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Abstract. The clean, em Pd-catalyzed cross-cwpling of vinyl, alkynyl and cuyl bromides 
with the a&-stable oqcuwborane, lO-t&nethylsilylmethyl-9-amz-1O-bor&cyclo[3.3.2]cieccme (2) 
gives excellent yields of the corresponding silylmethylated products, proceeding wffh complete 
retentton of confisumtton in the jlrst case. 

The oxidation of 9-borabicyclo[3.3.l]nonane (9-BBNl derivatives (e.g. 1) with 1 equiv 

of anhydrous trimethylamine N-oxide PMANO).” is completely selective, giving the 

corresponding 9-oxa-lo-borabicyclol3.3.2ldecane system (e.g. 2).’ Unlike 1 or their Bdkoxy- 

9-BBN countergcuts~ these liquid borinate esters are remarkably stable toward air oAdationl 
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The extensive studies of Suzuki and his co-workers have demonstrated the versatile 

nature of the Pd-catalyzed cross-coupling of aromatic and alkenyl halides and triilates with 

organoboranes.’ Recently. we reported the application of this methodology to the preparation 

of stereodetied vinylsflanes.’ While numerous methods are available for the sflylmethylation 

of organic substrates,’ none appeared simpler nor potentially more convenient than the use 

of 2 with the Suzuki protocol. For one, a variety of groups can be selectively transferred 

from organoboranes which are derived from 9-BBN. catechol- or dislamyl- borane without 

competitive side reactions from these ligands. Auryl groups on boron can be coupled to 

vinylic or aromatic substrates. Moreover, the competitive rearrangement and reduction 

processes which can be observed with common catalysts such as Pd(PPh$, originate from 

the palladium hydride intermediates formed from c&Q-elimination reactions.’ However, the 

TMSCH, group contains no beta hydrogens so that no special catalysts’o appeared to be 

required in this case.- The versatile trimethylsilyimethyl functionality in 2 makes it a 

particularly attractive candidate for the preparation of a wide variety of functional&d 

organosilanes (Le. 3-8) in a highly eftldent manner. This proved to be the case. Cur results 

are presented in Table 1. 
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Table 1. Ben@, Propargyl and Ally1 Manes from 2. 

Substrate Product Yield’ 
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a GC yield with internal hydrocarbon standard (Isolated yield) (tsome~ purll$iO’hhe (f&~Qy!6ryUoUo1tiyy 
(tcmp) were required for the complete disappearance of the &arttng halides 
h (STC). l 6 h (62% ‘ 12 h (68°C). ( 7 h (70% 

The preparation of 38 is representative: 

A mixture of 3 (3.57 g. 15.9 mmolL NaOH (2.05 g. 51 mmoll, water (12 mL) and ‘IT-IF (18 mL) 
was added to a solution bromobenzene (2.36 g. 15.0 111I1101) and PdlPPhJ, (0.53 g. 0.46 II]IDou in THF 
(40 mL). After heating at 65T for 11 h. mddation of the organoborane residue was accomplished with 
NaOH (4.5 mL 3Nl followed by 3096 HA (4.5 mL). dropwlse. After 2 h at refiux temperature. the 
organic layer was washed with wate-r (2 x 30 mL) and the combined aqueous material was washed 
with pentane (2 x 90 mu). Evaporation of the solvents at reduced pressure gave a residue which 
was eluted thmugh neutral alumina with pentane ( 70 mL 1. Distillation at 35 TOIT afforded 2.14 g 
(8796) of 8a (bp llO-112°C). For CC ana@& a measured quantity of n-trldecane was added and 
the product ykld was determined from the con-e&d peak areas. 
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The methodology was initially applied to the preparation of simple benzylsilanes with 

the tInding that aryl bromides were smoothly converted to 2 in excellent yields (96%). We 

did note that products which were sensitive to aqueous base (e.g. pTMSCH&H,CHO). while 

identifiable as intermediates. underwent desilylation to give the corresponding methylated 

products (e.g. p-MeCJ-I,CHO, 8 h (70°C). 66%~. Under similar conditions, 2a was also 

formed from 1 in yields comparable to those obtained with 2. However, unlike 2. 1 is 

pyrophoric and, as a consequence. is somewhat more difficult to handle. With the synthetic 

versatility of this benzylsilane functionality” introduced through such available substrates, 

their preparation by this eflicient methodology should expand greatly their scope of potential 

applications to synthesis. 

The coupling of 2 with l-bromo-1-pentyne gives a good yield (75%) of the desired 

silylmethylated product (4). However. the related reaction with the iodoalkyne proved 

complex with the majority of 2 remaining unreacted. SuzuklE had found that distamylborane 

derivatives worked better than their catecholborane counterparts in related conversions. 

However, even with 1, only 66% of this tria&ylborane was consumed with the 

disappearance of 1-iodo-l-pentyne (7 h (65°C)) resulting in a 60~46 mixture of 4 and 1.2- 

bfs-(trimethylsflyl)ethane. Thus. the bromoalkyne Is clearly superior to the iodo compound 

for this a.lkylation. 
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This cross-coupling reaction is particularly suited to the preparation of allylsilanes 

( 5-8 ( RI. % = alkyl, H )). The coupling of vinyl bromides Is more efRcient than that of 

the corresponding iodides. With authentic samples of the isomerically-pure allylsilanes. 

obtained from previous studies,” we determined that both proceed with complete retention 

of configuration. Thus, the stereochemical purities of the starting halides are critical to 

obtain isomerically-pure allylsilanes. As was first shown by Negishi7a with the related 

Grignard reagent, the Pd-catalyzed cross-coupling of silylmethyl organometahics is a highly 

effective method to prepare allylsilanes. With the added advantages of air-stability and ease 

of handling offered by 2, this is now a particularly convenient synthetic operatton. 

Acknowledgment: The support of the NSF-EPSCoR Program is gratefully acknowledged. 

REFERENCES AND NOTES 

1. Graduate student supported by the NIH-MBF@ Program (RRO8102). 

2. Graduate student supported by the NSF EPSCoR Program of Puerto Rico. 

3. Soderquist, J. A; Anderson. C. L. Teirahedmn Lett 1966. 27, 3961. 

4. Soderquist. J. A: Najail. M. R J. Org. Chmn 1988. 51. 1330. 

5. Al&l diakylborlnates are normally further oxidized in air to form borontc esters as well as undego 
hydrolysis (e.g. EMeO-9-BBN is pyrophorlc) (cf; Odom. J. D. in Comprehensfue orsanometaurc Chemtsty; 
Wilktnson. G.: Stone, F. G. A; Abel, E. W. (Eds.) Pergamon Press: Oxford 1982. 1. 253). By contrast, samples 
of 2 were unaffected when exposed to the atmosphere for several hours. 

6. (a) Miyaura. N.; Satoh. M.: Suzuki. A. Te&ahec&on 1963, 39. 3271. (b) Miyaura. N.: Ishiyama. T.: Sasakt. 
H.; Ishikawa. M.: Satoh. M.: Suzuki. A J. Am. Ckm. Sot. 1969. 111. 314 and references cited therein. (c) 
Sato. M.; Miyaura. Y.; Suzuki. A Chem. J&L 1969. 1405. 

7. Soderquist. J. A.; Colberg. J. C. Synletf, 1689. 1. 25. 

8. (a) Negishi. E.: Luo. F.-T.: Rand. C. L. Teb-ahedron Lett 1962, 23. 27. (bl Hayashi. T.: Konishi. M.: Ito. 
H.; Kumada. M. J. Am. Chem Sot. 1962. 104. 4962. (cl Hayashi. T.: Okamoto. Y.; Kumada. M. Tetrakdmn 
Lett 1963. 24. 803. (d) Hayashi. T.; Kabeta. K.: Okamoto. Y.; Konishi. M.; Kumada. M. J. Org. Chem 1966. 
51. 3772. For other approaches to related silanes see: (e) Fleming, I. in Comprehensfue Organic Chemisby; 
Barton. D.: OHS. W.D. (Eds.) Pergamon: Oxford, 1979, 3. 647. If) Calvin, E. Silicon in Organic Synthesis: 
Buttenvorths: London, 1981. (g) Weber. W. P. Silicon Reagents in Organtc Synthesis: Springer-Vexlag: Berlin. 
1983. (d) Armitage, D. A in Comprehensiue Org anom&aUlc Chemis@.j: Wilkinson, G.: Stone, F. G. A; Abel, 
E. W. (Eds.) Pergamon Press: Oxford 1682. 2. 1. (h) Davies, A G.; Smith, P. J. ibid. 1982, 2. 519. (I) 
Hiemstra. H.; Sno. M. H. A M.: Vlgn, R J.: Speckamp. W. N. J. Org. Chem. 1666, 50. 4014. 0) Tamao, 
K.: Sumitani. II; Kiso. Y.: Zembayashi. M.: Fujioka. A; Kodama. S.-I.; Na$ajfma. I.: Minato. A; Kumada. M. 
Bull Chem. Sot. Japan 1976. 49. 1958. (k) Fugami. K.: Oshima, K.; Utimoto. K; Nozaki. H. Tetmhedmn 
Lett. 1966. 27, 2161. Q Okuda. Y.: Sate, M.: Oshima. K.: Nozaki. H. Teimhedron Mt 1683. 24. 2015. (m) 
Majetich, G.: Defauw. J.: FUngold, C. J. Org. Chem. 1988. 53. 50. (n) Schfnser. D.: Dettmer. G.: Ruppelt. M.; 
Solyom, S.; St&en. J. J. Org. Chem. 1666. 53. 3823. (0) Schinzer, D. Sgntisfs lS66. 283. (p) Majetich. G. 
in Gqanfc Syntheses. 7heoy and Appltc&fons; Hudliky, T., Ed. Jai Press: Greenwich. CN, 1989. (q) Fleming, 
I.: Dunogues. J. Grganfc Read 1988. 37. Ch. 2. (r) karian. D.; Dua. S. S.: Eabom. C.: Walton, D. R M. 
J. Ch-ganomet Chem 1976. 117, C55. IsI Zweifel. G.: Rajagopalim S. Synthesis 1964, 113. (t) Tsai D. J. S.: 
Matteson. D. S. Oqmometallks 1983. 2. 236. (u) Yamamoto. Y.: Saito. Y.; Maruyama. K. J. Chem. Sot. Chem. 
Common. 1962. 1326. (v) Soderquist. J. A; Santiago. B. Tetnzkdrm JLett 1969, 30. 5693. 

9. Trod, B. M.; Verhove-n. T. R in Comprehensiue Organometalk Chemistry: Wilkinson, G.: Stone, F. G. A.: 
Abel, E. W. (Eds.) Pergamon Press: Oxford 1982. 8. 799. 

10. Hayashi. T.: Konishi. M.: Koborl. Y.: Kumada. M.; Higuchi. T.; Hirotsu. K. J. Am. Chem. Sot. 1964, 106. 
158. 

11. See. for example: (a) Magnus. P. D.: Sarkar. T.; Djurlc. S. in Comprehensti ~ C&r&try; 
Wilkinson, G.: Stone, F. G. A: Abel. E. W. (Eds.) Pergamon Press: Oxford 1982. 7. 515. fb) Bennctau. B.; 
Duno@~es. J. T &m&iron LeU 1963. 24. 4217. (c) Ito. Y.: Amino. Y.: Nakatsuka. M.; Saegusa. T. J. Am. 
Chem. Sot. lW2. 105. 1586. 

12. For example, compare for 7. the present method to the best Grignard procedure: CoMn. E. W. Stlfcon 
Reagents tn Grganic Synthesis; Academic Press: London. 1988. pp 33. 

(Received in USA 8 June 1990) 


