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In situ cyclopropanation: a rapid one-pot method for the synthesis
of resin bound cyclopropyl phenyl methanones as

combinatorial scaffoldsq
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Abstract—An efficient, high yielding one-pot synthesis of 4-substituted cyclopropyl phenyl methanones bound to RAM and WANG
resins has been developed. The resin bound cyclopropyl phenyl methanone served as a combinatorial scaffold for the generation of
structurally diverse alicyclic compounds.
� 2004 Elsevier Ltd. All rights reserved.
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1. Introduction

The cyclopropane ring is a basic structural element
found in a variety of well established drugs used for
acute and chronic conditions.1 Chemists have always
been fascinated by this subunit due to its interesting
highly strained bonding features.2 Their bioactive profile
makes them useful synthetic scaffolds. Cyclopropanes
have also been used as versatile synthetic intermediates
in the synthesis of functionally rich cycloalkanes3 and
acyclic compounds.4 Several reports exist on the synthe-
sis of the cyclopropane moiety in solution.5 Despite
being an interesting class of compound, its synthesis
on solid phase has not been carried out except for two
reports dealing with trisubstituted cyclopropanes.6 The
motivation for this work stemmed from the identifica-
tion of novel cyclopropyl phenyl methanone-based com-
pounds exhibiting promising antitubercular activity7

both in vitro against five clinical MDR strains
(H37Rv) of M. Tuberculosis isolated from TB patients
and in vivo in mice infected with H37Rv. Therefore,
the goal of this study was to develop solid phase synthe-
sis of cyclopropyl phenyl methanone-based compounds
in order to generate a library of compounds.
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Herein, we report an efficient, one-pot synthesis of pol-
ymer bound 4-substituted cyclopropyl phenyl metha-
nones on Rink Amide (RAM) and Wang resins in
high yields and purities. The resin bound cyclopropyl
methanones thus synthesized served as combinatorial
scaffolds for the synthesis of a variety of alicyclic com-
pounds. Firstly, we generated the cyclopropyl moiety
in situ via base mediated 1,3- substitution8 of 4-chloro-
p-fluorobutyrophenone as depicted in Figure 1. The
synthetic strategy for resin bound cyclopropyl phenyl
methanone is summarized in Scheme 1.

Our synthesis commenced with the loading of 4-formyl
benzoic acid on RAM resin (0.64mol/g) using the
DIC/HOBt9 procedure. Completion of the loading was
determined by a negative Kaiser test.10 Next, the alde-
hyde group of resin 1 was reduced with sodium borohy-
dride in THF/ethanol mixture to give alcohol 2. This
was then treated with 4-chloro-p-fluorobutyrophenone
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Figure 1. Reaction mechanism for the formation of resin bound

cyclopropyl phenyl methanones.
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Scheme 1. Reagents and conditions: (a) (i) 4-Formylbenzoic acid, DIC, HOBt, DMF, rt, 12h; (ii) NaBH4, THF/ethanol (4:1), rt, 12h; (iii) 4-chloro-

p-fluorobutyrophenone, NaH, TBAB, DMF, rt, 12h; (iv) 50% TFA in DCM, rt, 2h; (b) (i) 4-chloro-p-fluorobutyrophenone, NaH, TBAB, DMF, rt,

12h; (ii) 20% TFA in DCM, rt, 1h; (c) (i) PPh3, 4-hydroxybenzaldehyde, DEAD, THF, 0 �C to rt, 12h; (ii) NaBH4, THF/ethanol (4:1), rt, 12h;

(iii) 4-chloro-p-fluorobutyrophenone, NaH, TBAB, DMF, rt, 12h; (iv) 20% TFA in DCM, rt, 1h.
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in the presence of NaH resulting in 3 along with unre-
acted 2. This prompted us to employ tetrabutylammo-
nium bromide (TBAB) as a phase transfer catalyst
(PTC) in this reaction. Interestingly, completion of the
reaction required 30equiv of NaH in comparison to
6equiv when used in combination with TBAB. The reac-
tion mechanism as shown in Figure 1 for the formation
of 3 (Scheme 1) involves the intramolecular nucleophilic
substitution of the chloro group by the carbanion gener-
ated from 4-chloro-p-fluorobutyrophenone in the pres-
ence of NaH to furnish cyclopropyl p-fluorophenyl
methanone in situ. This was followed by aromatic nucleo-
philic substitution (SNAr) at the fluorine bearing carbon
of the aromatic ring by the resin bound benzyl alcohol
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Figure 2. 1H NMR spectrum (DMSO-d6, 300MHz) of crude cyclopropyl ph
to afford resin 3. The reaction time was optimized to
12h for complete conversion to the product.

Generally, a high purity of cleaved product 4 (>90%, as
was evident from the 1H NMR spectrum, Fig. 2 and
HPLC) was obtained. The course of the reaction was
monitored by single bead FT-IR. In compound 1 a
strong stretch at 1710cm�1 typical of an aldehyde group
was evident while in compound 2, disappearance of the
carbonyl band and the appearance of a stretch at
3600cm�1 due to the –OH group was observed. Finally,
formation of the cyclopropyl phenyl methanone 3 was
confirmed by the appearance of an IR stretch at
1700cm�1 due to the ketone functionality.
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Scheme 2. Combinatorial scaffolding studies. Reagents and conditions:

(a) (i) NH2OHÆHCl, pyridine, ethanol/DCM (3:1), 40�C, 56h, 68%; (ii)

50% TFA in DCM, rt, 2h; (b) (i) BH3 stabilized in Me2S, THF,

BF3ÆEt2O, 0 �C to rt, 16h, 81%; (ii) 50% TFA in DCM, rt, 2h; (c) (i)

NaBH4, EtOH/THF (4:1), rt, 12h, 87%; (ii) 50% TFA in DCM, rt, 2h.
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The general applicability of our strategy has been dem-
onstrated by carrying out the same reaction on Wang re-
sin using two different methods (Scheme 1). The first
involved loading of 4-chloro-p-fluorobutyrophenone di-
rectly onto the resin in the presence of NaH and TBAB
to give resin 5. Whereas, in the second method 4-
hydroxybenzaldehyde was loaded on Wang resin using
the Mitsunobu reaction11 followed by a similar method-
ology to that employed in the case of the RAM resin to
yield resin 9.

Combinatorial scaffolding of the resin bound cyclopro-
pyl phenyl methanones was demonstrated by carrying
out several classical reactions to provide a variety of ali-
cyclic compounds (Scheme 2). However, attempts at
repeating the reactions reported by Bertozzi et al.12

failed to afford the desired products.

In summary, we have developed a one-pot strategy for
the preparation of polymer-bound cyclopropyl phenyl
methanones. The protocol developed in this study pro-
vides an easy and efficient method for generating cyclo-
propyl phenyl methanone pharmacophore-based
libraries as potential antitubercular agents. A full
account with biological evaluations will be presented
in due course.
2. Experimental

All compounds gave satisfactory spectral analyses. All
resins were purchased from Nova Bio Chem.

2.1. Typical procedure for the preparation of 4-{[4-
(cyclopropylcarbonyl)phenoxy]methyl}benzamide 4

To Rink amide resin (100mg, 0.64mmol/g) were added
4-formylbenzoic acid (30.6mg, 3equiv, 0.189mmol)
and HOBt (30.6mg, 3equiv, 0.444mmol) dissolved in
500lL of dry DMF followed by DIC (16.4lL, 3equiv,
0.189mmol). The reaction mixture was allowed to stir
at room temperature for 12h. The resin was washed
sequentially with DMF (5 · 2mL), methanol
(2 · 2mL), DCM (3 · 2mL), diethyl ether (5 · 2mL)
and then dried in vacuo. To the resin 1 in 2000lL of
dry THF/ethanol (4:1) was added sodium borohydride
(14mg, 4equiv, 0.252mmol) and the reaction mixture
was stirred at rt for 12h. The resin was then washed
sequentially with dry DMF (5 · 2mL), methanol
(3 · 2mL), DCM (3 · 2mL) and diethyl ether
(3 · 2mL). After drying under vacuum, resin 2 was trea-
ted with sodium hydride (16.0mg, 10equiv, 0.63mmol),
4-chloro-p-fluorobutyrophenone (12lL, 3equiv, 0.168
mmol) and TBAB (10mg, 1.5equiv, 0.84mmol) in dry
DMF 2000lL. The resulting resin 3 was washed sequen-
tially with DMF (5 · 2mL), methanol (2 · 2mL), water
(5 · 2mL), methanol (2 · 2mL), DCM (3 · 2mL) and
diethyl ether (3 · 2mL) and dried in vacuo overnight.
The compound was cleaved with 50% or 20% TFA in
DCM for 15min to 2h followed by lyophilization from
t-BuOH/H2O (4:1) to afford compound 4 as a white
powder.

HPLC purity 98% (C18 reversed-phase column
7.8 · 150mm, 5lm) with a linear gradient 0–100%
acetonitrile in water (v/v) over 40.0min, flow rate
1.0mL/min, tR 14.99min), 1H NMR (300MHz, CDCl3:
two drops of DMSO-d6): d 8.01 (d, J = 8.8Hz, 2H, H-
10), 7.89 (d, J = 8.8Hz, 2H, H-4), 7.51 (d, J = 8.8Hz,
2H, H-5), 7.13 (br s, 2H, H2aNCO), 7.02 (d,
J = 8.8Hz, 2H, H-9), 6.30 (br s, 2H, H2bNCO), 5.20
(s, 2H, H-7), 2.67 (m, 1H, H-13), 1.20 (m, 2H, H-14),
1.01 (m, 2H, H-15).

13C NMR (75MHz, CDCl3): d 198.3 (C@O), 173.0
(CONH2), 141.1, 137.1, 134.2, 133.4 (ArC), 130.2,
127.9, 127.1, 114.5 (ArCH), 69.3 (OCH2Ph), 16.7
(CH), 11.3 (CH2 Cyclopropyl). MS (FAB): m/z 296
[M+H]+, 318 [M+Na]+.

2.2. Cyclopropyl-(4-hydroxy-phenyl)-methanone 6

HPLC purity 96% (C18 reversed-phase column
7.8 · 150mm, 5lm) with a linear gradient 10–100%
MeOH in water (v/v) over 40min, flow rate 1.0mL/
min, tR 11.14min), 1H NMR (300MHz, CDCl3: two
drops of DMSO-d6): d 7.91 (d, J = 8.4Hz, 2H), 6.90
(d, J = 8.4Hz, 2H), 4.29 (br s, 1H, –OH), 2.64 (m,
1H), 1.14 (m, 2H), 0.98 (m, 2H). ESMS: m/z 163.2
[M+H]+.

2.3. Typical procedure for the preparation of cyclopropyl-
[4-(4-hydroxybenzyloxy)-phenyl]-methanone 10

To a solution of PPh3 (444.0mg, 15.0equiv, 1.70mmol)
and 4-hydroxybenzaldehyde (206.8mg, 15.0equiv,
1.70mmol) dissolved in dry THF was added Wang resin
(100.0mg, 1.0equiv, 1.13mmol/g). Nitrogen was purged
for 5min and the reaction tube was maintained under ice
cold conditions. After 10min, DEAD (295.0lL in 1mL
THF, 15.0equiv, 1.7mmol) was added dropwise whilst
maintaining the temperature at 0 �C under N2, over a
period of 1h. The reaction mixture was allowed to stir
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at room temperature for 12h. The resin was washed
sequentially with DMF (5 · 2mL), methanol (2 ·
2mL), DCM (3 · 2mL) and diethyl ether (5 · 2mL)
then dried in vacuo. Completion of the synthesis fol-
lowed and an identical procedure to that for preparation
of compound 4 was used.

HPLC purity 95% (C18 reversed-phase column
7.8 · 150mm, 5lm) with a linear gradient 10–100%
MeOH in water (v/v) over 40min, flow rate 1.0mL/
min, tR = 13.15min.), 1H NMR (300MHz, CDCl3: two
drops of DMSO-d6): d 8.03 (d, J = 8.5Hz, 2H), 7.10
(d, J = 8.5Hz, 2H), 6.89 (d, J = 8.5Hz, 2H), 6.79 (d,
J = 8.8Hz, 2H), 4.56 (s, 2H), 2.61 (m, 1H, H-13), 4.39
(br s, 1H, –OH), 1.15 (m, 2H), 0.96 (m, 2H). ESMS:
m/z 269.4 [M+H]+.
3. Compound 11

HPLC purity 88% (C18 reversed-phase 7.8 · 150mm,
5lm) with a linear gradient 10–100% MeOH in water
(v/v) over 40min, flow rate 1.0mL/min, tR = 10.24min),
1H NMR (300MHz, CDCl3: two drops of DMSO-d6): d
7.91 (d, J= 8.4Hz, 2H), 7.49 (d, J= 8.4Hz, 2H), 7.34
(d, J= 8.4Hz, 2H), 7.14 (br s, 1H, H2aNCO), 6.91 (d,
J= 8.4Hz, 2H), 6.31 (br s, 1H, H2bNCO), 5.13 (s,
2H), 2.20 (m, 1H), 0.90 (m, 2H), 0.60 (q, J= 5.1Hz,
2H). ESMS: m/z 311.6 [M+H]+.
4. Compound 12

HPLC purity 75% (C18 reversed-phase 7.8 · 150mm,
5lm) with a linear gradient 10–100% MeOH in water
(v/v) over 40min, flow rate 1.0mL/min, tR = 20.31min),
1H NMR (300MHz, CDCl3: two drops of DMSO-d6): d
7.83 (d, J= 8.4Hz, 2H), 7.56 (d, J= 8.4Hz, 2H), 7.18
(d, J= 8.4Hz, 2H), 7.13 (br s, 1H, H2aNCO), 6.30 (br s,
1H, H2bNCO), 6.89 (d, J= 8.4Hz, 2H), 5.13 (s, 2H),
2.49 (d, J= 7.0Hz 2H), 0.86 (m, 1H), 0.51 (m, 2H),
0.19 (q, J= 5.1Hz, 2H). ESMS: m/z 282.1 [M+1]+.
5. Compound 13

HPLC purity 72% (C18 reversed-phase column
7.8 · 150mm, 5lm) with a linear gradient 10–100%
MeOH in water (v/v) over 40min, flow rate 1.0mL/
min, tR = 11.48min), 1H NMR (300MHz, CDCl3: two
drops of DMSO-d6): d 8.0 (d, J = 8.4Hz, 2H), 7.86 (d,
J = 8.4Hz, 2H), 7.57 (d, J = 8.4Hz, 2H), 7.14 (br s,
1H, H2aNCO), 7.03 (d, J = 8.4Hz, 2H), 6.32 (br s, 1H,
H2bNCO), 5.23 (s, 2H), 3.76 (d, J = 3.2Hz, 1H), 2.20
(m, 2H), 0.90 (m, 2H), 0.60 (q, J = 5.1Hz, 2H). ESMS:
m/z 298.5 [M+H]+.
Acknowledgements

R.K.G and R.C.M are thankful to CSIR, New Delhi,
for providing fellowships.
References and notes

1. (a) Comprehensive Medicinal Chemistry; Hansch, C.,
Sammes, P. G., Taylor, J. B., Drayton, C. J., Eds.;
Pergamon: Oxford, UK, 1990; Vol. 6; (b) Koskinen, A. M.
P.; Hassila, H. Acta Chem. Scan. 1996, 50, 323–327.

2. (a) For a general review on cyclopropanes, see: Patai, S.;
Rappoport, Z. The Chemistry of the Cyclopropyl Group;
Wiley & Sons: New York, 1987; (b) Small Ring Com-
pounds in Organic Synthesis VI; de Meijere, A., Ed.;
Springer: Berlin, Germany, 2000; Vol. 207, pp 402–435; (c)
Houben-Weyl Methods of Organic Chemistry; Thieme:
Stuttgart, 1997; Vol. E, p 17c.

3. (a) Davies, H. M. L. Tetrahedron 1993, 49, 5203–5223; (b)
Mann, J. Tetrahedron 1986, 42, 4611–4659; (c) Piers, E. In
Comprehensive Organic Synthesis; Trost, B. M., Ed.;
Pergamon: Oxford, 1991; Vol. 5, pp 899–971; (d) Hud-
licky, T.; Fan, R.; Reed, J.; Gadasetti, K. G. Org. React.
1992, 41, 1–335; (e) Goldschmidt, Z.; Crammer, B. Chem.
Soc. Rev. 1988, 17, 229–268.

4. For ring opening reactions see: (a) Nonhebel, D. C. Chem.
Soc. Rev. 1993, 22, 347–359; (b) Reissig, H. U. Top. Curr.
Chem. 1988, 144, 73–135; (c) Salaun, J. R. Y. Top. Curr.
Chem. 1988, 144, 1–28; (d) Wong, H. N. C.; Hon, M. Y.;
Tse, C. W.; Yip, Y. C.; Tanko, J.; Hudlicky, T. Chem. Rev.
1989, 89, 165–198.

5. (a) Meijere, A. D. Chem. Rev. 2003, 103, 931–1270; (b)
Donaldson, A. Tetrahedron 2001, 57, 8589–8627; (c)
Fujiwara, T.; Odaira, M.; Takeda, T. Tetrahedron Lett.
2001, 42, 3369–3372; (d) Takeda, T.; Shimane, K.;
Fujiwara, T.; Tsubouchi, A. Chem. Lett. 2002, 3,
290–291; (e) Chu-Moyer, M. Y.; Danishefsky, S. J.;
Schulte, G. K. J. Am Chem. Soc. 1994, 116,
11213–11228; (f) Chu-Moyer, M. Y.; Danishefsky, S. J.
J. Am. Chem. Soc. 1992, 114, 8333–8334.

6. (a) Vo, N. H.; Eyermann, C. J.; Hodge, C. N. Tetrahedron
Lett. 1997, 38, 7951–7954; (b) Nagashima, T.; Davies, H.
M. L. J. Am. Chem. Soc. 2001, 123, 2695–2696.

7. Novel Phenyl Cyclopropyl Methanones Useful as Antitu-
bercular Agents. Grover, R. K.; Mishra, R. C.; Verma, S.
S.; Tripathi, R. P.; Roy, R.; Srivastava, R.; Srivastava A.;
Chaturvedi, V.; Krishnan, M. Y.; Srivastava, B. S.; Lal, J.;
Gupta, R. C.; Dwivedi, A. K.; Singh, S. Indian Patent
Filed, 0375NF, 2004.

8. Bird, R.; Griffiths, G.; Griffiths, G. F.; Stirling, C. J. M. J.
Chem. Soc., Perkin Trans. 2 1982, 579–584.

9. Marzinzik, A. L.; Felder, E. R. J. Org. Chem. 1998, 63,
723–727.

10. Kaiser, E.; Colescott, R. L.; Bossinger, C. D.; Cook, P. I.
Anal. Biochem. 1970, 34, 595–598.

11. McNally, J. J.; Youngman, M. A.; Dax, S. L. Tetrahedron
Lett. 1998, 39, 967–970.

12. Bertozzi, F.; Gundersen, B. V.; Gustafsson, M.; Olsson, R.
Org. Lett. 2003, 5, 1551–1554.


	In situ cyclopropanation: a rapid one-pot method for the synthesis of resin bound cyclopropyl phenyl methanones as combinatorial scaffolds z.star  z.star CDRI Communication no. 6498. thinsp 
	Introduction
	Experimental
	Typical procedure for the preparation of 4-{[4-(cyclopropylcarbonyl)phenoxy]methyl}benzamide 4
	Cyclopropyl-(4-hydroxy-phenyl)-methanone 6
	Typical procedure for the preparation of cyclopropyl-[4-(4-hydroxybenzyloxy)-phenyl]-methanone 10

	Compound 11
	Compound 12
	Acknowledgements
	References and notes


