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Abstract: Synthesis of dendrimers with enones as the core unit a %tlon during the infection process. Enones and their relat-
m-terphenyl as surface end group has been achieved. All the eno % compounds are used extensively in biological systems

and the dendrimers were antibacterial agaSastonella typhi, espemally against microbes. Another antimicrobial activ-
Salmonella paratyphi andStaphylococcus aureus. ity of enones has been established and pré&v@dndrim-

Key words: dendrimers, enoney-terphenyl, antibacteriatal mo- eric peptides seleptive for microbial sgrfaces_have !ot_een
nella typhi developed to achieve both broad antimicrobial activity
and hemolytic activity against human erythrocytes. The
tetra- and octavalent R4 and R8 dendrimers exhibit rela-
eté\ﬁaly similar potency against bacteria and fulfgh se-
ries of dendrimer quaternary ammonium compounds
AC) exhibit antimicrobial activity against bactetiaP?
ore generally, compounds and materials that possess
biocidal activity have commercial applicability where

Syntheses of photochronfighotoluminesceritfluores- prevention of biofilms is desired, for example in the health
cence sensinY, photoresponsive and water-solubléar€ Sector.

dendrimer& have been reported recently. The presence Bburne et al® have studied antiviral activity of dendri-
the mterphenyl surface group would greatly assist theers against Herpes Simplex Virus (HSV). To the best of
generation of hyperbranched dendritic structtfresmid our knowledge, the work reported herein provides the
permanent fluorescence sensing dendritic architectéiremnly example of enone core based dendrimers using

The synthesis and applications of dendrimers have b
the focal point of investigation during recent timagar-
ious synthetic approaches leading to varied functionall
in the dendrimer are well documentetl Syntheses of
dendrimers may be divergémtr convergeritapproaches.

Dendrimers have found utility as carrier molecules faerphenyl as the surface end group as antibacterial agents.

drug delivery and as homogeneous catalysts with intere¥fe report herein the synthesis and bactericidal efficacy of
ing biological application¥* One of the most attractive enone core based dendrimées 1b, 1c, 2a, 2b and2c
applications in the biomedical field is the use of functioragainst human pathogenic bacteria.

alized dendrimers as antibacterial and antiviral agents. 5-Methyl-1,1:3,1”-terphenyl 8) was prepared by the

Fuctionalized dendrimers are able to form stable corapplication of the Hart reactibhfrom 3,5-dibromo 4-io-
plexes with bacterial or viral structure receptors at the celbtoluene. Radical bromination 8fwith NBS in CC},
surface, resulting in disruption of the bacterial cell intein the presence of B®@, afforded 5bromomethyl-

ﬁ*bé“@%&

la,1b,l1c Q. 2a.2b 2¢c

R=mt, Gy, G2
o o

Bobgsl T

Figurel

SYNLETT 2005, No. 7, pp 1121-1124
Advanced online publication: 14.04.2005

DOI: 10.1055/s-2005-865201; Art ID: D35504ST
© Georg Thieme Verlag Stuttgart - New York

Downloaded by: Rutgers University. Copyrighted material.



1122 P. Rajakumar et al. LETTER

1,1:3,1”-terphenyl 4) in 84% yield?*® Reaction of the CO,Me COMe
dienone5?! obtained fromp-hydroxybenzaldehyde and a

H ; , 2.1 equiv 4 b (G1)-OH € (G- Br%- 1b
acetone with 2.1 equivalents of’-lromomethyl- o o p 9
1,1:3,1"-terphenyl in the presence of,&0, in DMF © o 7 als
gave the dendrimeta??2%in 44% yield. Similarly, reac- SARCICAa e
tion of 2.1 equivalents of the-bromomethyl-1,13",1"- 2b

terphenyl with 1 equivalent of the diketof& derived scheme 2 Reagents and conditions: a) K,CO,, DMF, 60 °C, 48h;
from terephthaldehyde ampdhydroxyacetophenone gaveb) LAH, THF, reflux, 12 h; c) CB, PPh, THF, r.t.

2a% in 45% yield (Scheme 1).

In theH NMR spectrum dendrimeia displayed a sharp .

singlet at = 5.15 ppm for the methylene protons and thgendrlmeﬂb_was further sup_ported by the appearance of
olefinic protons appeared as two double®a.88 ppm & molecular ion ar/z = 1479 in the FAB mass spectrum.
ands = 6.98 ppm for four protons and two more doubletSimilarly, denc!rlmeﬂb was characterized based on spec-
were observed &t = 7.38 ppm ané = 7.57 ppm along tral and analytical data.

with other aromatic protons. In th& NMR spectrum the With a view to synthesize the next generation dendrimers
methylene and carbonyl carbon appeareti=a?0.2 ppm 1c and 2c, methyl 3,5-dihydroxybenzoate was reacted
andd = 188.8 ppm in addition to 14 aromatic carbons. Theith 2.1 equivalents of dendritic bromide(G,)-Br to
appearance of a molecular ion peak at 757 in the FABve the methyl carboxylati) (G,)-CO,Me. The methyl
mass spectrum also confirmed the structuraof esterl0 was reduced to give the corresponding alcahol

Dendrimer2a in theH NMR spectrum displayed a sharp(G2)-OH from which the dendritic bromidg2 (G,)-Br
singlet a = 5.20 ppm and the olefinic proton appeared 8¥aS obtained as descr_lbed earlier. Reactlon of _2.1 equiva-
a doublet at = 7.04 ppm and = 7.99 ppm for four lents of dendritic bromldéz (Gz)—_BrW|th one equwa_lent
protons along with aromatic protons. In tH€ NMR of 5/6 gave the dendrimetk/2c in 58% and 51% yield,
spectrum the methylene and carbonyl carbon appeared&iPectively (Scheme 3).

8 =70.3 ppm and = 188.4 ppm in addition to the aromat-

ic carbons. The proposed struct@a was further con- qoaMe CO,Me
firmed by the appearance of molecular ion peak/at= 21lequvo —b . (GyoH S (@B 2 1c
855 in the FAB mass spectrum. HO OH SRS 1 12

In order to synthesize the first generation dendritier ale

10

methyl 3,5-dihydroxy benzoate was reacted with the £ ‘O Oa ‘O Oi e
bromomethyl-1,13",1”-terphenyl 4) and the resulting OO0 OOTT0
methyl estei7 was reduced with LiAlilin THF?® to give _— 3 )
dendritic alcohoB (G,)-OH. Which, on further reaction o\ ar; st romue 12 o) o pon ap e o oM
with CBr,/PPh in THF 2 afforded the dendritic bromide o B B
9 (G,)-Br in 53% yield. Reaction of 2.1 equivalents of th . .

dendritic bromide9 (G,)-Br with one equivalent of di- %endrlmerslc and2c were characterized from spectral

enone5/6 in the presence of &CO; in DMF gave den- 2nd analytical daté.
drimer1b and2b?’ in 51% and 48% yield (Scheme 2). Bactericidal efficacy: The bactericidal efficacy of the

The 'H NMR spectrum of dendrimetb displayed four parents, 6, d_endrimerla, 1b, .1C’ 2a, 2b and 2c was
and eight proton singlets at= 4.90 ppm and = 5.01 2ssayed againsalmonella typhi, Salmonella paratyphi

C and Staphylococcus aureus by disc diffusion methoéf
gpszsg? %Sﬁfgiv%oézzsblaegg (iena;%cg;toﬁ.?g tﬁzn;gr;?at arents5 and 6 exhibited significantly activity towards

protons. In thé*C NMR spectrum the methylene and car>2monélla typhi and Salmonella paratyphi than Sa-

bonyl carbons appeareddt 70.0, 70.3 and 188.1 ppm phyloc%ccus zur_etrﬁ)_ Dendrimers 1";’ 1b, 23 and 2b H
in addition to the aromatic carbons. The structure of ti&'0Wed good inhibition against the test bacteria when

| o)
Br Br CHs Br /‘/\/\/\‘
\©/ ab O c O HO 5 OH 1a
L 70 O, O d
3 3 A
“ R

Schemel Reagentsand conditions: a) 3.1 equiv PhMgBr, THF, reflux, 12 h; b}®t; c) NBS, BzO,, CCl,, reflux; d) K,CO;, DMF, 60 T,
48 h.
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compared withb and6. Dendrimerslc and2c possessed Table3 Effect of Enones and Dendrimers on the Growth of
more inhibitory activity than all other dendrimers andaphylococcusaureus

parent compounds. The standard antibiotic diifto-
mycin 10 pg/disc) inhibited the growth oSalmonella
typhi by 20 mm Salmonella paratyphi by 21 mm an@®a-  Compounds 2Qug/mL 40pg/mL 60pg/mL
phylococcusaureusby 15 mm, respectively. The diameter

Inhibition zone (mm)

of inhibition zone for each concentration against all thg"®"® 3.6 6.6 9.2
test bacteria is depicted in Table 1, Table 2, and Table Bendrimeria 5.4 9.6 12.6
Tablel Effect of Enones and Dendrimers on the Growth of Dendrimerlb 6.6 10.2 13.2
Samonella typhi .
Dendrimerlc 8.8 11.8 15.8
Inhibition zone (mm) Parent6 3.2 5.4 8.0
Compounds 2@g/mL 40pug/mL 60pug/mL Dendrimer2a 4.4 9.2 10.2
Parent 4.2 12 98 Dendrimer2b 6.2 102 116
Dendrimerla 58 10.2 13.2 Dendrimer2c 8.0 10.8 126
Dendrimerlb 7.2 11.0 14.4
Dendrimerlc 9.8 12.8 16.8
Parents 3.6 5.8 8.2 References
Dendrimer2a 48 9.6 10.8 (1) Grayson, S. M.; Fréchet, J. M.Chem. Rev. 2001, 101,
3819; and references therein.
Dendrimer2b 6.8 10.4 12.2 (2) Nithyanandhan, J.; Jayaraman JNOrg. Chem. 2002, 67,
6282.
Dendrimer2c 8.2 11.8 13.2 (3) Abramov, M. A.; Shukla, R.; Amabilin, D. B.; Dehaen, J. W.

J. Org. Chem. 2002, 67, 1004.

(4) Carnahan, M. A.; Grinstaff, M. W.. Am. Chem. Soc. 2001,
123, 2905.

(5) Gilat, S. L.; Adronov, A.; Fréchet, J. M.JJOrg. Chem.
1999, 64, 7474.

(6) Tomalia, D. A.; Baker, H.; Dewald, J.; Hall, M.; Kallos, G.;

Table2 Effect of Enones and Dendrimers on the Growth of
Samonella paratyphi

Inhibition zone (mm)

Compounds 2@g/mL 40pg/mL 60ug/mL Martin, S.; Roeck, J.; Ryder, J.; SmithPBlym. J. 1985, 17,
117.
Parentt 4.6 7.6 9.6 (7) Hawker, C. J.; Fréchet, J. MJJAm. Chem. Soc. 1990, 112,
) 7638.
Dendrimerla 6.2 10.6 136 (8) Liao, L. X.; Junge, D. M.; McGrath, D. Wlacromolecules
. 2002, 35, 319; and references therein.
Dendrimerlb 74 11.2 14.8 (9) Diez-Barra, E.; Garcia-Martinez, J. C.; Ray, R. D;
Dendrimerilc 10.2 13.0 17.2 Rodriguez-Lopez, J.; Giacalone, F.; Segura, J. L.; Martin, N.
J. Org. Chem. 2003, 68, 3178.
Parentt 3.8 6.2 8.6 (10) Ghosh, S.; Banthia, A. Retrahedron Lett. 2003, 43, 6457.
) (11) Hyakawa, J.; Mamotabe, A.; Arai,Ghem. Commun. 2003,
Dendrimer2a 5.2 10.4 12.8 94,

. 12) Rajakumar, P.; Ganesan,3mth. Commun. 2004, 34, 2009.
Dendrimer2b 72 10.8 12.8 E13§ Ra}akumar, P,; Ganesan%nth. Lett. 2004, 2236.
Dendrimer2c 8.8 12.0 14.6 (14) Boas, U.; Heegaard, P. M. Bhem. Soc. Rev. 2004, 33, 43.
(15) Sciraufstattel, E.; Bernt, Mlature 1947, 164, 456.

(16) Tam, J. P.; Ya, Y. A.; Yang, J. Eur. J. Biochem. 2002,
All dendrimers other than parent compounds in the 269, 923.

present study significantly inhibited the growthSafmo- ~ (17) (a) Chen, C. Z.; Cooper, S.Adv. Mater. 2000, 12, 843.
nella typhi, Salmonella paratyphi and Staphylococcus (o (E?) ChenNC..SZ.; %OOperisks'l‘zmtaézgo_zﬁﬁ* 3329;
aureus. These dendrimers could be potential compoundé ) Boume, N.; Stanberry, L. R.; Kem, E. R.; Holan, G.;

o . Matthews, B.; Bernstein, D. Antimicrob. Agents
for the eradication of typhoid caused by these pathogens.  chemother. 2000, 44, 2471.

(19) Du, C. J. F.; Hart, H.; Ng, K. K. 3. Org. Chem. 1987, 52,
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(23)

(24)

(25)
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General Procedurefor the Preparation of Dendrimer.

A mixture of dienoné/diketone7 (1 mmol) and dendritic
bromide4/9/12 (2.1 mmol) was stirred with JCO; (5

mmol) in DMF (20 mL) at 60 °C for 48 h. The reaction
mixture was poured into J® and extracted with Ci€I,

(3x 150 mL). The combined organic extracts were washed
with brine (80 mL), water (2 100 mL) and dried over
MgSQ,. Evaporation of the organic layer gave a residue,
which was purified by chromatography over Sgel using
CHCI, as eluent to give the corresponding dendrimer.
Dendrimer 1a: yield 44%; CHCJ; mp 88-92 °CH NMR
(500 MHz, CDC)): 8 =5.14 (s, 4 H), 6.86—6.98 (d, 4 H),
7.17-7.70 (m, 34 H}3C NMR (125 MHz, CDC)): § = 70.1,
115.3, 123.6, 125.2, 126.0, 127.7, 127.6, 128.0, 128.8,
130.1, 137.5, 140.7, 142.3, 142.6, 160.7, 188.8. MS (FAB,
70 eV):m/z= 750 [M']. Anal. Calcd for GsH,,05: C, 88.00;

H, 5.60. Found: C, 87.98; H, 5.56.

Chudgar, N. K.; Kansara, S. S.; Negai, R.; Sharma, H. C.
Macromol. Rep. 1995, A32, 323.

Dendrimer 2a: yield 45%; CHCJ; mp 174-176 °CH

NMR (500 MHz, CDCJ): 3 = 5.20 (s, 4 H), 7.04-7.05 (d, 4
H), 7.17-8.00 (m, 38 H}3C NMR (125 MHz, CDC)): § =
70.2,76.7,114.8, 122.7, 125.2, 126.1, 127.2, 127.6, 128.8,
129.2,130.9, 131.2, 137.2, 140.7, 142.3, 142.8, 188.4. MS
(FAB, 70 eV):m/z= 854 [M']. Anal. Calcd for GH,¢O,: C,
87.11; H, 5.38. Found: C, 87.05; H, 5.32.

Freeman, A. W.; Christoffel&. A. J.; Fréchet, J. M. J.

Org. Chem. 2000, 65, 7612.
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(28)

(29)

Dendrimer 1b: yield 51%; CHCJ; mp 114-116 °CtH

NMR (500 MHz, CDCJ): 6 = 4.90 (s, 4 H), 5.00 (s, 8 H),
6.49 (d, 2 H), 6.57 (d, 2 H), 7.18-7.59 (m, 66 1. NMR
(125 MHz, CDC)): 6 = 69.9, 70.2, 101.8, 106.4, 115.3,
125.3, 125.9, 127.3, 127.6, 127.9, 128.8, 130.0, 137.7,
139.1, 140.8, 142.2, 142.6, 143.6, 160.2, 160.5,188.8. MS
(FAB, 70 eV):m/z= 1478 [M]. Anal. Calcd for GyHg,0;:

C, 86.87; H, 5.54. Found: C, 88.76; H, 5.46.

Dendrimer 2b: yield 48%; CHCJ; mp 106-108 °CtH

NMR (500 MHz, CDC})): 8 = 5.19 (s, 4 H), 5.22 (s, 8 H),
6.73-6.77 (d, 4 H), 7.39-7.79 (m, 70 HC NMR (125

MHz, CDCL): 6 = 65.4, 70.1, 70.2, 70.3, 101.4, 101.9,
105.9, 106.5, 114.9, 125.4, 126.0, 127.4, 127.7, 128.9,130.9,
137.8, 140.9, 142.3, 160.3, 160.4, 162.6, 188.4. MS (FAB,
70 eV):m/z = 1582 [M]. Anal. Calcd for G, ,HgO5: C,

86.47; H, 5.43. Found: C, 86.40; H, 5.36.

Dendrimer 1c: yield 58%; CHCJ; yellow colored liquidH
NMR (500 MHz, CDC})): § = 4.98 (s, 4 H), 5.01 (s, 8 H),
5.13 (s, 16 H), 6.70 (d, 2 H), 6.78 (d, 2 H), 7.18-7.81 (m,
130 H).*3C NMR (125 MHz, CDC)): 6 = 68.1, 70.1, 101.2,
101.8, 106.6, 115.3, 125.4, 127.4, 127.7, 128.9, 137.9,
139.4, 140.9, 142.3, 160.2, 160.3, 160.6, 188.6. MS
(MALDI-TOF): m/z= 2934 [M]. Anal. Calcd for

C,11H16:0:5 C, 86.29; H, 5.52. Found: C, 86.20; H, 5.42.
Dendrimer 2c: yield 51%; CHCJ; yellow colored liquid*H
NMR (500 MHz, CDCJ): 6 = 5.00 (s, 4 H), 5.02 (s, 8 H),
5.14 (s, 16 H), 6.67—6.70 (dd, 2 H), 6.75 (d, 2 H), 7.34-7.64
(m, 134 H).23C NMR (125 MHz, CDC)): § = 70.1, 70.2,
101.7, 106.5, 114.8, 125.4, 126.0, 127.4, 127.6, 128.9,
137.8, 139.4, 140.9, 142.2, 160.2, 160.3, 188.4. MS
(MALDI-TOF): m/z = 3038 [M]. Anal. Calcd for

C,18H1660:6: C, 86.10; H, 5.46. Found: C, 86.06; H, 5.40.
Antibacterial activity: All the test bacteria were subcultured
in nutrient broth from which 1 mL of cell suspension was
taken and was adjusted to 0.5 OD. This was spread as a thin
film over the nutrient agar plates. Concentrations of 60, 40
and 20ug/mL of the compound were loaded into a disc,
which was placed over the inoculated plates. All the plates
were incubated for 48 h at 37 °C and growth was measured.
A streptomycin disc from Hi-media (1@/disc) was used as
the standard.
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