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. . 1
The 1:1 reactions of [Pr,N)BP(H)B(NPr)PLi-DME] (1) and [(tmp)BP(H)B(tmp)PLDME] (2; tmp = 2,2,6,6-

tetramethylpiperidino) with organylhalostannanes have been examined, and stannyl-substituted diphosphadi-
1
boretanes, (RN)BP(H)B(NR,)PSn(CI)R; (R:N =

IiPRN, tmp; R = Me, 'Bu) have been isolated and characterized.

Dehydrohalogenation of these compounds VithLi produced bicyclic cage compounds(R:NB),SnR; (RaN
=IPrN (9), tmp 8); R' = 'Bu) or an oligomer P(RNB).PSn(R;)—] (R2N = tmp; R = Me). The 2:1 reactions
of R',SnCh with 1 and 2 have been studied, and with a small gdoup (Me) a disubstitution product, [HP-
(tmpB)%P.SnMe (11), is obtained. With a larger'Ryroup {Bu), cage products RmpB)SriBu, and RB(Pr-
NB).SriBu, are isolated. The molecular structures8&and 9 have been determined by single crystal X-ray

diffraction techniques, and these structures and their spectroscopic features are discussed in relation to other

boron—phosphorus cage compounds.

1. Introduction

were prepared as described in the literature..3Mh and'Bu,SnChb
were purchased from Strem Chemical Co. Solvents were rigorously

A systematic approach for the preparation of bicyclic cage gried and degassed by standard methods. Solvent transfers were
compounds containing boron and phosphorus atoms has beemccomplished by vacuum distillation, and all reactions and product
developed that utilizes small ring compounds as construction workups were performed under dry nitrogen.
components and addition and elimination reactions on these Synthesis and Characterization of Compounds. 2,4-Bis(dialkyl-
rings to develop the cage structure, as summarized in Schemeamino)-1-(diorganochlorostannyl)-1,3-diphospha-2,4-diboretanes57.

11 Recently, this chemistry has been extended to cage specie€ach of these compounds was prepared in a similar fashion. A solution

containing B, P, and Si atorhand B, P, and Ge atonis.
In this report, the parallel chemistry involving the construction
of cages containing B, P, and Sn atoms is described.

Experimental Section

of Me;SnCh (0.24 g, 1.1 mmol) in toluene (30 mL) was cooled to
—78°C, and a solid sample &f (0.50 g, 1.1 mmol) was added. The
mixture was stirred at-78 °C (2 h) and then at 23C (16 h). The
resulting cloudy orange mixture was filtered and solvent removed from
the filtrate by vacuum evaporation. The remaining orange $olis
recrystallized from pentane (5 mL) at10 °C: yield, 0.37 g (62%);

General Information. Standard inert-atmosphere techniques were Mp 142-144 °C (dec). Compound$ and 7 were prepared in an
used for the manipulation of all reagents and reaction products. Infrared identical manner except that the reactions were performed in hexane.
spectra were recorded on a Matteson 2020 FT-IR from KBr pellets. Compound6é was obtained as an orange solid: yield, 0.76 g (79%)
Mass spectra were obtained from a Finnegan GC/MS using the solidsfrom 1.5 mmol each o4 and'Bu,SnCb; mp 179-181°C. Compound

inlet probe or on a Kratos MS-50 spectrometer with FAB analysis.

7 was obtained as an orange viscous oil that solidified upon standing:

NMR spectra were recorded on Bruker WP-250 and JEOL GSX-400 Yield 0.43 g (100%) from 0.79 mmol each 8fand ‘BuSnCh; mp
spectrometers, and the data are summarized in Table 1. The spectr®4—68°C.

were referenced with M&i (*H, 1°C), RB-OEL (*1B), 85% HPQO, (3'P),
and EfSn (9Sn) with +d being downfield from the reference. The

Characterization Data. Compounds. Mass spectrum (30 eVirf/e
(%)]: 514 (M" — ClI, 1%), 499 (M— Cl — CHs", 1%), 365 (M—

samples were contained in sealed 5 mm tubes and dissolved in aSnCIMe", 100%). Infrared spectrum (KBr, crh): 2961 (s), 2938
deuterated lock solvent. Elemental analyses were determined at the(s), 2868 (m), 2247 (m), 1464 (m), 1368 (s), 1331 (s), 1300 (m), 1242

University of New Mexico microanalysis facility.
Materials. ReagentsPLNBCI,,® (tmp)BCh,® LiPHxDME,” 'Pr-

1
NBP(H)(PrLNB)PLi-DME2# (3), and (tmp)BP(H)(tmpB)PLDME? (4)

T University of New Mexico.
* Universitd Manchen.
® Abstract published idvance ACS Abstract&ebruary 15, 1997.
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(w), 1163 (m), 1128 (m), 1040 (w), 988 (m), 856 (w), 762 (m), 700
(W), 575 (w), 540 (w), 519 (w), 498 (w). Anal. Calcd fopdE43aNBP:-
SnCl (549.26): C, 43.73; H, 7.89; N, 5.10. Found: C, 44.23; H, 7.79;
N, 4.95. Compound. Mass spectrum (30 eV)j/e(%)]: 631-636
(M*, 1%), 594-601 (M — CI*, 5%) 572-587 (10%). Infrared
spectrum (KBr, cm?): 2961 (s), 2930 (s), 2851 (s), 2238 (m), 1464
(m), 1370 (s), 1327 (s), 1304 (m), 1244 (w), 1161 (s), 1128 (m), 1043
(w), 990 (m), 860 (w), 804 (w), 704 (w), 571 (w), 547 (w). Anal.
Calcd for GgHssN2B.P,CISn (633.42): C, 49.30; H, 8.75; N, 4.42.
Found: C, 49.60; H, 8.92; N, 4.25. CompouhdMass spectrum (30
eV) [m/e(%)]: 493-500 (M — 'Bu, 15%), 401405 (M — 2'Bu —
CIt, 34%). Infrared spectrum (KBr, cri): 2967 (s), 2928 (s), 2847
(s), 2715 (s), 2278 (m), 1466 (s), 1443 (s), 1366 (s), 1310 (s), 1184
(s), 1155 (s), 1005 (m), 870 (w), 801 (w), 577 (w), 544 (w), 500 (w).
2,4-Bis(dialkylamino)-5,5-ditert-butyl-1,3-diphospha-2,4-dibora-
5-stannabicyclo[1.1.1]pentanes 8 and 9A solution containings (1.40

(8) Dou, D.; Westerhausen, M.; Wood, G. L.; Linti, G.; Duesler, E. N.;
Noth, H.; Paine, R. TChem. Ber1993 126, 379.
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Cage Compounds Containing B, Sn, and P Atoms

Table 1. NMR Spectropic Data (23C, GsDe)

Inorganic Chemistry, Vol. 36, No. 6, 19971071

compad UB{1H} SIP{IH} 1195 tH} H B3C{*H}
1 47.1 -162.8 3.9 (PH) 51.6 (CH)
1.1 (CHy) 23.2 (CH)
35
2 50.8 —127.2 4.7 (PH) 58.2,40.9
1.52 (tmp) 30.2,33.4
16.4 (tmp)
3 50.0 —174.9 4.41 (PH) 70.7,59.4 (DME)
—91.2 4.12 (CH), 3.78 (CHi 50.6 (CH), 49.3 (CH
3.39, 3.2 (DME) 24.8 (Ch), 23.5 (CH)
1.45 (CH), 1.38 (CH)
4 53.6 —138.3 3.38, 3.13 (DME) 57.0, 44.5, 33.3, 17.5 (tmp)
—15.5 1.93, 1.65 (tmp)
5 49.9 —129.2 75.1 5.75 (PH) 58.4,41.6
—113.1 1.63, 1.36, 1.32 (tmp) 32.9, 16.2 (tmp)
0.93 (SnMg) 1.2 (SnMg)
6 51.4 —136.3 74.9 5.79 (PH) 58.4,42.8
—105.2 1.57 (Me3) 36.5,34.5
30.5, 16.4 (tmp)
41.8 CMey)
31.6 (QViey)
7 49.8 —-184.3 99.5 4.96 (PH) 55.3, 47.5 (CH)
—147.0 4.26, 3.23 (CH) 41.0Mes)
1.43 (SfBu) 30.7 (Ves)
1.24,1.08 (Ciey) 24.6, 22.2 (Ciey)
8 49.7 50.1 —277.0 1.99,1.73 58.2,40.9
1.6 (tmp) 34.7,32.8
1.50 ((Me3) 15.9 (tmp)
37.9 CMey)
33.8 ((Mey)
9 49.1 —-12.7 —197.1 4.02 (CH)
1.43 (V&)
1.32,1.28 (Cifey)
10 —100 to—150
11 52.6 —127.9 26.2 5.74 (PH) 58.1,42.4
—-107.3 1.7+1.44 (tmp) 31.9,23.0
1.15 (MesSn) 16.6, 14.3 (tmp)
—2.3 (MeSn)

a Coupling constants (HZ)S, 1Jp5n: 920 (ngsn), 902 3Jp5n: 367 (ngsn),lJPH = 181,2Jpp = 34, ZJSnH = 277,d 3~]PH = 1.5, 4JSnH = 4-30:1 6,
lJp5n= 1349 (ugsn), 1298:, 3Jp3n= 187 G’lgsn),l\]pH = 186,2.]pp= 43, SJSnH = 88.6 (‘19$n), 84.7 {175n),3.]pH =457, 1Jp5n= 1281 (‘195n), 123&
3Jpsn= 82 (1195n), Lpy = 180,3J4n = 6.7, 3Jsnn = 89.9 (19Sn), 86.1 £7Sn), 3Jpy = 4.0; 8, Wpsn = 601 ¢19Sn), 5855 3Jgy = 83.7 (195n), 80.3
(117SI"I); 9, lJpSnz 584 (119$n), 5503 SJSnH = 83.6 (llgsn), 80.4 {NSI']),:;\]HH = 6.7; 11, 1Jp3n= 968 (ngsn), 894[:, 3JPSn= 262 G’lgsn),l\JpH = 172,
2Jpp= 26.° Hexane solution¢ The separateP'%Sn and P-117Sn couplings are not well-resolved in tH#® NMR spectrumd The separate H1%Sn
and H-1"Sn couplings are not well-resolved in thid NMR spectrum.

Scheme %
| | |
/ : BuLi/DME / F’\ R,NBCI /P\
R;N—B B—NR, ————>  RN—| — b —
2 % 2 BuH 2 B\ /B NR, TR RN B\ /B NR,
T '|’ -DME T
Li-DME /a\
1 2 3 s cl NR',
RoN|'PrN  tmp RoN [ PN tmp

BuLi
-LiCI
-BuH

"~ BZP\B NR'
— NR2
N

RN—P F/

g, 2.2 mmol) in hexane (30 mL) was cooled /8 °C and'BuLi/ Compound9 was prepared in an identical fashion: yield, 0.7 g
pentane solution (1.3 mL, 2.2 mmol, 1.7 M solution) was added slowly (52%); mp 136-138 °C (dec). Mass spectrum (30 eVin[e (%)]:

with stirring through an air-tight syringe. The resulting cloudy orange 513-522 (M", 12%). Infrared spectrum (KBr, ci¥): 2965 (s), 2924
solution was stirred at-78 °C (2 h) and at+23 °C (16 h) and then (s), 2839 (s), 2710 (w), 1462 (s), 1433 (s), 1364 (s), 1294 (s), 1184
filtered. The filtrate was evaporated to dryness and the residue (m), 1144 (s), 1030 (m), 804 (w), 770 (w), 669 (w), 571 (m). Anal.
recrystallized from pentane at10 °C, leaving orange crystals & Calcd for GoHseB2N2P,Sn (516.84): C, 46.48; H, 8.97; N, 5.42.
yield, 0.70 g (54%); mp 146148 °C (dec). Mass spectrum (30 eV)  Found: C, 46.28; H, 9.26; N, 5.26.

[m/e (%)]: 483-485 (M — 2Bu*, 2%), 419-424 (55%), 362 (M— Dimethylbis[2,4-bis(2,2,6,6-tetramethylpiperidino)-1,3-diphospha-
Bu,Sn", 100%). Infrared spectrum (KBr, cif): 2959 (s), 2930 (s), 2,4-diboretanyl]stannane (11). A sample of4 (0.75 g, 1.6 mmol)
2843 (s), 2712 (w), 1464 (m), 1379 (m), 1362 (m), 1310 (m), 1279 was combined with Mg&gnC} (0.17 g, 0.77 mmol) in hexane (30 mL)
(s), 1241 (w), 1155 (s), 1125 (m), 1040 (w), 988 (m), 804 (w), 678 at—78°C and stirred at-78 °C (2 h) and at+23 °C (16 h) and then
(w), 575 (w). Anal. Calcd for gHs4B2NoP.Sn (596.96): C, 52.31; filtered. The filtrate was vacuum evaporated to dryness and the residue
H, 9.12; N, 4.69. Found: C, 52.47; H, 9.58; N, 4.71. recrystallized from hexane (10 mL) at10 °C, leaving pale orange
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crystals of11: yield, 0.45 g (63%); mp 179181 °C. Mass spectrum Table 2. Crystallographic Data for tmpB)SriBu; (8),
(HR-FAB): calcd for GgHgoN4''B21%B,P42°Sn, 878.480 038; found Po('PrzNB),SrBu; (9), and [HP(tmpBPL.SnMe; (11)
878.480 95 (dev;-0.1 ppm). Infrared spectrum (hexane, ¢in 2228 8

9

(s), 1448 (w), 1398 (m), 1325 (s), 1302 (s), 1242 (m), 1169 (s), 1130
(M), 1088 (w), 1044 (w), 993 (), 866 (w), 817 (), 747 (), 573 (w), ~ Chemformula  GoHuBaN PSn ook ladBN:P2Sn
503 (w). Anal. Calcd for GHsoBsN4P,Sn (878.87): C, 51.93; H, cryst syst mdnoclinic mo-noclinic
9.18; N, 6.38. Found: C, 53.53; H, 9.52; N, 6.14. space group P2.Jc P2,/c

2:1 Reactions of 3 and 4 withBu,SnCl. A 2 equiv amount of3 a, 11.369(1) 10.818(1)
or 4 was combined with 1 equiv dBu;SnCk (1.0 mmol) in hexane b, A 12.342(1) 25.992(2)
(50 mL) at—78 °C and stirred at-78 °C (2 h) and+23 °C (16 h). c A 22.573(2) 10.870(1)
The resulting mixtures were filtered to remove LiCl and the filtrates ., deg 90 90
evaporated to dryness, leaving orange solids. AnalysiémandH p, deg 93.22(1) 111.34(1)
NMR revealed that the solids were 1:1 mixture®a&fnd1 or 8 and2. 7, deg 90 90

. . . o v, A3 3162.2(4) 2847.1(4)

1:1 Reaction of 5 with 'BuLi. Combination of5 (0.35 g, 0.64 z 4 4
mmol) with a'BuLi/pentane solution (0.38 m!_, 1.7 M solutioq, 0.65 Deaica g CNT3 1.254 1.206
mmol) at—78 °C gave a cloudy orange solution which was stirred (2 T,°C 20 20
h) and and warmed té-23 °C and stirred (16 h). The mixture was u, cmt 9.25 10.17
filtered to remove LiCl and vacuum evaporated, leaving a pale yellow  A(Mo Ko) 0.71073 0.71073
glassy solid. Mass spectrum (FAB): ion envelopes in the ranfge Re,? (%) 3.64 3.69
555-2246. Rur. (%) 2.83 3.84

F > 20(F) F > 30(F)

Crystallographic Measurements and Structure Solutions. Crys-
tals of 8 and 9 were obtained as described above. Crystals of each 2Re = Y||Fo| — |Fell/3[Fol. * Rur = [SW(|Fo| — |Fe)¥yWFA2.
were placed in glass capillaries under a dry nitrogen atmosphere and
sealed. The crystals were centered on a Syntex P3/F automated!@Ple 3. Selected Bond Lengths (A) and Angles (deg) 8oand9

diffractometer and determinations of crystal class, orientation matrix 8 9
and unit cell dimensions were performed in a standard manner. Data
were collected in thes scan mode with Mo & (1 = 0.710 73 A) B-P P(1)-B(1) 1.985(6) P(1yB(1) 1.981(4)
radiation, a scintillation counter, and pulse height analyzer. Inspection P(1)-B(2) 1.976(5) P(1)yB(2) 1.987(5)
of small data sets led to the assignments of the space gtobpwpirical Eg);ggg iggéggg ggg 58 igggggg
ﬁriﬁ;ggnd(;%gscvt&:?; \év(;atreedapplled on the basig s€ans® No signs Shp SnP(1) 2.527(1) SrP(1) 2.520(1)
: Sn—P(2) 2.537(1) SaP(2) 2.527(1)
All calculations were performed on a Siemens SHELXTL PLUS B—N B(1)—-N(1) 1.403(6) B(1}N(1) 1.39095)
structure determination systéln.Solutions for the data sets were by B(2)—N(2) 1.405(6) B(2)-N(2) 1.394(8)
direct methods&) and heavy atom technique8)( Full matrix least- Sn—C Sn—C(19) 2.202(5) sSnC(13) 2.205(6)
squares refinements were employédind neutral atom scattering Sn—C(23) 2.209(5) SmC(17) 2.210(4)
factors and anomalous dispersion terms were used for all non-hydrogenB—P—B  B(1)-P(1)-B(2) 72.8(2) B(1)-P(1}-B(2) 65.2(2)
atoms during the refinements. The data collection and refinements for P(Ly-P(2)-B(2) 72.3(2) P(1yP(2)-B(2) 66.1(2)

8 proceeded in a normal fashion. The heavy atom positions were P-B—P P(1)-B(1)-P(2) 98.7(2) P(1yB(1)-P(2) 103.2(2)

refined anisotropically, and H atom positions were computed by using P_Sn_p E,((ll)):gg_z);(z()z) ?g?gg Eg:}}ggz_);(g()z) %(5)24?1(;3)

the riding model with isotropit)’s set at 1.28quy Of the parent atom. B)-P(1)}-Sn 76.5(2) B(2}P(1)-Sn  76.5(2)
Compound9 displayed disorder in th8u group containing C(18), B(1)-P(2)-Sn 76:5(2) B(L}-P(2)-Sn 75:9(1)
C(19), and C(20). Site occupancies were varied, leading to occupancies B(2)-P(2)-Sn 76.0(1) B(2}P(2-Sn 76.8(2)

of 0.61 (primary) and 0.39 (secondary). All heavy atoms in the final

refinement were allowed to vary anisotropically in position except Results and Discussion

C(18), C(19), and C(20), which were fixed in occupancy and position. —

The Uiss's were allowed to vary for these three atoms. In the current study, the reactions ®f;NBP(H)(PrLNB)P-
Listings of selected data collection and crystal data are provided in 1 )

Table 2, and pertinent bond distances and angles are summarized ir-i*‘DME (3) and (tmp)BP(H)(tmpB)PLDME (4) with Mez-

Table 3. Additional crystallographic data, heavy atom coordinates, SNChk and 'Bu,SnC} in a 1:1 ratio have been examined as

hydrogen atom coordinates, anisotropic thermal parameters, and fullsummarized in eq 1. The P-stannylated diphosphadiboretanes

listings of bond lengths and angles are provided in Supporting

Information. T T
P P,
S . . 7N + R%SnCl —B/ B—N 1
(9) Space group notation is given irnternational Tables for X-ray RN /B_NRZ S0Cl e RNTTE R V)
Crystallography Reidel: Dordrecht, Holland, 1983; Vol. |, pp 73 P DME P
346.
(10) The empirical absorption corrections use an ellipsoidal model fitted Li-DME /S|"\
to azimuthal scan data that are then applied to the intensity data: 3 4 o g R
SHELXTL ManualRevision 4; Nicolet XRD Corp.: Madison, WI, RN| Pr,N tmp
1983. 5 6 7
(11) Sheldrick, G. MNicolet SHELXTL Operations Manyallicolet XRD RN | tmp tmp 'PrN
Corp.: Cupertino, CA, 1981. SHELXTL uses absorption, anomalous R | Me Bu 'Bu

dispersion, and scattering data compiled international Tables for

X-ray Crystallography Kynoch: Birmingham, England, 1974; Vol. _ ; ; ; ; ; ;
V. pp 5560, 99 101, 149- 150. Anomalous dispersion terms were 5—7 were isolated in good yield as crystalline air and moisture

included for all atoms with atomic numbers greater than 2. sensitive solids. The 1:1 reaction ®and MeSnCh was also

(12) A general description of the least-squares algebra is found in: examined, and an impure yellow oil was obtained. Attempts
Crystallographic ComputingAhmed, F. R., Hall, S. R., Huber, C. ) 1
P., Eds.; Munksgaard: Copenhag%n, 1970; p 187. The least-squaresto purify the anticipated producRr,NBP(H)(Pr,NB)PSn(Cl}
refinement minimize$ w(|Fol — |Fcl)*, wherew = 1/[o(F), + gF2l. Me,, by vacuum distillation and crystallization were unsuccess-
R = S IIFol — IFcll/5|Fol, Rur = [YW(IFo| — |Fcl)¥3>WFo?, and GOF . 1
= [SW(Fo| — IFDUNO — NV)]¥2 where NO = number of ful, and the compound was characterized only¥§H} NMR
observations and N¥ number of variables. spectroscopy.
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The mass spectrum & shows a weak parent ion envelope
in the mass rangen/e631—-636 with intensities that correspond
to the expected isotope distribution. The mass spectbaofl
7 do not display a parent ion envelope, Bughows a fragment
ion envelope am/e509-514 corresponding to [M- CI*] and
7 shows an envelope at/e493—-500 consistent with a [M-
But] fragment. The infrared spectra display a weak band
in the region 22382278 cntt, which is in the range of values
observed for the bory,silyl,? and germyd analogs of5—7.
Similar to the B, Si, and Ge analogs, i8 NMR spectra (Table
1) of 5—7 show two resonances of equal intensity. The

Inorganic Chemistry, Vol. 36, No. 6, 19971073

H

P RN~ 7 N R

R;N—B! B—NR, * Buli ——> N (3)
AN -LiCl B\ N
e o RN—ER VR
Sn 8 9
Cl/ é\R, RN | tmp PrN
R R By Bu
6,7

This process was also observed witl? 8hd Gé analogs
carrying larger R groups than Me. Compound® and 9,

downfield resonance in each case is assigned to the diborylphostwever, are noticeably less thermally stable than the Si and

phane fragment (B°H) since it splits into a widely spaced
doublet £Jpy = 180—-186 Hz) in the proton coupled spectra.
The upfield resonance is assigned to th#8n fragment on
the basis of its PSn coupling satellites and lack dfpy
splitting. It is interesting that théJps, value for5 (YJpsp =
902 Hz) is significantly smaller than the valuessiand7 (1Jpsn

= 1298 and 1238 Hz, respectively). In addition, the FP
coupling is resolved witlb, 2Jpp = 34 Hz, and6, 2Jpp = 43
Hz, but not in7. The119%Sn1H} NMR spectra for5—7 show

a single resonance centeredat5.1, 74.9, and 99.5, each split
into a doublet of doublets b¥dpsn coupling (920-1349 Hz)
and3Jpsy coupling (82-367 Hz). The chemical shifts for the

Ge analogs as the tin derivatives decompose above°C40
Further,8 shows no parent ion in the EI mass spectrum, &nd
gives only a weak parent ion. For the Si and Ge species, the
parent ion was usually the most intense ion.

The NMR data fo8 and9 are comparable with the spectral
features for the B, Si, and Ge analogs, and they are consistent
with the proposed cage structure. THB{H} NMR spectra
contain a single resonancé; 6 +49.7;9, 6 +49.1. The3lP-

{H} NMR spectra show a single resonance at significantly
lower field than the precursor molecule8, 6 +50.1;9, 6
—12.7. This trend was also found with the B, Si, and Ge
analogs. With the tin compounds, however, the resonance

four-coordinate Sn environments are intermediate in the rangegnows one bond SrP coupling: 8, Jsnp= 585 Hz;9, Lsnp=

of shifts reported for MgSnPPh!3 § —2.3, MeSn(PPh),1415
6 —11.5, and (TMSCH),Sn(F)P(H)A6 6 +126.3. ThellB-
{H} NMR spectra contain a single, relatively broad resonance

550 Hz. Thell®Sn{1H} NMR spectra for8 and 9 display a
triplet due to coupling with the two equivalent phosphorus
atoms: 8, 0 —277.0;9, —197.1. These shifts are significantly

centered ab 49.9, 51.4, and 49.8, respectively, and these values ysfield of the precursor$ and 7, and the Nsne coupling

are comparable with the BSi? and Gé analog species. The
IH and3C{1H} NMR spectra are consistent with the proposed
structures 06—7. Of particular interest are tHél NMR spectra
that show a doublet centered in the rardg&.9—4.7 with 1Jpy

= 180-190 Hz, and as seen in a number of other compounds

the 3Jsny (~90 Hz) coupling constants are larger than ihgn
(~30 Hz) coupling constants.

The dehydrohalogenation 6f7 with 'BuLi was examined.
In the case 06, with small substituent groups on the Sn atom,
an oligomeric solidlO was obtained, as described in eq 2. A

H

P e
/"N ‘
tmp——B: B + Byli —— —T-Sn—FP P— 2
mp: \ / tmp uli o ‘ QB‘Z (2)
P -BuH Ve B tmp
' tmp |n

Snu,,,,,
R
o N 10

5

similar intermolecular elimination/condensation dehydrogenation
oligomer was obtained with GeMé& The oligomer10 was
studied by FAB-MS analysis and found to give ions out to at
leastm/e 2246, which indicates that > 4. The oligomer is
soluble in benzene, and it shows broad resonances iflfhe
NMR spectrum between—100 and —150 ppm. Further
characterization of the oligomer has not been attempted.

Compounds and7, with larger'Bu groups on the Sn atom,
undergo intramolecular dehydrohalogenation with formation of
the bicyclo[1.1.1] cage specigsand 9, as shown in eq %

(13) McFarlane, W.; Rycroft, C. SI. Chem. Soc., Dalton Tran§974,
1977.

(14) Kennedy, J. D.; McFarlane, W. Unpublished results.

(15) Harris, R. K.; Mann, B. ENMR and the Periodic TabjeAcademic
Press: New York, 1978.

(16) Couret, C.; Escudie, J.; Satge, J.; Roharinirina, A.; Andramizaka, J.
D. J. Am. Chem. S0d.985 107, 8280.

(17) Mason, JMultinuclear NMR Plenum Press: New York and London,
1987; Chapter 11.

constants are about half the values found6imnd 7. The
reduced coupling constants reflect a smaller degree of s orbital
character in the PSn bonds in the cages, and the X-ray
crystallographic dataide infra support this conclusion.

The molecular structures 8fand9 were determined by single
crystal X-ray diffraction analysis. Views of the molecules are
shown in Figures 1 and 2, and selected bond distances and
angles are summarized in Table 3. Both molecules have a
trigonal-bypyramidal cage structure with the phosphorus atoms
in the apical positions, as found with theB3,* P,B,Si? and
P.B,Ge® cage compounds, except that the$h—P bond angle
is much smaller due to the larger size of the Sn atom. The
P—Sn—P angle in9 is slighly larger, 75.4, than in8, 73.1°,
and this is accompanied by a less acute averagg-FP angle
in 9, 103.T, than in8, 98.8. The average internal angles at
the phosphorus atoms are very acute as in the cases of the other
cage species8, 75.2; 9, 72.9. The average BP—B angle
is significantly more acute if (65.6°) than in8 (72.5°). The
average B-P bond lengthsg, 1.986 A;9, 1.972 A) fall in the
single bond rangé& and they are comparable with the values

(18) Compound was also obtained but in an impure state by reaction of
equimolar amounts of ((tmp)BPKJ0.56 g, 1.5 mmol) antBu,SnCh
(0.48 g, 1.5 mmol) in benzene. The resulting red suspension was
filtered and orange crystals & (0.48 g, 53%) separated from the
filtrate: mp 140-150°C. An oily residue adhered tenaciously to these
crystals. Several recrystallizations from hot benzene led to separation
of colorless crystals which turned out to BBU,Sn},.22 Characteriza-
tion data for8 obtained in this fashion are essentially identical to those
described in the Experimental Section. Small differences in NMR data
likely result from solvent and concentration effects and from the fact
that data were obtained on different instruments. Mass spectrum (70
eV) [m/e(%)]: 541 (M — '‘Bu* 3%), 485 (M— 2Bu* 5%), 364 (M
— SniBu," 100%), 349 ((tmp)BR) — Me* 59%). 3'P{1H} NMR
(CeDg): 0 50.4 (d, Jussp_p = 595 Hz,1Jurs, p = 570 Hz).11B{H}
NMR (CeDg): 6 48.9.1195n NMR (GDg): 6 —272.6 (t,'Jusspp =
595 Hz).13C{H} NMR (CsDe): 6 37.9 (CMe3), 33.7 (QMes), 58.3,
40.9, 34.8, 32.8, 15.9 (tmp). Similar reactions of ((tmp)Bfith
Me>SnCh and'Pr,SnCk in benzene gave yellow solutions from which
insoluble yellow powders separated. The chloride free materials
decomposed above 18C and were not characterized.
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Figure 1. Atomic structure and atom labeling scheme feftfApB)-
SriBu; (8) with H atoms omitted (50% probability ellipsoids).

Figure 2. Atomic structure and atom labeling scheme fof -
NB),SriBu, (9) with H atoms omitted (50% probability ellipsoids).

found in the BB,Si and BB,Ge cages. The average-Bn

distances & 2.532 A;9, 2.524 A) are similar to the average

distance in [MgSnkPs, 2.51 A20
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is consistent with the smaller steric demands of the methyl
groups on the tin atom. Combination®br 4 with 'Bu,SnCh,
however, produced the cage compoudadr 9 and the 1,3-

Given the different dehydrohalogenation reaction pathways diphospha-2,4-diboretané or 2. This suggests that the

displayed byd compared t® and7, it was of interest to explore
the 2:1 stoichiometry reactions &fand4 toward MeSnCh

substitution product§ and7 are initially formed and then the
second equivalent o8 or 4 acts as a dehydrohalogenation

and'Bu,SnCb. The results are summarized in eqs 4 and 5. promoter. This chemistry has also been observed in the related

H

[}

2 tmp—B B—tmp * MeSnCl, ———

AN -2LiCl
1 -2DME
Li-DME
tmT t'mp
NN
H—P p—Sn—F! P—H
NN
B B
| Me |
tmp tmp
11
|
P
2 RN—B B—NR, * 'BuSnCl, ——> Bor9 + 1or2 5
) NI 2 oSl —r s r (5)
P -2DME
Li-DME

3or4

With the combination oft and MeSnC) the bis(1,3-diphospha-
2,4-diboretanyl)dimethyltin compourill was obtained. This

(19) Paine, R. T., Nit,, H. Chem. Re. 1995 95, 343.
(20) Drger, M.; Mathiasch, BAngew. Chem., Int. Ed. Engl981, 20,
1029.

chemistry on RGeClh reagents where'Rs bulky3

Compound11 was fully characterized by analytical and
spectroscopic techniques. The compound displays a cluster of
ions corresponding to the parent ion, and it shows a band at
2228 cnttin the IR spectrum that is assignedi4gy. The'l°Sn-

{H} NMR spectrum displays a tripled, 26.2,1Js,p= 968 Hz,

due to coupling of two equivalent phosphorus atoms bonded to
the central Sn atom. Each of these peaks is further split into a
triplet by coupling with the equivalentFH phosphorus atoms,
3Jsnp= 262 Hz. The!'B{1H} NMR spectrum shows a single
resonance centered &t+52.6. The3P{1H} NMR spectrum
displays two resonances, —107.3 and—127.9. The one at
lower field becomes a doubletJpy = 172 Hz, in the proton
coupled spectrum, and the one at higher field shows satellites
due to SA-P coupling,’Js,p = 894 Hz.

Crystals of11 were obtained; however, they were found to
diffract weakly. As a result, full anisotropic refinement was
not possible. An isotropic refinement confirmed the proposed
connectivity, and the resulting structural parameters are included
in the Supplementary Information.

Conclusion

The RB,E cage assembly chemistry revealed in our studies
to date is summarized in Scheme 2. The dehydrohalogenation
of examples ofL.2is promoted by strong bases, e'8uLi, and
it can proceed by intramolecular or intermolecular processes to
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