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Abstract - a-Fluoro-~-@-tolykulfmylmethyl)-a-trifhtoFomdhyIq-lacto1~8 (2) 

show hi@ reactivity for various nucleophiks to afford cyclic k m k t a l s  (3). 

Reduction of 3 with lithium aluminium hydride brought about rrdudive I&- 

opening to give 2- f luoro -3 -@-to ly l su l fony lmethy l~2~tr i f l~hyI~ ,4 -  

1301s (4) in a stenoselective manner. 

Fluorinated o r@c  compounds are well known to show unique chdcal, physical, and biological 

prnperties.1-3 O w  interest is to evaluate the compounds bearing a fluom(trifluor0methyl)methylene 

moiety (CF3CF<: A) instead of the ethylidem moidy (CH3CH<) that is found in a wide raa@ of 

biological active compounds, but there have appeared only a few papers2.4.5 that relate to this Mguing 

moiety (A). Recmtly we also discovaed a s t e n o s p d k  formtion of a-fluom-& 

@-tolykulfonylmethyI)-a-trifluor0mthyly-l (2) in the reaction of (&y- 

hydmy-a,fhmatwated sulfones (1) with a hsrafluoropropewxkthylandne 

adduct (PPDA)P 

Dwing ow tiitther invest@ion on the reactivity of these uu&yue y-lactones aiming to develop their 

synthetic utility, we found that 2 has hi& ability to e v e  various nucleophiles. In this communication, 

we wish to dareni  the mleophilic addition to 2 to give a cyclic hemiketal(3) and a lactol(4) 8s well as 
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the subsequent stereoselective dudion to produce 2-fluoro-3-@tolylsulfonylmethyl~2-~romethyl- 

alkane-l,4-dioIs (5 and 6, respectively). These findin@ open a novel route to prepamtion of m y  kinds 

of fluoro(eifl~~l~methyI)methylmacontaining wmpounds. 

F i t ,  we examhd the nucleophilic readion of methyllithium to 2a. When 2a was ttmted with 1 .I equiv 

of methyllithium m etha at -78 "C, the slpected addua (3.) was produced in 23% yield and a 

amount (63%) of the starting 2 was recovered. This phenomenon is probably due to the wncomitlmt 

hydro@ ahstredion at the positin adjacent to the ptolylsulfmyl group. Indeed, the inwrporation of 

deuterium at the methylene of 3a was obseved by quenching the reaction with CH3COODD20. The 

use of more than 2 equiv of methyllithium improved the yield of 38 (Table 1, Entries 13), which reached 

97% with 3.3 equivalents of methyllithiurn. Of the two possible diastaarmas, only one isoma.of 3a 

wm detected in the readion mixture. The st-hemical structure of this isomer, which is shown in 

Figure 1, was wnfinoed by a singk-aystal X-Ray analysis.7 Under similar wnditions, various 

alkyllithiums added to 2 in etba or THF (Table 1, Entries 4-7). Notably the addition of !er!- 

butyllithium OW smoothly to give the companding adduct (3d) in 96% yield. This indicates that 

the carbonyl p u p  of 2 is hi$@ ehrophilic. The lithio derivatives of some a r a ~  and hetaocyclic 

emmatics are reactive enough to give 3 m hi& yields as shown in Table 1 (-ria 8-14). 

Phyhajgesium bromide also added to 2, but the yield was somewhat Iow (84%). For all of the cyclic 

haniketals (3) q t  for 3h and 3j, only one diasterwma was obsaved. In the case of 38 which bears 

an N-methylpyml ring iatrsctable by-products wae formed to meke the yield of 38 Iowa. It is 

noteworthy that, m a solution, 3h &ts in equilibriu~u with a ringopeankg product (3%) in a ratio of 

3:2.8 Pure 3h d d  be isolated by mrystallization audits skmmhdcal structure 

wa8 shown by X-Ray crystalbgsphy7 to be same to 30. When the isolated 3h 

of 3h ad 3% (32). This phnomoon was not observed for otha cyclic 

2; was allowed to stand in CDC13, equi l i i ion occurred smoothly to give a mixture Me HQ 

S@Td 
herniacetals, probably because a thmodynamidly controlled equilibrium between 3% 
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Table 1. Nucleophilic Addition to 2 

&try 2 NucM (equiv) Solvent Temp.Alme mutt 
Yield (Ratio) a 

1 t MeLi (1.1) Ether -78 ' W h  3a 23% (>%I) 
2 (22) Ether -78 ' C n h  3a W% (>99:1) 
3 (3.3) ~ther -3 -cn h to ~ . tn  h 3s 97% (>%I) 
4 t n-BuLi (3.3) Ether -78 '(72 h 3b 99% (>%I) 
5 (3.3) THF -78 'C10.5 h 3b 97% (>%I) 
6 2s sec-Buli (3.3) Ether -78 'UO.5 h 3c 97% &%I) 

7 2s ten-Buli (3.3) THF -78 'C10.5 h 3d 96% (>99.1) 

13 t f l t i  (2.2) THF -78 'Ul h %I % (>*I) 
Ge 

a By 300 Hz 'H NMR. 
%wo diasteremm that are on the ch id  center of sec-butyl group were formed in a 66:34 ratio. 
'A ring-opening product (3%). which e ~ s t e d  in equilibrium with Jb, was formad in 13% yield 

thek isomers leaned to one side. We also found that sodium borohydride effectively converts 2. to a 

laaol(4a) : To a solution of 2n in methanol was added sodium bmhydride (2.3 m1-equiv) under ice- 

cwling and the resultant mixture was further stirred at the same tanperature for 6 h. By the usual 

workup, the lactol(4a) was isolated m 93% yield along with a small amount (5%) of a did (SP). This 

kt01 (4s) consists of two diastereomers9 and its major isomer also has a staeorbemieal stn~%ure similar 

to that of 3.. ( F i  1) L i i  aluminium hydride (LAH) could not mtenupt the redudion at the 

of the lacto1 (h), but further reduction proceeded to produce a ringopening produd, 2-fluom-3-@- 

to~kulfonylmethyl>2-trimaommetbyIpmt&1~-1,4-dio1 (5.) m 94% yield (LAH 3.0 mol-equiv. m THF; 

St170 min). This reduction was applicable to the reductive ring- of the cyclic hemiketals (3). 
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Figure I. X-Ray Shucures.7 a) 3.. b) 3b. c) 4.. d) 6 (Nuc=Ph, R=Me). 

When k was treated with lthium bomhydride (LBH) (26 h) or LAH (4 h) in THF at from 0 O C  to nmm 

temperat- the conespondhg 1,4diol(6e) wss obtained m 96% or 64 % yields, respectively. The 

diastaarmeric ratio of 6e was 919 or 93:5, respectively. The stmcture of the m$x diastereomer was 

determined by a s ~ s t a l  X-Ray analysis (Figre l(d)). The stemdectivity in theAdudbn of 3 

with WI was affected by the bulkiness of the substituent (R): the stmelectivity hmases as the 

substituent becomes bullda @=Me 70:30 (61% yield), n-Bu 8020 (86%), Ph 93:7 (64%), tert-Bu >99:1 

(89%)]. It should be noted that, by nduetion with LAH, a60:40 d i a s t ezeod  mkture of 3b and 3'b 

(69:31) gsve only one diastemmr of the comscondhg 6 m 7790 yield. Recently, fshihara snd his 

coworkers found a hiw stereoselective reduction of a 2-flwr0-3-hyQoxy-2~trifl~0l0methyl)alkyl 
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k d w e s  with LAH or diisopropylehmrinium hy drLk (DIBALH) in a I ,2-syn d i a s t ~ l e c t i v e  manner, m 

which the high IJ-syn stereoselectivity w a  85cn'bed to the first formation of the cornspond@ p-keto 

alkoxide, whkb participates in a sbcmembered chelatiion, and the subsequent attadc of hydde from the 

sideopposite to the adjacent triauommethyl pup.* This explanation can be extended to that for the 

present reaction: At first, the hydmxyl goup of 3 reacts with LBH or LAH to form an alkoxidc (7). 

Then the hydride approachw the earbony1 goup via a seven-naembaed transition-state (8) while avoiding 

the CF3 goup to give the 1,4401 (6) with a high stmeoseledivity. The bulkie~ akyl (R) goup is 

thought to make the stereoselectivity h i e  because it d e r p s  a st& ~pulsiion by carbony1 goup m 

the appoarch of the hydride from the CF3 site. 

In conclusion, we found that a-fluorw-trifluo~omethyl-y-lactones (2) e h M  high reactivity for 

nucleophiles to form the cyclic haniketals (3) and the lactols (4) which, by the subsequent redudion with 

LBH or LAW, can be wnvated to the 2-fluom3-@-tolylsuKony~hyl)-2-trin~0rowthyl-l,.ediol 

deivatives (5 and 6) m a st-Wive msnner. We sre now mvestigaing the derivation of the 2-flwro- 

2-trihmnethyl-l,4diol derivatives (5 and 6) into useful compounds braring a fhunu(Vimthy1)- 

mahydene group. 
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X-Ray uystalbgsphic data wee collected with Cu K a  (A = 1.54178 A) radiation on a Mac Science 

MXC I8 di-. All computations used "Crystan GM (ver 62.1,1994) or N u s  (ver. 1. I,  

1997), Cornputex hogam for the Solution and Refinanent of Crystal S tmure  from X-Ray 

Diffraclion Datan, Mac Sdme Co. Ltd. 

Crystal dataof 38 : monoclinic, space goup P21/c, a = 11.544(3) A, b = 14.756(4) A, c = 10.284(3) 

A, @ =  104.18(2)O, V= 1698.6(8)A3,2=4,R=0.0455, Rw=0.0385. 

Crystal data of 3b (major) : numoclinic, space guup P21/a, a = 21.160(5) A, b=7.542(2) A, c 

=12.922(3) A, $ =104.32(2)O, V=1998.2(9) A ~ , z =  4, R = 0.053, Rw = 0.071. 

Crystal data of 4a : monoclinic, space group CZk, a =  19.478(7) A, b =12.204(4) A, c = 15.167(6) A, 

@=115.80(3)0, V=3246(2)A3,Z=8,R=0.0491,Rw=0.0545.  

Crystal data of 6 (NwPh,  R=Me).Et20 : monoclinic, space p u p  P21/a, a=12.241(3) A, b= 

22.240(7) A, c = 9.589(3) A, 8 = 94.79(2)O, V= 2601(1) A3,2= 4, R =  0.0526, Rw = 0.0579. 

A mixture of 3h and 3% showed an IR absorption at 1647 cm-'. In 'H NMR (CDCI,), a quintet- 

like si@ at 6 4.39 [CH3CH(OH)-] tecame aquartet-like s- on trratment with D20 baguse the 

coupling constant between the protons of CH(0H)- and C&(CH2S02Tol) was very small if any. 

The diastereomaic ndio was 93:7 just after crystalline 4. was dissolved m CDCI3. The ratio 

c h q d  slowly to 73:27 (aAer 19 hat room temputure). On treatment of 4. with CF3COOH m 

CD30D, the epimeriEBtion oecurrrd smoothly to give rise to the dissterrolneric ratio of 76%. 
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