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Abstract: We report here unexpected highly chemoselective deprotection of the acetals from aldehydes.
Treatment of acetal compounds from aldehydes with TESOTf-2,6-lutidine or TESOTf-2,4,6-collidine in CH,-
Cl, at 0 °C followed by H,O workup at the same temperature caused the conversion of the acetal functions
to aldehyde functions. The reaction had generality and was applied to many acetal compounds. Study
using various bases revealed the reaction and reached the best combination of TESOTf—base. It was
very mild and highly chemoselective and proceeded under weakly basic conditions. Then, many functional
groups such as allyl alcohol, silyl ether, acetate, methyl ether, triphenylmethyl (Tr) ether, 1,3-dithiolane,
methyl ester, and tert-butyl ester could survive under these conditions. Furthermore, this methodology
could selectively deprotect the acetals in the presence of ketals as the most characteristic feature, although
this chemoselectivity is difficult to achieve by other previously reported methods. A detailed study of the
reaction including MS and NMR studies revealed the reaction mechanism for determining the structures of
the intermediates, pyridinium-type salts. These intermediates had a weak electrophilicity and were
successfully applied to the efficient formation of the mixed acetals in high yields.

Discovery of new chemical species sometimes opens a newproduced after treatment with,8. After the initial communica-
field of chemistry. In this article we report such an example tion, we investigated the structures of the polar intermediates
using the new salts obtained from the unprecedented deprotecand determined them as pyridinium-type salts. We then used
tion of acetals. the intermediates for the novel formation of mixed acetals. We

Acetal functions are recognized as good protecting groups now present the full details of these reactions using new
of carbonyl functions and widely used in synthetic organic chemical species, speculation of their intermediates, and the
chemistry. They are tolerant under neutral and basic conditions.application for an efficient mixed acetal formation (Scheme 1).
The acidic conditions are usually used for their deprotectlpn, Deprotection of the Acetals by TESOT?
and under these conditions, the acetals from ketone functions. -

L . TESOT{—2,4,6-Collidine
(ketals in this text) are usually deprotected more easily than
the acetals from aldehyde functions (acetals in this text) due to Process of the Discovery: For our synthetic study of
the stability of the cation intermediatealthough new methods,  scyphostatir?, we intended the triethylsilylation of theert-
such as the reactions using a catalytic amount of a transition
metal or Lewis acid reagent&,c phosphoru&'e or silicon

—2,6-Lutidine or

(2) For selected recent examples on deacetalization, see: (a) Ates, A.; Gautier,
A.; Leroy, B.; Plancher, J.-M.; Quesnel, Y.; Vanherck, J.-C.; Matk&.

reagentgh9 or DDQ or CAN reagentd]- have already been
developed, the development of a mild and chemoselective
deprotection method is strongly desirable. Recently, we found
a novel chemical transformation in which acetals can be
chemoselectively deprotected in the presence of kéfatis

was an unprecedented result, because ketals are usually depro-
tected faster than acetals by the reported procedéréis our
reactions, the starting acetals were first changed to very polar
intermediates, and then the corresponding aldehydes were
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2002 67, 9093-9095. (c) Carrigan, M. D.; Sarapa, D.; Smith, R. C,;
Wieland, L. C.; Mohan, R. SJ. Org. Chem2002 67, 1027-1030. (d)
Eash, K. J.; Pulia, M. S.; Wieland, L. C.; Mohan, R. 5.0rg. Chem.
200Q 65, 8399-8401. (e) Markol. E.; Ates, A.; Gautier, A.; Leroy, B.;
Plancher, J.-M.; Quesnel, Y.; Vanherck, J.ABgew. Chem., Int. EA999
38, 3207-32009. (f) Kaur, G.; Trehan, A.; Trehan, $.0rg. Chem1998
63, 2365-2366. (g) Marcantoni, E.; Nobili, FJ. Org. Chem1997, 62,
4183-4184. (h) Johnstone, C.; Kerr, W. J.; Scott, JCBem. Commun.
1996 341-342. (i) Kim, K. S.; Song, Y. H.; Lee, B. H.; Hahn, C. H.
Org. Chem.1986 51, 404-407. (j) Balme, G.; GoreJ. J. Org. Chem.
1983 48, 3336-3338.

(3) Fujioka, H.; Sawama, Y.; Murata, N.; Okitsu, T.; Kubo, O.; Matsuda, S.;

(1) (a) Greene, T. W.; Wuts, P. G. M. IRrotective Groups in Organic
Synthe3|53rd ed.; John Wlley & Sons: New York, 1999; pp 29329.
(b) Hanson, J. R. IiProtecting Groups in Organic SynthesBIackweII
Science, Inc: Malden, MA, 1999; pp 343. (c) Kocienski, P. Protecting
Groups George Thieme Verlag: Stuttgart, 1994; pp $360.

5930 = J. AM. CHEM. SOC. 2006, 128, 5930—5938

Kita, Y. J. Am. Chem. So@004 126, 11800-11801.

(4) (a) Deslongchamps, P.; Dory, Y. L.; Li, $etrahedron200Q 56, 3533~

3537. (b) Cordes, E. H.; Bull, H. GChem. Re. 1974 74, 581-603.

(5) Fujioka, H.; Kotoku, N.; Sawama, Y.; Nagatomi, Y.; Kita, Yetrahedron

Lett 2002 43,4825-4828. The manuscript for asymmetric total synthesis
of scyphostatin is in preparation.

10.1021/ja060328d CCC: $33.50 © 2006 American Chemical Society



Acetals with TESOTf-Base Combination ARTICLES

Scheme 1 Scheme 3
H,0 TfOH (2.0 equiv)
OR' | - R—CHO 2,6-lutidine (3.0 equiv)
OR! TESOTS s ) o CH,Cl, 0°C, 0.5 h
R Nor! —— T | RONTS — 3 ’ No reaction occurred
| Ny . N then H,0 work up and 3 was recovered
Z ive mi R20H OR’
R=HMe) L i et Aoge Table 2. Examination Using the Compounds with Only Acetal
weak electrophile) Functional Group
CH,Cl, 0°C )
R-OTf (2.0 equiv)
2,6-lutidine (3.0 equiv, H,0
Scheme 2 substrate (3.0 equiv) 2 product
) CH,Cl, 0 °C, time 0.1h
TESOTTf (4.0 equiv) !
@"’oms 28-lutidine (6.0 equiv) @bTBS entry substate R time(h) product yield (%)
HO™:  OMe CH.Clh0°C TESO™-
then H,O work up “CHO OMe
1 OMe 82 % ) 1 TES 0.5 CHO 81
2 3 OMe TMS 05 8 4 83
Table 1. Examination of the Reaction of 3 with Various Silylating 6a
Reagents 0
iati ; 3 TES 0.5 7 75
silylating reagen Ph Ph
2,6-lutidine? 4 \6/)/8‘\0 TMS 05 7 79
CH,Cl,, 0°C, 0.5 h 6b ( OTES
oM * oM 0 g:s
e then H,O work up e 5 TES 6.0 AN 8 86
HO RO CHO RO \M)\/j \H?\’”
3 OMe 4 5 OMe 6 89 1Ms 30 7 72
6¢c
silylating
entry reagent (equiv) R yield (%) 45 product 7 O/ O\ TES 6.0 10 trace
1 TESOTf (4.0) TES 98 100:0 4a \6’)>< O
2 TMSOTTf (2.0) TMS 100 100:0 4b 8 7 9 TMS 1.0 10 79
3 TESCI (4.0% n.r. 7
4 TMSCI (4.0¥ TMS 90 0:100 5b
5 TBDMSOTTf (4.0) TBDMS 87 0:100 5c

aEquivalent of 2,6-lutidine is 1.5 times to silylating reagehReaction enough to f:omplete the reaction. It showed thgt TMSOTf was
was carried out at room temperature for 24 h. more reactive than TESOTf. However, no reaction occurred by
) TESCI, and for the silyl chloride or more bulkgrt-butyldim-
alcohol of cyclohexene alcohdl with an acetal from an  gyisilyl trifluoromethanesulfonate (TBDMSOTH), only the
aldehyde. When the reaction was carried out using triethylsilyl silylated acetals (R = TMS or TBDMS) were obtained. With

trifluoromethanesulfonate (TESOTT) (4.0 equiv) and 2,6-lutidine g sjlylating reagents no deprotection of the acetal function
(6.0 equiv), the silylated aldehyd@awas obtained in good yield  ~torded4a (entries 3-5).

under mild ‘conditions (0°C) (Scheme 2).' This was ‘an The reaction was not promoted by trifluoromethanesulfonic
unexpected result, because the deprotection of acetals fromacid (TFOH), though it was formed by the reaction of the
aldehydes usually needs rather drastic acidic conditions. Thishydroxyl gro;Jp and TESOTf or TMSOTf. This was ascertained

fact suggested that the reaction proceeds through an unusuatgy the fact that no reaction occurred by the addition of TfOH
process. We then studied the reaction in detail. in place of TMSOTf (Scheme 3)

Reactions of Various Acetals:Hydroxyl dimethyl acetaB . . .
was used as the substrate for this detailed study. Table 1 shows Two silylating reagents, TESOTf and TMSOT, which were

- . . ) effective for the deprotection of the dimethyl acetal from an
the combinations of the various silylating reagents and 2,6- aldehvde having a hvdroxvl aroup. were next examined usin
lutidine® The combination of TESOTf and 2,6-lutidine also y ganhy y! group, g

- - - A compounds with only the acetal functional group (Table 2).
produced th? triethylsilylated aldehyda (R N TES) _at 0°C Although two reagents were similarly effective with the dimethyl
for 0.5 h. This fact showed that the reaction condition had the

. . acetals6a and the dioxolanéb to give the aldehyd@ (entries
generality for the deprotection of acetals from aldehydes (entry . . ) .
. . ) 1-4), a difference was observed in the reactions of the dioxane
1). The use of trimethylsilyl trifluoromethanesulfonate (TM-

SOTf) also caused the hydrolysis of the acetal and produced6c' Thus, TMSOTT gave the deprotected aldehydehough it

trimethylsilylated aldehyddb (R = TMS) (entry 2)7 In this required a_Ionger rea_ctlon tlme_ (entry 6), whereas TESOTf gave
case. 2.0 equiv of TMSOTF and 3.0 equiv of 2 6-lutidine were the enol silyl ethe in good yield (entry 5). The remarkable
» £V €d 0 €q ’ feature and the most interesting difference between the two
(6) For a review of TMSOTY, see: Emde, H.; Domsch, D.; Feger, H.; Frick, reagents were exemplified in the reactions of the ké&al
U.; Gas, A.; Hergott, H. H.; Hofmann, K.; Kober, W.; Kgeloh, K.; Although TMSOTf produced the deprotected ketdien 1 h

Oesterle. T.; Steppan, W.; West, W.; Simchen Sgnthesid982 1-26. . . . .
For TESOTY, see: (a) Heathcock, C. H.: Young, S. D.; Hagen, J. P.: Pill, Via enol ether intermediate (TLC) (entry 8), TESOTTf did not

R.; Badertscger, Ul. Org. Chem1985 50, 2095-2105. (b) Hart, T. W.; i
Metcalfe, D. A.; Scheinmann, B. Chem. Soc., Chem. Commu9.79 work well and the formation of O.nly a trac_e amountidfwas
156-157. observed even aftés h and starting materi® was recovered

7

~

We regret our oversight in not locating and for not citing in our i i
communication the reports that the combination of TMS©Z6-lutidine (entry 7)' These results, espeC|aIIy those of entries 3 and 7,

caused the transformation of an acetal into an aldehyde in a natural productSuggested that the combination of TES©2{6-lutidine could

synthesis; Meert, C.; Wang, J.; De Clercq, PTétrahedron Lett1997, ; ; ;
38, 2179.2182. Wang, J.: De Clercq, P. Angew. Chem., Int. Ed. Eng. _reallze the unprecedented cr_\em_oselectlve deprotection of acetals
1995 34, 1749-1752. in the presence of ketals (vide infra).
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Table 3. Study of Various Bases for Deprotection of Acetal 6a Scheme 4
OMe TESOTTf (2.0 equiv) TESOTf (2.0 equiv)
\t/))\ base (3.0 equiv) H,0 \MCHO \(_‘)f base(30equiv)  H0 \H’CHO
: OMe "CH,Cl, 0°C, time A time B 78 B OR  CHCI,0°C.time  01h k!
a
R=Et(6d) 2,6lutidine 10h 78%
entry base time A/ B (h) vyield (%) 2,4,6-collidine® 2.0h 85%
1 none - complex mix. R =iPr(6e) 2,6-lutidine 24.0h n.r.
o ) 2,4,6-collidine 240h nr.
2 pyridine 0.5/24.0  high polar compound R=Bn(6f) 2.6lutidine 240h nr.
3 2-picoline 0.5/24.0  high polar compound 2,4,6-collidine 240 h nr.
(4 26-utidine  0.5/0.1 81 J /—\  TESOTf (20 equiv)
5  24-utdine  05/24.0 high polar compound O o bmeBOequv)  HO CHO , 4
o \(~()J>< CH,Cl, 0°C, 1.0h  0.1h 10
(6 2,46-collidine 05/05 97 ) 10 79 ,0°C, ”
27
7 4-DMAP 24.0/- nr. 2,6-lutidine (82%) (88%)
2,4 6-collidine? (quant.) (84%)
To clarify the effect of base, various types of aromatic bases *TESOTf (3.0 equiv) and 2 4,6-collidine (4.0 equiv) were added.
were next examined using the ace6a which has only the PTESOT! (2.5 equiv) and 24,6-collidine (3.5 equiv) were added.

acetal function (Table 3). The reactions were carried out under

the combination of TESOTTf (2.0 equivpase (3.0 equiv). The producing more stable oxonium ions (ketals) are more easily
nonbase condition proved that the base is necessary (entry 1)deprotected than those producing the less stable oxonium ions
An interesting tendency was observed that depended on the typdacetals}: In fact, for example, Kreevoy et al. reported that the
of base. Pyridine and 2-picoline formed very stable polar felative rate of hydrolysis of the ketal, (GHC(OEt), is 1.83
compounds, which were not transformed iteven by along X 10" times that of the acetal, GKDEt),.® As mentioned above,

H,0 workup (24 h) (entries 2, 3). On the other hand, 2,6-lutidine, it is widely recognized that ketals are deprotected much faster
which has one more methyl group at the C6 position of than acetals. On the other hand, our method, which deprotects

2-picoline, gave the deprotected aldehytlim good yield for acetals faster than the ketals, was unprecedented. Therefore, the

short HO treatment (0.1 h) (entry 4). These facts showed that fesults in Table 2, especially when the acetal in entry 3 is
the bulkiness of the base was very important for promoting this deprotected faster than ketal in entry 7 by TESOZ/6-lutidine,
transformation. In fact, 2,4-lutidine, which is a regioisomer of Were in contrast to those found by the reported methods.
2,6-lutidine, with the bulkiness of its C2- and C6-positions being ~ The high chemoselectivity of the TESGT2,6-lutidine
smaller than that of 2,6-lutidine, afforded a very stable polar combination was apparent from the following experiments.
compound, which was not transformed irt@ven by a long Among the three acyclic acetdid—f examined, only the diethyl
H,O workup (24 h) (entry 5). This shows that the success of acetaléd was deprotected to give the aldehyflevhereas other
the reaction needs the appropriate bulkiness of the bases. Twdicetals, i.e., diisopropyl acetéé and dibenzyl acetef, were
bases were next examined. As expected, 2,4,6-collidine, whichnot affected at all under the stated condition (Scheme 4). The
has one more C4-methyl group than 2,6-lutidine, afforded the Same tendency was observed using 2,4,6-collidine. This fact
deprotected aldehyde in excellent yield, though the polar ~and the results in Table 2 (entries 3 and 7) showed that a steric
compound is more stable than that from 2,6-lutidine and a factor was very important in these reactions. This was also
slightly longer HO workup (0.5 h) was necessary (entry 6). featured by the treatment of a 1:1 mixture of the ac2ehnd
On the contrary, 4-(dimethylamino)pyridine (4-DMAP) did not  ketal 9. Thus, the mixture afforded 82% of the aldehy2t
work at all, and no reaction occurred (entry 7). The reason for from the acetal7 with the recovered ketdl using 2,6-ludidine.
this result is still unclear. The use of 2,4,6-collidine also afforded the quantitative yield
The reactivity of the combination of TESOF2,6-lutidine of 28 and recovere@.
was next examined in various acetals. Table 4 shows the results Furthermore, compoun29 having acetal and ketal units in
of the various acetals. The aromatic acéthlo,g-unsaturated ~ the molecule was examined (Table 5). Our method selectively
acetal13, and acetall5 next to the secondary carbon center 9ave the ketal aldehy®in good yield (entries 1, 2), whereas
also could be deprotected in good yields (entries3)L This other representative methods such as thepacsOH or TMSI
reaction is very mild, and many functional groups such as acetatetreatment did not produce any deacetalized pro80¢entries
17a methyl etherl7b, triphenylmethyl (Tr) etherl7c 1,3- 3 and 421
dithiolane19, methyl este21a, andtert-butyl ester21b could Table 6 shows the results from the acetals having an acetal
survive under these conditions (entries9). The compounds ~ @nd a ketal unit together. In every entry, the major product was

23 and 25 having a hydroxyl function needed more reagents the one obtained by the selective acetal deprotection. In the cases
(entries 10 and 11). Among the acetals in Table 4, the Of entries 4 and 5, the substrates had an additional hydroxyl

Compounds which gave rather low y|e|ds of products were fUnCtion, and the TES-ether aldehyde ketals were obtained as
treated with TESOT#2,4,6-collidine, and better yields were ~mMajor products. For the rather low yields of products (entries 2

obtained (entries 2, 3, 7, 11, and 12). (8) Kreevoy, M. M.; Taft, R. W., JrJ. Am. Chem. Sod.955 77, 5590-5595
High Chemoselectivity: The rate-determining step of the See also: Bunton, C. A.; De Wolfe, R. Bl. Org. Chem1965 30, 1371
i i 1375.
transformation of acetals to carbonyl compounds |.s. t.he cleavage (9) Jung. M. E.: Andrus, W, A Ornstein, P. Tetrahedron Lett1977 4175
step of the G-O bond of the acetals. The stabilities of the 4178.
; ; (10) For examples in which aliphatic ketals are selectively deprotected in the
oxonium ions formed by the Cleavag? of the-G bond of the presence of aliphatic acetals, see: (a) entry 8 of Table 1 in ref 2g. (b)
acetals would then affect the reaction rate. Namely, acetals Ukaji, Y.; Koumoto, N.; Fujisawa, TChem. Lett1989 1623-1626.
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Table 4. Mild Deprotection of Various Acetals

TESOTf (2.0 equiv)
base (3.0 equiv) H,0
substrate product
CH,Cl, 0°C 0.5-1.0 h
yield (%)
entry substrate product —
2,6-lutidine 2,4,6-collidine
OMe
1 1 Ph-CHO 12 92
Ph OMe
OMe x_CHO
2 13 Ph/\/ 75 92
Ph/\)\OMe 14
M
OMe CHO ,
3 WOMe 15 \fm/ 16 82 quant.
4 OMe R =Ac (17a) o 90
5 RO R = Me (17b) CHO 93
11OMe 1
6 R=Tr(17c) 18a-c 92
(3.1 (3
7 )\ﬁ//\ CHO 85 90°
S 10 © S 10
19 20
8 ROC oMe  R-Me (21a) ROZC\@,CHO 91
2“0 OMe R=tBu(21b) 10 74
22a,b
OMe
H TESO.,.CHO
10 © " OMe \%1 95°
23 24
OMe
CHO
OMe
1 832 95>
HO b 25 TESO H 2
12 Ho;; gLBS TESO;é oTBS 82b 93b
© “CHo
ome 1 2

aTESOTTf (3.0 equiv) and base (4.0 equiv) were ueBESOTf (4.0 equiv) and base (6.0 equiv) were used.

Table 5. Comparison of Our Method with Other Methods

[\ I\ o O o]
O)<(3)j\/> —>method o, 0 cHO * W\} + CHO
10 © 10 10 10
29 30 31 32
entry method (equiv) condition yield (%) 30:31:32
1 TESOTf (2.0) CHCl,, 0°C 1 h, 79 100:0:0
2,6-lutidine (3.0) then HO
2 TESOTf (2.0) CH.ClI,, 0°C 1 h, 83 100:0:0
2,4,6-collidine (3.0) then HO
3 p-TsOH (1.0) acetone/® = 1:1, 80 0:90:10
r,3.5h
4 TMSI (1.0) CHCI;, 0°C1h 94 0:77:23

aBased on recovered starting material.

as a Lewis acid and can easily transform them into oxonium
ions, which are strong electrophiles. It then works as an efficient
catalyst for nucleophilic addition toward the acetal (Scheme 5,
route a)? On the other hand, the attack of water on the oxonium
ions can produce a carbonyl compound (route b). However
TfOH is simultaneously produced in route b, and the reaction
mixture becomes strongly acidic which results in moderate
yields of the products (for example, see Scheme 6).

In fact, Trehan et al. reported that the deprotection of the
acetal by TMSOTf gave the product in moderate yiéfd®ur
result, entry 1 of Table 3, also showed that the use of TESOTf
only produced poor results. On the other hand, as mentioned
above, the combination of TESO¥2,6-lutidine could deprotect
acetals from aldehydes in good vyields (for the benzaldehyde

and 3), the use of 2,4,6-collidine tended to give the desired dimethyl acetal result, see Table 4, entry 1) (Scheme 6). Since

products in higher yields.

Reaction and Speculation of the Intermediate

Discussion about the Reaction Mechanism and Chemose-
lectivity: Generally, trialkylsilyltriflate works on acetals such

the reaction proceeds under weakly basic conditions, many acid-
labile functional groups could tolerate the reaction. Furthermore,
highly polar compounds were first formed, and agOHvorkup

(11) See: Kaur, G.; Trehan, A.; Trehan,B.0rg. Chem1998 63, 3, 2365~
2366, ref 9.
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Table 6. Chemoselective Deprotection of Substrates Having Acetal and Ketal Units

TESOTf (3.0 equiv)
base (4.0 equiv) H,O
substrate product
CH,Cl, 0°C 0.5h
yield (%)
entry substrate product 2,6-lutidine 2,4,6-collidine
o} )
o 0O BOgee
0 OMeOJ o OMe
33 34
OR
CHO
OR
2 R = Me (35a 63 84
RO e RO
3 R = -CH,CH,- (35b) 36a,b 50 63
OR H
RO
4 RO><:>(\(0R R = Me (37a) WCHO 82
> RO OH OR  R=-CH;CH,- (37b) RO OTES 87
38a,b
aTESOTf (2.0 equiv) and base (3.0 equiv) were used.
Scheme 5
_ Nu-SiR, R1><Nu
T™MS OTf OTf + TfOSiR3 + MeOH
R' OMe TMSOT Ry RU oo RZ OMe
, R><OMG T’ Z\FOMG
R OMe R (route b) 1
R? 'OMe S~ R
TMSOM
€ oxonium ion H,0 R/Eo + TOH + MeOH
Scheme 6 Scheme 7
Trehan's result TESOTf (2.0 equiv)  H,O quench OMe OTf
OMe OMe pyridine (3.0 equiv)  CgHg azeotrope +
TMSOTf (25 mol%)  H,O CHO 5 NS
OMe ©/ + nonpolar byproducts g OMe CH,CIl, 0°C,0.5h hexane/ 90%MeOH |
" CH,Cl,, 40°C, 8 h 6a =
0y
12 (46%) 39 (92%)
Our result pyridinium salt
OMe TESOTf (2.0 equiv) PPTS CHO
2,6-lutidine (3.0 equiv) H,0 CHO _— 8 HRFABMS: calcd for C1gHgNO (M)
e p——— ©/ wet acetone 2502174, found 250.2171
1 272 5 B 12 92%) not acidic condition n.2h 7 (quant.) 19F NMR: 5 -79.59 (CoFs: 5 -162.90)

was necessary to produce the deprotected carbonyl compounds.
These facts showed the unusual reaction path and new reactioryield. Therefore, we determined that the polar compogéd

intermediate.

The Reaction Mechanism and the Structure of the Polar
Compounds (NMR and MS Studies).The polar compound
from the reaction of the acetéh and pyridine (Table 3, entry

was a pyridinium salt.

Based on the consideration of the result using pyridine, we
postulated that the polar compound in the 2,6-lutidine reaction
was similar to the lutidinium salt. As expected, the FABMS of

2) was first isolated. Thus, azeotropic distillation of the reaction the reaction mixture showed the'Mpeak of the 2,6-lutidinium

mixture with benzene in vacuo removed &b, H,O, and

salt 40 at 278m/z (Scheme 8). ArtH NMR spectrum of the

pyridine to give the residue, which was dissolved in hexane/ reaction is shown in Figure 1. Chart A is tHd NMR chart of
MeOH (1:9). The hexane layer containing the less polar 2,6-lutidine. Chart B is théH NMR chart of the acetda. Chart
component was removed, and evaporation of the MeOH layer C is the'H NMR chart of the reaction mixture obtained by the

afforded the polar compound9 (Scheme 7). Its'H NMR
spectrum showed the presence of three aromatic protins (
9.10, 8.61, 8.18), an acetal protah (6.03), and one methoxy
proton ©¢: 3.50). Its%F NMR showed the presence of a fluorine
atom ©: —79.59). The high-resolution FABMS &9 showed
that its composition formula wasi1€H2sNO. Aqueous acidic
treatment 039 gave the deprotected aldehyde quantitative

5934 J. AM. CHEM. SOC. = VOL. 128, NO. 17, 2006

treatment of6a with TESOTT (2.0 equiv) and 2,6-lutidine (3.0
equiv). The characteristic acetal proton arouhds.0 ppm
suggested the N,O-acetal structure and no proton from an
aldehyde were observed in Chart C. However, th® korkup

of the mixture resulted in the disappearance of the proton around
0 6.0 ppm and the formation of the new proton of an aldehyde
aroundo 9.75 ppm (Chart D). Additionally, similar reaction
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Scheme 8. Study on the Reaction Intermediate 40 by FAB(+)MS

OMe TESOTf (2.0 equiv)
, 2,6-lutidine (3.0 equiv)

"8 “ome CHyClp 0
6a

°C,05hr

FAB(+)MS

16776960 188
1008

4

S0
1 83

69 1 136
45 95 '

OMe “OTf

\@/t .\ 2,6-utidinium-sait
B N

I m/z = 278.25
=

40

171 {

rx2

278

32@\ 341

\ 154
ol lh Jj L.J‘.lm]l wtl, Lo ALL A
BN SR S AL S R S

0~ i
100

o ALl
- g A

LI

.
300

2,6-lutidine

Chart B
OMe

8 "OMe
6a

ChartC
reaction mix. of 6a,
TESOTf, 2,6-lutidine

Chart D
crude product
after H,O treatment

DL

Chart E
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Figure 1. Study on the reaction mechanism Hy NMR.

intermediates were also observed for the reaction under TESOTT In this case, the peak due to the N,O-acetal also newly appeared
2.,4,6-collidine conditions. Chart E is tAel NMR chart of the around 6.0 ppm, and Chart E is very similar to Chart C.
reaction mixture obtained by the treatmenbafwith TESOTf Although Roush et al. succeeded in the intramolecular trans-
(2.0 equiv) and 2,4,6-collidine (3.0 equiv), and not 2,6-lutidine. acetalization of MOM ether under identical conditions and
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Scheme 9
TES- X
MeO:— TES-OMe H2O. ome -
\t'))\om J \t)‘)\ + 0 S CHO
s: OMe s NS N \(\‘)J\(X/ ~
6a N _ﬁ— I R g O \(\’),8
- _
3 X= _N;:/>R or-OTF OTf JoTf MeOH 7
N 40 | SN:H
R labile intermediate R F
R =H or Me
Scheme 10
SiMe
e 8 OMe
(3.0 equiv) \9)\/\
— .
then H,0 8 =
41
TESOTf (2.0 equiv) OMe : EtOH
OMe 2 46-collidine (3.0 equiv) \H/k,f oTf (1.5 equiv) OMe
g N - -
8 OMe CH,Cl, 0°C,05h | _ g OEt
0,
6a 40 Ho NP 42 (94%)
2,4,6-collidinium salt (1.5 equiv) OMe
=
A o/\/
43 (88%)

they reported that their transacetalization was activated by the allyltrimethylsilane, gave the mixed acetd® and 43 in
TfOH,'2 in our case, TfOH is not effective (see Scheme 3). high yields (Scheme 10). These results meant that the colli-
Therefore, we consider that our genuine species are differentdinium salts have a very weak electrophilicity and only strong
from theirs! This conclusion also proved to be possible from nucleophiles, such as water and alcohols, can react with the
the observation that the intermediates worked as good pre-salts.
cursors for the efficient mixed acetal formation (see next  Although several studies are reported for the preparation of
chapter). mixed acetals, most of them use an acid catalyst. Therefore,
Based on this study, a plausible reaction mechanism is shownthe yields of the desired mixed acetals are moderate due to the
in Scheme 9. Thus the attack of 2,6-lutidine or 2,4,6-collidine over-reaction. On the other hand, our method proceeds under
on the acetal function activated by a Lewis acid resulted in the weakly basic conditions and is quite good for making mixed
formation of the pyridinium-type saft0 close to the pyridinium  acetals such a42 and43. We then applied the method to the
salt39. However, the stability ofi0 was completely different ~ other mixed acetals, which were obtained in moderate yields
from 39. 40was a very unstable compound because of the stericin the previous studies (Scheme 11). Thus, the treatment of
hindrance of the 2,6-dimethyl groups of 2,6-lutidine or 2,4,6- dimethyl acetak4 with TESOTf and 2,4,6-collidine followed
collidine and very reactive with water. Easy cleavage of the by the addition of geraniol gave the mixed acetalin 87%
C—N bond followed by attack of pD then afforded the  Yield, whereas the yield of the previous report was 57%or
deprotected aldehyde At the same time, excess 2,6-lutidine the same procedure, the mixed acéfaivas obtained fron46
or 2,4,6-collidine could capture the simultaneously formed in 91% vyield (the reported yield was 8196)Although the
trifluoromethanesulfonic acid. The reactions then proceeded dimethyl acetal48 has acid-sensitive functional groups, the
under weakly basic conditions. better yield of 79% than the reported yield of 67%vas

Efficient Mixed Acetal Formation: The properties of the ~ Obtained to give the mixed acetad.

collidinium salt converted to nucleophiles were examined. The ~ These results show that our method for the mixed acetal
reaction process was as follows. After the disappearanéaof ~ Synthesis is very mild and superior to the previous methods.
on TLC by treatment with TESOTf (2.0 equivP,4,6-collidine
(3.0 equiv), 3.0 equiv of the nucleophile were added to the
mixture. The use of allyltrimethylsilan¥, a very popular We have developed a new deprotection method of acetals
nucleophile for oxonium ions, did not give the allylated product from aldehydes via pyridinium-type intermediates. The method
41, and an aldehyd@was obtained after 0 workup, whereas IS Very sensitive to the steric morphology of the acetals and

the use of EtOH and allyl alcohol, stronger nucleophiles than ¢an produce the unprecedented, unexpected, and remarkably
high chemoselective deprotection method. This methodology

(12) For the intramolecular transacetalization of MOM ether under identical Can selectively deprotect the acetals in the presence of ketals,

conditions, see: (a) Durharm, T. B.; Blanchard, N.; Savall, B. M.; Powell, i ity i i H
N, A.: Rolish. W. RJ. Am. Chem. S6@004 126, 9307-9317. (b) Powell, although this chemoselectivity is difficult to achieve by other

N. A.; Roush, W. ROrg. Lett. 2001, 3, 453-456. previously reported methods. A detailed study of the method
(13) TESOTf from ACROS ORGANICS was used in our experiments. When i i i i i

the reaction oféa was conducted by the all-distilled reagents (TESOTT, using various bases and spectroscopic examination of the

2,4,6-collidine, and CkCly), the same result was obtained. This fact shows

Conclusion

that the reaction is not catalyzed by trace amounts of TfOH. (15) Baeckstrom, P.; Li, LTetrahedron1991, 47, 6521-6532.

(14) For the reaction of allyltrimethylsilane and acetals mediated by TMSOTf, (16) Isidor, J. L.; Carlson, R. MJ. Org. Chem1973 38, 554-556.
see: Tsunoda, T.; Suzuki, M.; Noyori, Retrahedron Lett198Q 21, 71— (17) Bi, L.; Zhao, M.; Wang, C.; Peng, &ur. J. Org. Chem200Q 2669
74. 2676.
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Scheme 11
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reaction revealed the reaction mechanism for determining the
structures of the intermediates. These intermediates had a wea
electrophilicity and were successfully applied to the efficient

formation of the mixed acetals in high yields. The reaction is a
new one via new intermediates, and its further application in

synthetic organic chemistry is under investigation.

Experimental Section

General Reaction Procedure Using TESOT+2,6-Lutidine (or
2,4,6-Collidine): First, 2,6-lutidine (or 2,4,6-collidine) (3.0 equiv for
the compounds having only acetal function and 4.0 equiv for the
compounds having hydroxyl and acetal functions) and, second, TESOTf
(2.0 equiv for the compounds having only acetal function and 3.0 equiv
for the compounds having hydroxyl and acetal functions) were added
to a solution of an acetal in GEl, (0.1 M solution) at C under N
gas. The mixture was stirred at the same temperature. After checking
for the disappearance of an acetal on TLGOHwvas added to the
resulting mixture and stirred. Disappearance of the polar component
was ascertained by TLC. The mixture was extracted with@# The
organic layer was dried over B8O, filtered, and evaporated in vacuo.
The residue was purified by flash Si@olumn chromatography to
produce the aldehyde.

Deprotection Reaction of 29 with TESOT#-2,6-lutidine, p-TsOH,
and TMSI (Table 5). A. TESOTf—2,6-Lutidine: 2,6-Lutidine (55
uL, 0.48 mmol) and TESOTf (72L, 0.32 mmol) were added to a
solution 0f29 (48.0 mg, 0.16 mmol) in CkCl, (1.6 mL) at 0°C under
N2 gas. The mixture was stirredrf@ h at thesame temperature. After
the disappearance @0 was checked on TLC, ¥D was added to the

resulting mixture and stirred. The disappearance of the polar component

was ascertained by TLC. All procedures were done°&.0rhe mixture
was extracted with CkCl,. The organic layer was dried over }s0,
filtered, and evaporated in vacuo. The residue was purified by flash
SiO, column chromatography using hexan€s,0 (7:1) to give30
(32.5 mg, 79%).

B. p-TsOH: p-TsOH (5.8 mg, 0.03 mmol) was added to a solution
of 29 (19.3 mg, 0.03 mmol) in acetorgd,0 (1:1)(0.6 mL), and the
resulting mixture was stirred at rt for 3.5 h. After checking for the
disappearance @ on TLC, sat. NaHC®aq. was added to the mixture
at 0°C. The resulting solution was evaporated to remove the acetone
in vacuo. The mixture was extracted with,@t The organic layer was
dried over NaSQ,, filtered, and evaporated in vacuo. The residue was
purified by flash Si@ column chromatography using hexan&t,0
(2:1) to give a mixture oB1 and 32 (13.2 mg, 80%, the ratio d81
and32 was determined byH NMR).

C. TMSI: TMSI (29 uL, 0.20 mmol) was added to a solution of
29 (60.6 mg, 0.20 mmol) in CkCl, (2.0 mL) at 0°C under N gas.
The resulting mixture was stirred at°C for 1 h. After checking for

the disappearance @9 on TLC, sat. NaHC®ag. and sat. N&,03

lag. were successively added to the mixture &€0The mixture was
extracted with CHCl,. The organic layer was dried over D,
filtered, and evaporated in vacuo. The residue was purified by flash
SiO; column chromatography using hexan€d,0 (2:1) to give a
mixture of 31 and 32 (46.9 mg, 94%, the ratio 081 and 32 was
determined byH NMR).

Pyridinium Salt 39 and Its Hydrolysis in Scheme 7:Pyridine (60
uL, 0.74 mmol) was added to a solution & (50.2 mg, 0.25 mmol)
in CH.Cl; (2.4 mL) at 0°C under N. After the solution was stirred
for 5 min, TESOTf (112«L, 0.50 mmol) was dropwise added. The
mixture was stirred at C. After the disappearance 6& (TLC check),
the reaction was quenched by the addition g©HThe mixture was
then evaporated in vacuo. The residue was further coevaporated with
benzene. The residue was diluted with hexakeOH (1:9). The
MeOH layer was dried over N8O, and evaporated in vacuo to give
39(89.4 mg, 92%). PPTS (2.5 mg, 0.01 mmol) was added to a solution
of 39(56.6 mg, 0.14 mmol) in acetoa¢d,O (v/v=1/1, 2.0 mL). The
mixture was stirred for 2 h. The solution was poured into sat. ag.
NaHCG; and extracted with ED. The organic layer was dried over
N&aSO, and evaporated in vacuo. The residue was purified by, SiO
column chromatography using hexar@H,Cl, (3:2) as the eluent to
give 7 (21.8 mg, quant).1-(1-Methoxydecyl)pyridinium Trifluo-
romethanesulfonate (39):Colorless oil;'H NMR (CDCls) 6 9.10
(d, J = 5.4 Hz, 2H), 8.61 (tJ = 7.8 Hz, 1H), 8.18 (ddJ = 7.8,
5.4 Hz, 2H), 6.03 (tJ = 5.1 Hz, 1H), 3.50 (s, 3H) 1.94 (m, 2H),
1.23 (m, 14H), 0.87 () = 6.6 Hz, 3H);13C NMR (CDCk) 6 147.0
(2C), 141.0, 128.7(2C), 102.0, 58.5, 38.0, 31.7, 29.3, 29.2, 29.1, 28.8,
24.1, 22.6, 14.0% NMR (CDCk) 6 —79.59 (GFs as internal
standard). HRFABMS: calcd for /&H,sNO (M*), 250.2171; found,
250.2174.

Experiment in Scheme 8:2,6-Lutidine (40uL, 0.34 mmol) was
added to a solution ofa (25.0 mg, 0.11 mmol) in CECl, (0.1 mL) at
0 °C under N. After the solution was stirred for 5 min, TESOTf (52
uL, 0.23 mmol) was dropwise added. The mixture was stirred for 30
min. The solution was directly measured by FABWUS.

General Procedure for the Synthesis of Mixed Acetals2,4,6-
Colldine (3.0 equiv) and TESOTT (2.0 equiv) were added to a solution
of an acetal in CKCl, (0.1 M solution) at ®C under N. The mixture
was stirred at the same temperature. After checking for the disap-
pearance of the acetal by TLC, an alcohol (1.5 equiv) was added
to the resulting mixture and stirred at rt. Disappearance of the
polar component was ascertained by TLC. The mixture was quenched
with water and extracted with GEl,. The organic layer was
dried over NaSQ,, filtered, and evaporated in vacuo. The residue was
purified by flash SiQ column chromatography to give the mixed
acetal.
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