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air was bubbled through the solution during irradiation. The 
solvent was evaporated. The orange oil solidified on standing. 
This was dissolved in 50 mL of a saturated NazC03 solution and 
then extracted with ether (3 X 30 mL). The Na2C03 extracts were 
combined and acidified with concentrated HC1. This was back- 
extracted three times with 10 mL of ether and the ether extract 
was washed with water, dried over MgS04, and evaporated to give 
4 (58%), mp 212-224 "C (lit.12 mp 225-226 "C). 

The ether extracts containing neutrals was washed with water, 
dried, and evaporated. The residue was chromatographed on a 
short alumina column with benzene/ether to give 5 (25%): mp 
215-220 "C (lit.9 mp 225-226 "C); MS, m / e  270 (M+, 100), 242 
(16). 

Irradiation of Chrysene-5-carboxylic Acid (4). Prepara- 
tion of Lactone 5. A solution of 70 mg of 4 and 4 mg of Iz in 
250 mL of benzene was irradiated as described above for 24 h. 
Evaporation of benzene gave a residue, which was applied on a 
thin-layer chromatography plate (benzene eluant), giving 35% 
of lactone 5 identical in all respects with a sample prepared above. 

Pentacyclic Ketone 6. A 500-mg sample of chrysene-5- 
carboxylic acid (4) was placed in a Teflon container and cooled 
to -75 "C. Liquid HF was then added from an inverted gas 
cylinder with a direct inlet to the reaction vessel. The solution 
was stirred at -75 "C for 1 h and then placed in an ice bath and 
stirred overnight while slowly warming to room temperature, and 
the HF then was allowed to evaporate. The residue was dissolved 
in THF, adsorbed on silica gel, and evaporated to dryness. The 
adsorbed compound on silica gel was placed on a short silica gel 
column and eluted with benzene. A yellow solid 6 was obtained 
(65% yield), which was recrystallized from 95% ethanol: mp 
205-207 "C; IR 1708 (C=O) cm-'; NMR 8.68 (d 1 H), 8.52 (d, 1 
H), 8.34 (s, 1 H), 8.22 (d, 1 H), 8.19 (d, 1 H), 8.12 (d, 1 H), 8.07 
(d, 1 H), 7.95 (t, 1 H), 7.80-7.87 (m, 2 H); MS, m / e  254 (M+, loo), 
226 (20), 224 (30). 

4,5-Methanochrysene (2). A solution of 100 mg of pentacyclic 
ketone 6,100 mg of KOH, and 100 mg of hydrazine hydrate in 
10 mL of ethanediol was heated and stirred under nitrogen at 
175 "C overnight. The suspension was allowed to cool, poured 
into 30 mL of H20, and extracted three times with 25 mL of 
CHCIB. The CHC13 extracta were combined, washed with water, 
and evaporated. The residue was applied on a preparative silica 
gel (1-mm thickness) thin-layer chromatography plate and eluted 
with hexane. A white crystalline material (2) was obtained (60% 
yield): mp 174-176 "C (lit? mp 171-173 "C); IR (KBr) 1403,822, 
767, 750 cm-'; NMR 8.65 (d, 1 H), 8.49 (d, 1 H), 8.04 (d, 1 H), 
7.98 (d, 1 H), 7.93 (s, 1 H), 7.86 (t, 1 H), 7.5-7.7 (m, 4 H), 4.47 
(s,2 H); MS m / e  240 (M+, loo), 239 (70); UV (EtOH, 95%) max 
327,313, 302, 267, 261, 218 nm. 

Acknowledgment. This work is supported by grants 
from the Ministry of Environment Province of Ontario and 
by the Natural Science and Engineering Research Council 
of Canada. We thank the Southwestern Ontario Regional 
NMR Centre for running the 400-MHz spectra. 

Registry No. 2, 202-98-2; 3, 71432-05-8; 5, 71432-00-3; 6, 
86853-91-0; 4, 68723-48-8. 

1984,49, 555-557 555 

Asymmetric Reduction of Aliphatic Ketones with 
the Reagent Prepared from 

( S  )-( -)-2-Amino-3-met hyl- 1,l-diphenylbutan- 1-01 
and  Borane  

Shinichi Itsuno* and Koichi Ito 
School of Materials Science, Toyohashi University of 

Technology, Tempaku-cho, Toyohashi 440, Japan 
Akira Hirao and Seiichi Nakahama 

Department of Polymer Science, Tokyo Institute of 
Technology, Ohokayama, Meguro-ku, Tokyo 152, Japan 

Received July 7, 1983 

In asymmetric synthesis, both high stereoselectivity and 
practical usefulness of the reagent have been important 
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subjects. From this point of view, the use of chirally 
modified metal hydrides for the asymmetric reduction of 
prochiral ketones has continued to  be actively studied. 
The most widely studied examples are those usjng lithium 
aluminum hydride (LAH) modified by optically active 
alcohols and amines, some of which give substantial ste- 
reoselectivities in reductions of a,@-unsaturated ketones 
such as acylophenone,14 en one^,^,^ and y n ~ n e s . ~ - ~  Only 
limited success, however, has been achieved for aliphatic 
ketones. For example, the chiral binaphthyl/LAH4 and 
chiral d h ~ n i n e / L A H , ~  which are highly effective for aro- 
matic ketones, reduced 2-octanone in only 24% ee and 
26% ee, respectively. Besides chirally modified LAH, 
(borny1oxy)aluminum dichloride,l0 dipinanylborane,ll and 
lithium trialkylborohydride (Li(HB-IPC-9-BBN))12 were 
examined for the asymmetric reduction of aliphatic ke- 
tones to  give optical yields below 50% ee. For example, 
3,3-dimethyl-2-butanone was tested with these reagents 
to give the alcohol with 28% ee a t  most to a low of 3% ee. 

Very recently, lithium trialkylborohydride, NB-Enan- 
tride (Aldrich), which is prepared by hydroboration of 
6,6-dimethyl-2- [ 2- (pheny1methoxy)ethyll bicyclo[ 3.1.11 - 
hept-2-ene(nopol benzyl ether) with 9-borabicyclo[3.3.1]- 
nonane (9-BBN) followed by treatment with tert-butyl- 
lithium, has been shown to  be a very effective chiral re- 
ducing agent for the reduction of straight-chain aliphatic 
ketones.13 Asymmetric reduction of 2-octanone with 
NB-Enantride at -78 "C gave (S)-2-octanol in 79% ee, 
which is the highest value so far reported for aliphatic 
secondary alcohols. However, NB-Enantride was not ef- 
fective for 3,3-dimethyl-2-butanone, which has a larger 
steric difference in the alkyl groups on both sides of the 
carbonyl group. 

We have observed that the reagent prepared from 
(S)-(-)-2-amino-3-methyl-l,l-diphenylbutan-l-o1(1) and 
borane can be successfully used in asymmetric reduction 
of aromatic ketones to give the (R)-benzyl alcohols in 
94-100% ee.14 These results encourage us to  apply the 
reagent to asymmetric reduction of aliphatic ketones. We 
now disclose our finding that the reduction of aliphatic 
ketones with the reagent prepared from 1 and borane 
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Table I. Asymmetric Reduction of Aliphatic Ketones with the Reagent 
Prepared from 1 and Borane in THF at  30 "C for 2 h a  

alcohol produced 
optical abs 

run ketone I D ,  deg yield, % config 

1 CH,( CH,),COCH, -6.73d 55 R 
2 CH,( CH,),COCH, -6.36e 56 R 
3 CH,(CH,),COCH, -5.861 58 R 
4 (CH,),CHCOCH, -3.21; 60 R 
5 (CH,),CHCH,COCH, -12.48 61  R 
6 (CH,),CCOCH, -5.98' 1 3  R 
7 c  (CH,),CCOCH, -6.32 78 R 

Conditions: 
1:2.0:0.8. 
carried out  a t  0 "C. 
45). e Maximum value for [ a ] D  is +11.45" (ethanol) (see "Dictionary of Organic Compounds", 5th ed., Buckingham, J., 
Ed.; Chapman and Hall: 
J .  A m .  Chem. SOC. 1958, 80, 1611). Maximum value for [ D I D  is + 5.34" (neat) (see Pickard, R. H.; Kenyon, J. J .  Chem. 
SOC. 1913, 103, 1957). Maximum value for  [ a ] ~  is -20.5" (neat) (see Levene, P. A , ;  Rothen, A. J. Org. Chem. 1936, 1, 
76). 'Maximum value for [ a ] D  is +8.10" (neat) (see Newman, P.; Lutkin, P.; Mislow, K. J. Am.  Chem. SOC. 1958, 80, 465). 

amino alcohol 1, 10 mmol; borane, 20 mmol; ketone, 8 mmol. The ratio of 1, borane, and ketone was 

Maximum value for [a],, is -11.6" (neat) (see Pickard, R.  H.; Kenyon, J. J. Chem. SOC. 1911, 99, 
Based on  relative GC peak areas of alcohol and unchanged ketone; all yields were 100%. Reaction was 

New York, 1982;  Vol. 3. fMaximum value for  [ @ I D  is +10.1" ( c  5.575, ethanol) (see Hill, R. K.  

(Scheme I) provides high optical yields of the corre- 
sponding chiral aliphatic secondary alcohols a t  30 "C 
(Table I). 

Reduction of aliphatic ketones were carried out by using 
a procedure similar to that in a previous paper on aromatic 
ketones.14J5 Complete reduction could be accomplished 
in 2 h at  30 "C in tetrahydrofuran (THF). Asymmetric 
inductions obtained with this reagent were above 50% ee 
in all cases. The chiral auxiliary 1 could be easily separated 
and recovered without any racemization to recycle. The 
optical purities were determined by measuring the optical 
rotation compared with the maximum value reported. All 
of the produced alcohols have R configuration in excess. 

Fairly good enantioselectivities were obtained in asym- 
metric reduction of even straight-chain aliphatic ketones, 
so the exploited reagent has an ability to discriminate only 
a small difference of steric size between R and R' on both 
sides of the carbonyl group. Unlike NB-Enantride re- 
duction as reported previously, enantioselectivity of the 
present reagent clearly reflects the order of steric bulkiness 
of alkyl chain: a longer chain gave a higher selectivity in 
normal alkyl ketones (runs 1-3), an isoalkyl chain was 
superior to a normal alkyl chain in selectivity (runs 4,5),  
and a tertiary alkyl chain had the most effective steric 
hindrance (runs 6,7). Reduction of 3,3-dimethyl-2-buta- 
none yielded (R)-(-)-3,3-dimethyl-2-butan-l-o1 in 73% ee 
at  30 "C. It is noteworthy that this system realizes a high 
enantioselectivity in a mild condition. Lowering of the 
reaction temperature from 30 to 0 "C resulted in somewhat 
better enantioselectivity (run 7), again with a quantitative 
chemical yield. Furthermore, ready accessibility of 1, 
prepared from a commercially available @)-valine, makes 
this reagent attractive. 

Experimental Section 
All reactions were carried out under an atmosphere of nitrogen. 

Tetrahydrofuran (THF) was heated under reflux over sodium 
metal and distilled from lithium aluminum hydride in a nitrogen 
atmosphere. The aliphatic ketones commercially purchased were 
dried and distilled over calcium hydride. The ketones were 
confirmed to  be pure by GC and NMR. Borane was prepared 
by the reaction of sodium borohydride with trifluoroborane diethyl 
ether according to  the procedure of Brown.16 (S)-Valine (from 
Nihon Rika Yakuhin Co.) was used without purification. (S)- 
Valine methyl ester hydrochloride was prepared by the reaction 

(15) Itsuno, S.; Hirao, A.; Nakahama, S.; Yamazaki, N. J. Chem. SOC., 

(16) "Organic Syntheses via Boranes"; Brown, H. C., Ed.; Wiley: New 
Perkin Trans. I 1983, 21, 1697. 

York, 1975. 

of (S)-valine with dimethyl sulfate derived from methanol and 
thionyl chloride, according to  the published procedure," and it 
was confirmed to be pure by the optical rotation ([.Iz5D +23.5" 
(c 2.0, methanol) (lit.'' [.]*lD +23.5O (c 2, methanol)) and the 
melting point (167-168 "C (lit.18 mp 167.5-168 "C)). All the 
materials described were stored under nitrogen prior to use. GC 
was performed on a Yanaco G180 instrument with a stainless steel 
analytical column (3 m X 3 m) packed with PEG2OM on Diasolid 
L. The ratio of alcohols and unchanged ketones were determined 
by their peak areas. NMR spectra were run on a JEOL JNM- 
PMX-60 spectrometer. Optical rotations were taken on a JASCO 
DIP-140 digital polarimeter using a 1-cm thermostated microcell. 
IR spectra were measured with a JASCO A-3 instrument for Nujol 
mulls. 
(S)-(-)-2-Amino-3-methyl- 1, l -diphenylbutan-  1-01 (1). 

@')-Valine methyl ester hydrochloride (13.4 g, 0.08 mol) was added 
portionwise in an ice-water bath to a T H F  solution of phenyl- 
magnesium bromide prepared from bromobenzene (100.5 g, 0.64 
mol) and magnesium (17 g, 0.7 mol), and the mixture was stirred 
a t  room temperature for 5 h. The additive complex underwent 
slow decomposition when ice, 2 N HCl, and ammonia were added. 
When the decomposition was complete, the THF layer was sep- 
arated, the aqueous layer was extracted four times with ethyl 
acetate and the organic layer was combined and dried over an- 
hydrous MgSO,. The solvent was evaporated to afford 1 as a pale 
yellow solid. Recrystallization from ethanol-water (101, v/v) gave 
colorless crystals: mp 94-95 "C; [a]25D -127.7" (c 0.639, CHC1,); 
11.5 g, 56%. 

General Procedure for Asymmetric Reduction of 3,3- 
Dimethyl-2-butanone with the Reagent Prepared from Bo- 
rane a n d  1 in THF at 30 "C. A solution of borane (20 mmol) 
in T H F  (10 mL) was added dropwise to a stirred solution of 1 
(10 mmol) in THF (10 mL) a t  -78 "C during ca. 20 min. The 
resulting solution was gradually warmed to 30 "C and stirring 
continued a t  30 "C for 10 h, and then a solution of 3,3-di- 
methyl-2-butanone (8 mmol) in THF (5 mL) was added dropwise 
during 5 min. The resulting mixture was stirred at  30 "C for 2 
h and then decomposed by the addition of 2- N HCl. After 
hydrolysis, evaporation of THF deposited the 1.HCl as a white 
solid, which was washed with ether over a glass filter. Ether layer 
was separated, dried (MgS04), and evaporated to give a colorless 
oil. The crude product was then distilled (bulb-to-bulb) to give 
3,3-dimethylbutan-2-01, which was characterized by IR and NMR 
spectroscopy and was homogeneous by GC. The optical rotation 
was [.Iz5D -5.98" (neat). The optical yield (73%) was calculated 
by the observed optical rotation and the known maximum rotation 
X of 3,3-dimethyl-2-butanol. The hydrochloride salt of 1 was 
treated with aqueous ammonia, extracted with ethyl acetate, dried 
(MgSO,), and evaporated to give the crude crystalline 1 which 

(17) Brenner, M.; Huber, W. Helu. Chim. Acta 1953, 36, 1109. 
(18) Smith, E. L.; Spackman, D. H.; Polglase, W. J. J. Bid. Chem. 

1952, 199, 804. 
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was recrystallized from ethanol-water (101, vlv), leading to 80% 
recovery of 1 without racemization. 
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Perchlorotriphenylamine (1) is the first example of an 
optically active compound of the type AraZ in which Z is 
not a chiral center.2 Optical resolution of 1 has been 
achieved by liquid chromatography on microcrystalline 
cellulose triacetatea2 However, because this method pro- 
vided only partially resolved enantiomers and resolution 
by other methods proved fruitless, the optical properties 
of the pure enantiomers remained unknown. We report 
here the complete resolution of 1 by high-performance 
liquid chromatography (HPLC) on optically active (+I- 
poly(triphenylmethy1 methacrylate) (2)3 and the optical 
rotation and circular dichroism of the pure enantiomers 
obtained. 

Results and Discussion 
A typical chromatogram of the resolution of 1 on the 

(+)-2 column is shown in Figure 1. The amine was com- 
pletely resolved and the (+)-isomer was first eluted, fol- 
lowed by the (-)-isomer. The separation factor a4 was 
found to be 2.9 under the experimental conditions given 
in Figure 1. When 6 mg of (f)-l was injected on the 
column, the peaks became broader and partial overlap 
between the enantiomers was observed. In all about 18 
mg of (f)-l was resolved on this column. Recrystallization 
of the resolved enantiomeric components from hexane 
afforded the amine of low optical rotation and the im- 
purities eluted from the column as precipitates. The re- 
crystallization was therefore repeated until the precipitated 
amine and the amine in the mother liquor showed the same 
optical rotations. The UV spectral pattern of the purified 
enantiomers is in agreement with that of (*)-l, and the 
HPLC analysis on the (+)-2 column showed that these 
were enantiomerically pure. The specific rotations are 

(1) (a) Osaka University. (b) Princeton University. 
(2) Hayes, K. S.; Nagumo, M.; Blount, J. F.; Mislow, K. J. Am. Chem. 

SOC. 1980,102, 2773. 
(3) Okamoto, Y.; Honda, S.; Okamoto, 1.; Yuki, H.; Murata, S.; Noyori, 

R.; Takaya, H. J. Am. Chem. SOC. 1981, 103, 6971. 
(4) a = (retention volume of more retained enantiomer - void vol- 

ume)/(retention volume of less retained enantiomer -void volume). The 
void volume of the column waa estimated to be 84 mL. 
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Figure 1. Chromatogram of the resolution of ( i ) - 1  on a (+)-2 
column (30 X 2.2 (i.d.) cm). Flow rate of methanol 12 mL/min, 
temperature 10 "C, sample 0.6 mg. X: peaks due to CC14, which 
was used to dissolve (h)-l. 

20 1 '  
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Figure 2. UV and CD spectra of (+)- and (-)-l in CC4. 

[aIzm +2385O, [alaw +1193O, and [alaMg +985O (c 0.041, 
CCL) for the first-eluted enantiomer and [ ( Y ] ~ ~ ~ ~ ~  -2344O, 
[a]25546 -1200°, and [a]25589 -967' (c 0.018, CClJ for the 
second-eluted enantiomer. Accordingly, the optical purities 
of the partially resolved enantiomers2 are only ca. 0.4% 
for (+)-l and 1% for (-)-l. 

The UV and circular dichroism (CD) spectra of the en- 
antiomers of 1 are shown in Figure 2. The enantiomers 
exhibit the CD pattern of complete mirror images. 

Experimental Section 
The preparations of (*)-1,2 (+)-poly(triphenylmethy1 meth- 

a~ry la te )~  and the packing material for HPLC3 have been reported. 
The material was packed by the slurry method in a column (30 
x 2.2 (i.d.) cm). 

The chromatography was accomplished on a JASCO TRI 
ROTAR I1 chromatograph equipped with a UV detector. The 
temperature of the chiral column was controlled a t  10 OC and 
methanol was used as an eluent. 

The optical rotation was measured on a JASCO DIP-181 po- 
larimeter at 25 OC. The CD spectrum was obtained with a JASCO 
540 CD apparatus a t  room temperature. The concentrations of 

(5) Okamoto, Y.; Shohi, H.; Yuki, H. J. Polym. Sei., Polym. Let t .  Ed.  
1983, 21, 601. 

0022-32631841 1949-0557$01.50/0 0 1984 American Chemical Society 


