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Career Snapshot

1961 Born in Sheridan, Montana

1983 B.S., Montana State University

1988 Ph.D., California Institute of Technology
(Prof. Robert Grubbs)

1988-1990 Post-doc at MIT (Prof. Mark S. Wrighton)

1990-1996 Professor at U. Penn.

1996-present Professor at MIT
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Undergraduate Research

Isolation of 19 coumarins found Musineon

Divaricatum
Five were novel compounds
X
0 0”70
OR'

OR"

Attributed finding to advances in HPLC separatiens
use of nitrile-bonded phase column

Swager, T.M.; Cardellina, J.HPhytochemistr{985 24,805-813.



I
Ph.D. work

Polyacetylenes
Excellent conductor
Drawback: Insoluble

Solution: Soluble precursor polymers

HgCl,
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J. Am. Chem. So&987, 109, 894-896.
J. Am. Chem. So&988 110, 2973-2974
J. Am. Chem. So&989 111, 4412-4422.



Synthesis of polybenzvalene

Synthesis of benzvalene monomer

@'U* + CHLCl, + CH,Li - @ * ©

“We were discouraged from investigated its largalesesolation pure when the
resonance energy of benzene and the strain enesgyadl-ring compounds were called
to our attention by the benzvalene exploding.”

@ cat :/&\:

. X=CF,
Il. X=CH,

Katz, T.J.; Wang, E.J.; Acton, N. Am. Chem. Sod 971, 93, 3782.
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Properties of polybenzvalene

Liberation of 59 kcal/mol on heating up to 420

“The heat liberated from the detonation of 100-gtipsamples was sufficient
to melt the latex gloves with which the author \Wwasdling the sample.”

>90% cis double bonds

Generates solids with elastomeric properties

Stretched up to 30 times original length
Stretching before isomerization increases crystgtiemd conductivity



Isomerization to PA

/&\ I X F=F [ ]
N - - * In + *:W
. In* ' ‘

Table 1. Results of the Catalytic Isomerizations

conductivity, isomerization of

Q' em™ V.2 % yield of
un-  saturated products
catalyst appearance doped with I, VI VIl

AgBF, silvery-black, 107% 10 100

dull
Znl, black, shiny 10°¢ 0.2 88 11
HgBr: black, shiny 107 0.1 Es
HgCl, silvery-black, 107% 1.0

shiny
[Rh(COD)CIl]);* burgundy-red 107® 0 98

Final product 40:60 cis:trans double bonds
19% saturation by*C NMR



Post-doctoral research

Synthesis of three classes of conjugated rigid-rod
polymers

Investigated fluorescence properties

OR ocC, H

167733 (PPh,),Pd/Cul
' I+ = —
toluene/diisopropylamine

Swager, T.M.; Gil, C.J.; Wrighton, M.3. Phys. Chen1995 99, 4886-4893



*Disordered polymers exhibited greater solubility
*Absorption max: 446 nm
*Emission max: 478 nm

*Red-shifted relative to comparison compound

R=50% C,4H,, and 50% CH,

H,C,O

Reference compound
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Class IlI: Anthracene-Terminated
Polymers

Absorption spectrum red-shifted

relative to reference compoun
Emission spectrum: OC,.H

New band at 524 nm { = f\ /z = Qu
Energy migration to anthracene @ H,.C,.0
end groups

Reference compound




Class Il

Quantum yield decreases with increasing anthracemiect

Red-shifted absorption and emission
Relative to Class Il polymers
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Research at U. Penn

Sensing polymers
Syntheses of polycyclic aromatic compounds
Calixarenes



Conducting polymer sensors
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Binding constants for all monomers:
10 times lower than for Kwith 18-crown-6
Large shifts in lambda max (up to 91 nm)
Additive effect

Marsella, M. J.; Swager, T.M. Am. Chem. Sot993 115 12214-12215



" SN
More metal-binding polymers

J—O—@/Q
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Zhu, S.S.; Swager, T.M. Am. Chem. Sot997, 119 12568-12577.
Zhu, S.S.; Carroll, P.J.; Swager, T.8.Am. Chem. Sot996 118 8713-8714.
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Conducting chemosensors
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Marsella, M. J.; Carroll, P.J.; Swager, T.MAmM. Chem. Sot994 116 9347-9348.



Amplifying fluorescent polymers

Isolated Fluorescent Chemosensors _
yd \ :}/ \H

J|'®+ QT@

P
V PQ*’ y CHyN EtHj

33 5% reduction in cmission

—

Fluorescent Chemosensors “Wired in Series”

T TV TR

1K) % reduction in emission

Zhou, Q.; Swager, T.Ml. Am. Chem. Sott995 117,12593-12602.



Fluorescent chemosensors

O\/\O/\/O\/\O/\/O

O\/\O/\/O\/\O/\/O

Polymer B
O\/\O/\/O\/\O/\/O
R@ — \\ // — R Q
O OO

Monomer B

47-66 fold enhanced Kalues for polymer B as compared to monomer B

Zhou, Q.; Swager, T.Ml. Am. Chem. Sott995,117, 7017-7018.
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More fluorescent chemosensors

Reference monomer
O/\/O\/\O/\/O\/\O
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O\/\O/\/O\/\O/\/O

R=0C_,H,¢

Relative Emisvion Tndensity

Polymer

: O/\/O\/\O/\/O\/\O

O\/\O/\/O\/\O/\/O
R= CON(CgH,),

Zhou, Q.; Swager, T.Ml. Am. Chem. Sott995 117,12593-12602.
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Synthesis of polycyclic aromatic

compounds
Starting materials:

/ / Ar Ar

WSS (e =
// 8 8 Ar' Ar
para . .
Cyclize with electrophile:
o 0. &
7 T T s — E

Goldfinger, M.B.; Crawford, K.B.; Swager, T.M. Am. Chem. Sot997 119 4578-4593.



Application: Graphite Ribbons

Goldfinger, M.B.; Swager, T.Ml. Am. Chem. Soit994 116, 7895-7896.



Strained diacetylene macrocycles

Synthesis of dimer, trimer, and tetramer
Separation via fractional recrystallization
H

H

%{ soained|

R R

Dimer highly unstable: Reaction with |

|
OC 00— IO
== %O
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Zhou, Q.; Carroll, P.J.; Swager, T.M.Org. Chem1994 59, 1294-1301



Tungsten-Oxo Callxarenes

Synthesis: @

N
N

Y Y Y
(CHj)3H
Y= _N'&
O(CHy) uH
R {CH3)H
O{CH;3)::H

Formation of columnar liquid crystals:

lllllll

Isotropic Liquid

Xu, B.; Swager, T.MJ. Am. Chem. So&993 115 1159-1160.



Application of Tungsten Calixarenes
Resolution of racemic metallocalixarenes:

Ph Ph “(}_/’*‘ Ph Ph
Cl_ ,c; > /

0B g HO  OH 06 ‘oo
/ /

M = W 3
S ;M\W

f_JJ&L,__J;”L_F_AULﬂ I
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Diastereomeric proton shifts Equal but opposite Cécsa
of separated enantiomers

Xu, B.; Carroll, P.J.; Swager, T.Mngew. Chem. Int. Ed. Endl996 35, 2094-2097.
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MIT: 1996-present

Sensing polymers
Small-molecule sensors
Laser technology
Liquid-crystals



FIDO: Detecting land mines

26,000 people/yr involved in land mine incidents
40% are children

Primary detection: Metal sensing
False alarms!

Interested In detecting explosives

NO, NH,,
02N N02 N02 | |
NO2 NO2
NO,

NO,

2,4,6-trinitrotoluene 2 4-dinitrotoluene  1,3-dinitrobenzene  3-nitroaniline

Cumming, C.J. et alEEE Trans. Geoscience and Remote SeriAiig.,39,1119-1126.



Polymer-based detection

Vapor sensing of TNT and derivatives

Detection limit: 50 femtograms/ mL air
Field testing:

89% accuracy/ 27% false alarms




" J
More bulky polymers

Bulky [2.2.2] bicyclic system
\

z‘y ol

4a, R = CO,CHj4
4b, R = CF4
4c, R = COOH

Quenched with DNT and DMT

Kim, Y.; Zhu, Z.; Swager, T.MJ. Am. Chem. So2004 126, 452-453.
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Application: [2.2.2] bicyclic system

Electron deficient water soluble polymer

Complexes electron rich biological analytes

NH s+ Cl

tryptophan serotonin dopamine

Kim, Y.; Swager, T.MMacromolecule2006 39, 5177-5179.
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Still more bulky polymers

Scheme 1. Synthesis of Iptycene-Containing
Poly(butadiene)s=

|ptycene-containing polymers %‘—-%’*
Q QN

with large internal free volume

iy AN

Figure 1. Triptycene and an illustration of its internal free
volume.

"_ =

7 {a) 165 °C; (h) 165 °C, THF.

Amara, J.P.; Swager, T.Mlacromolecule2004 37, 3068-3070.
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Through-space interactions

Incorporated 0,1, and 2 cofacial arenes into polymers

Observed evidence of through-spaaateraction in
monomer units

ﬁ':'ﬂ:- .
N i
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“{3 o é =
¢ P

McNeil, A.J.; Muller, P.; Whitten, J.E.; SwagerM..J. Am. Chem. So2006 128 12426-12427.
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Detection polymers

NO detection

Biological relevance
1 unpaired electron in anti-bonding orbital

Use paramagnetic coordinatively unsaturated metal

* _N\ /N
S _Cq S~
|/ o” "o O
Q 0

Shioya, T.; Swager, T.MChem. Commur2002 1364-1365.
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Metal-ion sensing

Monomers contain crown ethers
Binding of metals to monomer measured by NMR

Polymer properties:
All divalent metals enhance conductivity
All monovalent metals strongly suppress it

Yu, H.; Pullen, A.E.; Buschel, M.G.; Swager, T.Ahgew. Chem. Int. E@Q004 43, 3700-3703.
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Rotaxane polymers: Synthesis

Scheme 1. Synthesis of Rotaxans PPEs*
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a Conditions: (1) Cul; bp{CH,Brl,: EK.00;, p-(Bul H,0,CCHOH;
ECHN. (1) PA(FPh;)y, B{C=CH},, Cul, tolueneHMNPr;, 65 °C; KCHW.

Kwan, P.H.; MacLachlan, M.J.; Swager, T.M.Am. Chem. So2004 126, 8638-8639.



Binding of H-bond donors
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Figure 3. Flucrescence guenching of polymer thin films upon exposure
to aleohol vapors (room temperature). For 3a and 5 and 6, A = 400 am,
flucrescence monitored at 455 nm. For 3b, Adge = 420 om, flucrescence
monitored at 473 nm. Quenching in 3a by acidic aleohols is representative.



Carbohydrate-Functionalized Polymers

Fluorescent polymer conjugated to carbohydrates
Used to sensk. Colithat bind to mannose

“r SUULE S
G S Gl G

)Z_\_( N, t_\ ){\_{Y\D)—

Disney, J.D.; Zheng, J.; Swager, T.M.; Seebergét, P Am. Chem. So2004 126, 13343-13346.
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Fluorescent bacterial clusters
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Figure 4. Laser scanning confocal microscopy image of (A) mutant E.
coli that does not bind to 2a. Individual cells observed with no aggregation.
(B} A fluorescent bacterial aggregate due to multivalent interactions between
the mannose-binding bacterial pili and 2a (superimposed fluorescence and
transmitted light images). {C) Fluorescence microscopy image of a large
flucrescent bacterial cluster. (D) Conventional fluorescence spectra of 2a
in PBS (black) and normalized fluorescence spectra of a bacterial cluster
obtained using confocal microscopy (red).
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Trypsin detection

Fluorescent poly(phenylene ethynylene) core
Conjugated to peptide

Non-fluorescent
Trypsin treatment restores fluorescence

H
N._ GPLGMRGLGGGG-Lys—"
10: R = \g/

"L
O,N NO3

Wosnick, J.H.; Mello, C.M.; Swager, T.M. Am. Chem. So2005 127,3400-3405.



Fluoride 1on detection

Monomer cyclization:

CO,Et

— F CO.Et
R1 O—Si(tbu)(CH R1 o~ o

3)2

Semi-conductor polymer-indicator conjugates with
amplified response

CO,Et

Kim, T.; Swager, T.MAngew. Chem. Int. E@003 42,4803-4806.



Detection of chemical warfare agents

Highly toxic organophosphates
7 7 Q ? Q
FMZ\OJ\ F’IID\OJW< NGO s J\ cr o™

Me

Sarin Soman Tabun DFP DCP

Detection via

. . | \N oy | \N R B ‘A
cyclization: g g AN OFor NN
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Y=H, Si'BuMe, A= PO,(OR),"

Zhang, S.; Swager, T.M. Am. Chem. So2003 125,3420-3421.



b-amyloid plaque detection

Known amyloid-staining compounds:

Cl

Me

Qe N\ \
ve -

Me S

NaO,S SO;Na
Congo Red Thioflavin T

Impermeable to BBB

NC
New compound: “OQ\WCN
L) s

Nesterov, E. et aAngew. Chem. Int. EQO05 44,5452-5456.



In vivo efficacy of NIAD-4



