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ABSTRACT
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The reaction of substituted glycols with catalytic dibutyltin oxide, stoichiometric p-toluenesulfonyl chloride, and triethylamine in CH,Cl, resulted
in the complete and rapid sulfonylation at the primary alcohol. The a-heterosubstituted primary alcohol moiety appeared optimal for best
results, supporting the intermediacy of a five-membered chelate. The role of the amine is discussed, in addition to catalyst requirements and
solvent effects.

Selective alcohol functionalization in polyol substrates has ||| NNNNENRNEGEGENEEEEEEEE

been achieved through a variety of techniqidost cases Scheme 1

have involved stoichiometric reagents to effect, for example, Bu.SnX R RX R
sulfonylation? alkylation? acylation? and asymmetric vari- OH 2 /0 - . Y\O-R’
ants® The monoderivatization of symmetric diols using OH X=0 or (OMe), O~s‘n—Bu O.gyX
stannoxanes was first disclosed by Shanzer in £9BGis 1 2 Bu 3 g BU
stannylidene-based regioselective functionalization of glycols R ,

has been reviewed thoroughl{Scheme 1). Typically, the - OH OR

1,2-diol1is treated with BuSnX, where X= O? or (OMe),? 4

with removal (azeotropic or desiccant) of eithegCHor
MeOH to afford the requisite tin acetd. Often these
procedures involve solvent exchange in order to conduct the
subsequent functionalization. The stannyliderfeghen

undergo selective alkylation, acylation, sulfonylation, and
phosphorylation, usually at the primary position, or silylation
. . i P L .
(1) Kolb, H. C.. Van Nieuwenhze, M. S.; Sharpless, K.Gem. Rev. with varlable_ reglosele(_:tlwt?. In_some cases, it is possible
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Soc., Chem. Commut994, 1373. ; : : :
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of stoichiometric triethylamine. A dramatic rate acceleration, excess BN might enhance turnover through competitive tin

vis a vis the stoichiometric version, was also observed. binding and neutralization of the newly formed HCI. Thus,
Dibutyltin oxide has been employed in a catalytic fashion treatment of diobb with TsCl and EfN (1 equiv each) and

to effect macrolactonization under neutral conditibhs, catalytic Bu,SnO (2 mol %) led to the results under the

presumably as a template for ionic interactions with the “catalytic” column. It is noteworthy that excellent regio-

carboxylate and alcohol termini. Similarly, it has been used selectivity (comparable to the “standard” protocol) is achieved

as a highly effective, intermolecular transesterification and in this case. More significant is the observed rate acceleration

esterification catalys Bu,SnX, has been utilized in a
catalytic manner to form trimethylsilyl cyanohydrins of
aldehydes and ketoné%A recent citation describes the use
of catalytic BuSnO to accelerate benzoylation of poly#is.

under these conditions, compared with the “standard”
protocol.

To further exemplify the catalytic effect of dibutyltin oxide
on the tosylation reaction, a rate study was conducted. Diol

This latter approach was run under conditions with a tunable 11 was chosen as the test substrate. In separate experiments,

microwave heate¥s More recently, dimethyltin dichloride

1-phenyl-1,2-ethanedioll was treated with TsCl (1.05

has been reported as a catalyst for the selective monobenequiv) and EN (1 equiv) in CQCl,, in the presence and in

zoylation of diols, with added ¥CO; as adjuvant® Finally,
application of catalytic Bs5nO to mediate the addition of
TMS—Ng3 to nitriles, affording tetrazoles, has been repotfed.

During the course of our work on cryptophycin ana-
logues!® we discovered the catalytic nature of BmO in
the sulfonylation ob. Our preliminary experiments are listed
in Table 1. Under the “standard” protocol, diél was

Table 1. Comparison of Stoichiometric and Catalytic
Dibutyltin Oxide Tosylations, Relative to Tin-Free Conditions

Standard Tin-free Catalytic
Diol § 1.0 1.0 1.0
TsCl 1.0 1.0 1.0
Et;N 0.1 1.0 1.0
Bu,Sn0O 1.0 0 0.02
Time 1080 min 1080 min 15 min
%7 <1% >10% <1%

the absence of catalytic BBnO. The conversion to mono-
tosylate13 was followed by'H NMR as a function of time
(Figure 1). From this study, it is evident that the ,BnO-
catalyzed reaction is at least an order of magnitude faster
than the uncatalyzed version.
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Figure 1. Rates of monotosylation of didl1 in the presence and

converted to the corresponding stannylidene acetal by apsence of catalytic BSnO.

treatment with BeSnO (1 equiv) in toluene with azeotropic
removal of HO. After solvent exchange into GBI, the
stannylidene was treated with TsCl (1 equiv) ang\NK0.1
equiv) for 18 h to furnish monotosylatgas the exclusive
product. Under “tin-free” conditions where the diol was
treated with TsClI (1 equiv) and &t (1 equiv) in CHCls,,
the byproduct bis-tosylateis usually formed, accompanied

A brief solvent study showed the following trend for
tosylation rate and overall yield: GBI, > CH3;CN > THF
> toluene> MeOH at ambient temperature with catalytic
Bu,SnO. Toluene proved less effective due to an observed
limited solubility, while methanol likely competed for

by the starting diol (Scheme 2). The “standard” protocol pinding at the tin center. Both of these aspects will manifest

employs 0—10 mol % of BN presumably since the weak
product-tin complex remains until workup. Whereas the

in less efficient reaction progress. Other Sn species were
likewise evaluated in the selective tosylation process and

stannylidene is a tight covalent complex and quite stable, showed this trend: BSnO = Bu,Sn(OMe} > Bu,SnChb
upon primary alcohol functionalization the complex stability - Bu,Sn(OAc) > BusSnCl. We believe this trend is a
is significantly diminished. We therefore speculated that reflection of the ability to both form a strong complex with

Scheme 2
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the glycol and to complete catalyst turnover.
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With these preliminary results, we then explored the Additional examples with structural diversity are shown
structural requirements for the substrate. Table 2 shows ain Figure 2. Hexane-1,2,6-trioBf was selectively tosylated
series of substrates subjected to the tin-catalyzed tosyftion, at the 1-position, 9:1 mono:bis-primary tosylate, within 2 h
compared with the tin-free version. The vyields refer to the in 73% yield. Primary alcohd likewise underwent a more
percentage of monotosylated product isolated, with the rapid catalytic tosylation, compared with the uncatalyzed
balance being a statistical mixture of bis-tosylate and starting version. Finally, glucofuranos&0 was converted to the
material. primary tosylate under these conditions wittd h in 74%

yield (18% yield for the uncatalyzed reaction under identical

I, conciions)
Table 2. Substrate Effect in the Reaction of Depicted
Compound with BN, TsCI, and BuSnO |

Bu,SnO
Entry Substrate (0.022equiv)a Tin-free

% Yield® t(min) % Yield® t (min) HO\/\/\(\OH

Ph OH
1 Y OH 99 50 82 1140
OH 8
Ph Figure 2.
2 mel OH 99 120 79 1440 g
OH
Ph The EgN stoichiometry was next considered as a critical
3 OH 94 280 88 1550 - o :
NMe, feature. To address this aspect, initial experiments were
conducted with the stannylidene of 1-phenyl-1,2-ethylene-
Ph glycol (12, Scheme 3). The stannylidene was treated with
4 OH 99 420 95 1550 ; :
OMe TsCl in CHCI, and varying amounts of gt (0.1—1.0
equiv). In all cases, clean and efficient regioselective
Ph OH tosylation was observed.
5 Y 92 1440 77 1260 y
OH
6 Ph~oy 86 1550 85 1550 Scheme 3
For a typical experimental procedure, see footnote 19. PthO-Ts
b . . .
Refers to the isolated yield of the primary monotosylate Ph Bu,SnO Ph TsCl OH
Y\OH - Y\/O - 13
OH O~S|n—Bu
1 12 gy PhY\OTs
Substrates in entries 1—4 are predisposed to form a five- ?Is

membered chelate with BBnO, and in each case, it was
possible to demonstrate a significant rate acceleration in the
presence of the catalyst, concomitant with higher regio-
selectivity. However, entry 5 shows that the six-membered
tin chelate was virtually indistinguishable from the non-
chelated, noncatalyzed version in terms of reaction rate,
although the product profile was much better. Finally, entry
6 was conducted to show the reaction of a simple primary

alcohol under each condition, resulting in similar rate ; :
outcomes. It is interesting to compare the rate differences <1'O. equiv of EN, the reaction procegded o the extgnt
redicted and stopped. It could be driven to completion

between the amino alcohol and the ether alcohol substrateéj.

. 20 o :
with the parent diol (entries 3 and 4 vs entry 1) as a reflection simply by adding _the balance OH_EL _Slnce the reaction
of haptophilicity. produces an equivalent of HCI, it might be expected that

the amine base is simply acting as an acid scavenger.
(19) General Experimental Procedure for the Sulfonylation of SUbStItUtlor_] of (I-PRNE for the EtN pr_ove_d deleterious
a-Chelatable Alcohols.To a solution of the alcohol (10 mmoal) in GBI, to the reaction rate and efficiency, resulting in a much slower
(20 mL) were added BiSnO (0.2 mmol)p-TsCl (10 mmol), and BN (10 reaction even with a full equiv ofiPr),NEt. This is
mmol). The reaction mixture was stirred until TLC indicated complete blv d he i d . . d
consumption of the starting material. The mixture was filtered, and the .presum.a y due to t_ € Increase Ste“_c requirements an
filtrate was concentratedn vacuo. The residue was crystallized or ineffectiveness as a ligand. On the basis of these data, we

chromatographed to afford the desired monotosylate. All tosylation products e ;
were characterized by the usual techniquésgnd!3C NMR, IR, HRMS, concluded that BN is Important as a Ilgand on Sn, as well
EA) and were compared to literature values or commercial samples

whenever possible. (20) None of the bis-tosylaté4 was detected byH NMR.

Next, we investigated the same net tosylation reaction in
the catalytic version. Thus, 1-phenyl-1,2-ethyleneglyia) (
was dissolved in CECl; and treated with TsCI (1.05 equiv),
Bu,SnO (0.02 equiv), and varying amounts ofNEtUnder
these conditions, the percent conversion to the primary
tosylate wasequalto the added equivalents of &t With
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as an HCI scavenger. Preliminaiy NMR analysis, how- consistent when taken together with the substrate structural
ever, did not reveal any chemical shift difference upon the requirements shown in Table 2 and the added efficiency of
addition of an equivalent of Bl to stannylidene acetdl2. Et;N over EtN{-Pr). It is not clear at this time whether
This ambiguous role of the amine, as a ligand and as anmonomeric or dimeric stannylidene species are involved in
HCI quench, remains the topic of our continued investiga- the reaction. Although the mechanistic aspects of this reaction
tions. It is noteworthy that the key difference between the require further elucidation, its utility in organic synthesis
catalytic and the stoichiometric versions appears to be theseems clear.

role of the amine base/ligangl. . In conclusion, we have demonstrated the feasibility of a
It has long been recognized that stannylidenes form catalytic BuSnO-mediated sulfonylation with high regio-
dimeric species as determined Hy, **C, and Sn NMR! selectivity. Salient features of this reaction include the use

although the oligomerization is concentration depenéent. of only 2 mol % of the catalyst and rapid, exclusive
The analysis can be further complicated by the use of racemicmonotosylation. Some of the important reaction features
diols in the measurements, due to the statistical mixture of (solvent and base) are disclosed, as well as the critical
(R,R-, (S,S)-, andR,9-dimers™ Nonetheless, upon forma-  gpstrate structural requirements. The role of thiEiiso

tion of the stannylidene and dimerization, the Sn center may \yas critical and will be the subject of further investigation.
undergo ligation with EN. Reaction with TsCl followed  The yse of catalytic B&SnO to effect functionalization
by expulsion of EN-HCI then affords a vacant binding site  aftords dramatic rate acceleration relative to the noncatalyzed
on Sn. A new substrate molecule can then bind to Sn a”d’version, improved product quality, and minimal waste.

due to its bidentate capability, displaces the product t0 aggitionally, this protocol avoids the need for extensive
complete the catalytic cycf.This mechanistic proposal is chromatographic removal of lipophilic tin oxides.
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