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Abstract

Reactions between AgX (X = ClO,, NO;) and ylides of the type Ph,P=CHC(O)R
(R = Me, Ph, OMe, OPh) in the molar ratio 1/2 lead to complexes
[Ag{CH(PPh;)C(O)R},1X; X-ray structure determinations have been carried out on
two such complexes (R = OEt, X = C10, and R = OPh, X = NO,). Two of the silver
ylide complexes react with [Au(acac)(PPh;)] (acac = acetylacetonate) in the molar
ratio 1/2 to give complexes [Ag{C(PPh;)(CO,R)AuPPh,)},]CIO, (R = Me, Et).

Introduction

Three types of ylide complexes of silver(I) have been reported: (i) mononuclear
neutral [AgCl(Y)] for Y = Ph,PCH, (1}, (Ph,;P),C [2]; (ii) mononuclear cationic
[Ag(Y),]CI for Y = Ph,PCH,, Ph,PCHMe, Ph,PCH!Pr (3], Me,PCH(SiMe,) [4];
(iii) dinuclear neutral complexes [Ag,{(CH,),ERR"},] for E=P, R =R’ = Me [5],
R=R =Ph and R=Me, R"=Ph [4], R+ R'=(CH,)s [6], E=As, R=R'=Me
[7]. The small number of such complexes contrasts with the large number known for
gold(D) [8].

We have recently shown [9] that carbonyl-stabilized phosphorus ylides can be
used to prepare stable gold(I) and gold(III) complexes in spite of their low
basicity /nucleophilicity. The effect of a third resonance form (c), in addition to the
usual ylide (a) and ylene (b) forms, is probably responsible for the low nucleophilic-
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ity and for the ability of such ligands to act also as O-donors [10].
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Here we report the synthesis of a series of stable complexes [Ag(Y),] . which are
the first with carbonyl-stabilized phosphorus ylides, and the X-ray structures of two
of them.

Results and discussion

Reactions between AgClO, or AgNO; and the ylides Ph,P=CHC(O)R (Yy) in
OMe (3), OFt (4); X = ClIO, (a), NO, (b)]. These complexes are stable in the sohd
state and in acetone or dichloromethane solution if protected against davlight.

Acetone solutions are conducting, but the molar conductivities of solutions of 1b
and 2b are lower than expected for uni-univalent electrolytes (100-133 £ ' em”

Table 1

Analytical and other data for complexes 1-6

Compound M.p. AyY Analyses Yield r(("()) oA
r x (°O {Found (calc) (%)) (%) tern )
C H N

[Ag{CH(PPh JCOR}.]X

CH, ClO, (1ay  178(dec) 100 59.68 4.62 . &8 1615 75
(59.77)  (4.54)

CH, NO,(Ib) 160 58 62.88 4.9% 187 88 1610 70
(62.54)  (47%) (174

Ph Clo, (2a) 150 123 63.47 4.8 - 30 1610 90
(64.51) (437

Ph NO, (2b) 182 58 66.79 4.89 155 79 1610 90
(67.12) (455 (1.50)

OMe (IO, (3a) 210 108 5810 4.30 ; 83 1670 70
(57.58) (437

OMe NO, (3b)  182dec) 82 5977 4.78 196 9% 1670 70
(60.15)  (4.57y  (1.6T

OEt  ClO, (43) 178 %6 58.45 4.60 89 1665 6s
(58.45)  (4.68)

OFt  NO, @b)  153(dec) 95 61.04 512 191 86 1665 43

(60.98)  (4.88) {1.62)
[Ag{C(PPh J{COR}} (AuPPh ,}] X

OMe Cl0O, (5) 115 143 52.96 3.49 . 0 1630 30
(52.26) (371 1650sh

OFt ClO, (6) 127 143 52.57 4.16 - 62 1630, S0
(52.76) (3.82) 1656

“In ~10"* M solutions in acetone (2 "' em® mol ~ ). * In complexes 3-6 the given data correspond to

oom(COy). © Av = p(CO) complex — »(CO) free vlide.
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mol ~! [11]; see Table 1). This behaviour can be accounted for by assuming that the
anion interacts with the cationic complex in solution; it is possible that an
equilibrium between the two- and three-coordinate forms is set up.

In contrast to the more basic ylides such as Ph,P=CH, [1] and (Ph,P),C [2], the
ylide Y,,, does not react with AgCL

Complexes 2a and 4a react with [AuCl(tht)] (tht = tetrahydrothiophene) or with
[AuCl(PPh;)] to give [Au{CH(PPh;)C(O)Ph},]* [12] and [Au{CH(PPh,)C(O)-
OEt)}(PPh,)] [9], respectively. These transmetallations demonstrate the potential of
the silver ylide complexes in preparing ylide complexes of other metals; they are
among the first reported reactions in which two metal centres exchange an ylide
ligand [13].

In all the complexes the ylide ligands bond to the silver atom through the
methine carbon; this is indicated by the IR spectra, which show »(CO) absorptions
at higher frequency than in the uncoordinated ylides (Table 1). In the free ligands,
the contribution of the three resonance forms (a-c) leads to a »(CO) corresponding
to a C-O bond order between 1 and 2. Coordination through the methine carbon,
requiring resonance form a, would lead to a C-O bond order of 2. An opposite shift
would be expected if coordination took place through the oxygen atom, effectively
enforcing resonance form c.

Since the »(CO) frequencies are almost the same for the C10,™ and NO; ™~ salts, it
seemed reasonable to postulate that any cation/NO; interaction must occur through
the metal atom. This was confirmed for 2b by a crystal structure determination (see
below). The IR data were inconclusive in this respect because of overlap of »(NO)
and 8(NO,) bands of the NO;™ group with the ylide bands; the only differences
between the spectra of compounds 1a-4a and their counterparts 1b-4b are the
replacement of the ClO,~ bands at 1100vs and 610s cm ™! by two new bands, also
observed in the free ylide, at the same frequencies but with different intensities
(1100s, 610vw). The »(CO) band in these complexes appears at frequencies 1040
cm ! lower than those of the related [Au(Y),]” complexes [9,12], which is a
consequence of the greater electronegativity of the gold atom.

'H and *'P{'H} NMR data are presented in Table 2. Although two diastereo-
isomers (RR/SS and RS) are possible for each complex (because the methine
carbons are chiral) NMR spectroscopy does not distinguish them at 80 MHz and
room temperature. The methine resonances are intermediate between, and the
2J(PH) values smaller than, those in the free ylides and the phosphonium salts; this
was observed for other C-coordinated carbonyl-stabilized phosphorus ylide com-
plexes [9,10b,14]. Values of 2J(PH) much larger (ca. 20 Hz) have been observed in
complexes where coordination is through the oxygen atom [10]. Neither H-Ag nor
P-Ag coupling was observed at room temperature in the spectra of our complexes;
the same was the case for [Ag(C4Fs)CH(PPh,)CO,Me] [13*]. It is possible that a
fast equilibrium between complexes and free ylides is responsible for the failure to
observe either the NMR couplings or the presence of two diasterecisomers.

As we have recently shown [9], the methine proton in these ylides has an acidic
character when coordinated to gold(I). Thus [Au{CH(PPh,)CO,R}PPh,]CIO, (R =
Me, Et) react with [Au(acac)(PPh,)] to give acetylacetone (acacH) and [{Au-

* Reference number with asterisk indicates a note in the list of references.
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Table 2

NMR data for complexes 1-4 and some ylides and phosphonium salts

Compound 'H NMR Hp iy

[Ag{CHPPhOCORLIX 5y 7 SJ(PH)* 8(R) 8(Ph) ;MR‘
or 8{CH.»  (Hz) (ppm1) {ppm) Pippm)
(ppmi

R = CH;, X = ClO, (1a) 4.5(d) 7 1.84 74.76(my 2252

R = CH,;. X = NO; (1b) 2132

CH(PPh;)COMe 1.68d) 27 15,3

[CH,(PPh;)COMe]C! 6.15(c) 1 0.4

R = Ph, X = C10, (2a) 5.06(d) 6 7.2-7.9(m) 2512

R = Ph, X = NOQ, (2b) 24.99

CH(PPh,)COPh 4.4(br) 17.0

[CH,(PPh;)COPhjBr 6.37(d) 11 219

R = OMe. X = ClO, (3a) 3.44(d) 9 3.39 72-7.9(my 2496

R = OMe. X = NO, (3b) 2382

CH(PPh ,)COOMe 2.82(hr) 17.67

[CH,(PPh;)COOMe]CI 5.66(d) 13.8 20.68

{CH,(PPh,)COOMeICIO,  4.62(d) 14.6

R = OEL X = ClO, (4a) 3.44(br) 0.96(1), 3.84(q)  7.2-7.9%m)  25.06

F(HH) 7 Hr
R = OFEt X = NO; (4b) 2453

“ Recorded in CDCl; at 80 MHz, d = doublet. t = triplet, g = quartet, m = multiplet. br = broad signal.
When not stated signals are singlet. 'H and *'P NMR data referred to TMS and H,PO,. respectively.
* Most data corresponding to vlides and phosphonium salts are [rom ref. 14b.

(PPh;)},{ u-C(PPh;)CO, R}]C1O,. Similarly, 3a and 4a react with [Au(acac)(PPh;)]
to give complexes 5 and 6. Unfortunately neither complex is stable enough in
solution to allow single crystals to be grown and these interesting species to be
definitively characterized. We are currently studying their reactions in order to
synthesize heteropolynuclear species.

+
[ C\.i;R /cogn Ti

Ph,PAU—C~—— Ag-——— C~——AUPPh, Ci0,
PPh4 PPh _l
(R = Me(5),Et(6))

Crystal structure determinations

Both structure determinations were rendered imprecise by the presence of dis-
ordered solvent and by the high temperature factors of some groups. Nevertheless,
the basic features of both complexes 2b and 4a are clear.
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Fig. 1. The two independent complexes 2b in the crystal, showing the atom numbering scheme. Radii
arbitrary, H atoms omitted.

Complex 2b. There are two independent complexes in the asymmetric unit. In
both of these (Fig. 1) the relative configurations at the chiral carbon atoms are SS.
The nitrate ions are loosely associated with the metal centres, with Ag- -- O 2.75,
2.77(1) A. The conformations about the central C(1) - - - C(3) axis are similar in both
molecules (e.g. P(1)-C(1)- - - C(3)-P(2) —151, P(1")-C(1")- - - C(3’)-P(2") 148°).
There are some differences in the orientations of phenyl rings. The coordination
geometry at silver (excluding the Ag- --O interactions) is essentially linear, al-
though the bond lengths and angles at the metal atom are appreciably different in
both molecules (molecule 1: 2.21, 2.22 A, 176°; molecule 2: 2.25, 2.26 A, 168°).
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Fig. 2. Complex 4a in the crystal. showing the atom numbering scheme Radu arburary, H atoms
omitted.

Complex 4a. The relative configuration is SS. The coordination at silver is
linear (Ag—C 2.18, 2.18 A. C-Ag-C 174°) but there are no short Ag- - - OCIO,
interactions. The conformation about the molecular axis is almost eclipsed
(C2H-C2)y- - - C(H-P(1y — 87y See Fig. 2.

Experimental

Infrared spectra, elemental analyses (C, H and N). conductance measurements.
melting point determinations and NMR spectra were obtained as described elsewhere
[9]. Reactions were carried out at room temperature with magnetic stirring: solu-
tions were protected from light with aluminium foil.

All complexes were prepared in a similar manner. To a solution of AgClO, or
AgNO; (100-300 mg) or of complex [Ag(Yg),]ClO,; (150--300 mg) in acetone (10
ml) or (for 2a, 5. 6) dichloromethane (20 ml) were added two molar equivalents of
the vlide [15] or [Au(acacyPPh ;)] [16], respectively. After 1-2 h the mixture was
filtered through Celite or MgSO,, and the filtrate concentrated to 3-5 mil. Addition
of diethyl ether (15-30 ml) precipitated the product.

X-Ray structure determination for complex 2b

Colourless prisms were obtained by liquid diffusion of petroleum ether into a
solution of 2b in dichloromethane. They were sealed into capillaries to prevent loss
of solvent of crystallization.

_Crystal data. C5;H,, AgNOsP, - 0.25CH,Cl,, M = 952.2. Triclinic. space group
P1, a 11.781(3), b 19.407(4). ¢ 19.517(5) A. a 86.40(2). B 89.91(2), y 89.65(2)°. V
4490 A’, Z=4. D_1.41 g cm . F(000) = 1937, w(Mo-K,) 0.5 mm

Data collection. A crystal 0.7 X 0.7 x 0.3 mm was used to collect 14405 intensi-
ties on a Stoe-Siemens four-circle diffractometer in profile-fitiing mode {17] to a
maximum 28 of 45°. Of 11701 unique reflections, 8070 with F > 4a( F') were used

(Cenninued on p. 417)
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Atomic coordinates (< 10*) and isotropic displacement parameters (A2 %103} for compound 2b

Atom x y Uor U,
Ag(1) 1752(1) 2332(1) 1662(1) 54(1)
P(1) —390(2) 3312(1) 1396(1) 46(1)
P(2) 3823(2) 1491(1) 2369(1) 50(1)
o) 1410(6) 4229(3) 1788(4) 64(3)
0o2) 2065(7) 1610(4) 3414(4) 79(3)
(0/8)) 1011(8) 3270(5) 1126(5) 52(4)
C(2) 1740(8) 3839(5) 1345(6) 53(4)
Cc(3) 2366(8) 1387(5) 2237(6) 56(4)
C(4) 1712(9) 1371(5) 2885(7) 65(5)
N(1) 1787(13) 1798(10) —115(9) 146(5)
o(11) 1793(8) 1581(5) 513(5) 113(3)
0(12) 1749(11) 2387(8) ~250(7) 176(5)
0(13) 1736(16) 1367(10) —-477(10) 259(9)
C(12) 3307(7) 3502(4) 568(4) 70(5)
Cc(@13) 4381 3618 296 110(7)
C(14) 5019 4169 504 104(7)
cQs) 4584 4603 984 104(7)
C(16) 3510 4486 1256 73(5)
C(11) 2872 3936 1048 56(4)
C(22) - 972(6) 4448(4) 571(3) 77(5)
C(23) —-1522 5072 397 78(5)
C(24) —2137 5401 893 T7(5)
C(25) —2202 5107 1562 92(6)
C(26) —1652 4483 1736 66(4)
C(21) -1037 4154 1241 a5(3)
C(32) —2247(6) 2949(3) 643(5) 96(6)
C(33) —2838 2533 212 112(7)
C(34) —2367 1912 25 95(6)
Cc(35) —1305 1707 268 122(7)
C(36) -714 2123 698 97(6)
C(31) ~1185 2744 886 55(4)
C(42) —1537(5) 2625(3) 2463(4) 60(4)
C(43) -1725 2408 3149 81(5)
C(44) —-986 2603 3655 72(5)
C(45) —-59 3015 3477 74(5)
C(46) 128 3232 2791 63(4)
C(41) -610 3036 2284 45(3)
C(52) -7(9 914(5) 2280(5) 131(8)
C(53) -1097 651 2316 201(14)
C(54) —1624 537 2952 209(16)
C(55) —1062 687 3551 180(13)
C(56) 28 950 3515 117(7)
C(51) 556 1064 2879 90(6)
C(62) 4271(6) 1563(3) 993(5) 71(5)
C(63) 4746 1346 389 105(7)
C(64) 5459 7 410 110(8)
C(65) 5695 413 1036 106(7)
C(66) 5220 630 1641 87(6)
C(61) 4508 1205 1619 57(4)
C(72) 5273(5) 2605(3) 2192(3) 69(5)
C(73) 5593 3288 2258 79(5)
C(79) 4883 3737 2588 69%(5)
C(75) 3852 3503 2853 74(5)

continued
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Table 3 (continued)

Atom x ¥ z Uor L,
C(76) 3532 2820 2786 604}
C(71) 4243 2371 2456 S0(4)
C(82) 5187(7) 1171(4) 3509(4) 825
C(83) 5611 718 4031 117¢7
C(84) 5177 53 4129 132(9)
C(85) 4318 ~ 160 3705 1258}
C(86) 3894 293 3183 91(6)
C(81) 4329 958 3085 61{4)
Ag(1") 3674(1) 7180(1) 3273(1) 381
P(1’) 5627(2) 6005(1) 3672(1) 431
P2’ 2003(2) 8109(1) 2236(2) sS40
0"y 3816(6) 5360(3) 289514} 66(3)
o) 4151(6) 8014(4) 1476(4) 79¢3)
a1’ 4152(7) 6141(4) 3773(5) a6(3)
C(2)y 34548) 5676(5) 3382(5) 474
C(3') 3378(8) 8131(5) 2573(%) 54(4)
C4’) 4282(9) 8169(5) 2071¢6) 59(4)
N(2) 3175¢12) 7934(8) 4707(8) 123(4)
021) 2876(9) 7365(6) 4585(5) 133(4)
0(22) 3747(10) 8256(6) 4308(6) 145¢4;
0(23) 2747(13) 8138(7) S200(8) 198(6)
C(12%) 1566(8) 5202(4) 3201(4) 9006}
C3’) 448 5086 3392 118083
Caa’y 29 5347 3992 1017
C(1s’) 728 5725 4401 R5(S)
(16" 1846 5841 4209 X5
C(11’y 2265 5580 3609 54y
C(22") 6035(5) 7114(3) 4449(3) 644
(23" 6554 7456 4970 785
C24") 7327 7105 5404 8606}
C(257) 7580 6413 5318 05}
C(267) 7061 6072 4796 64(4)
C(21) 6289 6422 4362 46(4}
C(32%) 5629(6) 6377(4) 2291(4) 674y
C(33") 6088 6685 1690 100¢7}
C(347) 7151 6985 1701 118(8)
C(35") 7755 6977 2314 102(6;
C(36") 7296 6669 2916 7145}
C(31") 6232 6369 2904 49(4;
C(42') 7058(5) 4887(3) 3500(3) SO(4)
C(43") 7407 4204 3630 6103}
C(44”) 6732 3743 4022 37y
C(457) 5708 3967 4283 3404y
C(46") 5359 4650 4153 49(4)
C41) 6034 5110 3761 40:3)
C(52%) 5693(6) 8457(3) 2986(4) 67¢5)
C(53) 6761 8681 3164 89¢6
C(54%) 7548 $860 2652 92(6)
C(55") 7265 8815 1963 94(¢)
C(56") 6197 8591 1785 T6(5)
C(s51) 5411 8412 2297 56(4)
C(62") 2490(5) 9316(4) 1457(4) £5(4)
C(63) 2224 9888 1017 69(5)
C(64") 1112 10006 809 855

continued
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Table 3 (continued)

Atom X y z Uor Uyq
C(65) 268 9551 1040 89(6)
C(66") 535 8979 1479 82(5)
C(61") 1646 8861 1688 57(4)
C(72") 669(6) 7269(4) 1482(4) 92(6)
C(73") 393 6648 1202 118(7)
C(74") 1167 6103 1227 112(7)
C(75") 2217 6180 1532 181(11)
C(76") 2492 6801 1812 132(7)
C(71") 1718 7345 1787 63(4)
C(82") 811(7) 8754(3) 3210(5) 96(6)
C(83") 149 8774 3800 123(8)
C(84") —262 8162 4119 116(7)
C(85") -11 7531 3848 116(8)
C(86") 651 7511 3258 92(6)
C(81") 1062 8122 2940 62(4)
CIK(1) 7606(13) 9226(8) 5046(8) 251(6)
C(100) 10000 10000 5000 244(16)
Cl(2) 11903(23) 9698(13) 4711(13) 495(14)

¢ Equivalent isotropic U defined as one third of the trace of the orthogonalized U;; tensor.

for all calculations (program SHELX-76). Cell constants were refined from 26
values of 56 reflections in the range 20-23°.

Structure solution and refinement. The structure was solved by the heavy-atom
method and refined to R 0.082, R, 0.080. Phenyl rings were refined as rigid groups
with C-C 1.395, C-H 0.96 A, all angles 120°. Ag, P, C and ylide O atoms were
refined anisotropically (877 parameters). The weighting scheme was w™! = 6%(F) +
0.0006 F*.

Final atomic coordinates are presented in Table 3, and selected bond lengths and
angles in Table 4 [18*].

X-Ray structure determination for complex 4a

Colourless, extremely thin plates were obtained by liquid diffusion of diethyl
ether into a solution of 4a in dichloromethane. They were sealed into capillaries to
prevent loss of solvent of crystallization.

Crystal data.  CyH 4, AgCIO4P, - 0.5CH,Cl,, M = 946.58. Triclinic, space group
P1, a 9.832(3), b 10.965(4), ¢ 21.798(7) A, a 77.10(3), B 78.23(4), y 73.07(2)°, V
2167 A*, Z=2, D, 1.45 g cm™>, F(000) = 953, p(Mo-K,) 0.6 mm~".

Data collection. As for 2b, with following differences: 7643 reflections, 5652
unique, 2666 with | F| > 40(F). Cell constants from 34 reflections. Crystal size
0.6 X 0.25 X ca. 0.002 mm. Structure solution and refinement: R 0.103, R, 0.083.
Ag, P, Cl, O and ester C atoms anisotropic (261 parameters). Weighting scheme
w™l=0¢%(F)+ 0.0005F2.

Final atomic coordinates are presented in Table 5, and selected bond lengths and
angles in Table 6 [18].

(Continued on p. 420}
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Table 4

Selected bond lengths (A) and angles (7)) for compound 2b

Ag(H-C(1)
Ag(1)-0(1)
P(1y-C21)
P(1)-C41)
P(2)-C{61)
P(2)-C(81)
O(2)-C(dy
C(2)y-C(11y
C(4)-C(51y
N(D--O(12)
Ag(1)-C(3)
P(1)-C(1)
PeH-C31)
P(2)-C(3)
P()-C(71y
O(1-C(2)
C1H-C2y
C(3)-C(4)
N(1)-O(11)
N(DH-0O(13)

C3)-Ag)-C(1)
O(11)-Ag(1-C(1)
O(11)-Ag(1)-C(3)

C31)-P(1)-C(21)
C(41)-P(1H)-C(1y
C(41)--P(1)--C(31)
C(7H-P2)-C(3»)
C(81)-P(2)-C(3)
C(81)--P(2)-C(71)
C2)y-C(H-Ag(l)
C(1H-C(H-O(1)
C(1)-C(2)-C(1)
C(4H)-C(3)-Ag(l)
C(3)-C(4)-(2)y
C(5NH-Cd-C(3
CQD-P(1)-C(1)
C(313-P(1)-C(1)
CdL-P(H)-C21H
C(6hH)-P(2)-C(3)
C(71)-P(2)-C(61)
C(81)-P(2)-C(61)
P(1)-C(1)-Ag(1)
C(2)-C(H-P(1)
CADH-C(2)-O()
P(2)-C(3)-Ag(1)
C(4)-C(3)-P(2)
C(51)-C(H-O2)
O(12)-N(DY-0O(11)
O(13)-N(1)-0(12)
O(13)=-N(1)-0O(11)
N(1)-O(11)-Ag(1)

2.219(9)
2751010

1.748(1(h)
1.803¢%)

176511
1.799¢7;

1.246013)
1.491014)
1.481(17}
1.269(20)
FA3IE)

175.6(4
94.7(3
B6.8(3

105.2(3;

114.3(4

107.4{4y

114.2(4)

112,14

109.7¢3}

103.6(6}

120.7(%

120.1(9

103.6(6)

123101

117410

11414

107.2(4;

108.0(3)

106.2(4;

107.1(3%

107.1(4)

106.5(4)

114.97)

119.1(%)

107.1(4)

112.6(8)

119.5¢(11)

118.9{17y

127.9(16)

112.9(18)

128.8(10

Ag(1)-C(1")
Ag(l')——()(2‘,)
P17 -C217y
Py - (a1’
P2 )-Cib1"y
P27 -8y
2 -C(47)
C2H-Caath
Cid - 517
N2~ 22
Ag(17)--C(3")
Pl y--Ci1 "y
P17 - (31
Pi2 - Ci3 'y
P2 Yy-C(71"y
O H-C2"
Cet -2
C3")-Ced’y
N(2-0O(21)
N{)-O(23y

C3-Ag(1H-C(1h
O215-Ag{1H-C(1"y
O211-Ag(17-C(3")

C31y-P(17-CQAY
CE41)-P17 - C(1y
Cea13-P(1H-C31
Ce71 P23
C{817)-P(2"1-C(3"y
CERUY-PQ -7
C20)-C1h-Agl)
CON-C2 -0y
CO -G -C1h
Cid N -C3 -Ag(lth
Ci37)-Cid 102"
CV -0 1y
CR1 =PI Ct1
C31 P -C(1
Cidl" P - C21Y
COUH-P2H)-C(3")y
Ci77)-P(27)-C(617)
CBU -PQ2-C61")
P{1)-C(1"y-Ag(1)
CRH-Ca-P1y
CO - C2y- 0017
P2Y-Ci3 - Ag(i
Cd Y =C3 =Pz
C51-Cd -0
QQD)-NQ-O213
O23)-Ni2)-0(22)
0(23)-N{2}-021)
N(Y-O(21)-Ag(1’

N
.
\

Yo

170006
ROB T
T
PN

Lt

148913
LS50S
ARG
R AN
RS
1

LT

i. iy
R0,

1238901
14771 5
LAH1S)
1195919y
{

TR

HIT 9y
101206
[ A
698

107506

T22.6010)
T179ss
105914
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10683
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109 243
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119.9¢15)
126.30163
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104.8(93
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Table 5

Atomic coordinates (X 10*) and isotropic displacement parameters (A% x 10%) for compound 4a

Atom X y z Uor Uy
Ag 1026(2) 3447(2) 2341(1) 48(1)
P(1) 798(5) 2462(5) 3881(2) 43(2)
C(112) —679(12) 2489(11) 5121(6) 73(6)
C(113) —873 2681 5747 80(7)
C(114) 122 3133 5947 73(6)
C(115) 1311 3394 5521 94(7)
C(116) 1505 3201 4894 %7
C(111) 510 2749 4694 45(5)
C(122) 2895(13) 323(12) 4352(5) 70(6)
C(123) 4048 —764 4291 90(7)
C(124) 4591 -1124 3696 73(6)
C(125) 3980 - 396 3162 827N
C(126) 2826 691 3222 61(6)
C(121) 2284 1051 3817 46(5)
C(132) —915(11) 800(11) 3926(5) 64(6)
C(133) —~2201 531 3899 82(M
C(134) —3384 1538 3735 67(6)
C(135) —3280 2816 3598 78(7)
C(136) —19%4 3086 3625 69(6)
C(131) —811 2078 3789 45(5)
P(2) 2693(5) 3556(5) 516(2) 50(3)
C(212) 4947(13) 2274(11) 92(5) 63(6)
C(213) 5514 1645 —-430 71Ty
C(214) 4595 1479 ~798 61(6)
C(215) 3110 1942 — 644 91(7)
C(216) 2544 2571 —~122 T(T)
C(211) 3462 2737 246 55(5)
C(222) 2218(11) 5701(11) —35(5) 68(6)
C(223) 1675 7015 —262 70(6)
C(224) 931 7850 164 88(7)
C(225) 731 7372 816 78(7)
C(226) 1275 6059 1042 64(6)
C(221) 2018 5223 617 45(5)
C(232) 4731(13) 4457(10) 1280(5) 63(6)
C(233) 5889 4313 1592 82(7)
C(234) 6454 3129 1964 83(7)
C(235) 5861 2090 2025 95(8)
C(236) 4703 2234 1713 76(7)
C(231) 4138 3418 1340 48(5)
C(1) 1038(18) 3803(16) 3287(7) 36(8)
011 3411(14) 3523(13) 3493(6) 67(7)
0(12) 2309(14) 5355(15) 2906(6) 62(7)
C(11) 2351(24) 4172(25) 3267(9) 50(12)
C(12) 3506(20) 5825(21) 2824(9) 68(11)
C(13) 3316(22) 7076(19) 2353(11) 102(13)
C(2) 1281(20) 3015(19) 1389(8) 53(10)
0(21) 2442(15) 798(14) 1523(6) 75(8)
0(22) 41(15) 1420(14) 1551(6) 67(7)
C(21) 1342(22) 1624(24) 1476(9) 51(11)
C(22) —26(23) 76(22) 1748(11) 84(13)
C(23) —315(26) —243(21) 2435(12) 123(16)
Cl 2261(8) 3339(7) 7516(3) 74(4)

continued
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Table 5 (continued)

Atom X v z

Ol 30260225 221120 7763(8)

G2y 265928} 3661(18) 6%93(9)

O3 210425 4337020y TR14(9)

O(4) 91227 125H23 7563(14)

CH2 5435(26) 4348(23) 547810 49514
Com 423757y 479128 BRIy

4273(58)

Table 6

Selected bond lengths (A) and angles ( 7y for compound 4a

Ag-C(1) 2184014
P(1H)—-C(111) P.819(13)
P(1)-C(131) LSO
P(2)-C211H PRG3RI

Ag-C(2)
P(13-Ci121
P --Cil)
P2)-C220

218116y
L&Y
1768017y

P(2y-C251 1.8O2( 14 P(2-Ci2y

C(hH-C(in 1451023 O LH-C(1

O(12)-C1) 1AS220) I

COaH)-C1d 130722 C-Ca2D

O21)-C(2hH 119819y O22)-10(21)
!

O22y-C(22y

AN CRD-C2%

C2y-Ag-C(h) 173.4(7% Caty-C(i-Ag

C3n-P(-C(111) 10573y P -Cil)-Ag

C(H-P(1-C(11D) 1148160 CelD-C1-Peh

CO-P(13-C(131) 10777 O CD=-C(1s
C{12-Py-C(111; 107. 35 OOy Ch-0O0t
C(131)-P(1)-C(121) 108.4(5y PY-C2y-Ag SS9y
Cih-P(1)-C(121; 11aeed; CR-C2-P2) TR0

P22.001%)

C23N)-P)-C21h
Ci2)-P(2)-C21h
C(2)-P(2)-Ci231)

2 C2-C
O(22)--C21)-002 1
C12)-000) -0

;
H22

7

PR,

C(22DH-P2)-C21T 107.9i5) O(12)-Cih-Ceds ;
C(231)-P(2)-C(221) 107.3¢6) COIH-COa-O0 2y [EAETR
CO)-PDH-C221 107 3% CORN-C2)y-Ag e it
220222 P19
O2)-C2hH-C2 H2 (Y
C2H-CI23-- 2 PSS
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