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STUDIES WITH TRIALKYLSILYLTRIFLATES: NEW SYNTHESES AND APPLICATIONS

E..J. Corey, Hidetsura Cho, Christoph Rﬁcker, and Duy H. Hua
Department of Chemistry, Harvard University, Cambridge, Massachusetts 02138 U.S.A

Summary: Syntheses and applications are described for three useful reagents for silylation of unreactive

substrates, tert-butyldimethylsilyl, triisopropylsilyl, and octadecyldimethylsilyl triflate.

The tert~butyldimethylsilyl (TBDMS) group has been much used for hydroxyl protectlon,l partly
1,2,3 1
because of 1ts specific and mild removal by either fluoride ion or agueous acad. Protection 1is
1
normally accomplished using TBDMS chloride as reagent with either imidazole or 4-dimethylamino-
4,5
pyridine as catalyst. One problem with TBDMS protection has been the difficulty of silylation an
6
the case of tertiary or hindered secondary alcohols, This problem became urgent during a recent
7

study of the total synthesis of maytansine and prompted a study of TBDMS triflate as a silylating

8
reagent. In this paper we describe the silylation of hindered alcohols by TBDMS triflate, a simple
and practical synthesis of this reagent, and similar studies with two other useful silylating
agents, triisopropylsilyl traflate and n-octadecyldimethylsilyl traflate.

tert-Butyldimethylsilyl triflate has previously been prepared only by the costly reaction of
TBDMS chloride with silver triflate.9 It can be made much more economically and simply by the
following procedure:

TBDMS Triflate: Traiflic acid (14 ml, 0.16 mole) was added dropwise to 24 ¢ {0.16 mole) of TBDMS
chloride at 23° and the resulting mixture was heated to 60°C for ca. 10 hr at which tame no further
hydrogen chloride was evolved and the pmr spectrum of an aliquot (in CDC13) showed peaks correspond-
1ng to TBDMS triflate (0.45 and 1.00 8) but not TBDMS chloride (0.36 and 0.97 §). The product was
directly distilled from the reaction flask to afford 34 g (80%) of TBDMS triflate as a colorlessoil
bp 60°C at 7 torr.1051nce TBDMS triflate 1s much more sensitive to moisture than the crystalline
chloride and since thls preparation 1s so simple, we have over the past few yvears found 1t prefer-
able to store the chloride and prepare quantities of triflate sufficient for a 1-2 month's supply.
To our knowledge this simple metathetical synthesis of silyl traiflates has not previously been

11,12
reported.

The use of TBDMS triflate allows the TBDMS protection of tertiary alcohols and unreactive
secondary alcohols. Dry 2,6-lutidine (distilled from CaH2) 1s an excellent base for these reactions
which were generally performed in methylene chloride as solvent (gg, 1 M solution of substrate) at

0 to 25°C with a ratio of alcohol-TBDMS triflate-2,6-lutidine of 1:1.5:2.0 to 2.5. The reaction

which 1s conveniently monitored by thin layer chromatography is usually complete 1in 10-30 min at
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25°C. For example the preparation of the TBDMS ether of tert-butyl alcohol was carried out in 90%
yield using 1 equiv of the alcohol, 1.5 equiv of TBDMS triflate, 2 equiv of 2,6-lutidine, in methy-
lene chloride (1 M concentration of the alcohol) at 25° for 10 min followed by extractive isclation
and distillation. The following alcohols were silylated in the same way 1n good yield (70-90%):
2-phenyl-2-propanocl, endo-norborneol, 2,2,4,4-tetramethyl-cyclobutan-cis-1,3-diol and 9-0-methylmay-
tansinol (converted to the 3-TBDMS derlvatlve7’l3).

The triisopropylsilyl (TIPS) group is an exceedingly useful control element in organic synthesis,
as will be demonstrated in forthcoming publicatlons.l4The three 1sopropyl substituents provide strong
steric screening not only for the silicon to which they are attached, but also for the atom to which
silicon 1s connected (in contrast to traimethylsilyl, triethylsilyl, TBDMS or other commonly used
s1lyl moieties). However, the introduction of the TIPS group has been a problem because of the

15,16
relative unreactivity of TIPS chloride, for example toward secondary hydroxyl groups or enolates.
In contrast, TIPS triflate 1s easily prepared and highly reactive in silylation. Reaction of iso-
propylmagnesium chloride with commercially available and inexpensive trichlorosilane affords in high
yield triisopropylsilane, asprev1ouslydescrlbed}GThis can be converted to TIPS triflate as follows:

TIPS Triflate: Triflic acid (23.8 ml, 39.9 g, 0.266 mole) was added dropwise to 38.2 g (0.242
mole) of triisopropyls_llane,16 stirred (inert atmosphere) and cooled to 0° i1n a flask fitted with
dropping funnel, gas inlet and exit tubes (H2 evolution) and thermometer. After completion of the
addition, stirring was continued at 22° for 16 hr and the resulting product was distilled through
a 30~-cm vacuum jacketed Vigreux column to give 71.7 g of TIPS triflate (97%), bp 83-87° at 1.7 torr,
d 1.,173. The pmr spectrum of TIPS triflate (CDC1l3, 80 MHz) consists of a complex multipletat §1l.6-
1.05 with two major peaks at 1.18 and 1.13 (height ratio 2.2:1).

TIPS traiflate in combination with 2,6-lutidine is an excellent silylating agent for primary and
secondary alcohols. Benzyl alcohol was silylated quantitatively even at -78° (5 hrs, CH2C12501ut—
ion). l-Phenylethanol was converted to the TIPS ether in >98% yield at 0° in CH2C12 in just 2 hr
using 1.3 equiv of TIPS triflate and 2.5 equiv of 2,6-~lutidine. As might be expected tertiary
afcohols are relativefy resistant to sifyfation py this highly efectrophilic but exceedingly DulkRy
silylating agent. Cyclopentanone, cyclohexanone, 4-tert-butylcyclohexanone and cycloheptanone were
each converted in >98% yield to the corresponding enol TIPS ether with 1.1 equiv of TIPS triflate and
1.5 equiv of triethylamine 1in benzene at 23° for 1 hr. In a similar way enol TIPS ethers were

obtained in high yields from aldehydes, e.g. n-heptanal (4Zfether), cyclohexanecarboxaldehyde and

pPhenylacetaldehyde. The TIPS enol ethers are sufficiently stable to be chromatographed on silica
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gel or distilled. TIPS chloride 1in contrast to the triflate does not yield enol ethers under
these conditions.

Another application of silyl triflates is in the silylation of support materials for reversed
phase high performance liquid chromatography (RP-HPLC). The most commonly used material for RP-HPLC
separations currently is Cls—reversed phase silica which 1s produced by silylation of silica by heat-
ing with n-octadecyldimethylsilyl (ODS) chloride-pyridine. Because of incomplete silylation polar
sites usually remain which cause problems such as: (1) loss of substrate in preparative RP-HPLC, (2)
loss of resolution, (3) limited column life, and (4) batch-to-batch irreproducibility. Our exper-
lence with the use of triflates for the silylation of unreactive organic substrates led us to study
the application of ODS triflate to this problem which has been of special importance in recent work

7
in these laboratories on the leukotrlenes.1

ODS triflate was prepared by reaction of ODS chloride with 1 equiv of triflic acid at 60-70° for
30 min with final heating at 6 mm to remove last traces of HCl. Waters Associates u-Porasil 10 u
silica was dried at 300°/0.1 torr, cooled and treated with 2/3 1ts weight of ODS triflate and 2 equlv
of 2,6-lutidine/triflate in CHyCl, at 25° for 24 hr. Filtration, washing with (1) methylene
chloride, (2) methanol, (3) methanol-water, and (4) methanol, and drying in vacuo afforded C18_
silanized silica: porosity, 0.32 cc/g; surface area 177 mz/g; %C, 17.02; %H, 3.00;18 U moles silane/
m2 3.05. This material could be made very reproducibly and columns made from 1t showed consistent
properties. These columns were tested i1n comparison with cammercial columns of C18—silanlzed 10 u
si1lica and were found to be superior with respect to resolution of various leukotrienes (see insert

19
below), recovery and durability. Further work along these lines is continuing.

Ry (min) Ry (min)
] l - ‘

o3 6 9 12 15 0 36 712 15 18

Illustration: RP-HPLC separation of 6~trans-leukotriene B (left peak), 6-trans 10-c1s-leukotriene B
(center peak), and leukotriene B (right peak) using 3:1 methanol water containing 0.01% acetic acid
and 0.39 x 30 cm Cjg silanized (ODS) columns of 10 i particle size, flow rate 1 ml/min. Identical
method was used for column packing.

Panel A: new commercial column (from ODS chloride).

Panel B: column prepared using ODS triflate made as indicated above.
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