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The coordination chemistry of silver(l) with the nitrogen-bridged ligands (CeHs),PN(R)P(CeHs), [R = H (dppa); R
= CHj; (dppma)] has been investigated by 3P NMR and electrospray mass spectrometry (ESMS). Species observed
by 3P NMR include Ag,(u-dppa)?*, Agz(u-dppa)?*, Aga(u-dppa)s?*, Aga(u-dppma)?*, Agx(u-dppma),?*, and Ag-
(n%-dppma),*. Species observed by ESMS at low cone voltages were Aga(dppa)?*, Agz(dppa)s?*, Agz(dppma),?*,
and Ag(dppma),*. (CeHs),PN(CH3)P(CsHs), showed a strong tendency to chelate, while (CgHs),PN(H)P(C¢Hs),
preferred to bridge. Differences in the bridging versus chelating behavior of the ligands are assigned to the Thorpe—
Ingold effect, where the methyl group on nitrogen sterically interacts with the phenyl groups on phosphorus. The
crystal structure of the three-coordinate dinuclear silver(l) complex { Ag,[(C¢Hs),PN(H)P(C¢Hs),]3} (BF4). has been
determined. Bond distances include Ag—Ag = 2.812(1) A, Ag(1)-P(av) = 2.492(3) A, and Ag(2)-P(av) = 2.509-
(3) A. The compound crystallizes in the monoclinic space group Cc at 294 K, with a = 18.102(4)°, Z = 4, V =
7261(3) A3, R = 0.0503, and Ry, = 0.0670.

Introduction typically been reported in square planar and octahedral
coordination environments. The ability to form relatively
stable four-membered chelate rings has been shown to give
catalysts that are superior to those of larger rihgs.
Replacement of the methylene protons with R groups (R
= alkyl) has long been known to favor cyclization in organic
chemistry (the Thorpelngold andgemdialkyl effects; the
former refers to an angle change on substitution, while the
latter refers to acceleration of the cyclizatidnh bisphos-
phine-metal coordination chemistry, substitution by methyl
groups for hydrogen at the methylene carbon of dppm to

The coordination chemistry of the hydrocarbon backbone
bisphosphine ligand BRCHPPh (dppm) has been widely
studied and has shown great versatility as a ligahédxhibits
a great ability to bridge metal centers in faidonding mode,
forming bi--? and polynuclear complexes, the latter formed
in the presence of a suitable capping ligdn@helating
behavior, i.e., theg>-bonding mode, has also been commonly
observed;* and some complexes with the ligand in thie
bonding mode have also been reportéd.

The four-membered chelate rings formed by dppm are
known to be highly strainetithough several reports of them  (4) (a) Mishra, A.; Agarwala, U. Cinorg. Chim. Actal99Q 170, 209.
have been made in the literature. These complexes have ) Lindsay, C. H.; Benner, L. S.; Balch, Inorg. Chem.198Q 19,

3505.
(5) (a) Carriedo, G. A.; Carmen Crespo, M.; Diaz, C.; Riera, V.
*To whom correspondence should be addressed. E-mail: hillwil@ Organomet. Chem199Q 397, 309. (b) Canno, M.; Campo, J. A;;
mail.auburn.edu. QOvejero, P.; Heras, J. horg. Chim. Actal99Q 170, 139. (c) Canno,
(1) (a) Chaudret, B.; Delavaux, B.; Poilblanc,Gord. Chem. Re 1988 M.; Campo, J. A.; Perez-Garcia, V.; Gutierrez-Puebla, E.; Alvarez-
86, 191. (b) Haiduc, I.; Silaghi-Dimitrescu, Coord. Chem. Re 1986 Ibarra, C.J. Organomet. Chenl99Q 382 397.
74, 127. (c) Puddephatt, R. Chem. Soc. Re 1983 99. (6) (a) Dossett, S. J.; Gillon, A.; Orpen, A. G.; Fleming, J. S.; Pringle, P.
(2) (a) Benson, J. W.; Keiter, E. A.; Keiter, R. . Organomet. Chem. G.; Wass, D. F.; Jones, M. @hem. Commur2001, 699. (b) Angelici,
1995 495, 77. (b) Jacobsen, G. B.; Shaw, B. L.; Thornton-PettJM. R. J.Acc. Chem. Red995 28, 51, and references therein.
Chem. Soc., Dalton Tran4.987 1509, and references therein. (c) (7) (a) Shaw, B. LJ. Organomet. Cheni98Q 200, 307. (b) Beesley, R.
Jacobsen, G. B.; Shaw, B. L.; Thornton-Pett, MChem. Soc., Dalton M.; Ingold, C. K.; Thorpe, J. FJ. Chem. Socl915 107, 1080. (c)
Trans.1987 1489, and references therein. Cope, A. C.; Friedrich, E. CJ. Am. Chem. Sod.968 90, 909. (d)
(3) Bera, J. K.; Nethaji, M.; Samuelson, A. Gorg. Chem.1999 38, Shaw, B. L.J. Am. Chem. Sod975 97, 3856. (e) Jung, M. E;
218. Gervey, JJ. Am. Chem. S0d.991, 113, 224.
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give 2,2-bis(diphenylphosphino)propane results in the ligand ometries, i.e., ligand to metal concentratid) /Cy) ratios
having a significantly greater propensity to form stable four- by variable-temperaturéP{*H} NMR and ESMS.
membered chelate rings than dpprReplacement of one Using the silvetr-phosphorus coupling constarft§Ag—
methylene hydrogen on dppm by a methyl group to give 3'P) obtained in the variable temperatétg{ 'H} NMR study
1,1-bis(diphenylphosphino)ethane (1,1-dppe) also results inof the various silverbisphosphine systems in situ, the Ag-
a ligand with chelating properties much like the well-known (1) coordination numbers were identified. In some cases in
chelating ligand dpp@. this study the'®’Ag—3'P and!®®Ag—3'P splittings were not
The coordination chemistry of the nitrogen-containing resolved before solubility problems set in. Based on the
backbone bisphosphine ligand bis(diphenylphosphino)amine,*J(Ag—3'P) values observed and those proposed previdtisly,
PhPNHPPh (dppa; isoelectronic with dppm), and its i.e., 500, 316-321, and 224230 Hz, for two-, three-, and
alkylated analogues, primarily bis(diphenylphosphino)m- four-coordinate silver(l), respectively, silver(l) here existed
ethylamine, PsPN(Me)PPh (dppma), has received increas- in solution in various coordination numbers ranging from 1
ing attention, summarized in three excellent review artitles. to 4 with the ligands at temperatures of 295 K to as low,
Dppa’s bridging versus chelating behavior viz-a-viz dppm where solubility permitted, as 213 K. The coordination of
is still a matter of contention, and there have been differing the ligands to silver resulted, in all cases, in a downfield
opinions as to which ligand is better for the different bonding shift, as is the general case in the coordination of phos-
modest! Dppa has further been cited as especially attractive phinest
for metal coordination because the greater acidity of itd-N ESMS involves the gentle transfer of ions from solution,
proton over the methylene protons of dppm has been foundwith little or no fragmentation, to the gas phase followed by
to promote functionalization reactions on the ligand back- conventional mass analysis methd8&£SMS has increas-
bone’? In a fashion analogous to the dimethyllation of the ingly found utilization in the analysis of inorganic and
methylene bridge of dppm and its effect on chelation ability, organometallic complexes in solutiéh.The electrospray
it has been found that methylating the-N group of dppa mass spectral peaks are identified from the most intense peak
to give dppma gives superior chelation (over dppa) in the in the observed isotopic mass distribution. Silver with its
square-planar platinum(ll) complex&s. two isotopes®’Ag and'®®Ag of almost equal abundance (52
We report a3P{H} NMR and an electrospray mass and 48%, respectively) eases the elucidation of the number
spectrometric (ESMS) investigation of the effect of alkylation ©f silver atoms contained in the complexes. The experimental
at the nitrogen bridge on the coordination chemistry of dppa and calculated isotopic mass distributions were in excellent
and dppma with Ag(l). Ag(l) was chosen as the metal for agreement.
coordination because it forms linear, triangular, and tetra-  Variable-Temperature *'P{*H} NMR Studies of dppa
hedral complexes and the magnitudes of'thg-» coupling and AgBF,. From results of the variable-temperature study
constants have been related to the geontétRurthermore  Of silver(l) with dppa given in Table 1, increasing tle/
there are few reports of four-membered chelate rings in the Cu ratio led to higher coordination numbers as evidenced
tetrahedral environment. by the decreasingJ(Ag—3'P) values observed. Variations
We also report the crystal and molecular structure of the IN C/Cu ratios form one- {J(Ag—*'P), ca. 746-796 Hz),
dinuclear silver, triple bis-phosphine bridged cation JAg ~ tWo- ({J(Ag—*'P), 523-576 Hz), and three-coordinate

dppal?*. (YJ(Ag—2'P), ca. 326-354 Hz) complexes with dppa.
Complexes atypical in the Muetterties and Alegranti sciéme
Results and Discussion are those withJ(Ag—23*P) values in the 740796 Hz range,

) o and the complex with dppa that had}Ag—P) of 171 Hz.
The range of Ag(l) complexes with the non-coordinating Complexes witHJ(Ag—P) > 700 were observed at lo@;/

BF, counteranion produced in solution by the ligands dppa Cu ratios and were assigned as a one-coordifiattver(l)
and dppma was investigated in solution at different stoichi- complex, [Ag(u-dppa)E*, while the latter observed atGi/

: — Cw ratio = 4.0, and resolved at low temperature, showed a
(8) (a) Barkley, J. V.; Ellis, M.; Higgins, S. J.; McCart, M. Krgano-

metallics1998 17, 1725. (b) Barkley, J. V.; Grimshaw, J. C.; Higgins,  SIIVEr—phosphorus coupling identical to that reported by
S. J.; Hoare, P. B.; McCart, M. K.; Smith, A. K. Chem. Soc., Dalton

Trans.1995 2901. (15) Garrou, P. EChem. Re. 1981, 81, 229.

(9) Vila, J. M.; Gayoso, M.; Torres, M. L.; Fernandez, J. J.; Fernandez, (16) (a) Dole, M.; Mack, L. L.; Hines, R. L.; Mobley, R. C.; Ferguson, L.
A.; Ortigueira, J. M.; Bailey, N. A.; Adams, H.. Organomet. Chem. D.; Alice, M. B. J. Chem. Phys1968 49, 2240. (b) Yamashita, M.;
1996 511, 129. Fenn, J. BJ. Phys. Chem1984 88, 4451. (c) Whitehouse, C. M.;

(10) (a) Bhattacharyya, P.; Woollins, D. Bolyhedron1995 14, 3367, Dreyer, R. N.; Yamashita, MAnal. Chem1985 57, 675. (d) Kebarle,
and references therein. (b) Balakrishna, M. S.; Reddy, S. V; P.; Tang, L.Anal. Chem1993 65, 972.
Krishnamurthy, S. S.; Nixon, J. F.; Burckett St. Laurent, J. C. T. R. (17) (a) Hopp, C. E. C. A.; Saulys, D. A.; Gaines, D.IRorg. Chem.
Coord. Chem. Re 1994 129 1, and references therein. (c) Witt, M.; 1995 34, 1977. (b) Ahmed, I.; Bond, A. M.; Colton, R.; Jurcevic,
Roesky, H. W.Chem. Re. 1994 94, 1163, and references therein. M.; Traeger, J. C.; Walter, J. N.. Organomet. Cheni993 447, 59.
(11) Bachert, I.; Braunstein, P.; McCart, M. K.; Fabrizi de Biani, F.; Laschi, (c) Colton, R.; James, B. D.; Potter, |. D.; Traegar, Jinorg. Chem.
F.; Zanello, P.; Kickelbick, G.; Schubert, U. Organomet. Chem. 1993 32, 2626. (d) Bond, A. M.; Colton, R.; D’Agostino, A.; Harvey,
1999 573 47, and references therein. J.; Traeger, J. Anorg. Chem.1993 32, 3952. (e) Aliprantis, A. O;
(12) Bachert, |.; Bartusseck, |.; Braunstein, P.; Guillon, E.; Rose, J.; Canary, J. WJ. Am. Chem. S0d.994 116, 6985.
Kickelbick, G.J. Organomet. Chen1999 580, 257. (18) (a) Attar, S.; Alcock, N. W.; Bowmaker, G. A.; Frye, J. S.; Bearden,
(13) Browning, S. C.; Farrar, D. Hl. Chem. Soc., Dalton Tran4995 W. H.; Nelson, J. HInorg. Chem.1991, 30, 4166, and references
521. therein. (b) van der Ploeg, A. F. M. J, van Koten, G.; Spek, A. L.
(14) Muetterties, E. L.; Alegranti, C. W. Am. Chem. So&97Q 92, 4114. Inorg. Chem.1979 18, 1052.
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Table 1. Variable-Temperaturé'P{'H} NMR Study of AgBR and Bis(diphenylphosphino)amine (dppa)

CL/Cy ratio O(P) b ppm 1J(Ag—P), Hz rel area temp, K AQCNe assigned struct

0.5 66.3 740 0.75 263 1 [AG-L)] 2
63.4 527 0.25 263 2 [Ag(u-L)2%"
66.6 796 0.58 238 1 [Adu-L)]%+
63.4 527 0.42 238 2 [Ag(u-L)2]2*
66.3 779 0.53 228 1 [Adu-L)] 2+
63.3 528 0.47 228 2 [Ag(u-L)2%"

1 63.9 528 1 295 2 [Ag(u-L)7]2+

1.25 63.5 5248 0.84 273 2 [Ag(u-L),]2
56.4 327 0.16 273 3 [Ag(u-L)3]2
63.5 523 0.82 253 2 [Ag(u-L)2]2*
56.1 327 0.18 253 3 [Ag(u-L)g 2"
63.5 523 0.81 233 2 [Ag(u-L)2]2*
56.2 326 0.19 233 3 [Ag(u-L)3)2"

1.5 63.6 576 0.05 295 2 [Afu-L)7]2
56.5 354 0.95 295 3 [Adu-L)3)2+
63.2 548 0.09 253 2 [Adu-L)2]%*
56.5 349 0.91 253 3 [Adu-L)3]%*

2 56.6 349 0.67 253 3 [Atu-L)3)2"
53 461 0.05 253
22.5 e 0.28 253

4 54.3 f 0.09 253
51.5 171 0.47 253 3 [Ag-L)3]+
26.9 e 0.05 253
21.7 e 0.28 253

a(0.5—-0.8) x 103 M (based on expected complex; see Experimental Section) solutions in methylene chloride, &CGicetone (see Experimental
Section).? Relative to 85% HPQu. ¢ Ag' coordination number discerned frod(Ag—P) value.d 1J(197Ag—P). Spectra resolved well enough to discern this
coupling.© Single sharp peak Broad peak

Table 2. Electrospray Mass Spectral Results at a Cone Voltage of 20

; _ 1 +
Peringer and co-workef$, for [Ag(n dppm)g] , and was V for Solutions of AgBR and Dppa at Various Ligand to Metal Raftos

thus assigned similarly.

The 3P NMR spectrum of an isolated sample at 253 K Cu/Cu  [AgaLd™ [Ag2L 4™ Aot 2™ otherd
from theC_/Cy, ratio = 1.0 showed the second-order effects 0.5 493 (100) 102%8(28;
of long-range coupling and resolution BfAg—P and!°®- 1.0 493 (100)  685.5 (34) 1023(0)
Ag—P coupling HJ(*"Ag—P), 524 Hz1J(***Ag—P), 603 Hz; 15 493 (8) 685.5 (100) 1376:(L0)
O0(3'P), 63.5 ppm). The spectrum along with a simulated 1822 gigg
spectrum led to the assignment as the dinuclear doubly 40 685.5 (100)  879<10) 1447 <10)
bisphosphine-bridged complex [Ag-dppa}]?". This di- 1406 (<10)
nuclear, double-bridged framework has been reported in the 1870 (<10)
solid state for analogue dpp#h?! \ .a Reported asnz (relative intens3ity); iolvent, CIEN/H.0, 59550 vol

The three-coordinate compleXJ(*°’Ag—P), 326 Hz;o- (/i’l%?f]f{;nfg?ﬂgg)Ooin';lvleor'mk(jl%7 jﬂ,ésggﬁég;lfgé%g)?E(;,Z'Lj(f"?

(3P), 56.5 ppm) was assigned the manxane-like binuclearH)*;1406 (<10), AgL s(H,0)OH*; 1447 (<10), AgpL 3(CH:CN)(H0)OH.
triply bridged framework [Ag(u-dppa}]?" as its dmpm (bis- - ) .
(dimethylphosphino)methane) and dppm analogues were in(dPP&}]*" complex, inferred from the experimental and
solution using variable-temperat#® NMR22and found calculated isotopic patterns. Minor (base peak intensity, bpi
in the solid-state for dpp#hand in agreement with its solid- = 10%) peaks and their assignments are listed in Table 2.
state structure found in this work. Four-coordinate silver(l) All Species observed a+t this voltage wer2e+der|ved from the
was not observed with dppa. complexes [Ag(dppa)ft and [Ag(dppa})?". These were
ESMS of dppa and AgBF. Table 2 summarizes the the same two complexes (for the same ligand:metal ratio)

species observed in ESMS for the dppa and AgRktures observed in solution by'P NMR.

: At a cone voltage of 35 V an additional peakz = 985
at a cone voltage of 20 V. The dppa and AgBfixture, . .
C./Cy = 0.5, in a 50 vol % acetonitrile/water solution at a (53%) assigned as [Aflppa)(dppa-H)] (where dppa-H is

cone voltage of 20 V showed no significant peaks below gje deprotonalted dp?%tovgi\;]e an r?\(;nide brii:ge)_aggeared.
m/z = 300. The mass spectrum was dominated by the peak y @ cone voltage of 65 V the amide specrag = 985

_ - . : Aga(dppa)(dppa-H)] was the dominant peak. At cone
t miz = 493, which d to the binuclear jAg |
atmz which was assigned to the binuclear {Ag voltages of 65110 V, a host of solvent cluster and

fragmentation species was observed with the [Ag(dppa)]

(19) Obendorf, D.; Probst, M.; Peringer, P.; Falk, H.; Muller, INChem.

Soc., Dalton Trans1988 1709. fragment dominant at 110 V.

(20) (a) Ho, D. M.; Bau, Rnorg. Chem.1983 22, 4073. (b) Tiekink, E. i — ;
T. Acta Crystallogr.199Q C46, 235. (c) Sekabunga, E. J.; Hill, W. The as&gpmenF for the peak miz = 985 merits some
E. Unpublished work. further consideration. An/z = 985 peak could have been

(21) F>H0|nﬁ, 34,; Vi/gé?i;euliég?; Mak, T. C. W.; Zhou, Z.; Wu, D,; Li, S.  the singly charged [Agdppa)] ™ complex in which one silver
olynhedron. A 3 . . .
(22) Degn, P. A. W.; Vittal, J. J.; Srivastava, R.Gan. J. Chem1987, atom was reduced, i.e., from Ag(l) to Ag(0). This would

65, 2628. render the total charge of1 on the complex. This would
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Figure 1. Electrospray mass spectrum of a DPPA/AgB#Rixture, C./Cy = 1.0, at a sampling cone voltage of 20 V.

be consistent with what has been reported to occur in FAB mass spectrometry is no longer a reliable mirror of the
(fast atom bombardment) mass spectroscopy, i.e., that FABsolution species.
provides an essentially reducing environmé&riReports of The electrospray mass spectrum of an aqueous acetonitrile
reduction occurring during electrospray mass spectrometry solution of a dppa and AgBFmixture (C./Cy = 1.0) at a
have been made by Curtis et #ifor Eu(lll) to Eu(ll), and  cone voltage of 20 V is shown in Figure 1, Table 2. The
Allen et al.?5 for CU(”) to CU(') and CO('”) to (”) The dominant peaknq/z = 493 was assigned as [é(gppa)]z‘*',
latter group reported increased reduction with increasing conea major peak at/z = 686 (displayed with an insert of the
voltage. A comparison here of the experimental isotopic massexperimental and calculated isotopic mass distributions)
distribution with that calculated for the reduced species and assigned as [Agdppa)]?*.
the deprotonated species showed a match with the latter Figure 2 shows the experimental isotopic mass distribu-
species. Thus, at higher collisional energies (i.e., at morejynq of peakm/z = 493 in theC,/Cy = 1.0 mixture from
energetzic collisions with solvent molecules), the {Ag sampling cone voltages of 20, 45, and 50 V. At 20 V the
. . .
(dppa)]** complex lost a proton to yield the amide [Ag oy perimental isotopic mass distribution agreed closely with
(dppa)(dppa-HJ". This phenomenon was observed for the ¢ caiculated for a binuclear species. By a cone voltage of

2+ 20 idi .. . .
[Ag2(dppm}] complelx,. © where the Qnset 9f the acidity 45V there was a clear transition from a binuclear species to
occurred at greater collisional energies in the ion source (cone

- \v7'"=a mononuclear species. By a cone voltage of 50 V, the
voltages of ca. 65 vs 35 V observed here). The qualitative 5,00 clear fragment was predominant, as judged by close
implication of this comparison is that the amine proton of

. . agreement of the observed and calculated isotopic mass

dppa is more acidic than the methylene proton of dppm, a yigtributions. Thus, it was determined that cone voltages from

well-accepted fact. 20 to 30 V caused minimum fragmentation and were the
Thus, as collisional energies increased, the,{Agpa)]>* best complement to NMR studies.

complex was transformed into the more stable amide At a cone voltage of 20 V the species observed were, or

complex [Ag(dppa)(dppa-H)j, which has ionic interactions were derivatives of, the complexes [Adppa}]?" and [Ag-

in addition to the coordination bonds holding the silver and (dppa)]?*, species observed P NMR in this work. At

phosphorus together. Appearance of this phenomenon canys v/ the amide complex [Agdppa)(dppa-H)] was observed

be taken as a sign of the onset of fragmentation of the silver along with [Ag(dppaj]*. Both species were not observed
bisphosphine complexes and thus a signal that electrosprayoy the®'P NMR studies and probably result from the onset

of fragmentation in the ion source.
(23) Bignozzi, C. A.; Bortolini, O.; Curcuruto, O.; Hamdan, Morg. Chim. .
Acta 1995 233 113 and references therein. The species observed at cone voltages of 50 V and above

(24) F?U?S& M Dergiclé, P. J.;(:?]§hnil, aAi;ggzorzlﬁ)tfnltg]% E.; Gallagher, are the result of fragmentation in the gas phase. To test this
A e apman, J. Hnhorg. im. Act . s . .
(25) AllenC. SPChuang, C. Lf’ Cornebise, M. Canary, JNdrg. Chim. proposmon., i.e., that these species are a result of gas-phase
Acta 1995 239, 29. fragmentation, an excess of formic acid was added to the
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By a cone voltage of 35 V, the [A{dppa}]?" complex
00 932 still showed the dominant peak aivz = 686 though
] appreciable amounts of the deprotonated complex was
observed. Above cone voltages of 50 V, only fragmentation
products were observed.
An aqueous acetonitrile solution of a dppagBF, mixture
20V wzz 12 (CL/ICy = 4.0) at a cone voltage of 20 V was also
- investigated (Table 2). The aim of this was to have an excess
of ligand and thus favor the possible formation of the bis-
chelate [Ag(dppa]*. The spectrum was dominated by the
peakm/z = 685 assigned as [Afdppa)]?*.
Thus, the dominant complexes identified in solution by
0duzs ’\-\__.__._._ Ouie ESMS at conditions of minimum fragmentation, i.e., a cone
S T g T _ ds w0 voltage of 20 V, are [Agdppa}]?" and [Ag(dppa}]?*
£JS95 1(1.133) . Scan ES+ (Table- 2).
'°°1 : a2, 34606 Variable-Temperature 3P NMR of dppma and AgBF,.

e Three types of silver(frdppma complexes were observed
4831 in solution (Table 3), based oWd(*°’Ag—3'P) values, i.e.,
ca. 745, 524, and 221 Hz. These were identified as the one-,
495 1

two-, and four-coordinate silver(l) complexes, respectively.
Three-coordinate silver(l) complexes were not detected.
The one-coordinate silver(l) compled(*°’Ag—31P) = 745
Hz, (3'P) = 82.7 ppm, was assign&dhe structure [Ag-
(u-dppma)}*, while the two-coordinate compleXJ(*°’Ag—
31p) = 524 Hz,6(®'P) = 81.5 ppm, whosé'P NMR spectra
showed second-order coupling effects, was assigned the
2 ’m"m T m structure [Ag(u-dppmay]?*. 'I_'he s?mulated spectra showed
coupling constant values identical to those of }&g
dppa}]?". The four-coordinate silver(l) complex was as-
100- 820 4wt signed as the mononuclear bis-chelated j&eippma)]?*,

a framework observed previously with dpte.
ESMS of dppma and AgBF. Table 4 summarizes the
species observed in ESMS at cone voltage, 20 V for aqueous
Yo

a5V

acetonitrile solutions of dppma and AgBmixtures C./
Cv = 0.5-2).

At C./Cy = 0.5, the mass spectra at the low fragmentation
\‘ cone voltages of 20 and 35 V were dominated byrtiie=
\ 4981 507 peak assigned as [Xdppma)]?t with lesser amounts

of [Ag2(dppma)(BF,)]*, m'z= 1101 (Table 4). At a cone

voltage of 50 V the fragment [Ag(dppmad)]m/z = 507,
became the base peak and [Ag(dppiia)n/z = 907 (31%),
emerged as a significant peak. The latter species was
considered here as a fragmentation product in the presence
of the former. From a sampling cone voltage o300 V
mixture to suppress any amide formation in solution. This e mass spectra were dominated by [Ag(dppmaid [Ag-
acidified solution was then run at a cone voltage of 80 v, (dPPM&Y™. . .
the cone voltage at which the amide [Adppa)(dppa-H)] .Notlceably absent here_and indeed for all thg ESMS stu_d|es
showed maximum intensity. The result, in which there was With dppma was what is analogous to amide formation
no suppression of the amide peakratz = 984, clearly observed for the dppa complexes, i.e., the Io§s of the methyl
showed that this fragmentation, in the form of amide 9roUP from dppma under harsh fragmentation conditions.

formation, was a gas-phase phenomenon, i.e., a case of gas! This was in agreement with the well-established fact that
phase acidity. the proton is a much better leaving group than the methyl

The electrospray mass spectrum of an aqueous acetonltrlleg
solution of dppa and AgBHC,/Cy = 1.5) at a cone voltage
of 20 V (Table 2) was dominated by the peakz = 686

. P . .
aSSIQned as [Aﬂdppa);] ; this was in agreement with the (26) Berners Price, S. J.; Brevard, C.; Pagelot, A.; Sadler,|Rody. Chem.
3P NMR results. 1985 24, 4278.

0V
4931

") : Da/e
ABD A4S0 491 492 493 494 495 406 487 498 489

Figure 2. Fragmentation of [AgDPPAY]?" in electrospray mass
spectrometry monitored between sampling cone voltages ©620/.

The C./Cy = 1.0 and 1.5 mixtures gave mass spectra that
were essentially similar from the standpoint of species
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Table 3. Variable-Temperaturé'P{'H} NMR Study of AgBR and Bis(diphenylphosphino)methylamine (dppria)

C./Cy ratio O(P)? ppm 1J(Ag—P), Hz rel area temp, K Agl CN assigned struct
0.5 83.2 733 0.82 263 1 [Agu-L)]2"
82 540 0.18 263 2 [Aglu-L) 2]+
82.7 749 1 213 1 [Ag(u-L)]2
1 81.5 524 1 295 2 [Ag(u-L)2]2*
81.5 524 1 213 2 [Ag(u-L)2]2*
15 81.7 524 0.53 295 2 [Ag(u-L)2]2*
89.3 22¢ 0.47 295 4 [Ag?-L)5]
2 81.3 560 0.07 295 2 [Au-L)2]%"
89.4 221 0.93 295 4 [Agg?-L)2] "

2(0.5-0.8) x 103 M (based on expected complex; see Experimental Section) solutions in methylene chloride, &0CGicetone (see Experimental
Section).? Relative to 85% HPOy. ¢ Ag* coordination number discerned frold(Ag—P) value.d 1J(207Ag—P). Spectra resolved well enough to discern this

coupling.

Table 4. Electrospray Mass Spectral Results at a Cone Voltage of 20
V for Solutions of AgBR and Dppma at Various Ligand to Metal
Ratio$

intact complex [Ag(u-dppma)f™ was not detected by ESMS.
It is an interesting note that dppa like dpffnforms the
dinuclear one-, two-, and three-coordinate complexes with

Cu/Cu [AgaL2]?* [AgL 2" others silver(l). Dppma on the other hand forms the dinuclear one-,
2-8 gg; (188) 007 (12 1111C’011<(11f2 two-, and mononuclear four-coordinate complexes with
' (100) (12) 1051 (<(10)) silver(l) much like the two-carbon interdonor phosphorus
637 (<10) backbone ligand, dpp&°
L5 507 (56) 907 (100) 1015110%318; The nonformation of the mononuclear bis-chelated four-
1448 (<10) coordinate silver(l) complex, [Ag(dppr}), was explained
2.0 907 (100) as being due to ring straifi.lt was pointed out that dppm

aReported asn/z (relative intensity); solvent, C¥N/H,O, 50:50 vol
%; concentration of silver, x 1073 M. 637 (<10), unassigned; 1051
(<10), AgL(H-0)(OH)*: 1101 (<10), AgL,BF4+; 1448 (<10), AgL s
(H,0)OH.

observed. AC /Cy = 1.0 under mild conditions (sampling
cone voltages of 20 and 35 V), [A@ppma)]?>" and its ionic
cluster derivative [Ag{dppma)(BF4)]* dominated the spectra
with minor amounts of [Ag(dppma])” present. AIC, /Cy =
1.5, under mild conditions, [Ag(dppmd) dominated the
mass spectra, with lesser amounts of j@gpma)]?*

chelate rings show-PM—P or chelate bite angles generally
ranging from 67 to 74 this being much lower than the ideal
tetrahedral angle of 10@nd causing an excessive strain on
the four-membered ring. The same may be said about dppa
here.

Further, an analogous observation where 2,2-bis(diphe-
nylphosphino)propane (2,2-dppp) shows greater propensity
to chelate than dppm in octahedral Ru(ll) complexes has been
reported in the literatur®. This was attributed to the fact
that complete replacement of hydrogen at the methylene

present. An interesting feature of the mass spectra was thecarbon by the more bulky methyl groups would greatly

absence of [Agdppma)]?" or any of its ionic cluster
derivatives, which was in agreement with its absencérn
NMR.

The mass spectra of th€ /Cy = 2.0 mixtures were
dominated by then/z= 907 peak assigned as [Ag(dpprjd)

enhance the stability of the four-membered chelate ring. This
cyclization effect has been known in carbon ring chemistry
for a number of years and is discussed as Thetpgold
andgemdialkyl effects?

Since the nitrogen atom is smaller than the carbon atom,

from the mild conditions at cone voltages of 20 and 35 V nitrogen chemistry should be significantly affected by methyl
up to the harsher fragmentation voltage of 80 V. The known groups. This methyl group effect has been used to explain

fragmentation product [Ag(dppmd)pppeared at 80 V.

the cyclopalladation of dimethylbenzylamiffe,chemistry

The ESMS results are clearly seen to agree with those ofthat was not observed with benzylamifi€. This methyl
the 3P NMR solution studies at the softer ionization (low group effect was observed in the present study when
cone voltage) conditions, where the gas-phase fragmentatiorcomparing the coordination of dppa and dppma to Ag(l).
is minimal. Of possible interest here was the observation The formation of the stable bis-chelated [Ag(dppsita) of
that those ligands which underwent deprotonation in their probable tetrahedral geometry in solution and the nonobser-
complexes under harsh fragmentation conditions in ESMS; vance for the analogous dppa case was thus attributed to a
i.e., dppni® and dppa were the ligands not seen to chelate methyl group effect on the nitrogen backbone of dppma. This

to Ag(l) in solution by®'P NMR. The complexes identified

is not unlike the Thorpelngold andgemdialkyl effects

in solution by ESMS at conditions of minimum fragmenta- known for carbon. This cyclization effect has steric origins.

tion, i.e., a cone voltage of 20 V, are [Adppma)]*" and
[Ag(dppma}]* (Table 4).

Two factors, an entropy factor and an enthalpy factor, have
been identified as responsible for this alkyl effécCon-

The 3P NMR and ESMS evidence agree to the existence sidering the two ligands dppa and dppma, the latter has more

in solution at the differentC /Cy ratios of the dppa
complexes [Ag(u-dppa)F*, [Aga(u-dppa)|*", and [Ag(u-

hindered rotation about the-™ bond due to the steric
interaction of the methyl group on the backbone N and the

dppa})?". The dppma complexes discerned by both tech- phenyl groups on the P atoms. As a result, the loss of internal

niques are [Agu-dppma)]?" and [Ag@>-dppma)]?t. The
1210 Inorganic Chemistry, Vol. 41, No. 5, 2002
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than in dppa. The enthalpy factor arose from the fact that

the increase in the number of gauche interactions that occur N

on chelation is less for dppma. This is because the methyl

group in dppma increased the gauche interactions in the ‘1 2,
v J

ligand over those in dppa. Indeed, a comparison of the Pt-
(1) coordination chemistry with dppa and dppma revealed

that though both ligands form stable bis-chelated square-
planar complexes with the metal, dppma was reported to be
the superior chelatdf

Dppa, however, has been shown to chelate in the solid
state and solution in the monochelate tetrahedral Cu(l)
complexes [Cuf?-dppa)(PPk,]"™NOs;~ and [Cug?-dppa)-
(CN)PPR]?™, where the chelate bite angles were 70.8 and
71.4, respectively, a large deviation from the ideal. The
P—N—P angles are 109.3 and 107%.9espectively, a
considerable distortion from the ideal trigonal-planar angle
expected at the Sihybridized nitrogen and the angle of
118.9 observed in the free ligard.

From this work it appears that Ag(l) in its highest
coordination numbers with these short-backbone bidentate
ligands was either three-coordinate (i.e., the dinuclear triply
bridged [Ag(P~P)]?") or four-coordinate (as the bis-
chelated mononuclear complex [AgiP)]™) but did not
show both coordination modes for a ligand. Dgffvand
dppa form the former complex while dfeand dppma form
the bis-chelate. One can envisage the following alternative
coordination schemes:

Ag" + excess P= [Ag(5*-P~P)]* (1)

Ag" + excess PP < [Ag,(u-P~P)]*" 2)
. pigl TN
The chelation (i) was dominant if ring strain could be Figure 3. (a, top) ORTEP diagram of [ADPPAR2". (b, bottom)
minimized, either by the formation of a five-membered ring ORTEP diagram of the core of [A(DPPA)]?* (view along the Ag-+Ag
as with dppe or by a Thorpengold effect with dppma. In ~ 2is)-
cases where the ring strain was untenable, i.e., dppa and . .
dppm, (ii) the favored chelation was overcome and the complex. Two OFh?rSl;"‘gre with dppm and 2,6-bis(diphe-
dinuclear triply bridged ring formation took precedence. ni/lphtosplh;no)pyrldln%;PCrr?istil structurﬁs of all S|r8|lar
Structure of [Ag2(dppa)s](BF4).:H2O. The crystal struc- structural type, [M(’_" K" owever, have aiso been
ture of the cationic complex [A¢dppa)]?* from [Ags- rep_or_ted for Au_(l) Wlth RP=2,6-l_)|s(d|phenylphosph|no)-
(dppa)](BF2)2H,0 is shown in Figure 3. The complex pyrld!ne%and bis(dimethylphosphino)methane, dmﬁrﬁ_d-
consists of two essentially trigonal-planar Aghhits in a (0) with P(OPRN(Me)P(OPhy* and dppnt?and Pt(Il) with

34
nearly eclipsed configuration that are bridged byNP—P dppm:
moeties of the dppa ligands in a paddlewheel arrangement 1he P-Ag—P angles (Table 5) range between 109.6(1)

about the two metal centers with no imposed symmetry but @1d 127.1(1); the average value about each silver atom is
with roughDs symmetry for the cations. This is illustrated 120.0, showing the trigonal character. This var|alt|on differs
in Figure 3b. A twist about the barrel axis of 2X3yas ~ ffom the [Ag(u-dppm)]?" cation where each silver was
observed. reported in exactly ideal trigonal-planar geomeétrylhis
This “manxane’-like structure was deduced previously in average PAg—P angle is comparable to those observed in

solution by3'P NMR for the [Ag(u-dppm}]?* catiort® and

- +2 inn22 ic i i (29) Kuang, S.; Zhang, L.; Zhang, Z.; Wu, B.; Mak, T. C. Worg. Chim.
th_e [Agz(?{: dmpm)]*2 cation?? This is also in agreement_ Acta 1698 284 278,
with the 1P NMR and ESMS structural assignment in this (30) Shieh, S. J.; Li, D.: Peng, S. M.; Che, C. M.Chem. Soc., Dalton

work, and one of a few reported crystallographic determina- Trans.1993 195. ,
tions of a binuclear silver triply bis-phosphine bridged ©V fgggclhfzvg_” Prelati, M.; Ludwig, W. Chem. Soc., Chem. Commun.
(32) Balakrishna, M. S.; Krishnamurthy, S. S.; Murugavel, R.; Mathews,
(27) (a) Ellermann, J.; Knoch, F. A.; Meier K. J.; Moll, M. Organomet. I. I.; Nethaji, M. J. Chem. Soc., Dalton Tran$993 477.
Chem.1992 428 C44. (b) Noth, H.; Fluck, EZ. Naturforsch1984 (33) Kirss, R. V.; Eisenberg, Rnorg. Chem.1989 28, 3372.
37h 744. (34) Manojlovic-Muir, L.; Muir, K. W.; Grossel, M. C.; Brown, M. P.;
(28) Ellermann, J.; Knoch, F. A.; Meier K. Z. Naturforsch.1991 46B Nelson, C. D.; Yavari, A.; Kallas, E.; Moulding, R. P.; Seddon, K. R.
1699. J. Chem. Soc., Dalton Tran$986 1955.
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Table 5. Selected Bond Angles and Lengths for Aappa}BFa 2.987 A2 reported for [Ag(u-dppm)]2*. We thus have here
Bond Lengths, A the shortest reported AgAg distance in these binuclear bis-
AgElg---A(g()Z) 2.812((1)) P((lzz;Nglg 1.691§103 phosphine-bridged complexes. However, this intermetallic
Ag(1)—P(L 2.528(3 P(ON(2 1.688(10 ; ; ; ; ;
AP ) 2267(3) PEING3) 1676(9) distance is Ipnger than in some of the bm_uclgar silver
Ag(L)—P(3) 2.482(3) P(4YN(1) 1.705(10) complexes bridged by N-donor ligands. A contributing factor
Ag(2)—P(4) 2.522(3) P(5yN(2) 1.695(10) to the Ag--Ag separation in [Ag(u-dppa}]?" being shorter
29(2)—P(5) 2.509(3) P(6YN(3) 1.725(9) than in [Ag(u-dppm}]?t despite the latter ligand having a
9(2)—P(6) 2.497(3) .
smaller P-X—P, where X= N (dppa) or C (dppm) in the
A2 AG(1)P(L g;’”zdlAnglesF; de% - 12351 complexes, is the nonbondeet P distance. Using geometry,
Aggzg— ASB—P% 92:68 P§§§N?{)2P(§)) 123:08 we estimate the +P distances in the complexes to be 2.987
Ag(2)—Ag(1)—P(3) 93.0(1)  P(2XN(2)-P(5) 125.1(6) and 3.050 A for [Ag(u-dppa})?* and [Ag(u-dppmy]?,
P(1)-Ag(1)~P(2) 123.3(1)  P(3)N(E)—-P(6) 121.8(5) respectively. There is no AgF contact less than 4 A; one

P(1-Ag(1)-P(3)  109.6(1)  Ag(P(1)-N(1)  115.7(4) :
POAG)-PE)  1274(1)  AQIPR-NQ)  112.3(3) was 4.49 A to Ag(2) and another just v A to Ag(1).
Ag(1)-Ag(2)-P(4)  93.9(1)  Ag(L}P(3)F-N(3)  112.0(3)

Ag(1)—Ag(2)—P(5) 88.4(1)  Ag(2yP(4-N(1)  111.9(4) Conclusions

Ag(1)-Ag(2)—P(6 85.9(1)  Ag(2}P(5)-N(2 113.9(4

p(gé)_)Ag(gz()_)p(é)) 121_021)) Ag((gp&;gﬁgg 112_9%4; This work has addressed the relation between ligand to
P(4)-Ag(2)-P(6) 115.5(1) metal stoichiometry in solution and tHéP NMR Ag—P

coupling constant, hence the coordination number of the Ag-

the mononuclear silvermonodentate phosphine complexes (}) and the effect on coordination behavior of methylating
Ag(PPh)sBF,* and [Ag PPh(CsHe)} 3] (BF4) **in whichthe  the backbone in these bisphosphinoamines. ESMS at low
net Ag_FBFg interaction was described as somewhat weaker Samp“ng cone V0|tages reinforced tﬁ@ NMR structural
than the weak CuFBF; coordination observed in Cu(PHh assignments. Dppa formed one-, two-, and three-coordinate
BF.. The P-N—P angles of the coordinated |igands range Comp|exeS, while dppma formed one-, two-, and four-
from 121.8(5) to 125.1(6) averaging 123:3 This slight  coordinate complexes, observations made for dppm and dppe,
deviation from that found for the free ligand (118% and respectively. The maximum coordination number of Ag(l)
the ideal for sfrhybridized nitrogen suggests minimal strain  as three or four, and none of the ligands showed both. The
due to some Ag-Ag repulsive interaction. The AgP—N methylation at the bridging N is clearly seen to effect
angles range from 111.9(4) to 115.A4averaging 1131 cyclization, here observed as the formation of the stable bis-
This was close to that expected for phosphorus in a chelated [Ag@-P~P)]* with dppma in solution, a complex
tetrahedral environment and points to the lack of strain. The not formed with dppa. This Thorpdngold effect on the
analogous Ag-P—C angle for [Ag(u-dppm)]*" is 111.5.2 nitrogen, i.e., the smaller-"™N—P bond angle obtained by

The Ag—P bond lengths (Table 5) vary from 2.467(3) to  alkylation of nitrogen, results in favored formation of a four-
2.528(3) A. The average AgP bond lengths for each silver  membered ring, a ring size well-documented to be highly
are 2.492 the 2.482 A, slightly longer than the 2.482 Ain strained. This phenomenon may have practical applications
[Ag2(u-dppm)]**.2* These bond lengths are slightly shorter where the variation of ring size causes changes in a desired
though comparable to the average-4g length of 2.54 A property and the ring size of four is required.
found in Ag(PPB)sBF,% and 2.545 A found in the [Ag- The manxane-like solid-state structure of jdppa}]?*
{PPh(CsHg)}s] ™ cation®® The average AgP distance  was indeed that proposed independently by the Pefhger
observed in the [Agdppa)]** was shorter than the expected and Dea® groups for the dppm and dmpm analogues in
Ag—P bond length of 2.62 A for a purely-bond, this  solution and determined by Mak and co-workéfer dppm
indicating some d—o* interaction between silver and phos- in the solid state. The [Agdppa)]?* here has the shortest

phorus as was observed in the fARPH(CsHo)} 5]~ cation® reported Ag--Ag separation for a binuclear silver(l) bis-
An average P-N bond Iength of 1.697 A is observed in phosphine br|dged Comp|ex_

the [Ag 2(u-dppa}]?" complex cation, indistinguishable from _ _
the 1.692 A found in the free ligarfd,and is somewhat Experimental Section

shorter than the accepted 1:71.80 A for the purely P-N Materials. Silver(l) tetrafluoroborate and dppma were synthe-
.o-bond.. This once again is indicative Of. some-ehr sized. Dppa was obtained from Hokko Chemical (Japan) and used
interaction between the phosphorus and nitrogen. as received. Heptamethyldisilazane and chlorodiphenylphosphine

The Ag++Ag separation of 2.812(1) A for [A{u-dppa)]?* were purchased from Aldrich Chemical Co., Inc. Microanalyses
is virtually that found in metallic silver, i.e., 2.889 A, much were performed by Atlantic Microlab, Inc., Atlanta, GA.
shorter than twice the van der Waals radius, 3.48 gut Physical Methods.Proton NMR spectra were recorded on a
I|eS W|th|n the range Of reported d|StanceS for blnuclear Ag_ Bruker AC 250 multinuclear Spectrometer Opel’ating at 250 MHz.
. . . . 31
() complexes reported in the literat#®® This separation ~ 1he P NMR spectra were recorded on a Bruker AC 250
is shorter than that found in the dinuclear doubly bridged multinuclear spectrometer operating at 101 MHz and (for variable-

Aga(u-dppm) and Ag(u-dmpm) core complexes and the (38) (a) Karsch, H. H.; Schubert, Z. Naturforsch.1982 37b, 186. (b)
Cotton, F. A.; Feng, X.; Matusz, M.; Poli, B. Am. Chem. So4988

(35) Camalli, M.; Caruso, Anorg. Chim. Actal987 127, 209. 110, 7077. (c) Munakata, M.; Maekawa, M.; Kitagawa, S.; Adachi,
(36) Baiada, A.; Jardine, F. H.; Willett, R. Inorg. Chem199Q 29, 4805. M.; Masuda, H.Inorg. Chim. Actal99Q 167, 181. (d) Fenske, D.;
(37) Bondi, A. J.Phys. Chem1964 68, 441. Baum, G.; Zinn, A.; Dehnicke, KZ. Naturforsch.199Q 45B, 1273.
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temperature studies) a Bruker AM 400 multinuclear spectrometer Hz. Anal. Calcd (found): C, 49.69 (49.34); H, 3.66 (4.02); N, 2.42

operating at 162 MHz. The internal standard fbr was tetram-
ethylsilane (TMS); the external standard &P spectra was 85%
H3PQ,. Chemical shiftsd) were reported in parts per million (ppm)
with peaks downfield of the standard given positive values. GDCI
and aceton@s were used as internal lock solvents. Spectral
simulations for [Ag(dppa)]?" and [Ag(dppma)]?" used the
PANIC®%program PANNICAL using the X part of the statistical
sum of the AAX X, spin systems for thé?’Ag—107Ag, 197Ag—
10949, and 1°°Ag—19%Ag combinations in a manner reported
previously8b40The simulated spectra were not optimized due to
the inability of the program to handle spin systems of such
complexity, but changing the calculated coupling constants led to
dramatic changes in the calculated spectrum.

Electrospray mass spectra were recorded on a VG Trio 2000

quadrupole mass spectrometer with a water/acetonitrile (50:50) (U(Ag—
H: 4.86 (4.86); N, 2.72 (2.58). Mp: 17, dec.

mobile phase. Calculations for assignments of peaks were base
on 197Ag, 11B, 12C, 19F 1H, 14N, 160, and3p.

Crystal structure determination was performed on a Nicolet
R3m/V diffractometer.

Preparation of Silver(l) Tetrafluoroborate, AgBF . In a
centifuge tube 1.58 g (8.63 mmol) of 48% aqueous KB&s added
to 1.00 g (4.31 mmol) of AgD. The black silver oxide dissolved
with effervescence. The tube was centrifuged and the clear colorles
supernatant transferred to a 25 mL round-bottomed flask. A portion

of methanol was added and the water/methanol mixture removed

by vacuum. The white product was dissolved repeatedly in acetone
and the solvent was removed in vacuo. AgB& white solid that

is light- and moisture-sensitive, was then dissolved in acetone or
diethyl ether to ease its handling and the silver content determined

by titration with standard ammonium thiocyanate solution with Fe-
(1) indicator.* The silver(l) solution was stored in the dark.
Preparation of Bis(diphenylphosphino)methylamine. Hep-
tamethyldisilazane (6.3 mL, 0.030 mol) was placed in a 500 mL
round-bottomed flask and to this was added 20 mL of hexane.
Chlorodiphenylphosphine (11.0 mL, 0.060 mol) was added to the
flask followed by another 30 mL of hexane. The flask was

S

(2.33). Mp: 157°C, dec.

The following were synthesized as above with the appropriate
molar ratios of silver(l) and ligand.

(b) [Agz(dppa)s](BF4)22H,0. Yield: 78%. 6(3'P): 56.5(d)
(AJ(*97Ag—31P), 350 Hz). Crystals suitable for X-ray crystallography
were grown in methylene chloride. Anal. Calcd (found): C, 54.68
(54.84); H, 4.27 (4.36); N, 2.66 (2.61). Mp: 18€, dec.

(c) [Ag2(dppma),](BF4)2. Yield: 60%. 6(31P): 81.5(d) {J(*°"
Ag—31P), 524 Hz). Calcd coupling constant&3(1°’Ag—P), 529
Hz; 1J(*°Ag—P), 610 Hz3J(1°7Ag—P),3J(1°°Ag—P),2J(P~P), 183
Hz. Anal. Calcd (found): C, 50.54 (51.74); H, 3.91 (4.31); N, 2.36
(2.98). Mp: 165°C, dec.

(d) [Ag(dppma),](BF4)-2H.0. Yield: 78%. 6(3P): 89.4(d)
31p), 221 Hz). Anal. Calcd (found): C, 58.33 (58.22);

Variable-Temperature 3P{1H} NMR Studies. Appropriate
molar amounts of ligand dppa or dppma dissolved in methylene
chloride were added to an acetone solution of AgBda. 0.200
M) to yield mixtures with ligand concentratio; :Ag concentra-
tion, andCy ratios ranging from 0.5 to 4.0. Solutions of solvent
composition typically 59% methylene chloride, 40% CRGInd
1% acetone were made up as (8®8) x 102 M on the basis of
the expected complex. The expected complexes for the va@iagus
Cw ratios were as follows; AgP~PY" for C.:Cy = 0.5, Ag-
(P~P)2t for C.:Cy = 1.0, Agp(P~P)?*" for C..Cy = 1.25,
Aga(P~P)?" for C.:Cy = 1.5, and Ag(P-P),* for C.:Cy = 2.0.

The solutions were run in situ at temperatures ranging from room
temperature down to 213 K. Temperature calibration utilized
methanol.

Electrospray Mass Spectrometry.The sample solutions were
prepared by dissolving the appropriate molar ratios of AgBIF
acetone and the ligand in methylene chloride to give a1103
M solution based on expected complex. The solutions were then
diluted 10 times with a 50:50 water/acetone mixture.

The electrospray mass spectra were recorded with a VG Trio

incorporated into a simple distillation apparatus and the side product2000 quadrupole mass spectrometer with a water/acetonitrile (50:

chlorotrimethylsilane (bp 57C) distilled off. The thick brown ail
remaining in the boiling flask was dissolved in hot toluene (100
mL) with stirring and filtered while hot to give a clear orange-
yellow solution. The solvent was reduced to about a third by rotary
evaporation, resulting in a cloudy solution from which the white
crystalline product precipitated on standing at© overnight.
Yield: 5.3 g, 44%.0(3'P): 73.5.0(*H): 7.35 (m), 2.40 (t). Anal.
Calcd (found): C, 75.17 (74.88); H, 5.82 (5.96); N, 3.51 (3.55).
Mp: 112°C.

Synthesis of CompoundsAll of the compounds reported here
are hygroscopic.

(a) [Ag2(dppa)z](BF 4)2. A solution of dppa (0.385 g, 1.00 mmol)
dissolved in 10.0 mL of methylene chloride was added to a solution
of 5.00 mL of 0.200 M AgBE in acetone. The solution was stirred
for 15 min after which 5.0 mL of hexane was added, turning the
clear solution cloudy. The solvent was removed in vacuo to give a
white crystalline solid (0.42 g, 72% yield)(3'P): 63.5(d) {J(*°"-
Ag—31P), 524 Hz). Calcd coupling constant&J(1°7Ag—P), 529
Hz; 1J(1°Ag—P), 610 Hz3J(1°/Ag—P),3J(*°°Ag—P),2J(P~P), 183

(39) Parameter adjustment by numerical iteration calculation.

(40) Bovey, F. A.Nuclear Magnetic Resonance Spectros¢dpyd ed.;
Academic Press: San Diego, 1988; pp +B35.

(41) Vogel, A. |. Quantitatve Inorganic Analysis2nd ed.; Longman:
London, 1951; pp 734 and 256-7.

50) mobile phase. A Waters M-45 micro-LC syringe pump delivered
the mobile phase into which sample solutions (£.Q0~* M) were
injected via a Rheodyne injector with a 40 sample loop, to the
vaporization nozzle of the electrospray ion source at a flow of 3
uL min~1. The analyte solutions were sprayed with nebulizing
nitrogen gas from the tip of a stainless steel needle at 3.40 kV
toward the sampling cone through a countercurrent flow of drying
nitrogen. Sampling cone voltages were varied from 20 V (generally
the minimum to maintain a stable ion spray) to 110 V. Generally
at cone voltages of 50 V and above, collisions with solvent
molecules within the ion source resulted in fragmentation of the
silver—bisphosphine complex ions. Typically-82 signal-aver-
aged spectra were sufficient to give mass spectra with good signal-
to-noise ratios. The instrument was calibréfedth poly(ethylene
glycol) (300:600:1000 mixture) and horse heart myoglobin. Theo-
retical isotopic mass distributions were obtained with Isotope Pattern
Calculator Version 1.6.63

Instrument Settings. Needle voltage, 3.40 kV (2.80 kV for
experimental isotopic mass distributions); repeller voltage, 0.38 kV
(0.28 kV for experimental isotopic mass distributions); sampling

(42) Fissions Instrument¥G Trio-2000 Research Grade Mass Spectrom-
eter, Users GuideVG Biotech: Altrincham, U.K., 1995.

(43) Arnold, L. Isotope Pattern CalculatorVersion 1.6.6; Chemistry
Department, University of Waikato: Hamilton, New Zealand, 2001.
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cone voltage, 26110 V; lens voltages, 63 and 12 V; electrospray ca. 90 and the P-Ag—P angles were all ca. 120All other non-
source temperature, 6@C; pressure, mass analyzer region, 2.0 hydrogen atoms were located in difference maps following refine-
10 mBar. ment of this partial structure. The and z coordinates of Ag(1)
X-ray Crystallographic Structure Determination of [Ag »- were fixed in order to define the origin. The phenyl rings were
(dppa)sl(BF4)2H,0. Crystals of X-ray crystallographic quality ~ refined as rigid groups assumiig, symmetry withde-c = 1.395
were obtained by the slow diffusion of hexane into a 0.20 M A anddc_ = 0.960 A. During the solution stage, one peak not
solution of [Ag(DPPA)](BF.), in methylene chloride. The crystal ~ connected with the cation or either anion was located. This was
was mounted on the end of a glass fiber. The unit cell was refined as the oxygen atom of a water molecule. All nongroup atoms
determined by centering 25 reflections in thgrange of 17-28°. were refined anisotropically. After this refinement, the structure
Data were collected using thef#26 scan technique and  Was inverted to test the enantiomorph. The inverted structure refined
processed on a computer-controlled four-circle Nicolet R3m/v 10 R=0.0504 vs 0.0513 for the original choice; we therefore report
crystal diffractometer with Mo & radiation. A summary of the  the inverted structure. The hydrogens on N and O were not apparent
crystallographic data is given in Table S-1 of the Supporting in the final difference map and were not included in the final
Information. Two reflections established as standards were checked€finement; there may be one hydrogen bond between water and a
routinely for deviations of positions and intensities after every 100 F on one BE". Again, small peaks suggestive of minor disorder
reflections. Lorentz and polarization corrections and empirical @Ppeared around F(1), F(2), F(3), and F(4); we did not attempt to
absorption corrections based $hscans were performed. System-  'efine this disorder.
atic absences were consistent with space gfaufno. 9) andc2/c Supporting Information Available: Table S-1, listing the
(no. 15). Intensity statistics favored the noncentrosymmelic structure determination summary; Table S-2, listing the atomic
Pseudosymmetry complicated the early efforts to solve the coordinates and equivalent isotropic displacement coefficients;
structure. A satisfactory starting point, derived in the space group Table S-3, listing the bond lengths; Table S-4, listing the bond
Ccvia direct method$! consisted of the two Ag atoms and P atoms  angles; Table S-5, listing the anisotropic displacement coefficients;
bound to one silver, chosen so that the-Agg—P angles were all  Table S-6, listing the H-atom coordinates and isotropic displacement

coefficients. This material is available free of charge via the Internet

(44) All calculations employedSHELXTL PLUS VMS program package  at http:/pubs.acs.org.
Release 4.11; Siemens Analytical X-ray Instruments, Inc.: Madison,
WI, 1990. Based on SHELX (Sheldrick, G. M.). 1C010661C
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