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o 1
The 1:1 reactions of (RN)BP(H)B(NPr;)PLi-DME (7) and (tmp)BP(H)B(tmp)PLDME (8) with (RsP)MClI,

(M = Ni, Pd, and Pt) have been surveyed, and bicyclic cage compounds containing boron, phosphorus and transition

metal (Ni, Pd, or Pt) atoms have been isolated and characterized. The molecular structures of the sgiegies (Et
Pd(PBNPL), (2), (E&P)XPd(PBtmp) (3), and (EtP,Pt(PBNPK), (4) have been determined by single-crystal
X-ray diffraction techniques.2 crystallized in the monoclinic space gro@®/c with a = 20.212(4) A,b =

10.225(1) A,c = 17.460(2) A, = 107.72(13,

andZ = 4. 3 crystallized in the orthorhombic space group

P2:212; with a = 12.606(1) Ab = 12.618(1) A,c = 24.221(3) A, andZ = 4. 4 crystallized in the monoclinic
space groufC2/c with a = 20.195(3) A,b = 10.187(2) A,c = 17.280(2) A8 = 107.53(7}, andZ = 4. The

spectroscopic and structural features of the new cage compounds are discussed in relation to their main group

element cage analogs.

Introduction

Recently, two approaches have been established for assembly

of cage compounds containing boron and phosphorus &dms.
One method involves addition of unsaturated carbenoid frag-
ments ER, e.g., SnR, to the bicyclic compound [(tmp)BBR?}

as illustrated in eq 1. In a similar fashion, zerovalentsfBh

P

N :ER'
RN—8( | JB—NR; 2
P

RzN

R’;E = [(Me3Si),CH],Sn
(Ph;P),Pt

Pt(GH,4) undergoes oxidative addition to the-P bond in the
[(tmp)BPL bicycle producing the cage species [(tmp)BR}]
(PPh)2.2 The use of (P¥PuPd, however, produces other classes
of metalated borylphosphangsThe second method utilizes
small boror-phosphorus ring compounds as building blocks
and addition and elimination reactions with other main group

Scheme 1
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is shown in general in Scheme 1. Several families of cage
compounds, (NBPLER, (ER, = BNR';,2 SiR,* GeRy5
SnR3. and (SiMe),,%), [(R:NBP),]2Si,” and [(RNBP)]3Si»8
have now been synthesized in this manner, each in high yield.

element moieties to develop the cage structures. This chemistryn this report, further extensions of this chemistry are described
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which result in the isolation of cage compounds containing
boron, phosphorus, and transition metal (Ni, Pd, or Pt) atoms.

Experimental Section

General Information. Standard inert-atmosphere techniques were
used for the manipulation of all reagents and reaction products. Infrared
spectra were recorded on a Matteson 2020 FT-IR from KBr pellets.
Mass spectranf/e) were obtained from the University of Nebraska
Midwest Center for Mass Spectrometry by using a Kratos MS-50
spectrometer with FAB analysis. NMR spectra were recorded on
Bruker WP-250 and JEOL GSX-400 spectrometers and referenced with
Me;Si (*H, 13C) and 85% HPO, (3*P) with +d being downfield from
the reference. The NMR samples, dissolved in a deuterated lock
solvent, were contained in sealed 5 mm tubes.
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) ) : . " | —— capillaries under a dry nitrogen atmosphere, and sealed. The crystals
Materials. (PrN)BP(H)B(NPr)PLI-DME*®(7) and (tmp)BP(H)B were centered on a Syntex P3/F automated diffractometer and

(tmp)PLiDME® (8) were prepared as described in the literature. determinations of crystal class, orientation matrix, and unit cell
(PhsPLPtCh, (EP),PtCh, (EtsPLPdCh, and (EtP):NiCl, were pur- dimensions were performed in a standard manner. Data were collected
chased from Aldrich Chemical Co. and used as received. Solventsin the @ scan mode with Mo K (1 = 0.71073 A) radiation, a
were rigorously dried and degassed by standard methods. Solventscintillation counter, and a pulse height analyzer. Inspection of small
transfers were accomplished by vacuum distillation, and all reactions data sets led to the assignments of the space gféujEsnpirical
and product workups were performed under dry nitrogen. absorption corrections were applied on the basisyofscanst!
Synthesis and Characterization of Compounds. Synthesis. =~ Compound2 showed a small degree of intensity decay (9%), dut
Compoundsl—6 were synthesized in a similar fashion. Typically, and4 displayed no signs of decay.

equimolar ¢0.5 mmol) amounts of (§PLMCl, and 7 or 8 were All calculations were performed on a Siemens SHELXTL PLUS
combined by slow addition of an £ solution (10 mL) of7 or 8to a structure determination systeh.Solutions for the data sets were by
CH;3CN solution (10 mL) of (RP),MCI;, at 23°C, and stirred for 16 h. heavy atom methods. Full-matrix least-squares refinements were
The insoluble materials were filtered off, and crystalline solids were employed:® and neutral atom scattering factors and anomalous disper-
obtained by cooling the filtrates at10°C. Compound4 (dark brown sion terms were used for all non-hydrogen atoms during the refinements.
crystals),2 and 3 (orange brown crystals), antland 5 (pale yellow The data collection and refinements ®and4 proceeded in a normal

crystals) were isolated with yields of 46%, 13%, 30%, 8%, and 19%, fashion. The heavy atom positions were refined anisotropically, and
respectively. Samples 6f(orange crystals) were obtained as previously H atom positions were computed by using the riding model with

described. isotropic U's set at 1.25Uequy Of the parent atom. Compourd
Characterization. Compound 1. Mp: 198-200 °C (dec). displayed disorder in the tmp ring containing N(1), which showed a

HRFAB-MS: Calcd for GgHes!®B1'BN,P,*8Ni, 657.3786; found, chair conformation (like the tmp ring containing N(2)) as well as a

657.3850; devi-9.7 ppm. NMR spectra (23C, GDe): 3P{!H}, o flattened, twisted conformation with equal occupancies. The disordered

14.0 (PE$, pseudo triplet?Jpp = 7 Hz), 6.3 (Rage Multiplet,2Jpp= 7 atoms were not refined anisotropically.

Hz); H, 6 0.95 m, CH in PE%), 1.64 (m, CH in PE%, overlapped Listings of selected data collection and crystal data are provided in

with CH, groups of tmp), 1.84 (Cklin tmp); **C{'H}, 6 8.9 (s, CH Table 1, and pertinent bond distances and angles are summarized in
in PEg), 16.8 (br, CH in PE%), 16.9 (s, tmp), 33.3 (s, tmp), 41.9 (s, Table 2. Additional crystallographic data, heavy atom coordinates, H
tmp), 56.4 (s, tmp). IR (crt, KBr): 2957 (s), 2935 (s), 2872 (m), atom coordinates, anisotropic thermal parameters, and full listings of
1649 (m), 1633 (m), 1458 (s), 1417 (m), 1389 (s), 1315 (s), 1271 (m), bond lengths and angles are provided in the Supporting Information.
1234 (w), 1155 (s), 1124 (s), 1035 (s), 912 (w), 771 (m), 707 (w), 561

(w), 507 (w), 470 (w). Results and Discussion
Compound 2. Mp: 96—100 °C (dec). HRFAB-MS: Calcd for ) )
CoaHss!9BHBN,P,1%Pd, 624.2824; found, 624.2840; dev2.6 ppm. In parallel cage construction studies, Kaufmann et al.

NMR spectra (GDg): 3*P{H}, 6 12.2 (s, PEf), —47.3 (S, Ragd; *H, 0 observed that the four-vertex bicycle [(tmp)BR]ndergoes
0.88-1.01 (m, CH in PE®), 1.26 (d, CHin 'Pr,%Juy = 6.7 Hz), 1.34 facile P-P bond breaking at 0C in the presence of (BR)-
(d, CHsin 'Pr, %3y = 6.7 Hz), 1.67-1.73 (m, CH in PES), 3.79 (sept, Pt(GH,) giving the five-vertex bicyclic cage [(tmp)Bmt-
CH in Pr, 2Juy = 6.7 H2). . _ (PPh); (6) in high yield (82%). However, a similar 1:1
CoTlpoundlg. Mp: 118-120°C (dec). HRFAB-MS: Calcd for  compination of [(tmp)BP] with the zerovalent palladium
CadHlesBaNoP¢Pd, 705.3413, found, 705.3451, devs.3 ppm. NMR compound Pd(PRJy produced a complex product mixtute.

spectra (€Dg): SP{'H}, 6 9.9 (M, PE4, 2Jpp= 6 Hz), —1.0 (M, Rage X X :
2Jop= 6 Hz): 1H, 6 1.84 (s, CH in tmp, 24H), 1.74-1.62 (M, CH in Two unusual compound9,and10, were isolated in low yields,

tmp and in PE, 24H), 0.97-0.88 (m, CH in PE&, 18H); 3C{1H}, & 5% anq 13%, respectivgly, from the mixture. This chemistry

8.7(s, CH in PE}), 16.9 (s, tmp), 17.2 (m, CHn PE%), 33.4 (t, tmp), is partially represented in Scheme 2. The structur® wfas

42.1 (s, tmp), 56.3 (tmp). proposed on the basis of spectroscopic data, while the structure
Compound 4. Mp: 174-177 °C (dec). HRFAB-MS: Calcd for of 10, containing a planar RBs core, was unambiguously

CoaHsg'BHBN,P,115Pt, 714.34208; found, 714.34246; dex).5 ppm. determined by single-crystal X-ray diffraction techniques. There

NMR spectra (@De): 'P{'H}, 0 12.1 (d, PEL, "Jpi-p = 3121 HZ2Jp-¢ was no evidence for the formation of a five-vertex bicycle

= 19 Hz), —68.1 (d, (P-BN'Pr),, 2Jp—¢ = 18 Hz); H, ¢ 0.88 (m, [(tmp)BPLPd(PPB), similar t0 6.2

18H, CHs in Et), 1.30 (d, 12H, CHlin 'Pr,3J4_4' = 6.7 Hz), 1.41 (d, , .
12H. CHy in 'PT. 33y = 6.7 Hz), 1.87 (m, 12H, CHin Ef). 3.86 In the present study, an alternative stepwise assembly

(sept, 4H, CH inPr, 30y = 6.7 Hz): *C{H}, & 8.7 (m, CHyin EY), appr_oach has been emplo_ygd to form additional examples o_f
19.1 (m, CH in Et), 23.6 (s, CHin 'Pr), 24.0 (s, CHin iPr), 50.1 (s, t_he flve-verte>_< cages containing boron, phos.phorl_Js, and transi-
CH in'Pr). IR (KBr, cnml): 2961 (s), 2928 (s), 2872 (m), 1663 (w), tion metal (Ni, Pd, or Pt) atoms as summarized in Scheme 3.
1626 (m), 1595(m), 1449 (m), 1420 (m), 1362 (m), 1279 (s), 1188 As shown, the metallaborylphosphane bicyclic cagie$ are
(w), 1146 (m), 1111 (w), 1038 (m), 1009 (w), 777 (m), 717 (m), 634 obtained from the 1:1 combination of the lithium phosphide
(w), 435 (w). salts 7 and 8 with (RsPpMCIl, (M = Ni, Pd, Pt). The
Compound 5. Mp: 178-180°C (dec). HRFAB-MS: Calcd for
CigHsgMBaNoP,H1%Pt, 1003.33845; found, 1003.342407; ded.9 ppm.

(10) Space group notation is given innternational Tables for X-ray

NMR spectra (GDg): *'P{'H}, 6 24.9 (t, PP “Jprp = 3235 Hz), Crystallography Reidel: Dordrecht, Holland, 1983; Vol. |, pp 73
—49.5 (s, (P-BN'Pr),); *H, 6 1.13 (d, 12H, CHin Pr,3Jy_4' = 6.7 346.

Hz), 1.31 (d, 12H, CHlin iPr,3J4_ = 6.7 Hz), 3.69 (sept, 4H, CH in (11) The gmpirical absorption corrections use an eIIipsoide_lI mod_el fitted
iPr,3Jy_' = 6.7 Hz), 6.89 (Ph), 6.91 (Ph), 7.46.52 (Ph):13C{H}, to azimuthal scan data that are then applied to .the intensity data:
8 23.5 (s, CHin 'Pr), 24.1 (s, CHin 'Pr), 50.3 (s, CH inlPr), 127.7 il;sE3LXTL Manual Revision 4; Nicolet XRD Corp.: Madison, WI,

(s, Ph), 134.8 (m, Ph), 137.5 (m, Ph). IR (KBr, Tt 3051 (m), (12) Sheldrick, G. MNicolet SHELXTL Operations Manyaiicolet XRD
2959 (s), 2920 (s), 2862 (m), 1826 (m), 1608 (m), 1589 (m), 1479 Corp.: Cupertino, CA, 1981. SHELXTL uses absorption, anomalous
(m), 1433 (s), 1360 (m), 1279 (s), 1186 (m), 1143 (m), 1093 (m), 1005 dispersion, and scattering data compiled international Tables for
(w), 744 (m), 696 (s), 570 (w), 516 (s), 430 (W). X-ray Crystallography Kynoch: Birmingham, England, 1974; Vol.

IV, pp 55-60, 99-101, 149-150. Anomalous dispersion terms were

included for all atoms with atomic numbers greater than 2.

A general description of the least-squares algebra is found in:

Crystallographic ComputingAhmed, F. R., Hall, S. R., Huber, C.

(9) Dou, D.; Westerhausen, M.; Wood, G. L.; Linti, G.; Duesler, E. N.; P., Eds.; Munksgaard: Copenhagen, 1970; p 187. The least-squares
N&th, H.; Paine, R. TChem. Ber1993 126, 379. refinement minimize§ w(|Fo| — |Fc|)4 where w= 1/[o(F)2 + gFa].

Crystallographic Measurements and Structure Solutions. Single
crystals of2—4 were obtained as described above, placed in glass 13)
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Table 1. Crystallographic Data fo2, (EP)Pd(PBNPL),, 3, (EtsP),Pd(PBtmp), and4, (EtP)Pt(PBNPL),

Chen et al.

2 3 4
chem formula @H5382N2P4Pd Q;oHseBgNzP4Pd C24H5ngN2P4Pt
fw 626.6 706.75 715.3
cryst syst monoclinic orthorhombic monoclinic
space group C2/c P2:2,2, C2/c
a A 20.212(4) 12.606(1) 20.195(3)

b, A 10.225(1) 12.618(1) 10.187(2)
c, A 17.460(2) 24.221(3) 17.280(2)
o, deg 90 90 90

B, deg 107.72(1) 90 107.53(7)
y, deg 90 90 90

Vv, A3 3426.5(9) 3852.7(6) 3389.9(9)
z 4 4 4

Dealcs g CNT3 1.215 1.218 1.402
T,°C 20 20 20

u, cmt 7.43 6.68 43.43
A(Mo Koy, A 0.71073 0.71073 0.71073
Re, Ryr,2 % 4.05, 2.73F > 2.00(F)) 3.96, 6.58( > 2.00(1)) 3.64, 3.10F > 2.00(F))

AR = Y||Fol — IFcll/XIFol; Rur = YW(IFol — IF)HIWFZ, wt = o%F) + gF2.

Table 2. Selected Bond Lengths (A) and Angles (deg) for Compouhd&LP),Pd(PBNPL),, 3, (EtsP),Pd(PBtmp), and4,

(EtsP),Pt(PBNP),
2 3 4
B—P B—P(1) 1.921(5) B(1)-P(1) 1.916(8) B-P(1) 1.914(7)
B'—P(1) 1.921(7) B(1)}P(2) 1.932(7) B-P(1) 1.934(9)
B(2)—P(1) 1.953(7)
B(2)-P(2) 1.919(8)
P—M P(1)-Pd 2.420(2) P(1)Pd 2.394(2) P(1)Pt 2.426(2)
P(2)-Pd 2.330(2) P(2)Pd 2.399(2) P(2)Pt 2.288(2)
P(3)-Pd 2.330(2)
P(4)-Pd 2.342(2)
B—N 1.406(8) B(1)}-N(1) 1.427(8) 1.427(11)
B(2)—N(2) 1.416(8)
B—P-B 75.3(3) B(1)-P(1)-B(2) 77.5(3) 73.9(4)
B(1)—P(2)-B(2) 77.9(3)
P-M—P P(1)-Pd—P(1) 74.0(1) P(1}-Pd—P(2) 72.7(1) P(1yPt-P(1) 74.7(1)
P(2)-Pd-P(2) 107.6(1) P(3)-Pd—P(4) 108.2(1) P(2}Pt—P(2) 107.4(1)
P(1)-Pd—P(2) 89.3(1) P(1)yPd-P(3) 161.2(1) P(HyPt-P(2) 89.1(1)
P-B-P 98.5(3) P(1)}B(1)—P(2) 95.1(4) 99.7(4)
P(1)-B(2)—P(2) 94.4(3)
B—P—-M B—P(1)-Pd 74.2(2) B(1)-P(1)-Pd 76.5(2) B-P(1)-Pt 74.0(3)

B'—P(1)-Pd 74.2(2)

intermediate speciedl are neither isolated nor detected
spectroscopically, and it is concluded that the intramolecular
dehydrohalogenation afl is quite facile. Compound$—6

are isolated in moderate to low yield as air- and moisture-
sensitive crystalline solids. Unlike their main group analogs,
none display a normal melting point but instead decompose in
a temperature range of 9200°C under a nitrogen atmosphere.
In fact, 6 also decomposes in solution after several days at room
temperature which is similar to the behavior noted in the recently
reported studies of this molecideThe 3P NMR analyses of
crude, filtered reaction mixtures indicate that compounid
formed in high yield ¢90%), along with a small amount
(~10%) of (tmpBPH), butl is isolated in only 46% yield due

to its very high solubility in the organic solvents used for
recrystallization. Compound is formed in about 85% yield,
along with about 15% unidentified impurities which provide
several3!P resonances in the range 9:313.9 ppm. This
compound is isolated in 30% vyield following recrystallization.
The 3P NMR spectra of reaction mixtures containidgnd4
also indicate formation of a number of products. Compounds
2 and4 are produced in~15% vyield and isolated in 13% and

B(2}-P(1)-Pd 76.8(2)
B(1)-P(2)-Pd 76.0(2)
B(2)-P(2)-Pd 77.3(2)

Scheme 2
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8% vyields, respectively. The only other product identified in dehydrohalogenation step, a base, {)\twas combined with the
other reactants; however, no significant improvement was noted.
improve the yields by removal of the HCI formed in the Apparently, competing oxidative addition reactions are operat-

these mixtures is the cage speci®{B)sP..3 In an effort to
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Figure 1. Molecular structure and atom-labeling scheme fg(tF®-
NB),Pd(PEj$); (2).

Scheme 3

H H ] Figure 2. Molecular structure and atom-labeling scheme fgtrfpB),-
FI) . | PA(PES), (3).

AN (R'3P)2MCla PN

RoN—B  B—NR; ———————| RoN—B_ B—NR;
= -LiCl N~
-OME

Li-DME CI/M(PR'3)2
7 8 L 11 _

NR, N‘Prz tmp A: |

RzN\BZP\M,PRg
/B~\ /N

RoN P PR'5

[ 1 2 3
NR, tmp NiPrz tmp
M(PR3)y | Ni(PEy); Pd(PEty); Pd(PEts), Figure 3. Molecular structure and atom-labeling scheme fe(fF®:-
| 4 5 6 NB):Pt(PEE). (4).
NR, N'Pr,  N'Pr tmp ,
M(PR); | Pt(PEty), Pt(PPhsy), Pt(PPhy), found in 2, due to the presence of the larger tmp groups. In

each of the molecules, the internal angles at the apical
ing, which produce as yet unidentified products. All cage ?;voéggzgis %togr?:), arBe_alé:Etl\(z:.—zB— 7‘1; 22,_’ 3? 57.2(3”725/’(;;@']2)'
compounds were finaIIy_ isolated in spectroscopically pure _form 4,73.8 (a\,/e,rage). These data aré comr;ar:'able with values f,ound
except compound, which was typically contaminated with in 6 and the related main group analogs. As a consequence of

~5% impurities. o :
. the constraints imposed by the geometry of the slightly folded
The molecular structures of compouritis4 were determined P,B, ring and the relatively large Pt and Pd radii (Pt(H)=

by single-crystal X-ray diffraction techniques, and views of the . _ 14 M
molecules are shown in Figures-3. Each can be considered glzg \i,rypgé:{érzc 7 4007(%A% 7t2r_]$(%fgz g/l 47F(>Cla)?)e acr:)%Lepsa?erg
to adopt a trigonal bipyramidal structure with phosphorus atoms " o ternal E?wsphane_lv’l_’Pphosphane;an,gles: 2 167.6(17; 3
occupying the two apical positions and trigonal planar boron 08.2(1); 4, 107.4(1). The internal angles at the Pt atom in
atoms as well as a square planar M atom residing on the basa are corﬁp:a\rable: B~ Pt—Peage73.3(1} and Phosphans Pt
positions. As required by the narrow bite angle of the formal hosohandl 01.8(1Y. Tﬁe R, e_S?\_Pca cangles fgung in [(Me
diphosphide ligand fragments RBP-), the chemically equiva- S?)ZCpH]ZSn(PBtmpa 73.8?1)’ > ‘Buzsgn(PBNPrz)z 75.4(1) 6
lent P atoms reside idis positions on the M atom. Molecules 4 ‘BUZSn(PBtmp)' 73_1(1),’6 also are similarl due to ’the
2 and4 possess a 2-fold rotation axis that passes through thecomparable size of’ the Sn(l,\/) atom (Sn(IW)= 0.69 A)14
Pd/Pt atom and the centroid of the foldegPBring. The general However, the corresponding:sGe—Pea ean’gle in PhGe-
structural features of the compounds sPBM(PBNRy),, are (PBtmp)z,80.7(l)’5 (Ge(IV), r 20_53}5\) 14 and the PareSi—
similar to the platino compoun@? and the main group analogs, Pe. eangfes in PESi(PBNPr'z)z 85.7(1) 4 and PhSi(PgBtmp)
RAE(PBNR)*™® R:E = R:Si, R:Ge, and RSn, except that the 84.98(1)’4 (Si(IV), r = 0.40 A)’l“ are Iar’ger due to the smaller
W atoms are In square planar environments ramher than ragii of Ge and Si. The BP bond lengths fop—4 fall in the
tetrahedral. ; "

The structural parameters far (EtP)Pd(PBNPI),, and4, ?;r\l/gelrgalgg)r;g, ri\g%%f%r fg‘,ﬁ?gglez)jd 1b grzo: Etcz;r\ifé;f).m_rﬁe

(EGPYPt(PBNPr,),, are almost identical, consistent with the 5 54/5¢'0nd lenaths are relatively o 420(2) A:3
facts that Pd and Pt atoms are similar in atomic size and % 9 y lorg €.420(2) A3,

electronic stuctureS' On the other hand, selected structural (14) Huheey, J. Elnorganic Chemistry: Principles of Structure and
parameters foB, (Et:P),Pd(PBtmpy, deviate slightly from those Reactiity, 3rd Ed.; Harper & Row Publishers: New York, 1983.
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2.397 A (average)4, 2.426(2) A), while the Riosphans-Pd/Pt based upon the common observation theatstwo-bond P-Pt—
bond lengthsZ, 2.330(2) A;3, 2.336 A (average), 2.288(2) P coupling is greater thaoistwo-bond P-Pt—P' coupling in

A), are in the normal range for phosphane Pd(Il)/Pt(Il) most phosphane Pt complexXés.In contrast, the low-field
complexed® The same trend was found @ PeagePt, 2.413- resonance for the PRlgroups in5 is split into a pseudotriplet
(2) A; PphosphansPt, 2.320(2) A The long Rage—Pd/Pt bond due to two bond coupling from bottis- andtransPageatoms
lengths together with the small values for the corresponding (|2J(P,P)cis + 2J(P,P)rand) = 22 Hz. No splitting is resolved
bond angles around thedg.and Pd or Pt atoms suggest that in the upfield resonance. For comparis@ishows pseudotriplet
there is only a small amount of s character in the orbitals that patterns for both upfield and downfield resonances with
form the Rage—Pd/Pt bonds. [2J(P,P)cis + 2J(P,P)yand = 12 Hz.

The cage compound$—6 were further characterized by The 3P NMR spectra for compounds-3 also show two
infrared, FAB-MS, and NMR spectroscopic techniques, and resonances. Once again, the upfield, relatively broad resonance
these data are consistent with the composition and trigonalis assigned to the apical phosphorus atoms and the downfield
bipyramidal structures deduced from the crystallographic analy- resonance is assigned to the terminal phosphane ligands. The
ses of2—4. The data recorded here féare identical to those  resonance for the PEgroups inl, 6 14.0, is slightly downfield
reported earlie?. The compounds show parent ions in high- relative to the resonance for @PRpNICl» 6 7.1. The
resolution FAB-MS analysis, and the parent ion masses matchresonances for the PEgroups in boti2, é 12.2, and3, 6 9.3,
satisfactorily with the theoretical molecular weights of the are upfield relative to the resonance forgE$PdCh,1° 17.8.
compounds. ThéP NMR spectra forl—5 display AAXX' Similarly, the3!P NMR chemical shifts of the cage P atoms
patterns with the chemical shifts in the ran§é4.0 to—68.1 are upfield relative to those found for the corresponding main
ppm. In each case, the upfield resonance is broader than thegroup element cage analogs. The resonances for comp&unds
downfield resonance and is assigned to the apical, three-and3 are split into irregular multiplets arising from partially
coordinate phosphorus atoms in the cage unit. The sharperresolved two bond couplings in the A%X' spin systems. The
downfield resonance is assigned to the terming® Rgands. (I23(P,P)cis + 2J(P,P)trand) values are estimated as 14 Hz for
Specifically, the3!P NMR shifts for the new BP,Pt cage and 12 Hz for3. The P-P splitting is not resolved for
compounds aré 12.1 and—68.1 for4 ando 24.9 and—49.5 compound2. 'H and3C{!H} spectra were also recorded for
for 5. These data are similar f@& o 21.1 and—5.1. The compoundd—5, and the data are consistent with the structures
chemical shifts for the phosphane ligands4in6 are shifted of the compounds described above.
slightly to lower field relative to the respective precursor com- | ast, it is important to note some mechanistic aspects of the
pounds: Cis{EtP),PtCh,'® 6 9.0, andcis{PhsP),PtCh, 6 15.71 cage formation chemistry shown in SchemecBs<PhP),PtCh
The 3P chemical shifts for the &jeatoms are upfield relative  andcis-(Et;P),PtCh were used in the reactions to produce cage
to the shifts for the related main group element cages, compounds4 and5, and thecis-conformation is retained on
R:E(PBNR.)2, suggesting that the gR)Pt groups are more  the Pt fragment. However, there are appareanhs- to cis-
electron releasing than the main group element fragmenis, R transformations on the Ni and Pd fragments simaas-(EtsP)-

In addition, replacement of the IRk, group with tmp in PdCb andtrans (EtsP)%NiCl, were used in the reactions. Of
otherwise identical compounds, e., vs 6, results in @  course, ais-conformation is required by the chelating diphos-
significant downfield shift for the P cage resonance, and a phide nature of the [®NP], fragment and the barriers tis—
similar trend has been observed with cages containing maintrans interconversion for the square planar precursors are

group fragments FE. low.20 It is interesting that no evidence has been found for
The full extent of the possible AXX coupling in4 and5 is the diphosphide fragment acting as a bridging ligand between
not resolved. One-bond -APt coupling involving theexo two metal centers. Further, the reactions may be depicted

phosphane ligands, BRs observed:4, 3121 Hz;5, 3235 Hz. as nucleophilic substitutions by the phosphide aniongNjR
1

Smaller than the dat reporied fiE{ELPAPIChL: 3502 Hz,  BP(HIB(NRIPLIDME on he (RPRMC ragments. The sub-
and cis{PhsP)PtCh,'" 3608 Hz. The one bond RePt stitutions generate intermediates,kRBP(H)B(NR,)PM(CI)-
coupling is not resolved for the apical P atom resonancé in  (PR), (11) that undergo rapid intramolecular HCI eliminations
and 5, consistent with the structural data, which suggest that producing the cage compoundssfRM(PBNR,),. Spontaneous
there is only a small amount of s character in the orbitals that HC| elimination is not observed in most main group element
form the Rage—Pt bonds. Both A and X'P NMR resonances  cage formation reactions. Instead, stable intermediate)){R

for 4 are further split into doublets] = 18 Hz, which most 1 .

likely result fromtrans4wo-bond P-Pt—P coupling. The small ~ BP(H)B(NR)PE(CIR,, are normally isolated and cage closure

value of these coupling constants is consistent with the [R Usually requires assistance by addition of a base.

NBP] fragment acting as a phosphido liga§drhe cistwo- Conclusion. The systematic synthetic approach fosPEE

bond P-Pt—P coupling is not resolved. The assignment of cage compound assembly that utilizes small befpmosphorus

the doublet splitting taranstwo-bond P-Pt—P coupling is ring compounds as building blocks and addition and elimination

reactions with other moieties to develop cage structures has been

(15) Wilkinson, G.; Stone, F. G. A.; Abel, E. Weomprehensie Orga- extended here to include species containing boron, phosphorus,
ggmeta"ic ChemistryPergamon Press: London, 1983; Vol. 6, Chapter and transition metal (nickel, palladium, or platinum) atoms.

(16) Févey, R.; Roulet, R.; Pinkerton, A. A.; Schwarzenbach|rdrg. Unfortunately, at t_hIS stage, the yields .Of the ISOla.ted Pd and Pt
Chem 198Q 19, 1356. compounds remain low due to a combination of high solubility

(17) Samples were made by dissolving commerd&@(PPh),PtCh in CH- and available competing reactivity that produces other products.

Cl, and (PE£) NICl2 in CeDs, and the spectra were recorded on a  Stjll, this approach allows for the formation of several cage
Bruker WP-250 spectrometer.

(18) (a) Verkade, J. G.; Quin, L. ®hosphorus-31 NMR Spectroscopy in
Stereochemical Analysi¥CH Publishers, Inc.: Weinheim, Germany,  (19) Mann, B. E.; Shaw, B. L.; Slade, R. M. Chem. Soc. A971, 2976.
1987; Chapter 16. (b) Chatt, J.; Hitchcock, P. B.; Pidcock, A.; Warrens, (20) Redfield, D. A.; Cary, L. W.; Nelson, J. Hnorg. Chem.1975 14,
C. P.; Dixon, K. R.J. Chem. Soc., Dalton Tran$984 2237. 50.
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compounds that could not be obtained by the use of low-valent cooperation of the University of Nebraska Midwest Center for
metal fragment addition across the-P bond in the [(tmp)- Mass Spectrometry, where FAB-MS data were obtained, is also
BPJ, bicycle. The latter route is, of course, also currently limited noted.

by the lack of other readily available JNBP], bicycles. The

successful synthesis of new cage species containing metals Supporting Information Available: X-ray crystallographic files,
suggests that a number of otheft®¥M cage compounds should in CIF format, are available the Internet only. Access information is
be accessible through related chemistry. given on any current masthead page.
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