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P(MeNCH2CH)sN: An Efficient Silylation Catalyst
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In our continuing questfor new synthetic applications of
our recently synthesized and commercially available proaza-
phosphatrand.b, we have discovered thdt is an efficient
and mild catalyst for the silylation of tertiary alcohols and
hindered phenols that are difficult to silylate using the reagent
tert-butyldimethylsilyl chloride (TBDMSCI). The influence of
solvent on the vyield of silylated benzyl alcohol is discussed,
and evidence for the first example of a P-silylating intermediate,
namely2a, is given that stems from the detection of its analogue
3a. Of the functional groups amenable to silylation (e.g., -SH,
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-COOH, -NH, and -OH), the hydroxy group has thus far
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and triflate (with 2,6-lutidineY" have also been employed. The
foregoing methods have two general disadvantages, however.
Thus, p-toluenesulfonic acid (PTSA) and potassium carbonate
cannot be used for acid and base sensitive alcohols, respectively.
Secondly, the use of DMF as a solvent, the relatively high base
concentrations, long reaction times, and high reaction temper-
atures required for obtaining high yields of secondary silyl ethers
when TBDMSCI is used as a silylating reagent incur procedural
inconveniences. A particular problem with TBDMS protection
has been the difficulty of silylating tertiary or hindered second-
ary alcohols and hindered phenols. This problem became acute
during the total synthesis of maytansirend of 1,4-bis tert-
butyldimethylsiloxy)-2,5-ditert-butylbenzene for electrochemi-

cal oxidation studie8. Hence, more reactive silylating agents,
namely TBDMS perchlorat&® and TBDMS triflate’™ were
developed, which were found to be capable of silylating tertiary
and hindered secondary alcohols in high yi&ld. The per-
chlorate derivative, however, is explosive, must be handled with
great care, and is not commercially available.

We report here a very effective and mild procedure for the
preparation of TBDMS ethers of tertiary alcohols and hindered
phenols. To this end, the commercially available and relatively
inexpensive TBDMSCI is employed in the presence of the
commercially available nonionic superbable, first reported
from our laboratoried? as a catalyst under a nitrogen atmosphere
in CHsCN or in DMF. The analogueda of the proposed
P-silylating intermediat@awas detected by NMR spectroscopy.
Table 1 outlines the efficacy and the scope of this procedure

received the most attention because of its presence in many!Sing alcoholst—7. The silylated products were purified by
natural products. Among the many trialkylsilyl derivatives used ~Silica gel chromatography using hexanes as the eluent.

to protect hydroxyl groups, the TBDM&eft-butyldimethylsilyl)
group has proven to be invaluable in synthetic organic chemistry,
ever since its introduction in 1972 by Corey and Venkateswarlu.
This is primarily due to the comparative ease with which
TBDMSCI transforms an alcohol to the corresponding TBDMS
ether, the facile specific removal of the TBDMS group by either
fluoride ion or aqueous acid, and its stability to hydrogenation,
saponification, and to Jones, Grignard, and Wittig reagents.
Moreover, TBDMS ethers are approximately*iimes more
stable to solvolysis than the corresponding trimethylsilyl ether,
thus facilitating hydroxy group protection during the synthesis
of a variety of structures including prostaglandinmclitaxels’
and vitamin .6

Conventional methodgor the preparation of TBDMS ethers
include the reaction of an alcohol with TBDMSCI in the
presence of bases such as imidaZdi#;N/1,1,3,3-tetrameth-
ylguanidine (TMG)72EtsN/DBU (1,8-diazabicyclo[5.4.0]undec-
7-ene)’Pc 18-crown-6/KC0s,7? i-PLNEt,’® EtsN/DMAP (4-
(dimethylamino)pyridinef and LLS79in solvents such as DMF,
CHs:CN, and CHCIl,. TBDMS derivatives, such as its ketene
methyl acetyl" enol ether of pentane 2,4-dione (with catalytic
PTSA (p-toluenesulfonic acid)¥, allyl silane (with catalytic
PTSA)/i N-methylN-tert-butyldimethylsilyl amidegk N,O-bis-
(tert-butyldimethylsilyl)acetamidé,perchlorate (with pyridinej?
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When 0.2 equiv ofLb, one equiv of benzyl alcohol, and 1.1
equiv each of BN and TBDMSCI in CHCN at 24°C were
mixed, the corresponding silyl ether was produced in quantitative
yield in 0.2 h (eq 1). A similar yield was obtained in 2.5 h
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ROH + TBDMSCI )

employing only 0.04 equiv otb. The influences of different
solvents on the yield of the silyl benzyl ether at 22 using
0.04 equiv oflb are pentane, 43%; ether, 46%; benzene, 78%;
THF, 92%; CHCN, ~100%; and DMF,~100%.

The favorable effect of polar solvents on the silylation of
alcohols under our conditions may be rationalized on the basis
of an ionic species such &a being formed as an active
intermediate in the reaction @b and TBDMSCI, even though
such an intermediate was not detectable by variable temperature
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Table 1. Conditions for Alcohol Silylation with TBDMSCI Using isolation of3afrom DMSO resulted in its decomposition. This
1b as a Catalyst is not suprising, sincéais stable only in solutio. Apparently,
equiv time T yield the augmented basicity and nucleophilicity of the phosphorus
alcohoP of 1b solvent () (°C) (%) in 1 stemming from transannular bond formation play important
4 0.2 A 24 24 4 roles in the rate of formation and stability, respectively, of the
0.2 D 24 24 12 cations of type and3. Under the present reaction conditions,
0.2 D 24 80 80 we believe thailb forms the adduc2awith TBDMSCI, which
11 N 24 80 90 subsequently reacts with alcohols to afford TBDMS ethers. That
5 0.2 D 24 80 12 triethylamine does not catalyze reaction 1 is well-known from
0.4 D 48 80 " earlier alcohol silylation experiments.
6 é'i X fg gg 28 - We _believe_ that t_h_e extensive positive charge delocaliz_ation
0.4 A 18 60 86 in cation 2a is facilitated by transannular bond formation,
7 0.2 D 24 80 86 permitting substantial separation of the ion pair, thereby making

- — — _ the cation more reactive. The resonance structures for cation
timeNgngtttir;%te\pﬁﬁrrgZ%% tt?]éngé"]”ggftrgﬁgﬁm%’ Xﬁ)ttlﬂqézéﬁlgoili]eoallgtlon 2ashown and implied below indicate the possibility of positive
are commercially available and were used as receivad= acetoni- ?hhrzrgen'?r(e)logggzggr?nbéo'r?lloﬁog:j ngrgggﬁsdgm;e;ﬁ aj?gly This
trile, D = dimethylformamide, N= no solvent. Itrog involved in su Izaton. 1hi
reasoning finds support in the fact that the electron-donating

dimethylamino group in TMG facilitates formation of the

81 NMR spectroscopy in an equimolar mixture df and proposed charged intermediaé&®
TBDMSCI, TBDMS triflate, tert-butyldiphenylsilyl chloride

(TBDPSCI), or triphenylsilyl chloride (TPSCI) in GIBN (—10 + +

to +40°C) or GDg (+10 to+40°C). It may be noted in this Me~_ ¢ —Me Me~_ ¢ —Me

respect, however, that the P-acylated intermedgten our 5 NMe,

benzoylatlon of alcohols was found by NMR spectroscopy to Me, S pn\"N MMe Me\+ > Me

be in equilibrium withlb at room temperaturk:. We also have NMe;
substantial NMR spectroscopic evidence that the active catalytic <; J <_

site in compounds of typ# for the synthesis of isocyanurates

and carbodiimides is the phosphorus aténMolecular struc-

tures determined by X-ray analysis fbe'! as well as3b*2 and Kim et al’2reported that the silylation d using 0.2 equiv
3c? show that the three R groups are attached to planar of TMG in the presence of 1 equiv of TBDMSCI andsBt
nitrogens, thus orienting the R groups like a picket fence around resulted in only 11% of the silylated product at room temperature
the phosphorus. Proceeding from the assumption that interme-in DMF. Prolonged heating and the use of 1 equiv of TMG
diate2ais too sterically encumbered to form in concentrations did not significantly improve the yield. Alcohd could not
detectable by NMR spectroscopy, we sought to make the lesspe silylated using 1.1 equiv of DBU in DMF at room
hindered3a in which the 1a moiety is more basic thahb.1® temperaturé® However, silylation of5 using only 0.4 equiv
Thus, we generateth (6P = 89.0 ppm) in deuterated DMSO  of 1b as a catalyst at 88C gave a 77% yield of the silylated
at 20°C under nitrogeH and then added a 10% molar excess product in 48 h. TBDMS perchlorate, although not com-
of TBDPSCI at room temperature. TA® NMR spectrum of  mercially available, rapidly silylate? in quantitative yield at
this solution then displayed a single peak-&.4 ppm, with or  room temperature in acetonitrile, whereas the TBDMSCI/DMF/
without proton decoupling, which we assign 3a. The 'H imidazole cocktail produced only 10% of silylated product in 3
NMR spectrum revealed the presence of unreacted TBDPSCldays’™ From Table 1 it is seen that this alcohol was silylated
and a doublet centered at 1.07 ppm witlh = 24 Hz, which in 86% yield using our method. Sterically hindered 1,4-bis-
we assign to a two-bond PNH spispin interaction ir3a on (tert-butyldimethylsiloxy)-2,5-ditert-butylbenzene was difficult
the basis of a 28 Hz value for this coupling &b.X This to prepare in reactions of TBDMSCI with, and hence, the
substantiates the assignment of th@.4 ppm3'P NMR peak  more reactive TBDMS triflate was employ@&dHowever only

to the cation o3arather than that o8b (6P = —42.0 ppm),  a 53% yield of the pure disilylated product was reported,
since the latter exhibits a 453 Hz doublet due to one-bond P whereas our method gave 86% of the disilylated produ@ of
coupling without proton decoupling. Evidence for considerable (Table 1). Recently, an efficient and mild palladium(ll)-
transannulation iBa s its high-field3!> NMR chemical shift  catalyzed desilylation of phenolic TBDMS ethers was repdfted
(=0.4 ppm) which is indicative of phosphorus five-coordination. which should enhance the use of the TBDMS moiety as a
This shift is consistent with the high-fieflP chemical shifts protecting group for phenols. Investigations of functional group
observed for cation2b, 2c¢, 3b, and 3c'a1%13 Attempted  compatibilities, sterically hindered alcohol silylations using
solvents other than DMF, and catalyst recycling are underway.
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NMR spectrum of this mixture shows a doublet for the carbonyl carbon
peak centered at 172.4 ppm with a coupling constant of 201.8 Hz, consstentsee any current masthead page for ordering and Internet access

with a one-bond €P interactiort2 The3!P NMR spectrum displays a single instructions.

peak at—1.5 ppm with or without proton decoupling which we assign to

2c rather than3c (—9.9 ppm), since the latter resonance without proton JA961010W

decoupling is a doublet owing to one-bone R coupling!a:c (14) Wilson, N. S.; Keay, B. ATetrahedron Lett1996 37, 153.




