
7l*-ft64 73 THE SYNTHESIS ND ORGAIC 
CHEMISTRY OF THE 

1'
BORON-SILICON DONDCU) PUERTO RICO UNIY RIO PIEDRAS
0 L LARSON 12 DEC 85 ARO-1789.1-CH-H DAAG29-90--SMS

UNCLSSIFIED F/G 71'3 ML



11.6

L 1 1 1112.

11111_L25

MICROCOPY RESOLUTION TEST CHART



THE SYNTHESIS AND ORGANIC CHEMISTRY OF THE BORON-SILICON BOND

GERALD L. LARSON

DECEMBER 12, 1985 __

U.S. ARMY RESEARCH OFFICE

17858-H-C

UNIVERSITY OF PUERTO RICO-RIO PIEDRAS CAMPUS

DTIC
FEB 1 11986

C-_

AAUi1ilvitef

0itibt0 Puli -. jc~



T1NC7.Aq1TFTF1)
SECURITY CLASSIFICATION OF THIS PAGE (Whem Data Entered) _________________

REPOT DCUMNTATON AGEREAD INSTRUCTIONSREPOT DCUMNTATON AGEBEFORE COMPLETING FORM
I . REPORT NUMBER 12. GOVT ACCESSION No. 3. RECIPIENT'S CATALOG NUMBER

A" III -Y-b N/A N/A
4. TITLE (and Subtitle) S. TYPE OF REPORT & PERIOD COVERED

The Synthesis and Organic Chemistry of theFia 10/8-3/5
* Boron-Silicon Bond Final__10/l/80__9/30/85 _

6PERFORMING ORG. REPORT NUMBER

*7. AUTHiOR(@) S. CONTRACT OR GRANT NUMBER(s)

Gerald L. Larson DAAG29-80-G-0008

9. PERFORMING ORGANIZATION NAME AND ADDRESS 10. PROGRAM ELEMENT. PROJECT. TASK......

AREA A WORK UNIT NUMBERS

University of Puerto Rico-Rio Piedras Campus

91. CONTROLLING OFFICE NAME AND ADDRESS 12. REPORT DATE

U. S. Army Research Office 12/13/85
Post Office Box 12211 13. NUMBER OF PAGES

Rpcpnrrh Tr -p 7~- ~ 7~
14. MONITORING AGENC90i ME &ADERES(I iffeen Ir. Controlling Office) 1S. SECURITY CLASS. (of tis report)

UnclassifiedL

ISDECL ASSI F1 CATION/ DOWN GRADING
SCHEDULE

1I. DISTRIBUTION STATEMENT (of tis Report)

Approved for public release; distribution unlimited.

* 17. DISTRIBUTION STATEMENT (of Cho abstract mitered In Block 20, It' diffearent from, Report)

* NA

19I. SUPPLEMENTARY NOTES

* The view, opinions, and/or findings contained in this report are
* those of the author(s) and should not be construed as an official
* Department of the Army position, policy, or decision, unless so

ripby ot-hp;,2 r dociimptntainn-
It. KEY WO7RDS (Cntou onsvee ide It necesary mid identify by block numiber)

9-borabicyclo[3.3. linonane, methyldiphenylsilyl lithium,
* boron-silicon bond

14. A0TN ACT (=Cht ass ore sbif nameermo ed idontiiy by block numnber)

~The synthesis of the boron-silicon bond via the reaction of
* methyldiphenylsilyllitlhium with 9-borabicyclo[3.3.llnonane and
* treatment of the hydridoborate complex with acid was
* accomplished. The B-silyl-9-BBN was difficult to separate and

purify, but was nevertheless fully characterized. It showed very
little reactivity, however. For example, it oxidized well with,

An IF N 0 iTIO OF 9NOV 95IS OBSOLETE UNCLASSIFIEDKSECURITY CLASSIFICATION OF THIS PAGE (When Data Entered)

.............................................*... %



,o .

ikaline hydrogen peroxide and slowly in air, but was Inert to
methanol, water, bromine and tributyltin hydride. In addition it .

did not react with carbonyl compounds, nor with olef ins or
acetylenes under a variety of conditions. The reaction of - -
silyllithium reagents with 9-BBN in the presence of .*.-

N,N,N',N'-tetramethylethylenediamine pr~quced the corresponding
borate in excellent yield as judged by B MRanalysis. These
systems too were very unreactive, reacting well only with
unhindered alcohols and very poorly with aldehydes and even acid
chlorides. Attempts to prepare a stable, crystalline amine
complex were unsuccessful..

II[SECURITY CLASSIFICATION OOF THIS PAAGE'(tn Datee Entered)

I -°.-. I

* ' '-.o.-

l~alne ydrgen eroideand lowy i airbutwasiner to:.%-.-

mehnlwtr*roieadtiuyli yrd.I adto t""'

. . . . . . . . . . . . . . . . . . ..
did ot ractwithcarbnylompunds no wit olfn or ._-'--' -



-9.o Vie, C"9

Scientific Report

At the outset of this work we set out to prepare and study

the structure, properties and chemistry of a trigonal organoboron

which contained both the boron-silicon bond and carbon ligands

(as opposed to oxygen or nitrogen ligands) on the boron. Our

interest was to hopefully discover a new reaction, namely that of

silaboration with this new class of compounds. Very little was

published on this topic at the time we initiated our work and

what was published indicated that the "ate" complexes of

organoborons containing the boron-silicon bond were much more

stable than the trigonal species that we were after.

One graduate student worked on the project the whole time

and we concentrated our efforts on the 9-borabicyclo[3.3.llnonane ,1

(9-BBN) systems 1 since it represented the most readily available

starting materials and also the possibility of a rather stable

product.

:-SiRS 3

Treatment of B-methoxy-9-BBN with phenyldimethylsilyllithium

in THF gave a product, which in the same solution showed several

peaks in the B NMR spectrum. On the other hand, treatment of

9-BBN with this same reagent gave different results depending on

the source of the 9-BBN. A tetrahydrofuran solution of 9-BBN

purchased from Aldrich reacted to give lithium

dihydridoborato-BBN and the bis-silylated species as adjudged by

liB NMR. This same reaction with feshly prepared and Codes
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recrystallized 9-BBN gave a solution of

B-(phenyldimethylsilyl)borato-9-BBN as evidenced by a doublet in

the 1 1B NMR spectrum at -18.94 ppm (J = 80.6 Hz). Treatment of

this solution with hydrochloric acid or methane sulfonic acid in

ether resulted in a high-boiling liquid, which was extremely

difficult to purify. This material showed the following

properties, which are consistent with the proposed structure 2:

bp 112-113 /0.12mm 1B NMR 58.9 ppm; 1 3C NMR 139.3, 134.3, 128.9,

1128.2, 33.8, 23.7, -3.3 ppm; H NMR 7.75-6.75 (m, 5 H), 2.0-0.35

(m, 14 H), 0.20 (s, 3 H) ppm; MW by boiling point elevation in

benzene 260; Anal. Calcd. for C1 6 H2 5BSi: C, 74.98, H, 9.76, B,

4.29, Si, 10.90. Found: C, 74.85, H, 9.96, B, 4.02, Si, 11.14.

Li+

THF /H H+
BH PhMe2SiL i  SiPhMe2

SiPhMe2 -H2

This material could be oxidized with alkaline hydrogen

peroxide or in the air, although the air oxidation is somewhat

slow. It reacted only slowly with acetic acid and not at all with

methanol, water, bromine or tributyltin hydride.

Interestingly 2 did react with organolithium and

organomagnesium reagents to give the B-alkyl-9-BBN derivatives

although in poor yield.

All attempts to get 2 to react with carbonyl compounds or

double or triple bonds failed.

We have recently found that !;-BBN reacts with silyllithium

reagents in the presence of N,NN',N'-tetramethylethylenediamine
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to give cleanly the B-silyl-9-Borato-BBN derivative. Examples of

* this reaction are given in Table I. Atttempts to carry our

reductions with this material 3 gave disappointing results

- apparently due to the steric hinderance in the system. It does, ..-

however, react with certain alcohols to liberate hydrogen and

Sproduce the trigonal organoboron, which again has proved to be

very difficult to purify. Results of this reaction are given in

Table 1.

L Li +

12THF (T e -HC B-H + R R SiLi B~iRR

a)~Si RR=

b) R1 - R Me

C) R1 =Me R2

Table 1:

Compound Solvent 11 NMR* Solvent 11 NMR*

LiPhMe Si-9BBN THF/TMEDA d 19.44 ppm THF t 17.57 ppm

GBH 78 Hz SBH=73Hz

d = 19,70 ppm

0BH=78 Hz

*LiPh fieSi-9BBN THF/TMEDA d 19.83 ppm THF d 19.83 ppm

GB-H = 8H B-H 7H

*LiPh Si-9BBN THF/TMEOA d 19.91 ppm THF--
S3

.***coupled spectra G- 8H
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