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which have one k . 2 e  bond and serve as a link between classical 
and nonclassical 1.2-diboretanes (Scheme 1). 
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-C-B -C.?.. 

I /  -C-B 
for reliable yields. see: F. Straus. L. Kollek. W. Heyn. E w .  Drccli. C/wn Ge.5. - H@ ..I.  . I ... ,,*,=;I 9 f- I.,.,::.; i /:H E 1930.63. 1868- 1885 I I -  
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1131 M. E. Ogliaruso. M. G .  Romanelli. E. 1. Becker. C/7iw7. Rev. 1965. 65. 261 
367. and references therein 

[I41 Since cyclopentadienones are excellent dienophiles. we have investigated the 
reaction of8a  and 8e with several alkyncs including dimethyl acetylenedicai-- 
hoxylate. 3-hexyne, diphenylacetylene, diphenylbutadryne. and l,h-his(tri- 

H-C-B 

1 1  3 2 
I’ 

methylsilyl)-1.3.5-hexatriyne. This work will he reported in a separate paper for 

Chiwi. 1992, 104, 1123 - 1146: Anxeii-. Cheni. I n / .  Ed. Enel. 1992. 31. 1101 

The lithium 1,2-diboretanide 3a is formed by the reaction of 
the nonclassical 1,2-diboretane 2alZ1 or  of the chloroborylbori- their use as precursors to graphynes. See: a )  F. Diederich, Y. Ruhin. A n , q w  

*-. 
1123; b) F. Diederich. Nurure 1994,36Y. 199 -207. 

11 51 For the formation of decaphenylferrocene under similar con- 
ditions. see: H Schumann. A. Lentz, R. Weimann. J. Pick- 
ardt. A n ~ e w .  Clrmi. 1994, lO6. 1827- 1829: A n p r .  Chtl17. 

In(. Ed Engl 1994. 33, 1731 -1733. 
[16] For other stahle cyclopentadienyl radicals. see: a )  K. Ziegler. 

B. Schnell. LiehfRs Ann C h m  1925. 445. 266- 282: b) H 
Sitzmann. R. Boese. Angcii.. Clm7 1991. 103. 1027 1029. 

A n g w .  CIIP~? .  / i f / .  E d  En~1.  1991. 30. 971 -973: c) H. Sitz- R - Li-H H/c--B -LiCl 
inann. H. Bock. R. Boese. T. Dezember. Z. Havlas. W. Kaim. 
M. Moscherosch. L. Zanathy. J Am C h i .  So(. 1993. 115. 
12003 .- 12009: 
d)  R. H. Lowack. K. P C. Vollhardt. J Or,yunorner. Ciicrt7. 
1994, 476. 25-32. 

NMR spectrum of the I . I  complex formed between 
13 and chioranii shows only those two components. We are 

in the presence of silica gel. Me3Si-C \H BEt, Me,Si’ \ :..>. 
438. Me3Si 

[ I  91 Instrumental artifacts such as the linear drop of iiuclear nut;t- 
tion angle below ca. 3 MHz must be taken into account. 

[20] 7 Chen. H. H. Giinthard. Ci7er77. P / i n .  1985, Y7. 187-20.1. 
[21] K. Ziegler. L. Ewald. Lirhig.5 Ann C/i~n7. 1929. 473. 163- lY3. 

rane 4I’’ with lithium in diethyl ether (Scheme 2). Compound 2a 

SiMe, 
Me3SI\ / 

Z L ~  \ /  C\B.Dur 
/SiMe3 FMe3 

Me3s‘-i>75 - ,C\B.DUr 

Me3Si -\\/yr 2 Li 
/ C W E /  :H - 

I 
3a ‘Dur 4 CI 

b u r  2a,b 

2 H-Clf a : R = H  

Dur\ 
b: R = Et,Sr [17] The 

’\.?--- /Dur NaHBEt3 \c,?’ DM 
currently investigating the mechanism of the formation of 14 1,- f- ,. 

C I B - D u r  

6 5 
[18] G .  Jeschke, A Schweiger, Chen7 Phi..\. Lrjrr. 1995. 246. 431 I 

Scheme 1. 

1221 a )  M.  J. Heeg, c. Janiak. J. J. Zuckerman. J A, ,~ .  c/l~,lil. sol. 1984. 106.4259 can be obtained almost quantitatively from the m e t h y h e -  
borane 514] in two steps. Treatment of 5 with NaHBEt, in 
toluene gives the hydride adduct 6. which is then allowed to  
react with cyclopentadiene to yield 2a. The constitution of 3a is 
deduced from the NMR data (Table 1) by means of the NMR] 
GIAO/ab initio method.15] Note the agreement of the chemical 

4261. h) C. Janiak. H. Schurnann. C. Stader. B. Wrackmeyer. J. J. Zuckerman. 
C%eni. Eiv 1988. 121, 1745-1751 

shifts of the framework atoms with values computed at the 
GIAO-MP2/tzp level for unsubstituted 3u and 3u‘ (Table 2).Ih1 
Figure 1 shows the structure of 3a in the 

1,2-Diboretanides: Homoaromatic 2z-Electron 
Compounds with High Inversion Barriers** - 

The geometry of the four-membered ring in the 1.2-dibore- 
tanide 3a strongly resembles those of the nonclassical 1,2-di- 
boretanes 2u and 2b;l2I the lithium ion coordinated by one di- 

Dirk Steiner, Heinz-Jiirgen Winkler, Christian Balzereit, 
Thorsten Happel, Matthias Hofmann, Govindan 
Subramanian, paul ~~~~k schleyer, werner M ~ ~ ~ ~ ,  
and Armin Berndt* 
Dedicated to Profkssor. Kurt Dehnicke Table 1. Soiiie physical properties o f  compounds 3a and 6 

on the occasion of‘ his 65th birtlickriy 
3a. Solid. ii1.p. 157 C (deconip.). yield: 75%.  ‘ H  NMR (300 MH7. C,D,. 25 C): 

1.2-Diboretanes with amino substitutents on the boron atoms 
have the classical structures I.[’] When such n-donor groups are 
absent the nonclassical form 2 ,  which contains two three-cen- 

[*] Prof. Dr. A Berndt, Dr. D. Steiner. Dr. H.-J. Winkler, Dr. C. Balzereit. 
T. Happel. Prof Dr. W Massa 
Fachhereich Chemie der Universitit 
D-35032 Marhurg (Germany) 
Fax: In t .  code +(6421)28 89 17 
Dr. M. Hofmann. Dr. G. Subr,.manian, Prof. Di-. P von R. Schleyer 
Computer-Cheniie-Centruni des Instiruts fur Orgdnische Chemie der Univcr- 
sitat Erlangen-Nurnherg (Germany) 

[**I This work was supported by the Deutsche Forschungsgemeinschaft and the 
Fonds der Chemischen Industrie G. S. gratefully acknowledges a postdoc~ofiil 
fellowship from the Alexander~von-Humboldt~Stiftung. 

6 = 0 09. 0.37 (each s. each 9H. SiMe,). 2.05. 2 14. 2.28. 2.43. 2.61 (each s. total of 
24H. o- and n-CH,).  4 69 ( 5 .  1H. CHB). 6.72. 6 77 (each s. each 1 H. p H ) :  “C 
NMR ( 1  25 MH7. C,.D,,. 25 C). (5 = I .6 ,2  7 (each q. each -3 C. each (CH,),Si). 19.8. 
20.5. 20 8.  ’1.0. 71 3. 21 5 (each q .  total of 8 C, o- and n-CH,),  32.0 (br. s. I C. 
CSi,).X4X(bt-.d.lC,CHB.iJ(C.H)=l61Hz).130.0.l317.132.5.133.9.134.1. 
137.1. 1374(totalol’lOC.o-,~11-andp-C).  139.2. 146.5(each hr.s.each I C.each 

6. yellow solid. 111 p. 170 C (decomp.). yield ca. 90%) ‘ H N M R  (500 MHz. 
[DJTHF. -30 C): A = - 0.02 (5. IHH, SiMe,). 2.07. 2.10. 7.27, 2 38 (each s. each 
OH. 0- and wCH.~).  5.65 (br. s. 1 H. BH). 6.48, 6.70 (each s. each 1H. p-H): I3C 
NMR(1?5MHz.[D,]THF, -30 C)~d=~.0(q .hC.SiMe, ) .19 .5 .20 .6 .20 .8 .21  0 
(e;ichq.cach2C.Ir-aiidfir-CH,). 106 l .(hr.s .  1 C. BCB). 127 1. 132.0(eachd.ench 
I C.p-C).130.1. 1.31 4. 134R.142.5(eachs.each2C.n-and~,7-C).138 I. 155.X(each 
hi-. s. each 1 C. ipso-C). the signal of the C :itom carrying the triinethylsilyl groups 
could not he observed: “B NMR (96 MHz. [D,]toluene. 25 C)-  ,i = 44 ( I , ,  = 
ca 2600 H r ) .  

i i~.~o-C): “B NMR (96 MHz. C,D,. 25 C): h = 5. 58. 



COMMUNICATIONS 
Tablc 2 Experiinental (2a. 3a) and computed (2u. 3u'. 3u) [a] chemical shirts of 
li..imc\rork t ~ t o i m .  and distances [pm] 

2a 2u 3a 3 u' 3u 
~~ 

.i 0 -2  6 5.0 - 3  s - 1  3 
44 0 43.5 58.0 53.8 60.8 
73 x 71 2 84.X 90.4 72.6 
30 6 24 2 32.0 28.9 27.9 

171 7 165.5(4) 162.2 161.3 
146 4 146.0(4) 148.4 149. I 
150.0 154.2(4) 14Y.Y 151.1 

1 7 0 5  171.1(4) 171.8 1749 
157.0 162.9(4) 158.2 159.7 

[a] M P 2 ( F U )  h-!lG*-optiinized geometries. "Band "C NMR computations with 
GIAO-MP? l i p  

c33 

C41 

C 

Fig. I Striicciire oi'3a in the crystal. Important interatomic distances [pm] and angles 
[ 1: B I  B2 16534).  BI-C3 171.1(4). B1-C4 162.9(4). Bl -ClO 160.9(4), B2-C3 
146.0(4). B2 C30 157 S(4). C3 C4 154.2(4), Lil BI 250.8(7). LiI-B2 224.6(7), 
Lil C20259.X(7). Li l  -01 187,2(6).C4--Sil 186.2(2). C4-Si2 187.9(3); B2-BI-C4 
97.5(2). B2-BI-ClO 136.1(2), C4-Bl-Cl0 123.1(2), B1-BZ-U 66.3(2). BI-B2-C20 
151.8(2). Ci-B2-C20 138 7(2). B2-C3-C4 110.7(2). C3-C4-B1 65.2(2). Sil-C4-Si2 
116.7(1). Folding tingle at  BI ~ C 3  140.0(2). 

ethyl ether molecule adopts the position of the bridging H atom 
in 2u and Zb. However, the B1 -B2 distance of 165.5(4) pm in 3a 
(computed[*] to  be 162.2 pm for 3u', Table 2) is considerably 
shorter than the corresponding distances in 2b (179.9(3) pm) 
and ZU (171.7 pm): the interaction of the B-B bond with the 
Li' ion in  3a is electrostatic, whereas that with the H' ion in 2b 
and 2u is multicenter covalent. The Wiberg bond indices (WBIs) 
and charges obtained by natural population analysis (NPA) of 
the HFi6-31 G* wavefunction clearly characterize the B-H-B 
bridge as a covalent 3c,2e bond, while the Li+ ion in 3u' is bound 
essentially electrostatically (Fig. 2). 

2u 3u 

The short B1-C3 distance (3a: 171.1(4) pm. 3u': 171.8 pm) 
and the corresponding WBI (0.528) indicate a strong 1 Jinter- 
action, which also is consistent with the high barrier of ring 
inversion of 3a. Two sharp signals for the geminal trimethylsilyl 
groups in the ' H  and I3C NMR spectra at 25 C broaden at 
higher temperatures. The barrier of 19.5 kcal mol - I .  determined 
from the coalescence temperature (130 C in [D,,]o-xylene) in 
the 'H NMR spectrum and the difference of the chemical shifts 
at slow exchange (A6 = 100 Hz), is considerably higher than all 
barriers reported for the homoaromatic 2n-electron compounds 
7-9 (Fig. 3).[91 

Ea 11 5 (6.6) 5.1 (2 7) 7 2 (4 4) 

U 1445 

WBI 0405 

1469 

0 241 

146 1 

0 226 

Ea 31.0 (26.2) 15 5 (1 1 2) 1751130) 

U 138.1 143.2 141 4 

WBI 0719 0.468 0 508 

Fig. 3. MP2(FU)/6-31G* MP2(FU)'6-31G*+ZPE inversion barriers Ed [kcal- 
mol-'I. dihedral angles f l  [ 1, and Wiberg bond indices (WBlsj for isoelectronic 
homoaromatic 2rr-electron compounds. Inversion harriersat R?LYP,6-311 +G**. 
B3LYP:6-311 + G** + ZPE level are given in parentheses for  comparison. 

MP2/6-31G* calculations gave inversion barriers of 17.5 and 
20.4 kcal mol- (Fig. 3) for the unsubstituted 3u and 3u', respec- 
tively. Hence, such high barriers are characteristic for 1,2-di- 
boretanides. Two related members of the family of homoaro- 
matic 2x-electron compounds are still unknown, the homotri- 
borirane dianion 10 and the borabicyclobutane 11 ; their com- 
puted barriers are 15.5 and 31 .O kcal mol - ', respectively 
(Fig. 3). 

The inversion barriers given in Figure 3 reflect the degree of 
cyclic delocalization and the magnitude of homoaromaticity in 
the four-membered rings. The barriers correlate both with the 
folding angles between the two planes of the three-membered 
rings (correlation coefficient 0.98) and with the WBI of the 
transannular bonds (correlation coefficient 0.96). 
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3u' 

Fig. 2. Natural population analysis (NPAj 
charges and Wiberg bond indices (WBIs. in 
parentheses) for 2u. 3u. and 3u' at the 
MP2(FU)/6-31 G* level. 
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Enantioselective Hydrogenations on 
Platinum Colloids** 
Helmut Bonnemann* and Gerhard A. Braun 

Metal colloids with dimensions of a few nanometers are im- 
portant for catalysis research because of their high proportion 
of surface atoms.['] These colloids can either be employed as 
catalysts in quasi-homogeneous phasesr2] or serve as precursors 
for heterogeneous catalysts.[31 Their stabilization in solution at  
concentrations necessary for catalysis is achieved by poly- 
m e r ~ , ' ~ ~  l t g d n d ~ , [ ~ ~  or surfactants.[61 In several cases it was 
possible to show that the stabilizer 

-. 7\ affects the catalytic sele~tivity.~'1 I \  

alyzed hydrogenation. Using as an -! x- 

! J .- Herein, we report on a chirdl induc- 
tion by the stabilizer in a colloid-cat- 

, 
pN+/ 

H \\ .OH 
% _ _  example a platinum sol stabilized by 

the protonated alkaloid dihydrocin- ' / H  
chonidine (DHCin), we examined \;,: , I ts, 
the influence of the stabilizer on the 
enantioselective hydrogenation of N X -  

ethylpyruvate to (R)-ethyllactate 
[Eq. (a)] in a quasi-homogeneous DHCin . HX: 
phase. 

- 

X = GI, AcO, HCO, 

I !  F7 colloid/ DHCin. HX 0 
0 

The enantioselective hydrogenation of 3-oxoesters on hetero- 
geneous platinum catalysts in the presence of cinchona alkaloids 
was reported for the first time by Y. Orito.[81 Over the last few 
years, these chirally modified heterogeneous catalysts have been 
systematically studied with respect to catalyst preparation,['"] 
catalyst structure,[9b. ' ,dl  reaction  condition^,[^'^ f. g1 and kinet- 
i c ~ . [ ' ~ . ' ~  The structure of the modifier has been varied,[""l and 
the interaction between the substrate and the alkaloid has been 
modeled.['Ob. 

In order to synthesize colloidal platinum, an aqueous solution 
of a platinum salt is reduced in the presence of protonated 
DHCin. The normaliy water-insoluble alkaloid is initially trans- 
formed into the water-soluble hydroformate. and then added by 
syringe to an aqueous platinum tetrachloride solution. The for- 
mate reacts to  yield carbon dioxide, and the resulting platinum 
sol (2) is stabilized by the hydrochloride of DHCin [Eq. (b)]. 

PtCI, + ( 2 4  DHCin.HCO2H + n HC02H + 
(b) 

Pt,,lloid [DHCinH+ CI-]2-, + (2+n) HGI + 2 C 0 2  

2 

n = 0-1.75 
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