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Trichloroacetimidate as an Efficient Protective Group for Alcohols
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Abstract: The trichloroacetimidate is disclosed to be a general and
efficient protective group for acohols, which can be deprotected
under mild acidic, basic, or neutral conditions, and has orthogonal
stability with the acetate and tert-butyldimethylsilyl (TBS) protec-
tions.
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Protection of hydroxyl function is one of the main themes
in the protective group chemistry, and is decisive in many
synthetic works.* Although avery large number of protec-
tive groupsfor alcohols have been developed, new and ef-
ficient protection manipulation continues to be the focus
of attention and will certainly open up new possibilities
for performing the art of organic synthesis.>? The trichlo-
roacetimidate, which can be readily generated from an al-
cohol by addition with trichloroacetonitrile in the
presence of a base, has widely been used for two purpos-
es: (1) serves as an excellent leaving group to liberate a
useful cation, such as in glycosyl,® benzyl,* p-methoxy-
benzyl,® allyl,*¢ tert-butyl,® and 2-phenylisopropyl
trichloroacet-imidate®; (2) serves as a neighboring nu-
cleophilic nitrogen surrogate to deliver an aza-Claisen re-
arrangement (Overman rearrangement)’ or an addition to
atrigonal site (an epoxy® or aHg?* or I* activated carbon-
carbon double bond®). To the best of our knowledge, so
far only two papers mentioned the use of the trichl oroace-
timidate as a temporary protective group for hydroxyl
function.'® Both cases involved in the course of execution
of the Schmidt glycosylation;® therein the anomeric
trichloroacetimidate at the same time was employed as a
leaving group. The trichloroacetimidate protection re-
mained intact during the glycosylation under the promo-
tion of TMSOTf and BF;*OFEt,, and was removed
afterwards under acidic conditions (1IN HCI/MeOH and
80% HOAC) in moderate to good yields (51% and 87%,
respectively). Herein, we report that trichloroacetimidate
can be used as ageneral and efficient protective group for
alcohals, which can be deprotected under mild acidic, ba-
sic, or neutral conditions, and has orthogonal stability
with the acetate and TBS ether protections.

According to the intrinsic properties of the trichloroace-
timidate, three types of conditions were sought to release
the masking hydroxyl function (Scheme 1 and Table): (A)
Acidic conditions (TsOH-H,0, MeOH/CH,CI,, rt); the
same mechanism asin the acid catalyzed hydrolysis of es-
ters proceeds. (B) Basic conditions (DBU, MeOH); aret-
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ro-reaction of the addition of an alcohol to
trichloroacetonitrileinvolves.!! (C) Reductive limination
conditions (neutral conditions) (Zn, NH,CI, EtOH); the
same mechanism as in the deprotection of the 2,2,2-
trichloroethoxycarbonyl (TrOC) group*? and the 2,2,2-
trichloro-ethyl ester works.*?
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Condition A: TsOH-H,0 (0.5 equiv), CH,Cla/MeOH (1/1, v/v), 1t, §
min; Condition B: DBU (1.0 equiv), MeOH; Condition C: Zn, NH4Cl,
EtOH, reflux, 5 min.

Scheme 1

Three conditions worked very well on the cleavage of the
trichloro-acetimidate on a relatively robust substrate 1b
(entries 1-3).1**° However, treatment of 1b with TsOH
under longer time also resulted in the partial cleavage of
the 4,6-isopropylidene. The trichloroacet-imidate was
found to be selectively removed under acidic (condition
A) and reductive elimination conditions (condition C) in
the presence of an acetate counterpart (entries 4, 6). Pro-
longing the reaction time under Zn/NH,Cl in ethanol
(condition C) a'so led to the cleavage of the acetate (entry
7), which was likely effected by the eliminated fragment
(i.e. HN=C=CClI,); because it has been found that acetate
remained stable under these conditions.!® Interestingly, it
was also found that the acetate was removed selectively in
the presence of its trichloroacetimidate counterpart under
the action of DBU in methanol (condition B, entry 5). The
trichloroacetimidate in between an acetyl and benzoyl
groups was also selectively removed under the action of
TsOH (substrate 4b, entry 13); while under the action of
Zn/NH,CI in EtOH, both the trichloroacetimidate and the
acetate were removed with the benzoate remained intact
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Entry Subsoater  Conditions® Product (vielaw). . As depicted in scheme'2the use of trichloroacetimidate
as a protective group for hydroxyl function is particular
1 o g A <97 om 98 i ; ; ;
<97 oca, o 98 useful in the oligosaccharide synthesis. To prepare the
2 o B (rt, 2h) 3 100 disaccharide accept@r a protective group should be in-
; 15 o%/ o 125 g troduced onto the 3-OH d&8 first, which should be sta-
ble under the conditions for converting the anomeric allyl
4 A s WARH g3 group to the trichloroacetimidate and for the subsequent
2a glycosylation (conditions a-c), and then has to be removed
5 B (rt, 2h) Ho/\/\/\/\/\/oycc'a 91 afterwards without effecting the acetyl, benzoyl, anomer-
aed VWA 2¢ NH ic thioether, and the glycosidic bond. It was not easy to
6 2b  NH c 2a 90 find a perfect protective group to meet all these requests;
AAAALH nevertheless, herein the trichloroacetimidate protection
7 C (2h) HO 100 : .
2d was demonstrated unequivocally to be a very nice and
straightforward choice.
9 A resd VWV 92
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Reagents and conditions: (a) PdCl,, MeOH, 1t, 76%; (b) Cl3CCN,
DBU, CH,ClL, 1t, 89%,; (c) BF;0Et,, 4 A MS, CH,Cl,, -78 °C, 64%;
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Scheme 2

€7) (a) Overman, L. E. J. Am. Chem. Soc. 1974, 96, 597. (b)
Overman, L. E. Ibid. 1976, 98, 2901. (c) Overman, L. E. Acc.
Chem. Res. 1980, 13, 218. (d) Nishikawa, T.; Asai, M.;
Ohyabu, N.; Isobe, M. J. Org. Chem. 1998, 63, 188.

(8) (&) Schmidt, U.; Respondek, M.; Lieberknecht, A.; Werner, J.;
Fisher, P. Synthesis, 1989, 256. (b) Hatakeyama, S.;
Matsumoto, H.; Fukuyama, H.; Mukugi, Y .; Irie, H. J. Org.
Chem. 1997, 62, 2275.

(9) Cardillo, G.; Orena, M. Tetrahedron 1990, 46, 3321.

(10) (a) Lassaletta, J. M; Carlsson, K.; Garegg, P. J.; Schmidt, R.
R. J. Org. Chem. 1996, 61, 6873. (b) Qiu, D.; Koganty, R. R.
Tetra-hedron Lett. 1997, 38, 961.

(11) (a) Schmidt, R. R.; Michel, J.; Roos, M. Liebigs Ann. Chem.
1984, 1343. (b) Schmdit, R. R.; Michel, J. Tetrahedron Lett.
1984, 25, 821.

(12) Windholz, T. B.; Johnston, D. B. R. Tetrahedron Lett. 1967,
2555.

(13) Woodward, R. B.; Heudler, K.; Gosteli, J.; Naegeli, P.;
Oppolzer, W.; Ramage, R.; Ranganathan, S, Vorbruggen, H.
J. Am. Chem. Soc. 1966, 88, 852.

(14) Typical procedures for the deprotection of
trichloroacetimidates. Condition A: to a solution of 1b (120
mg, 0.30 mmoal) in CH,Cl,-MeOH (4 mL, 1:1) at rt was added

Synlett 1999, No. 6, 753—-755 ISSN 0936-5214 © Thieme Stuttgart - New York

Downloaded by: Queen's University. Copyrighted material.



LETTER

Trichloroacetimidate as an Efficient Protective Group for Alcohols 755
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TsOH-H,0 (28 mg, 0.15 mmol). After being stirred at rt for 5
min, the reaction was quenched by addition of Et;N (0.2 mL),
and then concentrated. Theresiduewas purified by asilicagel
column chromatography (petroleum ether-EtOAc, 2:1) togive
la asawhite solid (76 mg, 98%). Condition B: to a solution
of 1b (49 mg, 0.12 mmol) in dry MeOH at rt was added DBU
(0.02 ml, 0.12 mmol). After being stirred for 2 h, the solution
was concentrated to aresidue, which was purified by asilica
gel column to give 1a (32 mg, 100%). Condition C: to a
solution of 1b (83 mg, 0.21 mmol) in dry EtOH (2 mL), was
added Zn powder (67 mg, 1.0 mmol) and NH,CI (27 mg, 1.0
mmol). After being refluxed for 5 min, the mixture was
filtered. The filtrates were concentrated to a residue, which
was purified by asilicagel column to give 1a (53 mg, 99%).
IH NMR of trichloroacetimidates (1b-4b) (300 MHz, CDCl,).
1b: 8.55 (1H, s), 5.92 (1H, d, J=3.7), 5.32 (1H, d, J = 2.6),
4.62(1H,d, J=3.6),4.38 (1H,t,J=6.2),4.30 (1H, dd, I =
7.5,2.5), 413 (1H, t,J = 7.2), 4.02 (1H, m), 1.53, 1.41, 1.32,
1.29 (3H each, seach).

2b: 8.20 (1H, brs), 4.27 (2H, t, J = 6.5), 4.03 (2H, t, J = 6.8),
2.03(3H, ), 1.78 (2H, m), 1.59 (2H, m), 1.43-1.25 (12H, m);
3b: 8.21 (1H, brs), 4.27 (2H, t, J=6.5), 3.59 (2H, t, J= 6.5),
1.76 (2H, m), 1.51-1.28 (14H, m), 0.88 (9H, s), 0.03 (6H, ).
4b: 8.45 (1H, ), 8.02-7.80 (5H, m), 5.93 (1H, m), 5.60 (3H,
m), 5.32 (2H, m), 4.88 (1H, s), 4.24 (1H, dd, J = 12.8, 5.1),
4.10 (2H, m), 2.14 (3H, s), 1.31 (3H, d, J = 6.3).
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(@) Yu, B.; Zhang, J.; Lu, S.; Hui, Y. Synlett 1998, 29. (b)Y u,
B.; Li, B.; Zhang, J.; Hui, Y. Tetrahedron Lett. 1998, 39, 487.
IH NMR (300 MHz, CDClI,) data for compounds 5-9. 5: 8.05
(2H, m), 7.60 (1H, m), 7.46 (2H, m), 5.26 (1H, m), 5.16-5.09
(2H, m), 4.26 (2H, m), 3.23 (1H, d, J=4.1), 244 (1H,d, J=
9.7), 219 (3H, s), 1.28 (3H, d, I = 6.2);

6: 8.79 (1H, s), 8.57 (1H, s), 8.01 (2H, m), 7.60 (1H, m), 7.46
(2H, m), 6.47 (1H, d, J= 1.6), 5.69-5.57 (3H, m), 4.26 (1H,
m), 1.89 (3H, s), 1.32 (3H, d, J = 6.3);

8: 8.02 (4H, m), 7.56 (2H, m), 7.43 (4H, m), 5.48-5.26 (5H,
m), 5.12 (2H, m), 4.37 (1H, dd, J= 9.7, 3.4), 4.30 (1H, m),
4.12 (1H, m), 2.66 (2H, m), 2.29 (3H, s), 1.78 (3H, 9), 1.27
(9H, m);

9: 8.04 (4H, m), 7.57 (2H, m), 7.47 (4H, m), 5.41 (2H, m),
5.27(3H, m), 4.95(1H, d, J=1.5), 4.32 (2H, m), 4.04 (1H, m),
3.78 (1H, m), 2.63 (2H, m), 2.23 (3H, s), 1.89 (3H, s), 1.26
(9H, m).
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