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Synthesis, Structure, and Coordination Chemistry of Aminophosphanylboranes
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Syntheses for the diphosphadiboretaR&BPH), the triphosphatriborinanéRNBPH);, and the aminodiphos-
phanylboranéPrL,NB(PH;,), are reported. Reaction of these ligands with Cr(&@Me; results in the formation
of the complexesPLNBPH)-Cr(CO) and'PrNB(PH,),-2Cr(CO). Molecular structure determinations for the
diphosphadiboretane, the triphosphatriborinane, and the two coordination complexes have been completed by use
of single crystal X-ray diffraction techniquesiPGNBPH), (CeHisBNP) crystallizes in the monoclinic space
group P2:/n with a = 7.7200(10) Ab = 10.514(2) A,c = 11.231(2) A, = 101.100(10), andZ = 4; (Pr-
NBPH); (C1gH4sB3N3Ps) crystallizes in the monoclinic space gro®2i/n with a = 20.217(16) A,b =
13.764(11) Ac = 20.494(16) A = 104.40(5}, andZ = 8; (PLNBPH),*Cr(CO)s (C17H30B2N20sP,Cr) crystallizes

in the monoclinic space group2,/n with a = 11.284(3) A b = 14.583(6) A,c = 16.515(4) A8 = 105.97(2),
andZ = 4; 'PpNB(PH,)2[Cr(CO)]. (C16H18BNO1oP.Cr,) crystallizes in the orthorhombic space groEgd2
with a = 23.214(8) A,b = 11.914(5) A,c = 18.359(5) A, andZ = 8.

Introduction R R
c I |
. L r(COk R 3
It has been previously observed that coordinatively unsatur- / / N\ r—p" Np—nR
ated phosphanyl boranes;BR-PR, are obtained as monomeric ~ MP—8== P\ R—B\ /B— R I |
species when sterically demanding organic substituents are CEy P AN
bonded to the electron deficient, three-coordinate boron atém. L. I
Without steric protection, however, these species typically self- R
associate, forming dimeric gB—PR2, and trimeric (RB— 1 2 3

PR )3 ring compounds or oligomers with four-coordinate boron ) _ _
and phosphorus atom environmeht8. Similarly, the more ~ Planar four-membered rings. A mixture of four- and six-
highly coordinatively unsaturated boranylidenephosphanes, membered rings was obtained with RiRMest-Bu. Recently,
RB=PR, would also be expected to display a strong tendency S|mllgr behavior was found with compounds containing amino
to self-associaté. Indeed, no monomeric examples have yet Substituents on the boron atothksrger amino groups (R/R=
been isolated, although a Cr(GQjdductl of tmpB=PCE} PhN/H and tmp/H) gaveplanar four-membered rings, while
(tmp = 2,2,6,6-tetramethylpiperidino) has been characterized. Smaller amino groups (R/R= Me;N/H and EtN/H) resulted

All other efforts to obtain the elusive boranylidenephosphanes in nonplanar twisted six-membered ring geometries. The only
have resulted instead in the formation of four-membered(RB ~ €xception so far to this steric trend was found with the bulky
PR), 2 or six-membered (RBPR); 3 ring compounds contain- ~ but more weaklyz donating amido group (M&i)N, which

ing three-coordinate boron and phosphorus atbrisThe ring produced anonplanarsix-membered ring structufe.

size adopted appears to depend on the size of the substituent During our earlier investigations, it was observed that the
groups R and R For example, Power and co-workk?g:8 outcome of reactions ofPRLNBCI; with LiPH;DME was
noted that, with less bulky aryl and alkyl group combinations Sensitive to reagent stoichiometry and reaction conditfortse
(R/IR = Mes/Cy, Mes/Ph, Mes/Mes, and Ph/Meslanar six- evidence available at thgt time suggested thgt perhaps both four-
membered rings formed, while slightly larger organic group Memberedr{= 2) and six-membered(= 3) ring compounds

combinations (R/R= Mes/1-Ad and Thex/Mes) produced (PrNBPH), were produced, but their separation and isolation
were not successfully completed. We have continued to

examine this system since the rings offer potentially useful
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t Universita Miinchen. building blocks for the synthesis of polycyclic cage compounds.
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Table 1. Crystallographic Data forRLNBPH), (4), (PRLNBPH) (5), (PNBPH)-Cr(CO) (6), and'PLNB[(PH,)-Cr(CO)]. (7)

4 5 6 7
chem formula GH1sBNP CigH45B3N3P3 C17H30B2N-0OsP.Cy C16H18BNO1oPoCr,
a, 7.720(1) 20.217(16) 11.284(3) 23.214(8)
b, A 10.514(2) 13.764(11) 14.583(6) 11.914(5)
c, A 11.231(2) 20.494(16) 16.515(4) 18.359(5)
a, deg 90 90 90 90
B, deg 101.10(1) 104.40(5) 105.97(2) 90
y, deg 90 90 90 90
v, A3 894.5(3) 5524(8) 2613(1) 5077(3)
z 4 8 4 8
Ocalca g CNT3 1.062 1.032 1.215 1.468
fw 143.0 428.9 478.0 561.1
cryst system monoclinic monoclinic monoclinic orthorhombic
space group P2:/n P2:/n P2i/n Fdd2
T,°C 20 20 20 20
u, mmt 0.225 0.218 0.572 1.004
A (Mo Kay), A 0.71073 0.71073 0.71073 0.71073
Re2 0.047 0.059 0.0997 0.096
Rue? 0.043 0.076 0.047 0.087

ARe = 3 IIFol — IFcll/ZIFol. ® Rur = [IW(IFo| — |Fcl)?/ 3 wFe?] M2

KBr pellets, and mass spectra were recorded on a Finnegan GC/MS23 °C: yield 0.39 g (95%); mp 100102 °C (dec). Mass spectrum
using a solids inlet probe and on a Kratos MS-50 spectrometer with (HRMS-FAB, 70 eV) m/e. 429.3095 (M, 2C;gHs5"N331PsMBs3,

FAB analysis. NMR spectra were recorded on Bruker WP-250 and 429.3111, dev 1.2 ppm), 395 (100), 366 (11), 286 (21), 253 (41), 198
JEOL GSX-400 spectrometers. All NMR spectra were referenced with (10), 110 (38). Anal. Calcd for fgH4sN3B3P; (429.31): C, 50.40; H,

Me,Si (3C and'H), BF:OEt (11B), and 85% HPO, (3P) with +0 =

downfield. The samples were contained in sealed 5 mm tubes and

10.58; N, 9.80. Found: C, 51.26; H, 10.47; N, 9.82.
[2,4-Bis(diisopropylamino)-1,3,2,4-diphosphadiboretane]chromi-

dissolved in a deuterated lock solvent. Elemental analyses were fromum Pentacarbonyl (6). A sample of PLNBCI, (1.4 g, 7.7 mmol)

the UNM analytical services laboratory.

Materials. Reagents 'PLNBCI,,° LiPH,DME,** [PrLNB-

1
P(H)(PrN)BPLIi-DME],**? and Cr(CO)-NMes!'® were prepared by
literature methods. The BuLi ariBuLi solutions (Aldrich) were used

as received. Solvents were dried and degassed by standard method

and solvent transfers were accomplished by vacuum distillation.
Synthesis and Characterization of Compounds. 2,4-Bis(diiso-
propylamino)-1,3,2,4-diphosphadiboretane (4).A solution containing

.

[PLNBP(H)(PrLN)BPLi-DME] (1.58 g, 4.15 mmol) in EO (30 mL)
was cooled to GC, and a solution of anhydrous HCI (4.15 mmol) in
Et,O (20 mL) was added dropwise very slowly oveR h (~4 drops

dissolved in hexane (50 mL) was combined with LIPBME (1.9 g,
14.6 mmol) at—78 °C. The mixture was stirred (2 h), warmed to 23
°C, and stirred (16 h). The white cloudy solution was filtered and the
solvent removed from the filtrate by vacuum evaporation. The residue
containing4 was redissolved in hexane (50 mL), and Cr(68Mes

?1.93 g, 7.7 mmol) was added to the solution at’23 This mixture

was stirred (16 h), whereupon the solvent was removed by vacuum
evaporation until~5 mL of solution remained. This solution was
cooled 10 °C), and yellow single crystals & deposited: yield 0.5

g (14%); mp 176-172 °C (dec). Mass spectrum (30 eWye: 422
(1,MT=2CO0), 394 (2), 366 (23), 338 (100), 225 (40) 195 (12), 163
(18), 151 (20). Infrared spectrum (hexane,&m 2315 (w), 2276

min~1). Slow addition is required to avoid undesired side reactions. A (W), 2056 (m), 1956 (s), 1935 (vs), 1908 (m), 1483 (w), 1368 (w),

white precipitate (LiCl) forms immediately upon addition of the HCI/
Et,O solution and continues to form during the reaction. After the
addition was complete, the reaction mixture was warmed ttC2&nd

stirred (3 h). The solvent was vacuum evaporated and the residue

1323 (w), 1184 (w), 1150 (w), 725 (w), 671 (w), 656 (w), 461 (w).

Anal. Calcd for GsH30B2N2OsP.Cr (478.001): C, 42.72; H, 6.33; N,

5.86. Found: C, 42.62; H, 6.42; N, 5.90.
[(Diisopropylamino)bis(phosphanylborane)]bis(chromium Pen-

extracted with hexane (20 mL). The mixture was filtered and the filtrate tacarbonyl) (7). A sample of PLNBCI, (1.45 g, 7.97 mmol) was

concentrated to 10 mL. This solution was cooledlQ °C), and
colorless single crystals af formed: yield 0.52 g (44%); mp 127
129°C. Mass spectrum (30 eMfjve: 286 (95, M), 253 (100), 173
(23), 158 (20), 110 (41). Infrared spectrum (hexane,$m2268 (PH,
w), 1479 (w), 1441 (w), 1398 (w), 1368 (s), 1312 (s), 1248 (w), 1186
(s), 1148 (s), 1115 (w), 1007 (w), 872 (w), 839 (m), 808 (m), 791 (m),
777 (m), 758 (w), 673 (w), 575 (w), 505 (w), 494 (w). Anal. Calcd
for Ci2Hz0B2N2P; (285.95): C, 50.40; H, 10.57; N, 9.80. Found: C,
50.74; H, 11.12; N, 9.68.
2,4,6-Tris(diisopropylamino)-1,3,5,2,4,6-triphosphatriborinane (5).
A suspension of LiPEHDME (0.75 g, 5.8 mmol) in ED (25 mL) was
added slowly with stirring to a solution é?P,NBCI, (0.52 g, 2.9 mmol)
in pentane (25 mL) at 23C. The PH produced in the reaction was

dissolved in hexane (25 mL), and LIM®ME (1.97 g, 15.1 mmol)
was added to the solution at78 °C. The mixture was stirred briefly

at —78 °C and then warmed to 23C and stirred (16 h). The white
cloudy mixture was filtered and the filtrate evaporated to dryness. The
residue was redissolved in hexane (5 mL), and 4.0 g (16 mmol) of
Cr(CO)*NMe; in hexane (10 mL) added. This mixture was stirred at
23 °C (16 h) and the resulting solution evaporated to dryness. The
residue was recrystallized from cold hexane (5 mL), and yellow single
crystals of7 deposited: yield 1.5 g(34%); mp 16307 °C. Mass
spectrum (30 eV)r/e: 561 (M, 30), 449 (12), 421 (42), 393 (40),
281 (25), 257 (18), 229 (15), 113 (20). Infrared spectrum (hexane,
cm1): 2349 (w), 2065 (s), 1985 (s), 1948 (vs), 1485 (w), 1370 (w),
1337 (w), 1213 (w), 1194 (w), 1138 (w), 1020 (m), 785 (w), 671 (s),

continuously released through a mercury bubbler. After 5 h, the 658 (s). Anal. Calcd for GH1sBNO,oP.Cr, (561.07): C, 34.25; H,
solvents were removed by vacuum evaporation and additional pentane3.23; N, 2.50. Found: C, 34.22; H, 3.13; N, 2.60.

(10 mL) was condensed onto the residue. The insoluble fraction (LiCl)

Crystallographic Measurements and Structure Solution. Crystals

was removed by filtration, and the filtrate was vacuum evaporated. A of 4 (0.23 x 0.30 x 0.37 mm),5 (0.40 x 0.35 x 0.55 mm),6 (0.12
pale yellow oil remained that slowly crystallized over several days at x 0.16 x 0.53 mm), and? (0.21 x 0.30 x 0.35 mm) were placed in

(10) Gerrard, W.; Hudson, H. R.; Mooney, E. R.Chem. Sac96Q 5168.

(11) Schéer, H.; Fritz, G.; Hdderich, W.Z. Anorg. Allg. Chem1977,
428 222.

(12) Dou, D.; Kaufmann, B.; Duesler, E. N.; Chen, T.; Paine, R. TthNo
H. Inorg. Chem 1993 32, 3056.

(13) Wasserman, H. J.; Workulich, M.; Atwood, J. D.; Churchill, M. R.
Inorg. Chem 198Q 19, 2831.

glass capillaries under dry nitrogen. The crystals were centered on a
Syntex P3/F automated diffractometer, and determinations of crystal
class, orientation matrix, and unit cell dimensions were performed in
a standard manner. A summary of crystallographic data is given in
Table 1. Data4, +hk=l; 5, +h,+k=l; 6, £h,+k,—I; 7, £h,+k,+I)

were collected in thev scan mode with Mo & (A = 0.71073 A)
radiation, a scintillation counter, and a pulse height analyzer. In each
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Table 2. Atomic Coordinates ¥10% and Their Esd’s for Table 3. Atomic Coordinates %10 and Their Esd’s for
(PNBPHY), (4) (PNBPH); (5)
X y z Ueqp X y z Ueq)
P 1678(1) 5180(1) 9661(1) 58(1) P(1) 4479(1) 2176(1) 7413(1) 77(2)
B 626(3) 4032(3) 10660(2) 38(1) P(2) 3029(1) 1011(1) 7059(1) 81(1)
N 1353(2) 3010(2) 11344(2) 40(1) P(3) 2995(1) 3224(2) 7189(1) 81(1)
C(1) 3239(3) 2678(2) 11408(2) 48(1) B(1) 4000(3) 1006(5) 7501(3) 59(3)
C(2) 3474(4) 1325(3) 11005(3) 71(1) B(2) 2916(3) 2192(5) 6532(4) 62(3)
C@3) 4319(3) 2946(3) 12671(3) 74(1) B(3) 3983(4) 3331(5) 7520(3) 59(3)
C(4) 386(3) 2192(2) 12075(2) 45(1) N(1) 4302(3) 129(3) 7762(2) 63(2)
C(5) —1112(4) 1483(3) 11265(3) 65(1) C(1) 5041(3) —66(5) 8032(3) 75(3)
o el @) wnE O S e done)  erosy Ll
3 Equivalent isotropicU defined as one-third of the trace of the C§4g 3889%33 —768(2)) 7729(2(%)) 72(§))
orthogonalizedJ; tensor. c(5) 3089(3)  —1288(5) 8400(3) 101(4)
C(6) 3993(4) —1463(5) 7185(4) 115(4)
case, inspection of a small data set led to assignment of the indicated N(2) 4276(3) 4225(3) 7743(2) 62(2)
space group¥® Empirical absorption corrections were applied to the C(7) 2695(4) 1489(6) 5346(4) 95(4)
data, on the basis af scans® (Tminmas 4, 0.93, 0.9556, 0.89, 0.93; C(8) 2106(5) 858(6) 5260(4) 143(5)
7, 0.69, 0.80). Some signs of crystal decay were noted for C(9) 3359(4) 1003(6) 5371(4) 132(5)
All calculations were performed with a Siemens SHELXTL PLUS C(10) 2606(5) 3261(6) 5487(4) 114(4)
(Microvax Il version) structure determination systé&mSolutions for g(i%) iégg(g) ggg‘;’(;) gggé(g) ig(?
the data sets were by direct methods, and full matrix refinements were N%S) ) 2734((2)) 2290((4)) 5836((3)) 68((2))
employed'’ Neutral atom scattering factors and anomalous dispersion c(13) 3841(3) 5084(4) 7775(3) 71(3)
Elehrmfs were useq fer gll non-h;';drogan aztogjus durlrr:gdthe refinements. c(14) 3787(4) 5758(5) 7178(3) 115(4)
The unction minimize Waiyv(| ol — |Fel)? I non-hydrogen atoms C(15) 4047(4) 5654(5) 8431(3) 99(4)
in 4 were refined anisotropically, and the finBlvalues wereR: = c(16) 5019(4) 4457(5) 7894(4) 83(3)
0.047 andR.r = 0.043 on 1163 observed reflectiods¥ 30(F)). The C(17) 5435(3) 4053(5) 8554(4) 100(4)
methyl hydrogen atoms were placed in idealized positions Wih—= C(18) 5328(4) 4288(6) 7310(4) 121(4)
1.28J¢q (riding model). The resulting difference map showed the P(1) 2381(1) 6467(1) 4276(1) 75(1)
phosphorus H atoms in two positions. These positions were allowed P(2) 1125(1) 7593(2) 3422(1) 84(1)
to vary with Ui, = 1.28Jeq of the P atom, and the final occupancies  P(3) 2578(1) 8641(1) 3740(1) 80(1)
for H(1a) and H(Lb) were 0.58(3) and 0.42(3), respectively. Theslight ~B(1) 1582(3) 7199(5) 4326(4) 59(3)
difference may be due to the fact that H(1b) is closer to another H B(Z,) 1894(4) 7991(5) 3051(4) 66(3)
atom than is H(1a): H(B}H(1b) (—x, 1 —y, 2 — 2) = 2.474 A and B(3) 3002(4) 7530(5) 4238(3) 61(3)
o _ I ) N(1) 1304(3) 7344(3) 4881(3) 64(2)
H(5¢c)---H(1a) x, 1 — y, 2 — 2 = 2.591 A. The refinement fob c(1
. A _ _ 1) 1641(4) 7134(6) 5592(4) 92(4)
was straightforward giving finaR values ofR- = 0.059 andR.r c(2) 1680(4) 6072(6) 5765(4) 126(5)
0.076 On 3632 -I'eﬂeCtIO-nQQ(> 4U(F)) The reflnement_forﬁ was Cc(3) 2289(4) 7694(6) 5846(4) 88(3)
treated in a similar fashion and the fialvalues wereRe = 0.0997 c() 613(4) 7819(5) 4789(4) 88(3)
andRyr = 0.047 on 2130 reflectiond=(> 20(F)). Refinement of7 Cc(5) 112(4) 7241(6) 5051(4) 123(4)
gave the finalR values of R = 0.096 andR.s = 0.087 on 1238 C(6) 692(4) 8859(6) 5019(4) 130(5)
reflections £ > 20(F)), and it was revealed that C(8) was disordered N(2) 1866(3) 7862(4) 2372(3) 71(2)
over two sites with occupancies of 54%, C(8), and 46%,'T(&Ill H C(7) 1269(4) 7359(6) 1910(4) 95(4)
atoms except H(1a) on P were placed in idealized positions With C(8) 829(4) 8066(7) 1432(4) 153(5)
= 1.28Ue, (riding model). H(la) was fixed in the position found in C(9) 1466(4) 6467(6) 1595(4) 126(5)
the difference map but adjusted so that theHPbond distance was C(10’) 2374(4) 8217(7) 2027(4) 107(4)
1.2 A. The polarity of the crystal was tested by inverting the molecule g(i%) gggg(i) %gg(;) gggg(i) igg(g)
and refining. This showed that all oxygen and carbon atoms (except ( . ) (4) (7) ) (5)
. \ e 0 ) N(3) 3700(3) 7509(40) 4544(3) 79(3)
C(8); C(8')) became nonpositive-definite, afl= 33%. Refinement
) : : . C(13) 4107(4) 6694(7) 4854(4) 113(4)
with all atoms isotropic (68 parameters) gake= 35% with bond c(14) 4095(5) 5870(6) 4396(4) 142(5)
d?st_ances and angles deviating substentially from expected values. C(15) 4035(4) 6366(6) 5546(6) 120(4)
Listings of the non-hydrogen atom coordinates are given in Tabtés 2 c(16) 4137(4) 8427(7) 4574(4) 119(4)
Additional crystallographic parameters and details of the structure  C(17) 4575(4) 8364(7) 4079(5) 141(5)
solutions (Table S-1), hydrogen atom positional parameters (Table S-5), C(18) 4437(5) 8770(6) 5251(4)

full listings of bond distances and angles (Tables S-2 and S-3), and
anisotropic thermal parameters (Table S-4) are provided in Supporting
Information.

a Equivalent isotropicU defined as one-third of the trace of the
orthogonalizedJ; tensor.

Results and Discussion
(14) Space group notation is given International Tables for X-Ray . .
Crystallography Reidel: Dordrecht, Holland, 1983; Vol. |, pp 73 We have previously reportéthat 1:2 reactions of tmpBgl

346. (tmp = 2,2,6,6-tetramethylpiperidino) and LiBHDME in

(15) The empirical absorption corrections use an ellipsoidal model fitted ; : ; 0
to azimuthal scan data that are then applied to the intensity data: hexane or diethyl ether provide good yields {&5%) of the

SHELXTL Manual, Resion 4 Nicolet XRD Corp.: Madison, Wi,  cyclic diphosphadiboretane (tmpBPH)The 1:2 reaction of
1983. ' ' _ 'PrL,NBCI, with LiPH,:DME in hexane in a closed reaction flask,
(16) Sheldrick, G. MNicolet SHELXTL Operations Manuadlicolet XRD on the other hand, gave complex product mixtures that contained

Corp.: Cupertino, CA, 1981. SHELXTL uses absorption, anomalous

dispersion, and scattering data compiledriternational Tables for an unidentified compound~80%, 3'P NMR ¢ —151, Jpyy =
X-Ray CrystallographyKynoch: Birmingham, England, 1974; Vol.

IV, pp 55-60, 99-101, 149-150. Anomalous dispersion terms were 188 Hz), [PLNBP(H)(Pr.N)BPLi-DME] (9) (~15%,3P NMR
included for all atoms with atomic numbers greater than 2. 0 —174.9,—91.2,Jpp = 52 Hz, Jpy = 146 Hz),'PLNB(PH,),

(17) A general description of the least-squares algebra is found in (104 31 _ —
Crystallographic ComputingAhmed, F. R., Hall, S. R., Huber, C. (~1%, iP NMR o llel.Z,ngH 205 Hz), and the novel cage
P.. Eds.; Munksgaard: Copenhagen, 1970; p 187. The least squaresSPeCies'PrNB)sP2' (~1%, 'P NMR 6 —13). An additional

refinement minimize§w(|F, — F¢|)2, wherew = 1/[o(F)2 + gF?. product, obtained in low yield, was attributed t®rfNBPH),
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Table 4. Atomic Coordinates x10% and Their Esd’s for

(P,NBPH)-Cr(CO} (6)
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Table 6. NMR Data for Phosphanylboranes (20, CsDg)?

compound OC®P) o(MB)  o(*H) o(=C)

X y z Ueq) (PLNBPH), (4) ~162.8 47.1 1.18(CH 23.2(CH)
Cr 6222(1) 8074(1) 4166(1) 52(1) 3.54 (CH) 51.6 (CH)
c() 7213(9) 8100(1) 5244(6) 84(5) 3.43 (PH)
0o(1) 7820(6) 8133(7) 5940(4) 120(4) (PERNBPHY); (5) —151 49.8 1.21(Ch 22.8 (CH)
C(2) 7554(8) 8417(6) 3733(6) 62(5) 3.98 (CH) 51.2 (CH)
0(2) 8359(6) 8618(5) 3483(5) 101(4) 3.35 (PH)
C(3) 5804(8) 9319(7) 4182(6) 62(5) (PLNBPH)-Cr(CO) (6) —124.2 44.2 0.88 (Ch 24.1(CH)
0(3) 5580(7) 10083(5) 4206(4) 95(4) —-148.4 1.09 (CH) 21.7 (CHy)
C(4) 4889(8) 7750(6) 4591(5) 62(4) 1.02 (CH) 56.7 (CH)
0o(4) 4114(6) 7559(5) 4871(4) 103(4) 1.11 (CH) 47.6 (CH)
C(5) 6591(9) 6830(7) 4078(6) 79(5) 3.67 (CH)
o(5) 6805(9) 6070(5) 4004(6) 134(5) 3.06 (CH)
P(1) 4901(2) 7978(2) 2746(1) 42(1) 3.65 (PH)
P(2) 4865(2) 9438(2) 1615(2) 63(1) PLNB(PH;), (8) —191.7 489
B(1) 3777(9) 8962(7) 2235(6) 47(4) PLNB[(PH,)-Cr(CO}]» (7) —127.9 41.4 0.85(ChH 23.0 (CH)
B(2) 5506(8) 8202(7) 1748(6) 41(4) 3.1(CH) 53.9(CH)
N(1) 2664(6) 9210(4) 2342(4) 48(3) 3.0(PH) 216.7 (CO)
N(2) 6168(6) 7663(4) 1373(4) 45(3) 220.8 (CO)
gg% 23%((3)) gggg((g)) gggg((g)) 1(13421&3 2 Coupling constants (Hz)4, *Jpn = 244.3,3Jpc = 5.0,%J4y = 6.8,
c(®) 2019(9) 9298(7)  3666(6)  114(6) =685 Npn = 238,ey = 15 %y = 7; 6, Upy = 200, ep =
C(g) 1893(9) 9984(7) 1892(6) 74(5) 177.5,4Jpc = 155, 3Jpc = 106, 3Jp'c = 47, 3Jpc = 69, ZJPC = 97,
C(10)  2601(10)  10874(6) 2029(7)  117(7)  Jee=6.3,%hn = 6.7,%Jun = 6.5/7 Jpy = 310,%Jpc = 5.4, %pc =
C(11)  1365(8) 9757(8) 964(6)  118(6) 32w = 6.8 Hz.
Cc(12) 6555(8) 7946(7) 614(6) 67(5)
ggzg ?gggggg gggggg 1%(5()6) 10%%6()5) Since large samples of pur@NBP(H)(Pr.N)BPLi-DME]
C(15) 6539(9) 6734(6) 1682(6) 75(5) (9) are available from the 1:2.5 ratio reaction'®f,NBCl, and
C(16) 5972(9) 5994(6) 1050(7) 121(7) LiPH,*DME,? a convenient synthesis fdrshould arise from
c@7) 7925(9) 6626(6) 2004(6) 117(6) careful protonation of this salt. Combination & with

anhydrous HCI diluted in EO at 0°C in a 1:1 ratio produces

a Equivalent isotropicU defined as one-third of the trace of the ¢ k
('PrNBPH), (4) exclusively (eq 1). However, the rate of

orthogonalizedJ; tensor.

Table 5. Atomic Coordinates x10*) and Their Esd’s for H H
iPRNB[PHzCr(COYJ2 (7) | |
X y z Ueq) "PN—B B—Npr, HVEO "Per—B/ \B_NIP'Z (1)

Cr 3009(1) 36(2) 0 75(1) N,/ ol NS
P 2274(2) 1248(3) 454(3) 64(1) | |
B 2500 2500 1074(13) 45(7) L-DME H
N 2500 2500 1820(10) 66(7) 5 .
0(1) 3929(7) —1368(12) —679(11)  143(9)
O(2 2976(7 —1533(12 1302(13 151(8 -, . . . .
Ogsg 3905253 1 41é(9)) 779((9)) 109((6)) addition qf'the HCI(EAQ solution to the sollu.t|0n dis .C.I’UCIaL .
0(4) 2100(5) —1410(10) —729(9) 140(8) If the addition of acid is too fast, a competitive parasitic reaction
0O(5) 3059(7) 1503(13) —1349(9) 127(8) of HCI with the B—P bonds occurs with subsequent ring
ggg 23%83 —851%%)) —%%133((11‘2) 111052((1110)) cleavage and formation 0PLNBCl,. When the reaction is
Ch  Gmn smay SIS boeer peromer MR aneyes of e et reacton
C(4) 2444(6) —858(13) —444(11) 84(7 g 0 - T
c(5) 3059(7) 977(16)  —848(11) 73(7) ably pure powdered samples of colorlessire obtained by
C(6) 2702(8) 3441(18) 2255(13) 124(10) solvent evaporation followed by recrystallization from hexane.
C(7) 3287(9) 3380(15) 2476(16) 162(13) The high solubility of4 in hexane, however, makes high-yield
C(8) 2404(20) 4349(30) 2270(25) 83(8) recovery following repeated recrystallizations impossible. Typi-
C(8")  2184(23) 4210(35) 2581(34) 88(8)

a Equivalent isotropicU defined as one-third of the trace of the
orthogonalizedJ; tensor.

(4) (~1%, 3P NMR 6 —162.8,Jpy = 111 Hz). Furthermore,

the relative yields of these products were found to change as a
function of reaction conditions and reagent stoichiometry.
Through careful control of reagent stoichiometry, it was foun
that9° and (PrLNB)3P,8 could be isolated with high yields and
good purities. However, until now it has remained impossible
to obtain pure samples ?,NB(PH,). (8) or the two products
characterized only by théP NMR resonances ai —151

(unidentified) and—162.8 @).

cally, analytically pure crystalline samples 4fire isolated in
40-50% overall yield following two recrystallizations, although
additional material can be harvested from collected mother
liquors.

Compound4 displays a strong parent iom{e = 286) in the
EI-MS spectrum that confirms the composition. The molecule
would be expected to display both symmetric and asymmetric
d P—H stretching frequencies, but only a single-R infrared
frequency at 2268 cnt is resolved. The latter is comparable
with the vpy values observed for (tmpBPH)and [(Me-
Si),NBPHJ.° The 1H, 13C, 1B, and3P NMR spectra fo
are summarized in Table 6. It is most important to note #hat
displays a single resonande —162.8 in the3P{'H} NMR
spectrum that provides an unambiguous signature for this
compound in reaction mixtures obtained from previously

(18) Dou, D.; Wood, G. L.; Duesler, E. N.; Paine, R. T.;thNloH Inorg.
Chem 1992 31, 3756.

reported combinations 0PLNBCI, with LiPH,rDME.® The
resonance splits into a “pseudotriplet” pattern resulting from
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Table 7. Selected Bond Lengths (A) and Bond Angles (deg) fBRBPH), (4), (PLNBPH); (5), (PLNBPH),:Cr(CO) (6), and
'PLNB[PH,:Cr(CO)]2 (7)

5
4 molecule 1 molecule 2 6 7
Bond Lengths
P-B 1.930(3) P(1)B(1) 1.911(7) P()-B(1) 1.929(7) P(1)>B(1) 1.947(9) PB 1.95(1)
P-B’ 1.932(3) P(1yB(3) 1.922(8) P(1)—B(3) 1.942(8) P(1)yB(2) 1.977(10) P-B 1.95(1)
P(2)-B(2) 1.933(8) P(2-B(2) 1.972(9) P(2)}B(1) 1.931(11)
P(2)-B(1) 1.947(7) P(Q—-B(1) 1.931(7) P(2}B(2) 1.933(10)
P(3)-B(2) 1.938(8) P(3—B(2) 1.931(7)
P(3)-B(3) 1.947(7) P(3-B(3) 1.920(7)
B—N 1.377(3) B(1)}N(1) 1.399(8) B(D—N(1) 1.403(10) B(1)-N(1) 1.365(13) B-N 1.37(3)
B(2)—N(3) 1.387(10) B(2—N(2) 1.390(10) B(2yN(2) 1.346(12)
B(3)—N(2) 1.392(8) B(3—N(3) 1.395(9)
Cr—P(1) 2.412(2) CrP 2.385(5)
Cr—COyans 1.824(9) CFCOpans  1.81(2)
Cr—COQqis(avg) 1.885 CrCOQqgs(avg) 1.90
Bond Angles
B—P-B' 84.3(1) B(1}P(1)}-B(B) 113.2(3) B()-P(1)-B(@) 99.7(3) B(1rP(1)-B(2) 81.4(4)
B(1)-P(2-B(2) 103.2(3) B()-P(2)-B(2) 102.3(3) B(1-P(2-B(2) 82.9(4)
B(2)—P(3)-B(3) 101.4(3) B(@—-P(3)—B(3) 99.4(3)
P-B—-F 95.7(1) P(1)yB(1)—-P(2) 115.5(3) P()—B(1)-P(2) 107.6(4)
P(2-B(2)-P(3)  104.4(4) P(3-B(2)-P(3) 109.7(4) P(1}B(1)-P(2) 935(>) PB-P 108.5(12)
P@RFB(3)-P(1) 114.7(3) P(3-B(2)-P(1) 114.4(3) P(1}B(2)-P(2)  92.6(4)
P-B—N 129.8(2) P(1}B(1)-N(1) 1255(5) P()-B(L')-N(1) 128.9(5) P(1)}B(1)-N(1) 130.7(7) P-B—N 125.7(6)
P(2-B(1)-N(1)  118.4(5) P(Q—-B(I)-N(1) 123.1(5) P(2}B(1)-N(1) 135.7(7)
P-B-N 134.5(2) P(2}B(2)-N(3) 128.3(5) P(3—-B(2)-N(2) 120.7(4) P(1}B(2)-N(2) 130.5(7) P-B—N 125.7(6)

P(3-B(2)-N(3) 126.8(5) P(3—B(2)-N(2) 129.4(6) P(2}B(2)-N(2) 136.8(7)
P(1-B(3)-N(2) 125.2(5) P()-B(3)-N(3) 124.0(5)
P(3-B(3)-N(2) 119.8(5) P(3—-B(3)-N(3) 121.6(5)

B-N—-C(1) 120.1(2) B(I¥N(L)-C(l) 127.0(5) B()-N(L)—-C(r) 126.4(6) B(LFN(1)-C(6) 120.6(7) B-N—C(6)  123.2
B(3)-N(2)-C(13) 120.6(5) B(@—N(2)-C(7) 121.1(6) B(1}N(1)-C(9) 1245(8) B-N-C(6) 123.3(11)
B(2)-N(3)-C(7) 125.4(5) B(3—N(3)—C(13) 128.1(6)

B-N—-C@4) 124.5(2) B(IFN(1)-C(4) 121.0(5) B(D—N(I')—C(4)  120.3(5)
B(3)-N(2)-C(16) 125.6(5) B(2—N(2)—C(10) 125.5(5) B(2yN(2)-C(12) 123.5(7)
B(2)-N(3)-C(10) 123.0(6) B(3—N(3)—C(16) 120.7(6) B(2)-N(2)-C(15) 121.3(8)

C(1)-N—C(4) 1155(2) C(IFN(1)-C(4) 111.7(4) C()-N(1)—C(4) 113.2(6) C(6)N(1>C(9) 114.9(7) C(6YN—C(6) 113.4(2)
C(13-N(2)-C(16) 113.4(5) C(J-N(2)—C(10) 113.4(6) C(12¥N(2)-C(15) 115.1(7)
C(7)-N(3)-C(10) 111.4(6) C(13—-N(3)—C(16) 111.3(6)

the partial overlap of two doublets in the proton couptée
NMR spectrum. Thé'B{'H} NMR spectrum reveals a single
resonance 47.1 that falls in the region expected for three-
coordinate aminoborane fragmedis. The 13C{H} NMR
spectrum contains a singlet&23.2 assigned to equivalefr
methyl groups and a triplet @t51.6 €Joc = 5.0 Hz) assigned
to equivalentPr methine groups. Theéd NMR spectrum shows
a doublet av) 1.18 €Jyy = 6.8 Hz) (methyl groups), a septet
at  3.54 @lyy = 6.8 Hz) (methine groups), and a doublet
centered at 3.43 (Jpy = 244.3 Hz) (P-H groups).

The four-membered ring structure 4thas been confirmed
by single crystal X-ray diffraction analysis, and a view of the
molecule is shown in Figure 1. Selected bond lengths and Figure 1. Molecular structure and atom labeling scheme féi(
angles are summarized in Table 7. The compound is cen-NBPH) (4).
trosymmetric, and the geometry at the boron atoms is trigonal
planar, while that at the phosphorus atoms is pyramidal with a
trans disposition of the PH bonds. Each phosphane H atom
is disordered over two sites with equal occupancies. The B, P,

of iPRLNBCI, with LiPH,:DME gives the monometallic complex
6 (eq 2). In fact, isolation o6 in low yield (14%) from this

H H
N, B', P, and N atoms lie in a plane, and the internat-B— i o)
B' and P-B—F angles are 84.3(1)a_nd 95.7(2), respectively. I B—NPry +(CO)sCrNMeg T BNP (2)
These values are comparable with those reported for other N\ ~MesN ol
1,3,2,4-diphosphadiboretaneésThe average BP distance, | 7 Novco
1.931(3) A, is intermediate in the range of-B single bond : €9
lengths (1.8962.041 A)® The exo B—N bond length, 4 6
1.377(3) A, is short, and this is consistent with the presence of
significant B-N x overlap. reaction provides confirmation of the previous NMR observa-

Combination of (CO)Cr-NMe with the diphosphadiboretane ~ tion” that 4 is formed in only small amounts from +:1:2
4 ligand producedn situ, for example, in a 1:1.7 ratio reaction ~ 'eactant ratios. Compourtiican be formed in higher yields
from pure samples of obtained from the protonation reaction
(19) Nith, H.; Wrackmeyer, BNuclear Magnetic Resonance Spectroscopy ©f the Il_thlum.phosphlde salt (eq 1) described herein. All efforts
of Boron CompoundsSpringer-Verlag: West Berlin, 1978. to obtain a bis-metal complex [(C&Dr],-4 were unsuccessful.
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Compound6 gave satisfactory elemental analyses; however, a
parent ion was not observed in the El mass spectrum (70 eV).
The highest mass ion detected corresponds to the (parent ion

—2CO) speciesm/e422. The compound displays two weak
P-H adsorptions in the infrared spectrum at 2315 and 2278.cm

The latter corresponds to the uncomplexed phosphane group,

P(2>-H, and the former to the coordinated phosphane,-P(1)
H. Similar high-frequency shifts forpy bands corresponding
to complexed phosphane groups were detected in (tmpBPH)
Cr(CO).° The vco region displays a typical three-band pat-
tern20 2056 (m), 1956 (s), and 1935 (vs) chfound in other
(CO)Cr(phosphane) complexes. In particular, the complex
(tmpBPH)-Cr(CO) shows bands at 2057, 1974, and 1935&m

and the value of the lowest frequency band (E mode) suggests

that these four-membered rings are pacacceptors and only
modesto donors?

ThellB, 3P, 13C, and'H NMR spectra of the complex contain
several interesting and diagnostic features. THg NMR
spectrum contains a single resonantel4.2, slightly upfield
of the resonance of the free ligand. A similar small coordination
shift is found for (tmpBPH)upon coordinatiod. The3P{1H}
NMR spectrum foré shows two doublet resonances centered
atd —124.2 and—148.4 @Jpp = 177.5 Hz). The lower field
doublet is slightly broader, and it probably corresponds to the
metal-coordinated phosphane P(1).
coupling produces two pseudotriplet patterns, wilpy esti-
mated to be~200 Hz, resulting from overlap of the expected
two sets of doublets. Th&®C{H} NMR spectrum provides
convincing evidence for the presence of two inequivalEnt
groups due to hindered-B\ bond rotation and coordination

Figure 2. Molecular structure and atom labeling scheme &
NBPH),:Cr(CO) (6).

complex 10, the P-H vectors in6 are cis to each other.
Nonetheless, the phosphorus atoms have a pyramidal geometry
and the boron and nitrogen atoms have trigonal planar environ-
ments, as found id. The B—P bond lengths ir6 fall in the

Restoration of proton range 1.98(131.93(1) A with an average distance of 1.947 A,

which is comparable with the-BP bond length in the free ligand

4. Although the esd’s on these data are relatively large, it
appears that two of the distances, B{P(1) 1.947(9) A and
B(2)—P(1) 1.977(10) A, are longer than the other two, and they
involve the four-coordinate phosphorus atom P(1). Similar ring

of one of the two phosphane centers. The methyl group regionasymmetry and bond lengthening are found with The

contains resonances centered &4.14 and 21.74. The latter
is split into a doublet?Joc = 15.5 Hz. The methine group
region shows two resonances centered 6.7 and 47.6. The
lower field resonance is split into a doublet of doubléfsc =
10.6 Hz and®Jpc = 4.7 Hz, and the higher field resonance
reveals only a single doubléfl.c = 6.9 Hz. The metal carbonyl
region shows a strong doubled, 218.29 EJpc = 9.7 Hz)
resonance and a weak doublét223.25 {Jpc = 6.3 Hz), and
the latter is assigned to the Q&ansto the P(1) atom.

The IH NMR data are also consistent with inequival&®it
groups as well as inequivalent=P groups. The spectrum
displays two septets centereda®.67 and 3.06 that are assigned
to two methine group environments withyy ~6.7 Hz. Each
member of the higher field septet, in fact, is further split into a
1:1 doublet (14 lines total) by coupling to one phosphorus atom
(*Jpy = 2.3 Hz). The spectrum also contains four doublets
centered ab 0.88 €lyy = 6.7 Hz), 1.02 34y = 6.7 Hz), 1.09
(3Jun = 6.5 Hz), and 1.113%0py = 6.5 Hz) assigned to four

internal P-B—P and B-P—B ring angles § at B(1) 93.5(5),
B(2) 92.6(4), P(1) 81.4(4), P(2) 82.9(4)) are slightly com-
pressed by coordination and folding of the free ligaddi{ B
95.7(1¥, P 84.3(1)). The average BN bond length, 1.355A,
is short, and this indicates significant8B| & bonding.

The Cr(CO})P unit in6 is pseudooctahedral, and the C{1)
Cr—P(1) angle, 177.8(4) is nearly linear. The CfP(1)
distance, 2.412(2) A, is significantly shorter than the related
bond length in10, 2.458(2) A, but it is comparable to the
distance in (CQICr-PPh, 2.422 A. The CrCO distancerans
to the phosphane, 1.824(9) A, is shorter than the avecime
Cr—CO distance, 1.885 A, as expectedtificts as a modest
donor and wealkr acceptor ligand.

The previous studyof the reactions ofPLNBCI, with
LiPH,-DME, as mentioned above, produced several products
including 4. In addition, when a 1:2 reactant ratio was
employed, it was proposed that a diphosphinoboi&ng\B-
(PHy). (8) is formed, and this compound was tentatively

inequi_valent methyl groups. A proton h_omonuclear decoupling .haracterized by'B and3P NMR spectroscopy. Efforts to
experiment reveals that the first and third sets of doublets may ;o ,|ateg in the prior study were unsuccessful, but further NMR

be assigned to methyl groups bonded to the methire3a67

studies suggested that it formed initially in high yietd90%).

and the second and fourth sets to methyls bonded to the methinqndeed addition of 2 equiv of (CEJr-NMe; to the crude

group atd 3.06. This spectrum also contains two sets of
resonances that can be assigned to inequivaleti Broups
centered at 3.2 and 3.8.

The molecular structure determination fballows compari-
son of structural parameters with the free ligahds well as
with the related ligand (tmpBPKH)9 and its complex
(tmpBPH)Y-Cr(CO) (10).° A view of 6 is shown in Figure 2.
Coordination of the Cr(CQ)fragment destroys the inversion
center in the ligand and results in a folding of the ring (fold
angle along the P(1)}P(2) vector: 34.9. In contrast to

(20) Purcell, K. F.; Kotz, J. Anorganic ChemistrySaunders: Philadelphia,
PA, 1977.

product mixture obtained from the 1:2 reaction trapBesb a
bis-metal adduct/ (eq 3). Unlike8, compound? is thermally
stable up to at least 11®. The compound displays a strong

PH
CeHia oy N—B 2
—— 'ProN—
—2Licl ~N
8

#Pr ;NBCl + 2 LiPH 2*DME (3)

PH2

2(CO) sCrNMe 3
-2 NMe 3

PH 2-Cr(CO) 5
'Pr ,N—B

PH 2+Cr(CO)
7
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H
|

P
) CsHy/Et ; ~ ;
3/PraNBCl 5 + 6 LiPHy-DME sHi2/B10 ’Per—B/ B—N'P,  (4)
-sLicl
S H—P P—H
3PH,
~,

TProN

5

formed prisms that are soluble in B, benzene, toluene,
pentane, and hexane.

Compound5 displays a weak parent ion in the high-
resolution-FABS mass spectrum with the observed mass 429.3095
in good agreement with the calculated value fgsHGN3B331P;,
429.31111 (deviation= 1.27 ppm), corresponding to the six-
Figure 3. Molecular structure and atom labeling scheme'RisNB- membered ring compoundPENBPH),. The compound dis-
[PH2:Cr(CO}]2 (7). plays a single PH stretching band at 2313 crhin the infrared

spectrum. ThéB{'H} NMR spectrum shows a single reso-
parent ion in the EI mass spectrum. The infrared spectrum of nance centered at49.8. The room temperatuf&{H} NMR
7 should show two PH vibrations; however, only one weak spectrum o6 in CgDgs or C;Dg displays a single, broad\y, ~
band is resolved at 2349 cth A three-band pattern is observed 250 Hz) resonance centereddat-151, as found in spectra for
in the carbonyl stretch region at 2065, 1985, and 1948'cm  samples that contain the previously unidentified species. This
as expected for Cr(C@l) fragments ¢ide supra. spectrum is strongly temperature dependent (Figure 4). Cooling

A single, broad resonance centereddal1.4 is observed in  the sample to 10C results in additional line broadening/(.
the 1B NMR spectrum of7 slightly upfield of the resonance  ~ 600 Hz), and at O°C, an upfield shoulder appears on the
recorded for the free ligand) 48.9. The3!P{IH} NMR primary resonance. At10 °C, this shoulder is resolved into
spectrum displays a single resonancedat-127.9 shifted a separate peak (-163), and at-20 °C, a third resonance(
significantly downfield from the free ligandl —191.7. Restora-  —145), downfield of the primary band, is seen. With continued
tion of proton coupling produces a triplet withpy = 310 Hz. cooling, all three peaks sharpen, and-a0 °C, a fourth sharp
The 13C{*H} NMR spectrum exhibits single resonancesdat  resonance begins to separate from the peak-at51. At—60
23.0 and 53.9 that are assigned to the equivanimethyl °C, this resonance is fully resolved & —152.9. With
and methine carbon atoms. THE{'H} NMR spectrum also application of an exponential line broadening factor (EB.1
shows two pseudotriplet resonances in the carbonyl regién at Hz), the spectrum at60 °C shows three resonances of similar
216.7 and 220.8 witifJpc = 5.4 Hz andJpc = 3.2 Hz, intensity centered ad —143.8, —152.9, and—164.2. The
respectively. ThéH NMR spectrum reveals equivalent phos- middle of these two bands displays some evidence of a doublet
phaned 3.0, methyld 0.85 (doublet3)yy = 6.8 Hz), and structure,J ~67 Hz. This pattern is consistent with an ABC
methine,d 3.1 (septelyy = 6.8 Hz), environments. Taken second-order spin system that might be expected for an
together, these data are consistent with a highly symmetric asymmetric nonplanar 8; six-membered ring. In addition,
structure. the spectrum contains a strong, sharp resonanée-&t51.3.

The single crystal X-ray diffraction analysis @fconfirms The observed'P{'H} NMR data suggested that further
the bimetallic structure and, by inference, confirms the existence treatment of the FID might reveal additional coupling data.
of ligand8. A view of the complex is shown in Figure 3. The Indeed, line narrowing accomplished by application of a Gauss
molecule sits on a crystallographic 2-fold axis that passes function revealed further splitting of the resonances centered at
through the B and N atoms. The N, B, and two P atoms form ¢ —143.8,—152.9, and—164.2. The resonance &t—151.3
a plane, and the two phosphorus atoms are tetrahedral. Thewas unaffected. The final spectrum, along with a simulation,
P—B bond length, 1.95(1) A, falls in the single bond range, is shown in Figure 5. The simulation provides coupling
and the B-N bond length, 1.37(3) A, is short. The Cr(G®) constantsJag = 28 Hz,Jac = 49 Hz,Jgc = 123 Hz, and from
units are pseudooctahedral with a-G distance of 2.385(5) A the proton-coupled spectrum &0 °C are extractedJpy =
and atrans Cr—C(O) distance of 1.81(2) A. These data, as in 228, 218, and 180 Hz. Thg#l and'3C{'H} NMR spectra are
6, indicate that ligan® acts as a modestdonor and a poor also temperature dependent. At 2D, the3C{!H} spectrum
acceptor ligand. displays single CH{ 51.2W; = 120 Hz) and CH (6 22.8)

With this information available, the only remaining uncom- €nvironments, while at-50°C, two CH ( 55.1, 46.8) and two
firmed or unidentified species in th@rNBCIy/LiPH,DME CHz (6 24.1, 20.8) resonances are found. Th¢ NMR
system described previou8ig that responsible for the relatively ~ spectrum at-50°C also displays two Ckresonances, but only

broad resonance centered @&t—151 in the3P{*H} NMR one CH resonance is resolved.
spectrum. In the current study, it is found that the yield of this ~ The collective NMR data suggest that, at 2C, the
compoundb is maximized when the 1:2 reaction i&r»NBCl, six-membered ring is involved in dynamic motional processes.

and LiPH-DME in Et,O/pentane solution (eq 4) is performed Cooling solutions ob apparently slows the equilibration, and
under an inert atmosphere in a Schlenk vessel left open to ain the temperature range50 to —60 °C, resonances for two
mercury bubbler. The PHevolved in the reaction is allowed geometrical isomers appear. One is highly symmetrical, giving
to escape through the bubbler, or it can be swept from the vesselise to a single sharp resonance in #&{1H} spectrum ap

with a very slow stream of nitrogen. If the Ri$ not allowed —151.3. This is likely a chair isomer. The second, less
to escape, then complex reaction mixtures are obtained thatsymmetrical molecule gives rise to the ABC second-order
contain relatively small amounts 6f Compoundb is obtained pattern and may correspond to a twisted chair or twisted boat
as a faintly yellow oil that slowly crystallizes as colorless, well- isomer.
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The solid-state molecular structure®has been determined amounts of (COMo-NMe; at this point have given only
by single crystal X-ray diffraction techniques. There are two inseparable mixtures of products. Further efforts will be
independent molecules per asymmetric unit, and an ORTEPrequired to elucidate the coordination behavior as well as the
view of molecule 1 is shown in Figure 6, and bond lengths and utility of the ring as an assembly platform for the construction
angles are summarized in Table 7. Framework presentationsof new boror-phosphorus cage compounds.
of both molecules presented in Figure 7 reveal twisted, boat-
like, six-membered ring conformations. The boron atoms have ~Acknowledgmentis made to the National Science Founda-
a trigonal planar geometry, and the phosphorus atoms have dion (Grant CHE-9508668) (R.T.P.) and the Fonds der Che-
pyramidal geometry with the-PH vectors in equatorial posi-  mischen Industrie (H.N.) for support of this work. Support from
tions. The average BP bond length, 1.933 A (range 1.911 the Department of Energy URIP (Grant De-FG05-75294)
1.947 A), is clearly in the single bond range, and it contrasts assisted purchase of the JEOL GSX-400 NMR spectrometer.
markedly with the distances in the planar pseudoaromatic speciesSelected mass spectral determinations were made at the Midwest
(MesBPCy} 1.839 A" and (MesBPPh)1.842 A8 The average Center for Mass Spectrometry with partial support of the NSF
B—P bond length irb is comparable to the average value for Biology Division (Grant DIR-9017262).
the twisted cyclohexane-like analog [(b83),NBPH];, 1.928
A. As would be expected, thexoB—N bonds in5 are short Supporting Information Available: Tables containing details of
(average 1.393 A), indicative of significant=B\ 7 overlap. the X-ray data collection and refinement,_hydrogen atom coordinates,
With a reliable high-yield synthesis @ in hand, it should ~ thermal parameters, and complete bond distances and angles (29 pages).
be possible to study its coordination chemistry with metal Ordering information is given on any current masthead page.
carbonyl fragments. Unfortunately, reactionsafith various IC9514399



