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A frequently used chiral reagent for the determination 
of enantiomeric purity of chiral alcohols and amines' is 
a-methoxy-a-(trifluoromethy1)phenylacetic acid, also 
known as Mosher's acida2 This compound has been syn- 
thesized by reaction of a,a,a-trifluoroacetophenone (1) 
with sodium cyanide in 1,Zdimethoxyethane (DME) fol- 
lowed by alkylation with dimethyl sulfate to give the nitrile 
2 and finally hydrolysis of %,,first to the amide and then 
to the acid 3.2 More recently, a modified synthesis of 33 

NaCN 
DME or 

PhCOCF3 

1 tDuOH 

c F3 cF3 Me2S04 cF3 H'or 
Ph+CN - Ph+CN - Ph+COOH 

ONa OMe OMe 
2 3 

was developed, with minor improvements realized over the 
original preparation (Le., use of tert-butyl alcohol instead 
of DME and use of alkaline hydrogen peroxide for the 
hydrolysis of 2). While these methods afford Mosher's acid 
in quite good yield, they require the use of toxic sodium 
cyanide and dimethyl sulfate. We now report a new me- 
thod for the preparation of Mosher's acid, based on the 
addition of trimethylsilyl trichloroacetate (TTA) to 1 and 
subsequent hydrolysis of 4 to 3. This may be done without 
isolation of 4, thus providing an efficient one-flask pro- 
cedure for the synthesis of 3. 

3 
18-crown4 cF3 KOH/MeOH 

KzC03,-c02 
PhCOCF, + CI3CCOOSiMe3 - Ph+CCI, 

1 TTA 150 'C OSiMe, 
5o 'c - 

4 

TTA,  a known415 reagent for the trichloromethylation 
of ketones, has been prepared by silylation of trichloro- 
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Table I. Phase Transfer Catalyzed Silylation of Sodium 
Trichloroacetate" 

Dhase-transfer anent reaction time, h % TTAb 
~~~~ ~~~ 

18-crown-6 4 
12 

Bu4NtHSOC 24 
Adogen 464 24 
(n-C8Hl,),NtBr- 24 
@-(CH2)6PBu3tBr- 24 
PEG-400 24 
TDA- 1 24 

75 
83 
2e 

19 
48 

23 
26 

45 (47)d 

Molar ratio of Cl,CCOONa:Me,SiCkcatalyst was 1.0:1.2:0.05, rt 
in benzene. *Isolated yield of pure material. "C yield. dYield 
after reuse of phase-transfer catalyst. 

acetic acid with hexamethyldisilazane,6 hexamethyl- 
disiloxane,' or trimethylchlorosilane.8 Disadvantages of 
these methods include concurrent formation of side 
products6*' and long reaction times.8 We have found that 
solid-liquidg phase transfer catalyzed (PTC) reaction of 
sodium trichloroacetate with chloromethylsilane is a sim- 
ple, mild, and convenient route to 'ITA. When a mixture 
of CC13COONa (0.10 mol), Me3SiC1 (0.12 mol), and 18- 
crown-6 (5 mmol) in benzene was stirred for 4 h at  room 
temperature, TTA was obtained in 75% yield of pure 
material. The yield increased to 83% when the reaction 
was run for 12 h. Other phase-transfer agents, including 
quaternary ammonium salts, a polymer bound phospho- 
nium salt, poly(ethy1ene glycol) (PEG-400), and tris(po- 
1yoxaheptyl)amine (TDA-1) were much less effective in this 
regard (Table I). Of these it is noteworthy that poly- 
mer-anchored tributylhexylphosphonium bromide can be 
reused without a loss in activity. 

Treatment of TTA with 1 in the presence of catalytic 
quantities of 18-crown-6 and K2C03, for 30 min at  150 "C 
afforded 4 in 83% yield. Dibenzo-18-crown-6 and di- 
cyclohexano-l&crown-6 can be used in place of 18-crown-6 
with similar results, and TDA-1 was also useful, but a 
longer reaction time (3 h) was necessary in this case. 
Methanolic potassium hydroxide was used to effect si- 
multaneous disilylation, hydrolysis, and methylation, re- 
sulting in the conversion of 4 to 3 in 79% yield. This 
method has been useful for the preparation of a-meth- 
oxymandelic acid from phenyl(trichloromethyl)carbinol.10 

Experimental Section 
Trimethylsilyl Trichloroacetate (TTA). To a suspension 

of sodium trichloroacetate (18.54 g, 0.10 mol) in benzene (30 mL) 
containing 18-crown-6 (1.32 g, 5.0 mmol) was added chlorotri- 
methylsilane (12.84 g, 0.118 mmol), and the reaction mixture was 
stirred at rt for 12 h. The solution was filtered, and benzene and 
excess Me,SiCl were removed by rotary evaporation. Vacuum 
distillation of the residue afforded 19.65 g (83%) of Tl'A, bp 42-43 
"C (1 mmHg) [lit.lo bp 69 "C (10 mmHg)]. 
a-Methoxy-a-(trifluoromethy1)phenylacetic Acid (3). A 

mixture of 1 (1.74 g, 10 mmol), TI'A (2.83 g, 12 mmol), 18-crown-6 
(0.132 g, 0.5 mmol), and KzC03 was stirred at 150 "C until the 
evolution of C02 was complete (i.e., 30 min). If required, 4 can 
be isolated by vacuum distillation [2.98 g (82% yield); bp 65-67 
"C (0.2 mmHg); 'H NMR (CDClJ 6 0.25 (s ,9  H, %Me3), 7.3-7.8 
(m, 5 H, Ph) ppm; MS m l e  247 [M - CCl3lt]. Compound 4, or 
the reaction mixture above, is dissolved in methanol (15 mL) and 
warmed to 60 "C. A solution of 5.6 g (0.1 mol) of KOH in 
methanol (50 mL) was added dropwise, and stirring was continued 
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at 60 OC for 6 h. The cooled reaction mixture was diluted with 
water (65 mL), acidified to pH 1 using 10% HC1, and then ex- 
tracted with ether (3 X 150 mL). The combined ether extract 
w a ~  dried (MgSO,) and concentrated. Distillation of the residue 
gave 1.85 g, (79%) of Mosher's acid, bp 90-93 OC (0.3 mmHg) 
[lit.3 bp 105-110 OC (1.0 mmHg)]. Spectral data were in accord 
with that of an authentic sample. 
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In the course of studies directed toward the total syn- 
thesis of the naturally occurring antitumor agents azino- 
mycin A and B,2 we developed a requirement for five- 
carbon fragments3 bearing the absolute stereochemistry 
and selectively protected functional groups depicted by 
aldehyde 1. This requirement was subject to several 
considerations, including the ability to smoothly unmask 
a potentially unstable aldehyde, to produce a selectively 
protected syn-1,2-diol (R' # R2), and to readily access an 
unprotected primary hydroxyl group in 1 (R3 = H). 
Economic considerations dictated that targets such as 1 
must be available in homoenantiomeric form. Herein, we 
detail a high-yielding, effectual synthetic route to variably 
protected precursors of aldehyde 1, subject to efficiently 
satisfying the conditions specified above. 

RIO NHC0,Bn 
OHC *R3 

b R 2  

1 

The synthesis of systems related to 1 relied on the ob- 
servation that the three stereogenic centers of aldehyde 
1 possess the same absolute configuration as C2, C3, and 
C4 of D-gluc6eamine (3), a readily available and inexpensive 
starting material ($2O/m0l).~ This strategic observation 
is outlined in Scheme I. Aldehyde 1 would be available 
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Scheme I 

Scission , reduction 

R'O NHCO,Bn 
X+R3 (4) (2) d 

OR2 OH 

X=CHp 2 
E x = ,  1 3 

from olefin 2 by oxidative cleavage, conceptually providing 
a convertible precursor that in turn can be mapped onto 
the pyran skeleton of D-glucosamine (3). In turn, suitable 
protection of the C2-C4 amino diol functionality of 3, 
pyran ring scission using a Vasella fragmentation: and 
reduction of C1 to the alcohol oxidation state would pro- 
vide ready entry into systems depicted by 2. 

Synthesis of the variously protected 6-deoxy-6-iodo-~- 
glucosamine derivatives loa-d is detailed in Scheme 11. 
Reaction of carbamate 45 with p-anisaldehyde or benz- 
aldehyde dimethyl acetal (cat. CSA, DMF, 90 "C, 12-48 
h)6 afforded 4,6-0-benzylidene acetals 5a (75%; PMP = 
p-methoxyphenyl) and 6a (73%). Protection of the re- 
maining C3-hydroxyl group as the corresponding benzyl 
ether (5a; KH, PhCH2Br, cat. n-Bu,NI, THF, 0 "C, 67%) 
or silyl ether (6a; t-BuMe2SiOTf, 2,6-lutidine, CH2C12, 24 
"C, 100%) afforded 5b and 6b, respectively. Cleavage of 
the labile p-methoxybenzylidene acetal of 5a (2% HC1 in 
CH30H, 24 "C, 92%) afforded diol 7. Selective iodination 
of the primary C6-hydroxyl group of 8 (I2, Ph3P, pyridine, 
toluene, 70 "C, 87%)' afforded 8; acetylation of the re- 
maining C4-hydroxyl group of 9 (Ac20, Et3N, CH2C12, 24 
"C, 100%) afforded 6-deoxy-6-iodo-~-glucosamine deriv- 
ative loa. Alternatively, the benzylidene acetal of 6b was 
cleaved using the Hanessian-Hullar protocol8 (N-bromo- 
succinimide, cat. AIBN, BaCO,, CCl,, reflux, 72%) to 
provide the fuUy protected &bromo-&deoxy-D-glucosamine 
derivative 9, which was converted to iodide 10b (NaI, 
acetone, reflux, Symmetrically protected 6- 
deoxy-6-iodo-~-glucosamine derivatives 1Oc and 10d were 
prepared from carbamate 4 by selective iodination of the 
primary C6-hydroxyl group (I2, Ph3P, pyridine, toluene, 
80 "C, 69%)' and either silylation (t-BuMe2SiOTf, 2,6- 
lutidine, CH2C12, 24 OC, 52%) or acylation (AaO, pyridine, 
24 "C, 100%) of the remaining secondary hydroxyl groups. 

Scission of the pyran ring system (Scheme 111) was 
achieved by Vasella fragmentationk of iodides loa-d 
(activated Zn, 95% EtOH, 78 "C, 1 h), in a process that 
cleanly and in high yield afforded the corresponding 5- 
hexenal derivatives lla-d (X = 0), with no detectable 
epimerization of the C2-stereogenic center ('H NMR). In 
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