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Abstract

The reduction of (trifluoroacetyl)biphenyl derivatives with catecholborane as a stoichiometric reductant in the
presence of the oxazaborolidine catalyst derived from L-threonine in dichloromethane-toluene at -90 °C proceeds
to give the correspondmg alcohols in high ylelds with high enantioselectivity. The distinctive feature of this
oxazaborolidine exists in the five-membered ring covered with the z-butyldimethylsiloxy group.
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sively [4]. Fluorine-containing ont1callv active dlwhols are recently studied in
connectlon with ferroelectric liquid cry%tals [5] and tools for metabolic studles [6].
However, it is difficult to produce optically active alcohols with satisfactory enantiomeric
purity by reduction of trifluoromethyl ketone using oxazaborolidine due to the electronic
factor of fluorines. Using oxazaborolidine 4 derived from L-proline the reduction of
trifluoroacetylmesitylene or 9-anthryl trifluoromethyl ketone possessing respectively a
mesityl or an dnthryl group, a stericaiiy bulky substituent, was reported to give the
corresponding chiral alcohol in high enantioselectivity [7]. We have previously reported
that the reductions of 1,2-diimine [8], and o-imino ketone [9] using oxazaborolidine 5
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jipl enylethylendlamme and 2-amino-1,2-
M 2 calculation, the distinctive feature of
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enantioselectivity of the present reduction as show b
compared with that of 1. In this paper the oxazab ldinc S derived from L-threoni
reported to be superior to oxazaborolidines 3 and 4 in terms of the e nantioselectivity
reduction of (trifluoroacetyl)biphenyl derivatives 6a~Ge which are potentlally good
precursors for the preparation of ferroelectric liquid crystals [5].

Initial examination into the reduction of simple acetophenone using the oxazaborolodine §
(R = H) and BH3THF indicated that the reduced (R)-1-phenylethanol was obtained with
98% ee (with 100 mol% of §) to 95% ee (with 10 mol% of 5), which is comparable to those
obtained by Itsuno [2] and Corey [3]. Encouraged with these observations, enantioselective
reduction or -memoxy -4’ umluoroacety‘l )mpnenyl 6b with ca‘techoiborane using the

Rh Ph c

WN,_ O B0 " TBOMSOT N Yo o ¢
7] Jd K = Mig / 4a K = Me¢ Hll\l-——Bl\ oD K=.bu
R 3pR="Bu R 4bR="Bu 'm 5¢ R=Bu

Table 1

Onxazaborolidine catalyzed reduction of 4-methoxy-4’-(trifluoroacctyl)biphenyl 6b.

Entry Oxazaborolidine R Mol% Time (h)3 Yield (%)P % pecd
1 3a Me 100 24 95 80
2 3b 7By 100 24 93 72
3 4a Me 100 24 87 80
4 4b "By 100 24 93 84
5 Sa Me 100 18 95 90
6 Sb "Bu 100 18 81 90
7 Sc ‘Bu 100 18 81 72
8 3a Me 10 24 73 72
9 3b RBy 10 24 90 70
10 4a Me 10 24 84 76
1 4b By 10 24 70 86
12 Sa Me 10 24 73 86
13 Sh "Bu 10 24 78 80

a) Reaction time is disappearance of starting material. b) Isolated by preparative TLC. c¢) The enantiomeric excess of the products

was determined by HPLC using a chiral stationary column (Daicel oJ ). d) The absolute configuration of optically activc - alcohol
7b obtained by the present reduction was R.

- ~ oxazaborolidine | ) BH N

r3w uv/'l N 3‘5 ~NF o F—'— |"3(_, F :l A
e GHzCla-Toluene  -90°C - r.t e
V\R‘ = K%R1
6a R!=0OH 7a R'=0OH
6b R!=OMe 7b R!=OMe
6c R!=0Ts 7¢ R!=0Ts
6d R'=OTBDMS 7d R!=OTBDMS

6e R'=Br 7e R'=Br
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e reduction of triﬁuoromethyi ketone 6b with 2 eq. of catecholborane in the presence

Of sto LIUUII]CU'IL amounts UI lﬂe ()XdZODOI'OllUIneS Ja ana JD Showed mOderate
enantiomeric discrimination (entries 1, 2), because the iso- propyl group on the five-

mpm&rer] rino ic lace affective In tarme nf ctarie hnll than tha s_hitvldimathuleilavwathegl
AKEw AL AW Lillg 1D AVOU0 VARWWVLEIY L I WLIIS UR OWlIVv UURR ulall ull I. uuL_yluuuvul_yLou y iyl
counterpart in the oxazaborolidine §. The reduction with oxazaborolidines 4a and 4b
using a similar procedure gave the alcohol 7b witl slightly improved enantiomeric purity

(entries 3, 4). On the other hand, the reduction of 6b with 2 e eq. of catecholborane in the
presence of the catalysts 5a and Sb (1 eq.) showed the best discrimination,! in which the
reduction proceeded faster than in the cases with 3a, 3b, 4c and 4b (entries 5, 6).
However, the increase in bulkiness of the substituent on boron was seen to decrease
enantioselectivity; e. g., in the case of the oxazaborolidine 5S¢, low enantioselectivity may be
due to the repulsion between the t-butyldlmethylsﬂoxy group and the zso-butyl group on

[ A b

boron (entry 7). Similarly, in the presence of a catalyuc amount uu mowo) of
: £

AvamalhAaeali diaa & tha wadii Aticne A emnth v A (et flicmnmnn Anbs <;1 i
UAdLaUOLIVIIULNLIC o, Ul réaucuon o1 4- HOUIOA y -+ \u LIIUUlUdLCLyI}UIPU y Dl) bHUWCU
highar anantince pnfiuifn than thnce attained ncinog T and 4 fantrieec 8 10 1)

HIgnll ChaluUstiCLuvily uiall ullse dualliCy USIHIE O alll 4 (Chics 6, 1u, 14).

The reduction of (tnﬂuoroacety )biphenyl derivatives 6a~6e with various para-
substituents in the presence of oxazaborolidine 5a was next investigated as shown in Table 2.
(Tnﬂuoroacetyl)bxphenyl derivative 6a possessing a hydroxy group gave the corresponding
alcohols 7a in 90% yield with 90% ee (entry 1). The bulkiness of the para-substituent
showed no influence on the enantioselectivity (entries 1~4). Even bulky substituents such as
the t-butyldimethylsiloxy group did not show any change in the enantiomeric excess (entries
3, 7). The reduction of (trifluoroacetyl)biphenyl derivatives proceeded to give the
corresponding alcohols with moderate discrimination in the presence of a catalytic amount
of the oxazaborolidine 5a (entries 5~8).  Furthermore, for the preparation of
enantiomerically pure alcohols, a single recrystallization increased the enantiomeric purity

nn tn 10N, an Tha alhecnlnta aanfiagnratinne nf all Antirally antive alanhale wora datarminad
I.ll..l WU 1UVU /0 OO, 1116 QUOVIUW UUIXAIEUIQLIU!AO vl ail Uyleﬂll avil vy aivuliivuiiy WUI\« UCLCLLIIIIIIC
to be R by comparison with the authentic samples [10]
Table 2
Reduction of various (trifluoroacetyl)biphenyl derivatives in the presence of oxazaborolidine 5a.
| pfup— nl NAA~10F T n LY NialA SO A AAh
p ot iuy n WL 76 1HIKC 1) TIGKRI (7o) 7o =
1 OH 100 24 90 90
2 OTs 100 20 88 88
3 OTBDMS 100 18 90 90¢
4 Br 100 20 82 90
h] OH 10 38 83 86
6 Ors 10 24 86 86
] TDTMAAC 1N 20 onNn QL
I VI DLIVID v 20 oy o0
8 Br 10 35 82 84

a) Isolated on preparative TLC. b) Determined by HPLC (Merck Hibar column) analysis of the corresponding (R)-MTPA estcrs.
c¢) Determined by HPLC using a chiral stationary column (Daicel OJ).

The increased enantioselectivity of the present reduction is most reasonably explained in
terms of the transition state 2, in which the zert-butyldimethylsiloxy group occupies the top

1A typical cxpcnmemal procedure using oxazaborolidine 5: To a solution of the (mﬂuorodcetyl)blphenyl derivative 6b (28 mg,
0.10 mmol) in CH,Cl> (3 mL) was added a solution of the catalyst Sa {Rl = Me, 100 mol%) in CH;Cl; (1 mL) under an argon

LIV 2 e aQ SLILul cadlyst 24 w2822 e a

atmosphere, and the resulting solution was cooled to -90 *C. To it was added a solution of catecholborane (1.11 ml, 0.20 mmol,
0.18 N in toluene) dropwi.se at -90 °C for 2 h. After being stirred at -90 "C~r.t for 24 h, the reaction mixture was quenched with aq.

NAHION, Egteantinn Al tha antiea misd with athuyl acatata (10 ml v ) followoed by drving with Na-CS0) . and concontration of the
INarme\Ug3. CXUacuorn o1 l-llU enure mixiure with Dlllyl aviiailv (1V il A o) 10uOWEG Uj Wying with Nazwui/g anliu VUiVl guaig Vi div

combincd extracts gave an oil, which was purificd on preparative TLC to give 2,2,2-trifluoro-1-(4-methoxy-4’-biphenylyl)ethanol
7b (95%). The ratio of the cnantiomers was detcrmined to be R : § =95 : 5 (retention time : 44 min, 60 min, flow 0.5 ml / min)
by HPLC (eiuent: nC¢H, 4 : iPrOH = Z : 1) using a chirai stationary column (Daicei OJ).
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side of the oxazaboroiidine to make the d ction from the si-face of the carbonyi highly
nnnnnn | 39 P R YRS Y PO SR Ny S SRS T

favorable due to the steric repulsion between the Lrluuoromemyl and the TBDMSO groups.

Such a subtle discrimination between the trifluoromethyl and aryl groups has a good
t in the { \ DIP-chlornide mediated reduction of 2.2.2-trif

nreceden r inraaretanhanana 1111
PArYvYvesal a s A AR TN AAANT R ANBW  REAWMIAVWME AW UWLIVLIL UL LugiugiaTULIL HUergacet VpLiviRi (112 ],
in which the triflu ommethvl group behaves as a bulkier substituent than the benzene ri

if group behave bulk it than the benzene ring.
a

Moreover, the coordination of an oxazaborolidine to the carbonyl oxygen of
trifluoromethyl ketone is reported to take place from the anti-side of the trifluoromethyl
group due to the electronic repulsion [7]. The ability of the TBDMSO group of the present
oxazaborolidine 5 to shield the top face of the oxazaborolidine ring is to be compared with
that of the iso-propyl group of 3 or the proline ring of 4, reflecting the increased enantio-
facial discrimination.

In conclusion, (tnﬂuoroacetyl)blphenyl derivatives were reduced with catecholborane as a

I

_____ TSI S TP SED R S T N
blUlC[llO 1€IriC reauciant m 11C PICS ence o1 the OXdZdDOTOUGlne 5 derlvea Irom L- [m‘eomne
+ 1A rhienl teiflisAnenmathel Aarlnim~ls verithn Thils mrnrnmtinoalatieriter . .

w SIVC Liikiqal HILIUY. UulCLll)l LAl ullivily W iilil lllgll CLIAIILIUNCICULLY lLy, WIICIE UIC
oxazaborolidine § was found to be superiorto 3 and 4

AV N L4LAL/NSR AAVBELLY Yy S i Ak IS t[\ll i\s1 LU/ a7 Al 7T
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