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Two series of phosphorus dendrimers functionalized by maleimide derivatives are synthesized, as well
as three new monomeric maleimide derivatives, of which two are characterized by X-ray diffraction.
The first series of phosphorus dendrimers possesses maleimide derivatives as end grd8p$r¢én
generation O to generation 3). The second series of dendrimers possesses a single copy of the same
maleimide derivative linked “off-center” to a cyclotriphosphazene core, leading to dissymmetrical
dendrimers; this series is synthesized from generation 0 to generation 2. The fluorescence properties of
both series of dendrimers and of monomers are studied, affording new information. First, the presence
of labile hydrogen extinguishes the fluorescence. Second, the grafting of the fluorophore(s) directly to
the core affords highly fluorescent compounds. Finally, an original influence of the branches possessing
phosphorhydrazone linkages toward the fluorescence properties is shown.

Introduction Despite the relatively large number of fluorescent dendrimers
already synthesized possessing fluorophores in various locations

Dendrimer$ constitute one of the most active areas of . 4 :
research in chemistry due to the numerous fields they have Cross_(perlphery? core; or branches), there is no example to date

fertilized, such as catalysis, materials science, nanotechnolo iesconcerning a single type of fluorophore linked either “off-
e . ySIS, - ; ’ NOI0GIES o hter® to the core or to the entire surface (peripherally) of the
or biology/medicine. The physicochemical characteristics of

these hyperbranched and mor_10d|sperse ma_cromolec_ules are_also (3) Selected recent papers: (@) Cho, S.: Li, W. S.: Yoon, M. C.. Ahn, T.
the subject of numerous studies, often carried out with the aim g : jiang, D. L.; Kim, J.; Aida, T.; Kim, DChem. Eur. J2006 12, 7576.
of determining the influence of the dendritic scaffold on a (b)Vijayalakshmi, N.; Maitra, U.Macromolecules2006 39, 7931. (c)

precise property. In this perspective, numerous works have taker9/>1 V.., Fiochot, C.; Barberi-Heyoh, M.; Schneider, Fetrahedron

advantage of the use of fluorescence as a highly sensitivé tool. (;1) Selected recent papers: (a) Kozaki, M.; Akita, K.; OkadaOkg.

Lett. 2007, 9, 1509. (b) Takahashi, M.; Morimoto, H.; Miyake, K.;
T Laboratoire de Chimie de Coordination du CNRS. Yamashita, M.; Kawai, H.; Sei, Y.; Yamaguchi, Khem. Commur2006
*Institut de Pharmacologie et de Biologie Structurale. 3084. (c) Paul, D.; Miyake, H.; Shinoda, S.; Tsukube,CGhem. Eur. J.
(1) (a) Frehet, J. M. J., Tomalia, D. A., EdsDendrimers and other 2006 12, 1328.

dendritic polymersJohn Wiley and Sons: Chichester, 2001. (b) Newkome, (5) Selected recent papers: (a) Oesterling, I.; Muellerd.KAm. Chem.

G. R., Moorefield, C. N., Vgtle, F., Eds.Dendrimers and dendrons. Soc.2007, 129 4595. (b) Li, W. S.; Kim, S.; K.; Jiang, D. L.; Tanaka, H.;

Concepts, syntheses, applicatipr&/iley VCH: Weinheim, 2001. (c) Kawai, T.; Kwon, J. H.; Kim, D.; Aida, TJ. Am. Chem. So006 128

Majoral, J. P.; Caminade, A. MChem. Re. 1999 99, 845. 10527. (c) Jiang, Y.; Wang, J. Y.; Ma, Y.; Cui, Y. X.; Zhou, Q. F.; Pei, J.
(2) Balzani, V.; Ceroni, P.; Maestri, M.; Saudan, C.; Vinicelli, Vop. Org. Lett.2006 8, 4287. (d) Bernhardt, S.; Kastler, M.; Enkelmann, V.;
Curr. Chem.2003 228 159. Baumgartner, M.; Muellen, KChem. Eur. J2006 12, 6117.
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same family of dendrimers, despite the interest of grafting a
functional probe to facilitate the detailed investigation of the

properties of such macromolecules. However, there exists one

example in which a single anthracene is linked either to the
core, or to a particular layer, or to a single place of the surface
of a poly(benzyl ether) dendron and not to the entire surface as
in our cas€. We have already reported that the scaffold of
phosphorus-containing dendrimers is generally compatible with
fluorescence experiments, in particular for phthalocyanine gores
or pyrene derivatives included in the interfoFurthermore,

some fluorescent phosphorus dendrimers were shown to possess

interesting properties for the creation of organic light emitting
diodes (OLEDs}Y? as brilliant organic nanodots, for the
elucidation of biological mechanismand for medical imag-
ing.13 In this paper, we report the synthesis of two series of
fluorescent dendrimers in which a same maleimide derivative
is grafted either peripherally (from generation 0 to 3) or off-
center (from generation 0 to 2) to phosphorus dendrimers. In
both cases, the fluorophore is linked via a single chemical
function, allowing a direct comparison of the properties, contrary

to the cases in which the fluorophore constitutes the branches2< " ; . .
d.2is isolated in 87% vyield as a relatively poorly soluble powder

or the core, for which at least two chemical functions are neede

Results and Discussion

The easiest way to functionalize the surface of phosphorus-
containing dendrimers consists of grafting functional phenols.
Thus, our first aim was to synthesize fluorescent probes bearing
a phenol. Maleimide fluorophores constitute a versatile family
of fluorophorest* thus, we decided to synthesize a phenol
maleimide. Compound is obtained by reaction of diphenyl
maleic anhydride with tyramine in acetic acid (Scheme 1) and
is isolated in 95% yield after workup. The analogous compound
1' (no OH group) is synthesized for comparison purposes,
applying the same method but from phenethylamine. Another

(6) “Off-center” indicates that a single fluorophore is directly linked to
the core but is not the core; such a situation is relatively rare, because it

necessitates the use of a core possessing two types of functional groups

See, in particular: (a) Cardona, C. M.; Alvarez, J.; Kaifer, A. E.; McCarley,
T. D.; Pandey, S.; Baker, G. A.; Bonzagni, N. J.; Bright, FJVAm. Chem.
So0c.2000 122 6139. (b) Riley, J. M.; Alkan, S.; Chen, A.; Shapiro, M.;
Khan, W. A.; Murphy, W. R., Jr.; Hanson, J. Bacromolecule001, 34,
1797. (c) Cardona, C. M.; Wilkes, T.; Ong, W.; Kaifer, A. E.; McCarley,
T. D.; Pandey, S.; Baker, G. A.; Kane, M. N.; Baker, S. N.; Bright, F. V.
J. Phys. Chem. B002 106, 8649.

(7) Sivanandan, K.; Aathimanikandan, S. V.; Arges, C. G.; Bardeen, C.
J.; Thayumanavan, S. Am. Chem. So005 127, 2020.

(8) (a) Leclaire, J.; Coppel, Y.; Caminade, A. M.; Majoral, JJPAm.
Chem. Soc2004 126, 2304. (b) Leclaire, J.; Dagiral, R.; Fery-Forgues,
S.; Coppel, Y.; Donnadieu, B.; Caminade, A. M.; Majoral, JJPAm.
Chem. Soc2005 127, 15762. (c) Leclaire, J.; Dagiral, R.; Pla-Quintana,
A.; Caminade, A. M.; Majoral, J. FEur. J. Inorg. Chem2007, 2890.

(9) Brauge, L.; Caminade, A. M.; Majoral, J. P.; Slomkowski, S.;
Wolszczak, M.Macromolecule2001, 34, 5599.

(10) Brauge, L.; Véot, G.; Franc, G.; Deloncle, R.; Caminade, A. M.;
Majoral, J. P.Tetrahedron2006 62, 11891.

(11) (a) Mongin, O.; Krishna, T. R.; Werts, M. H. V.; Caminade, A.
M.; Majoral, J. P.; Blanchard-Desce, Nbhem. Commur2006 915. (b)
Mongin, O.; Pla-Quintana, A.; Terenziani, F.; Drouin, D.; Le Droumaguet,
C.; Caminade, A. M.; Majoral, J. P.; Blanchard-Desce,Néw J. Chem.
2007, 31, 1354.

(12) Poupot, M.; Griffe, L.; Marchand, P.; Maraval, A.; Rolland, O.;
Martinet, L.; L’Faqihi-Olive, F. E.; Turrin, C. O.; Caminade, A. M.; Fournie
J. J.; Majoral, J. P.; Poupot, RASEB J.2006 2339.

(13) Krishna, T. R.; Parent, M.; Werts, M. H. V.; Moreaux, L.; Gmouh,
S.; Charpak, S.; Caminade, A. M.; Majoral, J. P.; Blanchard-Desce, M.
Angew. Chem., Int. EQR00§ 45, 4645.

(14) Yeh, H. C.; Wu, W. C.; Wen, Y. S,; Dai, D. C.; Wang, J. K.; Chen,
C. T.J. Org. Chem2004 69, 6455.
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fluorescent probe linked to a phend) (is synthesized in the
same way, starting from 3-nitrophthalic anhydride. Compound

(Scheme 1). ThelH NMR chemical shift of the signal
corresponding to the amino Gldroup is ato = 3.84 ppm for
2, very close to the value found far(3.86). These compounds
are also characterized B§C NMR and mass spectrometry.

Synthesis of Dendrimers Possessing Fluorophores Located
Peripherally. Having in hand both phenols and 2, we tried
to graft them to hexachlorocyclotriphosphazéhender basic
conditions to obtain the generation O of the peripherally
functionalized dendrimers. The reaction of 6 equiv of phenol
in the presence of cesium carbonate is slow and needs 2 days
at 40°C to go to completion. Monitoring the progress of the
reaction by3!P NMR shows the presence of numerous inter-
mediates, each of them displaying complex patterns of types
AA'B or ABC, whereas the completion of the reaction is
characterized by a singlet at 3P = 8.78 ppm for the
hexasubstituted compour&tG, (Scheme 2)13C NMR also
displays the shielding of the signal corresponding to the ipso
carbon (@Y) of the phenoxy group, from 154.8 ppm into
149.43 ppm iMd-Gop. The MALDI-TOF spectrum confirmed the
full substitution of the cyclotriphosphazene. We tried to perform
the same experiment using pherinstead of phenol, but
this reaction rapidly led to insoluble compounds, thus no more
attempts to use phen@lwere done.

Since phenol was cleanly grafted on-PCl bonds, we used
it in the continuation of this work to obtain higher generations
of peripherally functionalized phosphorus dendrimers. The first-
generation dendrime3-G;!® possessing 6 P(S)Cénd groups
is reacted with 12 equiv of the phenbl(Scheme 3). Despite
the higher number of functional groups in this compound
compared t@-Gy, the reaction proceeds more rapidly (one night
at room temperature). TH&P NMR spectrum displays a slight
shift of the peripheral phosphorus, from 62.5 ppm 3eG; to
63.4 ppm for4-G;. Furthermore, an intermediate signaldat
69.8 ppm is observed during the synthetic process, correspond-
ing to the monosubstitution (P(S)CI(OAryl) end groups). Then,
the same reaction is carried out with the secor®ddG§) and
the third-generation3-G3z) dendrimers and 24 or 48 equiv of
phenoll, leading to the peripherally functionalized dendrimers

(15) Launay, N.; Caminade, A. M.; Majoral, J. P.Organomet. Chem.
1997, 529, 51.
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4-G, and4-Gg, respectively (Scheme 3). In both cases, e SCHEME 4
NMR spectra display the same deshielding/shielding process Cl—PN { ,0) 1
of the signal corresponding to the end groups, as already NsTO <:> 5 *
illustrated with the first generation, in addition to the signals 5-G, Cs,C0,| 28tone
corresponding to the internal structure. MALDI-TOF analyses 1 o
are unusable to ascertain the purity of all of the phosphorus o= R
hydrazone dendrimers, due to intrinsic fragmentation/rearrange-
ment processe$S. However, the full substitution is shown by
the presence of a single signal for the end groups with the o] o o
precision of3lP NMR (estimated at 0.5%). Ph h
. . . | N N N
Synthesis of Dendrimers Possessing a Fluorophore Lo- o 1©_0 be .'15—0—©—‘P
cated Off-Center. The second series of dendrimers we intended 0 y i

to synthesize for comparison with the first series should bear
one maleimide group off-center. For this purpose, we needed
to differentiate the reactivity of one chlorine among six in the
hexachlorocyclotriphosphazene. We have already proposed a

few examples of such nonsymmetric substitutibhshich can  ropentaaldehyde derivatifG, (obtained by reaction of 5 equiv

be accomplished either by reacting first one Cl with one type of hydroxybenzaldehyde with4R:Clg) (Scheme 4). The reaction

of functional compound and then the five remaining Cl with 5 proceeds gently overnight at room temperature to afford the
equiv of another functional compound or by reacting first 5 first compound in the off-center seriésGy in 85% yield after
equiv of one functional compound then 1 equiv of another chromatography. Th#P NMR spectrum of compourtGy is
functional compound with the single remaining Cl. We tried yvery complex and displays two series of signals, two doublets
both approaches but found the second one to be more suitableentered at 3.5 ppm, corresponding to the fully substituted
with the reagents we used. Thus, 1 equiv of the phénisi phosphorus and one doublet of doublet centered at 19.1 ppm,
reacted in the presence of cesium carbonate with the mOﬂOCh'O-Corresponding to the phosphorus bearing one chlorine. Rep|ace_
ment of the Cl by the phenol of compourid renders the

(16) Blais, J. C.; Turrin, C. O.; Caminade, A. M.; Majoral, J.Ahal.
Chem.200Q 72, 5097.

(17) (a) Maraval, V.; Caminade, A. M.; Majoral, J. P.; Blais, JAGBgew.
Chem., Int. Ed2003 42, 1822. (b) Maraval, V.; Pyzowski, J.; Caminade,
A. M.; Majoral, J. P.J. Org. Chem2003 68, 6043.

cyclotriphosphazene core more symmetric from the point of
view of phosphorus; thus, only a single multiplet is observed
for the core at = 8.04 ppm. In fact, the whole molecuteGy

is dissymmetrical, as shown in particular by the presence of

J. Org. ChemVol. 72, No. 23, 2007 8709
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three signals in a 1:2:2 ratio for the CHO groupsihNMR. the disappearance of the signals corresponding to the aldehydes.

The signal integrating for 1H corresponds to the phenoxyben- An interesting feature is observed BY? NMR for dendrimer
zaldehyde connected to the phosphorus bearing also the newly’-G; indeed, three signals are detected for the P(Sgat
grafted tyramine derivative. Each of both signals integrating groups, showing that the dissymmetry still exists and is still
for 2H should correspond to the two aldehydes located on eachdetectable for this generation. The last dendrimer that we
side relative to the cyclotriphosphazene core. synthesized in this series is obtained by reacting 20 equiv of
Starting from compoun@-Gy, the synthesis of the off-center hydroxybenzaldehyde with 1 equiv of dendrinteG, (Scheme
family necessitates the growing of the dendritic branches from 5). The reaction proceeds gently overnight to afford the
the five aldehydes, using our classical two-step synthetic dendrimer6-G,. Here again, the dissymmetry is detectable by
proceduré?® Thus, the phosphorhydrazideNMeP(S)C} is 3P NMR for the signals of the phosphorus pertaining to the
condensed with the aldehydes, leading to the first generationfirst and second layers.
of the unsymmetrical dendrim&rG; (Scheme 5). Interestingly, Having in hand two series of dendrimers bearing fluorophores
the unsymmetrical character of this family of compounds is located either on the peripherg-G;) or off-center 6-Gy), we
detectable by?’P NMR, which displays three signals for the decided to study their photophysical properties to determine the
P(S)Ck end groups in an approximate 1:2:2 ratiaddat 62.60, influence of the dendritic skeleton.
62.67, and 62.71 ppm, respectively. The full condensation is  Photophysical Properties of Dendrimers 4-G and 6-G,.
shown by the disappearance of the signals corresponding to than order to establish a measurement of the photophysical
aldehydes by'H and *C NMR; contrary to our classical  properties, we decided first to investigate the properties of the
dendrimers, IR spectroscopy is not efficient to monitor the monomeric fluorophores and1'. The maximum of the UV
completion of the reaction, since the aldehydes and #+#®C  vis spectrum ofl is at 365 nm in THF and at 370 nm in
groups of the fluorophore give a large single band. The next dichloromethane (DCM). This solvatochromic effect is classi-
synthetic step necessitates the replacement of Cl by hydroxy-cally related to the polarity of the solver#&Both series of
benzaldehyde. This reaction is carried out overnight at room dendrimerst-G, and6-G, behave analogously to compoumhd
temperature in the presence of cesium carbonate to afford theconcerning thelmax values; however, the value e is very
first-generation 6-G; possessing 10 aldehyde end groups different for the seriegl-G, as expected (Table 1). Figure 1

(Scheme 5). indicates that there is a linear increase of ¢hg, values with
Three different signals are again observed in 3 NMR the number of chromophores, confirming the absence of large
spectrum for the five P(S) groups of compous;. Further- defects, as previously observ@dThe emax values are slightly

more, the sensitivity of the aldehyde groups to act as sensorsdifferent in both solvents; such a phenomenon was previously
in *H NMR for the detection of dissymmetry in dendritic reported for other types of dendrimers and chromoph®res.
structure®’ is confirmed here. Indeed, four different signals are Most maleimide derivatives do not have a very high quantum
observed in a 2:2:4:2 ratio in thél NMR and two signals in  vield, but it is generally sufficient to perform fluorescence
the 23C NMR also for the aldehydes. The second generation studies?® The fluorescence of compourids measured in THE
with P(S)C} end groups is obtained by reacting the dendrimer and in CHCl,, using/4 = 315 and 370 nm in THF and =

6-G1 with H,NNMeP(S)C} (Scheme 5). The completion of the 320 and 380 nm in DCM as wavelengths for excitation. The
reaction is shown byH NMR as well as by*3C NMR, with

(20) Reichardt, CChem. Re. 1994 94, 2319.

(18) (a) Launay, N.; Caminade, A. M.; Lahana, R.; Majoral, Afrgew. (21) See, in particular: \gtle, F.; Gestermann, S.; Kauffmann, C;
Chem., Int. Ed. Engl1994 33, 1589. (b) Launay, N.; Caminade, A. M.; Ceroni, P.; Vinicelli, V.; Balzani, VJ. Am. Chem. So00Q 122, 10398.
Majoral, J. P.J. Am. Chem. Sod.995 117, 3282. (22) Adronov, A,; Gilat, S. L.; Frehet, J. M. J.; Ohta, K.; Neuwahl, F.

(19) Sebastian, R. M.; Blais, J. C.; Caminade, A. M.; Majoral, Clem. V. R.; Fleming, G. RJ. Am. Chem. So@00Q 122 1175.

Eur. J.2002 8, 2172. (23) Yeh, H. C.; Wu, W. C.; Chen, C. Them. Commur2003 404.
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TABLE 1.
compd N fluor €max (365 NM) THF  €max (370 nm) DCM Aexc THF Aem THF b THF Aexc DCM AemDCM ®PDCM
1 1 2600 3400 315/370 483/495 n.a. 320/380 506 8
1 1 3320 3470 300/375 499 57 300/375 506 52
6-Go 1 3300 3300 300/375 499 7 302/376 506 77
6-G1 1 3450 3200 (324)375 499 22 320/375 506 24
6-G; 1 3600 3200 (325)375 499 20 (325§/378 506 14
4-Gg 6 15600 21500 300/375 499 78 302/376 506 72
4-Gy 12 35400 37900 300/375 499 49 305/375 506 33
4-G, 24 68800 79300 300/375 499 43 320/375 506 29
4-G3 48 135400 163000 310/375 499 39 320/375 506 23
aShoulder? Relative to coumarin 6 (EtOH), 78%.
-1 -1 o
€ ortom ) A >4
160000 O in DCM 4Gy 1 ® . / /
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FIGURE 1. Variation of emax With the number of chromophores in B /\g/a

DCM and THF for the seried-G, and6-G,.

emission wavelength in both cases is at 495 nm in THF and
506 nm in DCM, exhibiting a large Stokes shift estimated to
be 6555 cm?! in DCM and 6825 cm! in THF according to
(LAmaxexc = UAmaxen) x 10724 Such values indicate an
important difference in the properties and structures between
the ground stategsand the first excited state; &ind have been  FiGURE 2. ORTEP drawing of two molecules of compourg
attributed for maleimide derivatives to an increased coplanarity showing the association (hydrogen atoms not shown for clarity, except
of the phenyl rings with the maleimide ring in the excited state. OH).

However, to our surprise, the fluorescence quantum yelof

1 is extremely low and even nonmeasurable in THF. Such
behavior could hamper any useful measurements with the
dendrimers we have synthesized. Nevertheless, it was noted in
a paper describing the properties of a series of maleimide
derivatives that compounds possessing a NH bond have
systematically a much lower quantum yield than the corre-
sponding N-Me derivatives, but no explanation was gik#en.
Compoundl' differs only from1 by the absence of the OH
group; thus, we decided to measure also its fluorescence
properties. Fortunately, the quantum yield obtained.fds quite FIGURE 3. ORTEP drawing of compount!.

convenient (57% in THF, 52% in DCM). In order to determine 5,4 the ORTEP drawing of compourid shows that the

if the OH group of compound could be able to interact with 5 c1ing induces a flattening of this compound comparet! to
the fluorophore moiety of the same compound, we tried to (Figure 3).

determine the structure df by X-ray diffraction, as well as

that_ of I', for comparison. molecules ofl, we believe that such interaction persists at least
Single crystals of compoundsandl’ were grown from ether i hart in solution and induces the nonradiative deactivation
solutions in both cases. The ORTEP drawing of the packing pathway observed, such phenomenon being impossiblelwith
for compound1 is shown in Figure 2. The most important 1,5 we may assume that grafting compotiial the dendrimer
information afforded by this structure is the strong interaction ghould allow recovery of a measurable fluorescence since the
of the OH group of the phenol with one of the oxygen atom of |5pije H will no longer exist. To our delight, the fluorescence

In view of the strong hydrogen bonding between two

the maleimide part of another moleculdo(.y = 2.072 A<
Svan der waals radi= 2.885 A), giving a bent “dimer”. On the other

(24) Grabchey, I.; Chovolon, J. M.; Bojinov, V.; lvanova, Getrahedron
2003 59, 9591.

(25) Wang, B. C,; Liao, H. R.; Yeh, H. C.; Wu, W. C.; Chen, C.JT.
Luminescenc2005 113 321.

guantum yield measurements for compouh, possessing
six chromophoric units is high (78% in DCM relative to
coumarine 6 in EtOH) and even higher than any of the
previously described maleimide derivatives, demonstrating that
our assumption concerning the role of H bonding was right. As
previously observed with compountigndl’, the Stokes shift

J. Org. ChemVol. 72, No. 23, 2007 8711
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. —6G, the value measured fat-Gy (78%). The value measured for
6-G; is poor (22%) both in THF and DCM and much lower
than the value measured #4G; (49%). The addition of another
layer (compound-G,) has practically no influencel{ = 20%

in DCM). These data demonstrate that the influence of the
branches upon the fluorophore close to the core is more
important than the solvent, showing that the fluorophore is
readily encapsulated by the branches. However, in the literature,
the branches generally induce a protection of the fluorophore
(concept of “site isolation”) and an increased fluorescérmesn
with the same phosphorhydrazone branciemntrary to our

Intensity (a.u.)

) ) Eieee . N
240 340 440 540 640 | 757 350 450 550 650

Wavelength nm Wavelength nm present observations.
FIGURE 4. Excitation/emission spectra for the serie&, (left) and
6-Gs (right) in DCM. Conclusion
O % We have described the first example of two series of
80 4-G, M in THF Oin DCM dendrimers constituted of the same branches and bearing the
6-G, ®in THF <in DCM same fluorophore either as end groups or off-center. This last
60 series is particularly interesting since it is built by the dif-
ferentiation of one function among six on cyclotriphosphazene.
40 The dissymmetrical character of this seriés3,) is shown by
----- 31p,1H, and3C NMR, which display the presence of different
20 signals for P(S) and CHO groups of the same generation, clearly
distinguishable even for the second generation. The photophysi-
0 cal data of both series of dendrimers allowed us to draw original
0 1Generaﬁon 2 3 conclusions. First, the presence of a phenol group in the starting

monomeric fluorophore of the maleimide type induces the quasi-
FIGURE 5. Decrease of the quantum yield when the generation disappearance of the fluorescence, presumably due to a deac-
increases, for both series of dendrimé+6, (peripheral fluorophores) tivation through hydrogen bonding, as shown by X-ray diffrac-
and 6-G, (off-center fluorophore). tion. Second, the grafting of such fluorophore directly to
cyclotriphosphazene affords compounds possessing the highest
is also high for4-Go (6625 cnttin THF, 6905 in DCM). After fluorescence quantum yield measured to date in the maleimide
generation 0, the quantum yields of the series of dendrimersseries, confirming the dramatic role of substituents on these
4-Gp (n = 1-3) were measured (Table 1, Figure 4). fluorophores. Third, we have shown an original influence of
Surprisingly, an important decrease of the quantum yield is the branches on the fluorescence of the end groups, which is
observed for the first generation (49%) and confirmed with the dramatically confirmed in the case of the off-center family. Such
second (43%) and third (39%) generations in THF, and the behavior illustrates that the dendritic scaffold is not at all an
results are even worse in DCM (Table 1, Figure 5). Such a “innocent” spectator but may play a key role for some properties.
phenomenon was previously described for other types of
dendrimers bearing fluorophores as end gréu@d was  Eyperimental Section
generally attributed to an increase in the steric hindrance,
inducing an interaction between fluorophores in close proximity, =~ NMR numbering is illustrated in Figure 6.
leading to a nonradiative deactivation process. However, we Compound 1.2,3-Diphenylmaleic anhydride (1 g, 4 mmol) and
think that such explanation is not valid in our case. Indeed, the tyramine (0.548 g, 4 mmol) were dissolved in the minimum amount
reaction time needed to synthesize the generation zero indicate§f acetic acid. The resultlnog slurry mixture was heated under
that this compound is sterically crowded, whereas the other Vigorous stirring at 166170 °C for 90 min in an open flask to

. : . _afford a dark viscous oil. The mixture was cooled to room
generatlon? éfro(r;in_ 1 tc;lg aredlzsg C_Io_mp%rl_ng thi chimlcal temperature, and 50 mL of distilled water was added. The resulting
structure of dendrimers-Go and4-G,, it Is obvious that the yellow precipitate was filtered off and if necessary purified by
main difference between both compounds is the aryl phospho-¢qjumn chromatography (GEl,/n-pentane) to afford as a yellow

rhydrazone linkage. We have already demonstrated that severapowder in 95% yield (1.40 g). Crystallization from;Btgave single
types of fluorophores directly linked to this linkage totally lost crystals suitable for X-ray analysisH NMR (CDCl;, 400.1
their fluorescence properties, which could be recovered only if MHz): ¢ = 2.94 (“t", 33y = 7.6 Hz, 2H, CH), 3.87 (“t”, 3Jun =
a spacer was added between the fluorophore and this lifRage. 7.6 Hz, 2H, CH), 5.65 (s, 1H, OH), 6.79 (*Jun = 8.4 Hz, 2H,
In the present case, the spacer is constituted by the tyramineCo’H), 7.13 (d,3Jyy = 8.4 Hz, 2H, G*H), 7.27-7.45 (m, 10H,
thus, the quenching phenomenon should be avoided. However C°H, C™H, C°H). *C{H} NMR (CDCl;, 125.8 MHz): 0 = 34.2
the tyramine linkage is very flexible, and some interaction might (S ) 40.3 (s, ©), 1158 (s, &), 128.96 (s, G, 129.00 (s, ©),
occur between the fluorophore and the dendritic structure. 130.26 (s, ©), 130.28 (s, ), 130.48 (s, &), 130.51 (s, 64)1 136.5

The series of compound&Gn might be useful to confirm (S’,C=C)’ 1548 (s, &), 171'2.(5’ &0) pem. IR (KB): 1692

. ) pou ©n MIg . cm (ve—0). Mp (uncorrected): 183183 °C.
this assertion. Indeed, in this series, the fluorophore IS U~ compound 1. 2,3-Diphenylmaleic anhydride (400 mg, 1.59
.rounde(.j by thle branches even at the first generation; thus, if aNmmol) and phenylethylamine (201 mg, 1.64 mmol) were dissolved
interaction exists between the fluorophore and the branches, itin the minimum amount of acetic acid. The resulting slurry mixture
should be maximized within this series. The quantum yield of was heated under vigorous stirring at 6r0 °C for 60 min in
compound-Gg is high (77%) and compares perfectly well with  an open flask to afford a dark viscous oil. The mixture was cooled
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FIGURE 6. Numbering used for NMR.

to room temperature, and 50 mL of distilled water was added. The (m, Gt), 170.5 (s, &0O) ppm. MS (MALDI-TOF, dithranol

aqueous phase was extracted twice with 35 mL o£CH The

matrix): m/z = 2343.57 [M]'.

collected organic phases were dried on magnesium sulfate and pendrimer 4-G,. CompoundL (300 mg, 0.811 mmol) was added
concentrated under reduced pressure. The crude residue was elutegh a mixture of3-G;15 (114 mg, 0.062 mmol) and cesium carbonate

on a plug of silica with B to afford1' as a yellow powder in

98% vyield (553 mg) after solvent removal. Crystallization from

Et,O gave single crystals suitable for X-ray analysid. NMR

(CDCls, 300.13 MHz): 6 = 3.03 (“t", 3y = 7.5 Hz, 2H, CH),

3.92 (", 3Jun = 7.5 Hz, 2H, CH), 7.26-7.60 (m, 15H, H,). 13C-

{*H} NMR (CDCl;, 62.89 MHz): 6 = 34.7 (s, ©), 39.7 (s, ®),

126.7 (s, @Y, 128.56 (s, @), 128.60 (s, @, 128.9 (s, @), 129.82
(s, @%, 129.86 (s, € C), 136.2 (s, &=C), 138.1 (s, G, 170.6
(s, G=0) ppm. IR (KBr): 1697 cm! (vc—o). Mp (uncorrected):
162—-166 °C.

Compound 2. 3-Nitrophthalic anhydride (750 mg, 3.88 mmol)

(529 mg, 1.62 mmol) in THF (5 mL). The reaction mixture was
stirred at room temperature overnight. Salts were then removed by
centrifugation, and the clear solution was concentrated under
reduced pressure. The residue was then dissolved in the minimum
amount of THF ¢al mL) and precipitated with a mixture of
pentane and ED (9:1). The resulting powder was filtered off and
then flash chromatographed to affotelG, as a yellow powder in
65% yield (236 mg)3'P<{H} NMR (CDCl;, 202.53 MHz): 6 =

8.51 (s, P=N), 63.39 (s, B=S).H NMR (CDCl;, 500.13 MHz):

0 =2.89 (“t", 3Jyy = 7.6 Hz, 24H, CH), 3.15 (d,*Jyp = 10.2 Hz,

18H, NMe), 3.78 (“t",3Jun = 7.6 Hz, 24H, CH), 7.03 (d,3Jyy =

and tyramine (586 mg, 4 mmol) were dissolved in the minimum 10 Hz, 12H, G?H), 7.12 (m, 48H, &H, C*H), 7.27-7.37 (m,
amount of acetic acid. The slurry mixture was heated under vigorous 72H, C"H, CPH), 7.38-7.44 (m, 48H, CH), 7.59 (s, 6H, CHN),

stirring at 160°C for 90 min in an open flask to afford a dark

7.65 (d,334 = 10 Hz, 12H, G3H). 3C{H} NMR (CDCls, 125.80

viscous oil. The mixture was cooled to room temperature, and 50 MHz): 6 = 33.0 (d,2Jcp = 12.6 Hz, CHNPy), 34.0 (s, @), 39.5
mL of distilled water was added. The resulting yellow precipitate (s, @), 121.4 (s, @?), 121.6 (s, @?, 128.3 (s, ©°), 128.5 (s, C,

was filtered off and dried to afford as a brownish powder in 87%
yield (1.05 g).*H NMR (CDsOCD;, 300.13 MHz): 6 = 2.91 (“t,
33w = 7.5 Hz, 2H, GH), 3.84 (“t", 3Juy = 7.5 Hz, 2H, CH), 6.76
(d, 3Jun = 8.4 Hz, 2H, G?H), 7.10 (d,2Jyn = 8.4 Hz, 2H, G3-H),
8.05-8.22 (m, 3H, H,). 13C{*H} NMR (CD;0CD;3, 75.46 MHz):
0 =33.1(s, @), 39.9 (s, ®), 115.3 (s, @, 123.4 (s, ©), 126.4
(s, C), 128.1 (s, @, 128.9 (s, ©Y), 129.7 (s, &), 134.2 (s, ©,
135.9 (s, ©), 145.0 (s, 9, 156.1 (s, @), 163.1 (s, G=0), 165.7
(s, ¢=0) ppm. IR (KBr): 1709 cm! (vc—c). MS (DCI) miz =
330 [M + NH4]*. Mp (uncorrected): 198200 °C.

Compound 4-G. Compoundl (310 mg, 0.840 mmol) and
cesium carbonate (555 mg, 1.70 mmol) were added @@ o a
solution of hexachlorocyclotriphosphazeh@!5.6 mg, 0.131 mmol)
in THF (20 mL). The reaction mixture was stirred at 40 for 2

C'), 129.9 (s, G, C9), 130.0 (s, G¥), 132.2 (s, @Y, 135.3 (s, &),
136.1 (s, G=C), 138.6 (br s, CHNNPy), 149.2 (d 2Jcp = 7.5 Hz,
Cih), 151.3 (s, @, 170.5 (s, G=0O) ppm. IR (KBr): 1700 cm?
(ve=0)-

Dendrimer 4-G,. CompoundL (150 mg, 0.405 mmol) was added
to a mixture of3-G,!® (77 mg, 0.016 mmol) and cesium carbonate
(264 mg, 0.810 mmol) in THF (5 mL). The reaction mixture was
stirred at room temperature overnight. Salts were then removed by
centrifugation, and the clear solution was concentrated under
reduced pressure. The residue was then dissolved in the minimum
amount of THF (cal mL) and precipitated with a mixture of
pentane and ED (9:1). The resulting powder was filtered off and
then flash chromatographied to affotelG, as a yellow powder in
83% yield (170 mg)3P<{H} NMR (CDCl;, 101.25 MHz): 6 =

days. After the mixture was cooled to room temperature, salts were 8.42 (s, P=N), 62.42 (s, =S), 63.21 (s, P=S).*H NMR (CDCl,
removed by centrifugation, and the clear solution was concentrated500.3 MHz): = 2.89 (br s, 48H, €H), 3.15 (m, 54H, CHNP, ),
under reduced pressure and subjected to flash chromatographyd.74 (br s, 48H, €H), 6.92-7.63 (m, 426H, H;, CH=N). **C-

(pentane/BD, 7:3 to CHCI,) to afford 4-G, as a yellow powder
in 85% yield (261 mg)3P{H} NMR (CDClz, 121.49 MHz): 6
= 8.78 (s, P=N); IH NMR (CDCls, 300.13 MHz): 6 = 3.00 (“t",
3Jun = 7.8 Hz, 12H, GH), 3.88 (", 3Jun = 7.8 Hz, 12H, CH),
6.95 (d,3Jyn = 8.4 Hz, 12H, @2H), 7.14 (d,3J4y = 8.4 Hz, 12H,
Co®H), 7.28-7.43 (m, 36H, CH, CPH), 7.45 (d,%Jyy = 6.9 Hz,
24H, CH). 13C{*H} NMR (CDCls, 75.46 MHz): 0 = 34.0 (s,
C9), 39.6 (s, ®), 121.2 (s, @, 128.55 (s, @), 128.67 (s, §, 129.80
(2s, G?, C), 129.90 (s, ©), 134.7 (s, @Y, 136.2 (s, &C), 149.4

{*H} NMR (CDCls, 62.85 MHz): 6 = 32.94 (d,3Jcp = 12.4 Hz,
CHsNP; ), 33.93 (s, @), 39.46 (s, ©), 121.43 (s, @), 121.62 (s,
CH), 121.8 (s, @), 128.4 (s, @&, C9), 128.5 (s, @, C), 129.85
(s, @, C), 129.94 (s, &), 132.2 (s, @Y, 132.4 (s, G, 135.3 (s,
C,%), 136.1 (s, &=C), 138.7 (br s, CHNNP,), 138.8 (br s, Cl&=
NNPy), 149.3 (d,2cp = 7 Hz, GY), 151.2 (d,2Jcp = 7 Hz, G,
CiY), 170.4 (s, &O) ppm. IR (KBr): 1700 cm® (vc—o).
Dendrimer 4-Gz. CompoundL (200 mg, 0.542 mmol) was added
to a mixture of 3-G3'® (110.4 mg, 0.010 mmol) and cesium
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carbonate (351 mg, 1.08 mmol) in THF (5 mL). The reaction CH=N), 7.68 (s, 2H, CH=N). 3C{'H} NMR (CDCl;, 125.8
mixture was stirred at room temperature overnight. Salts were thenMHz): 6 = 31.9 (d,3Jcp = 12.3 Hz, CHNP,), 32.0 (d,3Jcp =
removed by centrifugation, and the clear solution was concentrated12.6 Hz, CHNPy), 34.0 (s, @), 39.4 (s, ®), 121.2 (br s, G?),
under reduced pressure. The residue was then dissolved in thel21.3 (br s, @), 121.43 (br s, ¢, 128.46 (s, @, 128.6 (s, G,

minimum amount of THF (c& mL) and precipitated with a mixture

of pentane and ED (9:1). The resulting powder was filtered off

and then flash chromatographed to affdr; as a yellow powder
in 98% yield (270 mg)3P<{ *H} NMR (CDCl, 121.5 MHz): 6 =
7.99 (br's, B=N), 62.45 (s, =S, B=S), 63.05 (s, =S).'H NMR
(CDCl3, 300.13 MHz): 6 = 2.86 (br s, 96H, €H), 3.14 (br s, 126H,
CHsNP; 59, 3.77 (br s, 96H, €H), 6.75-7.80 (m, 882H, H,, CH=
N). 13C{1H} NMR (CDCls, 75.46 MHz): 6 = 32.9 (br d,3)ce=
12.6 Hz, CHNP;»9, 33.9 (s, @), 39.4 (s, ®), 121.6 (br s, &,
Cs?), 121.8 (br s, &, C?), 128.3 (s, &, C3, CP), 128.5 (s, @,
C), 129.8 (s, @, C%), 129.9 (s, @), 132.4 (br s, G, C*, C),
135.2 (s, GY, 136.0 (s, G&=C), 138.1-139.1 (m, CH=N), 149.3
(d, Zep = 6.9 Hz, GY), 151.2 (m, @', C;%, CyY), 170.4 (s, G=O)
ppm. IR (KBr): 1700 cm?! (vc—o).

Compound 5-G,. The sodium salt of 4-hydroxybenzaldehyde

(2.3 g, 9 mmol) was added to a solution of®Cls (0.6 g, 1.73

mmol) in THF (150 mL) at OC, and then the mixture was stirred

CM), 129.9 (s, G#, C°), 130.0 (s, ©), 131.18 (s, "), 131.27 (s,
Co%), 131.31 (s, €Y, 135.1 (s, G*, 136.3 (s, &=C), 140.7 (d,
3Jcp=17.6 Hz, CH=NNP,), 140.7 (d3Jcp= 17.7 Hz, CH=NNP,),
148.9 (br s, GY, 151.67 (br s, @), 151.77 (br s, ¢), 151.82 (br
s, GY), 170.6 (s, G=0).

Dendrimer 6-G;. A mixture of 4-hydroxybenzaldehyde (141 mg,
1.15 mmol), cesium carbonate (756.8 mg, 2.35 mmol), and
compound/’-G; (202 mg, 0.105 mmol) in THF (10 mL) was stirred
at room temperature overnight. Salts were then removed by
centrifugation, and the clear solution was concentrated under
reduced pressure. The residue was then flash chromatographed
(THF/n-pentane, 1:1 to 1:0) to afforé-G; as a yellow powder in
80% yield (234 mg)3P{H} NMR (CDCl;, 202.5 MHz): 6 =
8.29 (m, P=N), 60.62 (2 s, P=S), 60.66 (s, B=S); 'H NMR
(CDCls, 500.3 MHz): 6 = 2.89 (t,3J4y = 7.8 Hz, 2H, GH), 3.34
(d, 3Jup = 10.6 Hz, 6H, CHNPy), 3.36 (d,3Jup = 10.6 Hz, 9H,
CHsNPy), 3.74 (m, 2H, ¢H), 6.88 (d,2Jyy = 8.4 Hz, 2H, Cy?H),

to room temperature overnight. After evaporation of the solvent, 6.98 (d,3Jsy = 8.6 Hz, 4H, G?H), 7.05 (d,3J4y = 8.4 Hz, 2H,
the residue was purified by column flash chromatography (hexane/ C'o*H), 7.09 (d,3Jsy = 8.6 Hz, 6H, G°H), 7.34-7.42 (m, 30H,

ethyl acetate 5:1) to give-Gp as a colorless oil in 85% vyield (1.13
g). 3'P{*H} NMR (CDCl;, 121.50 MHz): 6 = 3.53 (2 d,2Jpp =
88.1 Hz,2Jpp = 85.0 Hz, R), 19.09 (dd,2Jpp = 88.1 Hz,2Jpp =
85.0 Hz, Py). *H NMR (CD;OCDs-ds, 300.13 MHz): 6 = 7.24
(m, 10H, G?H), 7.79 (m, 10H, G*H), 9.95 (3 s; 5H, CHO)&C-
{*H} NMR (CDCl, 75.48 MHz): 6 = 121.6 (m, @?), 131.5 (s,
C¢®), 133.9 (s, @), 134.0 (s, @, 154.3 (d2Jcp= 17.1 Hz, GY),
190.4 (s, CHO), 190.5 (s, CHO) ppm.

Dendrimer 6-Go. Cesium carbonate (656 mg, 1 mmol) and

compounds-Gg (780 mg, 1 mmol) were added to a solutionlof

Cy?H, C°H, C™H, CPH), 7.55-7.63 (m, 10H, GH), 7.65 (s, 3H,
CH=N), 7.68 (s, 2H, CH:N), 7.81-7.86 (m, 20H, G3H), 9.91
(s, 2H, CHO), 9.92 (s, 2H, CHO), 9.93 (s, 4H, CHO), 9.93 (s, 2H,
CHO).13C{H} NMR (CDCls, 125.8 MHz): 6 = 32.9 (br d 3Jcp
= 12.6 Hz, CHNP,), 33.9 (s, @), 39.3 (s, ®), 121.1 (br s, G?),
121.3 (br s, &), 121.5 (br s, &), 122.0 (br s, &), 128.29 (s,
C¢d), 128.32 (s, €, 128.4 (s, ©, 128.6 (s, @), 129.81 (s, ©),
129.85 (s, ©), 130.0 (s, GP), 1315 (br s, &), 131.7 (s, @),
131.8 (s, @Y, 133.7 (s, @), 135.2 (s, G%), 136.1 (s, &C), 139.5
(s, CH=NNPy), 149.0 (s, Gl), 151.4 (br s, @), 151.6 (br s, @),

(370 mg, 1 mmol) in acetone (5 mL). The reaction mixture was 154.99 (s, ¢'), 155.05 (s, &), 155.09 (s, &), 170.5 (s, G=0),
stirred overnight at room temperature and then centrifuged. The 190.72 (s, CHO), 190.74 (s, CHO) ppm.
supernatant was then concentrated under reduced pressure. The Dendrimer 7-G,. A freshly prepared solution (0.16 mmol in

resulting yellow oil was flash chromatographed to affér®, as
a yellow powder in 85% vyield (947 mgj*P{*H} NMR (CDCl;,
121.50 MHz): 6 = 8.04 (m, P=N). 'H NMR (CDCl;, 500.3
MHz): 6 = 3.03 (t,3Juy = 7.3 Hz, 2H, GH), 3.88 (t,3Jy = 7.3
Hz, 2H, CH), 7.06 (d,3J4y = 8.5 Hz, 2H, C2H), 7.24-7.29 (m,
12H, G?H, C¢*H), 7.35-7.46 (m, 10H, CH, C™H, CPH), 7.81-

7.89 (m, 10H, G*H), 9.98 (s, 1H, CHO), 9.99 (s, 2H, CHO), 10.00

(s, 2H, CHO)X23C{H} NMR (CDCls, 125.8 MHz): 6 = 33.4 (s,
C?), 39.2 (s, ®), 120.8 (M, G, 121.3 (m, @), 128.3 (s, ©),
129.1 (s, ©), 129.6 (s, @), 129.8 (s, @), 130.2 (s, G?), 131.21
(s, &%), 131.24 (s, @), 131.26 (s, @), 134.06 (s, ¢, 134.15 (s,
Co%), 134.17 (s, 6%, 136.3 (s, G*), 136.4 (s, GC), 148.8 (m,
C'oY), 154.5 (m, GY), 154.7 (m, @Y, 170.2 (s, G0), 190.49 (s,
CHO), 190.55 (s, CHO) ppm. IR(KBr): 1702 cth(ve=o). MS
(FAB) miz = 1109 [MH]*.

Dendrimer 7-G;. A freshly prepared solution (0.24 mbf in

chloroform) ofN-methyldichlorothiophosphorhydrazide (7 mL, 1.68

mmol) was added at @C to a solution of6-G, (310 mg, 0.279
mmol) in chloroform (1 mL). The solution was stirredrf8 h and
then concentrated under reduced pressurelaal). A 20 mL

chloroform) of N-methyldichlorothiophosphorhydrazide (6.4 mL)
was added at 0C to compound-G; (260 mg, 0.094 mmol). The
reaction mixture was stirred at room temperature until completion
(ca 40 min) and then precipitated with pentane. The powder was
filtered off, dissolved in the minimum amount of THF (damL),

and precipitated with pentane. These washings were repeated thrice
to afford 7-G, as a yellow powder in 76% yield (313 mg)P-
{H} NMR (CDCl;, 121.49 MHz): 6 = 8.35 (m, P=N), 61.95 (s,
P=S), 61.99 (s, P=S), 62.80 (s, P=S), 62.83 (s, P=S), 62.85

(s, P=S); IH NMR (CDCl;, 300.13 MHz): 6 = 2.89 (t,3Jun =

8.4 Hz, 2H, CH), 3.32 (m, 15H, CHNPy), 3.43 (d,3J4p = 13.8

Hz, 12H, CHNP,), 3.44 (d,2Jup = 13.8 Hz, 18H, CHNP,), 3.76

(t, 3Jun = 8.4 Hz, 2H, CH), 6.92 (d,2Juy = 8.1 Hz, 2H, C?H),
7.00 (d,3Jun = 8.4 Hz, 4H, G°H), 6.98-7.08 (m, 8H, G*H, C?H),
7.22-7.28 (m, 20H, G?H), 7.30-7.43 (m, 10H, CH, C™H, C°H),
7.57-7.71 (m, 45H, G®H, C;°*H, CH=N). 13C{H} NMR (CDCl,,
75.46 MHz): 6 = 31.9 (d,3Jcp = 13.1 Hz, CHNPy), 33.1 (d,3Jcp

= 12.5 Hz, CHNP,), 33.9 (s, @), 39.4 (s, ®), 121.1 (br s, G?),
121.4 (br s, @@, 121.9 (br s, 6@, 128.3 (s, &), 128.4 (s, Q,
128.6 (s, @), 128.8 (br s, &), 129.8 (s, €, C?), 130.0 (s, &),

portion of pentane was added to the residue, and the resulting131.6 (s, G, 131.9 (s, &%), 132.0 (s, G%), 135.2 (s, GY), 136.1
precipitate was filtered off and dried under reduced pressure. The(s, C=C), 139.0 (d3Jcp = 13.6 Hz, CH=NNP;), 140.6 (d.3Jcp =

powder was finally dissolved in the minimum amount of £CH
and precipitated with pentane to affordG; as a yellow powder
in 91% yield (486 mg)3P{'H} NMR (CDCl;, 81.0 MHz): 6 =
8.52 (m, P=N), 62.60 (s, P=S), 62.67 (s, P=S), 62.71 (s, P=
S); 'H NMR (CDCls, 500.3 MHz): 6 = 2.95 (t,3Jyq = 7.8 Hz,
2H, CaH), 3.45 (d,s\]Hp =139 Hz, 6H, CHNPl), 3.48 (d,?’JHp =
13.8 Hz, 9H, CHNPy), 3.80 (t,3Jyn = 7.8 Hz, 2H, CH), 6.92 (d,
SJHH = 8.3 Hz, 2H, C(JZH), 6.98 (d,SJHH = 8.7 Hz, 4H, QZH),
7.07 (d,334y = 8.7 Hz, 6H, G?H), 7.08 (d,3Jyn = 8.3 Hz, 2H,
C'o®H), 7.35-7.48 (m, 10H, CH, C™H, C°H), 7.60 (d,3Jyy = 8.7
Hz, 4H, G®H), 7.62 (d,3Jyy = 8.7 Hz, 6H, G°H), 7.65 (s, 3H,

8714 J. Org. Chem.Vol. 72, No. 23, 2007

18.8 Hz, CH=NNP;), 149.0 (s, G'), 151.4 (br s, @), 151.8 (m,
Ci1), 170.5 (s, &O) ppm.

Dendrimer 6-G,. A mixture of 4-hydroxybenzaldehyde (155 mg,
1.27 mmol), cesium carbonate (825 mg, 2.53 mmol), and compound
7-G; (250 mg, 0.057 mmol) in THF (10 mL) was stirred at room
temperature overnight. Salts were then removed by centrifugation,
and the clear solution was concentrated under reduced pressure.
The residue was then flash chromatographed (ether/THF 1:0 to 1:1)
to afford 6-G; as a yellow powder in 72% yield (248 mg}P-

{*H} NMR (CDCls, 121.49 MHz): 6 = 8.35 (m, P=N), 60.27 (s,
P,=S), 60.30 (s, =S), 62.23 (s, P=S), 62.29 (s, P=S).*H NMR
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(CDCl;, 300.13 MHz): & = 2.85 (m, 2H, @H), 3.25-3.45 (m,

45H, CHNPy ), 3.71 (m, 2H, CH), 6.80-7.90 (M, 169H, H,,

CH=N), 9.92 (br s, CHO, 20H):C{H} NMR (CDCl;, 75.46
MHz): ¢ = 32.9 (d,3Jcp = 13.0 Hz, CHNP,>), 33.9 (s, @),

39.4 (s, ®), 121.3 (br s, @ Co¢?, 122.0 (d,3Jep = 4.7 Hz,

C2 C?), 128.4 (s, @ C3), 128.6 (s, G C™), 129.8 (s, €, C),

130.0 (s, @), 131.5 (s, &%), 132.0 (s, G, C1%), 136.1 (s, &=C),

139.1 (d,3Jcp = 12.6 Hz, CH=NNPy), 139.5 (d,3Jcp = 12.6 Hz,
CH=NNPy), 148.1 (br s, G!), 151.4 (d2Jcp = 6.9 Hz, G, C;),

155.1 (d,2Jcp = 6.8 Hz, GY), 170.5 (s, €&0), 190.7 (br s, CHO)
ppm.

JOC Article

Acknowledgment. We thank the CNRS for financial support
and the European Community for a grant to G.F. (Fond Social
Europeen).

Supporting Information Available: Copy ofH, 13C, and3'P
NMR spectra of all new compounds. Crystallographic information
files (CIF) for compoundd4 andl'. This material is available free
of charge via the Internet at http://pubs.acs.org.

JO701462F

J. Org. ChemVol. 72, No. 23, 2007 8715



