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The hydroboration of  cycloalka-l,3-dienes (CnHZn-,,, n = 6, 7 and 8) with diisopinocampheylborane 
( d l p ~ Z B H  or 'Ipc,BH) at -25 "C provides highly enantiomerically pure B-(cycloalk-2-enyl)di- 
isopinocampheylboranes, ' Or dlpc,BC,H,-, ( 2 93% ee). Surprisingly, these allylic borane derivatives 
retain their stereochemical integrity at -25  "C although such compounds are capable of undergoing 
racemization through rapid allylic rearrangements. Furthermore, the B - (cycloal k - 2  -enyl) d iisopino- 
campheylboranes achieve allylborations of  aldehydes at -78 "C and afford 1 - (cycloalk-2-enyl)alkan-l- 
01s in 90-95% ee and 100% syn-diastereoselectivity. 

The enantio- and diastereo-selective synthesis of cyclic and 
acyclic compounds is a challenging area of research owing 
to rapidly growing demands in natural product synthesis. In 
recent years many different approaches have been explored 
towards this objective. '.' Among such methods, the stereo- 
selective reactions of metal enolates and allyl/crotylorgano- 
metallic reagents 2 with aldehydes have proved extremely 
valuable. 2-8 
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Reactions of (2)- or (E)-crotyl metals with aldehydes 
generate two new chiral centres and four stereoisomers. There 
are two significant stereochemical aspects associated with the 
crotylboration reaction: the first deals with diastereoselection 
(8 + 9 1's. 10 + 1 I),  and the second deals with enantioselection 
[8 cs. 9 and 10 cs. 11, eqn. (l)]." 

To support the many applications in natural product 
chemistry, our objective has been to develop new asymmetric 
allyl- and crotyl-organoborane reagents, which are suitable for 
highly enantio- and diastereo-selective synthesis. Previously, 
we reported allylborations utilizing various chiral reagents 12 
( Jpc2 BR: Ipc = isopinocampheyl; R = allyl, 2-methylallyl, 3,3- 
dimethylallyl, isoprenyl and 3-methoxyallyl) which yield, upon 
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corresponding homoallylic alcohols 13 with 
the range of 88-96% ee [eqn. (2)].4g*4"37 
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There is considerable interest in extending such highly 
promising asymmetric synthesis to other chiral, substituted 
allylorganoborane derivatives. However, there is one potential 
problem. The B-crotylborane derivatives are susceptible to 
rapid allylic rearrangements even at relatively low temperatures 
[eqn. (3)].3b*9 

14 15 

The rate of allylic isomerization of these intermediates 
depends on the nature of the other groups on the boron: 
allyldialkylborane > allylalkylborinate '* > allylboronate.8" 

For a long time, we were interested in extending the allyl- 
boration methodology to representative chiral B-(cycloatk-2- 



2634 J. C H E M .  SOC. P E R K I N  TRANS. 1 1991 

enyl)diisopinocampheylboranes, Or Ipc,BC,H,,- such as 
16-18. We decided to prepare these reagents by direct 
hydroboration of the corresponding dienes (n  = 6, 7 and 8) 
with diisopinocampheylborane ( I  Or dIpc,BH) without any 
racemization. We knew that the hydroboration of cyclopenta- 
1,3-diene with diisopinocampheylborane provides preferentially 
the homoallylic derivative which is useful for the asymmetric 
synthesis of cyclopent-2-enol, but unsuitable for allyl- 
boration.6c.6d Consequently, in the present study, we report the 
first successful asymmetric synthesis of B-(cycloalk-2-enyl)di- 
isopinocampheylboranes 16-18 in high enantiomeric purity, and 
their enantio- and diastereo-selective reactions with represent- 
ative aldehydes. A preliminary account of a portion of this 
study has appeared elsewhere.' 

16 17 18 

Results and Discussion 
Previously, we reported the hydroboration of cyclic dienes with 
several representative hydroborating agents: borane-dimethyl 
sulphide, 9-borabicyclononane, disiamylborane (Sia,BH), di- 
bromoborane-dimethyl sulphide, and dibromoborane. ' * In 
that study we established that the hydroboration of cyclopenta- 
1,3-.diene with Sia,BH affords predominantly the homoallylic 
borane derivative,6c*6d while the hydroboration of higher 
cycloalka-1,3-dienes (CnHZn-4, n = 6, 7 and 8) with Sia,BH 
provides preferentially the allylic borane derivatives. However, 
following this study, we did not explore the asymmetric 
hydroborations of these higher cyclic dienes. The present study 
reports the successful asymmetric hydroborations of cycloalka- 
1,3-dienes (CnH2,-4, n = 6, 7 and 8) with diisopinocampheyl- 
borane (' Or "I~C,BH) ,~ '  and the utilization of the corresponding 
chiral organoborane derivatives for the allylboration of 
representative aldehydes at - 78 "C. 

B-( Cyclohex-2-enyl)diisopinocampheylboranes 16a and 16B 
und Their Reactions Kith Aldehydes. Preparation qf 1 -(CycIo- 
he.x-2-enyI)alkan-1 -ols.-Cyclohexa-1,3-diene was treated with 
diisopinocampheylborane, derived from ( + )-n-pinene (i.e., the 
borane 19A, dIpc,BH) at -25 "C in tetrahydrofuran (THF). 
The hydroboration was observed to be complete in 12 h. The 
reaction products were oxidized with trimethylamine N -  
oxide," and after the usual work-up were analysed by GC. 
There was obtained a 92: 8 mixture of ( S ) - (  -)-cyclohex-2-enol 
22 and cyclohex-3-en01 23. The (S ) - (  - )cyclohex-2-enol 22, 
obtained in pure form by preparative G C ,  was found to be of 
93% ee. ' Evidently, hydroboration takes place predominantly 
in the allylic position ' ' without any racemization [eqn. (4)]. 

19A 20 16A 92% 21 8% 

j ii j ii 

22 92% 23 8% 

Rclrgcnt.\ ~ u i d  c~onr/ition.\: i, THF,  - 25 C, 12 h; ii ,  [O] 

The reagent B-(cyclohex-2-enyl)diisopinocampheylborane 
16A reacts readily with acetaldehyde at -78 ' C  while the 
minor homoallylic derivative 21 does not, making the separ- 
ation of the isomeric products extremely simple. The reagent 
16A yielded a borinic ester 24A, which reacted with ethano- 
lamine to provide (1 R,l'R)-( +)-(cyclohex-2-enyl)ethanol 25A 
as a single diastereoisomer and in 94% ee [eqn. ( 5 ) ] .  
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R = Me (A); Et (B); P i  (C); But (D); CH=CH2 (E); Ph (F) 

Reagents and conditions: i, - 7 8  'C, 3 h; i i ,  ethanolamine 

The customary procedure for isolation of the products from 
an allylboration reaction involves oxidation of the reaction 
mixture with alkaline hydrogen peroxide, followed by 
separation of the homoallylic alcohol from isopinocampheol 
by fractional distillation. In fact, this has been our preferred 
work-up procedure for all our previous allylb~rations.~ 
However, in some cases, such as compound 25A, oxidative 
work-up poses a problem: isopinocampheol codistills with the 
product (they have very similar b.p.s), making isolation of the 
pure product very difficult. We solved this problem by 
adopting the ethanolamine work-up procedure. In order to be 
consistent, we employed the ethanolamine work-up for all 
allylborations with substrate 16A. These results are summarized 
in Table 1. 

Determination q f Diastereoisomeric Puritj,.-Al t hough the 
cis-geometry of the cyclohexenyl moiety in substrate 16A is 
expected to translate into a single diastereoisomer 25 in 
allylboration of aldehydes [equation ( 5 ) ] . 7 d  we decided to 
confirm this in at least one case. Therefore, the product alcohol 
25A was reoxidized with pyridinium dichromate (PDC) to give 
the corresponding ketone 27, and this was then reduced with 
LiAlH, to obtain an authentic mixture of diastereoisomers 25A 
and 28A [eqn. (6)]. 

25A 27 

I ii 
t 

&Me ~ #Me 

25A 28 A 

Reugcnts: i, PDC; ii, LiAIH, 

These diastereoisomers are well resolved on a Supelcowax 
column on capillary GC at 85 'C, with retention times of 10.07 
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Table 1 Allylboration of aldehydes with B-(cyclohex-2-enyl)diisopinocampheylborane 16A 

Aldehyde Alcohol 
(7;) Yield 7; Ee" configb Absol Ute 

1 R , l 'R 
EtCHO 1 -(Cyclohex-2-enyl)propan- 1-01 25B 65 93 1 R,l'R 

Bu'CHO I-(Cyclohex-2-enyl)-2,2-dimethylpropan- 1-01 25D 67 90 lS , I 'R 
CH,=CHCHO 1 -(Cyclohex-2-enyl)prop-2-en- 1-01 25E 58 92 IR,I 'R 
PhCHO (Cyclohex-2-enyl)(phenyl)methanol25F 71 94 lS,I 'R 

MeCHO 1 -(Cyclohex-2-enyl)et hanol25A 62 94 

Pr'CHO I -(Cyclohex-2-enyl)-2-methylpropan- 1-01 25C 69 90 I R , P R  

The percent ees were determined by 9F NMR analysis of the 'a-methoxy-1-trifluoromethyl-x-phenylacetic acid' (MTPA) esters of the alcohols 
by using a Varian XL-200 spectrometer. In all cases, addition of the cyclohexenyl group to the aldehyde takes place in the same stereochemical 
sense, but the Cahn-Ingold- Prelog notations for the products differ because of the priority assignments. 

min (25A) and 11.13 min (28A). Under identical GC conditions, 
the actual reaction product 25A [eqn. (5 ) ]  showed a single peak 
(10.14 min). Further, a comparison of the 13C NMR spectra 
of compound 25A, before and after the oxidation-reduction 
sequence [eqn. (6) ] ,  clearly indicated that product 25A [eqn. 
(5)J is a single diastereoisomer. Similarly, the 13C NMR spectra 
of the homoallylic alcohols 25E25F did not indicate the 
presence of any other diastereoisomers. These studies clearly 
demonstrated that the reaction of substrate 16A with aldehydes 
is highly diastereoselective. 

Stabilitj? of' Allylic Reagent 16.-Based on earlier reports, 3b 

we expected compound 16A/16B to be susceptible to 
racemization due to allylc isomerization [eqn. (7)] .  However, 

16A 29 

we observed that at -25 "C no racemization took place; 
racemization of the reagent took place only when the 
hydroboration mixture was warmed to 25 "C: allylboration of 
aldehydes at -78 "C with 16A, that is once warmed to room 
temperature from -25 "C, provided the product alcohols in 
much lower optical purities (12% ee). If the reagent 16A was 
synthesized at -25 "C and then treated with aldehydes at 
- 78 "C, no  difficulty was experienced. 

Assignment of Absolute Conjigurations.-Catalytic hydro- 
genation (5% Pt on C) of ( + )- l-(cyclohex-2-enyl)ethanol 25A 
to ( -)-1-cyclohexylethanol 30, [ct]h3 -4.79" (neat), showed 
that the absolute configuration 1 4 * 1  of the asymmetric carbon 
atom bearing the hydroxy group is R. Tosylation of the alcohol 
25A, followed by reductive detosylation of ester 31 to (R)-( +)- 
3-ethylcyclohexene 32, + 20.73" (neat),I6 confirmed 
that the absolute configuration of the other chiral centre is also 
R Ceqn. @ ) I .  

25 A 30 [a]: = -4.79' (neat) 

31 32 

The consistency observed in the stereoselectivity of allyl- 
borations utilizing B-(cyclohex-2-enyl)diisopinocampheylbor- 
ane 16A with various aldehydes (Table 1)  confirms that there is 
no difference in the stereochemical course between the present 
reaction and the crotylboration with (Z)-crotyldiisopino- 
campheylborane which we reported earlier [eqn. (9)j. 7 d  

OH (9) 

B-( Cyclohep-2-enyl )diisopinocarnphe?lbvrcrnrs 17A und 17B 
and Their Reactions with Aldehydes. Preparation of'l -(Cyclohept- 
2-eny1)alkan-1 -oh-Cyclohept- 1,3-diene was hydroborated 
withdIpc,BH at - 25 "C in THF. The hydroboration of this diene 
with Sia,BH has been described elsewhere. lbThe hydroboration 
was complete in 10 h, as observed by the disappearance of the 
solid dIp~2BH.  Then the reaction mixture was cooled to - 78 "C 
and treated with acetaldehyde. Only the allylic derivative 17A 
reacted with the aldehyde, to provide compound 36, while the 
other derivatives 34 and 35 remain unchanged in the reaction 
mixture. This mixture was directly oxidized with alkaline 
hydrogen peroxide * to furnish the required ( 1 R, 1 ' R ) -  1 - 
(cyclohept-2-enyl)ethanol37A as a single diastereoisomer in 36% 
yield. Compound 37A was easily separated from the other, 
undesired compounds by preparative GC. Its optical purity was 
determined by capillary GC analysis to be 93% ee [eqn. (lo)]. 

33 19A 17A 34 35 

37A-B 36 

R = Me (A); Ph (B) 
Reagents and conditions: i, RCHO, - 78 -C; ii ,  LO] 

* In these cases, we preferred the oxidative work-up to the ethanolamine 
work-up because the former method afforded better yields of isolated 
products. 
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Table 2 Allylboration of aldehydes with B-(cyclohept-2-enyl)diisopinocampheylborane 17A 

Yield Absolute 
Aldehyde Alcohol ("b) O0 Ec" config.' 

MeCHO 1 -(Cyclohept-2-enyl)ethanol 37A 36 93 1 R,I'R 
PhCHO (2-Cyclohept-2-enyl)(phenyl)methanol 37B 38 95 IS , I 'R 

As for Table I .  ' As for Table 1 (except cycloheptenyl instead of cyclohexanyl). 

Table 3 Allylboration of aldehydes with B-(cyclooct-2-enyl)diisopinocampheylborane 18A 

Aldehyde Alcohol 
Yield Absolute 
(",A) Ee" config.' 

MeCHO 1 -(Cyclooct-2-enyl)ethanol42A 24 95 1 R,l 'R 
lS,l 'R PhCHO (Cyclooct-2-enyl)(phenyl)methanol 28 93 

a As for Table 1. * As For Table 1 (except cyclooctenyl instead of cyclohexenyl). 

Similarly, the hydroboration of cyclohepta- 1,3-diene with 
'Ipc,BH 19B provided the enantiomeric reagent, which on 
reaction with acetaldehyde affords (1 S, 1 ' S ) -  1 -(cyclohept-2- 
eny1)ethanol in comparable optical purities. Further, this 
synthesis was extended to  benzaldehyde to provide the cor- 
responding diastereoisomeric alcohol 37B in 100% diastereo- 
selectivity and 95% ee. The results are summarized in Table 2. 

B-(Cyclooct-2-enyl)diisopinocampheylborane 18A and 18B 
and Their Reaction rt*ith Aldehydes. Preparation q j  1 -( Cj7clooc.t- 
2-en~~l)alkan-l-ols.-Cycloocta-l,3-diene was treated with 
dlpc,BH 19A at -25 'C in THF. The hydroboration of this 
diene with Sia,BH has been described elsewhere.' '' After 
completion of the hydroboration, the reaction mixture was 
cooled to - 7 8  "C and treated with acetaldehyde. Only the 
allylic derivative 18A reacted with acetaldehyde, to provide 
the boronic ester 41 along with unchanged intermediate 39 
and 40. This mixture was directly oxidized with alkaline 
hydrogen peroxide* to obtain the required (1 R,l'R)-1- 
(cyclooct-2-enyl)ethanol 42A as a single diastereoisomer in 
95% ee [eqn. ( 1  I)]. 

42A-B 41 

R = Me (A); Ph (B) 

Similarly, hydroboration of cycloocta- 1,3-diene with 'Ipc, BH, 
followed by reaction of the resulting allylborane reagent with 
acetaldehyde, afforded ( 1 S, 1 '5)- 1 -(cyclooct-2-enyl)ethanol in 
comparable optical purities. This synthesis was extended to 
benzaldehyde to obtain the corresponding diastereoisomeric 

* In these cases, we preferred the oxidative work-up to the ethanolamine 
work-up because the former method afforded better yields of isolated 
products. 

alcohol 42B in loo?< diastereoselectivity and in 93:; ee. The 
results are summarized in Table 3. 

The present study establishes the feasibility of the synthesis 
of highly enantiomerically pure B-(cycloalk-2-enyl)diisopino- 
campheylboranes 1 6 1 8  by hydroboration of the corresponding 
dienes with ' Or dIpc,BH, without racemization. Furthermore, it 
demonstrates the synthetic utility of these reagents for highly 
enantio- and distereo-selective allylborations of representative 
aldehydes. We are very hopeful that this finds many applic- 
ations in natural product synthesis. 

Experimental 
General.-The reaction flasks and other glass equipment were 

dried in an oven (I40 "C, 12-18 h) and assembled in a stream of 
dry nitrogen gas. All reactions were carried o u t  under nitrogen. 
Special experimental techniques used in handling air-sensitive 
materials are described in detail elsewhere.' ' T H F  was distilled 
over sodium benzophenone ketyl and stored under nitrogen in 
an ampoule. Aldehydes (Aldrich) were used without further 
purification. Cyclohexa- 1,3-diene, cyclopenta- 1,3-diene and 
cycloocta- I ,3-diene were purchased from Aldrich and were used 
after being dried over molecular sieves. l 1  B NMR spectra were 
recorded by using a Varian FT-8OA instrument. The chemical 
shifts are in &values relative to BF,-OEt,. ' H  NMR spectra 
were recorded on either a Varian T-60 (60 MHz) or a Perkin- 
Elmer R-32 (90 MHz) instrument. J-Values are given in Hz. 
13C NMR spectra were recorded on a Varian FT-80A or XL- 
200 instrument. GC analysis was carried out with a Hewlett- 
Packard 5740 Chromatograph. Optical rotations were 
measured on an Autopol" 111 automatic polarimeter. 

B-(C~~c~lolze.u-2-~~1)diisopinoc.amplie~.IhorctnL. 16A and Its Re- 
uct ioii It-itli AItlelij&s. 1 - (C1.c.l~~l~c..\--2-t.iij,l)cilkcrn- 1 - ols. T\,picd 
Pi.occ&re.-Diisopinocampheylborane (dTpc,BH) was pre- 
pared from ( + )-x-pinene following the reported procedure. 
T o  a stirred suspension of dIp~,BH (7.15 g, 25 mmol) in T H F  
at -25 C was added cyclohexa-1,3-diene (2.0 g, 25 mmol) 
dropwise. The hydroboration was complete in 12 h as indicated 
by the disappearance of the solid Ipc2BH and confirmed by 
"B NMR ( 5  + 80) examination of the solution. The reaction 
mixture was then cooled to -78 C and treated with 
acetaldehyde (1.4 cm3, 25 mmol) dropwise. The contents were 
stirred at -78 C for 3 h, the solid C02-acetone-bath was 
removed, and the mixture was allowed to warm to room 
temperature. "B NMR spectroscopy indicated formation of 
the borinate ((j + 56). The volatile materials were removed 
under reduced pressure (25 C/18 mmHg# 1 h, 0.05 mmHg/6 h )  
and the residue was dissolved in dry pentane (15 cm"). The 
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borinate was cooled to 0 C and treated with ethanolamine 
(1.5 cm3, 25 mmol). The contents were stirred at 0 "C for 0.5 h 
and allowed to warm to room temperature. At this stage the 
reaction mixture was seeded with monoethanolamine-BIpc2 
adduct. I l B  NMR spectroscopy (6 + 13) of the reaction 
mixture indicated formation of the ethanolamine adduct 26, 
which separated as a crystalline solid after the contents had 
been stirred at 25 "C for 1 h. With relatively hindered aldehydes, 
such as isobutyraldehyde and pivalaldehyde, the reactions were 
observed to be quite slow, and needed reaction times up to 
24 h.  The mixture was cooled to 0 "C, then filtered, and the 
solid was washed with cold pentane (2 x 100 cm3). The residue, 
following removal of the solvent from the combined filtrate, was 
distilled to provide (1 R,l 'R)- l-(cyclohex-2-enyl)ethanol 25A 
(2.07 g, 669,,), b.p. 82 "C (18 mmHg); xh3 -29.17' ( I  0.5, 
neat), 94Y0 ee; G(CDC1,) 1.22 (3 H, d, J 7), 1.31-2.43 (8 H, m), 
3.60-3.91 ( 1  H, m) and 5.46-6.01 (2 H, m); G,(CDCl,; Me,Si) 
19.95, 21.36, 23.73, 25.32,42.90, 70.61, 128.34 and 129.87. 

( 1 R, 1 'R)- 1 -( C?~clohe.u-2-enq,l)propan- 1-01 25B. Yield 65%; 
b.p. 72 ' C (8 mmHg); srL3 +32.69" (I  0.5, neat); 93:{ ee; 

( I  H, m) and 5.40-6.06 (2 H, m); G,(CDCl,; Me,Si) 10.38, 
21.44, 22.89, 25.33, 26.70, 40.96, 76.05, 128.91 and 130.16. 

( 1 R, 1 'R)- 1 -( C~clo/ iex-2-enq, l ) -2-~et~~q,~prop~n- 1-01 2%. Yield 
69":): b.p. 68 C (1.5 mmHg); xh3 +22.65" ( I  0.5, neat); 90% 
ee; GH(CDC1,) 1.00 (6 H, t, J 8), 1.11-2.59 (9 H, m), 3.14-3.42 
( 1  H, m)  and 5.41-6.03 (2 H, m); G,(CDCl,; Me,Si) 17.94, 
19.42, 21.25, 22.34, 25.21, 30.04, 38.58, 79.47, 129.10 and 
130.55. 

25D. 
Yield 67",,: b.p. 75 ' C  (1 mmHg); xL3 +6.83- ( I  0.5, neat); 907; 
ee; (SH(CDCI3) 0.92 (9 H, s), 1.46-2.55 (8 H, m), 3.22 (1 H, br s) 
and 5.31-5.92 (2 H, m); G,(CDCl,; Me,Si) 22.03, 23.02, 24.78, 
27.22, 35.39, 38.69, 82.09, 130.25 and 131.76. 

( 1 R,1 'R)- 1 -( C~~cIohes-2-eti~~l)prop-2-en- 1-01 25E. Yield 58%; 
b.p. 76 C ( 5  mmHg); xL3 +41.76" ( I  0.5, neat); 920,; ee; 
hH(CDCI3) 1 .2  1-2.50 (8 H, m), 3.80-4. I2 (1 H, t, J 6) and 5.01 ~ 

6.22 (5 H, m); G,-(CDCl,; Me,Si) 21.37, 24.12, 25.27, 
41.51, 76.28, 115.91, 127.86, 129.82 and 139.35. 

( 1 S, 1 "R)-( ~)~clo l i~~r-2-c~n~~l) (phen~~l)met l iunol  25F. Yield 
71%; b.p. 82 C (0.05 mmHg); [XI',' + 17.72' ( c  5, benzene); 
94% ee; b,(CDCI,) 1.30-2.61 (8 H, m), 4.56 (1  H, d, J 7), 5.21 ~ 

5.92 (2 H. m) and 7.36 (5 H, s); G,(CDCI,; Me,Si) 21.16, 
24.32, 25.27, 42.96, 77.44, 126.69, 127.25, 128.11, 129.75 and 
143.17. 

,(CDC13) 1.03 (3 H, t, J 7), 1.36-2.53 (10 H, m), 3.36-3.60 

( 1 S, 1 'R )- I -( Cj~c~lohes-2-en~~l)-2,2-din?ethylpropan- 1-01 

Hj droget  i ~ i  I ioti of Co tiipo u n d  25 A .- A mix t u re of com pound 
25A (0.5 g. 4 mmol) and 5% Pt-carbon (75 mg) in methanol 
(20 cm3) was stirred and saturated with hydrogen by using a 
Brown automatic gasimeter," until no more hydrogen was 
absorbed. The mixture was filtered and concentrated. The 
residue was purified to provide the known (R)-( - )- 1 -cyclo- 
hexylethanol 30. (91"J: [%I263 -4.79- (neat).I5 

To.\!-lation r i n d  Reductire Detosjhtion of' Compound 25A.-- 
To a stirred solution ofcompound 25A (1.3 g, 10 mmol) in T H F  
(10 cm3) at - 78 "C was added butyllithium (2.1 mol dm-3; 10 
mmol) in hexane. After 1 h, a solution of tosyl chloride (1.9 g, 10 
mmol) in T H F  (20 cm3) was added dropwise and the reaction 
mixture was stirred for an additional hour; i t  was then gradually 
warmed to room temperature (2 h). To  this mixture was slowly 
added lithium aluminium hydride in diethyl ether ( 1  mol drn-,; 
10 mmol) and the mixture was maintained at 40-45 C while 
being stirred for 3 h. Finally, the mixture was poured into ice-- 
water. The solid was filtered off and the filtrate was extracted 

with diethyl ether (2 x 10 cm3). The combined extracts were 
washed successively with dil. HC1 and brine, and dried over 
anhydrous MgS0,. The concentration residue was purified 
to provide the known (R)-( +)-3-ethylcyclohexene 32, [sr]L3 
+ 20.73" (neat).' 

Hj?droboration of Cyclohexa- 1,3-diene and 0.uidution of 
Resulting Organoboranes. C~dohe.u-2-enol,-To a stirred 
suspension of d I p ~ , B H  (7.15 g, 25 mmol) in T H F  at -25 "C 
was added cyclohexa-1,3-diene (2.4 cm', 25 mmol) dropwise. 
After the mixture had been kept at 12 h at -25 "C, tri- 
methylamine N-oxide (7.5 g, 100 mmol) in diethyl ether (25 
cm3) was slowly added. The mixture was stirred at 0 'C for 3 h 
and at 25 'C for 3 h. Hydrolysis with aq. NaOH (3 mol drn-,), 
followed by the usual work-up, provided a mixture of cyclo- 
hex-2-en01 22 and cyclohex-3-en01 23 (92: 8) in 920(, total yield. 
The 99% GC-pure sample of compound 22 was obtained by 
preparative G C  (5% Carbowax on firebrick), [ x ] h 3  - 104.5' 

3.72-4.26 (1 H, m) and 5.53-5.91 (2 H, m); G,(CDCl,; Me,Si) 
19.05, 25.08, 32.00, 65.44, 130.98 and 130.26. 

(c 1.0, CHC1,),I3 93% ee; 6,(CDCl,) 1.30-2.81 (7 H, m), 

Reaction o f '  B-( C?iclohept-2-en?'l)diisopinoc rrmphe~~lborune 
17A and Its Reaction with AIdehj3des. 1 -( Cyclohept-2-en~~I)alkun- 
1-01 37A. Typical Procedure.-To a stirred suspension of 
d I p ~ , B H  (25 mmol) in T H F  at -25 "C was added cyclohept- 
1,3-diene (3.2 cm3, 25 mmol) dropwise. After being stirred at 
-25 "C for 30 h, the reaction mixture was cooled to -78 C 
and treated with acetaldehyde (1.4 cm3, 25 mmol). The contents 
were stirred at -78 "C for 3 h and then oxidized with alkaline 
hydrogen peroxide.* After usual work-up, the products were 
fractionally distilled to furnish compound 37A (36'1"; 937; ee); 

(2 H, m) and 7.3 (5 H, s); G,(CDCl,; Me,Si) 26.79, 28.22. 
28.57, 29.92, 46.88, 77.27, 126.77, 127.30, 128.14, 132.09, 133.66 
and 143.31. 

( 1 S, 1 'R)-C~~clohept-2-en~~l)@hetz~.l)m~thr1nol 37B. Yield 38%; 
b.p. 88 + C  (0.5 mmHg); [ x ] i 3  -40.16- ( c  3.0, E t20) :  95";) ee; 
(S,(CDC13) 1.12-2.90 (10 H, m), 4.60 (1 H. d, J 7), 5.42-6.08 
(2 H, m) and 7.3 ( 5  H, s); G,(CDCl,; Me,Si) 26.79, 28.22, 
28.57, 29.92, 46.88, 77.27, 126.77, 127.30, 128.14. 132.09, 133.66 
and 143.31. 

d ~ ( c D C l 3 )  1.12-2.90 (10 H, m), 4.60 (1 H, d, J 7), 5.42-6.08 

Reuc t ion of' B -( Cjdoo ct - 2 - enj.1) diisop in oc.cinzplic.!'Ib(~~ritZt~ 1 8 A 
Lt3ith Aldehydes. 1 -( C~~clooct-2-eri~~l)alkan- 1-01 42A. T\>picul 
Procedure.--To a stirred suspension of dIp~,BH (14.3 g, 50 
mmol) in T H F  at -25 -C was added cycloocta-1.3-diene (6.5 
cm3, 50 mmol) dropwise. After being stirred at - 25 C for 30 h, 
the reaction mixture was cooled to -78 C and treated with 
acetaldehyde (2.8 cm3, 50 mmol). The contents were stirred at 
- 78 C for 3 h and oxidized with alkaline hydrogen peroxide.* 
After usual work-up, the products were fractionally distilled to 
furnish compound 42A (24""); [x]h4 -84.29 ( c  3.1, Et,O); 
95",, ee; GH(CDCI3) 1.12 (3 H, d, J 4 ) ,  1.36-2.62 (12 H. m), 3.65 
( 1  H, m) and 5.36-5.92 (2 H, m); G,(CDCI,; Me,Si) 21.30, 
25.61, 26.73, 26.91, 29.42, 31.80, 43.94, 71.53. 130.50 and 
130.60. 

( 1 S, 1 'R)-( C1~c*looc.t-2-enyl)(phct~~~l)t~ic~thcinol 42B. Yield 2YX; 
b.p. 90 -C (0.5 mmHg); [ x ] h 3  - 112.88 ( c  2.6, Et,O); 93x) ee: 

(2 H, m) and 7.30 (5 H, s); (S,(CDCI,; Me,Si) 25.52, 26.67, 
26.81, 29.36, 31.55, 43.34, 77.94, 126.79. 127.38, 128.17. 129.94, 
130.56 and 143.62. 

(SH(CDC13) 1.02-3.06 (12 H, m), 4.53 ( I  H, d. J 7), 5.12-5.86 

* I n  these c;i.st's. we preferred the oxidative work-up to the ethanolamine 
work-up bec,iu\c the former method afforded better yields of isolated 
prod i i  c t 4.  
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