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ABSTRACT

AN VT OR OBn
AcOEt (2 equiv) LvVT
THF, rt THF, rt
91% 100% O

O O
R=H
BnBr |: R =Bn
LVT (low valent Ti) : Ti(O-iPr),/TMSCI/Mg

Allyl and propargyl ethers were effectively deallylated or depropargylated to the parent alcohols via a C -0 bond cleavage catalyzed by a
low-valent titanium reagent (LVT), Ti(O- i-Pr),/TMSCI/Mg or Ti(O- i-Pr),/MgBr /Mg, under mild reaction conditions. Differentiation between the
allyl and propargyl ethers was achieved by the reaction in the presence of AcOEt as an additive. The reagent also catalyzed intra- and
intermolecular cyclotrimerization reactions of alkynes to substituted benzenes.

Protection/deprotection of organic functional groups is of ated reactions, and several oxidative procedtiesch of
great importance in organic synthesiBor removal of the  which entails an individual scope and limitation on functional
protective groups, mild conditions attaining high functional group compatibility and selectivity. Meanwhile, deprotection
group compatibility and selectivity are desired. Allyl and of propargyl ethers has been less explored: oxidative
propargyl moieties have been used as a part of allyloxycar-cleavage of 1-naphthylpropargyl ether or allenyl ether
bonyl (alloc) and propargyloxycarbonyl (poc) protective generated by treatment with a b&seand TiCk/Mg-“¢ or
groups. An alloc group is mildly deprotected by Pd(0) (BnNEt),MoS;-promoted? reactions have been reported.
catalysis} and an Mo&-promoted reactioh has been Development of a deprotection method having a different
reported for removal of a poc group. Allyl and propargyl scope and taking place under milder reaction conditions has
ethers also are o,f importance as a stable protec.tllve group or (3) A leading reference for deallylation of allyl ethers: (a) Murakami,
alcohols, but their cleavage needs harsher conditions and they.; Minami, T.; Ozawa, F.J. Org. Chem2004, 69, 4482. A low-valent
procedure has not necessar“y been genera“zed for theiﬁitanium-r_qediated or -catalyzed deallylation: (b) Talukdar, S.; Nayak, S.
d . Th hods for d . f allvl eth K.; Banerji, A.J. Org. Chem1998,63, 4925. (c) Kadam, S. M.; Nayak, S.
eprotection. Thus, methods for deprotection of allyl ethers  : ganerji, A. Tetrahedron Lett1992,33, 5129. (d) Lee, J.; Cha, J. K.
reported so far involve late transition-metal-catalyzed or Tetrahedron Lett1996 37, 3663. (e) Kasatkin, A.; Nakagawa, T.; Okamoto,
_ ; ; ; ~ S.; Sato, FJ. Am. Chem. S04995,117, 3881. (f) Nakagawa, T.; Kasatkin,
medlgted (CO’ _Rh’_lr' Ru, I_Dd' NI) reactions, .|0W V‘T"Ient A.; Sato, F. Tetrahedron Lett.1995 36, 3207. A nickel-catalyzed
zirconium- and titanium-mediated processeBuLi-medi- electrochemical reaction of aryl ethers: (g) Yasuhara, A.; Kasano, A.; and
Sakamoto, TJ. Org. Chem1999 64, 4211.t-BuLi-mediated reaction: (h)

(1) Green, T. W.; Wuts, P. G. MProtectize Groups in Organic Synthesis, Bailey, W. F.; England, M. D.; Mealy, M. J.; Thongsornkleeb, C.; Teng,
3rd ed.; Wiley: New York, 1999; pp 6774. Guibe F. Tetrahedronl1997, L. Org. Lett. 2000, 2, 489. Cerium-mediated reaction: (i) Bartoli, G.;
53, 13509;Tetrahedron1998,54, 2967. Cupone, G.; Dalpozzo, R.; De Nino, A.; Maiuolo, L.; Marcantoni, E.;

(2) Depropargylation of poc compounds: (a) Sridhar, P. R.; Chan- Procopio, A.Synlett2001, 1897. Smipromoted reaction: (j) Dahlén, A;

drasekaran, SOrg. Lett. 2002, 4, 4731. (b) Ramesh, R.; Bhat, R. G.;  Sundgren, A.; Lahmann, M.; Oscarson, S.; HilmerssorQfg. Lett.2003
Chandrasekaran, 3. Org. Chem2005, 70, 837. 5, 4085.
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been desired. In addition, differentiation between allyl and
propargyl ethers has been scarcely investigated.

Herein, we wish to report facile deallylation and depro-
pargylation reactions catalyzed by a low valent titanium
generated from Ti(O-i-PgMg in the presence of a halogen
source such as TMSCI (TMS=SiMeand MgBk.

In the course of our study for developing a catalytic
cyclotrimerization of alkynes to substituted benzéressd
also in low-valent titanium chemistiyve found that Ti(O-
i-Pr), promoted cyclization of triyneda and 1b to the
corresponding annulated benzeh@ the presence of Mg
powder and TMSCI in THF and the amount of the titanium
could be reduced to be catalytic (Schemé Bimilarly,

Scheme 1

Ti(O-i-Pr)4 (0.2-1 equiv) R R
o TMSCI (2 equiv)
Mg powder (3 equiv)

G THF. 1, 12h o

R—/

1a:R=H
1b: R = SiMes
Ti(O-i-Pr)4 (1 equiv)

TMSCI (2 equw)
Mg powder (3 equiv)

THF, 1, 12h

O
isolated yield
2a 59% (1 equiv ofTi)
2a 60% (0.2 equ1v of Ti)
2b 52% (1 equiv of Ti)

Q-5

2c (R= Ph) 65% (66 :34)
2d (R = n-Buy: 66% (54 - 46)

trisubstituted benzene&c and 2d were obtained as a
regioisomeric mixture from the corresponding 1-alkynes
by the reaction with a stoichiometric amount of the rea-
gent®

It was noteworthy that the yields &a and2b were not
necessarily high (4060%), although the reaction consumed

1 completely and the concentrated crude residue had no othe

product thar2. The loss ofl. may be explained by assuming
that thefs-elimination reactions from the possible intermedi-
ates, ?>-alkyne complex(es) and/or titanacyclopentadiene,
occur as a side reactih®® as illustrated in Scheme 2.

(4) (a) Crich, D.; Jayalath, PFOrg. Lett.2005,7, 2277. (b) Crich, D.;
Jayalath, P.; Hutton, T. KI. Org. Chem2006,71, 3064. Crich, D.; Wu,
B. Org. Lett.2006,8, 4879. (c) Nayak, S. K.; Kadam, S. M.; Banerji, A.
Synlett1993, 581. (d) Swamy, V. M.;
Synlett1997, 513.

(5) For selective cleavage of allyl propargyl ether, see ref 4c,d.

(6) Saino, N.; Kogure, D.; Kase, K.; Okamoto,J.Organomet. Chem.
2006,691, 3129. Saino, N.; Amemiya, F.; Tanabe, E.; Kase, K.; Okamoto,
S. Org. Lett.2006,8, 1439. Saino, N.; Kogure, D.; Okamoto,&rg. Lett.
2005,7, 3065.

(7) Sato, F.; Urabe, H.; Okamoto, &hem. Re».2000, 100, 2835.
Kulinkovich, O. G.; de Meijere, AChem. Re22000,100, 2789. Eisch, J.
J.J. Organomet. Chen2001,617—618., 148. Sato, F.; Okamoto, &lv.
Synth. Catal2001, 343 759. Sato, F.; Urabe, H. [fitanium and Zirconium
in Organic SynthesjsMarek, I., Ed.; Wiley-VCH: Weinheim, Germany,
2002; pp 319—-354.

(8) Low-valent titanium-promoted or -catalyzed benzene formation from
alkynes: Suzuki, D.; Urabe, H.; Sato, F. Am. Chem. So2001, 123,
7925. Tanaka, R.; Nakano, Y.; Suzuki, D.; Urabe, H.; Satd, Am. Chem.
So0c.2002,124, 9682. Eisch, J. J.; Gitua, J. 8rganometallic2003,22,
24.Xi, Z.; Sato, K.; Gao, Y.; Lu, J.; Takahashi,J.Am. Chem. So2003
125 9568. Morohashi, N.; Yokomakura, K.; Hattori, T.; Miyano, S.
Tetrahedron Lett2006,47, 1157 and references therein.

(9) Takayama, Y.; Gao, Y.; Sato, Angew. Chem., Int. Ed. Endl997,

36, 851. See also ref 7.
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Scheme 2

B-elimination "
product(s)

With these assumptions in mind, we carried out the
reactions of 3-aryloxypropyne and -propene, 2-naphthyl
propargyl ether (3a), and 2-naphthyl allyl ether (4a) with
this Ti(O4-Prl/TMSCI/Mg reagent (Scheme 3). As expected,

Scheme 3

0-Z Ti(O--Pr)4 (0.2 equiv)
OO TMSCI (2 equiv)
“/ Mg powder (3 equiv)
3a: Z=CH.,C=CH THF, rt, 12 h
4a.Z= CH2CH=CH2

92% from 3a
95% from 4a

llankumaran, P.; Chandrasekaran, S.

the ethers reacted within 12 h to provide 2-naphthol in nearly
guantitative yield after aqueous acidic workup. Herein, we
wish to focus on these deallylation and depropargylation
reactions, expecting a new deprotective protocol, although
the investigation on benzene formation shown in Scheme 1
is of interest and is underway in this laboratory.

To clarify the requirement of reagents and conditions for
these reactions, the reactions of allyl and propargyl ethers
of 3-phenyl-1-propanol3b and 4b, were carried out, and
the results are summarized in Table 1. Under reaction

Table 1. Reaction Conditions

Ti(O--Pr),/additive/Mg powder

THF, 1t
then H*

Ph-(CHyp)s-0—Z
3b; Z= CH,C=CH
4b: Z = CH,CH=CH,

Ph-(CHa)g-O-H

equiv

entry ether Ti(O-i-Pr); Mg® additive (equiv) h  yield,’ %

1 3b 0.2 3 no reaction
2 3b 0.2 TMSCI1 (2) no reaction
3 3b 0.2 2 TMSCI (1) 3 91

4 3b 0.05 2 TMSCI(0.15) 5 86

5 3b 0.05 2 MgBr;(0.15) 8 87¢(85)
6 3b 0.05 2  MgCly (0.15) 24 96

7 4b 0.05 2 TMSCI(0.15) 8 88

8 4b 0.05 2  MgBrg (0.15)¢ 11 100

aOther metal powders such as Zn, Mn, and Al were not effective.
b Determined by'H NMR analysis using an internal standafdh THF
solution prepared by the reaction of 1,2-dibromoethane with Mg was used.
d Commercial solid MgBywas used® Commercial solid MgGlwas used.

conditions identical to those for the reaction of aryl ethers
3aand4ashown in Scheme 3, alkyl eth8b was effectively

Org. Lett, Vol. 9, No. 5, 2007



deprotected (entry 3). The reaction in the absence of TMSCIl using MgBk instead of TMSCI proceeded smoothly as
and/or Mg did not proceed at all (entries 1 and 2). THF was exemplified by the reactions @fg, 4h, and4k. Functional
found to be suitable as a solvent: The reaction in,Clzlor groups such as benzyl eth@&f @nd4f),1%4csilyl ether (4g),
toluene did not proceed at all, and that in diethyl ether gave acetal and ketal3k, 4h, and4k), and alkenegj, 3j-Si, and
a trace amount (20%) of the product alcohol. The reagents, 4j) tolerated the reaction conditiofsHowever, the reaction
Ti(O-i-Pr)s, TMSCI, and Mg powder, were efficiently of allyl ether having an ester moietyif was very slow and
reduced to be 0.05, 0.15, and 2 equiv, respectively (entry gave only 12% of the corresponding alcohol and 64% of
4). As an additive, MgBr and MgC} as well as TMSCI the recovered ester after 72 h. This indicates that a pivaloy-
could be used, which may act as a halogen source (entries oxy group tolerated but retarded the reaction, probably due
and 6) (vide infra). Under the conditions, allyl ety was to deactivation of the low valent titanium reagent by
also converted to the product alcohol in good yields (entries coordination of the titanium atom to the ester carbonyl group.
7 and 8). A similar result was obtained when the reactiordbfwas
These reaction conditions were subsequently utilized for performed in the presence of AcCOEt (2 equiv) as an additive
the C—0O bond cleavage of a series of representative allyl as illustrated in Scheme 4. Meanwhile, under the same
and propargyl ethers. Figure 1 shows the structure of the

" Scheme 4

Ti(O-#-Pr)4 (1 equiv)
TMSCI (1 equiv), Mg (2 equiv)

3
03z n-Bu
3 SN, AN,
o / Ph 0-Z ACOEt (2 eq) Ph OH
s 3b: Z= CH,C=CH THF, rt From 3b: 94% (26 h)
3a: Z=CHyC=CH 95% (7 h} 4b: Z = CH,CH=CH, From 4b : trace (72 h)
4a: Z= CH,CH=CH, 95% (5 h} 3d: 95% (12 h)

PR N"N01z

3a o ) 3a + 4a + 2-naphthol
' ' T(O-FPr)s (180UV) trace g2
Ph O~ (10 eau)  mSCI (1 equiv) recovered

C: £ = CHU=CSI(1-Pr)3 (1.0 equiv) THF, 1t
O Ph(CH,),CO.Et | totally
49% (72n)°  ROT TNV Ph(CH,COLE (2 60) Ph(CH_);CO,-i-Pr] quantitative
4b: Z = CH,CH=CH, 87% (8 h) 4g: R = TBDMS 93% (12 h)°
N olz  4hi R=THP 100%(10h)

PR O TN 4i: R = C(=0)-+Bu 12% (72 hyd®

f: Z=CH,C=CH 82% (1Ch . . .

Z, thngSCHfB;/i g h>) O reaction conditions, the corresponding propargyl eBier

% _CeHys 7O oo reacted smoothly to provide the parent alcohol quantitatively.
. Using Ph(CH),CO,Et as an additive instead of ACOEt also

#0 © enabled selective cleavage of propargyl etBarin the

presence of allyl etheda, where the ester added was
recovered gquantitatively as a mixture of Ph({#&O,Et and

3k: Z=CH,C=CH 70% (12 h)’
4k: Z = CH,CH=CH, 93% (9 h)°

3]: Z= CH,C=CH 69% (30h) OR its i-Pr ester derivative, the latter of which was generated
3j-si: z1 - ::/Hf?;ifl[';":i o i by a titanium-catalyzed transesterification with thgropoxy
4 Z= CH,CH=CHp 89% (26 1) O~ 2 group derived from Ti(O-i-Pg)(Scheme 4).

With these results, we set a diol derivatlvas a substrate

Figure 1. Low-valent titanium-catalyzed cleavage of allyl and and demonstrated its selective transformation (Scheme 5).
propargyl etherd.The structure of the substrate, isolated yield of

the corresponding alcohol and the reaction time are indicated. (a)
Unless otherwise indicated, the reaction was performed with 1.0_

mmol of the substrate ether, Ti(ieRr), (0.05 mmol), TMSCI (0.15 Scheme 5
mmol) and Mg powder (2 equiv) in THF (2 mL) at rt. (b) 50% of THO-EP ) o
the substrate was recovered. (c) Mg0.15 mmol) instead of o TMEG (oo on TG 0OBn
TMSCI was used. (d) 64% of the substrate was recovered. (e) Ti- /\\\ '\ﬂ (5 tht*évg ) TMSCI (0.15 equiv)
(O-i-Pr)y/MgBr,/Mg (1.0/1.0/2.0 equiv). (f) Ti(O-PrW/TMSCI/Mg il Mg (2 equiv)
(0.2/1.0/2.0 equiv). THF, THE. t

o 91% O 100% OH

5 BnBr, K2003,|: 6 (R =H) 7

substrate and yield of the corresponding depropargylated or CHaCN &' (R = Bn): 93% yield

deallylated product. The results feature the following char-
acteristics: Substituted propargyl and allyl eth#ges3d, and

4e as well as simple propargyl and allyl ethers were good Thus, ethers was subjected to the reaction with the low-
substrates, although the reaction & having a bulky valent titanium reagenn the presence oAcOEt (2 equiv),
substituent was relatively slow. Cleavage of propargyl ethers and it provided selectively depropargylated prodiict 91%

3j and 3k resulted in somewhat lower yields due to
coproduction of benzene derivatives of the t@@ut their (10) It was noteworthy that benzyl ether tolerated the present reaction
silyl derivatives such agj-Si were depropargylated smoothly %?gg'ﬂol_?fn 'Ttﬁgscgjznc{ggfgtggrfgﬁt;h'g;’;fvgleeemret'f%g"‘ém derived from
to afford the parent alcohol quantitatively. The reactions  (11) For workup procedures, see the Supporting Information.
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yield. After its conversion to benzyl eth6t, treatment with
the titanium reagenn the absence cAcOEt removed the
allyl moiety to yield alcoholr quantitatively, whereas benzyl
ether moiety did not react at all.

3 e
Ph/\/\o)t,'\o/\/ o) OG0
8 82% (12h)3? '
P oy
O 9 70%(10hF
[73% (8 h)]>¢

fon
MeO ‘\\

10 76% (8 h)®

e} J\
ROAO
1

Figure 2. Low-Valent Titanium-Catalyzed Cleavage of Allyl and

Propargy! Esters. The structure of the substrate, isolated yield of
the corresponding alcohol and the reaction time are indicated. (a)

Ti(O-i-Pr) (1.0 mmol), MgBg (1.0 mmol), and Mg powder (2.0
mmol) in THF (5 mL) at rt. (b) 14% of the correspondimdr
ester was obtained. (c) Ti(GPr)/TMSCI/Mg (0.2/1.0/2.0 equiv).
(d) 20% of the correspondinigPr ester was obtained. (e) Ti(©-
Pr/TMSCI/Mg (0.05/0.15/2.0 equiv).

group(s) of Ti(O+Pr), might be exchanged with halogen X
to give X, Ti'V(O-i-Pri_, (A), the generation of which might
be essential to reduction of the titanium by the reaction with
Mg powder to the corresponding low valent titanium species
B (Scheme 632 It may be assumed that the reaction of the
substrate wittB might afford thep?-titanium complexd—*7
and/or the anion radical via a single-electron transfer
(SET)2ec13The results in Scheme 7 indicate that the reaction

Scheme 7
Ti(O--Pr)4 (0.05),

BnO
B“O\Q\/ TMSCI (0.15), Mg (2) \©\/
_—-—-—- X
O~ THF.®5h

X=0OH 57%
<Ph\/0

L., X=H 4%
) /) X=Cl 9%
c 2 ¢
at least involves the SET process. Thus, deallylated benzylic
alcohol was obtained in 57% vyield but simultaneously a
p-cresol derivative and a benzylic chloride compound were

coproduced in 4% and 9% yields, respectiv&Jhese side

Figure 2 shows several results of depropargylation and progucts may be obtained through a competitive benzylic

deallylation of esters. Allyl carbonate8 and 9 were

C—0 bond cleavage shown &s

deprotected and the parent alcohols were isolated in good |, summary, we have developed a facile procedure for

yields, where use of a stoichiometric amount of the rquentc_o bond cleavage at the allylic and propargylic positions,
gave .somewhat better results. Hovyev_er, the crude mixtureyhich might be expected as a deprotection method of allyl
contained 16-20% of the corresponding isopropyl carbonates 4nq propargyl ethers, esters, and carbonates. Selective

of the type 11, which may be obtained by a titanium- ¢jeaying of propargyl ether in the presence of allyl ether was
catalyzed transesterification. The reaction of carboxylic acid 4itained by addition of AcOEt as an additive.

esters such a%0 were also converted to the corresponding
acids after acidic workup. _ Acknowledgment. We thank the Ministry of Education,
The fact that the reaction did not proceed in the absencecCulture, Sports, Science and Technology (Japan) for financial

of any halogen source or Mg may suggest thatpropoxy

Scheme 6
n/2 Mg
TiV(C-i-Pr)z x,,Ti'V(o-i-Pr)‘L,,ﬁ\‘—» TiVYO-iPr)s.p
n Yyt niPoy A n2MgX; B

(Y-X =Me3Si-Cl or BrMg-Br)

) —0R + I~
RO/MFi"‘"(O-i—Pr)4,n
B 2

(RO/\/) —— OR +

776

support.

Supporting Information Available: Experimental pro-
cedures and characterization for new compounds. This
material is available free of charge via the Internet at
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