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Catalytic Asymmetric Synthesis of New Halogenated Chiral Synthons 

Koen P. M. Vanhessche and K. Barry Sharpless* 

Abstract: Two-step and practical asymmetric syntheses of enantiomerically pure 4-tri- 
fluoromcthyl-2,2-dioxo-l,3,2-dioxathiolane and 4-trichloromethyl-2,2-dioxo-l,3,2-di- Keywords 
oxathiolane ( > 98 Yo ee) have been achieved. Catalytic asymmetric dihydroxylation 
(AD) of 3,3,3-trifluoropropene and 3,3,3-trichloropropene, respectively, is followed by 
direct cyclic sulfate formation by reaction with sulfuryl chloridc. Opening of the cyclic 
sulfates with various nucleophiles provides easy access to important chiral synthons. 

asymmetric catalysis * chiral synthons 
- cyclic sulfates - dihydroxylations - 
organofluorine compounds 

Introduction Table 1 AD of 3,3,3-trisubstituted propene analogues 

The high level of enantioselectivity and practicality reached in 
the 0s-catalyzed asymmetric dihydroxylation (AD) of olefins 
has led to numerous synthetic applications.[ll Among chiral 
intermediates, C, and C, synthons have proven especially usc- 
fu1.[2' This fact along with the growing interest in fluorinated 
compounds in both the pharma~eut ica l [~]  and material sci- 
encec4] fields motivated us to investigate the synthesis of halo- 
genated C ,  building blocks by mcans of the AD process 
(Scheme 1 ) .  

Scheme 1. Asymmetric dihydroxylation of propene analogues. Spacers: phthal- 
a h c  (PHAL) o r  pyrimidine (PYR). DHQD = dihydroquinidinyl. 

Results and Discussion 

A number of 3,3,3-trisubstituted propene analogues were 
screened as A D  substrates and the results with both phthalazine 
(PHAL) and pyrimidine (PYR) ligands are shown in Table 1. 

Interestingly, the results with the pyrimidine (PYR) ligand 
seem to follow a simple steric trend: as the volume of the R 
substituentr6] increases, so does the enantioselectivity with the 
PYR ligand, in accord with earlier findings involving branching 
in that sub~ti tuent . [~l  Starting with 49% ee for propene (1 a),  the 
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Olcfin [a] PP [%I [bl (config) [cl R-group 
(DHQD),-PHAL Id1 (DHQD),-PYR [d,el Volumc [A31 If1 

l a  @CH, 35 (R)  49 ( R )  26.9 

Ib @CF, 63 ( S )  64 6) 37.6 

l c  @CCI, 70 (S) 86 6) 74.6 

Id @C(CH3)3 64(R) 92 (R) 77.7 

l e  @Si(CH& 46 ( R )  89 ( R )  91.9 

If 87 (R)  97 ( R )  145.5 

[a] Except for Ic, for which the hul jwr l  AD mix [5] was employed (requiring 
3 equiv of NaHCO, in addition to the usual 3 equiv K,CO,), all reactions were 
carried out with 3 equiv K,Fe(CN),-K,CO, and a 1 mol% ligand'0.5 mol% 
K,OsO,(OH), catalyst loading in tBuOH/H,O (1 :1)  at O'C. [b] re dcterinined by 
HPLC or GLC analysis of the diols or  their derivatives; see Experimental Section. 
[c] The absolute configurations of the diols were detcrmined by comparison of thcir 
optical rotations with literature values; see Experiinental Section. [d] Only the 
DHQD-based ligands were used in this study. [el All diol products, except 1,2- 
propanediol (Za), were raised to enantlopurity by a single recrystalli7ation: scc 
Experimental Section. [Q The volume of the R group w a g  calculated with a modi- 
fied M M 2  force field (MacroModel V3.Sx) [6]. 

enantioselectivity increases rapidly, reaching 97 O h  for 1 -vinyl- 
adamantane (1 f) .['] 

In contrast. there is no clear trend with the phthalazine 
(PHAL) ligand where the outcome appears to be sensitive to an 
interplay of steric and electronic factors (e.g. substrate dipole?). 
Propene is dihydroxylated in 35 % ee. The enantioselectivity 
rises to  63 % for 3,3,3-trifluoropropene19. lo' and reaches a max- 
imum value of 70 % for 3.3,3-tri~hloropropene.~'"~ When the 
branched substituents become larger, ee values drop again as 
seen for tert-butylcthylcne (1 d, 64% ee)r71 and trimethylvinylsi- 
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lane ( 1  e, 46% ec),["' presumably owing to disruption of the 
attractive interactions within the chiral binding pocket.[12] 
However, the high re value (87% ee) found for l-vinyladaman- 
tane (1 f) clearly counters the above trend and is perhaps due to 
offsetting attractive interactions with the ligand at  a greater 
distance from the reaction zone. 

The synthetic utility of enantiopure 1,2-propanedioI (2a)[I3' 
and the use of the other diols in Table 1 [e.g. l-trimethylsilyI-l,2- 
ethanediol (2e),["] 1 -(I-adamanty1)-I .2-ethanediol (2f),[*] and 
3,3-dimethyl-I ,2 -b~tanedio l [ '~~]  a s  chiral auxiliaries have been 
previously reported. Hence, we focused on evaluating the potcn- 
tial of 3,3,3-trifluoro-1 ,2-propanediol (2b)" and 3,3,3-tri- 
chloro-l,2-propanediol ( 2 ~ ) ~ ' ~ '  as chiral synthons. 

Several syntheses of the impor- 
tant fluorinated chiral building 
block (trifluoromethy1)oxiranc mCF3 (4), have appeared recent- 
ly.['', This trifluoro analogue 
of propylene oxide undergoes 

regiospecific nucleophilic opening providing direct access to a 
series of substituted enantiomerically pure trifluoromethyl- 

0 
II o:s-o 

d t  0. 

*CF3 
3 4 

carbinol c o m p o ~ n d s . [ ' ~ ~  We report here 
that cyclic sulfate 3 is an attractive["] syn- 
thetic equivalent of 4. 

The effectiveness of cyclic sulfates as epox- 
idc equivalents has been amply demonstrat- 
ed,[201 but they :ire used relatively infrequent- 
ly, probably owing to the lack of direct 
preparative procedures of broad scope.I2 ' 
Acyclic 1,2-diols usually require a two-step 
procedure for their conversion to the corre- 
sponding cyclic sulfates (e.g. cyclic sulfite for- 
ination followed by ruthenium-catalyzed oxi- 
dation) .[221 However, direct sulfate forma- 
tion can often be achieved when the 1 ,2-diol 
unit is syn in a 5- or 6-membered ring, espe- 
cially in carbohydrate systems.[z3J 

Treatment of diol 2b ( > 9 8 %  with 
sulfuryl chloride and imidazole in di- 
chloromethane at  -20 'C afforded the dense 
( p  = 1 .70 ~ c m - ~ ! )  crystalline cyclic sulfate 3 

ate(s) (C-OS0,CI) is suppressed by the strong electron with- 
drawing effect of the CF, group. This imidazole/SO,CI, proce- 
dure[2h1 for direct formation of cyclic sulfates is also highly 
efficient for certain other vicinal diols bearing electron with- 
drawing groups [e.g. vide infra, 1,1,1 -trichloro-2,3-propanediol 
(2c) and (S,S)-1,4-dichloro-2,3-butanediol (7)["]]. However, 
simple vicinal diois such as 5,6-decanediol, 1,2-decanediol, and 
3 -adamantyl-I ,z-ethanediol (2f) gave complex mixtures. 

Reaction of cyclic sulfate 3 with a series of nucleophiles was 
studied (Scheme 2, 5a-f ) .  In all cases, nucleophilic opening 
took place exclusively at  the terminal carbon atom. Azide 
(NaN,) and thiophenoxide (NaSPh) both gave ring opening in 
excellent yield (85 and 90%, respectively). Benzylamine, p -  
rnethoxyphenoxide, and 1 -naphthoxide afforded moderate 
yields (65-75 Yn), while cyanide (NaCN) gave low yields (50%). 

One recrystallization of the crude (86% re) 3,3,3-trichloro- 
1.2-propanediol (2c) afforded ensntiopure material (> 98 Yn 
ee) .["I Single-step sulfate formation under the above-men- 
tioned conditions provided the crystalline cyclic sulfate 9[291 in 
92 YO isolated yield (Scheme 3). Nucleophilic opening of 9 was 
successful with NaN, (10a, 93%),  NaSPh (lob, 94%),  and 

0 
II 

Ho+CC13 CH,CI,, 0 "C * 4CC13 i i .  Et20/H30+ * NU4CC13 

OH 
0:s- 

/ o  i. Nuisolvent 
0 

S02C12, imidazole 

9 10 92 '% 
2c \ 

\,,ytone. 2,2-DMP 
Hp, Pd/C D-TSA 10 N u  yield [%] 

a N 7  93 

b PhS- 94 

13 R=CH&I 
14 R=CHCI2 12R=CHC12 

60 % 

Scheme 3. Rcactions oC 3,3,3-trichloro-1.2-propaiiediol (2c) (p-TSA = p-toluenesulfonic acid. 2.2-LIMP 
= 2,2-dimetlioxypropane). 

in 82% yield (Scheme 2).12'] Presumably, the competing S,2 
displacement at carbon by chloride in the reactive intermedi- 

benzylamine (10c, 65 %I), but reaction with other nucleophiles, 
such as CN-, F-, and PhCOO-, led to decomposition. proba- 

bly owing to the sensitivity of the trichloro- 
methyl group towards reduction through at- 
tack of the nucleophile at a chlorine atom. 

/ o  i. Nuisolvent OH The ti-ichloromethylcarbinol moiety in 2c  
and 10 a-c enables several further transfor- 
~ n a t i o n s [ ~ " ]  not readily available to the tri- 
fluoromethyl analogues 2b and 5a-f .  
Among the possibilities, we examined only 
the reductive removal of chlorine (Scheme 3). 

0 \\ Go b PhS- 90 Catalytic hydrogenolysis[3'1 proved to be fast 
E BnNH- 15 [lo%, PdjC in methanol] yielding enantio- 
d />-MeOC6H40- 68 pure (2R)-1,2-propanediol (2 a) in 50 YO yield 

-CI e I-NaphO-~ 65 after distillation. Several attempts (Pt/C and 
7 a f CN- 50 Rh/AI,O,) to stop at  the mono- or dichloride 

monodechlorination was achieved by photo- 

0 

0: g- 
Ho4CF3 CHzCI2, - 20 "C * 4CF3 ii. EtzO/H30+ * Nu +CF, 

0 
S02CIz, imidazole OH 

- 

3 5 a2 oi0 
2b 

5 Nu yicld [ % I  
a N,- 85 

SOzC12, imidazole 

OH 
CH~CIZ, 88 % 0 "C * p cl+ 

CI 

,Scheme 2. Syii thejes of  the cyclic sulfate\ o C  3.3.3-lrifluoro-1.2-propanediol (2b)  and 1.4-dichloro-1.4- stage failed. On the Other hand, selective 
buranediol (7).  
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chemical reduction[32] of the acetonide 11 in THF, giving the 
corresponding gem-dichloride 12 in 60 70 yield. 

Selective electrochemical reductions of trichloromethyl- 
carbinol-containing compounds have been well studied.t331 
Electrochemical reduction of 2c should enable one to obtain 
either 3-chloropropane-I ,2-diol (13) or dichloro derivative 14, 
which are formally glycidol and glyceraldehyde equivalents, re- 
specti~ely.['~] Reactions of alkyl trichloromethylcarbinols with 
nucleophiles under basic reaction  condition^['^^ 351 have been 
developed for the synthesis of optically active a-amino acids and 
r-hydroxy acids,'361 and may be applicable to  derivatives such as 
1Oa-c in Scheme 3. 

Conclusion 

Practical preparations of the enantiopure 3,3,3-trifluoro- and 
3,3,3-trichloro-I ,2-propanediols (2 b and 2c) have been devel- 
oped. The utility of these new C, chiral synthons is especially 
enhanced by their conversion to the corresponding cyclic sul- 
fates (3 and 9) in a direct reaction with sulfuryl chloride. 

Experimental Section 

Materials and Methods: 3.3,3-Trich10ropropene[~~~ and 3,3,3-trifluoro- 
p r o p ~ n e ~ ~ ' ~  were purchased from Coyotc Chemicals and PCR. respectively. 
Propene, trimcthylvinylsilane, 3,3-dimethylbutene, and sulfiiryl chloridc 
(97%) were all obtained from Aldrich. I-Vinyladamantane was synthesized 
by Moffatt oxidation (SO,-pyridine modification) of 1 -adamantylmethanol 
(Aldrich) followed by Wittig methylenation. 'H NMR spectra were recordcd 
in CDCI, at 250MHz (Bruker AC-250). Residual protic solvent CHCI, 
(S,, =7.26) was uscd as internal rcference. "C N M R  spectra wei-e recorded 
in CDCI, unless otherwise stated at 62.5 MHz, and the resonance of CDCI, 
(6, = 77.0, t) was used as internal reference. FT-IR spectra were recorded on 
a Nicolet 510 FT-IR spectrometer. Flash column chromatography was per- 
formed on Merck Kieselgel 60 (230-400 mesh) Analytical thin-laycr chro- 
matography was performed with precoated glass-backed plates (Merck 
Kieselgel 60F254). HPLC was performed on Chiralcel OB-H, OD, or O F  
(25 cm x 4.6 mm i.d.) columns, and the products detected a t  254 nm. GLC 
was performed on a J & W DB-5 (30 m x 0.32 mm i.d.) column. 

(ZR)-( -)-1,Z-Propanediol [( -)-Za]: Propene gas[,"] was bubbled for 30 min 
through a solution of (DHQD),PHAL (390 mg, 1 mol X ) ,  K,OsO,(OH), 
(92 mg, 0.5 niolo/"), K,Fe(CN), (49.4 g), and K,CO, (20.7 g) in 1 : 1 terf- 

butyl alcohol/water (500 mL) at 0°C. The mixture was stirrcd for 12 h at 0°C. 
Sodium metdbisulfite (40 g) was added slowly and stirring was continued for 
2 h. The layers were separated and the aqueous layer was extracted with ethyl 
acetate (6 x 200 mL). The combined organic layers were washed with H,SO, 
(5% aqueous solution. 100 mL) to extract the ligand, and the aqueous acid 
solution was reextracted with ethyl acetate (2 x 100 mL). The combined or- 
ganic extracts were washcd with saturated aqueous NaHCO, (100 mL), dried 
over MgSO,, and concentrated in vacuo yielding 2.9 g [47% yield hased upon 
K,Fe(CN),] of crude 2a.  The enantiomeric purity of the crude product was 
determined to be 36% ee by HPLC of the bisbenzoate derivativc [Chiralcel 
OB-H column, 20% 2-propanol/hexane, 0.5 nlLmin-I; (R)-2a: 19.4 min, 
(S)-Za: 27.1 min]. [a];, = -10.7 (c = 6.5 in H,O) [lit.L401 cnantiopure (-)- 
Za: -22 (c =7.5 in H,O)J; 'H  NMR (250 MH7, CDCIJ 6 = 3.86 ( I  H, ddq, 
J=7.9,6.4,3.0H~),3.57(1H,dd,J=11.4,3.0Hz),3.35(1H,dd,J=l1.4, 
7.9Hz), 1.12(3H,d,J=6.4H~);'~CNMR(62.5MHz,CDCI,):6=68.2, 
67.7, 18.6. 

(ZS)-( -)-3,3,3-Trifluoro-l,2-propanediol [ ( -)-2b]: 3,3,3-Trifiuoropropene 
gas["] was bubbled for 20min through a solution of (DHQD),PHAL 
(470 mg, 1 mol%), K,OsO,(OH), (1 10 mg, 0.5 mol%), K,Fe(CN), (59.2 g ) ,  
and K,CO, (24.8 g) in 1 : l  tert-butyl alcohol-water (600 mL) at  0°C. The 
mixture was stirred for 12 h at 0°C. Sodium metabisulfite (SO g) was added 

slowly and stirring was continucd for 2 h. Thc laycrs were separated and the 
aqueous layer was extrected with ethyl acetate (4 x 200 mL).  The combined 
organic layers were washed with H,SO, ( 5 %  aqueous solution, 100 mL) 
followed by saturated aqueous NaHCO, (100 mL). dried over MgSO,. and 
concentrated in vacuo giving 9.2 g of crude Zb. Distillation under reduccd 
pressure (96°C  35 Torr) gave 8.8 g [75% yield based upon K,Fc(CN),] of 
pure 2 b, which solidified upon standing. The enantiomeric purity of the crude 
product was determined to be 63% ee by HPLC of the bisbenmatc dcrivative 
[Chiralccl OD-column, 0.5 O/u 2-propdnol/hex;ine, 0.6 m L m i n - ' ;  (S)-Zb: 
16.9 min; (R)-Zb: 19.4 min]. Recrystallization from dichloromethane yielded 
5.3g  (45%) of enantiopure ( > 9 8 %  ec) (-)-2b. [,r]:' = -12.3 ( c  = 4 in 
MeOH) [lit.""' -10.95 (c =1.4 in MeOH)]; m.p. 5 5 ' C ;  b.p. 96°C. 35Torr; 
' H N M R  (250 MHz, CD,OD): 6 = 3.96 (1 H, ddq, J =7.0, 7.0,4.0 Hz). 3 74 
(1H. dd, J=11.8, D.YHz), 3.61 (ZH, dd, J = 1 1 . 8 ,  7.01-I~); "C N M K  
(62.5 MHz, [DJDMSO): 6 = 124.2 (q, Jr-F = 2x2 Hz). 70.4 (4. Jc - r  = 
30Hz), 60.4: FT-IR (KBr): i = 3550 3220 (brs), 2954, 1381, 1277, 1177. 
113X, 1068, 1038, 904, 856, 702, 609cm-I. Anal. Calcd tor C,H,F,O,: C. 
27.69; €1, 3.85. Found: C, 27.63; H. 3.99. 

(2S)-( -)-3,3,3-Trichloro-1,2-propanediol [ (-)-Zc]: 3.3,3-~rrichloropropene 
(8.73 g; 60 mmol) was added to a solution of (DHQD),PHAL (470 mg, 
1 mol%), K,OsO,(OH), (110 mg, 0.5 mol%), K,Fe(CN), (59.2 g), K,CO, 
(24.8 g), and NaHCO, (15.1 g) in 1 : I  tert-butyl alcohol-water (600 mL) at 
0 '  C. The mixture was stirred for 12 h at 0 "C. Sodium metabisulfite (75 g) wiis 
added slowly and stirring was continued for 2 h. The layers were separated 
and the aqueous layer was extracted with ethyl acetate (3 x 200 mL). Thc 
combined organic layers were washed with H,SO, ( 5  % aqueous solution, 
50 mL) followed by saturated aqueous NaHCO, (100 mL), dried ovct Mg- 
SO,, and concentrated in vacuo giving 9.26 g (86%) of crudc Zc.  The ennn- 
tiomeric purity of the crude product was determined to bc 86% YO by HPLC 
of the bisbensoatc derivative [Chiralcel O F  column. 1 % 2-propanol:hexanc, 
1 mLmin-'; (R)-Zb: 10.8 min; (Si-Zb: 13.0 min]. Rccrystallization from 
dichloromethanelethyl acctatc (120 mL/15 mL) gave cniuntiomerically pure 
( 2 9 8 %  ec) ( - ) -2c as colorless needles (7.54 g, 70%). R r  = 0.21 (hexme1 
ethyl acetate 70/30). [r]? = - 29.7 (c = 2.3 in EtOH); m.p. 1lO"C (lit.['"' 
84.6-85 C for mr-2c);  ' H N M R  (250 MHz, CDCI,): 6 = 4.23 ( 1  H. dd, 
J = 7 . 3 ,  3.3HZ), 4.12 ( I H ,  dd, J=11 .8 ,  3 . 3 H ~ ) ,  3.86 (ZH. dd. J = l l  8. 
7.3 Hz); I3C NMR (62.5 MHz, CDCI,): 6 = 101.0, 81.7,hl.S; MS (El): nziz: 
183. 181, 179, 154, 143, 130, 125, 116, 113 (100'%), 107, 102, 97, 83, 79, 76; 
FT-IR (KBr): i = 3457 (brs), 3212 (brs), 2973, 1381. 1109, 1051. 893, 816, 
781, 648 cm-'. Anal. Calcd for C,H,CI,O,: C ,  20.07 and H,  2 .78 'X .  Found: 
C, 20.07 and H, 2.86%. 

(2R)-( -)-3,3-Dimethyl-l.2-butanediol [( -)-Zd]: see ref. 17,141 

(1 R)-( +)-(Trimethylsilyl)-l,2-cthancdiol[ +)-Ze]: Vinyltrimethylsilane (1 .O g. 
I0  mmol) was added to a solution of (DHQD),PHAL (77.9 mg. 1 naol%). 
K,OsO,(OH), (18.4 mg, 0.5 mol%), K,Fe(CN), (9.87 g), and K,CO, 
(4.14g) in 1 : l  rert-butyl alcohol-water (100 mL) at 0 - C .  The mixturc was 
stirred for 12 h at 0'C. Sodium metabisulfite ( I0  g) was addcd slowly and 
stirring was continued for 1 h. The layers were separated and the aqueous 
layer was extracted with ethyl acetate (2 x 50 mL). The combined organic 
layers were washed with H,SO, ( 5 %  aqueous solution, 15 mL),  followed by 
saturated aqueous NaHCO, (20 mL), dried over MgSO,, and concentrated 
in vacuo giving 1.12g (83%) of crude Ze. The enantiomeric purity of thc 
crude product was dctcrmined to be 89% re by GC analysis o f  the hi.y-(R)- 
MTPA derivative [DB-5 capillary column; 210;C isothermal. ( R ) - Z e :  
33.3 min, (S)-2e: 34.3 miii]. Rccrystallization from hexane gave enantiopure 
( > 9 8 %  ee) ( + ) - 2 e  as colorless ncedles (715 mg, 5 5 % ) .  R,  = 0.25 (hcxanc,' 
ethyl acetate 50/50); [XI? = + 1.8 ( r  = 1.1 in CCI,) [lit." ''I + 0.8 (c = 0.1 in 
CCI,)]; m.p. 50 C (rac-Ze is an oil); ' H N M R  (250 MHz, CDCI,): 6 = 3.74 

J =  9.0. 3.6 H7). 3.15 ( I  H, brs), 2.90 (1 H, brs). 0.05 (9H, s): I3C NMR 
(62.5 MHz, CDCI,): d = 67.7, 65.1, -3.8; FT-IR (KBr): i; = 3356, 2954, 
1653. 1418, 1249, 1168, 1064, 996, 952, 839, 749 cm- ' .  Anal. Calcd for 
C,H,,SiO,: C, 44.78 and H, 10.45%. Found: C, 44.82 and H. 10.13%. 

(1 R)-( +)-(l-Adamantyl)-l,2-ethanediol [( + )-Zf]: I-Vinyladamantane 
(810 mg, 5 mmol) was added to a solution of (DHQD),PHAL (39 mg. 
1 mol%), K,OsO,(OH), (9.2 mg, 0.5 mol%),  K,3Fe(CN), (4.94g), and 
K,CO, (2.07 g) in 1 : 1 rrrt-butyl alcohol-water (50 mL) at 0'C. The mixture 
was stirred for 12 h at 0°C. Sodium meiahisulfite (5 g) was added slowly and 

( I H ,  d, J=11 .6 ,  3.6Hz), 3.67 ( I H ,  dd. J=11 .6 ,  9.0Hz), 1.44 (1H. dd. 
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stirring was continued for 30 min. The layers were separated and the aqueous 
layer was extracted with ethyl acetate (2 x 30 mLj. The combined organic 
layers were washed with H,SO, ( 5 %  aqueous solution, 10 mL) followed by 
.iaturated aqueous NaHCO, (20 mL), dried over MgSO,. and concentrated 
in vacuo giving 834 nig (85%) of crude 2f. 'The enantiomeric purity of the 
crude product was dctcrmined to be 97% cc by CrC analysis of the his-(R)- 
MTPA derivative [DB-5 capillary column; 250 C isothermal; (R)-2f: 
53.7 inin, (,T)-2f: 55.6 min]. Recrystallization from hexaneiethyl acetate (95! 
5) gave enantlopure (>98%0 el.) (+)-2f. R, = 0.32 (hexanelethyl acetatc 
50:50) . [ r ] i3  = +19.0(c=I . l  inEtOH)[lit.181 +19.2(c =I.OinEtOH)];m.p. 
124-125 C(lit.'8'125-127"C); 'HNMR(250MHz,CDCl3) :6  = 3.74(1H, 

2.9 Hzj. 2.49 ( 2 H .  brs), 1.98 (3H,  brs), 1.5-1.85 (12f1, m). 13C NMK 
162.5 MHz. CDCI,): 6 = 80.0, 62.2, 3 x 2 ,  37.1, 28.2. HRMS (FAB): Calcd: 
219.1361 (M+Na+) :  Found: 219.1353. 

~ l d , J = 1 0 . 9 , 2 . 9 H ~ ) , 3 . 5 4 ( 1 H , d d , J = 1 0 . 9 , 9 . 4 H ~ ) , 3 . 2 1  ( l H , d d , J = 9 . 4 ,  

(4S)-( +)-4-Trifl1ioromethyl-2,2-dioxo-1,3,2-dioxathiolane [ ( +)-31: Sulfuryl 
chloride (8.51 g, 5.06inL, 63 minol) was addcd dropwise to a cooled 
( -  20-C) solution of diol 2 b  (7.8 g, 60 mmol) and imidazole (10.2 g, 
150 mmol) in dichloroniethane (100 mL). A precipitate formed gradunlly 
upon addition. When the addition was completed, the mixture was allowed 
to warm to room temperature. The mixture was further diluted with 
dichloroinetliane (100 mL). SulEuric acid ( S Y O  aqucous solution, 15  mL) was 
added and the organic layer was separatcd. The organic phase was waalied 
w ~ t h  saturated aqueous NaHCO, (25 mL) and brine, dried over MgSO,, and 
concentrated in vacuo to givc 9.91 g (86%) of crude 3. Further purification 
by vacuum distillation (b.p. 48 C. 2.4 Torrj gave 9.45 g (82%) of analytically 
pure (+)-3 as an oil (rac-3. m.p. 34-35°C). [ZIP = +17.0 ( c  = 2.2 in 
CH,CI,); ' H N M R  (250 MHz, CDCI,): d = 5.14 ( l H ,  ddq. J = 7 . 1 ,  5.7, 
4 . X H 7 ) , 4 . 9 0 ( 1 H . d d , J = 9 . 8 , 7 . 1 H ~ ) , 4 . 7 9 ( l H , d d ,  J = 9 . 8 , 4 . 8 H 7 ) :  '.'C 
NMR (62.5 MHr. CDCI,): 6 =121.3 (q. Jc-F -174. Hz), 74.8 (q, 
J c - F  = 23.1 Hz), 66.0: FT-IR (KBr): i =1408, 1289, 1219, 1165. 1069. 1028, 
997.951.837. X00. 658 cm- ' .  Anal. Calcd for C,H,F,SO,: C, lX.75; H. 1.56: 
and S, 16.67%. Found: C, 18.77; H,  1.52; and S. 16.77. 

(2S)-( +)-1-Azido-3,3,3-trifluoro-2-propanol [(  +)-Sa]: A solution of cyclic 
sul~ate  3 (1.15 g; 6 mmol) and sodium azide (780 mg, 12 mmol) in acetone 
(6  inL) and watcr (6 mL) was stirred for 4 h at room temperaturc. After 
removal of the solvent in vacuo, ether (10 mL) and sulfuric acid (20% aq. 
solution, 10 mL) were added, aiid the mixture was stirred for 30 min. Pow- 
dered potassium carbonate wa~ added until neutral and the mixturc was 
cxtracted with ether ( 2  x 20 mL). The combined organic Iaycrs were washed 
with brine, dricd over MgSO,, and concentrated in vacuo. The crude product 
was purified by bulb-to-bulb distillation yielding 792 mg ( 8 5  %) of azido 
alcohol Sa as an oil [''I [XI;, = + 30.0 ( c  =1.8 in MeOH) + 12.87 
((. = 1 .9. MeOH)]; ' H N M R  (250 MHz, CDCI,): 6 = 4.15 (I H,m), 3.54 (2H. 
m) ,  2.98 (1 H. d, J = 6.2 Hz); l3C NMR (62.5 MHz, CDCI,): b =123.7 (q,  
J c - b  = 281 Hz), 69.9 (q, Jc.F = 31.1 Hz). 50.2; FT-IR (ncat): V = 3418. 
2942. 2110 (s), 1623, 1448, 1391, 1270. 1137, 1058, 944, 896. 850, 700, 
655 cm 

(2S)-( -)-3,3,3-Trifluoro-l-phenylthio-2-propanol [( -)-S b]: Cyclic sulfate 3 
idded slowly to a solution of thiophenol (242 mg, 

2.2 mniol) and potassium twt-butoxide (246 mg, 2.2 mmol) in dry tetrahydro- 
furan (5 mL) at room temperature. Thc mixture was stirred for 2 h a t  ambient 
tenipei-aturc and the solvent was then removed under reduced pressure. The 
rcsidue was dissolved in ether (3 mL). and sulfuric acid (20%) aqueous solu- 
tion, 3 inL) was added. The mixture was then slowly neutralled with pow- 
dered potassium carbonate until neutral. The aqueous phasc was extracted 
with ether (2 x 15 mL), washed with 2~ NaOH (2 x 10 mL). followed by 
brine, aiid dried over MgSO,. Conce~itration in vacuo afforded 570 mg 
(90%) of S c  as an oil. R, = 0.33 oii silica gel (hexane/ethyl acetate 90;lO). 
[Y]:: = - 67.6 ((, = 1.6 in CHCI,); 'H NMR (250 MHz, CDCI,): S =7.37 
(SH. nij, 3.98 ( I H ,  m), 3.34 ( I H ,  dd. J=14.3,  2.8Hz), 3.02 ( l H ,  dd, 
.I =14.3, 10.0 Hz),2.X2(1H. brs): ' ,CNMR (62.5 MHz, CDCI,): 6 =130 8, 

(neat): i. = 3444, 3061. 1583, 14x2, 1440, 1412. 1372, 1276, 1166. 1025, 1003, 
866, 741 cni-l.  HRMS (EI): Calcd: 222.0326 ( M + ) :  Found: 222.0319. 

129.4. 127.6, 124 3 (q,  Jr-,, = 281 Hz), 68.4(q. Jc-F = 31.3 Hz), 35.3; FT-IR 

(2S)-( - )-1-Benzylamino-3,3,3-trifluoro-2-propanol [( - ) - S c ] :  Ben7ylamine 
(470 pL. 4.31 nimol) was added slowly to a solution of cyclic sulfate 3 
(413 mg, 2.15 mmol) in dry tetrahydrofuran (3 mL) at room temperature. 
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After addition of the atnine (cxothermic), the mixture was stirred for 2 h at 
ambient temperature. The solvent was removed in vacuo, the residue dis- 
solved in ether (10 IiiL), and sulhric acid (20% aqueous solution, 5 mL) 
added. A precipitaw formed immediately and the suspenslon was stirred for 
1 h. Thc precipitate wa5 filtered. washed with cther, and resuspended in 
sulfuric acid (20% aqueous solution). The suspension was heated at 85°C.  
After 20 inin the solution became clear. Heating was continued for 15 min. 
Thc mixture was then cooled to  room temperature and slowly neutralized 
with powdcred potassium carbonate until neutral. Thc aqueous phase was 
extracted with ether (30 mL), washed with brine, dried over MgSO,, and 
concentrated in vacuo. The crude product was recrystallized from hexanel' 
ethyl acetate (80120) yielding 352 mg (75'/0) ofanalytically pure S c .  R, = 0.31 
on silica gel (1iexanes;ethyl acetatc 50i50); [ r ] i3  = - 8.3 (c = 1.6 in CHCI,): 
n1.p. 102 'C; ' H N M R  (250 MHz. CDCI,): 6 =7.31 (SH, m),  3.96 ( l H ,  m).  
3 8 3 ( 2 H , s ) , 2 . 9 8 ( 1 H , d d , J = 1 3 . 0 , 6 . 0 H ~ ) , 2 . 8 8 ( 1 H , d d , J = 1 3 . 0 , 4 . 7 H z ) ,  
2.85 (1 H,  brs): I3C NMR (62.5 MHz, CDCI,): 6 = 138.8* 128.7. 128.1, 127.5. 
124.9 (q, Jc -~ = 281 Hz), 67.7 (q. Jc-F = 29.6 Hz), 53.6,46.8: FT-IR (KBr): 
i: = 3420. 1653, 1559, 1266, 1130, 746cm-'. Anal. Calcd for C,,H,,F,NO: 
C, 54.79; H, 5.48; and S, 6.39%). Found: C. 54.56: H,  5.34; and S, 6.36. 
HRMS (FAB): Calcd: 220.0949 ( M + H  I ) ;  Found: 220.0942. 

(2.574 - )-1-(4-Methoxyphenyloxy)-3,3,3-trifluoro-2-propa~ol [ ( -)-S d] : 
Cyclic sulfate 3 (384 mg, 2 mmol) was added slowly to a solution of p -  
niethoxyphenol (273 mg, 2.2 nimol) and potassium tert-butoxide (246 mg, 
2.2 mmol) in dry tetrahydrofuran (3 mL) at room temperature. The mixture 
was stirred for 2 h at ambient temperature and the solvent then removed in 
v:icuo. The rcsidue was dissolved in ether (10 mL) and sulfuric acid (20"/0 
aqueous solution. 10 mL) was addcd. The mixture was then slowly ncutral- 
ired with powdcred potassium carbonate until neutral. The aqueous phase 
was extracted with ether (20 tnL), washed with 2~ NaOH (2 x 10 mL), fol- 
lowed by brine and dried over MgSO,. Concentration in vacuo afforded 
320 in& (68%1) of Sd as an oil. R, = 0.35 on silica gel (hexane,ethyl acetate 
90l10); [a]i3 = -15.0 (c =1.6 in CHCI,); ' H N M R  (250 MHz, CDCI,3): 
$ = 6 . 8 7 ( 4 H , m ) , 4 . 3 5 ( l H ,  m) ,4 .21  ( I H , d d , J = 1 0 . 1 ,  3 .4Hz) ,4 .12 ( lH ,  
dd. J =10.1, 6.3 Hz), 3.79 (3H, s), 2.93 (1 H, brs.): 13C NMR (62.5 MHr, 
CDCI,): 6 =154.7. 124.2 (9, Jc -k  = 257Hz), 115.8, 114.8, 69.4 (4. 
Jc-v = 31.3 H7). 66.8, 55.7; FT-IR (neat): i = 3441, 2942, 2838, 1509, 1466, 
1444, 1231. 1177, 1142. 1046,878, 826,748,691 cm- ' .  HRMS(FAB): Calcd: 
236 0660 ( M  +): Found: 236.0660. 

( 2 9 4  -)-l-(l-Naphthyloxy)-3,3,3-trifluoro-2-propanol [( - j-Se]: Cyclic sul- 
Fate 3 (768 mg, 4 mmol) was added slowly to a solution of I-naphthol 
(864 mg. 6 mmol) and potassium rut-butoxide (672 mg, 6 nimol) in dry te- 
trahydrofunin (8 mL) at room temperature. The mixture was stirred 
overnight at room temperature and the solvent was then removed in vacuo. 
Thc residue was dissolved in ether (10 mLj and sulfuric acid (20% aqueous 
solution, 10 mL) was added. The mixture was then slowly iieutralired with 
powdered potassium carbonate until neutral. The aqueous phase was extract- 
ed with ether (40mL), washed with 2~ NaOH (2xISmL) ,  followed by 
brine, and dried over MgSO, Concentration in vacuo afforded 664mg 
( 6 5 % )  of Sc. K, = 0.23 on silica gel (hexanes/ethyl acetate 90110); = 
-13.1 (c = 2.2 in CHCI,); ' H N M R  (250 MH?. CDCI,): 6 = 8.23 (1  H. m).  
7.84 ( I  H,  in). 7.53 (3 H, m), 7.40 (1 H ,  m),  6.85 (1 H, ni), 4.3-4.6 (3H,  m),  2.92 
(1 H. d, J = 6.8 Hz); 13C NMR (62.5 MHz. CDCI,): 6 = 134.5, 127.6, 126.7. 
126.3, 125.7, 125.6, 125.3, 121.6, 121.5, 105.1,69.5(q, Jc-F = 31.4Hz),66.2: 
F T - I R  (neat): V = 3574.3055,2986,1597,1581,1509,1459,1396,1265.1243. 
1177, 1147, 1105, 1069. 793, 774, 732, 705cin-'. HRMS (FAB): Calcd: 
256.0711 ( M + ) :  Found: 256.0722. 

(2S)-( -)-I-Cyano-3,3,3-trifluoro-2-propanol [( - j-Sf]: A solution of cyclic 
sulfate 3 (3.84 g: 20 nimol) and sodium cyanide (1.18 g. 24 mmol) in accione 
(20 mL) and water (20 mL) was stirred overnight a t  room temperature. The 
solvent was thcn removed in vacuo. Ether (20 mL) and sulfuric acid (20% 
aqueous solution, 20 mL) were added and the mixture was stirred for 30 min. 
Powdered potassium carbonate was added until neutral and the mixture was 
extracted with cther (2 x 25 mL) .  The combined organic layers wcre washed 
with brine, dried over MgSO,. and concentrated in vacuo. The crude product 
wiis purified by bulb-to-bulb distillation (60 'C, 10 Torr) yielding 1.40 g 
( 5 0 % )  ofcyanoalcohol S f  as an oil. [a]? = - 19 5 ( c  = 1.6 in MeOH) 
-16.78 (c 1.9; MeOH)]; 'H  NMR (250 MHz, CDCI,): b = 4.34 (1 H, m),  
3.65 (1 H, d, J = 5.9 Hz), 2.78 (2H,  m): I3C NMR (62.5 MHz, CDCI,): 
5 =123 .8 (q . J , . ,=279Hz) , I15 .5 .66 .6 (q ,  J c - ,=33 .2Hz) .20 . I ;FT- IR  

1997 0947-hS~Yl9710304-0520 d 1750+ 5010 Clirm Eirr J 1991. 3, NCJ 4 



Halogenated Chiral Synthons 51 7 - 522 

(neat): i ,=3409,  2984, 2267 ( 5 ) .  1661, 1422. 1393. 1275, 1221, 1111, 
947 cni ~ ' . 

(4S,5S)-( + )-4,S-Bis(chloromethyl)-2,2-dioxo- 1,3,2-dioxathiolane [ ( + )-81: 
Sulfuryl chloride (4.46 g, 2.65 mL, 33 mmol) was added dropwise to a cooled 
(0 'C) solution of enantiopure (>98% ee) (S,S)-diol 7[271 (4,74 g, 30 mmol) 
and imidazole (5.1 g. 75 nnnol) in dichloromethane ( 8 5  mL). A precipitate 
formed gradually upon addition. When thc addition was completed, the 
mixture was allowed to warm to room temperature. The mixture was further 
diluted with dichloromethane (100 mL). Sulfuric acid ( 5  "/o aqueous solution, 
30 mL) was added and the organic layer was separated. The organic phase 
was washed with saturated aqueous NaHCO, (30 mL) and brinc, dried over 
MgSO,. and concentrated in vacuo to give 5.52 g (88%) of  crude solid 8. 
Recrystallization from toluenc/hexane yielded analytically purc (+ )-8. 
[XI:: = + 62.0 (c = 1.6 in EtOH): m.p. 54 "C; 'H NMR (250 MHz, CDCI,): 
b =: 5.(ll (2H,  m) ,  3.92 (4H, m); I3C NMR (62.5 MHz, CDCI,): 6 = 81.1, 
41.7;FT-IR(KBr): i =1385,1302, 1212.1180,1057,1019,985.897,856,828. 
799. 761. 654 c m - ~ ' .  Anal. Calcd for C,H,SO,CI,: C, 21.72: H, 2.72; and S. 
14.48%. Found: C, 21.60; H, 2.73; and S, 14.33%. 

(4S)-( +)-4-Trichloromethyl-2,2-dioxo-l,3,2-diouathiolan~ [ ( +)-91: Sulfuryl 
chloride (891 mg, 6.6 mmol, 530 pL) was added dropwise to a stirrcd solution 
of enantiopurc diol ( - ) -2c (1.07g, 6 mmol) and iniidazole (980 i n & .  

14.4 mmol) in dichloromethanc (10 mL) at 0 'C A precipitate formed gradu- 
ally upon addition. When the addition was completed, the inixturc was al- 
lowed to warm to room tempcrature. Thc mixture was further diluted with 
dichloromethanc (20 inL). Sulfuric acid ( 5 %  aqueous solution, 5 mL) was 
addcd and the organic layer was separated. The organic phase was washed 
with saturatcd aqueous NaHCO, (10 inL) and brinc, dried ovcr MgSO,, mid 
concentrated in vacuo to give crude 9 (1.33 g. 92%) .  Recrystalli7ation from 
ethyl acetatelhexanc (75/25) gave analytically pure 9 as colorless needles. 
R,  = 0.25 (hexane/ethyl acetate 90/10); [mi;, = + 24.8 (c = 1.7 in CH,CI,); 
m.p 122 123 "C (ruc-9, m.p. 89 "C): 'H NMR (250 MHz, CDCI,): 6 = 5.32 
(1 H. dd. J = 6.9. 5.6 Hz), 4.93 (1 H, dd, . I=  9.8, 6.9 Hz), 4.83 (1 H,  dd, 
J .= 9.8. 5.6 Hz): I 3 C  NMR (62.5 MHz, CDCI,): 6 = 94.4, 85.2, 68.6; MS 
(El): t d z :  245, 243. 241. 209. 207. 205, 147. 145, 143, 123 (100%,), 111, 97. 
83; FT-IR (KBr): i. = 2991. 1399, 1206, 1054, 1005, 980, 888, 808, 785, 
650cm- ' .  Anal. Calcd for C,H,CI,SO,: C, 14.9; H,  1.2: and S, 13.3%. 
Found: C, 15.3: H,  1.4; and S, 13.0%. 

(R)-( -)-l,2-Propanediol[( -)-2a]: A solution ofcnanttopure (2S ) - (  .- )-3.3,3- 
tnchloro-1,2-propancdiol 2c (897 mg, 5 mmol), potassium carbonate (1.4 g, 
10 mmol). and IO'X palladium on carbon (200 mg) in methanol (10 mL) was 
hydrogenated (1 atm) at room temperature. After 4 h, the suspension was 
filtered over Celite and concenlratcd i n  vacuo. Bulb-lo-bulb distillat~on 
(60°C. 10 Torr) yielded 192 mg (50%)  of pure (-)-1,2-propanediol (2a). 
[1]$ = - 21.5 ( c  =7.0 in H,O) [lit.r40'cnantiopurc (-)-2a: -22 (c  =7.5 in 
H,O)]. Spectroscopic data. vide supra. 

(4S)-( -)-4-Trichloromethyl-2,2-dimethyl-1,3-dioxolane [ ( - ) - I l l :  A solution 
of'diol 2 c  (3.59 g. 20 mmol) and p-toluenesulfoilic acid (76 mg, 2 mol%) in  
2.2-ditnethoxypropanc (20 mL) and acetone (20 mL) was stirred for 12 h at 
room tcmperature. Pulverized polassiutii carbonate (280 mg, 10 mol%) 
was added and the suspension was stirred for an additional 2 h. The mix- 
ture was filtered and coiicenti-ated in vacuo. The crude product was distilled 
undcr reduced pressure (h.p. 70-71 "(2. 8 Torr) yielding 3.82 g (87%) of  
acetonjde 11. [a]:," = - 0.9 (( = 2.2 in THF) ;  'H  NMR (250 MHr, CDCI,): 
d = 4.69 (1 H, dd. J = 6.8, 4.6 Hz). 4.27 (1 H, dd, J = 9.7. 6.8 H?), 4.19 
(1  H. dd. J = 9.7, 4.6 Hz), 1.60 (3H,  s), 1.43 (3H, s): I3C NMR (62.5 MHL. 
CDCI,): 6 =112.9~ 99.3, 86.1, 67.0, 25.9, 25.0; FT-IR (ncat): i. = 2990, 
2880, 1457, 1384, 1374, 1262, 1212. 1155, 1119. 1083. 1052, 964. 896. 856, 
799, 733 em-'. HRMS (EI): Calcd: 202.9433 ( M '  - CH,): Found: 
202.9442. 

(4S)-( -)-4-Dichloromethyl-2,2-dimethyl-l,3-dioxolane ( -)-12: A Pyrex tube 
was charged with trichloroacetonide 1 1  (658 mg. 3 mmol) and dry tetrahy- 
drofuran (20 mL). The solution was irradiated with a mercury lamp (254 nm) 
for 6 h. The solution was concentrated in VHCUO. Bulb-to-bulb distillation 
(60 C.  10 Torr) gave 332 rng (60%) of pure dichloroacetonide 12. 
[ x ] & ~  = - 9.1 (c = 1.4 in CH,CI,); 'H NMR (250 MHz. CDCI,): 6 = 5.63 
( I H .  d. J = ~ . ~ H L ) ,  4.42 ( I H ,  ddd. J = 6 . 4 .  6.4. 4.8Hz). 4.1X ( I H ,  dd. 
J=9.3.6.4H~),4.09(11i,dd,J=9.3.4.8Hz),1.49(3H,s),1.38(3H.~): 

I3C N M R  (62.5 MHz, CDCI,): 6 =111.5.80.1, 72.3, 66.3,26.5, 25.1; FT-IR 
(neat): f = 2990, 2890, 1480, 1383, 1374, 1255, 1217, 1154, 1074, 962, 851. 
775cm- ' ;  MS (EI): m/=: 169, 119, 101, 83, 73, 59, 49, 43 (100%). 

(2S)-( +)-1-Azido-3,3,3-trichloro-2-propanol [( +)-IOa]: A solution of cyclic 
sulfatc 9 (966 mg, 4 mmol) and sodium azide (520 mg, 8 mmol) in N , N -  
diniethylformamidc (10 mL) was stirred for 4 h at 90 'C. Thc solvent was 
carefully removed by distillation under reduced pressure. Tetrahydrofuran 
(10 mL), water (72 pL) and sulfuric acid (392 mg) were added and the result- 
ing suspension was stirrcd for .30 min. Saturated aqueous NaHCO, (5 mL) 
was added and the solution was stirred for 10 min. Water (10 mL) was added 
a n d  the mixture was extractcd with cthyl acetate (2 x 25 mL). The combined 
organic layers were washed with brine, dried over MgSO,, and concentrated 
in vacuo. The crude product was purified by column chromatography on 
silica gel (hexanelethyl acetate: 80/20) yielding 760 mg (93 %) of azidoalcohol 
10a. R, = 0.39 (hexane!ethyl acetare 90jl0); [ a ] F  = + 41.4 (c = 2.3 in 
CH,CI,); 'H  NMR (250 MH7, CDCI,): d = 4.31 (1 H,  dd, J = 8.1, 2.6 Hz). 
3.73 ( I H ,  dd, .1=13.0, 2.6Hz), 3.62 ( I H .  dd, J=13 .0 ,  8.1 Hz), 3.31 ( I H ,  
brs); "C NMR (62.5 MHz, CDCI,): d =100.4, 81.9. 51.9; MS (€1): wz'z :  
179~  168. 149, 136, 122, 105, 100 (100%); FT-IR (neat): i = 3359,2931, 2096 
(s).  1624, 1313. 1114, 1017. 898cm- ' .  

(2S)-( -)-3,3,3-Trichloro-I-phenylthio-2-propanol [(-)-lob]: Cyclic sulfate 9 
(87 mg, 0.36 mmol) was added slowly to a solution of thiophenol (42 mg. 
0.38 nimol) and potassium tcrt-butoxidc (45 mg, 0.4 minol) in dry tetrahydro- 
furan (2 mL) at room temperature. The mixture was stirred for 2 h at ambient 
temperature and the solvent was then removed undcr reduced pressure. The 
residue was dissolved in ether ( 3  mL) and sulfuric acid (20% aqueous solu- 
tion, 3 mL) was added. The iiiixturc was then slowly neutralized with potas- 
sium carbonate until neutral. The aqueous phase was extracted with ethcr 
(15 mL). washed with 2 M  NaOH (2 x 5 mL), followed by brine, and dried 
over MgSO, Concentration in V ~ C U O  afforded 92mg (94%) of lob. 
R ,  = 0.28 on silica gel (1iexanc:ethyl acetate 90/10); [m]k3 = - 91.3 (c = 1.1 in 
CHCI,); ' H  NMR (250 MHL, CDCI,): 6 =7.45 (2H, m).  7.30 (3 H, m). 4.16 
( l H , d d d , J = 9 . 7 , 3 . 7 , 2 . 0 H ~ ) , 3 . 6 8 ( l H , d d , J = 1 4 . 2 , 2 . 0 H ~ ) , 3 . 2 8 ( l H , d ,  
J = -  3.7H~).3.10(1H,dd,./=14.2,9.7H~);'"CNMR(62.5MH~,CDC1,): 
6 =-130.3. 129.3, 127.2, 80.8. 36.8: FT-IR (neat): V = 3450, 3059, 2916, 1583. 
1480. 1439. 1409, 1278. 1217. 1177, 1087, 1025, 980, 804, 738. 690cm-'. 
HRMS (FAB): Calcd: 260.9440 ( & I + ) ;  Found: 269.9431. 

(2.94 -)-l-Benzylamino-3,3,3-trichloro-2-propanol [ (-)-lOc]: Benzylamine 
(545 pL, 5 mmol) was added slowly to a solution of cyclic sulfate 9 (600 mg, 
2.1 5 nirnol) in dry tetrahydrofuran (3 mL) at room temperature. After addi- 
tion of the aininc (exothermic), the mixture was stirred for 2 h at ambient 
tempcrature. Diethyl ether (10 mL) and sulfuric acid (20% aqueous solution. 
5 mL) were added. A precipitate formed immediately and the suspension was 
stirred for 1 h a t  room temperature. The precipitate was filtered and washed 
with ether and resuspendcd in sulfuric acid (20% aqueous solution, 6 mL). 
The suspension was heated at 85 "C. After 20 min the solution became clear. 
Hcating was continued for 15 min. Thc mixture was then cooled to room 
ternperature and slowly neutralized with powdered potassium carbonate until 
neutral. Thc aqueous phase was cxtractcd with ether (30 mL), washed with 
brine, dried over MgSO,. and concentrated in vacuo. The crude product was 
recrystallircd from CH,CI, yielding 375 mg ( 6 5  YO) of IOc. R, = 0.29 on silica 
&el (hcxanekthyl acetate 50i.50); [%IF = -13.8 (c = 1.6 in CHCI,); m.p. 
144 C; ' H N M R  (250MHz, CDCI,): d =7.34 (5H. m), 4.17 (1H. dd. 
J -6 .8 .4 .7Hz) .  3.89 ( 1 H , d ,  J = 1 3 . 9 H ~ ) ,  3.83 ( l H . d , J = 1 3 . 9 H z ) .  3 15 
( I H .  dd. J=13.1.  4 .7Hz),  3.06 ( I H ,  dd, J=13 .1 ,  6 .8Hz):  "C NMR 
(62.5 MHi., CDCI,): d =139.0, 128.6, 128.1, 127.5, 102.3, 79.3, 53.7. 48.7; 
FT-IR (KBr): i = 3407, 1651, 1455, 1422, 1340, 1214, 1135, 1038, 749, 704. 
627cm I .  HRMS (FAB): Calcd: 268.0063 ( M + H + ) ;  Found: 268.0053. 
Anal. Calcd for C,,H,,Cl,NO: C, 44.69; H, 4.47 and N. 5.21%. Found: C. 
44.59; H, 4.41 and N, 4.91 YO. 

Acknowledgments: K. P. M. V. thanks the Belgian National Fund for Scien- 
tilic Research and NATO for a scholarship. We are grateful to the National 
Institutes of Health (GM 28384) and to the W. M .  Kcck Foundation for 
financial support. We also wish to thank Heinrich Becker for assistance with 
thc MacroModel calculations and Dr. Pui Tong Ho for helpful discussions. 

Received: June 28, 1996 [F404] 



K. B. Sharpless and K.  P. M. Vanhessche PAPER 

[l]  H. C. Kolb. M. S. Van Nieuweiihze. K .  R. Sharpless, Chcw. Rev. 1994, Y4, 
2483. 

[2] a) For a review, see: R. M. Hanson, CIiem. Rev. 1991, 91, 437; b) J. Jurczak, 
S. Pikul, T. Baucr. Tetruhedron 1986, 42, 447. 

[3] For reviews, see: a) G. Resnati. 7ktruhcdron 1993, 49, 9385; b) J. T. Welch, 
ihid 1987, 43, 3123. 

[4] M. Koden, M. Shiotni, K.  Nakagawa, F Funada, K. Awane. T. Yamazaki, 
T. Kitazume, Jpn.  .I App'pl. Phys. 1991, 30, L1300. 

[ S ]  H. C. Kolb, Y. L. Beunani, K. B. Sharpless, Tetrahedron A,qwzmefry 1993, 4. 
133. 

[6] F. Mohamadi. N. G. J. Richards, W. C. Guida, R. Liskamp, C. Caulield, 
G. Chang, T. Hcudrickson, W. C. Still, J Comput. Chem. 1990, I / ,  440. 

[7] G.  A .  Crispino, K:S. Jeong, H. C. Kolb, Z.-M. Wang, D. Xu, K. B. Sharpless, 
J. Org. Chewi. 1993, 58, 3785. 

[8] K. Naeniura, T. Mizo-oku, K.  Kamada, K. Hirose. Y Tobe, M. Sawada, 
Y Takai, Tetrahedron Asymmetrq 1994, 5, 1549. 

191 Dihydroxylation (racemic) of trifluoropropcne was reported previously: 
a) W. A. Herrmann, S. J. Eder, W. Scherer, Angew. Chem. 1992, 104. 1371; 
Angew. Chem. Int. Ed. EngL 1992, 31, 1345; b) W. A. Herrmann, S. J. Eder, 
Chem. &r. 1993, 126, 31 .  

[lo] With the recently introduced (DHQD),AQN (AQN = anthraquinone) ligand. 
1 band l c  are dihydroxylated in 81 and 77% w, respectivcly, see: H. Becker, 
K. B. Sharpless, Angew Chem. 1996, 108, 447; Ange~ ' .  Chem. I n f .  Ed. Engl. 
1996, 35, 44X. 

[I I] Asymmetric dihydroxylation of trimethylvinylsilane was reported earlier: 
a) J. A.  Soderquist, A. M. Rane, C. J. Lopez, Tetruhedron Lett. 1993,34. 1893; 
b) A. R. Bassindale, P. G. Taylor, Y Xu, J Chem. Soc. Perkin Trun.5. f 1994, 
1061. 

1121 H. C. Kolb, P. G. Andersson, K. B. Sharpless. J Am. Chem. Suc. 1994, f/6, 
127X. 

[I31 a) For syntheses ofenantiopure methyloxirane, see M. K. Ellis, B. T. Golding, 
Org. Synth. 1985, 63, 140; b) S .  J. Kuhii, U S  Parent 3673 264, 1972 (Chem. 
Ah.P/r. 1972, 77, 139786); c) M. D. Fryzuk, B. Bosnich, J .  Am. Chem. Soc. 
1978, 100, 5491. 

1141 P. Huszthy, J. S. Bradshaw, C. Y Zhu, R. M. Izatt, S. Lifson, .I Org. Chem. 
1991, 56, 3330. 

[ I S ]  3,3,3-Trifluoro-1,2-propanediol was previously obtained by hydrolysis of (tri- 
fluoromethyl)oxirane, see a) E. T. McBee, T. M. Burton, J Am. Chem. Soc. 
1952, 74, 3022. Enantiopure 2h is a key intermediate in the cnantioselective 
synthesis of trifluorolactic acid, see: b) T. Katagiri, F. Obara, S. Toda, K. 
Furuhashi, Synlert 1994, 507. 

[I61 3,3,3-Trichloro-1,2-propanediol has been prepared by hydrolysis of 
(trichloromethyl)oxiraue, see: K. Itoh, S. Sakai, Y Ishii, .I Org. Chem. 1967, 
32, 2210. 

[17] rw-4, see: a) ref. [ISa]; b) I. L. Kunyants, E. Y Pervova, V. V. Tyuleneva, Izv. 
Akad. Nuuk. SSSR Otdel. Khim. Nuuk. 1956,843; c) F. Arndt, B. Eistert, Ber. 
1928, 61, 1121; d) R. M. Groth, J. Orx. Chem. 1960,25, 102. 

[18] For preparations of scalemic 4, see: a) K.  Furuhashi, K. Takai, M. Shintani. 
J P  61 202697, 19%; b) Bio Research Center Co., JP 59 216594, 1983; c) T 
Kuhota, H. Shirakura, T. Tanaka, J Fluorine Chem. 1991,54,286; d) C. von 
dem Bussche-Hunnefeld, C. Cescato, D. Seebach, Chem. Ber. 1992,125,2795; 
e) P. V. Ramachandran, B. Gong, H. C. Brown, J Org. Chem. 1995, 60, 41. 

[19] The high volatility of low molecular weight epoxides makes working with them 
difficult. In addition to reduced volatility, the corresponding cyclic sulfates are 
more reactive towards most nucleophiles. 

[20] For a review on the use of cyclic sulfates as epoxide synthons, see: B. B. 
Lohray, Synthesis 1992, 1035. 

[21 j Recently, direct sulfate formation of certain acyclic diols using SO,CI,/NEt, 
was achieved at low temperature (- 90°C): a) R. W Hoffmann, H. C. Stias- 
ny, Tetrahedron Lett. 1995, 36, 4595; b) H. C. Stiasny, Synthesis 1996, 259. 
The reaction of dianions of diols with N,N-sulfuryldiimidazole yields cyclic 
sulfates. although use of strong base (NaH) is required, see: T. J. Tewson. 
M. Soderlind. J Carbohydr. Chrm. 1985, 4, 529. 

[22] a) S. J. Brandes, J. A. Katzcnellenbogen. Mol. PhuI'mad. 1988, 32,391, b) Y 
Gao, K .  R. Sharpless, J Am. Cheni. Soc. 1988, 1 1 0 ,  7538. 

[23] a) 7. J. Tewson, .I Org. Chem. 1983, 4K, 3507; b) M. S. Berridge, M. P. 
Franccschiui, E. Rosenfeld, T. .I. Tewson, ihid 1990.55, 121 1 ; c) P. A. M. van 
der Klcin. G. J. P. H. Boons, G. H. Veeneman, G.  A. van der Marel. J. H .  van 
Boom, Tetmhcdron Lctt. 1989, 30, 5477. 

[24] The fact that 2b (63 'AL C P )  is raised toenantiopurity by a single rccrystallizatioii 
and that roc-2b IS an oil at room temperature suggests that 2b crystallizes as 
a conglomerate. Dihydroxylation of I b  using (DHQ)* PYR affordcd cnt-2h 
in 63% re, which also cryatallized to enantiopurity. 

[25] Aiialytically and enantiomerically pure 3 is obtained by distillat~on under re- 
duced pressure and is an oil at rooni temperature (cf. rac-3, i n . ~ .  34-35 'C) .  

[26j Preliminary conlrol experiments suggest that sull'uryl diimidazole is riot an 
intermediate in this process. The use of other bases such as NEt, and pyridiiie 
or other solvents (e.g. EtOAc) gave inferior results. 

[27] For a synthesis of cnantiopure 7, see: K. P. M .  Vanhessche, Z.-M. Wang. K.  B. 
Sharpless, Tptrahedvon Leti. 1994, 35, 3469. 

1281 Again, as for diol 2h, 2c (X6% eel is raised to enantiopurity by a single 
recrystallization and the difference in melting points between rdc-2~ (84.6 ~ 

X5 'T, ref. [I 61) and enantiopure 2c (1 10 "C) suggests that this diol also crystal- 
lizes as a conglomerate. Dihydroxylation of I c  using (DHQ),- PYR. afforded 
pnr-2~ in 77% cr (which is also raised Lo enantiopurity by one rccrystalliza- 
tioii) 

1291 A related compound, cyclic sulfate 15. was carlier described as an epichloro- 
hydrin equivalent (prcpared in two steps from 3-chloro-I ,2-propanediol) : 
V. Massonneau, X. Radisson, M. Mulhauser, N. Michel, A. Buforn. B. Botan- 
net, N P M .  J. Chem. 1992, 16, 107. We found that treatment of 3-chIoro-1,2- 
propanediol with SO,Cl,/imidazole in CH,CI, at -20 'C arforded 15 in one 
step (Schenie4). albeit in only 40% yield. 

0 

O:LLo - J&CI 
S02C12, imidazole 

CHpCI2, - 20 "C, 40 % 

15 
Scheme 4. 

[30] a) W Reeve. $vnthrsis 1971,131; b) J. P. Benner, G. B. Gill, S. J. Parrott, B. J. 
Wallace, J. Chrm. Soc. Perkin 11984, 331. 

[31] a) A. R. Pinder, Synrhesis 1980.425; b) P. N. Rylander, Cotu/j,fic H.vdrogc~na- 
tion in Organic Syntheses Academic, New York, 1979, p. 235. 

[32] N.  Mitsuo. T. Kunieda. T. Takizawa. J. Org. Cliem. 1973, 38, 2255. 
1331 a) Organic Elecfrochemistry: an Inlroduction and a Guide (Eds.: H. Luiid, 

M. M .  Baizer), Dekker, New York, 1991; b) T. Shono, Electroorganic Synthr- 
.ris Academic, London, 1991. 

1341 M. Nagdo, N. Sato, T. Akashi. T. Yoshida, J. Am. Chem. Soc. 1966, 88, 3447. 
[35] C. Weizmann, M. Sulzbacher, E. Bergmann, J .  Am. Chem. Soc. 1948, 70, 

1153. 
[36] a) E J. Corey, J. 0 .  Link, Tetrahedron Lett. 1992. 33, 3431; b) E. J. Corey, 

J. 0. Link, Y Shao, ihid. 1992. 33, 3435. 
[37] 3.3,3-Trichloropropene is prepared by dehydrochlorination of I ,1,I &tetra- 

chloropropane, see: R. N. HasLeldine. J Chem. SOC.. 1953, 3371. 
[38] Smaller qudntilies (25 g) of 3,3,3-trifluoropropene can also he purchased from 

Aldrich (for a synthesis, see: R. N. Haszeldine, J Chem. Soc. 1952, 2504). 
(391 With tlic gaseous AD substrates, an excess of olefin is introduced by continu- 

ous bubbling, and the yield is calculated based upon the amount of K,Fe(CN), 
used. For large scale reactions, a closed system may be employed. 

[40] E. Huff, Biochim. Biophys. Arrcr 1961. 48, 506. 
[41] Reduction of 5 a  (H2, Pd/C, MeOH) afforded the corresponding amino alco- 

- 29.5 (c = 1.3 in MeOH)]. hol. [up3 = - 20.1 (i = 1.4 in MeOH) 

522 ~ (c) VCH Verlu~.s~rselI.sr/ia~ mhH, 0-69451 Weinheim, 1997 OY47-6S.~YjU7jU304-0522 B 17.50+ 50/0 Chiwi. Eur. J. 1997, 3,  No. 4 


