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Abstract: The syq and anti isomers of 24horo-Z(trifluorom ethyl)-3-hydroxy ketones are IWIUIA in a highly 
1,2-syn diastereosclective manner with lithium aluminum hydride or diisobutylaluminum hydride in tetra- 
hydtufutnn at -78 OC. affording l&syn-2,3-syn- and 13-syn-2,3-4nri-2-~u2-(~~e~yl~ld-diols. 
lespecdvely, in excellent yields. High 1psyn 
the 2-UiflumJnWhyl substituent. 

stemoselectivityinthexeducWn canbeasuibedtotheplWenccof 

Much attention has consistently been &noted to the stereosekctive reduction of fhydroxy ketones to 1,3- 

diols btcause the reaction of this type is one of the most important traasformations in constmcting a vsriety of 

biologically act& naaual compounds. in which the 194oxygenated fragments sre frequently found_ Although 

a number of methods for such reductions have hitherto been accumulated in the literature,2 theii applications to 

fluorinated counteqarts do not necessarily lead to satisfactory results3 and hence there still exists need for tlcw 
promising apjnoaches to fltie-containing 1.3diol systems. Therefore, it is of great signifkancc to develop an 

effkctive method for the stereosekctive pmprakmafthesecompounds. 
In this communication am disclosed asymmetric reductions of the syn and anti isomers of 2-fluorck2- 

(ttifluoromc&yl>3-hydroxy ketones (l-5) with lithium aluminum hyti (L&Q or diisobutYlaluminum hydk& 

(DIBAL), which take place in a highly l&-syn dktemo~lectiq fashion imspectivc of the stereochemistry of 

the B carbon (C-3) to give 1,2-~y~2,3-~yn- (6~~40s~) and 1,2-~yrt-2.3-anti-2-flu~~(~~e~l)-l,3- 

diols @aa-lOsa), rcspectivcly, in good to cxccllent yields. The prcscnt reactions provide a new simple and 

cfficknt method for the synthesis of staochcmically defined a%luoromethyl-canying diols which an difficult 

otherwisetoprepare. 

R2 
LAHOrDlBAL 

THF, -78 Oc 
R* + R1gR2 

3 

IS-5S 6as-loaa 

R* 
LAI-ICSDIBAL. 

Irr-5a pSB-losS] b-l& 

The starting 3-hydroxy ketones l-5 were prepa according to our recently rqxtcd method4 and each 

Sofl-5couldcasilybcqmratcdbycolumnc ~hy~~gelU==-cth Yla=taW. 
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Table 1. Reduction of 3-Hydroxy Ketones l-5 witb LAH or DlBAY 

Entry Rl R2 Reductant (equiv) Yield/%b Isomgiatioc 

1 

2 

3 
4 

5 
6 

7 

8 

9 

10 

11 

12 

13 
14 

15 

16 

17 

18 

19 

~3(Qizh [ISI LAH (3) 77 

USI DIRAL (3) 83 

[la1 LAH (3) 83 

[Ial DIR& (3) 92 

Ph PSI LAH (3) 92 

WI DIBAL (3) 87 

WI LAI-I (3) 84 

PaI DIRAL (3) 78 

c=3Gw5 r3s1 LAH (3) 80 

r3s1 DlBAL (4) 84 

r3a1 LAH (3) 77 

Q-CH3CH-CH I461 LAH (3) 90 

[4al LAH (3) 89 

Ph WI LAH (3) 83 

UsI DIRAL (4) 4 

cgs1 DIRAL (5) 92c 

[gal LAH (3) 99 

WI DIRAL (4) of 

Igal DIRAL (5) 99e 

65S:6ar =99:1 

6ss:6as = 99:l 

6sa:6aa x95:5 

689:6aa = 99:l 

7t38:7ar =99:1 
7Els:7as = 99:l 

7sa : 7aa = 92 : 8 

7m:7aa = 99:l 

888:8as = 94:6 

&s:8as = 98:2 

85a:8aa = 87:13 

9ss:9aa =93:7 

95a:9aa =90:10 
1Oss:lOas = 90: 10 

1055:10m3 = 99: 1 

loss:loPs = 99:l 

1Osa : 1Oaa = 83 : 17 

1Osa:lOaa =48:52 

a) Perfomted at -78 OC fee 3 h. b) Yields refer to analytically pure Products isolated ss a diastemome& mixture. 
c)h&sutedby’~NMRanalysisofcrudepmducts. d)Notdeterminedbutan~couversionwascu&med. 
e) Csnied out at room tempemture. f) The starting ketone 58 was meovemd quamnatlvely. 

The pra~&~ for the reduction of 2,3-syn-2-fluoro-3-hychoxy- 1 -phcnyl-2-(trlfluotomethyl)- 1 -hexanone 

(15) withDIRAL (Entry 2) is typical. To a solution of 1s in tetmhydmfuran was added dropwise a 1.0 M 

hexanc solution of DlBAL (3 equiv) at -78 “C. After being stirmd for 3 h at -78”C, the reaction mixture wss 

hydrolyzed with a cold 20% HCl solution and extracted with ether. ‘Ibe etbemal extracts were dried over Ns#O4 

followed by concentration in vucuo to leave an oily residue, which was chromatographed on a silica-gel column 

(dichloromethane-ether) to give isomerlcally pure 1,2-syn-2,3-syn-2-fluoro- I-phenyl-2-(trifluothyl)- 1,3- 

hexanediol(6ss) (83%).5 The isomu distribution of the product wss determined by 1% NMR prior te isolation. 

The results of other mactions am summarked in Table 1. 

As shown in Table 1. 3-hychoxy ketones l-5 employed were nicely reduced either with LAH or with 

DIRAL stemos&&vely (except for Rntry 19) to afilord the corresponding 2-fluoro-2-(trifluomtne tllyl)-1,3diols 

6-10 in good to excellent yields. ‘Ike reductions with DIRAL were slightly mcue selective thaa those with LAH 
(Rnnies3snd4,7snd8,9snd10,14and15). ItsbouldbenotedthatevenuseofLAHofikmdgoodlevelsof 

diastelwselection. in view ofsubstantislly low selectivity beingobsezved for the tedu&ms between fluoline-flee 

3-hydroxy ketones and I.&i.* Of more signZicance is that both the syn ls-5s and anti isomers la& undcr- 

went the mductlon with high 12-syn stereoselectivity regatdless of the conflguratlon of the hydroxyl-bearing 

carbon (C-3), though the former exhibited a higher degm! of stemoselectivity than the latter. The hcts imply 
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Tabk2. Rcdmionof 3-HydroxyKetones lland12withLAHar DIBW 

20 

21 
22 

23 

24 

25 

26 

27 

Qi3 

(=3 

F Ulsl 
Cllsl 
NW 
ma1 

H u-1 
Wsl 
WPI 
Wal 

99 138s :13as = 67: 33 

84 13s~ : 13ar = 91: 9 

95 13sa:13aa = 22:78 

97 13sa:13aa = 69:31 

91 14ss:14as = 84:16 

83 14ss:llas = 99:l 

88 14sa:14aa = 61:39 

97 14sa : 14aa = 83 : 17 

a)coaductcdundersimilarconditionstothoseforthtreductionofl. b)SeefootnotebinTablel. c)See 
~cinTable 1. 

that such stereoselection can be attributed to the stereochemistry of the a carbon (C-2) of 1-5, on which the 

Eiflaethyl substiment is located. In older to a%eSain the effect of this substituent on the StEreochemisay of 

the reduction, 2-fluoro-3-hydroxy-2-methyl-I-phenyl-l-hexanone (11)9 and a nodluorinabed counteqart, 3- 

hydroxy-2-methyl- I-phenyl- 1-hcxanone (12)lo were subjected to the duction withLAHarDIBALunderthe 

same reaction conditions. As can be seen from Table 2. the ledoctions of 11 (Entries 20-23) as well as of 12 

@ntrics 24-27) WCIG shown to occur with appreciably low ~lectivity compared with the. reductions of 1 

(Entries l-4 in Table 1). and the monofludnated 3-hydroxyketone 11wasmhccdless -~tivclythan 

thenonfluasinadketonel2. Theserwrultsptovideupwithastrargsuggestiontbatthe2-~~ylgrwp 

plays a critical part in determiniug the stereochemical course of the reduction of 1. The Wluoromdyl group, 

one of the most electronegative groups, is generally considered as bulky as the isopropyl or r-butyl group,*t so 

thut the diffmnccs in selectivity between these ductions are presumable to stem primarily from those in steric 

bulk between the Wluoromethyl and methyl groups. 

The It-syn ste~~~lectivity obtained in * present ductions of 1-S may be explained as follows. The 

nducEantLAHorDIBALcanfirstrtactwiththchydroxylgoupofthcstamngdiastacomaiclrctonctoOivctht 
carrtqxmding ketone a&oxide, which participates in a six-membered chelation. The &elate species funned 

would exist in a pseudo chair conf=ation where the 2-tlifluoromethyl group o&Xupies an axial rather than 

equatorial position due to as much relief as possible of steric intemctions, particularly eclipsing in&radons with 

Rt and R2. llms, the attack of hydride should take place from sterically less hinder& side, that is the opposite 

sidcofthctrifluoromcthylgroup,tonsllltintbtprcfcrcntialformationofthtl~-s~stcrcoisoma. 

In conclusion, it was Mlftd that 2-fluoro-2-(trifluoromethyl)-3-h~xy ketones l-5 wctc reduced in a 
highly stere4~lective manner with commonreducingagentssuchasLAHoaDlBALtogivu l,%y~1,3diols6- 

10. This method can serve as a synthetically useful route to trifl uoromethyliued 1,3-dials with defined 
configurationq in terms of simple manipulation.q high LXWoselectivity,andgoodyie~oftheproducts. 
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