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The higher analogues of a-pinene, such as 2-ethyl-, 2-n-propyl-, 2-isobutyl-, 2-phenyl-, and 
2-isopropylapopinenes, were treated with borane-methyl sulfide (BMS) in the stoichiometry of 1.2:1, 
respectively, in anhydrous tetrahydrofuran (THF) at  25 OC, obtaining an equilibrium mixture of 
2-organylapoisopinocampheylboranes (2-R-apoisopinylborane, RapBHz) as major and bis(2-orga- 
nylapoisopinocamphey1)borane [bis(2-R-apoisopinyl)borane, RapzBHl as minor constituents. Treat- 
ment of the equilibrium mixture of boranes with tetramethylethylenediamine (TMEDA) at  34 "C 
readily and selectively provided the optically pure bis( 2-organylapoisopinocampheylborane).TMEDA 
adducts, (RapBHdTTMEDA, in satisfactory yield. This reaction is quite general and appears to be 
broadly applicable to the conversion of the sterically bulkier 2-organylapopinenes (2-R-apopinenes) 
with widely varied steric requirements and lower optical purity (87-92% ee) into the corresponding 
optically pure (RapBH2)TTMEDA derivatives, approaching 299 % ee. Treatment of the crystalline 
bis-adduct in ethyl ether with BFrEE precipitates (BF3)rTMEDA and provides RapBHz of essentially 
299 76 ee, enantiomerically purer than the 2-R-apopinenes of 87-92 % ee utilized for these preparations. 

One of the most fundamental processes encountered in 
asymmetric synthesis is the stereoselective construction 
of a new chiral center or centers on a prochiral substrate. 
The best asymmetric syntheses occur in nature via 
enzymatic reactions. However, in recent years consider- 
able research efforts have been expended by organic 
chemists to achieve comparable r e s~ l t s .~J  A decade ago, 
we focused our efforts on the development of chiral, pinene- 
based borane reagents to bring about asymmetric trans- 
formations,auch as the hydroboration of prochiral olefins: 
reduction of prochiral ketones,5 asymmetric allyl- and 
crotylboration,8 asymmetric opening of meso-epoxides? 
and asymmetric homologation.8 

The versatile hydroborating agent IpczBHD is readily 
available from the reaction of a-pinene with BMS.'O It 
reacts with cis-disubstituted alkenes with excellent chiral 
induction in the range of 80-90% ee, in many ca~es.~C 
However, the hydroboration of trisubstituted and trans- 
disubstituted alkenes proceeds more slowly, in a complex 
manner, involving displacement of a-pinene, to give the 
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species 1 (eq 1). As a result, the degree of chiral induction 
is dramatically lowered to about 14-2294 .ll 

1 

The difficulty encountered in hydroborating more 
hindered olefins with IpczBH was circumvented, in part, 
by the synthesis of the sterically less hindered and more 
reactive isopinocampheylborane, IpcBHz (3a)." It reacts 
with aliphatic-" or phenyl-substituted cyclic trisubstituted 
and trans-disubstituted alkenes providing, after oxidation, 
product alcohols with enantiomeric purities in the range 
of 50 to 399% These results and the current activity 
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trialkylborane stage (eq 2).16 In the case of more hindered 
alkenes, such as 1-methylcyclopentene, it is possible to 
proceed rapidly to R2BH and slowly on to R3B (eq 3).l6 

R R R 

2aR-Me 2dR-CBu 3a-1 
2bR-Et 2 r R - P h  
2cR-Pr  21 R-CPr 

4a-t 

in this area have prompted us to search for improved, 
easily available chiral auxiliaries and reagents in the hope 
of optimizing the steric requirements of the reagent with 
those of the prochiral substrate. Introduction of an ethyl 
group at the 2-position of apopinene provided a new 
pinene-based chiral auxiliary, 2-eth~lapopinene.~f The 
2-ethylapoisopinylborane, EapBH2 (3b): derived from 
2-ethylapopinene (2b) was used in the hydroboration of 
a series of representative prochiral alkenes and provided 
modestly improved enantiomeric purity of the resulting 
alcohols4f as compared to those derived from IpcBH2. 
Encouraged by these early results, we undertook an 
extensive program to modify apopinene at the 2-position 
to produce a number of sterically bulkier chiral auxiliaries. 
The synthesis of 2-n-propyl- (2c),12 a 2-isobutyl- (2d),13 * 
2-phenyl- (2e),13b and 2-isopropylapopinenes (2f)l3* has 
now been achieved and described. 

As part of our ongoing program in this area, the present 
importance of these chiral auxiliaries in the asymmetric 
synthesis uia organoboranes and the nonavailability of a 
convenient general procedure to synthesize the sterically 
more demanding 2-R-apoisopinylboranes (RapBH2) from 
these potential chiral auxiliaries (2b-f) inspired us to 
develop such a general procedure, applicable to the 
preparation of a wide variety of sterically bulkier RapBH2. 
We now report the development of an improved procedure 
for the conversion of sterically bulkier 2-R-apopinenes 2b-f 
of lower optical purity (87-91 % ee) to the optically pure 
(399% ee) bis-adducts of RapBH2 with TMEDA. This 
procedure has several advantages over the earlier 
p r o ~ e d u r e s . ~ J ~ ~ J ~  The reaction appears to be general and 
provides a simple economical approach for the synthesis 
of sterically demanding bis(2-organylapoisopinocamphey- 
lborane).TMEDA [(RapBH2)2*TMEDA, 5b-fl adducts in 
satisfactory yield and their ready conversion into the 
desired RapBHz reagents. 

Results and Discussion 

The applicability of borane-methyl sulfide (BH3oSMe2, 
BMS)16 and borane-THF (BHyTHFPb is well docu- 
mented. It has been demonstrated that the reaction of 
simple olefins with BHyTHF or BMS generally proceeds 
rapidly past the monoalkylborane stage to the dialkyl- or 
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1977,42,1392. 
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As a result, it is generally not possible to obtain 
monoalkylborane of interest by the direct reaction of 
olefins with boranes (BMS or BHyTHF). However, in 
the case of certain highly hindered olefins, such as 
tetramethylethylene (TME) or 2,4,4-trimethyl-2-pentene 
(diisobutylene-2 = Dib-2), it is possible to control the 
hydroboration so as to achieve the synthesis of the 
mon~alkylboranes.'~ In this way thexylborane (ThxBH2)18 
and DIBborane (DibBH2)'g can be readily prepared (eqs 
4 and 5). 

Dib-2 DibBH2 

Earlier, we reported1% that the hydroboration of 2-R- 
apopinenes 2a-f with boranes in different stoichiometry 
at room temperature generally yields a mixture of products. 
However, in case of phenyl- (2e), isopropyl- (2f), and to 
some extent isobutylapopinenes (2d), hydroboration leads 
predominantly to the corresponding 2-R-apoisopinylbo- 
rane (RapBHz ,3e-f)! as much as 295% (eq 6). 

R R R 

2a-1 3a-1 

Under these conditions, it is generally not possible to 
obtain either bis(2-R-apoisopinyl)borane, RapzBH 4a-f,9 
or RapBH2 3a-f essentially Similarly, the 
presence of a small amount of RapzBH or unreacted BH3 
in the reaction mixture will lower the optical induction in 
the asymmetric hydroboration of prochiral olefins. It is 
essential, therefore, to develop a convenient procedure 
for the synthesis of the sterically more demanding RapBHz 
3b-f in good chemical yield, coupled with high stereo- 
chemical purity approaching >99% ee. It has been 
established that under normal conditions the hydrobo- 
ration of a-pinene cannot be stopped at the monoalky- 
lborane stage.17 Therefore, several syntheses were ex- 
plored to provide a convenient preparation of this desirable 
reagent. A detailed account of the different syntheses of 

(17) (a) Brown, H. C.; Klender, G. J. Znorg. Chem. 1962, I, 204. (b) 
Brown, H. C.; Moerikofer, A. W. J.  Am. Chem. SOC. 1962,84,1478. 

(18) Brown, H. C.; Zweifel, G. J. Am. Chem. SOC. 1961,83, 1241. 
(19) Brown, H. C.; Schwier, J. R. J.  Org. Chem. 1993,58, 1546. 
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Scheme 2 
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IpcBH2 developed is reported elsewhere.20 The discovery 
that monoalkylborane forms a crystalline adduct with 
TMEDA21 made available the most convenient synthesis 
of (IpcBH2)rTMEDA (58). In this procedure, the reaction 
of a 2-fold excess of a-pinene with 1 equiv of BMS in ether 
at 34 OC rapidly furnishes 1 p c ~ B H . ~ ~  This compound, upon 
treatment with 0.5 equiv of TMEDA, liberates a-pinene 
to yield crystalline (IpcBH&TMEDA in good chemical 
and optical yield23 (Scheme 1). However, this procedure 
suffers from a limitation that it uses excess a-pinene. A 
similar excess of 2-ethylapopinene (2b) is utilized in the 
earlier synthesis of (EapBH2)zqTMEDA (5b).4f 

It is observed that the reaction of 2-R-apopinenes 2c-f 
with BMS (0.5 M in each) under mild conditions at  room 
temperature produces RapBHz in 290%, except for 
2-ethylapopinene (2b) which gave only 86 5% of the desired 
2-R-apoi~opinylborane.~~~ On the contrary, these 2-R- 
apopinenes 2b-f on reaction with borane-THF (0.5 M in 
each) produced substantial amount of RapzBH (4b-d, 11- 
25% ), with the exception of 2-phenyl- and 2-isopropy- 
lapopinenes, in which cases <5% of the RapzBH 4e-f 
formed.'% It is inferred from these results that the borane- 
THF, as a hydroborating agent, is less advantageous than 
the corresponding borane-methyl sulfide which permits 
a more economical utilization of the valuable 2-R- 
apopinenes 2b-f to provide a higher percentage of RapBH2 
3b-f. Another advantage of BMS is that it is stable at  
room temperature for long periods of time, whereas 
borane-THF undergoes a slow, but significant, cleavage 
of THF at ambient temperature with a loss of h~dride.~4 

Therefore, the present procedure utilizes BMS in THF 
for the easy conversion of the sterically bulkier 2-R- 
apopinenes 2b-f to the equilibrium mixture of RapBH2 
as major and Rap2BH as minor components. The reaction 
of this mixture with TMEDA gives the bis-adducts 5b-f, 
which upon reaction with BFyEE remove the TMEDA 
from the product (Scheme 2). 

Thus, 2-R-apopinenes 2b-f (1.2 equiv) were treated with 
BMS (1.0 equiv) in THF at room temperature for 24-36 
h. The total concentration ofthe solution was maintained 
at  1.0-1.1 M. The llB NMR of the reaction mixture at  
this stage showed the complete hydroboration of 2-R- 
apopinenes resulting in an equilibrium mixture of RapBH, 
and RapzBH, with the latter being the minor component. 
The percentage of RapzBH present was inversely pro- 
portional to the bulk at the 2-position of apopinene.138 
The reaction of BMS with 2-R-apopinenes 2d-f provided 
RapBH2 in >90% yield, while in the case of 2-ethylap- 
opinene (2b), the EapBH2 (3b) was formed in a slightly 
lower yield (86% ). The reaction of the mixture of 2-R- 
apoisopinylboranes 3b-f and 4b-f with TMEDA in THF 

(20) Brown, H. C.; Mandal, A. K.; Yoon, N. M.; Singaram, B.; Schwier, 
J. R.; Jadhav, P. K. J. Org. Chem. 1982,47,5069. 
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42, 1392. 
(23) We would like to thank Dr. U. Schwartz, Fluka Chemie AG, for 

pointing out the incorrect sign of rotation reported in the literature." 
(24) Kollonitach, J. J. Am. Chem. SOC. 1961,83, 1515. 

2b-1 S b f  4b.f 

R R 

sb-f 299% ee 

furnished bis-adducts 5b-f in considerably lower yields. 
However, the use of diethyl ether as solvent improved the 
yield without affecting the desired optical improvement 
achieved by selective crystallization. Consequently, THF 
wa8 stripped off from the reaction mixture after complete 
hydroboration of the 2-R-apopinenes and replaced by 
diethylether. The addition of 0.5 equiv of TMEDA to the 
reaction mixture a t  34 "C led to the rapid reaction with 
RapBH, 2b-f and Rap2BH to furnish the desired bis- 
adducts 5b-f, with displacement of the second 2-R- 
apopinene moiety from Rap2BH. The reaction mixture 
upon cooling provided the bis-adducts 5b-f as a crystalline 
solid. The bis-adducts 5b-f were isolated in -70-78% 
yield (Scheme 2). 

The spectral (lH, 13C and IlB NMR) data revealed that 
the bis-adducts 5b-f were quite pure. Methanolysis of 
5b-f provided pure boronate esters, RapB(OMe)2, and 
the alkaline peroxide oxidation provided the corresponding 
2-R-apoisopinocampheols 6b-f. The optical rotation 
values of 6b-f corresponded to the values for the alcohols 
provided by hydroborating 2-R-apopinenes of 399 % ee, 
indicative of 299% optical purity of the bis-adducts 5b-f. 

In another method, both (+I- and (-)-2-R-apopinenes 
2b-f were hydroborated with BMS and oxidized to provide 
the corresponding enantiomeric 2-R-apoisopinocampheob 
6b-f. A racemic mixture of the two enantiomeric alcohols 
was derivatized with (-)-menthyl chloroformate (MCF)26a 
or (-)-a-methoxy-a-(trifluoromethy1)phenylacetyl chloride 
(MTPA-C1),25b and the resulting two diastereomers sepa- 
rated cleanly on a SPB-5 capillary GC column. Thus, we 
were able to confirm the 299 % ee value for the optically 
pure 2-R-apoisopinocampheols derived from the bis- 
adducts 5b-f of 399% (eq 7). 

R R R 

2b-f 6b-f 

It is demonstrated that the addition of TMEDA not 
only serves to obtain chemically pure (RapBH2)2,TMEDA 
5b-f adducts but also helps to upgrade the optical purity 
of the resulting bis-adducts to >99 % , the synthesis having 
started with 2-R-apopinenes 2b-f of only 87-92 7% ee. This 
is due to the preferential crystallization of bis-adducts 
5b-d,f of two (2S,3R)-RapBH2 moieties [resulting from 
(+)-2-R-apopinenesl over that of the mixed adduct 
containing both (2SY3R)-RapBH2 and (2R,3S)-RapBH2 
components. The amount of adduct resulting from two 

(25) (a) Westley, J. W.; Halpern, B. J. Org. Chem. 1968,33,3978. (b) 
Dale, J. A,; Dull, D. L.; Mosher, H. S. J. Org. Chem. 1969,34, 2643. 
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Table 1. Melting Points and [U]D of Bis-adducts 
[ (RapBHz)rTMEDA, 6a-t] and 2-R-Apoisopinocampheols 

(RapOH, 6a-f) 

(RapBH2)rTMEDA RapOH 
R mp, OC [a ]D (5") c = 10 mp, O C  [(YID (T)  c = 14 

Me 140-42 -69.0 (20)b 51-3 -35.8 (27)c 
Et 138-39 -50.4 (21)d w -24.3 (23). 
Pr 136-38 -66.6(22) 43-4 -34.8 (24) 
i-Bu 110-13 -65.1 (20) 92-3 -33.9 (24) 
Phf 136-38 +31.8 (20) 108-9 +24.8 (20) 
i-Pr 120-21 -33.6 (20) 75-6 -16.4 (20) 

[(YID was measured in degrees in THF for bis-adducts and in 
MeOH for RapOH or otherwise mentioned. (c 9.31, THF), while in 
the literaturek it is reported as [ala% +69.0 (c 9.33, THF) (see ref 
23). (c 0.9, C&).I4 [a]D was measured in c&. Boilingpoint at 
0.5 mmHg while [U]D value (c 3, CHCb) was taken from ref 4f. f 2- 
Phenylapopinene (2e) was synthesized from (-)-fi-pinene.ISb 

(M,3S)-RapBH2 species present would be negligible. This 
hypothesis requires the (RapBH2)rTMEDA present in 
solution to be much lower in optical purity than the 
crystallized product. 

The melting points and the [al~values of the bis-adducts 
[(RapBHd yTMEDA, 5a-fl and of the 2-R-apoisopi- 
nocampheols (RapOH, 6a-f) are summarized in Table 1. 

It has been proved that amineboranesqb react sluggishly 
with olefins at  25 "C. Therefore, removal of TMEDA from 
the bis-adducts forms a necessary step to facilitate the 
hydroboration reaction. It is known that TMEDA readily 
reacts with BFyEE to yield (BF3)rTMEDA as a clean 
solid mass in ether medium (eq 

Brown and Dhokte 

ether, rt 
(RapBH,),.TMEDA + 2BF3*EE - 

1-2 h 5b-f 
2RapBH2 + (BF,),*TMEDAI (8) 
199% ee 

Thus, the addition of BFyEE to the ethereal solution 
of bis-adducts 5b-f at 25 "C separated (BF3)rTMEDA in 
1-2 h, leaving RapBHz 3b-f of 399 % ee in solution ready 
for hydroboration of olefins. Filtration of the reaction 
mixture yielded RapBH2 as a solution in ether in nearly 
quantitative yield (eq 8). The molarity of this solution 
was conveniently determined by hydride analysis of an 
aliquot.'sd The utility of optically pure RapBH2 3c,d,f and 
the corresponding RapBHCl (Rap = 2a-f) for the asym- 
metric hydroboration of prochiral olefins is under inves- 
tigation. 

Conclusions 
This new improved procedure describes a convenient 

general method for the synthesis of a family of asymmetric 
hydroborating reagents (RapBH2)rTMEDA of variable 
steric requirements with high stereochemical purity ap- 
proaching >99% ee. This procedure is efficient and makes 
economical use of chiral auxiliaries, of only 87-92 % ee, to 
produce optically pure bis-adducts. These adducts are 
stable and can be stored a t  room temperature for a 
considerable period of time without any loss of its chemical 
and optical purity. The chiral hydroborating reagent 
RapBH2 can readily be obtained from the bis-adduct by 
treatment with BFvEE in essentially quantitative yield. 
It has been previously demonstrated that the borane 
reagents incorporating the 2-ethyl- and 2-n-propylapop- 
inenes have been proved to enhance the optical purity of 
asymmetric syntheses involving these chiral auxiliaries.4fJh 

Therefore, on the basis of these results, it is anticipated 
that the chiral borane reagents such as n-propyl-, isobutyl-, 
and isopropylapoisopinocampheylboranes (3c,d,f) and the 
corresponding RapBHCl (Rap = 2a-f) will serve as a family 
of promising chiral hydroborating reagents of favorable 
steric requirements to provide an improved steric fit with 
prochiral alkenes to achieve better optical inductions than 
those derived from IpcBHz and EapBH2. The results of 
this ongoing research will be reported when the study has 
been completed. 

Experimental Section 

All glassware was dried a t  140 "C overnight, assembled 
hot, and cooled to ambient temperature in a stream of 
nitrogen.1Bd All reactions involving air- or moisture- 
sensitive compounds were performed under a static 
pressure of dry nitrogen.lM Reported melting points are 
uncorrected. llB NMR spectra were recorded at  96 MHz 
and were referenced relative to BFsEE. lH and 13C NMR 
spectra for all new compounds were recorded a t  200 and 
50 MHz, respectively, relative to internal tetramethylsilane 
(TMS). Chemical shifts in the lH and 13C NMR spectra 
are reported as parts per million (ppm) downfield from 
TMS. Optical rotations were measured on a digital 
polarimeter in a l-dm cell. Capillary GC analyses were 
performed using the SPB-5 column (30 m). 

Materials. Tetrahydrofuran (THF) was distilled from 
sodium benzophenone ketyl and used as required. Com- 
mercial BMS was used as such without any further 
purification. TMEDA was distilled over CaHz prior to 
use. Anhydrous diethyl ether was used without purifica- 
tion. The 2-R-apopinenes 2b-f were synthesized by known 
p rocedure~ .~J&~~ The 2-R-apopinenes 2b-d,f were derived 
from (+)-a-pinene, while 2-phenylapopinene (2e) was 
synthesized from (-)-@-pinene. 

A Typical General Procedure for the Preparation 
of the Bis-adducts of 2-Organylapoisopinocamphey- 
lboranes with TMEDA [(RapBH)z*TMEDA, 5b-f] 
from the 2-R-Apopinenes of 87-92% Optical Purity. 
All operations were carried out under nitrogen. A dry 
500-mL flask was charged with BMS (10 M, 42-50 mmol) 
and dry THF (32-35 mL). 2-R-Apopinene (50-60 mmol) 
was added dropwise with stirring while the reaction 
temperature was maintained at  35 "C. The reaction 
mixture was maintained at  1.0-1.1 M with respect to BMS. 
The reaction was continued at 25 "C for 24-36 h. An 
aliquot of the reaction was methanolyzed and analyzed by 
llB NMR which showed the equilibrium mixture of 
RapBH, 2c-f and Rap2BH 2c-d in >90 % and <10 % ,while 
in case of 2-ethylapopinene (2b), EapBH2 was formed in 
>86% along with trace amount (C1% ) of B(OMe)3. THF 
and the volatile5 were removed in vacuo (12 mmHg, 50-55 
"C, 1 h). The residue was redissolved in diethyl ether 
(32-35 mL), and the solution was refluxed for 0.5 h. 
TMEDA (21-25 mmol) was added dropwise to the 
refluxing solution of mixture of boranes. Once the addition 
was complete, the solution was maintained at  reflux for 
an additional 0.5 h. Sometime during the addition of 
TMEDA, solid separated which then dissolved in the 
solution following completion of the addition of TMEDA. 
The solution was cooled to room temperature and kept at  
0 "C overnight (12-14 h) to ensure complete crystallization 
of (RapBHh-TMEDA 5b-f. The supernant liquid was 
removed by the double-ended needle, and the white solid 
was washed with cold pentane (50-100 mL) and filtered. 
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The solid was dried under vacuum to give 70-7855 yield 
of 5b-f with chemical and optical purity approaching 
>99 % . Small amounts of bis-adducts 5b-f were subjected 
to the alkaline peroxide oxidation to obtain the cor- 
responding alcohols 6b-f, derivatized as the MTPA (of 
6e) or menthyl carbonate (of 6b-d,f). These derivatives 
were analyzed on a SPB-5 capillary GC column, revealing 
optical purities of 399% ee, in comparison with the equal 
diastereomeric mixture of derivatives of the alcohols 6b-f 
obtained from hydroboration-oxidation of the corre- 
sponding racemic 2-R-apopinenes 2b-f. 

[EapBH2]2*TMEDA (5b). Prepared from (+)-2-ethy- 
lapopinene (91% ee). 1H and 13C NMR spectra are in 
accordance with that reported?' 
2-Ethylapoisopinocampheol(6b). lH and 13C NMR 

spectra are in accordance with the reported values.4f 
[PraBH2]2*TMEDA (5c): 1H NMR6 3.05-3.35 (m, 4H), 

2.65 (s,6H), 2.60 (s,6H), 1.75-2.30 (m, 12H), 1.25-1.50 (m, 
lOH), 1.05-1.25 (m, 2H), 1.19 (s,6H), 1.10 (s, 6H), 0.75- 
0.95 (m, 6H); l3C NMR 6 57.62,51.38,51.16,47.92,44.46, 
43.60, 39.57, 39.27, 38.66, 33.9, 28.87, 23.04, 21.89, 15.25. 
Anal. Calcd for C30He2B2N2: C, 76.27; H, 13.23; B, 4.58; 
N, 5.93. Found: C, 75.88; H, 13.58; B, 4.82; N, 6.27. 
2-n-Propylapoisopinocampheol(6~): lH NMR 6 4.00- 

4.15 (m, lH), 2.30-2.60 (m, 2H), 1.91 (br d, 2H), 1.65-1.85 
(m, 3H), 1.30-1.60 (m, 4H), 1.20 (8 ,  3H), 1.05 (d, J = 9.6 
Hz, lH), 0.90 (t, J = 6.9 Hz, 3H), 0.89 (8, 3H); 13C NMR 
670.73,53.21,45.42,41.71,39.19,38.12,37.96,33.72,27.57, 
23.77,21.44,14.41. Anal. Calcd for C12H220: C, 79.06; H, 
12.17. Found: C, 78.84; H, 12.10. 

[iBapBH2]rTMEDA (5d): 'H NMR 6 3.00-3.40 (m, 
4H), 2.65 (s,6H), 2.60 (s,6H), 2.00-2.30 (m, 4H), 1.75-2.00 
(m,6H), 1.20-1.70 (m, 9H), 1.15 (s,6H), 1.10 (s,6H),0.75- 
0.95 (m, 15H); 13C NMR 6 57.43,51.48,51.13,46.65,45.14, 
44.42,43.57,39.26,38.68,33.90,26.03,25.25,28.89,23.51, 
22.25. Anal. Calcd for C32Hd2N2: C, 76.79; H, 13.29; B, 
4.32; N, 5.60. Found C, 76.54; H, 13.66; B, 4.11; N, 5.22. 
2-Isobutylapoisopinoampheol(6d): 'H NMR 6 3.90- 

4.10 (m, lH),  2.30-2.60 (m, 2H), 1.82-1.98 (m, 3H), 1.60- 
1.80 (m, 3H), 1.22-1.49 (m, 2H), 1.20 (s,3H), 1.08 (d, J = 
9.8 Hz, lH), 0.87-0.95 (m, 9H); 13C NMR 6 71.44, 50.91, 
45.73,45.60,41.93,39.54,38.18,33.96,27.81,26.00,23.99, 
23.28,22.89. Anal. Calcd for C13H24O: C, 79.53; H, 12.32. 
Found: C, 79.51; H, 12.68. 

[PapBH2]2gTMEDA (5e). 2-Phenylapopinene (2e) 
used for this preparation was synthesized from (-)+ 
pinene:'5alH NMR 6 7.35-7.50 (m, 4H), 7.00-7.30 (m, 6H), 
2.95 (m, 2H), 2.85 (8 ,  4H), 2.40 (8, 12 H), 2.35 (8, 2H), 
2.10-2.25 (m, 4H), 1.80-2.00 (m, 5H), 1.35-1.50 (bm, 2H), 
1.00-1.10 (m, lH), 1.10 (s, 6H), 1.15 (s, 6H); 13C NMR 6 
150,129.41,129.32,128.16,125.27,57.29,54.08,51.30,49.82, 
43.35, 39.06, 38.08, 35.01, 28.74, 24.41. Anal. Calcd for 
C M H ~ ~ B ~ N ~ :  C, 79.99; H, 10.84; B, 4.00; N, 5.18. Found: 
C, 80.26, H, 10.50; B, 3.95; N, 5.23. 
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2-Phenylapoisopinocampheol(6e): lH NMR 6 7.10- 
7.40 (m, 5H), 4.40-4.55 (m, lH),  3.21 (br d, lH),  3.08 (br 
s, lH), 2.45-2.65 (m, 3H), 1.75-2.05 (m, 2H), 1.30 (bs,4H), 
0.79 (s, 3H); 13C NMR 6 145.61, 127.95, 126.96, 125.66, 
70.66,55.83,44.80,39.22,37.65,33.85,27.38,24.61. Anal. 
Calcd for C15H200: C, 83.29; H, 9.32. Found: C, 83.01; H, 
9.59. 

('PraBH2)ZOTMEDA (5f): 'H NMR 6 3.25 (s,4H), 2.65 
(s,6H), 2.60 (s,6H), 2.00-2.25 (m, 6H), 1.65-1.95 (m, 6H), 
1.25-1.40 (m, 2H), 1.15 (8, 6H), 1-00 (8 ,  6H), 0.95 (br d, 
6H), 0.82 (br d, 6H); l3C NMR 6 58.50,54.10,50.84,44.23, 
43.30,38.74,38.41,34.17,31.91,28.35,23.88,23.65,22.69. 
Anal. Calcd for C~OH~ZBZNZ: C, 76.27; H, 13.23; B, 4.58; 
N, 5.97. Found C, 75.88; H, 13.53; B, 4.39; N, 5.64. 

2-Isopropylapoisopinocampheol (6e): lH NMR 6 
4.07-4.19 (m, lH), 2.45-2.62 (m,lH), 2.29-2.42 (m, lH), 
2.10-2.20 (m, lH), 1.55-2.00 (m, 4H), 1.31-1.45 (m, lH), 
1.20 (s,3H), 1.10 (d, J = 9.8 Hz, lH), 1.05 (d, J = 6.5 Hz, 
3H), 0.89 (d, J = 6.7 Hz, 3H), 0.88 (8, 3H); 13C NMR 6 
69.57,61.21,43.58,41.81,39.77,38.00,32.74,32.44,27.77, 
24.09,22.78,21.95. Anal. Calcd for C12H220: C, 79.06; H, 
12.17. Found: C, 78.75; H, 11.79. 

For convenience, the melting points and [CrID values for 
bis-adducts 2b-f together with 2-R-apoisopinocampheols 
(RapOH, 6b-f) are summarized in Table 1. 

A Typical Procedure for the Preparation of 2-0r- 
ganylapoisopinocampheylboranes (RapBHz, 3b-f) 
from 5b-f. To a dry 250-mL round-bottom flask, flushed 
with nitrogen, containing bis-adducts 5b-f (25 mmol) in 
75 mL ether, was added BF3-EE (48.8 mmol) dropwise at  
25 "C, and the mixture was stirred for 1-2 h. The resulting 
slurry was transferred with a double-ended needle to a 
filtration chamber attached to a round-bottom flask 
flushed with nitrogen. The solid (BF3)yTMEDA was 
washed with cold ether (2 X 10 mL), and the filtrate was 
analyzed for hydride content by hydrolyzing an aliquot 
with a 1:l:l hydrolyzing mixture of glycero1/water/THFlGd 
and found to be 0.48-0.51 M (95-90 mL, 91-92% yield) 
(llB NMR 6 21-23). The solution is best stored under 
nitrogen at  0 "C. Under these conditions no appreciable 
loss of active hydride was observed in 10-15 days. 
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