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Abstract: It is shown that a combination of Schwesinger’'s phosphazene base concept and the idea of the
disubstituted 1,8-naphthalene spacer, first introduced by Alder in paradigmatic 1,8-bis(dimethylamino)-
naphthalene (DMAN), yields a new superbase, HMPN, which represents the up to date most basic
representative of this class of “proton sponges”, as evidenced by the theoretically estimated proton affinity
PA = 274 kcal/mol and the measured pKg++ (MeCN) 29.9 4+ 0.2. HMPN is by nearly 12 orders of magnitude
more basic than Alder’s classical 1,8-bis(dimethylamino)naphthalene (DMAN). The title compound, HMPN,
is prepared and fully characterized. The spatial structure of HMPN and its conjugate acid is determined by
X-ray technique and theoretical DFT calculations. It is found that monoprotonated HMPN has an
unsymmetrical intramolecular hydrogen bridge (IHB). This cooperative proton chelating effect renders the
bisphosphazene more basic than Schwesinger’s set of “monodentate” P, phosphazene bases. The density
functional calculations are in good accordance with the experimental results, providing some complementary
information. They conclusively show that the high basicity of HMPN is a consequence of the high energy
content of the base in its initial neutral state and the intramolecular hydrogen bonding in the resulting
conjugate acid with contributions to proton affinity of 14.1 and 9.5 kcal/mol, respectively.

Introduction hanced basicity, known as “proton sponges”. The prototypal

) ) compound of this type, 1,8-bis(dimethylamino)naphthalene
Neutral organic bases and superbases play an important mle(DMAN), was introduced by Alder et al. some 35 years &}0.

in the organic_synthes_e; as us_e_ful auxilia%ié§hey are efficient The design of more basic proton sponges received unabated
catalysts particularly if immobilized on appropriate surfates. 4o nion by an increasing number of research griapsever

It shogld be mentioned that they can greatly cont_ribute to greengince Compared to ordinary alkyl and arylamines, amidines,
chemistry because they are recyclable, thus being economical,\y o anidines, such proton chelators lead to a dramatic increase
at the same time. Another aspect of importance is given by theirj, pagicity on account of the following: (i) destabilization of
chiral derivatives, which have found useful applications in both o i itial base as a consequence of strong repulsion of the
catalytic and stoichiometric asymmetric synthe%_etss an unshared electron pairs; (ii) formation of an intramolecular
example of a ger_leral usefulness of 5”9”9 _basgs in ph"JlrmaCOI’nydrogen bond (IHB) in the protonated form; and (iii) relief of
ogy, we shall single out recent application in some gene
therapeutic proceduré%’.ll (12) ég::er’CRHe\%-; ggvn\gr?ni%,glggsi;zgteele, R. W. S.; Winterman, D1.RChem.
Particular interest has been focused on neutral organic baseg13) (a) Staab, H. A.; Saupe, Angew. Chen198§ 100, 895-909. (b) Alder,

. . . . S R.'W.Chem. Re. 1989 89, 1215-1223. (c) Pozharskii, A. FRuss. Chem.
with chelating proton acceptor functionalities exhibiting en- Rev. 199§r27, f,24_9 (c) Pozharski uss. =hem

(14) Staab, H. A.; Elbl-Weiser, K.; Krieger, Eur. J. Org. Chem200Q 327—
333.

T Philipps-Universita Marburg.
* Rudjer Bokovit Institute.
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the steric strain upon protonation in the final state. Although

(i) and (iii) are two sides of the same coin, they belong, strictly R,N NR,

speaking, to the initial and final state effects, respectively, which (NMe)Psy  n=P(NMe,)s

is generally useful to distinguish. Two general concepts to raise
the intrinsic thermodynamic proton affinity and basicity have
been followed in the past. One is to replace the naphthalene
skeleton by other aromatic spacers, thus varying theNN
distance of the proton pince#4.25> The other concept focuses
on the variation of the substituents at the basic nitrogen
atomg%-28 or at the spacer, thus leading to the “buttressing
effect” (Figure 1)16:29.30

Among strongly basic proton sponges, which are not based
on aromatic skeletons, one should single out Schwesinger’'s
vinamidines! Verkade compound®,-34 and Alder’s aliphatic
C2-chiral diamines described recentfy.

There is a tendency, however, that sterically demanding
proton sponges with high thermodynamic basicity with strongly
protected protonation sites often have a low kinetic basicity.
Typically, the captured proton does not take part in rapid proton

exchange reactions, which would enable such neutral superbases
to serve as catalysts in salt-free base-catalyzed reactions. A

successful strategy to overcome the kinetic inertness of most

amino-based proton sponges is to lower the steric congestion

in close proximity to the N-H---N IHB. This can be ac-
complished by designing proton sponges wit? $pdonor

functionalities as part of an extendedsystem instead of the
“classical” N(sg)-:*H:-*N(sp®) bridge. Recently, we have

prepared such a system possessing high thermodynamic basicity

in combination with large kinetic activity in 1,8-bis(tetrameth-
ylguanidino)naphthalene (TMGNY, 38 a proton sponge with
an experimental gy~ (MeCN) of 25.1+ 0.2, 7 orders of
magnitude higher than that of DMAN (Figure 2). The large scale
access of TMGN and related 1,8-bis(dimethylethyleneguanidi-

(22) Staab, H. A.; Saupe, T.; Krieger, 8ngew. Chem1983 95, 748-749;
Angew. Chem., Int. Ed. Engl983 22, 731-732.

(23) Staab, H. A.; Hoe, M.; Krieger, C.Tetrahedron Lett1988 29, 1905-
1908.

(24) Saupe, T.; Krieger, C.; Staab, H. Angew. Chem1986 98, 460-461;
Angew. Chem., Int. Ed. Engl986 25, 451-452.

(25) Staab, H. A.; Hoe, M.; Krieger, C.Tetrahedron Lett1988 29, 5629—
5632.

(26) Alder, R. W.; Bryce, M. R.; Goode, N. C.; Miller, N.; Owen,J1.Chem.
Soc., Perkin Trans. 1981, 2840-2847.

(27) (a) Wong-Ng, W.; Nyburg, S. C.; Awwal, A.; Jankie, R.; Kresge, A. J.
Acta Crystallogr.1982 B38 559-564. (b) Nagawa, Y.; Goto, M.; Honda,
K.; Nakanishi, H.Acta Crystallogr.1986 C42, 478-480. (c) Rimmler,
G.; Krieger, C.; Neugebauer, F. £hem. Ber1992 125 723-728.

(28) (a) Krieger, C.; Newsom, |.; Zirnstein, M. A.; Staab, H.Angew. Chem.
1989 101, 72—-73; Angew. Chem., Int. Ed. Engl989 28, 84—86. (b)
Zirnstein, M. A.; Staab, H. AAngew. Cheml987 99, 460-461; Angew.
Chem., Int. Ed. Engl1987, 26, 460-461. (c) Jones, P. &. Kristallogr.
1993 208 341-343.

(29) (a) Alder, R. W.; Goode, N. C.; Miller, N.; Hibbert, F.; Hunte, K. P. P.;
Robbins, H. JJ. Chem. Soc., Chem. Commdf878 89-90. (b) Hibbert,
F.; Hunte, K. P. PJ. Chem. Soc., Perkin Trans.1®83 1895-1899. (c)
Hibbert, F.; Simpson, G. Rl. Chem. Soc., Perkin Trans.1®87, 243—
246.

(30) (a) Staab, H. A.; Diehm, M.; Krieger, Cetrahedron Lett1994 35, 8357~
8360. (b) Staab, H. A.; Zirnstein, M. A.; Krieger, 8ngew. Chem1989
101, 73—75; Angew. Chem., Int. Ed. Engl989 28, 86—88.

(31) Schwesinger, R.; Missfeld, M.; Peters, K.; von Schnering, HAGew.
Chem.1987 99, 1210-1212; Angew. Chem., Int. Ed. Engl987, 26,
1165-1167.

(32) Verkade, J. GAcc. Chem. Re4993 26, 483-489.

(33) Verkade, J. GCoord. Chem. Re 1994 137, 233-295.

(34) Verkade, J. G.; Kisanga, P. Bldrichimica Acta2004 37, 3—14.

(35) Alder, R. W.J. Am. Chem. So@005 127, 7924-7931.

(36) Raab, V.; Kipke, J.; Gschwind, R. M.; SundermeyerCem—Eur. J.
2001, 8, 1682-1693 and references cited therein.

(37) TMGN is commercially available from Sigma-Aldrich, CAS No. 442873-
72-5, Product No. 41541.

(38) Kovacevic, B.; Maksic, Z. BChem—Eur. J. 2001, 8, 1694-1702.
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Figure 1. Survey of the strategies to affect and increase the basicity of
proton sponges.

no)naphthalene (DMEGRis a precondition for their applica-

tion as catalysts or proton scavengers in organic or inorganic
synthesis. In this respect, as well as in their relative stability
against hydrolysis and oxidation, bisguanidines have some
distinct advantages over other chelating superbases, such as
bisamidines! Tetramethylguanidino-substituted TMGN reveals

a much higher kinetic activity in comparison with that of
dimethylamino-based DMAN.

An extension of our previous wotk3%40 is given by
replacement of the guanidine groups 2nby phosphazene
fragments, such as in HMP8I In view of the high basicity of
monodentate phosphazenes “Schwesinger basiss, expected
that 3 would exhibit considerably higher basicity compared to
that of 2. The present work vindicates this conjecture. The
synthesis of R=PPh-substituted proton sponges has been
previously reported by Llamas-Saiz et*alHowever, the free
base could not be isolated, and only the monoprotonated salts
were presented along with their crystal structure. Determination
of their K+ values proved to be difficult due to decomposition
of the spongé? Here we report the synthesis of HMP\ its
X-ray structure determination Kgn+ measurements by NMR

(39) Raab, V.; Harms, K.; Sundermeyer, J.; Kovacevic, B.; Maksic, Z].B.
Org. Chem.2003 68, 8790-8797.

(40) Kovacevic, B.; Maksic, Z. B.; Vianello, R.; Primorac, Mew J. Chem.
2002 26, 1329-1334.

(41) (a) Schwesinger, R. et dliebigs Ann. Chem1996 1055-1081. (b)
Schwesinger, RNach. Chem. Technol. Lai99Q 38, 1214-1226. (c)
Kaljurand, |.; Rodima, T.; Leito, I.; Koppel, I. A.; Schwesinger,ROrg.
Chem.200Q 65, 6202-6208.
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T(CH3)2 T(CHa)z T(CHa)z T(CHs)z
o} C (HaC)pNmP, P
CHIN  NCH (HCLNT SN N7 ONCHgp  (HCeN” SN N7 SNCHd):
1 2 3
Figure 2. “Classical” proton sponge DMAN, bis(guanidine) TMGN2, and bis(phosphazene) HMP
Scheme 1. Synthesis of HMPN (3) and Its Protonated Form (4) tetrahedron, the P atoms exhibit a significantly shorter bonding
Me NMe, distance by~10 pm to the sphybridized N atoms (N1; 155.5
HN - NH, B B 1CHOCLNEY “:f;NN‘/F'\\N N//P<NNI\2182 + 0.1 pm) than to the terminal N atoms of the NMgoups
. 2 /||:’\ 5. 807C ’ : (N2, N3, N4; average 165.8& 0.1 pm). The naphthalene
Me,N »|1M9N2Me2 2) INaN(SiMey)] OO packbone of3 is twisted by~6°, reflecting the steric strain
touene HMPN ) induced by the large P(NM} groups: C(1/1_2yC(6)—C(5)—
' C(4_2/4) = 173.89. Compared to other proton sponges
Me,N NMe, ~]*PF previously discusse®,HMPN reveals a quite large nonbonding
MeN e, MeNep_  H  p—NMe, distance of 282.3 pm between the N acceptor atoms-N(1)
MeN—p  pcNMe, & Zh e SN e N ich i i 3
MeN” SN N7 NMe,  RT.CHCN - 2 (1_2), which is close to that in DMAN (DMAN= 279.2 pm?

N

“ T, TMGN = 271.7 pm; 1,8-diaminonaphthalere272 pnt39. The
OO structural resemblance of the naphthalene moiety in HMPN and
DMAN is further reflected in the C(£)C(6)—C(1_2) angle of
125.94 (DMAN = 125.8; TMGN = 122.6) and the non-
bonding C(1)-C(1_2) distance of 259.5 pm (DMAN 256.2
pm; TMGN = 251.9 pm).

Molecular Structure of [HMPN + H]*[PFg]~ (4). Single
crystals were obtained by crystallization from MeCN. The
molecular structure is shown in Figure 4, and selected bond

HMPN (3) [3+H]"[PF]” (4)

technique, and the results of the density functional (DFT)
B3LYP calculations. Although HMPN does not exhibit a record
basicity, it is an important rung on the superbasicity scale. It
has some advantageous properties as described below.

Results and Discussion lengths and angles are summarized in Table 1S. Theoretical
Synthesis of 1,8-Bis(hexamethyltriaminophosphazenyl)- EgLYP/G-SlG* prediction of the structure is given in Table

naphthalene, HMPN (3).1,8-Diaminonaphthalene is reacted i
with [P(NMe)sBr]Br in chlorobenzene, whereas triethylamine ~ Analysis of the X-ray data of the monoprotonated HMPN
participates as an auxiliary base. After stirring at elevated reveals a strongly unsymmetrical, nonlinear intramolecular
temperature, protonated HMPN intermediate is deprotonated byydrogen bridge (IHB) (N(2yH(1) = 88 + 3 pm; N(1)-H(1)

addition of [NaN(SiMe),] in toluene followed by extraction ~ — 176 & 3 pm; N(1)-H(1)—-N(2) = 150 + 3°). In [3 +

into hot hexane to yield 43% HMPNB)in the form of slightly _H]+[PF6]7 theC, symmetry of the corresponding base structure

yellow prisms after crystallization.Monoprotonation ®fwvas is not preserved. The NMegroups of the P(1) atom adopt a

realized by reaction with NHPFs; in MeCN and B + H]*[PFs] - staggergd cor!formatlon relative to those at th(_a P(2) ator_n._ In

(4) then crystallized by layering with ether. comparison with the geometry of the P atoms in HMPN, it is
Molecular Structure of the Free Base HMPN (3).Single interesting to observe that the arrangement of the corresponding

crystals were obtained by crystallization from hexane. The Ponds in [HMPN+ H] ™ is closer to the ideal tetrahedron.

molecular structure is shown in Figure 3, while selected bond ~ TO describe a degree of the tetrahedral deformation, it is
lengths and angles are given in Table 1S of the Supporting USeful to introduce the deformation index TD:

Information. Theoretical B3LYP/6-31G* results are presented
in Table 4S.

The molecular structure df is close toC, symmetric with
only small deviations from ideal symmetry as a consequence
of the steric repulsion between the P(NMegroups. Interest-
ingly, and in contrast to the guanidine proton sponges, TMGN
and DMEGN, the P(NMg3 groups are only slightly out of plane
from the naphthalene ring. Within the geometry of a distorted

6
TD (%) = 0.944[ |(a — 109.5)] (%)

whereg; (given in degrees) denotes one of the six bond angles
of the tetrahedral atom. A factor 0.944 is obtained by defining
the most distorted tetrahedron, 1R, as the one possessing
three equivalent bonds forming the bond angles of. 90

(42) (a) Llamas-Saiz, A. L.; Foces-Foces, C.; Molina, P.; Alajarin, M.; Vidal, @PPears that the P atoms in the initial HMPN base have a

A.; Claramunt, R. M.; Elguero, JI. Chem. Soc., Perkin Trans.1B9], substantial tetrahedral distortion of 41.4%. In contrast, the
1025-1031. (b) Llamas-Saiz, A. L.; Foces-Foces, C.; Elguero, J.; Molina, . .
P.; Alajarin, M.; Vidal, A.J. Chem. Soc., Perkin Trans.1®91, 1667- phosphorus atom in the protonated HMPN belonging to the

1677. (c) Llamas-Saiz, A. L.; Foces-Foces, C.; Elguero, J.; Molina, P.; directly attacked phosphazene fragment has a TD value of only
Alajarin, M.; Vidal, A. J. Chem. Soc., Perkin Trans.1®91 2033-2041.

(d) Laynez, J.; Mehredez, M.; Velasco, J. L. S.; Llamas-Saiz, A. L.; Foces-  13.7%. Its phosphazene counterpart (partially protonated through
Foces, C.; Elguero, J.; Molina, P.; Alajarin, M.; Vidal, A. Chem. Soc., i i i

Porkin Trans 21093 700715, (¢} Llamas.Saiz, A L. Foces Foces. C.: an intramolecular hydrogen bond) is deformed twice as much
Elguero, J.; Aguilar-Parrilla, F.; Limbach, H.-H.; Molina, P.; Alajarin, M.;
Vidal, A.; Claramunt, R. M.; Lpez, C.J. Chem. Soc., Perkin Trans. 2 (43) Einspahr, H.; Robert, J. B.; Marsh, R. E.; Roberts, JA@a Crystallogr.
1994 209-212. 1973 B29 1611-1617.

15740 J. AM. CHEM. SOC. = VOL. 127, NO. 45, 2005
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Figure 3. Molecular structure of HMPNJ). Hydrogen atoms were omitted for clarity. Projection is perpendicular to the naphthalene ring plane (A) and
along the C(6)-C(5) vector (B).

Figure 4. Molecular structure of [HMPN+ H]"[PFg]~ (4). Hydrogen atoms and RF anion were omitted for clarity. Projection is perpendicular to the
naphthalene ring plane (A) and along the G{6)Y5) vector (B).

as reflected in a TD value of 26.9%. It is interesting to observe separated in théH and3'P{H} NMR spectra already at room
that the latter denotes an intermediate distortion between thetemperature and can be used for an estimation of g
neutral (41.4%) and directly protonated phosphazene (13.7%)value. Even at high temperatures (%5, CD;CN, 500 MHz),
value. This is a signature of the partial protonation effect no intermolecular proton exchange is observed betv@eand
observed earlier in the protonated TMGN and related proton 4, indicating low kinetic basicity of3. After addition of the
spongess:38.39 reference bas®; and its protonated formP + H][PFRg] -,
By influence of the IHB, the nonbonding distance between the signals o3 and4 are still separated at room temperature.
the nitrogen atoms N(1) and N(2) is reduced to 256.8(3) pm, The experimentallggi+ value of HMPN could be estimated to

and the naphthalene ring becomes close to planar. 29.94 0.2 from integration of the separated individual aromatic
NMR Studies and pKgn+ Value. The H NMR spectrum of resonance signals of and 3, which is in accord with the

the IHB of [HMPN + H]*[PFs]~ (4) exhibits a triplet adny integrals from3P NMR signals of3 and 4 (for details, see

= 15.0 ppm (CRCN) with 2J4_p = 4.9 Hz. Furthermore, the ~ Supporting Information, Table 3S).

31p{1H} NMR spectrum of4 reveals a singlet for equivalent HMPN (3) andP; both form stable hydrates with excess of

nuclei, due to a rapid intramolecular proton exchange betweenD20, namely, 8 + D]*aJOD] aq and [Py + D]*adOD] aq

both nitrogen atoms. As expected, protonation3ofo 4 is Hydration is accompanied with characteristic deshielding of the

accompanied with deshielding of thé# NMR signals (17.8 > NMR signals of the deuterated species. Protonated forms

ppm in3 vs 33.9 ppm i4). of 3 andP; do not show any hydrolysis or decomposition with
The experimental lggy+ value of3 was determined from the :

correspondingH and“'P(H} NMR spectra n iansprotonation (%9 (&) ober, =3 chery S Cher, comnag?s 4, ) sl A

reactions*~46 As reference base, the phosphazene HjN)sP= R. W.; Goode, N. C.; Miller, N.; Hibbert, F.; Hunte, K. P. P.; Robbins, H.

NtBu] (Py) with a pKey* value of 28.35 was used.The signals H 90 Am. Chiom, S6cio78 100 8230 8544, (&) Laimer, W, M.

of HMPN (3) and [HMPN + H]*[PFRs]~ (4) are sufficiently Rodebush, W. HJ. Am. Chem. S0d.92Q 42, 1419-1433.

(46) Saupe, T. Ph.D. Dissertation, University of Heidelberg, 1985.
(47) Schwesinger, R.; Willaredt, J.; Schlemper, H.; Keller, M.; Schmidt, D.;
(44) Cookson, R. FChem. Re. 1974 74, 5—28. Fritz, H. Chem. Ber1994 127, 2435-2454.
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D0, even at the elevated temperature ofCOHowever, under
very basic conditions (KOH/ED/DMSO-ds), HMPN slowly

E(D) + E(5) = 2E(18) + Ejy(1) (1a)

decomposes to several unidentified products with a conversiong(1 + H)+ +E(5) =

of approximately 50% after 4 days at 70. Exposure of HMPN
to an excess of NKCI/CDsCN does not lead to bis-protonated
3, whereas DCI/RO, 37 wt %, leads to the bis-protonated
sponge [HMPN+ 2 D]2[CI] —,. After 7 days at 70C, nearly
complete decomposition to an unidentified mixture of products
was recorded byP NMR.

The nucleophilic character & was examined by addition
of excess @Hsl (ca. 15 equiv)3 was completely converted to
a 1:4 mixture of protonated3[+ H]*[I] = and monoalkylated
[3 + Et]*[l] ~ after 2 days at room temperature. NMR experi-
ments clearly show that only one of the two imino nitrogen
atoms is prone to alkylation under these conditions (see
Supporting Information). In the same experiméhtreacts more
slowly with GHsl to a 3:2 mixture of protonated/alkylated
product.

Theoretical Calculations

The density functional calculations at the B3LYP/6-313-
(2df,p)//B3LYP/6-31G* level indicate the cationic resonance
assisted intramolecular hydrogen bonding observed e#tfig#®
Itis reflected in a partial protonation of the N&P(1) bond as

revealed by changes in the bond distance and bonding param-_q 7 and—9.5 kcal/mol

eters, which are similar to that occurring in the directly
protonated N(2rP(2) bond, albeit to a smaller extent. This

E(la+ H)" + E(1a) + Ez(1 + H)" (1b)

E(2) + E(5) = 2E(2a) + E, 4(2) (2a)
EQ+H)" +E(®) =
E(2a+ H)" + E(2a) + E,,z(2+ H)" (2b)

E(3) + E(5) =2E(3a) + E, 4(3) (32)

EB+H)" +E(5)=
E(3a+ H)" + E(3a) + E,;5(3+ H)" (3b)

Here Eing(n) denotes the steric interference of two basic
groupings inl, 2, and3, whereasEjyg(n + H)* (n =1, 2, or

3) denotes the energy of the intramolecular hydrogen bonds.
Energies are calculated by the B3LYP/6-313(2df,p)//B3LYP/
6-31G* model. It appears that the interference destabilization
energies in the initial bas&s(1), Eint(2), andEns(3) are 6.1,
5.6, and 14.1 kcal/mol, respectively, implying that steric strain
in HMPN is by far the largest.The IHB stabilization in conjugate
acidsE|HB(1 + H)+, EIHB(2 + H)+, EIHB(S + H)+ are—12.8,
respectively. Proton affinities of
monosubstituted naphthalenes are Pé\(= 226.4, PARa) =
248.6, and PAZa) = 250.5 kcal/mol. To estimate the influence

cooperative proton chelating effect renders the bisphosphazeng,t ihe naphthalene spacer on the PA of the basic functionalities,

more basic than Schwesinger's set of ghosphazene bases.
The proton affinity of HMPN in the gas phase is 274.1 kcal/
mol according to B3LYP/6-31tG(2df,p)//B3LYP/6-31G*
calculations taking into account thermal corrections estimated
by the B3LYP/6-31G* method. This is 13.9 kcal/mol higher
than PA of R-tBu and almost the same as PA cftBu (being
274.4 kcal/moly® The NMR titration experiments yieldqg+-
(MeCN) = 29.9+ 0.1 (vide supra), implying that HMPN is

we have calculated proton affinities of MdH, (MeN).C=

NH, and (MeN)sP=NH. They are 221.0, 248.6, and 256.9 kcal/
mol in the same order. It appears that naphthalene substitution
increases basicity of MBIH, leaves it unchanged in (M§).C=

NH, and decreases it in (MN)3sP=NH, which is an interesting
finding. The increase in proton affinity of the disubstituted bases
1-3 relative to the corresponding reference monoderivatives
la—3ais given byEp(n) — Epg(n + H)T, wheren = 1, 2,

the most basic representative of this class of proton sponges.;,q3. They are 18.9, 15.3, and 23.6 kcal/mol, respectively. It

Theoretical calculation ofisy* in acetonitrile performed using
the isodensity polarized continuum motéP and procedure
described elsewhet®! yields Kgy+(MeCN) = 29.1, in

follows that the high basicity of the title compound, HMPN, is
a consequence of the appreciable intrinsic basicity of its
monoderivative (PAfa) = 250.5 kcal/mol-despite a decrease

reasonable agreement with measurements. Although the PAut g 4 kcal/mol caused by naphthalene itseihd a large steric

values in the gas phase for HMPN and tB2- are almost the
same, HMPN is, by 4§, units, less basic than,®Bu. This is
presumably because of a chelating effect and the inability of

strain in3 (14.1 kcal/mol) combined with a moderately strong
intramolecular hydrogen bond i3 f- H]* (9.5 kcal/mol).

solvent to approach the protonated part of the molecule, which Conclusion

results in smaller energy of solvation of the protonated form,
thus leading to smallerk.

It is of interest to examine the interplay of the steric strain in
HMPN and the intramolecular hydrogen bonding in its conjugate
acid HMPN" in order to compare it with that in DMAN and
TMGN. For that purpose, we shall make use of the following
homodesmot®? reactions, wheré represents for free naph-
thalene:

(48) Kovacevic, B.; Baric, D.; Maksic, Z. BNew. J. Chem2004 28, 284—
288

(49) Wiberg, K. B.; Rablen, P. R.; Rush, D. J.; Keith, T.JAAm. Chem. Soc
1995 117, 4261-4270.

(50) Foresman, J. B.; Keith, T. A.; Wiberg, K. B.; Snoonian, J.; Frisch, M. J.
Phys. Chem1996 100, 16098-16104.

(51) Kovacevic, B.; Maksic, Z. BOrg. Lett.2001, 3, 1523-1526.

(52) George, P.; Trachtman, M.; Bock, C. W.; Brett, A. Metrahedron1976
32, 317-323;J. Chem. Soc., Perkin Trans.1®76 1222-1227.
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HMPN, a new 1,8-diaminonaphthalene-based bisphosphazene

proton sponge, with the highest thermodynamic basicity reported
so far, has been synthesized and fully characterized by hybrid-
izing Alder’'s concept of proton chelators with Schwesinger’'s
phosphazene basic unit. The structure of this superbase and its
protonated form has been investigated by X-ray crystallographic
analyses and theoretical B3LYP calculations. The estimated
proton affinity by the B3LYP/6-311G(2df,p)//B3LYP/6-31G*
method is 274.1 kcal/mol, and the predictéd, palue in MeCN
is 29.1. The latter is corroborated by the NMR measurements
of transprotonation reactions, which gaveka(@®eCN) = 29.9.
The origin of superbasicity is identified as a combined effect
of a large strain inherent in the base (14.1 kcal/mol) and the
intramolecular H-bond strength in the final conjugate acid (9.5
kcal/mol).
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Figure 5. Monosubstituted naphthalene counterpaeis2a, and3a, which
serve as reference compounds.

Experimental Section

General. All reactions and manipulations were carried out under

argon using standard Schlenk techniques or in a conventional nitrogen-

filled glovebox. Solvents were purified according to literature proce-

1,8-Bis][tris(dimethylamino)phosphoranylideneammonium]-
naphthalene hexafluorophosphate, [3+ H]"[PF¢]~ (4). HMPN (3)
(230 mg, 0.48 mmol) and N/PFs (77 mg, 0.48 mmol) were dissolved
in CHsCN (20 mL) and stirred fo2 h atroom temperature. After
evaporation of the solvent3[+ H]"[PFs]~ was obtained as colorless
needles by layering C4€N solution with ether in 95% yield (219 mg,
0.45 mmol). Mp 195-196°C. H NMR (500.1 MHz, CRCN, 25°C):
0 =15.0 (t,J4-p = 4.9 Hz, 1H,H—N=P), 7.24-7.20 (m, 4H Haroma),
6.65-6.61 (M, 2H,Haroma), 2.74 (d,3J4—p = 9.9 Hz, 36 H, Gi3). 1°C-
{*H} NMR (125.8 MHz, CCN, 25°C): ¢ = 144.5, 137.9, 127.2,
120.6, 114.5, 114.4 (€aroma), 37.8 (d,2c—p = 3.2 Hz,CHj). 31P{1H}
NMR (202.5 MHz, CRCN, 25°C): 6 = 33.9 (s,P=N), —143.2 (sept,
Jp_g = 706 Hz,PFs"). IR (KBr, cm®): v = 3299 (w), 1606 (w),
1577 (m), 1516 (w), 1338 (w), 1299 (m), 1182 (m), 1132 (w), 1098
(w), 1066 (w), 1052 (w), 991 (s), 875 (w), 849 (s), 780 (w), 765 (m),

dures and kept under inert atmosphere. 1,8-Diaminonaphthalene was750 (w), 739 (w), 669 (w), 596 (w), 557 (m). MS (El, 70 eVin/z

purified by sublimation. NEPF and NHl (Acros), P (Fluka), and
DCI/D,O (Aldrich) were used as purchased.

Analytical data were collected on the following apparatus: melting
points, Bichi MP B-540 (uncorrected); NMR, Bruker ARX 200 and
DRX 500 (chemical shifts referenced td (6 1.94) and'*C (6 1.32)
residual signals of CECN); IR, Bruker IFS 88 FT; MS, Varian MAT
CH-7a (El, 70 eV) and Finnigan MAT 95S (70 eV); elemental analysis,
Heraeus CHN-Rapid.

Tris(dimethylamino)bromophosphoniumbromide, [P(NMe)3sBr]-

Br. %3 Tris(dimethylamino)phosphine (4.94 g, 30 mmol) in dry benzene
(30 mL) was slowly added to a stirred solution of bromine (4.80 g, 30
mmol) in the same solvent (40 mL) under cooling in an ice bath. After
1 h of stirring at room temperature, a yellow precipitate was collected.
The precipitate was washed with dry ether and dried in vacuo to give
95% (9.2 g, 26 mmol) [P(NM#gsBr]Br in the form of a white powder.
1H NMR (200.1 MHz, CRCN, 25°C): 6 = 2.79 (d,2Jy—p = 13.5 Hz,
18H, CHa). 31P{1H} NMR (81.0 MHz, CQXCN, 25°C): 6 = 53.5.
1,8-Bis|[tris(dimethylamino)phosphoranylideneamino]naphtha-
lene, HMPN (3). 1,8-Diaminonaphthalene (317 mg, 2.00 mmol) and
[P(NMey)sBr]Br (1280 mg, 3.96 mmol) were suspended in dry
chlorobenzene (30 mL). After addition of triethylamine (800 mg, 1.10
mL, 8.00 mmol), a clear beige solution and a yellowish residue
developed. The reaction mixture was stirred for 5 days &@then
cooled to room temperature. For deprotonation, a solution of sodium
bis(trimethylsilyl)amide ([NaN(SiMg)]; 1541 mg, 8.40 mmol, 4.2
equiv) in toluene was slowly added with subsequent stirring for 12 h
at room temperature. After filtration, the brown solution was evaporated
to dryness. Extraction with hot hexane followed by crystallization
yielded 43% (410 mg 0.25 mmaB)as slightly yellow prisms. Mp 156
°C.H NMR (500.1 MHz, CQCN, 25°C): ¢ = 6.89 (dd3Jy—1 = 7.8
Hz,3y—n = 7.4 Hz, 2H,Haroma), 6.75 (d,23u—n = 7.8 Hz, 2H,Haroma),
6.33 (d,%J-n = 7.4 Hz, 2H,Haroma), 2.68 (d,3Ju—p = 9.3 Hz, 36H,
CHa). 3C{*H} NMR (125.8 MHz, COCN, 25°C): ¢ = 151.6 (d,
2Je—p = 5.0 Hz, Caroma), 139.6, 126.1, 116.3, 116.2, 115.9 Gyoma),
37.9 (d,2Jc-p = 4.0 Hz,CH). 3*P{*H} NMR (202.5 MHz, CRCN,
25°C): 0 = 17.8. IR (KBr, cnl): » = 2879 (m), 2837 (m), 2792
(m), 1549 (s), 1451 (s), 1435 (s), 1392 (s), 1366 (m), 1352 (m), 1293
(s), 1196 (s), 1133 (m), 1060 (m), 981 (vs), 816 (m), 753 (m). MS
(EI): Ca2Ha2NgP2 requiresn/z 480.3008, accurate mass found 480.3001.
MS (El, 70 eV): m/'z (%) = 480 (89) [M]", 393 (93), 348 (32), 319
(9), 186 (13), 119 (100). Elemental analysis calcd (%) fesHzNsP-
(480.58): C54.98, H 8.81, N 23.32; found, C 55.23, H 8.97, N 22.36.

(53) Prepared similar to BRBr: Lee, K.-W.; Singer, L. A.J. Org. Chem.
1974 39, 3780-3781.

(%) = 480 (20) B, 393 (2), 348 (2), 186 (6), 119 (28), 44 (100).
Elemental analysis calcd (%) for.£43NsFePs (626.55): C 42.17, H
6.92, N 17.88; found, C 41.51, H 6.68, N 17.37.

X-ray Structure Analyses. Crystal data and experimental conditions
are listed in Table 2S. The molecular structures are illustrated as
ORTEP* plots in Figures 3 and 4. Selected bond lengths and angles
with standard deviations in parentheses are presented in Table 1S.

The reflections were collected with a STOE IPDS2 area detector
and corrected for Lorentz, polarization, and absorption effects. Both
structures were solved by direct methods and refined by full-matrix
least-squares methods 68.5° 3: Hydrogen atoms were located and
refined with isotropic thermal parametess. Hydrogen atoms have
been calculated and refined with fixed isotropic thermal parameters
except HQ), which was found and isotropically refined. ThegRé&n
adopts a 2-fold disordéf.
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