne metathesis, see: (a) Monfette, S.; Fogg, S. D. Chem.
Rev. 2009, 109, 3783; (b) Herndou, J. W. Coord. Chem. Rev. 2009, 253, 86; (c)
Villar, H.; Frings, M.; Bolm, C. Chem. Soc. Rev. 2007, 36, 55; (d) Diver, S. T.;
Giessert, A. J. Chem. Rev. 2004, 104, 1317; (e) Kaliappan, K. P. Lett. Org. Chem.
2005, 678.

11. Hansen, E. C.; Lee, D. Acc. Chem. Res. 2006, 39, 509.
12. Lee, H.-Y.; Kim, H. Y.; Tae, H.; Kim, B. G.; Lee, J. Org. Lett. 2003, 5, 3439.
13. For a recent example, see: Donohoe, T. J.; Fishlock, L. P.; Basutto, J. A.; Bower, J.

F.; Procopiou, P. A. Chem. Commun. 2009, 3008.
14. All new compounds reported here gave satisfactory spectroscopic and/or

analytical data.
15. For a report on base mediated non-selective isomerisation of 2-allylanilines,

see: Afon’kin, I. S.; Sotnikov, A. M.; Gataullin, R. R.; Spirikhin, L. V.;
Abdrakhmanov, I. B. Russ. J. Org. Chem. 2004, 40, 1764.


	A new entry to the phenanthridine ring system
	Acknowledgements
	Supplementary data
	References and notes


