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materials that can respond quickly and protect over a wide frequency range of the spectrum.

In this research, dithienylpolyenes with one and two double bonds have been synthesized with

hydroxyl functional groups. The chromophores were converted to dendrons for convergent dendrimer

synthesis by first converting the alcohol functionality to an iodide followed by condensation with
3,5-dihydroxybenzyl alcohol. Dendrons were coupled to Bisphenol A core yielding G-O dendrimers
containing four photonic-active chromophores.

Absorbing characteristics of the chromophores, dendrons and model dendrimers were examined in
solution. All three forms of the dithienylpolyenes formed highly absorbing bipolaronic dications in
solution whose absorbance is in the range of 500-650 mm. The compounds are currently being

evaluated as optical limiting materials operating by reverse saturable absorption from photogenerated

bipolaronic states.
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ABSTRACT

With the latest development in laser technology, protection of eye and sensors
against hazardous applications is a challenging problem which requires development of
new optical power limiting materials that can respond quickly and protect over a wide
frequency range of the spectrum. . :

In this research, dithienylpolyenes with one and two double bonds have been
synthesized with hydroxyl functional groups. The chromophores were converted to
dendrons for convergent dendrimer synthesis by first converting the alcohol functionality
to an iodide followed by condensation with 3,5-dihydroxybenzyl alcohol. Dendrons were
coupled to Bisphenol A core yielding G-0- dendrimers containing four photonic-active
chromophores. _ . .

Absorbing characteristics of the chromophores, dendrons and model dendrimers
were examined in solution. All three forms of the dithienylpolyenes formed highly
absorbing bipolaronic dications in solution whose absorbance is in the range of 500-650
nm. The compounds are currently being ¢valuated as optical limiting materials operating
by reverse saturable absorption from photogenerated bipolaronic states.




CHAPTER 1
INTRODUCTION

Latest 'improvements in laser technology have led to the production of advanced
lasers that are inexpensive, small and can operate at different wavelengths. Lasers, which
have becor‘ne part of our everyday lives, also émerged as destructive weapons that can
damage eye and optical sensors.l“ With increasing usage of laseys in hazardous
applications in\}olving wavelengths that can damage the human eye, there is a need for
materials that' can respond quickly and be frequency agile. As a r’esﬁlt,.the design and
synthesis of new optical power limiting materials is emerging as‘ a highly attractive -
frontier.

- During the last few years ouf research group has beeﬁ focuséd on designing new
organic chromophores that function as optical power limiters (OPLsi. These matérials
should transmit.light under ambient conditions, but absorb most of intense laser light
when needed. ‘An optical limiter is a device that can attenuate optical signals to hold the
(;utput below a given level, but maintain a high transmaittance for 10\;v level signalé. F or
many applications, including protectioﬁ of optical sensors from laser-induced damage, it
is desirable for an optical limiter to have high linear transmittance. The output of .\;vhat is
often referred to as an ideal optical limiter is shown in Figure 1. ]%L is the energy at which |
limiting begins \am.i Ep is the energy at which the limiting device is damaged. The limiter

should have a high linear transmittance, a variable-and pdténtially low limiting threshold




(the input corresponding to the breaking point in the curve), a fast response (picoseconds
or faster) and a broadband response ( e g. the entire visible spectrum).2 In most cases, the
limiting does not occur with a sharp threshold as indicated in Figure 1, but changes from

high to low transmittance gradually.

INPUT ENKRGY

Figure I. The Output Energy of an Ideal Optical Limiting Device as a Function of
the Input Energy

There are two important approaches to the design of materials for optical power
limiting, one of which is to design chromophores with large two-photon cross-sections
that give access to highly absorbing transient excited states. This mechanism is called
optical power limiting by two-photon absorption. The other approach is reverse saturable
absorption (RSA) which derives limiting capability from the photo-generation of highly
absorbing charge states.3 At the current time, reverse saturable absorption plays the
dominant role in designing new smart passive limiters. The first definitive observation of

nonlinear effects was conducted by Franken, et al4in 1961, and reverse saturable
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absorbance described for solutions in anthracene in 1974.5 Since then indanthtones 6,
metal cluster compounds?, porphyrinsg phthalocyanines9 10 n, and fullerenes 1213 have
been examined and characterized as reverse saturable absorbers.

Reverse saturable absorber chromophores become more strongly absorbing as the
incident energy is increased.  Chromophores can exhibit reverse saturable absorption
when an excited state, which is populated by optical excitation, has an absorption cross
section which is larger than the ground-state absorption cross-section over a certain
spectral range.

Figure 2 illustrates the energy level diagram for reverse saturable absorber
chromophore. First, the Soto Si transition occurs. As the intensity of the laser irradiation
increases, the Si to Snor the Si to another transient state (TS) transitions via intersystem
crossing become dominant, and more light is absorbed. The identity of the transient
excited states could be triplet or charged states, such as polaronic radical-ions or

bipolaronic dications, resulting from electron transfer pathways.

Figure 2. Energy Level Diagram for RSA Chromophore Behavior



CHAPTER 2

HISTORICAL SECTION

Synthesis of Dithienylpolyenes

There were very few literature reports of the ﬂsynthesis of dithienylpolyenes with
more than tW(; double bonds unt_il. this class of polyenes were éynthesized by Spangler et
al. in 1991."* o, w-Dithienylpolyenes were synthesized from appropﬁately substituted 2-
thienyl or 3-thienyl carbaldehydes or propenals by condensation with either bis-Wittig
reagents or bis-phosphonate esters (Horner_-Ermﬁons-Wadsworth modifications)
containing one or two double bonds. These reactions are illustrated in Figure 3.

Dithieﬁylpc;lyenes contéining mesomerically interactii"e substituent groups cani be
oxidatively doped with SbCls in solution to give stabili'zed bipolaron-like charge states.'
The problem with the synthesis of dithienylpolsrenes which contain more than six double
boﬁds is their increasing insolubility.”” In order to study the bipolérori formation of
| dithienyl polyenes with more than six double bonds, a long chain alkylthio group was
incorporated in the S-position. of each thioi)henel ﬁng which allowed the synthesis of

dithienyl polyenés containing up to ten double bonds, as outlined in Figure 4. '°




RI¥H, Me
R2=H, Me

CH = CHCHO
NaOEt Bu3P+ CH2CH=CHCH2P+Bu3, 2CI"(2) or
EtOH orDMF g0 CHp (CH=CH)2CH2P+BuU3 2B (3)
(CH =CH

x=3,4,56

Figure 3. Synthesis of Dithienylpolyenes



C10H2I1SH
(10) (H)
s CHO DMF ¢ loH21S CHO
(©)
2.HO /THF
1. Br-Bu3P+CH2CH"
NaOEt or DMF
(13)
C10H21S SCioHZL

Figure 4. Synthesis of Dithienylpolyenes Incorporating Solubilizing Substituents

Although dithienyl polyenes substituted with long chain alkyl thio groups had
increased solubility and additional resonance stabilization of bipolaronic charge states
provided by the substituent and the ring sulfur atoms, measurement of their photonic
properties, such as their third-order nonlinearities by third harmonic generation (THG)
still proved difficult for the longer conjugation lengths.17 Therefore, further synthetic

modifications was necessary to increase the solubility of longer polyenes.



Spangler and He 1819 synthesized a series of 3,4-dibutylthienyl end-capped
polyenes that are extremely soluble in a wide variety of solvents, including hexane.
Bipolarons formed from this series are exceptionally stable, and have been obtained up to

the decamer level as illustrated in Figure 5.

BuMgBr repeat as needed

(CH=CH)nCHO

1. BULIATMEDA
2.

3 Bul
. 4.(1) repeat as needed

'(CH=CH)nCHO

x=3-10

Figure 5. Synthesis of Dithienylpolyenes Incorporating Butylthio Groups



Design and Synthesis of Dendrimers

The synthesis df polymers with highly controlled molecular architectures has
gained increased importance due to the risidg demand for specialty polymers that possess
novel properties that may prove useful in a variety of ltechnological applications.?’
Dendritic macromolecules are 'characterized by entanglement-free hyperbranched
structures that contain a very large number of" chain ends at the periphery (surface) of the
macromolecules.

From a historical perspective, progress towards the design of macromolecules

" with hyperbranced architecture could be classified in three general eras.”! The first period

was from the late 1860°s to the early 1940’s, when branched structures were considered -

as being respon51ble for insoluble and 1ntractable materials formed in polymenzatlon |

reactions. The early 1940°s to the late 1970°s define the second period, in which

branched structures were considered primarily from a theoretlcal perspectlve Kuhn #
published the first report of the: use of statlstlcal methods for analysis of a polymer
problem in 1930. Equations were derlved for molecular welght distributions of degraded
cellulose. After that, mathematical .ana1y31s of polymer properties and interactions
flourished, and P. J.' Flory has profoundly affected the design of linear and non-linear
polymer chemistry, for which he received the Nobel Prize for Chemistry in 1974. Ddring
1941 and 1942, Flory 23242528 demonstrated theoretical and experimental evidence for the
appearance of branched-chain, ‘d:m:e—dimensional macromolecules resulting from AB,

repeat units. (Figure 6)




UXTv

ZY v B ~ b"™3 B™

VAL
AAr n
aAt
(21)
Figure 6. Branched Polymer Architecture as Demonstrated by Flory by the

Assembly of ABrtype Monomers

The modem era of cascade or dendrimer chemistry started when Vogtle 27 used
repetition of similar and complimentary synthetic steps for the preparation of many new
and exciting materials. Cascade synthesis meant reaction sequences that could be carried
out repeatedly, whereby a functional group is made to react in such a way as to appear

twice in the subsequent molecule.

Figure 7. The Concept of “Cascade” or “Repeating” Synthesis
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In the mid 1980’s, Tomalia 22and Newkome 2 published different approaches to

highly branched starbust and arborol structures as illustrated in Figure 8.

General Construction

1-—»2 N-Branchlng (Tomalla)

Figure 8. Tomalia et al.’s and Newkome et al.’s Original Dendrimer Motifs



1

These approaches all rely on the traditional divergent methodology which
involves the addition of a polyfunctional monomer to a central core containing two or
more coupling sites. This is followed by sequential addition-modification steps with
outward growth from the central core and with the formation of an increasingly large
number of identical chain ends at the outer boundaries of the polymer.

Tomalia’s synthesis of the starburst dendrimer involves the initial reaction of
methyl acrylate and ammonia, followed by exhaustive amidation of the resulting esters
with large excesses of ethylenediamine to afford the next generation of reactive amine

groups. Repetition of the two-step procedure leads to subsequent generations.(Figure 9)

CH?*CH-COgMt (30)

CH2-CH-CO2Me

AirtneendEster Tenrtneted
Oenddde PotywM\dee

CO2Me CO2Me

Figure 9. Synthesis of the Starburst Dendrimer
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The rapid increa’ses‘ in the number of reactive groups at the chain ends of the
gr()Wing molecule: cause potential problems as growth is pursued. Any incomplete
reaction of the texminal groups would lead to imperfections or failure sequences in the
next generation. Also, extremely large excess amounts of reagents_ are requjred in latter
stages of growth in order to prevent side reactions and to force reaeﬁons te completion
which eventually leads to difficulties in puﬁﬁcation.. Starburst® dendrimers cunenny
marketed by Dendritech Inc. and sold through Aldrieh Chemical C(_)._ are not perfect
monodisperse macromolecules, but rather, dendrimers with mixtures- of 'incompl‘ete.
structures.

The convergent mode of dentritic construction is_another strategy-where branched -
polymeric arms (dendrons) are synthesized from the ontside-in. In 1990, Frechet and
Hawker * deScribed the eynthesis of dendritic polyether macrnmolecules based on 3,5- '
dihydroxybenzyl alcohol as the monomer unit using a novel convergentjmethodology.
Convergent .approach has two significant differences when compared to the  starbust
approech. 31 First, growth begins at the outer surface of tne molecule and then several |
dendritic fragments are attached to'a polyfunctlonal core. Second, each generahon—
.growth step requires limited number of reactions instead of an increasingly larger number
O.f reactions for d1vergent approach.

Frechet et al. ** demonstrated the convergent synthesis in a simpliﬁed scheme
where the sterting‘ materia} 32 whieh contains what will eventually constﬁtnfe surface
‘ funetionality of the dendritic macromolecule as well as a.reactive functional gr'onp (fp),

condensed with monomer 33. The monomer itself has af least two coupling sites(c) and a
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protected functional group (fp). After coupling, fp is activated to ft to give 34 and the
process is continued by successive repetitions, for example until the dentritic wedge, 35 ,
is obtained. Dendrimer 35 has a single reactive group ft at its focal point and may be

coupled to a polyfunctional core such as 36 to provide the final dendritic macromolecule

37 which has 64 functional groups as illustrated in Figure 10.

Figure 10. Convergent Methodology for Dendrimer Synthesis
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One significant problem with convergent dendrimer design is the increase of steric

crowding about the core during attachment as the size of the monodendron increases.
Doping Studies of Conjugated Materials

Generating highly absorbing model charge states that are necessary for an
effective reverse saturable absorbing mechanism can be accomplished through a process
called chemical doping.

Doping requires the addition of extra electrons or the generation of positive
charges or “holes”. This can be done chemically or electrochemically. For this research,
discussion will be limited to oxidative and reductive doping. In oxidative doping, an
oxidizing agent is introduced to the polymer in either solution or gas phase. Electrons
could then be removed from the polymer forming positive polarons or positive

bipolarons. In the same manner, negative polarons and negative bipolarons can be

formed by reductive doping. (Figure 11)

n
ositive ,
Bolaron' n negative
- . _ n polaron:
radical cation radical anion
oIN"WWK
n n
positive bipolaron: negative bipolaron:
dication dianion

Figure 11. Generation of Polarons and Bipolarons
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UV-Vis spectroscopy is the ideal tool for éxamining the electronic structure of
polyenes. Energy absorbed in the ultraviolet and visible regions of‘ the spectrum
. produces changes in the electronic energy of the molecule, affecting only the valence
electrons in the highest '_oc'cupied rﬁolecular orbital (HOMO). It is the non-bonding and
the 7 electrons that are responsible for most of the absorption in the UV-VIS region. The
‘position of the absorption band will depend on the amount of energy it takes to promote
~an electron in the ground stafe (So) to the first excited state (S;), and the proBability of the
transition is determined by the change in the electror_lic structure when the molecule is in
the excited state.’® The z-m* transitions that characterize the conjugated materials will
have extremely intense absorption bands. Those bands red shift with the increasing
length of conjugation.

Over the past years, Spangler et al. ** synthesized diphenyl and dithienylpolyenes
and studied their oxidative doping behaviors. Doping studies were carried out in
methylene chloride solutions and SbCls was used as doping reagent. In some oxidative
doping studies of diphenylpolyenes, an absorption band is observed, then it is. rapidly
replaced by a second absorption. This can be interpreted as oxidation of polyene to a
polaron-like cation, followed b)i ‘rapid oxidation to a stable bipolaron-like dication via
two succgssful l-eiectron oxidations. However in most cases, when excess doping

{ .

reagent is used only a stable bipolaron-like dication is observed. (Figure 12)
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(CH=CH)- (38)

H(CH=CH)nICH polaron-like radical cation
P(+ +)

bipolaron-like dication

CH(CH=CH)IVICH
P(+ +)

for G m electron-donating group

Figure 12. Oxidative Doping of Diphenylpolyenes

The dications formed in the oxidative doping are found to be greatly stabilized by
addition of electron-donating substituents. This stabilization parallels totally the electron-
releasing ability of the substituents: R2ZN>RO>R>halogen>H>CN. The absorption
characteristics of polaronic and bipolaronic charge states for a variety of substituted

dipenylpolyenes are summarized in Table 1.
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Table I. P (++) and BP (++) Formation in Diphenylpolyenes

3 2
4( 4
5 6
Substituents n <L«%%6%6+(nm)" -Ls.P(+ Xnm) Au,BP(++Xnm)
None 5 374, 394, 418 7171b
None 6 393, 4/4, 438 E770]]b o5, ggg
ﬁ,’.‘f:((&“ﬂg% 4 370, 390, 413 740, 927, 1113 593, 647, 700
: 5 388, 410, 435 797, 1073, 1200 627, 692, 755
4,4-(OMe)2 6 402, 426, 452 853, 1175 1300 680, 741 818
M E(NMc2)2 4 425 613, 667, 723
M E(NMe2)2 5 445, 470 c 646, 713, 773
4,4'-(NMe2)2 6 458, 485 ¢ 700, 748, 833
M-(F)2 5 380, 398, 427 [720]b ' 567, 615
M--(F)2 6 398, 408, 438 [733, I123]b 687, 727
MXCD2 5 385, 405, 430 [727]b 567, 622
MXCD2 6 400, 422, 450 787, 1120, 1240 630, 687
M--(Br)2 5 381, 401, 431 740, 1033, 1127 587, 640
M (B2 6 396, 4/9, 446 780, 1113, 1273 640, 693
4,4-(SMe)2 3 385, 403 592, 743 733, 8/5
4,4XSMc)2 4 400, 422 808, 985, 1217 777, 869
M--(SMe)2 5 417, 443 855, 1083, 1338 823, 920
4,4'XSMek 6 433, 461 904, 1189, 1400 864, 966
aCHXCIi solution. :

~Absorption spectra decay to BP (++) very fast; only unambiguous assignable absorption
observed on spcctometer scanninig time scale.
Note: Peaks in italic represent maximum absorption.

Stss

h' ™M

From these results, it can be concluded that the longer polyenes display larger red
shifts upon doping, which correlates with longer delocalization length. One disadvantage
of the diphenylpolyenes as potential optical limiting materials is that they become very
insoluble as the chain length increases that makes model doping studies difficult in
solution.

Another important series of compounds are the dithienylpolyenes synthesized by

Spangler et al.X416j4 Polaron and bipolaron formation in these series via oxidative

doping is similar to diphenylpolyenes. However, dithienylpolyene bipolarons are more
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stable over time because the heteroatom in the ring can provide additional resonance
stabilization of the polaronic and bipolaronic charge delocalization. This is illustrated in

Figure 13.

RS-—-—y - (CH=CH)ir-Cx y --- SR R - Metn-CIHI

SbCI5ZCH2CI7

RS=<s A fi=CH(CH=CH)IvICH

Figure 13. Resonance Stabilization of Dithienylpolyene Bipolarons Stabilized by

Alkylthio Substituents

Incorporation of the alkyl groups on the thiophene ring increases the solubility of
the thiophenepolyenes. Based on these characteristics, Spangler et al.3 have synthesized
series of dithienylpolyenes whose absorption characteristics for both the neutral and

oxidatively doped species are listed in Table 2.



Table 2. P (+*) and BP (++) Formation in Dithienylpolyenes

Substituents
none

none

SISt (Me)2
SISk(Me)2
3,3'-(Me)2
SIS1(Me)2
SISt (OMe)2
SIS:(OMe)2
SISk (SMe)2
SISE(SMe)2
SIS:(SMe)2
SISt (SMe)2
SISE(SCIH2)2
SISE(SCIH2)2
3,43 1(Bu)4
SASI £(Bu)4
SASIA-(Bu)4
SASIA-(Bu)4
SASIA-(Bu)4
SASIA-(Bu)4
3A3'A-(Bu)4
3,4,31A-(Bu)4

n
5
6
5
6
5
6
3
4
3
4
5
6
7
8
3
4
5
6
7
8
9
1

SASIA-(Bu)4 SISE(BUS)2 3
SAST 1(Bu)4 SISE(BUS)2 4
SASIA-(Bu)4 SISE(BUS)2 5
SASIA-(Bu)4 SSE(BUS)2 6
SAST £(Bu)4 SISE(BuS)2 7
SASIA-(Bu)4 SISE(BUS)2 8

0

Am, Tt-ir* (run)’
416. 443
432. 461
425,450
441.469
422.449
440. 469
398.420
416.442

404
422,444
434.460
451. 478
462. 493
475,507

422,222, 380
443,418, 396
462,421 412
480. 450.426
496,464, 439
*510.477. 450
521,452,461
534,422, 471

424

439

451

466

476

488

19

P (+ ) (nm)
201 797,1084
760, 853, 1154

[808]*
888. 1167, 1580

[795]*
SSL 1154,1574

1731. 1076]*

SQI 1103, 1299
222, 1009,1240
S52, 1H 4,1348

@]

OO0O00O0O0O0O000O0O0000000O0

A—BP (++) (hm)

653,212
713,216
660. 710
720,216
650,622
713,262
520, (545/
522, (60S/
610, (643/
663, (702/
717, (775/
773, (835/
834, (90S/
884, (970/
593,655
600.661
679,215
719.809
790,542
855,214
892,211
950,1022
643

657

705

754

801

849

eCH2CI2 solution. *Absorption spectra decay to BP (+ +) very fast; only unambiguous
assignable absorption. dNot observed on spectrometer scanning time scale. ~Absorptions shown
in parentheses represent shoulders. Note: Underlined peaks represent peaks of maximum
absorption. Portions ofthis table arc reprinted with permission fromMolecular Electronicsand
MolecularElectronicDevicesj VoL HI (K. Sienidd, ed.), copyright CRC Press, Boca Raton,

Florida.
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It was concluded from thése studies that dithienylpolyenes form very stable
bipolarons compared to diphenylpolyenes, aﬁd that the absorption chara;:teristics lof the
charge states c;an be ‘ﬁne-tunedf. It was also found that as the number of double bonds
iﬁcreases, aEsOrption bands of both polaron and bipolaron species red shift to longer

wavelengths in the UV-VIS spectrum.
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CHAPTER 3
RATIONALE FOR PROPOSED RESEARCH

A few years ago, Spangler et al. synthesized dithienylhexatriene and »
demonstrated optical limiting for dithienylpolyenes covalently attached as pendant
groups to a PM]\/[A. backbone.*® In collaboration with Laser Photonics Technology, Inc.,
optical limiting properties of the polymer in solution, Cg in solution, and a mixture of
polymer with Ce in solution were examined. Upon irridation with a 532 nm source,
polymer with Cso showed better optical limiting behavior than polymer and Ce, alone.
But it was not clear whether the two indiw}idual limiting effects were additive, or whether
charge state formation and limiting by .polarom'c or bip'olarom'c charge. state had been
observed. |

During the past few years, it has been shox;vn Awith-sub-picosecond (180 fs)
fluoresence studies thafc dithiénylpoch;,nes have two-photon absorption states that can
provide optical limiting.***” In almost all exampleé of dithienylpolyene chromophores,
polaronic and bipolaronic charge states absorbed more strongly than the neutral species.

Since dithienylpolyenes have significant two-photon cross sections ', and are proved to

~ be good reverse saturable absorbers, they may be considered to behave as bimechanistic-

optical power limiters (RSA and TPA), albeit in different spectral regions
Over the past few years Spangler group has proposed synthesizing dendrons and

dendrimers with photonic-active chromophores that might have optical limiting
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capabilities via acceptor-agsisted photogeneration of ihe highly absorbing charge states.
Dendrimers were prefeqed rather'than more conventional .pendant polyrﬁers because a

higher percentage of photonic-active groups can be incorporated without pﬁase separation
and chromophore-chromophore intréraction that can lead to peak broadening and tailing ‘
resulting in increased absorption loss,es' and loss of ambient transparency. Anothér reason
for.selecting dendrimers is that while using PMMA with incorporated optical power
limiting chromophores is acceptable for testing purposes, high power laser pulses can

damage PMMA. Therefore, a new approach for actual device design has been pursued

~ which involves the application of smface—ﬁmctidnalized dendrimers. In this proposed

model, RSA-OPL chromophores will be arranged on the globular mono-dlsperse
macromolecular surface This synthetic approach will also allow the covalent
incorporation of elgctron-acceptfng chromophores which is necessary for photo-generated
charge state fonna.tion by both inter-and intra-molecular electron transfer. This approach
is illustrated below in Figure 14. | |
' The origihal goal of the research, therefore was to design and synthesize new '

dentritic macromolecules incorporating dithienylpolyenes as surface groups. We predict
that these compounds to have unique nonlineér optical and charge transfer and optical |

limiting properties.
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CHAPTER 4

RESULTS AND DISCUSSION

Retro-Synthetic Analysis of Asymmetrically Substituted Dithienvilpolvenes

Previous synthesis of dithienylpolyenes involved mostly symmetric structures.
The polyenes required for dendron synthesis and subsequent coupling to a central core
are, by necessity, asymmetric structures. In order to stabilize the incipient polaronic or
bipolaronic charge state formation, donor groups are required. Alkylthio groups have
previously been shown to stabilize charge state formation, and with the necessity of
having a reactive tether group for dendron attachment, the following polyene targets were

formulated.

Most extended polyene synthesis rely on Wittig methodology, therefore,

retrosynthetical analysis of the target structure can be outlined as follows:
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P=Protecting group

Route |

Route 2
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It was decided td pursue Route 2, siﬁce ﬁmilar mefhodology ha& been employed
in previous synthesis 6f the symmetxjc dithienylpolyenes. The chromophores synthesized
by this route could then be attached to 3,5-dihydroxybenzyl alcohol to form the dendrons’

as illustrated previously in Figure 14.

Synthesis of the Thienyl Wittig Salt

"The critical intermediate thienyl Wittig salt was synthesized by the series of
reactions described. in Scheme‘ 1. A Butylthio substituent was introduced by lithiation of
thiophene (AIdricﬁ) followed by the reaction with sulfur powder and iodobutane. ‘A 4
formyl group was then introduced to the.substituted thiophene by Vilsmeier-Haack
reaction in 95% yield. The aldehyde was then reduced to the coﬁesponding alcohol by
using NaBH, as reducing agent. 2—Bromomethy1.-‘5-butylthiophe'ne was synthesized by
reacting the alcohol with PBrs, to be carried over to the next step immediately, without
the removal of the solvent to prevent product decomposition. Aﬂ:er vigorous stirring with
tn'butylposphiné for 48 hours, the desired Wittig salt was obtained as white solid in good

yield (73%).

Synthesis of Dithieny! Cﬁromophores Functionalized for Dendron Attachment

Functionalized dithienylpolyenes were required in order to attach them to 3,5-
dihydroxybenzyl alcohol to form the dendrons for convergent dendrimer synthesis. The

dithienylpolyenes were designed to incorporate butylthio groups at one terminus both for -
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solubili_ty aﬁd stabilization of either polaronic or bipolaronic charge states. The other
terminus had an alkylthio substituént terminated with an OH group for attac;hment to
3,5-dihydroxybenzyl alcdhol. Ideally, the functionalized tether group should be as short |
as possible therefore. the first chromophore that was syntheéized had a ‘hydroxy methyl '
group. 1-(5”"-Butylthio-2""-thienyl)-2-(2’-thienyl) ethene was successfully prepared by
using the Wittig approach. The reaction was carried out at room temperature overnight to
give pure prociuct after column chromotography in 97% yield. A formyl group was then
attached to dithieﬁylpolyene by Vilsmeier-Haack reaction. The resulting aldehyde was
then reduced to give tﬁe hydroxymethyl chromophore as a yellow solid in.91% yield.
However thjs; end group proved to be quiet difficult to convert to a stable CH,X
(X=Halogen) for dendron attachment by Frechet methodology.®*° Several attempts
were made to convert ‘the OH group to Br. First, the chromophore was treated with
tetrabromomethane and triphenylphosphine and stirred under nitrogen for two hours.
After rémoval of the solvent NMR revealed that there was ﬁo trace of the désired product.
The second attempf was to react the chrombphore with phosphorus tribromide in ether.
Analysis 6f the yellow solid that resulted from the reaction showed only the starting
material. Either the thienyl alcohol was totally unreactive under the standard reaction
cohditions, or, which isimore likely, the ~CH,Br product is extremely unstable to
hydrolysis. These procedures are described in Scheme 2.

Next, an attempt was made to synthesize a chromophore containing (CH,),OH tether
group. A's illustrated in Scheme 3, thiophene was lithiated, followed by reaction with

sulfur powder and 2-(2’-Iodoethoxy) tétrahydro-2H-pyran. The tetrahyropyranyl
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protecting group hydrolyzed upon. aqueous work-up and - 2-(2’;hyhroxyethyltl1io)
- thiophene was obtained. The ~OH functionality reacted with acetic anhydridé in order to
protect the hydroxyl group. A formyl group was then introduced to the thlophene ring
v1a the Vllsmeler-Haack reactlon Reaction of aldehyde 56 with Wittig salt 48 gave an
elimination product of the desired compound. The targeted dithienylpolyene was not
_ obtéined due to the too strong basic character of potassium tert-butoxide, and fhe possiBIe
anchimeric assistance of the sulfur atom promoting elimination. These reactions are
1:11ustrated in Scheme 4. No further attempt has been made to pursue the synthesis of this |
chromophore. | |
Finally, a new chromophore containing a (CH;);0H tether groﬁp was synthesized.
successfully and proved to be stable to both conversion to halide and attachment to 3,5-
dihydroxybenzyl alcohol to provide a stable dendrpn.’ Sc;hemes 5 and 6 describe the -
synthesis of aldehyde and extended counterpart which are then used to form the de_sired
OPL chromophores. Hydroxypropylthio substituent was introduced By lithiation of the'
tﬁophene ring. followed by reaction vs'rith .sulfur powder and 2-(3’-Iodopropoxy)
tetrahydro-2H-pyran. The crude product was purified by vacuum distillaﬁon, with
attendant removal of the dihydro;;yranyl group. The resulting substituted ihiophene was-
reacted with acetic anhydrid'e‘ as described abo§c to protect the hydroxyl group as acetate.
A formyl group was introduced via-the Vilsmeier reaction. Thé aldehyde extension via
Wittig methodology was accomplished via Spangler et al’s oxopropz;lnjrlation
| methodology.41 In order to obtain an extended aldehyde, a highly reactive phosphonium

salt incorporating an acetal that can be qdnverted to an aldehyde upon hydrolysis was

-
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used. Acetal formation was monitored by NMR spectroscopy. Reaction was carried out -

- until all the starting aldehyde was gone because it was almost impossible to separate the

- starting aldehyde from the extended product by column chroniatography. Once the

completely reacted acetal was obtained, it was ‘immediately dissolved in THF and
hydrolyzed with 3N HCl solution. The final product was obtained as a red liquid in 63%
yield. Dithienylpolyenes 64 and 65 were then Synthesized frém either aldehyde or
exténded countierparf by Wittig reaption in yields of 85% and 96% respectively as shown

in Scheme 7.

Synthesis of Dendrons

The two chromophores ( n=1 and n=2 ) whose synthesis are outlined in the previous
section, were converted to dendrons for convergent dendrimer synthesis by first
converting the alcohol functionality to an iodide followed by condensation with 3,5-

dihydroxybenzyl alcohol according to the methodology developed by the Frechet

group. 39,40

The reaction of the OH functionalized chromophores with a variéty of halogenating
agents was investigated. Thel use of tetrabromomethane in combination with
triphenylphosphine gave poor yields. However, in a successful attempt the -two
chromophores 64 and 65 were reacted with iodine in the presence of triphenylphophine
and imidazole in order to convert the hydroxyl gfoup into iodide. Both of the crude
products Were purified by column chromatography to give the desired compounds 66 and’

67 in 95% and 96% yields. To obtain the dendrons, the iodides, 3,5-dihydroxybenzyl
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alcohol, potaesimn carbonate and 18-Crown-6 as phase transfer agent were réﬂuxed in
1,4-dioxane under ﬁgorous stlmng for 48 hours It was found essential to mamta.m |
efficient stirring throughout the reaction in order to obtain a high rate of converslon The
reaction of 66 and 3,5-dihydroxybenzyl alcohol gave dendron 68, which was isolated in
65% y1e1d after column chromatography elutlng with methylene chlorlde The reaction
of 67 and 3,5-dihydroxybenzyl alcohol under similar conditions ylelded 69 in 76% yield
after purification via column chromotagraphy using methylene chloride as eluent. These’

reactions are illustrated in Scheme 8.

Synthesis of Dendrimers

Convergent approaches to dendrimer synthesis require that for each genera’don, the
appropriate generation dendron be coupled to a eentral core moleeule with two or more
functionalities. In this project model G-O dendﬁ'mer,s‘ were prepared to examine and\
comp&e the photonic properties of the chromophores, dendrons, and dendrimers. G-0.
dendrimers were synthesized by coupling the dendrons to bisphenol-A.

As illustrated in Scherue 9, dendrons 68 and 69 were converted to the corresponding

-bromides by standard methodology. Ina typical reaction, a.dendron was reécted with

CBr; and triphenylphosphine in a minimuin amount of dry THF under mtrogen for 20
minutes. Excess CBr4 and triphenylphosphine were removed via column
chromatography prior to dendron coupling to bisphenol-A core in order to avoid the

formation of unwanted side products arising from possible reactions with CBr,. After

.bromides 70 and 71 were obtained, coupling to a polyfunctional core was carried out as
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shown in Scheme 10. An acetone solution of dendron bromide was heated at reflux with
the core molecule, bisphenol-A, in the presence of potassium carbonate and 18-Crown-6.
After careful purification via column chromatography, pure G-O dendrimers, 72 and 73,
were obtained as yellow gels in 97% and 88%yield respectively.

Schemel. Synthesis of (5-Butylthio-2-thienyl) tributylmethylphosphonium bromide

21. g—BuLi / TMEDA / THF
3. Bul A 0K

(44)
POCI:s ZDMf  (95%)

(45)

(46)

PBrs ZEt20
(47)

PBus ZEt20 (73%)

(48)
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Scheme 2. Attempted Synthesis of

I-(57-Butylthio-2” -thienyl)-2-(5’-hydroxymethyl-2’-thienyl)ethene
X CHO

BuS CH2RfBu3Br  (48)

KOtBu/ THF ™)

POCI3, DMF
ciCH.cH (830

(S0)

GIY)

T CBrs ZPPhs PBrsZE20
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Scheme 3. Synthesis of 2-(2’-hydroxyethylthio) thiophene

Br

Nal / CH3COCHs (55%)

(53)
l.n-BuLi / TMEDA / THF
2S
3y ~ (53) (53%)
4 aqueous workup; distillation
(54)
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Scheme 4. Attemped Synthesis of

2-[5’-Butylthio-2’-thienyl]-1-[5”-(2” ’-hydroxyethyt)-2" -thienyl)] ethene

(54)

(CHsCO):20, pyridine

(80%)

0COCH3 (55)

POCI: / DMF
(67%)

(67) n

BuS

(58)
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Scheme 5. Synthesis of 2-(3’-hydroxypropylthio)thiophene

Cl

NalZCHsCOCH:s
(93%)

(59)

I.n-BuLi/ TMEDA/ THF

(59)

4.aqueous workup; distillation (649%0)

(60)
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Scheme 6. Synthesis of 3-(5’-hydroxypropylthio-2’-thienyl)-2-propenal

(60)

(CH3CO)20, pyridine

(84%)

(61)
OCOCH3

POCIz ZDMf
(82%)

(62)

OHC OCOCH3

1 COV n "P4Bu3Br

NaOC2Hs ZHOC:2Hs

2. H30 ZTHF
(63%)

(63)

OHCCH=CH OH



37

Scheme 7. Synthesis of n=1 and n=2 Chromophores

(62)
OHC OCOCH3

Busr©'C- H 2PtBu3Br (48)

NaOEtZC2H50H
)
(64)
BuS
(63)
OHCCH=CH
BuUS CHZ2PtBU3Br (48)
NaOEtZC2H50H
@)
(65)

BuS
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Scheme 8. Synthesis of n=1 and n=2 Dendrons

lo/ PPhj / imidazole

Compound #
2 67 B

n Compound #
1 66’%
0
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Scheme 9. Synthesis of n=1 and n=2 Dendritic Bromides
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Scheme 10. Synthesis of n=I and n=2 Dendrimers
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UV-VIS Spectra of Chromophores, Dendrons and Dendrimers

The attractive aspect of 'usiflg dendrimers for phc;tonic applications is the relatively
high percentage of the moiety that is aci:ually photonic-active. In this research, UV-VIS
spéctra was used to determine absorption characteristics of chromophores, dendrons and
dendrimers. The absorption chéracteristics of the chromophores (n=1 and n=2), dendons
(n=1 and n=2) and dendrimers (n=1 and n=2) in sblution were examiﬁed to determine if
~ any significant changes occur upon incorporation of chromophores. The oxidative
doping of the three species in solution with _SbCls was also examined. Oxi&ative doping
- was carried out in methylené chloride solution by careful addition of SbClsto a 106M to
10°M solution of chromophores, dendrons and dendrimers. In all cases, in order to
ensure thatv the compounds were oxidized ;:ompletely, an excess of dopant was utilized.
The absoptioﬁ changes were mom'tore(i by a Shimadzu UV-3101-PC UV-VIS-IR -
spt;ctrophotometer during the doping process. The chromophores, dendrons and
dendrimers all 'formed highly absorbing bipolaronic dications ifl solution whose
absorbance was in the range of 500-650 nm. All of the bipolaron-like dications. formed -
from the neutral forms of the dithienylpolyenes are extremély stable under' ambienf_
laboratory conditions. The UV-VIS-NIR absorpt.ions for both neutral and oxidized
species are displayed in the Tables 3, 4 and 5. The comparative spectra for the n=1 and

n=2 chromophore, dendron and dendrimers are illustrated in Figures 15-20.
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Table 3. Bipolaron Formation in Dithienyl Polyenes

BuS
OH

Xmexneutral (nm) Xmaxbipolaron (nm) Emax neutral (M-1Cm'])

372.5 569.5, 535.0 29,200

390.0 609.0, 571.5 45,100

Table 4. Bipolaron Formation in Dithienyl Dendrons

Xirexneutral (nm) XmmWpolaron (nm) Emax neutral (NT'cm'1)

373.0 569.0,535.0 54,700

390.0 610.0, 572.0 86,800
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Table 5. Bipolaron Formation in Dithienyl Dendrimers

Axexneutral (nm)

3710

390.0

BusS.

Arexbipolaron (nm)
573.5,536.5

611.0, 571.0

Sa2adw N

Emax Neutral (M-1Cm')
107,500

194,900
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The absdrption /maxima for the neutml n=1 chromophore, dendron and dendrimer
are approximately the same at 373'nm,- vﬁﬂle the bipolaron species display dramatically
enhanced ahsorption compa.fed to the neutral chromophore at ca. 535 and 570 nm. . The
absorption maxima for the neutral n=2 species are at ca. 390 nm, while the bipolaron
species display enhanced absorption at ca. 572 and 610 nm. The bipolaronic dications
were very highly abscrbing compared to the neutral species, as illustrated in the
comparison spectra From these results ox1dat1ve dopmg 1n solutlon indicates that highly
absorbmg bipolaronic charge states can be produced from the two chromophores
dendrons and dendrimers. These absorptions are in a region of the visible where optical
power limiting of frequency doubled Nd:YAG is required. At the current ‘time,
- preliminlaryv measurements by the Lee Spangler group of polaron and bipolaron formation
in dendﬁmers indicate that solution oxidative.doping is a reasonable predictor of RSA yia
photo-generation cf the same charge suecies.

Because all three species have approximately the same absoption spectra, it is
concluded that the chromophores on the model dendron and dendrlmer behave .
1ndependent1y, and that each and every chromophore moieties in the dendrons and
dendrimers can _be converted to the charged species. Thus, higher generations (G-1, G-2,

etc) should provide even greater potential for efficient optical power limiting.
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CHAPTER 5
CONCLUSIONS

In this study, we have been able to synthesize chromophores, dendrons and
dendrimers incor_por,atiné dithienylpolyene moieties with one and two double bonds.
Convergent methpdology was successfully demonstrated in dendrim;ar synthesis.
Functionalized chromophores were converted into dendrons which were then coupled to
bisphenol-A core to give the model G-0 dendrimers.

The mode of syﬁthesjs of the dendrons employed in this study will also atlow for
the covalent incorpor;tion of electron-accepting chromophores as well. as donor species\
which will facilitate photogeneration of ‘highl}; absorbing bipolaronic charge states by
electron transfer. (See Figure 14) | |

All three forms of dithienylpolyene species can be oxidized in solution with SbCls
in solution to form stable bipolarons with awoﬁpanﬁng large shifts into the red. The
bfpolaron-like dications are also very highly absorbing gompared to the neutral species.

The model chromophores, dendrons and dendrimers described in this work are
currently being evaluated as optical power limitefs by reverse saturable absorption in
collaboration ﬁth Prof. Leé Spangler’s group (Montana State University) and Scjentiﬁc

| Materials Corp.(Bozeman, MT).
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CHAPTER 6
E)(PERIMENTAL SECTION
General

Nuclear Magnetic Resonance Spectra (NMR) were obtained using keither Bruker
AM-250, DRX-250(250MHz) or AM-300, DRX-300(300MHz) spectrometers. All NMR
spectra were determined as solutions in CDCl; and shifts were reported as‘parts—per-
million (ppm) relative to tetramethylsilane (TMS). "Multiplicities are reported using the
following abbreviations: s = singlet, d = doublet, t = triplet, q = quartet, m = multiplet aﬁd
dd = doublet of doublets. All J values aré_ mpoﬁed in Hertz (Hz).

The optical absorptior; spectra were obtélinéd as solutions in CH,Cl, qsing‘ a
Shimadzu UV-3101 PC UV-VIS-IR spectrophotoxﬁeter. All doping studies were carried
out in a 1 cm path length quartz cell and the spectra were recorded using thei same UV-
VIS spectrometer mentioned above. The compounds of interest were studied as solutions
in CH,Cl, and dope‘d with SbCls.

The low resolution and high resolution/accurate mass analyses, using electron
ionization (EI) were performed on a VG 70E—HE double focusing magnetic mass
specﬁometer (Micromass Instruments; Manchester, UK) operating at a mass resolution of
1500 and 10,000, respectivgly. All EI spectra were obtained at 70eV and an acceleration

“potential of 6000 volts. The faét atom bombardment (FAB) spectra were obtained on a

VG 70E-HF double focusing magnetic. mass spectrometer operating at a mass resolution

4
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' of 2000 and an ion acceleration potential of 6000 volts. FAB spectra was obtained by
using glycerol and 3-nitrobenzylalcoh61‘ as a matrix. |

Column chromatography was performed using Whatman 70-230 mesh, 60°A
silica gel. Preparative thin layer chromatography was on a 1mm thick silica gel plate
manufactured by Merck.

The following abbreviations are used throughout this expérimental section:
milliliter (mL), gram (g), molar (M), sodium chloride (NaCl), sodium éarbonate
(NaCOs), magnesium sulfate (MgSQ;), sodium ethoxide (NaOE), ethanol (EtQH), N,N- ' |
dimethylformamide (DMF)? tetrahydrofuran (THF), ethyletber (Et,0), ethyl acetate
(BtOAc), dichloromethane (CH,Cly), sodium i.odide (Nal), acetone (CH;C_OCHg),
phosphorus oxychloride (POCls), triﬁhenylphosphine (PPhs), potasium carbonate |
(K2CO;), antimony pentachloride (SbCls), tetramethyletyleﬁediamine (TMEDA), sodium
borohydride (NaBHy,), methaﬁol (CH36H), phosphorus tribromide (PBr;), potassium t-
butoxide (KOtBu), 1,2-dichloroethene (CICH,CH,Cl), sodium hydroxide (NaOH),
tetraBromomethane (CBry). All of the abpve solvents and reagents were obtained from

" Fisher Sciéntiﬁc and Aldrich Chemical Companies and used as received.
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Synthetic Procedures

2-Butylthiothiophene (44)

A solution of n-butyllithium ( 1.6 M in hexane, 0.304 mol, 189.8 mL ) was added
dropwise to a soluﬁon of thiophene (Aldrich) ( 24.3 g, 0.289 mol ) and TMEDA ( 45.8
mL, 0.304 mol ) in THF ( 200'mL ) at room temperature.l The resulting mixture was
refluxed for 0.5 hours, coofed in an ice-bath, and powdered sulfur ( 9.7 g, 6.304 mol )
added carefully. After the resulting mixture had become clear, iodobutane ( 37.9 mL,
0.333 moi ) was added dropwise. The product mixture was then stirred at room
temperature overnight, poured into cold water and eﬁacted with ethyl ether ( 3 X 150
inL ). .. The combined extracts were washed with saturated brine and dried (MgSOy).
After removal of .the dinng. agent by filtration, the solvent was removéd using a rotary _
evapdrator. The product was obtained as célorless liquid by vacuum distillation (36.2 g,
73%), bp 88-90 °C (1 Torr) 1H NMR: 0.89 (t, 3H, J73 Hz, CH;), 1 4(m, 2 H, CH3-
CI;I;) L 58 (m, 2 H, CH;-CH, -C_I;Iz) 2.78 (t, 2 H, J=7 Hz, CHz-S) 695 (dd, 1 H, /=53
| Hz, J=3.6Hz, aromatic H), 7.08 (d, 1 H, /=3.6 Hz, aromatic H), 7.3 (d, 1 H, J/=5.3 Hz,
aromatic H); A /M (6nax /dm® mol” cm™) 274 (5500); HRMS (EI) calc. for CsHi,S,

172.0375, found 172.0380.

S-Butylthiothiophene-2-carbaldehyde (45)
POCI; (1.7 mL, 0.019 mol ) was added dropwise to a solution of 44 ( 2g, 0.116

mol) and dry DMF ( 1.8 mL, 0.023 mol )in :1,2-dich16roethane(75 mL) at 0 °C. The
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resultant mixture was refluxed for 2 houts, pohred into ice water and neutralized by
addition of 6 M sodium carbonate solution. The reaction mixture was extracted with
methylene chloride (3 X 100 mL ). The combined extracts were washed with saturated
brine and dried (MgSO,). After removal of the drying agent by filtration, methylene
chloride was removed using a rotaty evaporator. The residue was purified by column :
chromatography over silica gel, eluting with CH,Cl,. The product was obtained as
orange liquid (2.2 g, 95%); lﬁ NMR: 0.94 (t, 3 H, J=7.3 Hz, CH;), 1.46 (m, 2 H, CH3; ‘
CHy), 1.7 (m, 2 H, CH;-CH, -CHy), 3.01 (t, 2 H, J=7.3 Hz, CH;-8), 7(d, 1 H, /=3.8 Hz,
aromatic H), 7.61 (d, 1 H, J=3.8 Hz, aromatic H), 9.76 (s, 1 H, CHO); Amﬂx‘ /0 (Emex /dm*>
molem™) 42.5 (11 700); HRMS(EI*) calc.for CsH;,08, 200.0320, found 200.0329. The

product was used without further purification in the preparation of 46.

2-Hydroxymethyl-5-butylthiothiophene (46)

A solution of NaBH; (5.3g, 0.141 mol) in methanol (29.0 g) and sodium
hydroxide (20%, 56.0 mL) was added dropwise to a solution of 45 (56.47 g; 0.282 mol)
in THF (75 mL) at room temperature. The mixture was stirred for 2 hours extracted with
ethyl ether (3 X 150 mL ), the combined extracts washed with brine and dried (MgSO,).
After solvent removal, the crude product 46 was obtained as an oil (55.4 g, 97%); 'H
NMR: 0.88 (t 3 H, J—73 Hz, CH3), 1.39 (m 2 H, CH3-C_H_2) 1.57 (m, 2 H, CH;-CH, - -
CH,), 1.88 (s, 1 H, OH), 2.76 (t, 2 H, J=7.3 Hz, CH,-S), 4.73 (s, 2 H, CH,-OH), 6.83 d, -
1H, J=3-.5 Hz, aromatic H), 6.94 (d, 1 H, J=3.5 Hz, aromatic H); Amay /MM (Emay /dm®
mol” ecm™) 275.5 (3600); LRMS(EI") calc. for CyH,408; 202.1, found 202.1. The.

product was used without further purification in the preparation of 47.
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2-Bromomethyl-5-butylthiothiophene (47)

A solution of crude 46 ( 55.4 g, 0.274 mol ) in anhydrous ethyl efher (70 mL )
was added dropwisé to a solution of phosphorus tribromide (129 mL, 0.137 mol ) in |
anhydrous ethyl ethier ( 300 mL )at 0 °C. After addition was complete, the mixture was

allowed to warm slowly to room temperature and stirred for 4 hours under nitrogen. The

--mixture was then extracted with ethyl ether ( 3 X 150 mL ). The combined organic

solution was washed with brine and dried (MgSO,). MgSO; was removed by filtration
and the crude product was carried to the next step without the removal of solvent to

prevent product decomposition.

(5-Butylthio-2-thienyl)tributyl methyl pﬁosphonium bromide (48) .

- Tributylphosphine ( 68.5 mL, 0.274 mol ) was added to a solution of crude 47 in
ethyl ether at room temperature. The mixture was stirred pnder gitrogen for 48 hours.
The white solid product was obtained b}‘r filtration ( 93 g, 73%) and used without further
pﬁriﬁcation, m.p. 102-104°C; 'H NMR 0.91 (m, 12 H, CH;), 1.46 (m, 16.H, CH;-CH,),
2.42 (m, 6 H, P-CH,-CHy), 2.74 (m, 2 H, 8-CHy), 4.55 (s, 1 H, CH,-P), 4.6 (s, 1 H, CH,-
P), 6.96 (d, 1 H, J=3.5 Hz, aromatic H), 7.22(d, 1 H, J=3.5 Hz, aromatic Hj; Amax /MM
(Emax /dm® mol” cm™) 283.5 (870) (Anal. Calc. for chmoBrfsdzz C, 53.95; H, 8.62.

Found: C, 54.03; 8.61)
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Attempted Synthesis of 3,5—Bis-[2’-(5"-Butylthio-Z”-thienyl)—l’-(5”’-methyleneoxy—

2°>’-thienyl)] benzyl alcohol

1—(5"Butylthio-Z"-thieﬁyl)—Z-(Z’-thienyl) ethene (49)

A solution of potassium tert-butoxide ( 1 Min THF, 0.054 mol, 54 mL ) was
added dropwise to a solution of thiophene-2-carbaldehyde ( 4 g, 0.036 mol )and 48
( 18.32g, 0.04 mol ) in dry THF (150 mL) at room temperature. The resulting mixture
was stirred for 2 hours. After removal of the solvent, the residue was proportioned
between ether (100 ml) and water (100 mL). The aqueous layer was extracted with
diethyl ether ( 3 X 100 mL ). The combined organic layers were dried (MgS0,). After
filtration and removal of solvent,,\the residue was purified by column chromatography
over silica gel, eiuting with 5% ethyl acetate in hexane to yield crude 49 (9.7 g, 97% );
'H NMR: 0.9 (t, 3 H, J=7.3 Hz, CH,), l.42~(m, 2 H, CH;-CH,), 2.81 (t, 2 H, /~7.3 Hz,
CH,-S), 6.85 (m, 1 H, aromatic H), 6.94-7.02 (m, 5 H, vinyl and aromatic H), 7.16 (m, 1

H, aromatic H) The crude broduct was used without further purification to prepare 50.

1-(5”’-Butylthio-2’’-thienyl)-2-(5’-formyl-2’-thienyl) ethene (50)

POCl; ( 8.48 g, 0.055 mol ) was.added dropwise to a solution of 49 ( 9.67 g,
0.035 mol ) and dry DMF ( 5.05 g, 0.069 mol ) in 1,2-dichloroethane (150 mL) at 0 °C.
The resultant mixture was refluxed for 2 hours, poured into ice water and neutralized by
addition of 6 M sodium carbonate. The reaction mixture wés extracted with methyléne

chloﬁde (3X 100 mL ). The combined extracts were washed with saturated brine and
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dried (MgSO,). After filtration and removal of methylene chloride using a rotary
evaporator, the residue was purified by column chromatography over sili;:a gel, eluting
with 20% ethyl acetate in hexane. The crude product was obtained as yellow solid. (9 g,
85% ); 'THNMR: 0.9 (t, 3 H, J=7.3 Hz, CH;3), 1.4 (m, 2 H, CHs;-CH,), 1.6 (m, 2 H, CHz-
CH, -CH,), 2.84 (t, 2 H, /~7.3 Hz, CH,-S), 6.87-6.97 (m, 2 H, aromatic H), 7.08 (d, 1 H,
J=4 Hz, aromatic H), 7.09-7.22 (m, 2 H, a;omatic H), 9.62 (d,1 H, /<4 Hz, arométig: H),
7.82(s, 1 H, CHO) The crude product was used without further purification in the

preparation of 51.

1-(5"-Butylthio-2"-tﬁienyl)-2-(5’-hydr0xyﬁethyl—2’-thienyl) ethene (51)

A solution of NaBHj, ( 0.55 g, 0.029 mol ) in methanol ( 3 g ) and aqueous sddium
hydroxide ( 20%, 5.9_mL ) was added dropwise to a solution of 50 ( 9 g, 0.029 mol ) in
THF (30 mL) at room temperature. The mixture was stirred for 2 hours, extracted with
ethyl ether ( 3 X 50 mL ), the combined exﬁacts were washed with saturéted‘bn'ne and
dried (M;gSO4). After the solvent rem(;val, .the residue was purified by column
chromatography over silica gel, eluting with 1:2 ethyl acetate:hexane. The product 51
was obtained as yellow solild ( 8.3 g, 91% ), 'H NMR:' 0.89 '(t, 3H,J=73 Hz, CHs), 1.41
(m, 2 H, CH3-CH>), 1.6 (m, 2 H, CH;-CH, -CH;), 1.71 (s, 1 H, ‘OH)-, 28 (t,2H, <73
Hz, CH»-S), 4.77 (s, 2 H, CH»-OH), 6.84-6.94 (m, 6 H, vinyl and aromatic H) The crude

prdduct was used without further purification in the preparation of 52.




59
Attempted preparation of 1-(5”’-Butylthio-2"’-thienyl)-2-(5’-bromomethyl-2’-
thienyl) ethene (52)

Tetrabromomethane ( 1.69 g, 5.04 mmol ) and triphenylphosphine ( 1.335 g, 5.04
mmol ) were added to a solution of 51 ( 1.25 g, 4.03 mmol ) indry THF (50 mL). The
resulting mixture was stirred under an atmosphere of nitrogen at room temperature for an
hour. Water was added and the aqueous layer was extracted with methylene chloride ( 3
X 50 mL ). The combined organic extracts were washed and dried. After removal of the
solvent, the residue was found to be unreacted compound 51 and no trace of the desired
product 52 was detected. Second attempt was made‘ in order to obtain compound 52.
Compound 51 (1.0 g, 3.23 mmol) in ether solution was added dropwise to a solution of
phosphorustribromide (0.437 g, i:625 mmol) in ether (50 mL) at 0°C. The resulting
mixture was stirred for 3 hours. Water was added and the aqueous layer was extracted
with ether ( 3 X 50 mL ). The combined ofganic extracts were washed and dried. After
removal of the solvent, the residue was again found to be unreacted compound 51 and no

trace of the desired product 52 was obtained.

Attempted Preparation of 3,5-Bis-[2’~(5"*-butylthio-2"’-thienyl)-1°-(5’"’-

thioethyleneoxy-2"*’-thienyl) ethene] benzyl alcohol

2-(2’-lodoethoxy) tetrahydro-2H-pyran (53)
A solution of 2-(2-bromoethoxy) tetrahydro-2H-pyran (Aldrich) ( 5 g, 0.024 mol )
and potassium iodide ( 21.8 g, 0.132 mol ) in DMF (100 mL) was heated at 50 °C for 15

hours. The reaction mixture was poured into ice-water and extracted with ethyl ether.
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The combined extracts were washed with aqueous sodium hydrosul_ﬁde (3X50mL)
and water, dried (MgSO,). After filtration, ether was removed by rotary évaporator and
the residue was pﬁriﬁed by column chromatography over silica gel, eluting with 30%
‘ ethyl acetate in hexane to yield compound 53 as colorless liquid. (3.4 g, 55% ); '"H NMR:
1.49-1.86 (m, 6 H, ring CHy), 3.25 (m, 2 H, CH,-1), 3.46-3.69 (m, 2 H,, nng CHQ), 3.81-
3.94 (m, 2 H, CH;0), 4.65 (s, 1 H, ring CH) The crude product was used without further

purification in the preparation of 54.

2-(2’-Hydroxyethylthio)thiophene (54)

A solution of n-butyllithium ( 1.6 M in hexane, 8.93 'mfnol, 5.6 mL ) was added
dropwise to a séluﬁon of thiophene ( 0.;7 g, 8.5 mmol ) and TMEDA (1 g 893 mmol)
in THF (100 mL ) at room temperature. The resulting mi;{ture was refluxed for 0.5
hours, cooled in an ice-bath and powdered sulfur ( 0.29 g, 8.93 mmol ) was added
carefull‘y with stirring.  After the r.esultin\g mixture had become clear, 53 ( 3.8 g, 9.79
mmol ) was added dropwise. The product mixture Was then stirred at room temperature
overnight, poured into cold water and extracted with diethyl ether ( 3 X.100 mL). The
combined extracts were Washed with brine, dried (MgS0Oy) and solvent was evaporated.
The product V'vas‘ purified by column chromatography over silica gel, eluting with
methylene chloride. The crude compound 54 was obtained as yellow liquid ( 1.1 g,
53%); '"H NMR: 2.94 (t, 2 H, J=5.9 Hz, CH>-S), 3.71 (m 2 H, CH>-OH), 6.96 (dd, 1 H,
J=5.3 Hz, J=3.6 Hz, aromatic H), 57.1_4 (d; 1H, J=3.6 Hz, aromatic H), 7.32 (d, 1 H, J=5.3
Hz, aromatic H). The crude product was used without further purification in the

preparation of 55.
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2-(2°-Acetoxyethylthio) thiophene (55)
Acetic anhydride ( 9.9 mL, 0.105 mol ) was added to a sol'uﬁon of 54 (2.8 g,
0.017 mol ) in pyridine ( 13.2 mL, 0.163 mol ) at room temperature.. The mixture was
stirred overnight, then water (100 mL) was added dropwiée with ice-bath cooling. The
resultant mixture was stirred for 2 hours and extracted with ethyl ether (3 X 100 mL ).
The prganic layer was washed with water ( 3 X 200 mL ) to remove pyridine. Thé‘
combined extracts were washed with brine, dried (MgS0O; ) and solvent was evaporatédi
The crude product was obtained as yellow liquid ( 2.8 g, 80% ); 'H NMR: 2.05 (s, 3 H,
CHs), 2.99 (t, 2 H, J=6.7 Hz, CH,-S), 4.23 (1, 2 H, J=6.7 Hz, CHz;b); 6.98 (dd, 1 H,
=5.1 Hz, J=3.7 Hz, aromatic H), 7.17 (d, 1 H, J=3.6 Hz, aromatic H), 7.37(d, 1 H, J=5.1
Hz, aromatic H). The crude product was used without further purification in the

preparation of 56.

5-(2’-Acet0xyethylthio) thiophene—2-@rbaldehyde (56)

POCI; (2 mL, 0.022 mol ) was added dropwise to a solution of 55 ( 2.77 g, 0.014
‘mol ) and dry DMF (2.1 ml, 0.028 mol ) in 1,2-dichloroethane (75 mL) at 0 °C. The
resultant mixturé was refluxed for 2 hoilrs, poured into ice water and neutralized by
. addition of 6 M sodium carb(;nate. The reaction mixture was ektracted‘ with methylene
chloride (3 X 100 mL ) and the combined extracts were washed with saturated brine '
solution and dried (MgSO;). After filtration, methylene chloride was removed using a
rotary evaporator. The residue was purified by golumn chromatography over silica gel,

eluting vﬁth 5% ethyl acetate in methylene chloride. The product was obtained as orange
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liquid ( 2.1 g, 67% ); 'H NMR: 2.62 (s, 3 H, CHs), 3.17 (¢, 2 H, J=6.6 Hz, CH,-S), 4.26
(t, 2 H, J=6.6 Hz, O-Cﬂz), 7.1(d, 1 H, J=3.9 Hz, aromatic H), 7.59 (d, 1 H, /~3.9 Hz, '
aromatic H), 9.75 (s, 1 H, CHO). The crude product was used without further purification

in the attempted preparation of 57.

Attempted Prepatation of 2-[5’-Butyltﬁio-2-thienyl]-1-[5”-(2’”-hydroxyethyl)-Z”-
thienyl)] ethene (57) | |

A solution of potassium tert-butoxide ( 1 M in THF, 0.023 mol, 23 mL ) was
added dropwise to ﬁ solution of 56 ( 2.12 g, 0.922 mmol ) and 48 ( 4.74 g; 0.01 mol ) in
dry THF (160 mL) at room terﬁperature. The resulting mixture was stirred for 2 hours.
After removal of the solvent, the residue was proportioned betwéén ether ('100 mlL) and
water (100 mL). The aqueous layer was extracted with ethyl ether ( 3 X 100 mL ). The
combined organic layers were dried (MgSO,). After filtration and removal of solvent,
the residue was purified by column chromatography over silica gel, eluting with 20%
ethyl acetate in méthylene chloridé to give coxﬁpound 58 as a result of eliininéti'on (25 g
80% ); 1H NMR:0.84 (t, 3 H, J=1.3 Hz, CHs), 136 (m, 2‘H, CH3-C1—I_2),.1.54 (m, 2 H,
CH3-CH2—CE), 2.~76 (t,2 H, J=7.3 Hz, CH,-S), 5.13 (d, 1 H, J=16.5 Hz, CH=CH,), 5.21
(d, 1 H, J=9.5 Hz, CH=CH)), 6.37 (dd,"1 H, , J=16.5 Hz, /=9.5 Hz, CH=CH,), 6.8-6.97

(m, 4 H, aromatic and vinyl). None of the desired product §7 was obtained.
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Synthesis of Dendrons and Dendrimers
2-(3’-Iodopropoxy) tetrahydro-2H-pyran (59)
2-(3’-Chloropropoxy) tetrahydro-2H-pyran (Aldrich) (9 g, 0.05 mol) was added to
a solution of sodium iodide (37.8 g, 0.25 mol) in acetone (250 mL) with stirring. The
resultant slurry was refluxed for 48 hours. The mixture was cooled, evaporated to a solid
mass and transferred to the top of a short column of neutral alumina. The column was
washed with CH,Cl, (1 L) and CH,Cl, was removed using a rotary evaporator. The
product was obtained as yellow liquid (12.6 g, 93%); 'H NMR: 1.62-1.86 (m, 6 H, ring
CHa), 2.07 (m, 2 H, CH>-CH,-), 3.27 (mn, 2 H, CH,-I), 3.38-3.54 (m, 2 H, CH,-0), 3.74-
3.89 (m, 2 H, ring O- CHy), 4.58 (t, 1 H, J=3.2 Hz, ring CH); Amax /nm (Emax /dm’ mol™

cm™) 267 (1500); HRMS (ET) calc. for CsH;sI0, 269.0049, found 269.0039.

2~(3’-Hydroxypropylthio)thiophene (60) .

A solution of n-butyllithium ( 1.6 M in hexane, 0.045 mol, 28.2 mL ) v;/as added
dropwise to a solution of thiophene ( 3.62g , 0.043 mol ) and TMEDA (5.22g, 0.045
mol) in THF (200 mL ) at room temperature. The resulting mixture was refluxed for 0.5
hours, cooled in an ice-bath and powdered sulfur ( 1.44g, 0.045 mol ) added carefully
with stirring.  After the resulting mixture had become clear, 59 ( 12.55g, 0.049 mol ) was -
added dropwise. The product mixture was then stirred at room temperature overnight,
poured into cold water and extracted with ethyl ether ( 3 x 150 mL). The combined
extracts were washed with brine, dried (MgSO,) and solvent was evaporated. The

product was obtained as colorless liquid by vacuum distillation. ( 4.8g, 64% ), b.p. 138-
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140 °C (1 Torr ); 'H NMR: 1.58 (s, 1 H, OH), 1.86 (m, 2 H, CH,-CH,-OH), 2.9 (t, 2 H,
J=7.1 Hz, s-cﬁz), 3.76 (t, 2 H, /=6.1 Hz, CH,-OH), 6.97 (dd,1 H, /=53 Hz, J=3.2 Hz,
aromatic H), 7.12 (d, 1 H, J=3.2 Hz, aromatic H), 7.34 (d, 1 H, J=5.3 Hz, aromatic H);
Aanax /0. (€ /dm® mol™ cm™) 272.5 (3900); HRMS (BT calc. for C7H;00S, 174.0173,

found 174.0173.

2-(3’-Acetoxypropylthio)thiophene (61)-

Acetic anhydride ( 42.9 mL, 0.455 mol ) was added to a solution of 60 ( 13g, '
0.075 mol ) in pyridine (57.3 mL, 0.71 mol ) at room temperature. T[;he mixture was
stirred overnight, and then water (100 mL) was added dropﬁse with an ice-bath cooling..
The resultant mixture was stirred for 2 hours and extracted with etfxyl ether (3 X 100
mL). "The organic layer was washed with water (3 X 200'mL ) to remove pyridine. The
combined extracts were washed with brine, dried ( MgSO, ) and solvent was evaporated.
The product was obtained as yellow liquid (14.5 g, 84%); 'H NMR: 1.92 (m, 2 H, CHy-
CH,-OCOCHs), 2.03 (s, 3 H, CHa),, 2.841 t2H, 72 I.{z? S-CHy), 4.16 (t, 2 H, J=6.3
Hz, CH;—OCOCHg), 6.98 '(dd, 1 H, /~5.2 Hz, J=3.5 Hz, aromatic H), 7.13 (d, 1 H, J=3.5
Hz, aromatic H), 7.35 (d, 1 H, J=5.2 Hz, aromatic H); A /1M (6es /dm® mol! cm'™) 272
(3760). HRMS (EI*j calc. for C9H12028‘2-216.0275, found 216.0279 The product was

used directly without further purification in the preparation of 62.

5-(3’-Acetoxypropylthio)thiophene-2-carbaldehyde (62)
POCI; ( 3.4 mL.0.036 mol ) was added dropwise to a solution of 61 ( 4.9g, 0.023

mol ) and dry DMF (3.5 mL, 0.045 mol ) in 1,2-dichloroethane (100 mL) at 0 °C. The
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resultant mixture was refluxed for 2 hours, poured into ice water and neutralized b};
addition of 6- M éodium carbonate. '_l‘he reaction mixture was extracted vﬁth methylene
chloride ( 3 X 100 mL ). The combined extrécts were washed with saturated brine, dried
(MgSO,). Afier filtration, methylene chloride was removed using a rotary evaporator.
The residue was purified by column chromatograpﬁy over siiica gel, eluting With 10%

ethyl acetate_in methylene chloride. The product was obtained as orange liquid ( 4.5g,
82% ); '"H NMR: 2 (m, 2 H, CH,- CH,-OCOCH3), 2.03 (s, 3 H, CHs), 3.04 (1, 2 H, J=12
.H,z,.S-CHz)', 4.15 (t, 2 H, J=6.2 Hz, CH,-OCOCHs), 7.04 (d, 1 H, /=3.9 Hz, aromatic H),.
7.5§ (d, 1 ¥, /=3.9 Hz, aromatic. H), 9.75 (s, 1 H, CHO), \unax /0N (Ermax /dm’ mol ™ cm™)
339 (14 200); HRMS (EI‘L) calc. for-C10H1203SZ. 244.0231, found 244.0228. The product

. was used without further puriﬁcé.tion in preparation of 63.

3-( S’-Hydroxypropylthio-2’-thienyl)-2-propenal (63)

A s.oluti01'1 of potassium tert-butoxide-( 1 M in hexanes, 0.047 mol, 47 mL ) was
added dropwise to a solution of 62 ( 7.63g, 0.031 mol) and (1,3-dioxalane-2-ylmethyl)
tributylphosphonimn bromide (1 M in THF, 0.038 mol, 37.5 mL ) in dry THF ( 150 mL)
at room temperature. The resulting mixture was stirred overnight, and then poured into
water. The product and tributylphosphine oxide were extracted with ethyl ether (3 X 150 .
mL ),‘and the combined e.xtracts were washed with saturated briné, and dried (MgSO,).
After filtration, ether was removed by rotary evaborator a1_1d the residue dissolved in THF
(100 mL ). Aqueous HC1 ( 3 M, 120 mL) 'was then added dropwise, and the resulting
" mixture stirred at room temperature for 2 hours, after which it was poured into water,

extracted and washed as described above and dried. After filtration and removal of
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solvent, the residue v;'as purified by column chromatography over silica gel, eluting with
50% ethyl acetate in methylehe chloride. The product was obtained as red liquid'( 4.5¢,
63% ); 'H NMR: 1.55 (s, 1 H, OH), 1.9 (m, 2 H, CH,-CH,-OH), 3.03 (t, 2 H, /7.1 Hz,
. S-CHy), 3.76 (t, 2°H, /=6 Hz, Cﬂz-OH), 6.37 (dd, 1 H, /=15.6 Hz, /=7.7 Hz =CHCHO),
7.01 (d, 1' H, J=3.8 Hz, aromaﬁc H), 7.18 (d, 1 H, /=3.8 Hz, aromatic H), 7.44 (d, 1H,
J=15.6 Hz, vinyl), 9.57 (d, 1 H, J=7.7 Hz, CHO); Assx /N (Egua /dm’ mol” cm™) 354.5
(17 400) HRMS GEF) calc. fbr CioH120,S,; 288.0281, found 288.0279. The prdduct was

used without further purification in the preparation of 65.

1-[5.’—Butylthio-2’-thienyl]-2-[5"-(3"’-hydroxypropylthio)—Z"-thienylj ethene (64)

A solution of sodium ethoxide ( 1 M in ethanol, 0.062 mol, 62 mL ) was added
dropwise to a solution of 62 (6g, 0.025 mol ) and 48 ( 13.78g, 0.03 mol ) in ethanol (75
mL ) at room temperature. The resulting mixture was stirred at 60 °C overnight; 'after
which it was cooled to room temperature. After removal of ethanol, the residue was
purified by column chromatography‘ over silica gel, eluting with methylene chloride. The
product was obtained 'as yellow solid (-8.7g, 96% ), m.p. 56-57 °C, "H NMR: 0.89 (t, 3 I-I,
J=7.3 Hz, CH3),1.36 (s, 1 H, OH), 1.39 (m, 2 H, CHz-CHg,), 1.59 (m, 2 H, CH,-CHa-
CH;), 1.88 (m, 2 H, CH,- CH,-OH), 2.8 (t, 2 H, J=7.3 Hz, S-CH,), 2.92 (t, 2 H, J~7.1 Hz,
S- CH,-CH,-CH,-OH), 3.76 (t, 2 H, J=5.9 Hz, CH,-OH), 6.46-6.97 (m, 6 H, vinyl and
aromatic H); °C NMR: 14.05, 22.03, 31.92, 32.44, 35;6, 38.81, 61.55, 121.67, 122.05,
122.73, 123.37, '126:97, 127.09,'133.74, 134.31, 145.01, 145.34; Amax /N (Egay /dm’
mol™ em™) 368 (18 700); (Anal.Calc. for C1;H,,084: C, 55.09; H, 5.99. Fouﬁd: C, 55.09;

H, 6.02)
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1-[5’-Butylthio-2’-thienyl]—4—[5”-(3"’-‘hydroxypropylthio)—Z”-thi_enyl]—_1,3-buiadiene

.(65)

-A solution of sodium ethoxide ( 1 M in ethanol, 0.024 mol, 24 mL ) was édded
dropwise to a solution of 63 (2.7g,0.012 moli) and 48 ( 6.73g, 0.014 mol ) in ethanol (75
mL) at room temperature. The resulting mixture was stirred at 60 °C overnight after
whiéh it Was cooled to room temperature. After removal of gthanol, the residue was
purified by column chromatography over silica gel, eluting with méthyléne chloride. | The
product was obtained as yellow solid (4 g, 85% ), m.p.. 72.5-74.5 °¢, "H NMR: 0.89 (t, 3
H, /=73 Hz, CH3), 1.41 (m, 2 H, CH3-CHa), 1.6 (m, 2 H, CH3;-CH,-CH,), 1.87 (m, 2 H,
CH,-CH,-OH), 2..8 (t, 2 H, J=7.3 Hz, CHz-S), 2.91 (t, 2 H, J=7.1 Hz, S-CH,), .3,.76 (t, 2
H, J=6.1 Hz, CH,-OH), 6.57-6.96 (m, 8 H, aromatic and vinyl H); *C NMR: 14.05,
22.03, 31.92, 32.44, 35.60, 38.81, 61.55, 12577, 126.08, 126.82, 126:90, 128.90, 129.23,
133.78, 134.21, 134.34, 135.22, 146.00, 146.50 ; Apng /0 (6 /dm* mol cm™) 390

(45 000); (Anal.Calc. for C1oH0S,: C, 57.53; H, 6.10. Found: C, 57.41; H, 6.12)

1-[5’-Butylthio—Z’-thienyl]—Z-[5"-(3"’-ioddpropylthio)—Z"-thienyl] ethene (66)

Todine ( 6.17g, 0.025 mol ) was added slowly to a solution of triphenylphosphine
- (6.38g, 0.025 mol ) and imidazble ( 1.65g, 0.025 mol ) in a 1:3 mixture of |
acetonitrile:ether ( 100 mL ) at 0 °C. The ice-bath was removed and the mixture was
stirred for 15 minutes. Compound 64 (3g, 0.008‘m01 ) in 1:3 acetonitrile: ether ﬁixture

(20 mt) was added dropwise. The resulting mixture was stirred for an hour at room
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temperature.  After removal of the solvent the residue was ‘purified by column
chromatography over silica gel, eluting with 5% ethyl acetate in hexanes to yield 66

( 3.7g, 95.8% ) The product was obtained as gel, ltherefore melting pdirit could not be-
determined. 'H NMR 0.89 (t, 3 H, J=7.3 Hz, CH3), 1.41 (m, 2 H, CH,-CH3), 1.6 (m, 2 H,
- CH>-CHp-CHj), 2.08 (m,2 H, CH,-CHy-1), 2.81 (1, 2 H, J=7.3 Hz, S;CHz), 2.88 (t,2H,
J=6.9 Hz, S-CH,), 3.28 (t, 2 H, J=6.7 Hz, CHx-1), 6.84-6.97 (m, 6 H, aromatic and vinyl
H); Aax /nM (Emax /dm’ mol™ cm™) 373 (45 500); (Anal.Calc. for Ci7HpISs: c 42.45; H,
4.51. Found: C, 42.70; H, 4.34) The product was used without further purification in the

preparation of 69.

1—[5'_’-Buty_lthio-z’—'thienyl]—4-[5"—(3"’—iodopropylfhio)—Z"—thienyl]—l,j—butadiene
(67) |
Compound 67 was prepared from 65 ( 2g 0.005 mol ), iodine ( 3.85g, 0.015 mol),
triphenyl phbsphine (3.94g,0.015 mol ) and imidazole ( 1.02g, 0.015 mol ) as des.cribed
above for .-the preparatilon of 66. The crude product was purified by column
chromatography over silica gel, eluting with 5% ethyl acetate in hexanes to yield 6 ( 2.4g,
95% ) Thc‘:‘ product was obtained as gel, therefore the melting point'~ could not be
determined "H NMR: 0.89 (t, 3 H, /=7.3 Hz, Cng, 1.4 (m, 2 H, CH,-CH3), 1.59 (m, 2 ﬁ,
.Cﬂz-CHz-CHQ, 209 (m, 2 H, CH,-CH,-I), 2.8 (t, 2 H, J=1.3 Hz, S-CH,), 2.87 (t, 2 H,
J=6.9 Hz, S-CH,), 3.28 (t, 2 H, J=6.7 Hz, CH,-]), 6.54-6.96 (m, 8 H, aromatic and vinyi
H); A /011 (B /dm® mol™ cm™) 390 (66 600); (Anal.Calc. for CioHsIS,: C, 45.05; ‘H,
4.58. Found: C, 45.70; H, 4.58) The prodgct_ was used without further pﬁriﬁcation in the

preparation of 69.
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3,5-Bis-[2’-(5"-butylthio-Z”-thienyl)-l’-(5"’-thiop::optlenuxy-Z’”-thienyl) ethene]
benzyl alcohol (68) '

A mixture of 66 (3.72 g, 7.74 mmol ), 3,5-dihydroxybenzyl alcohol (Aldrich)
( 0.53 g, 3.78 mmol ), potassium carbonate ( 1.05g, 7.56 mmol ) and 18-CroWn—6 A
(Aldrich) (0.2 g, 0.78 mmol) in dry 1,4-dioxane ( 75 mL ) was refluxed under an
atmosphere bf N, for 48 houfs. ‘The- mixture was cooled and evaporated to dfyness. The
residue was proportioned between methylene chloride (50 mL) and water (50 mL). The
aqueous- layer was extracted with methylene chioride (3 X 75 mL ). The combined
organic layers were dried over MgSO,. After filtration and removal of solvent, the
residue was purified by colﬁmn chromatography over.sili'ca gel, eluting with methylene
chloﬁde to yield 68. The product was obtained as gel, therefore melting point could not
be determined. ( 2.07 g, 65% ); 'H NMR: 0.89 (t, 6 H, /=7.3 Hz, CH3), 1.41 (m, 4 H,
CH,-CH3), 1.55 (s, 1 H, OH), 1.6 (rﬁ, 4 H, CH,-CH,-CHy), 2.06 (m, 4 H, CH,- CH,-0),
2.8(t,4H, J=7.3 Hz, S-CHZ), 2.97 (t, 4 H, /=7 Hz, S-CH,), 4.03 (t, 4 H, J=5.9 Hz, CH;-
0), 4.59 (d, 2 H, J=5.7 Hz, CH -OH), 6.33 (s, 1 H, phenyl H), 6.48 (.s, 2 H, phenyl H),
6.82-6.96 (m, 12 H, aromatic and vinyl H); >C NMR: 14.05, 22.03, 29.47, 31.92, 35.57,
38.80, 65.71, 66.21, 101.04, 105.67, 121.66, 122.07, 122.72, 123.25, 126.97, 127.12,
133.73, 134.42, 143.79, 145.32, 145.97, 160.57 ; Amax /MM (Eax /dm® mol™ cm™) 373 |

(54 700); (Anal.Calc. for C4HugOsSs: C, 58.25; H, 5.72. Found: C, 58.39; H, 5.71)




70
3,5-Bis—[4’-(5"-butylthio-2"-tﬁienyl)—l’-(5"’-thiopropyleneoxy—l’”-thienyl)-.-l,3-
butadiene] benzyl alcohol (69)

A mixture of 67 ( 1.9 g, 3.75 mmol ), 3,5-dihydroxybenzyl alcohol (0.25 g, 1.79
mmol ), potassium carbonate ( 0.5 g, 3.58 mmol ) and 18-Crown-6 ( 0.1 g, 0.36 mmol ) in
ciry 1,4-dioxane ( 75 mL ) was refluxed under an atmosphere of N for 48 hours. The
mixture was .cooled aﬁd evapérated to dryness. The residue was proportioned bétween
' methylene chloride (50 ml) and water (50 mL). The aqueous layer was extracted with
_methylene chloride (3 X. 75 mL ). The combined organic layers were dﬁed (MgS0;) and

after filtration and removal of soivent, the residue was puriﬁed by column
chromatography over silica gel, eluting with methylene chloride to yield 69. The product -
was obtained as gel,; therefofe, melting point co_uld not be determined. ( 1.15 g, 76% ),
"H NMR: 0.92 (t, /<72 Hz, CH3),l 1.43.(m, 4 H, CH,-CHs), 1.61 (m, 4 H, CHo-CH,-
CHs), 2.09 (m, 4 H, CH,- CH,-0), 2.82 (t, 4 H, J=7.3 Hz, S-CH,), 2.99 (t, 4 H, /=7 Hz,
S-CH,), 4.06 (t, 4 H, J=5.8 Hz, CH,-0), 4.62 (s, 2 H, CHZ-O),.6.36 (s, 1 H, phenyl H),
6.5 (s, 2 H, phenyl H), 6.55-6.98 (m, 16 H, aromatic and vinyl H); Apax /MM (Emax /dm?
mol™ cm™) 390 (86 800); *C NMR: 14.02, 22.02, 2045, 31.92, 35.56, 38.80, 65.76,
66.22, 101.05, 105.68, 125.74, 126.11, 126.80, 126.9‘i, _128.87, 129.25, 133.78, 134.11,
134.45, 135.23, 143.75, 145.98, 146.59, 160.59 ; (Anal.Calc. for C4sHs,0:8s: C, 60.23;

H, 5.84. Found: C, 60.28; H, 5.88)
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3,5—Bis-[2’-(5"-butylthio—2"-thienyl)—l’-(5_"’-thiopr(;pylenoxyﬁZ”’-thienyl) ethene]
benzyl bromide (70) -

Tetrabromomethane (0.5 g, 1.5 mmol ) and triphenylphosphiné ( 0.4 g, 1.5 mmol)
were added to a solution of 68 (1lg, 1.§ mmol ) in the minimum amount of dry THF (50
.mL). The resulting mixture was stirred under an atmdsphcre of N a£ room temperature
for 20 minutes. Water was added and the aqueous layer was extracted with methylene
chioride (3 X 50 mL ). The combined organic extracts were dried and evaporate.d to
dryness. The crude product was purified by.column éhromatography over silica gel with
methylene chloride as eluent to give compbund 7b (073 g, 68% ), '"H NMR: 0.9 (t, 6 H,
J=17.3 Hz, CH3); 1.41 (m, 4 H, CH,-CHj3), i.6 (m, 4H, C@-CHZ-CH;), 2.06 (m, 4 H,
CH,- CH,-0), 2.81 (t, 4 H, J=7.3 Hz, S-CH,), 2.97 (t, 4 H, /=7 Hz, S-CH,), 4.03 (t,4 H,
J=5.1 Hz, CH,-0), 4.37 (S, .l H, CH»-Br), 4.47 (s, 1 H, CH,-Br), 6.34 (m, 1 H, phenyl H),
6.49 (m, 2 H, phenyl H), 6.83-6.98 (rﬁ, 12 'H, aromatic and vinyl H). The product was

used without further purification in the preparation of 72.

S,S—Bis-[4’-(5”-butylthio—Z”-thienyl)—l’-(5”-’-thiopropyleneoxy-Z”’-thieliyl)-l,3-
butadiene] benzyl bromide (71) | '
Tetrabromomethane ( 0.88g, 2.68 mmol ) a'nd triphenylphosphine ( 0.70g, 2.68
rﬁmol ) were added to a solution of 69 ( 1.2 g, 1.34 mmol ) in the minimum amount of
dry THF (50 mL). The resulting mixture was stirred under an atmosphere of N, at room
temperature for 20 minutes. Water was added and the aqueous iayér was extracted with
methy;lene' chioride ( 3 X 50 mL ). The combiﬂed organic extracts were dried and

evaporated to dryness. The crude product was purified by column chromatography over

AN
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silica gel with 2:3 CH,Cl,-hexane as eluent to give compound 71 ( 0.83g; ‘6.5% ). The
produot' was obtained as gel, therefore melting point.could not be detenniﬁed; "H NMR:
0.9 (t,-6 H, /=73 Hz, CH3), 1.41 (m, 4 H, CH>-CH;), 1.59 (m, 4 H, CH,-CH,-CH3), 2.07
(m, 4 H, CH,- CH>-0), 2.8 (t, 4 H, /=7.3 Hz, S'-CHZ),"2.97 (t, 4 H, J=7 Hz, S-CH,), 4.03
(t, 4 H, /=5.9 Hz, CH,-0), 4.37 (s, 1 H, CH,-Br), 447 (s, 1 H, CH,-Br), 6.36 (m, 1 H,
phenyl H), 6.5 (m, 2 H, phenyl H), 6.51-6.98 (m, 16 H, aromatic and vinylic H). The

product was used without further purification in the preparation of 73.

G-0 Dendrimer (72)

A mixture of dendron bromide 70 ( 1.17 g, 1.3 mmol ), bisphenol-A (Aldricﬁ)
(0.14g, 0.6 mmol ), potassium carbonate ( 0.33g, 2.39 mmol ) and '1 8-Crown—6 (0.06g,
0.24 mmol ) in dry acetone ( 75 mL ) was heated at.reflux under 'm'trogen for 45 hours.
The reaction mixture was cooled and evaporated to dryness, and the residue was
partitioned between CH,Cl, (50 Il’.lL) and water (50 mL). The adueous layer was
extracted with CH,Cl, ( 3 X 50 mL ) and the combined organic layers were dried and
evaporated to dryness. The crude product‘was purified By column cﬁomatomphy over
silica gel, eluting with 3:2 CH,Cly:hexane to yield compound 72 ( 1.09 g, 97% ) The
compound was obtained as gel, thereforé melting poinf. could not be determined. 'H
NMR: 0.84 (t, 12 H; J=7.3 Hz, CHj), 1.36 (m, 8 H, Cﬂz-éH;;), 1.54 (m, 8 H, CH,-CH,-
CHs), 1.55 (s, 6 H, CH;), 2.0 (m, 8 H, CH,- CH,-0), 2..75 (t, 8 H, /=7.3 Hz, S-CH,), 2.91
(t, 8 H, /=7 Hz, S-CH,), 3.97 (t, 8 H, J/=5.8 Hz, CH»-0), 4.86 (s, 4 H, CH,-0), 6.29 (s, 2
H, phenyl H), 6..48 (s,4H, i)henyl'H), 6.76-6.93 (m, 28 H, aromatic and vinyl H) 7.06

(d, 4 H, J=8.8 Hz, phenyl H); *C NMR: 13.65, 21.64, 29.11, 31.07, 31.54, 35.19, 38.42,
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4245, 65.83, 69.97, 99.74, 105.97, 114.22, 121.29, 121.67, 122.83, 123.35, 126.58,
126.72, 127.77, 133.33, 134.02, 139.64, 140.03,.144.95, 145.58, 156.62, 160.16 ; Apax

/nm (gmax /dm* mol” cm™) 373 (107 500); (Anal.Calc. for CoHios0sS16: C, 61.87; H,

5.78. Found: C, 62.01; H, 5.82)

G-0 Dendrimer (73)

A mixture of dendron bromide 71 ( 0.83 g, 0.87 mmol ), bisphenol-A (Aldrich)
(0.09 g, 0.4 mmol ) potassium carbonate ( 0.23 g, 1.65 mmol ) and 18-Crown-6.( 0.04 g,
0.17 mmol ) in dry acetone ( 75 mL ).v;fas heated at reflux under nitrdgen for 48 hours.
The reaction mixture was cooled and evapora.ted to dryness, and the residue was
partitioned between CH,Cl, (50 mi,) and water ‘(50 mL). | The aqueous’ ‘la&er was -
extracted with CH,Cl, ( 3 X 50 mL ) and the combined organic layers were dried and
evaporated to dryness. The crude product was purified by column chromatography over
silica gel, eluting with 3:2 CH,Cl,:hexane to yield compound 73 ( 0.72 g, 88% ) The
compound was obtained as gel, therefore melting point could not be determined. 'H
NMR: 0.89 (t, 12 H, /=7.4 Hz, CHj), 1.41 (m, SI—L CH,-CH;), 1.59 (s, 6 H, CH;), 1.6 (m,
- 8 H, CH,-CH,-CHj3), 2.06 (m, 8 H, CH,- CH,-0), 2.8 (t, 8 H, /=7.3 Hz, S-CHZ), 2,96 (t, 8
H, J=7 Hz, S-CH)), 4.63 (t, 8 H, /=5.9 Hz, CH,-0), 4.92 (s, 4 H, CHz-Q), 6.34 (s, 2 H,
phenyl H), 6.53 (s, 4 H, phenyl H), 6.56-6.99 (m, 36 H, aromatic and vinyl H), 7.11 (d, 4
I J=87 Lz, phenyl H); °C NMR: 14.04,.22.03, 2948, 31.45, 31.92, 35.56, 38.81,
42.11, 66.21, 70.35, 101.23, 106.34, 114.60, 125.76, 126.09, 126.81, 126.90, 128.16,

128.88, 129.23, 133.77, 134.09, 134.45, 135.24, 140.00, 143.83, 145.99, 146.56, 156.99,
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160.53 ; Amuax /DM (Emax /dm’ mol ™ em™) 390.5 (426 000); (Anal.Calc. for CiosHi1606S16:

C, 63.69; H, 5.84. Found: C, 63.72; H, 5.82)
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