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Abstract: Remote substituent q$ects on the regioselectivity @both the conventional and the rhodiwn(I)-catalyzed 
hyirobomtions ofznne norbornene derivatives are discussed. 

In the course of an alkaloid synthesis we required access to enautiomerlcally pure norbomanone derivative 
1. We envisioned a strategy in which this compound was obtained via a regioselective hydtoboration of nor- 
bomene 2. The latter was readily available through a hlghly stereoselective Et$lCl-mediaud Diels-Alder tea&on 
of enantiopum dienophile 3 with cyclopentadiene (Equation l).2 This paper describes how we achieved this goal 
as well as some effort8 to rational& our results. 

As anticipated conventional hydmboration of formamkk 2 (Table 1, entry 1) gave only a modest C-6 (exe) 
selectivity, in accord with reported electronic effects on hydroboration reactions.3* 4 The corresponding deformy- 
lated amine (entry 4) was hext treated with BHpTHR, anticipating a regioselective “intramolecular” hyhboration 
from the more crowded endo face via a coordinated amineborane complex. While a higher reaction temperature 
was indeed required, consistent with amine-borane coordination, only exo alcohols5 were obtained with marginal 
regioselectivity. 
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Table 1: Hydroboration of norbornene derivatives 4 (eq. 2). 

6 

entry 

,l 
2 
3 
4 
5 
6 

Rl R2 conditionsa temp. in SC yieldb in % 

CHO Ac A RT 50 
CHO, Ac B RT 52 
CHO Ac B -5 56d 

H .H A 67 61 

CC&e 2, 
B -5 79 
B -5 83 

S/6 c 

72128 
9119 
9614 
61/39c 
84/16e 

>98/27 

a) A 1 moleq. BH3.m in THF (0.2 M), 16h; SO % H2%/ 3M NaOH. RT. lh; “Lo/Et3N/DMApfH2Cl~ RT. 4h. B 2-3 equiva 
hU Of catecholborrme, 5 IIIOl% l~[~(coD)$h]#h$’ in m (0.2 hl)). 16 h; oxidative workup and acetylation as in A, b) 
yields are not optimized and refer to the combined isolated regioisomers &e.r flash chromatography: C) determined by HFT,C 

(Spherisxb@ silica 3~ column; hexan&thanol95/5 eluent) m11e.s indicated othenvist; do based on mcovenxl starting materi& e) 
ratio based on pure chmmatogmphed regioisomers 
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Recognizing that transition metal-catalyzed hydrobomtions offer an important alternative to conventional 

techniques,‘j we reacted f ‘& 2 and also the free amhre (entries 2-3.5) with 2-3 molar equivalents of cate 

cholborane in the presence of 5 mol% of t/2[Cl(COD)$$.4Ph~P. For all examples a significant enhancement in 

C-6 ngioselectivity was observed. The most striking selectivity was observed for the carbamate (entry 6)’ 

Intrigued by these results, we set out to determine the structural factors that governed the observed selectivi- 

ty in the rhodium(I)-catalyzd reactions of this system (Table 2). For comparison, a number of our substrates 

were also subjected to BH3.THF hydroborations. Some literatute examples am also included (entries 2,3 and 5 

9). The stereo- and regiochemisnies of all reported products were readily determined by both ‘H and 13C- 

NMR.5p * 

Table 2: Hydroboration of notbomene derivatives 7 (eq. 3) 

entry X Y uncatalyzed hydroboration a catalyzed hydroboration b 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

zgi 
GMe 

H 

OAC 

H 

Ohae 

Br 

CONBnz 

H 

CONHBn 

SeLph 

H 

CH2NBn2 

H 

NHCHO 

a?2Et 
NHO&Bn 

NHCOPh 

H’S 

H 

223 

No, 
H 

OAC 

H 

H 

H12 

C!ONBn212 

HI2 

H’4 

S02Ph14 

HI2 

CH2NBn212 

tt5 

NzO1, 

CO@6 

qEtt6 

yield c 8196 yield c 

55 56144 

85 60/4@ 

97 60/404c 

56 65135 

83 75 / 254c 

75 60/404f 

60 65 / 35& 

52 52/484f 

85 40/&f 

77 56144 

66 63137 

60 50150 

58 62138 

72 

g I9 d 

30170 

54 38162 

62 

78 

61 

73 

86 

83 

76 

NRe 

NR” 

75 

51 

16184 

46154 , 

24176 

13187 

57143 

20180 

50150 

22178 

23177 

a) 1 moleq. BH3.TliP in THP (0.2 M), RT, 16h; 50 96 H&/ 3M NiOH, RT, lh; Aczo/Et$WX4AP/CH~C~, RT, 4h; b) 2-3 eq 
catecholborane;‘5 mol% l/r[CI(COD)2Rh]2.4Ph3P in THP (0.2 M); RT, 16 h; oxidative workup and acety+ation as in before; c) 
yields am in %, am not optimizxxi and refer to the combined isolated regioisomers after flesh chrpmatography; (a literature ratios are 
referenced; all other stated ratios wm de&mined by us using NMR on both crude and purified products. Etmr margin is f5; e) entries 
17 and 18 used to8ether BS a 3/l mixtme of the inseparable itimers, with the isomer of entry 18 BS the major one (cf. note 15). 
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Table 2 shows that the conventional andrhodi&&catalyxed hydrobaration reactions generally have oppo 
site regio&ctivities. A similar obmrva&n has been noted by Evans et al in cycloh~xenyl systema Since oxi- 

dation of mganoboranes occurs with retention of configuration, all of our hydroborations must have occuned 
fnnnth:cxoface.Thismakesa~grolefarpolarsubstituents,ashasr#rmtlybeenreportedfairidiumO 
catalyzed hydrobarations in confom~tlonally mom fkxibk sys&s.‘o unlikely in our cases. 

ItisclearfromTable2thattheprefatncefortheformstionofthe~6rmbstituoed isomro8 intheconven- 

tional sequence is only very modest When the polar substltuents am cxo, there seems to be a qualitative correla- 
tion between their Geld effectll and the regioseleclivlty (enuies 3,s. 7,14; and also 4 vs. 19). as is wcpected for a 
reaction~~solelybyelactrwiceffects.nbeFelationbetweenendo subsdtuentpokrityaIldmgioselectivity 
appears much less straightfonvanl (entties 1.2.6.8.9.13). 

For the rhodium(I) catalyzed hydrobaiations the end0 substituents seem to be far more impartant in enhan- 
cing the mgioselecdvhy than their cxo counterparts (entry 10 vs. 11; 13 vs. 14). It is also clear that the cormlation 
goes beyond a pure indtxXively withdrawing effect of the endo substituents (entry 1 vs. 10 and 12; 4 vs. 19 and 
20). Very informative am entries 15 and 16, which show that for catalyzed hydmbomtkn a dibenzykminomethyl 

subs&rent only affects the regiochemistty when it has the endo orientation. Emphically.,the mgioselectivity of the 
catalyxed reaction increases in the following order of endo substituents: ester < amide - c&amate = dibenxy- 
laminomethyl < sulfone. En&s 15 and 19 indicate that tbe end0 carbamate and dibenxyl--thy1 groups arc 
equipotent in favoring tegkkomer 8.Yet,inthecaseof4 (Rt=co2Me;en~6ofTable1)completeselecti~~ 
was observed At this point we cannot offer an adequate explanation for these observations. It must also be noted 
that formam& esters (entries 17 and 18) failed to react under the catalyzed conditions. 

The mechanism of transition metal-catalyzed hydroboration reactions is still unclesr, and could be highly de 
pendent on the structure of the substrate oletin. I73 l* However ensemble A can account nicely for the observed 
remote substituent effects. It incorporates both the postulated complex formed by oxidative insertion of 
rhodium(I) into the boron hydrogen bond of catecholborane,6 and also the experinxzitally demonstrated small 
charge separation effects in the insertion of oletins into transition metal hydride bonds (or its microscopic reverse, 
g-hydride ehmination).1g 

We conclude that useful rt@selectivities can be attained in transition mtal-catalyzed hydroboration reac- 
tions of norbornenes containing certain polar functional groups on the end0 face. The mechanistic origin and 
broader synthetic applicability of this selectivity remain to be further investigatcd.“) 
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