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ABSTRACT
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X=0,NH,8 R'=Me, CF3, i-Pr, t-Bu 85-100%

t-BuO, Ph,

succinic, phthalic

Among four vanadyl species examined, vanadyl triflate was the most efficient catalyst to facilitate nucleophilic acyl substitution of anhydrides
with a myriad array of alcohols, amines, and thiols in high yields and high chemoselectivity. By using mixed-anhydride technique, one can
achieve oleate and peptide syntheses. In marked contrast to common metal triflates, the amphoteric character of the V=0 unit in vanadyl
species was proven to be responsible for the catalytic profile in this process.

The acylations of alcohols, amines, and thiols are important acylation of alcohols with anhydrides. However, only a few

and commonly used transformations in organic synthesis.

of them have been studied with more complete anhydride

In these reactions, acid halides or anhydrides are oftenscope’’ and substrates bearing acid-sensitive groups, such

employed as the acyl source in basic méda in the
presence of Lewis baer acid catalysté4.For the past five
years, trimethylsilyl (TMS) and metal triflates such as
indium$ scandiunY, copperf and most recently bismuth
triflate® have been found to be effective in catalyzing the
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as acetonide and allyl# might not be fully compatible. In
addition, their actual role in the catalytic pathway was not
fully understood. Notably, the preparation of metal triflates
often require direct mixing of metal oxides with excess of
hot triflic acid. The incomplete removal of triflic acid from
the metal triflates might limit the overall efficiency of the
process. In this context, new mild and neutral catalysts, which
can achieve general nucleophilic acyl substitution of anhy-
drides with protic nucleophiles, remain in great demand.
The synthetic utility of vanadium-containing compounds
has been widely explored and utilized. Among them,
oxovanadium(lV) (vanadyl) compounds were normally treated
as precatalysts of the correspondingdpecies! However,
synthetic transformations that are directly catalyzed by
vanadyl species were relatively unexplofé? Notably,
Togni in 1990 reported the uses of camphor-derived vanadyl
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bis(1,3-diketonato) complexes as Lewis acid catalysts for ||| GTcTNGNGNGEGGEGEEE
a_symmetrlc Diels—Alder reactions between Danishefsky Table 1. Catalytic Acylations of 2-Phenylethanol with Various
dienes and aldehydé$Although a concerted pathway was Anhydrides in the Presence of Various Vanadyl Species

suggested in the report, the potential amphoteric character 1 mol%
of the V=0 unit (i.e.,"V—0") to facilitate a stepwise, push o ~OH )01\ j\ __vor_ PhocoR
pull type mechanism was overlooked. Namely, the (partial) RTTOTTR CHCL
positively charged V in ¥O is Lewis acidic enough to entry VL anhydride (R") time (h)  yield," %

activate the carbonyl oxygen of an aldehyde. In the mean-
time, the (partial) negatively charged O ir™D serves as a
Lewis base to activate an enol silane with concomitant 2 V(0)Cl, CH, 7.5 94
removal of its silyl group. The proposal was somewhat
supported by a facile conversion of V(O)(salet9 VCl,-
(salen) under the action of SOgt* Therefore, we sought 4 V(0)(OTH), CH, 05 93
to examine if a vanadyl species can similarly react with an

1 V(O)acac), CH 5 85

3

3 V(0)SO, CH/ 24 92

3

. . e SO . V(O)OTH, CH 0.75 98
anhydride to establish a fast equilibrium with its anhydride 3 (©O)OTD; ’
adduct (Scheme 1). Under such circumstances, a protic 6 V(O)(OTH), CF, 3 98
| TooYeeme T
Scheme 1. Proposed Equilibrium between an Amphoteric 8 V(OXOTH), tert-Bu 11 99
Vanadyl i nd an Anhydride in th lytic Acylation of
anadyl Species and a M A)I/cdohdo? the Catalytic Acylation o 9 V(O)OTh, rert-BuO ’8 95
o O [RC(O)0 c)/C(O)R' 10 V(O)(OTY), Ph 26 92
XQ/ -~ X\\I/" = X.1
X X x~V-OCOR 11 V(O)OTH), succinic 42 93
)
()I\ R 12 V(O)(OTH), phthalic 96 75¢
xR wvox  ©
X/V o] /\H -RCOH R "0 R a|solated yieldsP Acetylacetonates Five mol % catalyst was usedThe
o] trinydrate was used.CH3;CN was used as solveritCatalyst was recovered
R' from aqueous layer and reused for five consecutive ruBiphenethyl ester

was isolated in 16%.

nucleophile (e.g., an alcohol) may add to one of the two ] o o
alkanoates in the adduct with a concomitant elimination of SUPPorting the mechanistic role of the=0 unit in the
an alkanoic acid to regenerate the vanady! species (i.e., a/ahadyl catalyst§’ In addition, there is no need of chro-
catalytic nucleophilic acyl substitution of an anhydride). We Matographic purification with the acetylation protocol since
herein disclose our realization of this catalytic process.  he réemaining acetic anhydride and vanadyl triflate can be
Four different vanady! species were first tested in mediat- "€adily removed by direct aqueous wash. More importantly,
ing the acetylation of 2-phenylethanol, Table 1. Initial trials V(O)(OTf): is fully compatible with water. It can be
with 5 mol % of vanadyl acetylacetonate (VO(ach@nd recovered from the concentrate of the aqueous layer and
vanadyl sulfate were effective to complete the acetylation reused for at least five consecutive runs with similar catalytic
at ambient temperature in the presence of 1.5 equiv @pAc ~ activity. _ _ _ _
in 5 and 24 h, respectively. Beside acetic anhydride, the catalytic system is amenable
Vanady! chloride and triflate, which were prepared from 0 acyclic and cyclic, aliphatic, and aromatic anhydrides,
vanady! sulfate and suitable barium saftsyere found to ~ 1able 1. In general, the more hindered the anhydride, the
be much more reactive. Acetylation using 1 mol % of V/(0)- Slower the acylation rate (i.e., GH i-Pr > t-Bu; entries 4,
Cl, and V(O)(OTf} with 1.5 equiv of AgO in CH,Cl, were 7, and 8). Acylz_;\tlon with an gromanc anhydride (e.g.,=R_
complete in 7.5 and 0.5 h, respectively, leading to phenethyl Ph. entry 10) is up to 50 times slower than those with
acetate in>94% yields. It should be noted that the corre- aliphatic anhydrides (entries 4 and 6—8). Acylation with di-

sponding VCi and V(OTf) are catalytically inactive, tert-butyl dicarbonate also proceeds well and with a rate
similar to that of benzoylation (entry 9). Cyclic anhydrides
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cases except in the pivalations of cinnamyl alcohol (85%) The acylation protocol is tolerant to protic nucleophiles
and ()-menthol (84%), the chemical yields of acylation bearing functional groups such as alkene, ester, lactone,
were>95%, Table 2. In general, acetylations proceed much ketone, imide, acetonide, and lactol (entries9] Table 3).

Table 2. Vanady! Triflate-Catalyzed Acetylation and Pivalation  Table 3. Acetylation and/or Pivalation of Functionalized

of Alcohols, Amines, and Thiols Substrates
o o V1(orr)\(%°_/;:f)2 o entry substrate’ time,h yield, %
Rexd e M R. L
R "0" R CH,CI XTTR
R = Me, C(CHa); 22 1 OOH 0.5(48) 99 (99)
entry substrate’ time, h yield,” % “OC(0)Ph
1 Ph(CH,),OH 0.5 (119 99 (99) 2 OH 2(3) 96 (95)
Ph OMe
2 PhCH=CHCH,OH 3.5°(72) 98 (85) bo)
3 +-Bu O 0.5%(1.5) 100 (85)
3 OH 10 (24) 97 (97) Y«

2N OMe
OH

H
4 OH 1(96) 97 (84) on /%o
z P

12(24) 95 (95)

(o)
OH O 6(12) 100 (100)

5 159 98 (95) h)\é
O. 6 o 96* 90
6 5 (36) 99 (99) EKNH
OH HO o N’go

7 8 (42) 99 (99) w
OH OH
NH, 7 oM o 49 75
8 40 (96) 99 (98) 71\%.5—7..,%
nd 0

SH
8 OH 60 85
9 (i-Pr),NH 3 97 o OH
HPo o o)
10 tert--BuSH 12 (24) 99 (95) HO HO S
OH
2A total of 1.5 equiv of anhydride was used unless otherwise stated. 9 B-cyclodextrin 96* 90

bIsolated yields and characterized spectroscopicallie data in paren-
theses correspond to pivalatiois\ total of 2 equiv of anhydride was used.

e A total of 3 equiv of anhydride was usedTHF was used as solvent. 10 6H 3'48)  95(96)
9 Toluene was used as solvent.

OH , _
11 tBu 27(15) 60 (97)
faster than the corresponding pivalations. Acylations went ’ N)"\OH
2N %

smoothly with primary, secondary, and acid-sensitive allylic
i i i 8

and benzylic alcohols. No trace of a”ymi Or plnaco+ a A total of 1.5 equiv of anhydride was used unless otherwise stated.

rearrangement byproducts was observed in the case 0bsolated yields and characterized spectroscopicélhe data in paren-

cinnamyl alcohol and 10,11-dihydroxy-dibenzosuberane theses correspond to pivalatiodsA total of 2 equiv of anhydride was used.

. . ' ¢A total of 3 equiv of anhydride was usedCarried out at=5 °C. 9 No
(ent“(?s 2 and5). Tertiary ?—'COh0|3 suchtexs-butyl alcohol solvent was used.Asterisk signifies the reactive siteFor effective
and trityl alcohol are inactive. Nevertheless, the correspond- monoacylation, 0.95 equiv of anhydride was usebiacetylated product
ing tert-butanethiol is fairly reactive (entry 10). Aromatic Was isolated in 10% yield.
alcohols, amine¥ and thiols (e.g., 2-hydroxy, 2-amino, and
2-thio-naphthalenes) are amenable to acylations in essentiall
quantitative yields (entries 6—8).

Mheir acylations proceeded smoothly in—7B00% yields.
Side reactions such as oxidation (dehydrogenation) and
dehydratio®” were not observed in the case whydroxy,

(17) A mixture of products was obtained under usual conditions (acid
chloride/pyridine). For its effective acetylation mediated by TMSOTT, lower

reaction temperature (—1TC in ethyl acetate) was required (ref 5). (19) () Aniline has failed to produce acetanilide in gpm(thf)-
(18) Conventional procedure (acid chloride/pyridine) led to only pinacol mediated acetylation. (b) Ishii, Y.; Takeno, M.; Kawasaki, Y.; Muromachi,
rearrangement product. A.; Nishiyama, Y.; Sakaguchi, S. Org. Chem1996,61, 3088.
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a-amino esters (entries 2 and Fhycroxy esters and

ketones (entries 4 and 5). No trace of the glycosidieCC Scheme 2. Acylations with Mixed-Anhydride Approaches in

cleavage was observed in the acetylation of diacetene- Oleate and Dipeptide Syntheses

glucose (entry 7) at-5 °C, although 22% of acetylation at 5 mol%

the primary hydroxy group with concomitant migration of V(O)(OTH),

the acetonide unit could not be prevented. /\)OiA + oleic acid —n(ON0_ QEOR
Ph A CHxCl;  Ph =

The high catalytic efficacy of vanadyl triflate was further

demonstrated in the peracetylations of polyhydroxyl mol- R'= cis(CH2)7CH=CH(CHa),CH,

ecules such as uridine, lactose, and cyclodextrin (21 OH ..~ o} 4<
groups!). In all cases, reactions went to completion in acetic )—/< + °o_ . uN NHEmoc
acid or in neat acetic anhydride, albeit with longer reaction NHy OCHz .\ on 9% .

time (2.5—4 days}° By taking advantage of the differential fertBU™ “co,Me

reactivity between nucleophiles, we were able to carry out
chemoselective acylation of 3-hydroxymethyl-2-naphthol. Its  To support the mechanistic proposal in Scheme 1, vanadyl
primary hydroxyl group was acylated with complete chemo- triflate was first heated in refluxing trifluoroacetic anhydride
selectivity and in=95% yields (entry 10} Acetylation of (R" = CR) for 12 h and then concentrated. The resultant
tert-leucinol at the sterically hindered amino moiety was adduct was treated with a stoichiometric amount of 2-phen-
moderately selective. The correspondiacetylated product  ylethanol (R= Ph(CH),) in CH,Cl, for 3 h. The corre-
was furnished in 60% yield. Nevertheless, the analogous sponding 2-phenethyl trifluoroacetate was isolated in 87%
N-pivalation proceeded with complete selectivity (97%). yield.!s

Since benzoic anhydri@eis the least reactive acyclic In conclusion, we have unraveled the amphoteric catalytic
anhydride, one may carry out acylation directly with fatty behavior of vanady! triflate in nucleophilic acyl substitutions
acid in the presence of benzoic anhydride. By this protocol, With various anhydrides. It can be readily prepared and
the in-situ-generated mixed anhydride acts as the real’epresents a new type of water-tolerant metal triffatehe
acylation reagent.As an example, 1-phenethyl-3-buten-1- acylation protocol allows for chemoselective acylation and
ol was treated with a mixture of oleic acid and benzoic tolerates many structural and substrate variations. Mixed-
anhydride (11 equiv) in qu:IZ with 5 mol % of Vanady| anhydride teChnique allows for acylations with CommerCia”y
triflate for 2 h. The resultant oleate was produced smoothly Unavailable anhydrides. Investigations toward solution and
in 82% yield, Scheme 2. More importantly, the mixed- Solid-state peptide syntheses by this catalytic process are
anhydride technique can be applied to dipeptide synthesis,underway.
as illustrated in the direct coupling of Fmadeucine and
methyl L-tert-leucinate in 94% yield.
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equiv) for another 18 and 72 h (5TC) furnished the corresponding Supporting Information Available: Representative ex-
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was observed in this case as a result of the more acidic nature of phenolicspectra. This material is available free of charge via the

OH. .
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