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Abstract: Nucleophilic reactions between mercapto-substituted amphiphiles and carbosilane dendrimers bearing
(chloromethyl)silyl groups on their terminal branches gave, in high yields, amphiphilic dendrimers with
hydrophobic carbosilane cores and alcohol, dimethylamino, or sodium sulfonate amphiphilic groups at the
periphery. The negatively charged, sulfonate-terminated dendrimers were soluble in water, as were positively
charged poly(ammonium) salts prepared from the dimethylamino-terminated derivatives. These new amphiphilic
dendrimers were characterized by spectroscopic and mass spectrometric techniques. Preliminary studies of
the agueous solution behavior of the second generation, sulfonate-terminated dendrimer demonstrated its ability
to enhance the solubility of lipophilic alkyl-substituted benzene derivatives, a characteristic property of micelles.

Introduction

As the science of dendrimer synthesis continues to mature,
there is an increasing focus on developing applications for
dendrimers that exploit their unique topology. One such
application employs dendrimers bearing amphiphilic groups on
their terminal branches as model systems to mimic both the
structure and the physical properties of micelles. Like micelles,

e.g., the solubilization of host molecules into wéf&lor other
solvents?*25 interactions with spectroscopic probe mole-
cules!41517.21,2629 nartitioning of solutes in micellar electro-
kinetic capillary chromatograph;3! and catalysig:32-36

Nearly all amphiphilic dendrimers synthesized to date have
contained polar groups (e.g., amines, ethers, esters, and amides)
in their backbones, despite the fact that those with completely
hydrophobic backbones would be expected to more closely

these amphiphilic dendrimers possess a globular structure, with

a relatively nonpolar core and a hydrophilic outer surface.
Numerous examples of amphiphilic dendrimers have been
reported, based on a variety of different dendrimer backbone
constructions: poly(ether8)8 poly(amidesf 13 poly(amido-
amines)t*7 poly(esters}é and otherd?=23 Many of these have
exhibited solution properties typically associated with micelles,
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Scheme 1.Divergent Synthesis of Carbosilane Dendrimers
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linkages. Since most silicon-heteroatom (e.g=18$j Si—OR,
Si—S) bonds are moisture sensiti¥%8 simple nucleophilic
reactions with chlorosilyl-terminated dendrimers would not be
suitable. In 1953, Perklev reported the functionalization of a
(bromoalkyl)silane with a mercapto-substituted carboxylic acid
(eq 1)5” Since the amphiphilic group in this example was

Ra.m
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2nd generation N attached to the organosilicon moiety by a moisture-stabl&C

bond, this methodology seemed promising for the production
of amphiphilic carbosilane dendrimers. In this report, we
mimic the hydrophobic environment found in the interior of describe the high-yield synthesis of amphiphilic carbosilane
micelles®” Although Newkome and co-workers have reported dendrimers through the reaction of (chloromethyl)silyl-termi-
the successful production of water-soluble dendrimers with nated carbosilane dendrimers with several mercapto-substituted
completely hydrophobic hydrocarbon backbones, their proce- amphiphilic compounds. The (chloromethyl)silyl-substituted
dures involved multistep syntheses, with low overall yiéRig? carbosilane dendrimers were obtained by hydrosilylation of
Recently, several groups, including our own, have reported high- previously reportet® vinylsilane-terminated dendrimers with
yield, divergent syntheses of completely hydrophobic carbosi- (chloromethyl)dimethylsilane.
lane dendrimers starting from readily available materials: by
using repeating sequences of alternating hydrosilylations with Results and Discussion

substituted chlorosilanes and alkenylations with Grignard Preparation of (Chloromethyl)silyl-Terminated Dendrim-
reagents, several generations of either chlorosilyl- or alkenyl- g5 Vinylsilane-terminated dendrimers were synthesized ac-
silyl-terminated den_drimers with varying al_kenyl chain lengths cording to the method of Zhou and Roovers, using tetravinyl-
have been syntheS|ze_d (Schemé®1f! Various groups have  gjlane as the initiator core, methyldichlorosilane in the
employed these dendrimers as frameworks upon which to attac*’hydrosilylation step, and vinylmagnesium bromide in the
other functional group&-34 However, so far there have been alkenylation step (Scheme = 2, x =0, R= Me)4° Zeroth,

no reported attempts to fit these dendrimers with terminal first, and second generation, (chloromethyl)silyl-terminated

x=0,1,..,m=2, 3;R=Me

amphiphilic groups, although two groups have reported the gendrimer€0G-4CH,CI, 1G-8CH,CI, and2G-16CH,Cl were

synthesis of hydroxyl-terminated carbosilane dendrirde?3.

obtained, respectively, from the platinum-catalyzed hydrosilyl-

To synthesize stable amphiphilic carbosilane dendrimers, aation of tetravinylsilane and the first and second generation,
method was sought by which amphiphilic moieties could be yiny|-terminated dendrimersG-8Vi and2G-16Vi with excess
attached to the carbosilane framework through moisture-stablepsjme,CH,CI (Scheme 2). This hydrosilylation reaction was
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found to be effervescent and strongly exothermic, necessitating
the slow addition of HSiIMgCH,CI to the reaction mixture in
order to avoid explosions. In all cases the terminal vinyl groups
reacted completely with HSIMEH,CI to give dendrimers with
monodisperse GPC traces and no residual vinyl resonances in
their I1H NMR spectra. The zeroth and first generation den-
drimers were crystalline solids, but the second generation was
an oil.

The hydrosilylation of a vinylsilane, §SiCH=CH,, with
HSiIMe,CH,Cl may form two regioisomers, the-addition
product, RSiICH(CHs)SiMexCH,CI, and the3-addition product,
R3SICH,CH,SiMe,CH,CI. The presence of a mixture of such
isomers in a dendrimer does not alter its molecular weight or
its number of branches, and should not result in dramatic
changes to its overall shape.

In the hydrosilylation of vinyl-terminated dendrimers with
HSiMe,CH,CI, both a- and S-addition isomers were formed.
The p-addition product predominated, bataddition isomers
were detected in théH NMR spectra of the crude product
mixtures (in amounts of 49%) by the observation of a
characteristic doubletJ(= 8 Hz) at 1.0 ppn¥® Dendrimers
containing unwanted-addition isomers in the terminal branches
could be removed from crude product mixtureOgb-4CH,CI
and 1G-8CH,CI by recrystallization, giving spectroscopically
pure products in 67% and 52% vyield, respectively. Since the
second generation dendrim&6-16CH,CI was not crystalline,
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Scheme 2. Synthesis of (Chloromethyl)silyl-Terminated Dendrimers
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there was no way to remove the 3%addition products present
in its terminal branches. The-addition isomers are expected
to be randomly distributed among the individual dendrimer
molecules, with different molecules bearing differing numbers
of a-addition isomers on their terminal branches. Using a
mathematical treatmeft, one can predict that out of 100
molecules 0RG-16CH,CI, the number of molecules possessing
0, 1, 2, 3, 4, and ®-addition isomers among their 16 terminal
branches will be 22, 35, 26, 12, 4 and 1, respectively.

The H, 13C, and2°Si NMR spectra ofOG-4CH,Cl, 1G-
8CH,CI, and 2G-16CH,Cl displayed sharp, well-resolved
resonances for all nuclei except the innermost methylene group
of the second generation dendrimer, whéideand 13C NMR
signals were somewhat broadened.

Attachment of Amphiphilic Groups. As illustrated in
Scheme 3, amphiphilic groups were attached to the terminal
branches of carbosilane dendrimers via thioether linkages. The

(58) The syntheses 4fG-8Vi and2G-16Vi also produced approximately
10% a-addition isomers in each hydrosilylation step. Upon further hydrosi-
lylation with HSiMeCH,CI, these isomers became spectroscopically
undetectable. Thet-addition isomers referred to in the text are those
produced during the hydrosilylation with HSiMeH,CI. Approaches for
removing unwanted.-addition isomers froniG-Vi and2G-16Vi are the
subject of a forthcoming publication: Krska, S. W.; Seyferth, D. Manuscript
in preparation.

syntheses involved deprotonating amphiphile-substituted mer-
captans with NaOH and reacting the resulting thiolates with
chloromethyl-terminated dendrimess-4CH,CI, 1G-8CH,CI,

and 2G-16CH,CI in alcohol/water solvent mixtures (ethanol
was used foOG-4CH,CI, and 2-propanol fot G-8CH,CI and
2G-16CH,CI). Reaction mixtures were initially biphasic, but
clarified over time with heating; extra water or alcohol was
added as needed to assist in the dissolution of all reagents. In
most cases, quantitative substitution of all chloromethyl groups
occurred within several hours. In those cases where some
chloromethyl groups remained unreacted at the termination of

Sthe reaction, complete substitution was effected by reapplication

(59) Given a dendrimer withP identical reactive endgroups which
undergo a chemical transformationrtalifferent types of groupsy, ay, ...,
a, present in the final product mixture in the proportiansay, ..., ¢, the
composition of individual dendrimer molecules in the product mixture may
be expressed agkiaz..., whereky, ks, ..., k are the numbers of endgroups
in the product dendrimer bearing the gro@psay, ..., &, andk; + kx + ...
+ k, = P. The mole fractionXa s of dendrimers with composition
alage... is given by:

P!

Xokigphe., = ("T) qlk;qzkz.‘.

A special case of this formula, applicable to PAMAM dendrimers, may be
found in ref 1.
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Scheme 3. Synthesis of Amphiphile-Terminated Dendrimers
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¢Si Y SiMe *SiMe, — CH,CH, (X = NMe,, OH, SO3Na)
HS~X = HS(CH,),NMe,HCl, HS(CH,),OH
HS(CH,);SO;Na
Table 1. Attachment of Amphiphilic Groups to Scheme 4.Synthesis of Dendrimers Terminated with
Chloromethyl-Terminated Dendrimers Quaternary Ammonium Salts.
chloromethyl-terminatedmercapto-substituted yield, »S,\,NMeSX
dendrimer amphiphile product % s '_:_.»S,\,NMeax
OG-4CHCI HSCH.CH,OH OG-40H 98 XMeN™ "5 3
1G-8CH.CI HSCH.CH,OH 1G-80H 99 XMesN 0GANMe.X
OG-4CH,CI HSCHCH,NMe,HCI OG-4NMe, 100 0G-aNMe, €3
1G-8CH.CI HSCHCH;NMe;HCI 1G-8NMe, 92 XMeaN NMeaX
2G-16CH,CI HSCHCH,NMe:HCl 2G-16NMe, 92 XMeaﬁ{/;”_\ Ne 0”8 NMesX
OG-4CHCI HSCHCH,CH,SO;Na OG-4SO;Na 80 §7, * o8
1G-8CH.CI HSCHCH,CH,SO;Na 1G-8SG:Na 66 S_* *_S
2G-16CH.CI HSCH.CH,CH,SO:Na 2G-16SQNa 75 XMeaN“',\:’s\,/\.\,gw‘”NMeaX
1. Mel XMegN NMe;X
, , . 1G-8NMe, 1G-8NMe;X
of the reaction procedure. Products and yields of these reactions 2. AgCl
i ' NMesX
are given in Tablt_e 1._ _ _ . Xh);gn?\?‘N/\w‘s\,\. "‘,S:S\'»\,Nﬁe X
All of the substitutions listed in Table 1 proceeded without XXQ"?@"?“‘S'S‘. "Y" e NEA%(X
any observable side reactions. The alcohol- and dimethylamino- 3T"gxe Nal -t
terminated dendrimers were soluble in organic solvents and M .
completely insoluble in water. The zeroth generation, alcohol- XI\)A&;\J’;N‘S’,,- ._/Kﬂ '”Sf?“y%x
terminated dendrimeédG-40H was a crystalline solid. Its first xnﬁﬁN’\:E‘s’v. .V\S’\S/,‘”NM??)@
generation analogugG-80H was a viscous oil, as were the XMey 2G-16NMe.X 3
dimethylamino-terminated dendrime®&-4NMe,, 1G-8NMe,, 2G-16NMe, - s
and 2G-16NMe. Dendrimeric products bearing terminal 1LX=1
sodium sulfonate groups were obtained as hygroscopic white 2. X=Cl

solids which were completely soluble in water and essentially
insoluble in all organic solvents, including alcohols. Removal
of the NaCl byproduct and excess NaOH from these dendrimers
was accomplished by acidifying aqueous solutions of the crude monium iodide saltsOG-4NMesl, 1G-8NMesl, and 2G-
products to neutral pH and dialyzing in cellulose ester mem- 16NMe;sl in high yields as analytically pure white powders
branes with low molecular weight cutoff values (€800 (Scheme 4). Metathesizing the iodide counterions of these
daltons). Results of combustion analyses of sample®®f compounds for chloride ions with Ag&lgreatly enhanced their
4SQO3Na and 2G-16SQNa which had been purified in this  solubilities in water. The masses of the hygroscopic solids
manner suggested nearly complete removal of sodium chloride.obtained from the metathesis reactions suggested that complete
Results for 1G-8SQG:Na purified under similar conditions,  exchange of counterions had occurred; this was corroborated
however, indicated the presence of 5% (w/w) residual NaCl. by the results of combustion analyses.

Further reactions involving the dimethylamino-terminated  The H, 13C, and 2°Si NMR spectra of the amphiphilic
dendrimersOG-4NMe;, 1G-8NMe;, and 2G-16NMe, con- dendrimers were in most cases consistent with their proposed
verted them into water-soluble derivatives. Protonating their structures. Line widths for water-soluble derivatives tended to
terminal dimethylamino groups with HCI(aq) gave the water- be broader than those of derivatives soluble in organic solvents,
soluble hydrochloride adduc®G-4NMe,HCl, 1G-8NMe;HCl, presumably a result of dipolar broadening effects arising from
and 2G-16NMeHCI. The zeroth generation hydrochloride
adduct was a crystalline solid; higher generations were amor-
phous solids. Reactions of the dimethylamino-terminated
dendrimers with excess Ml provided the quaternary am-

#Si Y SiMe *SiMe, — CH,CH,

(60) Brasen, W. R.; Hauser, C. R. ®rganic Synthese®kabjohn, N.,
Ed.; John Wiley and Sons: New York, 1963; Collect. Vol. 4, pp 585

(61) Ford-Moore, A. H. InOrganic SynthesedRabjohn, N., Ed.; John
Wiley and Sons: New York, 1963; Collect. Vol. 4, pp-88.
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Table 2. Results of MALDI-TOF Mass Spectrometry of Dendrimers

compound matri¥solvent molecular ion obsd calcd mass measd masgs
OG-4CHCI CSA, Ag(tfa), ethanol [M+ Aglt 675.04 674.72
1G-8CH.CI CSA, Ag(acac), 2-propanol [M- Ag]t 1499.33 1499.2¢
2G-16CH.CI CSA, Ag(acac), acetone [M- Ag]™ 3161.06 3159.86
OG-40H DHB, Na(cit), 2-propanol [M+ NaJ* 759.2F 759.24
1G-80H DHB, Na(cit), 2-propanol [M+ NaJ* 1751.7% 1752.06
OG-4NMe, CSA, ethanol [M+ H]* 845.48 845.42
1G-8NMe;, CSA, ethanol [M+ H]* 1946.10 1945.68
2G-16NMe;, DNB, water [M+H]* 4154.00 4152.28
0OG-4SO;Na¢ DHB, NHa(cit), water [M—H]~ 1047.19 1047.56
1G-8SGNad DHB, NHy(cit), water [M—H]~ 2355.31 2354.72
2G-16SQNa¢ DHB, NHg(cit), water [M—H]~ 4968.25 4967.06
OG-4NMejsl DHB, water [M+ 3 DHBT]* 1365.27 1365.56
1G-8NMesl DHB, water [M+7DHB ] 3140.27 3142.20
OG-4NMesCl DHB, water [M+ 3 DHB]* 1365.27 1364.42
1G-8NMesCl DHB, water [M+7DHB ] 3140.27 3142.20

a CSA = 5-chlorosalicylic acid; tfa= trifluoroacetate; acae acetylacetonate; ci citrate; DHB= 2,5-dihydroxybenzoic acid.Masses given
are weighted isotopic averages, unless otherwise indicatddnoisotopic mass! Analyzed as the free acid; see ref 71.

the expected decrease in mobility of these predominantly species exce@G-16NMeX (X =1, Cl), occurred atrvz values
hydrophobic dendrimers in waté%. The 'H NMR spectra of which agreed very closely with calculated values (Table 2). For
the water-soluble dendrimeric ammonium salts unexpectedly those compounds whose mass spectra could be obtained at
exhibited shoulders on the signals associated with the terminalisotopic resolution (noted in Table 2), the close correspondence
amphiphilic branches; in some cases, shoulders also werebetween calculated and experimentally observed isotopic dis-
observed in thé3C NMR spectra. Given that these shoulders tributions provided further proof of the identities of the
were not obseved in th# or 13C NMR spectra of the amine-  compounds in question.

terminated starting materials and that the conversion of terminal Peaks appearing a¥z values lower than that of the molecular
amine to quaternary ammonium groups was judged quantitativeion may arise either from ion fragmentation processes or from
by elemental analysis and MALDI-TOF mass spectrometry (vide lower molecular weight impurities in the dendrimer products.
infra), the presence of these extra signals may be most easilyThese impurities could originate from incomplete reactions
explained by the effects of aggregation. Consistent with this during the dendrimer backbone construction or during the
explanation, the intensities of shoulders on the NMe and §8CH  attachment of the amphiphilic groups. To distinguish between

resonances in théH NMR spectrum ofOG-4NMesl varied fragment ions and impurities, one must rely on the relative
with the dendrimer’s concentration in GDD .83 intensities of the peaks as well as their masses. Incomplete
MALDI-TOF Mass Spectrometry Measurements. Matrix- reactions during the dendrimer synthesis will lead to statistical

assisted laser desorption ionization time-of-flight mass spec- distributions® of lower-molecular-weight compounds whas&
trometry (MALDI-TOF-MS) has emerged as an invaluable tool values in the MALDI-TOF mass spectrum should differ from
for confirming the identities and molecular weight distributions that of the parent ion by multiples of the missing monomer
of dendrimerg3:64-70 So far, there has been only one reported unit.”®
example of the use of MALDI-TOF-MS to characterize car- MALDI-TOF mass spectra of zeroth and first generation
bosilane dendrimer&. dendrimers exhibited few lower mass peaks, and none assignable
A detailed presentation and analysis of the MALDI-TOF mass to dendrimers with missing branches or amphiphilic groups.
spectra of the dendrimers synthesized in the present study isOnly fragment ions were observétiarising primarily from the
being reported separatey’2 For purposes of the present loss of NaOH for hydroxyl-terminated derivatives aretGH-
discussion, two features of these spectra deserve mention. FirsCHy)nX (n = 1, 2; X = NMe,, NMe;*DHB~, SG;H; DHB~
of all, the molecular ion peaks, which were observed for all = 2,5-dihydroxybenzoate) groups for the other amphiphilic
derivatives. Thus, we conclude that these dendrimers do not
contain significant amounts of lower molecular weight impuri-

(62) Bovey, F. A High-Resolution NMR of Macromolecujescademic
Press: New York, 1972; p 462.

(63) These shoulders are not believed to be due-&midition isomers ties.
Siﬂ'c?] tgey appear Prf_’mingg_ﬂ_y in thE NMR spectrum of0G-4NMesl, Spectra of second generation dendrimers generally contained
whic oes not contain-addition isomers. H
(64) Dandliker, P. J.; Diederich, F.; Gross, M.; Knobler, C. B.; Louati, more lower mass peaks. The mo.re pro”.“f‘e“t of theseriiad
A.; Sanford, E. MAngew. Chem., Int. Ed. Engl994 33, 1739-42. values corresponding to fragment ions (arising from loss ofMe
(65) Kawaguchi, T.; Walker, K. L.; Wilkins, C. L.; Moore, J. $. Am. Si=CHCI and CHCH,SiMe,CH,CI groups for2G-16CH,CI,
Ch(eengj Eggrlng?sv%/lji:ﬁg%?sm JPolym. Bull. 1995 35, 449-55 S=CHCH,NMe; groups for2G-16NMe;, and S=CH(CH),-
(67) Leon: J W Kawa,’M:; Fﬁhet, J. M. 3J. Am. Chem. Sod.égﬁ SO;H groups erZG'lGSQ*Na_); there were no signals assign-
118 8847-59. able to dendrimers with missing branches or endgrébps.
(68) Newkome, G. R.; Gher, R.; Moorefield, C. N.; Cardullo, F.;  However, it was not possible to assign the weaker lower mass

Ef}gf%og@”é'i*zg‘z*;%ordem' E. Luftmann, Hngew. Chem., Int. Ed. a5 in the spectra @G-16NMe> and2G-16SQNa, and thus

(69) Sahota, H. S.; Lloyd, P. M.; Yeates, S. G.; Derrick, P. J.; Taylor, the presence of lower molecular weight impurities in these

P. C.; Haddleton, D. MJ. Chem. Soc., Chem. Commu994 2445-6. compounds could not be ruled out entiréfy.

(70) Walker, K. L.; Kahr, M. S.; Wilkins, C. L.; Xu, Z.; Moore, J. 3. Solubilization Studies. Several groups have reported the
Am. Soc. Mass Spectrot994 5, 731-9. 1 . ..

(71) Wu, Z. C.; Biemann, Kint. J. Mass Spectrom. lon Proces4@97, enhancement of the water solubility of lipophilic compounds
165 349-61. (73) A good example of statistical distributions of lower molecular weight

(72) MALDI-TOF mass spectra fddG-40H, 1G-80H, 2G-16CH,CI, impurities may be found in the MALDI-TOF spectra of ref 23.
2G-16NMe, and2G-16SQNa are included in the Supporting Information; (74) Fragment ions have been observed in the MALDI-TOF mass spectra

for mass spectra of other dendrimers, see ref 71. of other dendrimerg®-
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in the presence of amphiphilic dendrimé&#:21.77 This type 35 — T T

of behavior is one of the signature properties of micelles, and .
is utilized in a variety of applications ranging from soaps and 30 | ¢ R=Me ]
detergent® to micelle-based chromatographic separatidns. o R=Et

Recently, Hawker et al. reported that poly(aryl ether) dendrimers s 25 © R=FPr T
bearing terminal carboxylate groups were able to significantly % 20} .
enhance the solubility of pyrene and other polycyclic aromatic x

compounds into watér. The extent of solubilization varied T 15 A4 *
linearly with the concentration of dendrimer, which is the same E«: L

behavior that is observed for surfactant solutions above the = 10 N
CMCZ8 To test whether the dendrimers synthesized in the 5 ¢ ¢ g

present study might also exhibit micelle-like solution properties, ! W
a preliminary study was undertaken to determine the ability of 0 G | | B |
2G-16SQNa to enhance the solubilities of lipophilic com- 0 2 4 6 8 10
pounds in water. [2G-16S0,Na] x 10° (M)

Aqueous solutions 02G-16SQNa showed no appreciable  Figure 1. Solubilization of Alkyl-Substituted Benzene Derivatives by
solubilization of naphthalene or anthracene (as measured by2G-16SQNa. (Closed symbols represent experimental data; open
UV —vis spectroscopy) under conditions similar to those reported SYMPols represent literature solubility values.)
in the study discussed above. The extent of solubilization of

hydrophobic compounds in micellar solutions typically increases Experimental Section

with the inherent aqueous solubility of the organic solubiliZéte. General Comments. All reactions, unless otherwise noted, were
Thus, three compoundgoluene, ethylbenzene, and propyl- performed under an argon atmosphere with standard Schlenk techniques.
benzene-with aqueous solubilities (5.4 1073, 1.65 x 1073, Solvents were purified by established procedures. Chlorosilanes were

and 9.98x 104 M, respectively§! greater than those of purchas_ed from_United Chemical Techr]olog_ies and distille_d from
magnesium turnings before use. Tetravinylsilane (95% purity) was

naphthalene (2.2 10~ M)®2 and_ gr_lthracgr_le (22107 M)# purchased from Gelest and used as received. Karstedt catalyst (Pt
were chosen to test the solubilizing ability 26-16SQNa. divinyltetramethyldisiloxane comple3¢) 8 solutions were purchased
Since the UV absorbance peaks of these compounds werefrom United Chemical Technologies{3 wt % Pt in xylenes) and
obscured by dendrimer absorbances, their concentrations inused as received. 2-Mercaptoethanol, 2-(dimethylamino)ethanethiol
aqueous (BO) solutions 0f2G-16SQNa were measured by  hydrochloride and the sodium salt of 3-mercapto-1-propanesulfonic acid
comparing the integrated areas of the solubilizate peaks to thosdVe'® Purchased from Aldrich Chemical Co. and used as received.

of the dendrimer (whose concentration was known) in e (Chloromethyl)dimethylsilarf& and the first and second generation,
! (w lon w wn) i vinyl-terminated dendrimersG-8Vi and2G-16Vi***were synthesized

NMR spectra. Figure 1 shows the results of these studies for 5ccording to literature procedures. Dialyses of sodium sulfonate-
three different concentrations 2G-16SQNa. The concentra-  terminated dendrimers were carried out in Spectra/Por DispoDialyzer
tions of all three organic compounds increased linearly with Cellulose Ester membranes with molecular weight cutoff (MWCO)
the concentration of dendrimer, as expected. Extrapolation of values of 100 and 500 daltons, purchased from Spectrum.

these results to zero dendrimer concentration gave values for ‘H NMR spectra were obtained at 300 MHZC NMR spectra were

the inherent solubilities of the three organic compoungtdsR obtained at 75.4 MHz, antSi NMR spectra were obtained at 59.6

N D-O (3.0x 10-3 4.7 x 10~* and 2.9x 10~ for R = CH MHz. For?°Si NMR spectra and foF¥C NMR spectra taken in D,

in D20 (3.0 AN ! an. ex or - 3 TMS was employed as an external standard. GPC molecular weight

CHsCH,, and CHCH,CH;, respectively) which were in qua“tf'i' determinations were made with a Waters Millipore 150-C ALC/GPC

tive agreement with the literature values for aqueous soluBliity.  chromatograph equipped with a three-column setup (Waters Ultrastyra-

The solubility enhancement corresponded to roughly 2 to 3 gel 1¢, 16* A; WatersuPorasil GPC 60 A) and toluene as the eluent;

alkylbenzene molecules solubilized per dendrimer mole®ule. molecular weights given are relative to polystyrene standards. MALDI-

TOF mass spectrometric measurements were performed by Z. C. Wu

(75) In addition, spectra of the second generation dendrimers each and K. Biemann, MIT, and are discussed n de_tall glsewﬁere_.

exhibited a sharp, relatively intense peak at approximately one-half the massElémental analyses were performed by the Scandinavian Microanalytical

of the molecular ion, accompanied by fragment ions of the type discussed Laboratory, Herlev, Denmark, Galbraith Laboratories, Inc., Knoxville,

in the text. Them/z values of these peaks do not correlate with doubly TN, and E-R Microanalytical Laboratory, Inc., Corona, NY.

charged ions or with any conceivable fragment ions or lower molecular Preparation of OG-4CH,Cl. Tetravinylsilane (4.0 g, 30 mmol)

weight impurities. - . ;
(76) Such defects, if present, must be of low abundance, sinceasecondWas combined with approximagel2 g of a total of 13.8 g of

generation dendrimer with as little as 1% missing branches should contain (Chloromethyl)dimethylsilane (127 mmol) and 75 mL of dry THF in a
14% of the dendrimers missing 1 of the 16 branches, giving rise to a 200 mL three-necked, round-bottomed flask equipped with a reflux

prominent peak in the mass spectréfn. condenser, magnetic stir bar, and two rubber septa. Three drops of
(77) Chapman, T. M.; Hillyer, G. L.; Mahan, E. J.; Shaffer, K. A.

Am. Chem. Sod994 116, 11195-6. (83) The extent of solubilization is similar in magnitude to that observed
(78) Broze, G. InSolubilization in Surfactant AggregateShristian, S. for the solubilization of polycyclic aromatic compounds by carboxylated

D., Scamehorn, J. F., Eds.; Marcel Dekker: New York, 1995; Vol. 55, pp poly(benzylaryl ether) dendrimer..

493-516. (84) Lewis, L. N.; Lewis, N.; Uriarte, R. J. Ilomogeneous Transition

(79) Ward, T. J.; Ward, K. D. Solubilization in Micellar Separations. In  Metal Catalyzed ReactionMoser, W. R., Slocum, D. W., Eds.; American
Solubilization in Surfactant AggregateéShristian, S. D., Scamehorn, J. F.,,  Chemical Society: Washington, DC, 1992; Vol. 230, pp 581

Eds.; Marcel Dekker: New York, 1995; Vol. 55, pp 5140. (85) Lewis, L. N.; Colborn, R. E.; Grade, H.; Bryant, G. L., Jr.; Sumpter,
(80) Elworthy, P. H.; Florence, A. T.; Macfarlane, C. Bolubilization C. A.; Scott, R. A.Organometallics1995 14, 2202-13.
by Surface-Actie Agents and Its Applications in Chemistry and the (86) Lappert, M. F.; Scott, F. P. Al. Organomet. Chenl995 492
Biological SciencesChapman & Hall: London, 1968. C11-3.
(81) Stephen, H.; Stephen, Bolubilities of Inorganic and Organic (87) Karstedt, B. D. U.S. Patent 3,419,593, 1973.
CompoundsPergamon: New York, 1963; Vol. |, p 533. (88) Willing, D. N. U.S. Patent 3,419,593, 1968.
(82) Aimgren, M.; Grieser, F.; Thomas, J. K. Am. Chem. S0d.979 (89) Hopper, S. P.; Tremelling, M. J.; Ginsberg, R. J.; Mendelowitz, P.

101, 279-91. C. J. Organomet. Cheni977 134, 173-80.
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Karstedt catalyst were added. After approximately 1 min of stirring a over anhydrous MgSfand filtered. Diethyl ether was removed at
strong exotherm was noted. After the solution began to cool, it was reduced pressure, and the residue was dried for 20.5 h at room
immersed in a 4650 °C oil bath, and the rest of the silane was added temperature and 0.1 Torr, giving pu@G-40H as a slightly yellow,
over 20 min. After being stirred for 3 h, the reaction mixture was crystalline solid (0.943 g, 98%): mp 320 °C; IR (NacCl disk) 3356
cooled to room temperature, and all volatiles were removed at reduced(br s), 2952 (s), 2905 (s), 2879 (s), 1404 (m), 1247 (s), 1131 (s), 1046
pressure, leaving a slightly brown, semicrystalline solid. This was (s), 1009 (m), 845 (vs), 787 (s)d NMR (CDCl) ¢ 0.063 (s, 24 H,

recrystallized from hot ethanol, givif@G-4CHCI as colorless needles
(12.44 g, 67%): mp 5657 °C; IR (NaCl disk) 2955 (s), 2903 (s),

2881 (s), 2785 (m), 1395 (s), 1247 (s), 1173 (m), 1129 (s), 1104 (m),

1054 (s), 842 (s)*H NMR (CDCl) ¢ 0.085 (s, 24 H, Ch), 0.45 (s,
br, 16 H, CHCH,), 2.78 (s, 8 H, CKCI); 3C NMR (CDCk) 6 —5.11
(CHg), 2.31 (SCH,CH,SICH,CI), 5.60 (SiCHCH,SICH.CI), 29.89
(CH,CI); 2°Si NMR (CDCk) 6 5.11 (4 Si, SiCHCI), 9.82 (1 Si, Si-
(CHCH,)4); GPCM,, = 509,M, = 480 (CalcdM, = 571),D = 1.06.
Anal. Calcd for GoH4sClsSis: C, 42.08; H, 8.48. Found: C, 42.32;
H, 8.40.

Preparation of 1G-8CH,CIl. The above procedure was used in the

reaction of 3.37 g 01G-8Vi (6.36 mmol) with 7.26 g of (chloromethyl)-
dimethylsilane (66.8 mmol, 31% excess) and#00f Karstedt catalyst

CHj), 0.43 (s, 16 H, SiCkCH,SI), 1.77 (s, 8 H, SiCkB), 2.47 (br s,
4 H, OH), 2.69 (tJ = 5.9 Hz, 8 H, SE&,CH,0H), 3.72 (t,J = 5.9 Hz,
8 H, SCHCH,0H); *3C NMR (CDCk) 6 —4.00 (CHy), 2.38 (SCH-

CH,SiCH;,S), 6.82 (SiCHCH,SICH,S), 15.82 (SiCHS), 39.01 (€H.-

CH,OH), 59.20 (SCHCH,0OH); 2°Si NMR (CDCk) ¢ 3.39 (4 Si,
SiCH,S), 9.30 (1 Si, Si(CkCH,)4). Anal. Calcd for GgHesOsSsSis:

C, 45.60; H, 9.29. Found: C, 45.44; H, 9.21.

Preparation of 1G-80H. Following the above procedure, a solution
of 0.995 g (0.712 mmol) 0LG-8CH,CI in ca. 15 mL of 2-propanol
was combined with a solution of 0.72 g of NaOH pellets and 0.56 g
(7.2 mmol) of 2-mercaptoethanol in 3 mL of distilled water. This
mixture was heated to 8 for 17 h. The product was purified as in
the above procedure and dried for 24 h at room temperature and 0.002

in 50 mL of dry THF. The reaction mixture was stirred and heated t0 1o giving purelG-80H as a slightly yellow, viscous oil (1.221 g,
55 °C for 19 h. Volatiles were removed at reduced pressure, and the 99%): IR (NaCl disk) 3355 (br m), 2952 (s), 2904 (s), 2879 (s), 1404

resulting tan solid was extracted with 75 mL of hot hexane and filtered

(m), 1248 (s), 1130 (s), 1048 (s), 1011 (s), 838 (W)NMR (CDC)

through a pad of silica gel. Hexane was removed at reduced pressure,s _q ggg (s, 12 H, Si(E1s)(CH.CH2)s), 0.038 (s, 48 H, Si(85):CHS)
and the white, semicrystalline residue was recrystallized from 100 mL g 33y s 16 H éi(62CH2)4) 0.40 ’(br s 32 H SiézCHzSiCHzS)l

of hot ethanol, giving colorless needles (4.99 g, 52%): mp&3°C;

IR (NaCl disk) 2954 (s), 2901 (s), 2881 (s), 2787 (m), 1394 (s), 1248

(s), 1174 (m), 1130 (s), 1104 (m), 1057 (s), 845 ) NMR (CDCls)

6 —0.079 (s, 12 H, Si(€3)(CH,CH,)3), 0.074 (s, 48 H, Si(83).CH,-

Cl), 0.35 (s, br, 16 H, Si(B,CH,)4), 0.44 (m, 32 H, Si€l,CH,SiCH,-

Cl), 2.77 (s, 16 H, CELCI); 13C NMR (CDCk) 6 —6.63 (SiCH3)(CH2-

CH,)s), —5.04 (SiCH3).CH.CI), 2.55 (SiCH.CH,)s), 4.21 (SC-

H>CH,SICH,CI), 4.70 (Si(CHCH,)4), 5.68 (SICHCH,SICH,CI), 29.93
(CH:CI); 2°Si NMR (CDCk) 6 4.89 (8 Si, SiCHCI), 7.99 (4 Si, Si-
(CH3)(CH:CHy)3), 9.06 (1 Si, Si(CHCH,)4); GPCM,, = 1310,M,, =

1260 (CalcdM,, = 1398),D = 1.04. Anal. Calcd for 6H124ClsSira:

C, 44.67; H, 8.94. Found: C, 45.05; H, 8.83.

Preparation of 2G-16CH,CI. The procedure used in the preparation

of OG-4CH,CI was used in the reaction of 0.512 g2-16Vi (0.389

mmol) with 1.01 g of (chloromethyl)dimethylsilane (9.28 mmol, 50%
excess) and 3 drops of Karstedt catalyst in 20 mL of dry THF. The

reaction mixture was stirred and heated td°64or 22 h. All volatiles

were removed at reduced pressure, leaving a viscous, brown oil that

1.75 (s, 16 H, SICEB), 2.6 (br, OH), 2.66 (tJ = 5.9 Hz, SG,CH,-
OH) (overlapped, 24 H), 3.69 @,= 5.9 Hz, 16 H, SCHCH,OH); 3C
NMR (CDCls) 6 —6.60 (SiCH3s)(CH2CHy)3), —3.91 (SiCH3).CH.S),
2.46 (SiCH2CHy)s), 4.27 (SCH,CH,SICH,S), 4.70 (Si(CHCH,),), 6.97
(SICH.CH,SICH;S), 15.78 (SiCHS), 39.06 (€H.CH,OH), 59.15
(SCH,CH,0H); 2°Si NMR (CDCk) 6 3.36 (8 Si, SiCHS), 7.64
(Si(CHs)(CH:CHy)3), 8.87 (1 Si, Si(CHCH,)s). Anal. Calcd for
CoeeH1640sSsShs: C, 47.17; H, 9.55. Found: C, 47.38; H, 9.23.
Preparation of OG-4NMe,. The procedure used in the preparation
of OG-40H was used in the reaction of 0.51 g (0.88 mmol)QiB-
4CHCI with 0.54 g of NaOH pellets and 0.55 g (95% purity, 3.7 mmol)
of 2-(dimethylamino)ethanethiol hydrochloride in ca. 25 mL of ethanol
and 5 mL of distilled water. This mixture was heated to°80for 9.5
h. The product was purified as in the procedure for the preparation of
OG-40H, except that the reaction mixture was not acidified. The
residue was dried for 18.5 h at room temperature and 0.01 Torr, giving
pure OG-4NMe; as a slightly yellow, viscous oil (0.76 g, 100%): IR

was purified by flash chromatography (silica gel; 5% ethyl acetate in (NaCl disk) 2951 (s), 2905 (s), 2815 (s), 2766 (s), 1458 (s), 1402 (m),

hexane). Removal of the solvents at reduced pressure and drying for
20 h at room temperature and 0.09 Torr left a clear, colorless, viscous (8

1297 (m), 1247 (vs), 1209 (w), 1166 (m), 1130 (vs), 1054 (s), 1042
), 1013 (m), 852 (vs)H NMR (CDCL) 6 0.047 (s, 24 H, SiCH),

oil (1.08 g, 90%): IR (NaCl disk) 2953 (s), 2903 (s), 2788 (m), 1404 041 (S, 16 H, SICKCH;S]), 1.80 (s, 8 H, SICbB), 2.23 (s, 24 H,

(s), 1248 (s), 1174 (m), 1130 (s), 1104 (m), 1059 (s), 793sNMR
(CDCl5) 6 —0.082 (s, 36 H, Si(B13)(CH.CHy)3 (two types)), 0.078 (s,
96 H, Si(QH3).CH.CI), 0.36 (s, br, 48 H, Si8,CH,Si(CHs)(CH2CHy),
(two types)), 0.44 (m, 64 H, Si&CH,SICH,CI), 1.00 (d,J= 7.4 Hz,
4.2 H, SiICH(GH3)Si), 2.76 (s, 32 H, CkCI); 3C NMR (CDCk) o
—6.52 (SiCH3)(CH2CHy)3 (two types)),—5.03 (SiCH3).CHxCI), 2.42
(br, Si(CH2CHy)4), 4.20 (SCH.CH,SICH,CI), 4.37 (Si(CH)CH,CH,-
Si(CHs)CH,CH,SICH,CI), 4.68 (Si(CH)CH,CH,Si(CHs)CH,CH,SiCH,-
Cl), 4.84 (Si(CHCH,)s), 5.69 (SICHCH,SICH,CI), 29.86 (CHCI); 2°Si
NMR (CDCk) o 4.32 (16 Si, SiCKCIl); 7.25 Si(CHs)CH,CH,Si-
(CH3)CH,CH,SICH,CI), 7.44 Si(CH3)CH.CH,SICH.CI) (overlapped,
12 Si); 9.01 (1 Si, Si(CkCHy)4); GPCM, = 2100,M,, = 1940 (Calcd
M, = 3053),D = 1.08. Anal. Calcd for @G¢H276Cli6She: C, 45.63;
H, 9.11. Found: C, 46.10; H, 9.09.

Preparation of OG-40H. A solution of 0.746 g (1.31 mmol) of

OG-4CHCI in ca. 25 mL of ethanol was combined with a solution of

NCH;s), 2.54 (m, 16 H, SE,CH:N); **C NMR (CDCk) 6 —3.89
(SiCHs), 2.51 (SCHCHSi), 7.04 (SICHCH,Si), 17.13 (SiCHS),
34.28 (£H,CH:N), 45.45 (NCH), 58.99 (SCHCHN); 2°Si NMR
(CDCl3) 6 3.21 (4 Si, SICHS), 9.21 (1 Si, Si(CkCH,)4). Anal. Calcd
for CaeHgsNsSiSis: C, 51.12; H, 10.49. Found: C, 51.18; H, 10.97.
Preparation of 1G-8NMe,. The procedure used in the preparation
of OG-40H was used in the reaction of 0.500 g (0.358 mmol}lGF
8CH,CI with 0.53 g of NaOH pellets and 0.451 g (95% purity, 3.02
mmol) of 2-(dimethylamino)ethanethiol hydrochloride in ca. 30 mL
of 2-propanol and 8 mL of distilled water. This mixture was heated
to 85°C for 11 h. The product was purified as in the above procedure
for the synthesis 0©G-4NMe; and dried for 14 h at 83C and 0.005
Torr, giving purelG-8NMe; as a clear, slightly yellow, viscous oil
(0.645 g, 92%): IR (NaCl disk) 2950 (s), 2903 (s), 2815 (s), 2766 (s),
1457 (s), 1403 (m), 1297 (w), 1247 (s), 1130 (s), 1054 (s), 1012 (w),
843 (s);*H NMR (CDCl;) 6 —0.089 (s, 12 H, Si(B5)(CH2CHy)3),

0.62 g of NaOH pellets and 0.50 g (6.4 mmol) of 2-mercaptoethanol 0.043 (s, 48 H, Si(B3).CH,S), 0.32 (s, 16 H, Si(82CH,),), 0.41 (s,
in 3 mL of distilled water in a 50 mL three-necked, round-bottomed 32 H, SiGH.CHzSICH;S), 1.79 (s, 16 H, SiC}$), 2.23 (s, 48 H, NCh,
flask equipped with a reflux condenser, magnetic stir bar, and two glass 2.54 (m, 32 H, SE>CH:N); **C NMR (CDCk) 6 —6.60 (SiCCHs)(CH.-

stoppers. This mixture was heated to°&8for 6 h. After the mixture

CHy)s), —3.88 (SiCH3)2CH2S), 2.50 (SICH2CH,)s), 4.29 (SCH,CH-

was cooled to room temperature and acidified to pH 2 with concentrated SICH,S), 4.77 (Si(CHCH,),), 7.09 (SICHCH,SICH;,S), 17.10 (SiCHS),
HCl(aqg), all volatiles were removed at reduced pressure. The residue34.17 (SSH.CH:N), 45.37 (NCH), 58.94 (SCHCH,N); 2°Si NMR

was extracted with 30 mL of diethyl ether and 30 mL of distilled water.

(CDCL) 6 3.20 (8 Si, SICHS), 7.67 (4 Si, Si(CH)(CH.CHy)s), 8.96

The organic layer was separated, and the aqueous layer was washedl Si, Si(CHCH,)4). Anal. Calcd for GsaH20ANsSsSiva: C, 51.79; H,
with 30 mL of diethyl ether. The combined organic phases were dried 10.55. Found: C, 51.36; H, 10.36.



Synthesis of Water-Soluble Carbosilane Dendrimers

Preparation of 2G-16NMe.. The procedure used in the preparation
of OG-40H was used in the reaction of 0.254 g (0.0831 mmol) of
2G-16CH,CI with 0.22 g of NaOH pellets and 0.21 g (95% purity,
1.5 mmol) of 2-(dimethylamino)ethanethiol hydrochloride in ca. 25 mL
of 2-propanol and 1 mL of distilled water. This mixture was heated
to reflux for 8.75 h. The product was purified as in the above procedure
for the synthesis 0©G-4NMe, and dried for 18 h at 70C and 0.002
Torr, giving pure2G-16NMe; as a clear, slightly yellow, viscous oil
(0.318 g, 92%): IR (NaCl disk) 2950 (s), 2903 (s), 2815 (s), 2766 (s),
1457 (s), 1404 (m), 1297 (w), 1247 (s), 1130 (s), 1055 (s), 1013 (w),
850 (s);'H NMR (CDClg) 6 —0.098 (s, 36 H, Si(83)(CH,CH,)s (two
types)), 0.045 (s, 96 H, Si¢ds).CHS), 0.34 (br s, 48 H, SiB,CH»-
Si(CHs)(CH2CHy), (two types)), 0.41 (br s, 64 H, SHECH,SICH,S),
1.00 (d,J = 8 Hz, 4.2 H, SiCH(E3)Si), 1.79 (s, 32 H, SiCbS8), 2.24
(s, 96 H, NCH), 2.55 (m, 64 H, SE,CH,N); 3C NMR (CDCk) 6
—6.44 (SiCH3)(CH.CHy)3 (two types)),—3.85 (SiCCH3).CH.S), 2.50
(br, Si(CH2CH,)s), 4.31 (SCH,CH,SICH,S), 4.78 (Si(CHCH,)4, Si-
(CHs)CH,CH,Si(CHs)CH,CH,SIiCH;S), 7.04 (SiCHCH,SICH,S), 17.10
(SICH;:S), 34.20 (€H,CH;N), 45.37 (NCH), 58.93 (SCHCH;N); 2°Si
NMR (CDCl) 6 3.18 (16 Si, SiCHS), 7.67 (12 Si, Si(Ck)(CH,CH,)3
(two types)), 9.26 (1 Si, Si(Ci€H)s). Anal. Calcd for
Clgd'|43d\|1551@5i292 C, 5206, H, 10.58. Found: C, 5249, H, 10.54.

Preparation of OG-4SO;Na. The procedure used in the preparation

of OG-40H was used in the reaction of 0.50 g (0.87 mmol)QB-
4CHCI with 0.28 g of NaOH pellets and 0.70 g (90% purity, 3.7 mmol)
of sodium 3-mercaptopropanesulfonate in ca. 25 mL of ethanol and 8
mL of distilled water. This mixture was heated to 80 for 6 h and
then warmed to reflux for an additional 10 h. Upon cooling to room
temperature, a white solid precipitated, which was collected by suction
filtration and dried at room temperature and 0.01 Torr for 10 h (mass
0.98 g). A solution of 0.203 g of this solid dissolved in ca. 4 mL of
deionized water was acidified to pH-& with 1 M HCl(aq) and placed
into a dialysis membrane (MWC&: 500) that was immersed in 65
mL of stirred deionized water for 9.5 h. Evaporation of the contents
of the dialysis membrane and drying 48 h at room temperature and
0.005 Torr leftOG-4SO;Na as a white, hygroscopic solid (0.165 g,
80%): IR (KBr pellet) 3437 (s, br), 2954 (s), 2905 (s), 2878 (s), 1640
(w, br), 1456 (w), 1410 (w), 1245 (s), 1194 (vs), 1129 (s), 1058 (s),
842 (s), 779 (m), 734 (s), 612 (m), 532 (M NMR (D20) 6 0.15 (s,
24 H, CH), 0.56 (s, 16 H, SiCBKCH,SI), 1.93 (s, 8 H, SiCkB), 2.06
(m, 8 H, SCHCH,CH,SO;Na), 2.71 (tJ = 7.7 Hz, 8 H, SCHCH,CH-
SQOsNa), 2.99 (m, 8 H, SB,CH,CH,SO:Na); *C NMR (D;0) 6 —3.78
(CHg), 2.45 (SCH,CH,Si), 6.78 (SICHCH,Si), 15.98 (SiCHS), 23.79
(SCH.CH,CH,SO:Na), 34.53 (EH,CH,CH,SO:;Na), 50.14 (SCht
CH,CH,SOsNa); 2°Si NMR (D20) 6 3.17 (4 Si, SiCHS), 9.69 (1 Si,
Si(CHCHy)4). Anal. Calcd for G;H7201,SSis*3H,0: C, 32.25; H,
6.60. Found: C, 32.43; H, 6.80.

Preparation of 1G-8SQNa. The procedure used in the preparation
of OG-40H was used in the reaction of 0.594 g (0.425 mmol}1GF
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SiCH,S), 7.29 (4 Si, Si(CH(CH,CH,)3), 8.88 (1 Si, Si(CHCH,).).
Anal. Calcd for GeH172Nag024S:16Sii3 + 2.43NaCl: C, 34.13; H, 6.49;
Cl, 3.23. Found: C, 33.72; H, 6.35; total halogen (Calcd as Cl), 3.23.

Preparation of 2G-16SQNa. The procedure used in the preparation
of OG-40H was used in the reaction of 0.252 g (0.082 mmol26F
16CH,CI with 0.1 g of NaOH pellets and 0.260 g (90% purity, 1.31
mmol) of sodium 3-mercaptopropanesulfonate in ca. 20 mL of
2-propanol and 3 mL of distilled water. This mixture was heated to
reflux for 4 h. The crude product was purified as in the above example
for the preparation cfG-8SQyNa (except that a MWCG= 500 dialysis
membrane was used) and dried at48and 0.03 Torr for 19.75 h,
yielding 2G-16SQNa as a hygroscopic, white solid (0.328 g, 75%):
IR (KBr pellet) 3456 (s, br), 2951 (s), 2904 (s), 2879 (m), 1636 (m,
br), 1406 (m, br), 1248 (s), 1194 (s, bts SO;), 1131 (s), 1055 (s¢s
SQ), 795 (s, br), 610 (m), 530 (mfH NMR (DO) 6 0.047 (br s,
Si(CH3)(CH,CHy)s (two types)), 0.17 (br s, Si(ds).CH,S) (overlapped,
132 H), 0.55 (br, 112 H, SiC#CH,Si), 1.00 (dJ = 8 Hz, 4.2 H, SiCH-
(CH3)Si), 1.93 (s, 32 H, SiCbS), 2.09 (pentd = 7.3 Hz, 32 H,
SCH,CH,CH,SO:Na), 2.72 (t,J = 6.5 Hz, 32 H, SEI,CH,CH,SOs-
Na), 3.03 (tJ = 7.6 Hz, 32 H, SCHCH,CH,SO:Na); 1*C NMR (D;0)

0 —5.88 (SiCH3)(CH.CHy)3 (two types)),—3.71 (SiCHs).CH,S), 4.38
(br, SICH,CH;,SiCH,S, Si(CH)CH,CH,Si(CHs;)CH,CH,SiCH.S), 5.2
(SICH,CH,Si(CHs)(CH,CHy), (two types)), 7.00 (SiCECH,SICH,S),
16.05 (SiCHS), 23.87 (SCHCH,CH,SO;Na), 34.61 (£H,CH,CH,-
SOsNa), 50.17 (SCHCH,CH,SO:Na); 2°Si NMR (D:0) 6 3.14 (16 Si,
SiCH,S), 7.44 (Si(CHCH,SICHz)s), 7.66 Si(CH3)CH,CH,SICH,S),
8.23 (Si(CHCHy,),) (overlapped, 13 Si). Anal. Calcd fori6&Hs7-
Nay6048S3:Size6H,0: C, 36.28; H, 7.13. Found: C, 36.44; H, 7.18.

Preparation of OG-4NMe,HCI. A solution of 0.205 g (0.242
mmol) of OG-4NMe; in 60 mL of diethyl ether was shaken vigorously
with ca. 50 mL ¢ 1 M HCI(aq) in a separatory funnel. The aqueous
layer was separated, the water was removed under reduced pressure,
and the residue was dried at room temperature and 0.01 Torr for 63.5
h, leavingOG-4NMe;HCI as a white crystalline solid (0.238 g, 99%):
mp 237-8 °C dec;*H NMR (D,0) 6 —0.094 (s, 24 H, SiCkJ, 0.53
(s, 16 H, SICHCH,SI), 1.97 (s, 8 H, SiChES), 2.92 (s, m; 32 H; NCH
SCH,CH;N), 3.40 (t,J = 7.3 Hz, 8 H, SCHCH,N); »*C NMR (D;0)

6 —4.00 (SiCH), 2.33 (SCH.CHSi), 6.60 (SiCHCH,Si), 15.76
(SICH:S), 29.49 (€H,CH:N), 42.88 (NCH), 56.05 (SCHCH;N); 2°Si
NMR (D;0) 6 3.34 (4 Si, SiCHS), 9.57 (1 Si, Si(CkCH,)4).

Preparation of 1G-8NMeHCI. The above procedure for the
preparation ofOG-4NMe,HCI was followed, using 0.222 g (0.159
mmol) of LG-8NMe; and 10 mL of 1 M HCl(aqg). Drying the product
for 18 h at room temperature and 0.01 Torr gav&8NMeHCI as a
white tacky solid (0.266 g, 75%)*H NMR (D;0) 6 0.02 (br s, 12 H,
Si(CH3)(CH2CHy)3), 0.16 (br s, 48 H, Si(B3).CH,S), 0.47 (br s, 16
H, Si(CH,CH,)s), 0.52 (br s, 32 H, SiB,CH,SICH,S), 2.00 (br s, 16

8CH.CI with 0.22 g of NaOH pellets and 0.630 g (90% purity, 3.54 H, SiCH,S), 2.96 (br; 64 H; S8,CH;N, NCHs), 3.42 (br m, 16 H,
mmol) of sodium 3-mercaptopropanesulfonate in ca. 25 mL of SCHCH,N); 13C NMR (D;0) 0 —5.85 (SiCHs)(CH.CH,)3), —3.62,
2-propanol and 3 mL of distilled water. This mixture was heated to —3.58 (SiCH3)2CH,S), 2.35 (br, SICH2CHy)4), 4.38 (br, SCH,CH,-
95 °C for 15 h. After all volatiles were removed under reduced SiCH,S), 4.75 (br, Si(CHCH,)s), 6.94 (SICHCH,SICH,S), 16.03
pressure, the residue was washed once with 25 mL of hot 2-propanol.(SicH,S), 29.61 (EH,CH;N), 43.00 (NCH), 56.22 (SCHCH:N); 2°Si

Deionized water (ca. 6 mL) was added, and the suspension was acidifiedyvR (D,0) ¢ 3.06 (8 Si, SiCHS), 7.31 (4 Si, Si(CH(CH.CHy)s),

to pH 6 with 1 M HCl(aqg). After solids were removed by centrifuga-
tion, the supernate was dialyzed in a MWGOL00 membrane for 23
h, changing the water once after 13 h. The contents of the dialysis

°C and 0.05 Torr for 19 h to givéG-8SO;Na as a hygroscopic, white
solid (0.715 g, 66%): IR (KBr pellet) 3456 (s, br), 2951 (m), 2904
(m), 2879 (m), 1650 (m, br), 1452 (s, br), 1248 (s), 1191 (vs), 1130
(s), 1057 (s), 843 (s}H NMR (D;0) 6 0.012 (s, 12 H, Si(B3)(CH,-
CH2)3), 0.13 (S, 48 H, SI(G3)2CH25), 0.49 (S, 16 H, Si(EZCH2)4),
0.53 (s, 32 H, SiBI,CH,SICH;S), 1.90 (s, 16 H, SiC}$), 2.06 (m, 16
H, SCHCH,CH,SO;Na), 2.68 (t,J' = 7.7 Hz, 8 H, SCHCH,CH,-
SQOsNa), 2.99 (m, 8 H, SB,CH,CH,SO:Na); *C NMR (D;0) 6 —5.93
(Si(CH3)(CHxCHy)3), —3.73 (SiCH3).CH.S), 2.90 (br, SICH.CH,)4),
4.39 (SCH,CH,SICH,S), 4.71 (Si(CHCH,)4), 7.06 (SICHCH,SICH,S),
16.09 (SiCHS), 23.85 (SCKCH,CH,SO;Na), 34.59 (£H,CH,CH,-
SO;Na), 50.09 (SCHCH,CH,SOsNa); 2°Si NMR (D:0) 6 2.84 (8 Si,

8.66 (1 Si, Si(CHCH,),).

Preparation of 2G-16NMe&HCI. The above procedure for the

(preparation ofOG-4NMe,HCI was followed, using 0.144 g (0.035

mmol) of 2G-16NMe, and 20 mL of 1 M HCl(ag). Drying the product
for 18 h at 50°C and 0.005 Torr gav@G-16NMeHCI as a white
tacky solid (0.162 g, 99%):*H NMR (D.O) 6 0.016 (br, 36 H,
Si(CH3)(CH2CHy)s (two types)), 0.16 (br s, 96 H, Sif&).CH.S), 0.45
(br, SiCH,CH,Si(CHs)(CH,CH,). (two types)), 0.53 (br, SiB,CH,-
SiCH,S) (overlapped, 112 H), 1.0 (d,= 7 Hz, 4.2 H, SiCH(C®13)Si),
2.02 (br s, 32 H, SiCbS), 2.98 (br, 128 H, SB,CH;N, NCHs), 3.44
(br m, 32 H, SCHCH,N); 13C NMR (D,0) 0 —5.96 (SiCCH3)(CH,-
CH,); (two types)),—3.69 (SiCH3),CH.S), 4.27 (SCH,CH,SiCH,S),
5.0 (Si(CHCHy)s, Si(CHs)CH,CH,Si(CH;)CH,CH,SiCH,S), 6.82
(SICH,CH_SICH;S), 15.91 (SiCHS), 29.50 (8H,CH,N), 42.92 (NCH),
56.12 (SCHCHN); 2°Si NMR (D;0O) 6 3.34 (16 Si, SiCHS), 7.5
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(Si(CH.CH,SICHs3)4), 7.68 Si(CH3)CH,CH,SICH,S) (overlapped, 12
Si), 9.26 (1 Si, Si(CHCH,),).
Preparation of OG-4NMesl. In a 50 mL three-necked, round-

bottomed flask equipped with a reflux condenser, magnetic stir bar,

and two glass stoppers were combined 0.223 g (0.264 mm@)&f

4ANMe,, ca. 25 mL of absolute ethanol, and 0.10 mL (0.23 g, 1.6 mmol)
of methyl iodide. The reaction mixture was heated to reflux in an oil
bath for 3.5 h. After the mixture was cooled to room temperature, ca.
20 mL of anhydrous diethyl ether was added to precipitate the

guaternary ammonium salt. The precipitate was collected by suction

filtration, washed twice with 5 mL portions of ether, and dried for 21
h at room temperature and 0.005 Torr, givi@g-4NMe;l as a fine,
white solid (0.372 g, 99%)*H NMR (CD;0D) ¢ 0.14 (s, 24 H, SiCh),
0.57 (s, 16 H, SiCkCH,SI), 2.13 (s+ sh, 8 H, SiCHS), 3.03 (m, 8
H, SCH,CH;N), 3.28 (s+ 2 sh, 36 H, NCH), 3.76 (m, 8 H,
SCHCH:N); 3C NMR (CDsOD) ¢ —3.54 (SiCH), 3.85 (SCH.CH;,-
Si), 8.30 (SiICHCH,SI), 17.97 (SiCHS), 29.47 (EH.CH;N), 54.11 (t
+ sh, Jv—c = 4.2 Hz, NCH), 66.90 (SCHCH:N); 2°Si NMR (CDs-
OD) 6 4.10 (4 Si, SiCHS), 9.74 (1 Si, Si(CKCH,)4). Anal. Calcd
for CaoH10d4aNsSsSis: C, 33.99; H, 7.13. Found: C, 33.51; H, 7.20.
Preparation of 1G-8NMesl. The above procedure for the prepara-
tion of OG-4NMesl was followed, using 0.622 g (0.319 mmol) bB-
8NMe; and 0.20 mL (0.46 g, 3.2 mmol) of Mel. The product was
dried at room temperature and 0.003 Torr for 20 h, giviG8NMes|
as a white powder (0.945 g, 96%)H NMR (CD3;OD) 6 —0.027 (s,
12 H, Si(H3)(CH2CHy)3), 0.10 (s, 48 H, Si(El3).CH,S), 0.43 (br s,
16 H, Si(H,CH,)4), 0.52 (br s, 32 H, Sif,CH,SICH,S), 2.07 (s+
sh, 16 H, SICHS), 2.97 (m, 16 H, SB,CH;N), 3.22 (s, 72 H, NCh),
3.69 (m, 16 H, SCKCH,N); *C NMR (CD;OD) 6 —5.93 (Si-
(CH3)(CH2CHy)3), —3.33 (SiCH3).CH,S), 3.61 (SiCH2CHy)4), 5.50
(SICH,CH,SIiCH,S), 5.82 (Si(CHCH,)4), 8.26 (SiCHCH,SICH,S),
17.74 (SiCHS), 29.40 (€H,CH;N), 54.05 (t,Jn-c = 3.5 Hz, NCH),
66.72 (SCHCH2N); 2°Si NMR (CD;OD) ¢ 4.10 (8 Si, SiCHS), 8.14
(4 Si, Si(CH)(CH2CHy)3), 9.52 (1 Si, Si(CHCHy)4). Anal. Calcd for
CooH228lsNsSeSha: C, 35.83; H, 7.45. Found: C, 35.93; H, 7.55.
Preparation of 2G-16NMeyl. The above procedure for the prepara-
tion of OG-4NMesl was followed, using 0.226 g (0.054 mmol) 26-
16NMe; and 0.10 mL (0.23 g, 1.6 mmol) of Mel. The product was
dried at room temperature and 0.02 Torr for 14.5 h, gid@g16NMesl
as a white powder (0.309 g, 89%)H NMR (CDs;OD) 6 0.053 (br, 36
H, Si(CHs)(CH,CH,)s (two types)), 0.19 (s, 96 H, Sifd).CH,S), 0.50
(br s, 48 H, SiG1,CH,Si(CHs)(CH,CHy),) (two types)), 0.59 (br s, 16
H, SiCH,CH,Si(CH;),CH,S), 1.0 (d,J = 8 Hz, 4.2 H, SiCH(®13)Si),
2.19 (s, 32 H, SiCkB), 3.08 (m, 32 H, SH,CH;N), 3.37 (br s, 144
H, NCHs), 3.84 (m, 32 H, SChCH;N); *C NMR (CD;0D) 6 —5.33
(Si(CH3)(CH2CHy)s (two types)), —2.91 (SiCHs).CH,S), 3.7 (br,
Si(CH.CHy)4), 5.72 (SCH.CH,SICH,S), 6.06 (br, Si(CHCH,)4,
Si(CHs)CH,CH,Si(CH3) CH,CH,SICH,S), 8.44 (SiCHCH,SICH;S),
18.02 (SIiCHS), 29.67 (€H2CH;N), 54.34 (t,Jy—c = 4.6 Hz, NCH),
66.90 (SCHCH:N); 2°Si NMR (CD;0D) 6 4.04 (16 Si, SiCHS), 8.00
(Si(CH,CH,SICHj)4), 8.18 Si(CH3)CH,CH,SIiCH,S) (overlapped, 12
SI), 8.77 (l SI, SI(CbCH2)4) Anal. Calcd for ng‘|434]16N158165i29:
C, 36.65; H, 7.59. Found: C, 36.62; H, 7.63.

Preparation of OG-4NMesCl. A suspension of 0.134 g @G-
4NMesl (0.095 mmol) and 0.193 g (1.35 mmol) of AgCl in ca. 15 mL
of deionized water was heated to 66 for 4 h in a 25 mLround-
bottomed flask equipped with a magnetic stir bar. After the mixture
was cooled to room temperature, solids were removed by filtration

followed by centrifugation. Water was removed at reduced pressure,

leaving a brown solid (0.107 g). Addition of ca. 6 mL of deionized

Krska and Seyferth

for CaoH100ClaN2SSis2H,0: C, 44.33; H, 9.67; CI, 13.08. Found:
C, 43.97; H, 9.87; total halogen (Calcd as Cl), 13.28.

Preparation of 1G-8NMesCl. The above procedure for the
preparation 0DG-4NMe;Cl was followed, using 0.945 g (0.307 mmol)
of 1G-8NMe;l and 1.44 g (10.0 mmol) of AgCI. After the product
was dried for 24 h at 66C and 0.003 Torr1G-8NMe;Cl was obtained
as a slightly yellow solid (0.704 g, 98%}H NMR (D,0) ¢ 0.031 (br
s, 12 H, Si(®3)(CHCHy)3), 0.18 (s, 48 H, Si(El3).CH,S), 0.48 (br s,
Si(CH2CHy)4), 0.54 (br s, Si€1,CH,SICH,S) (overlapped, 48 H), 2.07
(s, 16 H, SICHS), 3.01 (m, 4 H, SB,CH;N), 3.24 (s+ sh, 72 H,
NCHs), 3.64 (m, 16 H, SCECH.N); °C NMR (D;0) 6 —6.34
(Si(CH3)(CH,CHy)3), —4.21,—4.11 (SiCH3).CH,S), 2.34 (br, SICH,-
CHy)4), 3.90 (SCHCH,SICH,S), 4.30 (br, Si(CHCH2)4), 6.39
(SICH,CHSICH;S), 15.83 (SICHS), 27.58 (8H,CH.N), 52.76 (NCH),
64.79 (SCHCH:N); 2°Si NMR (D;0) ¢ 3.32 (8 Si, SiCHS), 7.57 (4
Si, Si(CH)(CH2CHy)s), 8.75 (1 Si, Si(CHCHy)s). Anal. Calcd for
CooH226ClgNgSsSizz: Cl, 12.06. Found: total halogen (Calcd as Cl),
11.55%.

Preparation of 2G-16NMeCIl. The above procedure for the
preparation ofOG-4NMesCl was followed, using 0.157 g (0.0244
mmol) of 2G-16NMe;l and 0.206 g (1.43 mmol) of AgCI. After the
product was dried for 19.75 h at 6C and 0.04 Torr2G-16NMecCl
was obtained as a colorless solid (0.115 g, 95%):NMR (D20)
0.059 (br, 36 H, Si(EGl3)(CH.CH,); (two types)), 0.20 (s, 96 H,
Si(CH3).CH:S), 0.48 (br s, SiB,CH,Si(CHs)(CH.CH.),) (two types)),
0.57 (br s, Si®1,CH,Si(CHs).CH,S) (overlapped, 112 H), 1.0 (d,=
8 Hz, 4.2 H, SICH(®13)Si), 2.10 (br s, 32 H, SiC§8), 3.05 (br m, 32
H, SCH,CH.N), 3.27 (br s, 36 H, NCh, 3.67 (br m, 32 H,
SCHCH;N); ¥C NMR (D;0) 6 —6.00 (SiCHs)(CH,CH,); (two
types)),—3.72 (SiCH3).CH,S), 2.5 (br, SiICH,CH.)4), 4.28 (SCH»-
CH,SICH;S), 5.00 (br, Si(CHCH.Si)s, Si(CHs)CH2CH,Si(CHs)(CH.-
CHy)), 6.77 (SICHCH,SICH,S), 16.23 (SiCHS), 28.01 (£H,CH:N),
53.15 (NCH), 65.17 (SCHCH;N); 2°Si NMR (D:0) 6 3.31 (16 Si,
SICH;S), 7.36 (Si(CHCH,SICHs)s), 7.62 Si(CH3)CH,CH;SICH,S)
(overlapped, 12 Si), 8.78 (1 Si, Si(GEH.)s). Anal. Calcd for Ges
Has4Cl16N16S16She: Cl, 11.43. Found: total halogen (Calcd as ClI),
10.98.

Solubilization Studies. Solutions 0f2G-16SQNa in DO were
prepared in 5.00 mL volumetric flasks with concentrations of 9<70
1073, 3.88x 1073, and 1.55x 10°3 M. Nine mixtures were made in
NMR tubes of the three solutions and the three alkyl-substituted benzene
derivatives GHsR (R = Me, Et, n-Pr); each mixture contained 1 mL
of one of the three dendrimer solutions and 0.2 g of one of the three
organic compounds. All samples were tightly sealed and sonicated at
50°C for 16 h. After being removed from the sonicator bath, samples
were equilibratd 2 d in an oilbath whose temperature was maintained
at 24+ 1 °C. Samples were removed from the oil bath, cleaned, and
quickly transferred to the probe of an NMR spectrometer. Concentra-
tions of solubilized alkylbenzenes were determined from the averages
of the ratios of the integrated areas of the alkylbenzene alkyl resonances
to the dendrimer amphiphilic group resonances. The results are plotted
in Figure 1. After the solubilization experimen&G-16SQNa could
be recovered unchanged (as determinedb{MR spectroscopy) by
washing the aqueous layer with hexanes and evaporating.
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4ANMesCl as a hygroscopic, colorless solid (0.097 g, 97%):NMR
(D20) 4 0.10 (s, 24 H, SiCh), 0.53 (s, 16 H, SiCkCH,Si), 2.01 (s, 8
H, SiCH,S), 2.98 (m, 8 H, SB,CH.N), 3.17 (s+ sh, 36 H, NCH),
3.58 (m, 8 H, SCHCHN); *C NMR (D;0) § —4.01 (SiCH), 2.35
(SICH,CH,Si), 6.57 (SICHCH,Si), 16.12 (SiCHS), 27.87 (£H-
CH:N), 53.08 (tJv_c = 3.3 Hz, NCH}), 65.15 (SCHCH,N); 2°Si NMR
(D20) 6 3.27 (4 Si, SiCHS), 9.56 (1 Si, Si(CkCH,)4). Anal. Calcd

Supporting Information Available: 1H, 13C, and?°Si NMR
spectra for all new compounds and MALDI-TOF mass spectra
for 0G-40H, 1G-80H, 2G-16CH,Cl, 2G-16NMe,, and 2G-
16SQyNa (65 pages, print/PDF). See any current masthead page
for ordering information and Web access instructions.
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