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p-Methylbenzyl 2,2,2-trichloroacetimidate:
Simple Preparation and Application to Alcohol Protection
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A method for p-methylbenzyl (MBn) protection of
alcohols by wusing MBn 2,2 2-trichloroacetimidate 1is
described. The trichloroacetimidate can easily be prepared
and isolated as a stable white powder without purification
by silica gel chromatography. Catalytic use of zinc (II)
triflate in diethyl ether activates the trichloroacetimidate to
enable MBn protection of various alcohols.

Keywords: p-Methylbenzyl 2,2,2-trichloroacetimidate,
Alcohol protection, Zinc (l1) triflate

The benzyl (Bn) group and its analogues are widely
used for alcohol protection in organic synthesis (Figure 1a).!
Among these protecting groups, the Bn group is the most
selected as a result of its stability under various conditions
and specific cleavage under hydrogenolytic conditions.” The
Bn group is typically installed on hydroxy groups via the
Williamson ether synthesis (Figure 1b).? If the substrate is
labile under basic conditions, acidic reaction conditions are
employed by using benzyl 2,2,2-trichloroacetimidate (Bn-
TCAI) and a Lewis acid/organic protonic acid (Figure 1b).*
The p-methoxybenzyl (PMB) group is also frequently used
for alcohol protection; the same protection method as that
for the Bn group can be followed,’ and the reactivity of the
PMB group under oxidative conditions allows its selective
removal in the presence of the Bn group.® Because of such
advantages, further reaction methods for incorporating these
two groups into alcohols have been reported.’

(a) (b) Bn/PMBX
base
L
R R-OH \<:>— R-0OBn/PMB
R = H: Benzyl (Bn) )Nii
R = OMe: p-Methoxybenzyl (PMB)
R = Me: p-Methylbenzyl (MBn) PMEZKZ;‘OacidCCIB

Figure 1. (a) Structures of the Bn group and its analogue. (b) General
method for the Bn/PMB protection.

We have recently reported that, similar to PMB groups,
p-methylbenzyl (MBn) groups installed on alcohols can be
removed under oxidative conditions (Scheme 1a)?
Furthermore, chemoselective removal of the PMB group in
the presence of Bn and MBn groups was demonstrated.
These results showed that the MBn group is a valuable
protecting group for alcohols, in addition to the Bn and
PMB groups. In the previous study, all the MBn groups in
the substrates were incorporated via the Williamson ether
synthesis because other introduction methods have not been
explored in detail owing to the less general use of this
group.’ Herein, we describe a facile method for MBn
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protection by using MBn-TCAI (1) and a catalytic Lewis
acid (Scheme 1b).

(a) NC  CN

O o]
C.ﬁc. (OPMB (NHy)o[Ce(NOg)e] COH
R-OMBn — R-OH -
74-95% yields
29-93% yields OMBn y OMBn
®) This Work —=------=========------ooooo-
‘ NH (4
MBnBr
base MBnO~ "CClg
R-OMBn R-OH R-OMBn

Previous work

Scheme 1. (a) Our previous report about the MBn group. (b) Methods
for protecting alcohols with the MBn groups.

MBn-TCALI (1) was prepared according to our previous
simple method for synthesizing various TCAIs.'” Thus, a
suspension of p-methylbenzyl alcohol (MBnOH) in hexane
was treated with trichloroacetonitrile and catalytic 1,8-
diazabicyclo[5.4.0]undec-7-ene (DBU) at 0 °C. Similar to
the appearance change that occurred in the established
TCAI synthesis reactions, the suspected reaction mixture
gradually changed to a colorless solution as the reaction
proceeded. Subsequent work-up process with liquid-liquid
extraction provided 1 in 97% yield as a white powder
(Scheme 2). Although the synthesis of 1 has already been
reported, that method requires purification by silica gel
chromatography.'" Our method provides 1 in high purity
without such purification. Synthesized 1 can be kept at room
temperature for a month without decomposition.

Our method
CI3CCN (1.1 equiv.)
/©/\0H DBU (0.1 equiv.) )"]‘\H
hexane, 0 °C; MBnO~ "CCl
liquid-liquid extraction
MBnOH MBn-TCAI (1)
97%
Reported method™
CI3CCN (1.2 equiv.)
DBU (0.1 equiv.)
MBnOH MBn-TCAI (1)

CH,Cly, 0 °C tort;
liquid-liquid extraction;
silca gel chromatography

95%

Scheme 2. Facile synthesis of MBn-TCAI (1).

With MBn-TCAI (1) in hands, we turned our attention
to optimizing the reaction conditions for providing MBn-
protected compounds by using 1. Alcohol 2% possessing a
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sulfonyl amide moiety was used for the investigation, and
the acid screening results are summarized in Table 1. The
amounts of 1 and each acid were fixed at 1.1 and 0.5
equivalents, respectively. Dichloromethane was selected as
the reaction solvent and the reaction was evaluated based on
the NMR vyield of crude products. Frequently used Lewis
acids for activating Bn/PMB-TCAI, such as trimethylsilyl
trifluoromethanesulfonate (TMSOTY),"2 BF;-OEt,,"
Sc(OTf);,* La(OTf);,"% and Cu(OTf),,'® induced the
reaction; however, the NMR yields remained at 47%—60%,
indicating that these Lewis acids have no catalytic activity
in the reaction using 1 (entries 1-5). The use of the organic
protonic acid, 10-camphorsulfonic acid (CSA),"” resulted in
almost no reaction (entry 6). Subsequently, we used an
unreported catalyst for activating Bn/PMB-TCAIs. No
reaction occurred with the use of ZrCly (entry 7). Although
the reaction with In(OTf); gave the similar results to those
in entries 4 and 5 (entry 8), the use of MeOTf and Zn(OTf),
improved the reaction conversion to give 3 in 78% and 71%
NMR yields, respectively (entries 9 and 10). Both reactions
also proceeded with similar yields when 0.1 equivalent of
the catalyst was used. However, MeOTf occasionally
produced a mixture of 4a and 4b as byproducts, in which a
p-xylene unit is attached to the benzene ring of the MBn
group of 3 (Scheme 3).'® This side reaction involves the
Friedel-Crafts alkylation of benzylic cation 5, derived from
1 in situ. Addition of a scavenger such as anisole' and
pentamethylbenzene® did not completely suppress the side
reaction. Therefore, we further modified the Zn(OTf),-
mediated reaction system and discovered that the reaction
solvent was crucial for enhancing the reaction. Thus, the
reaction in diethyl ether proceeded smoothly with a loading
of 0.1 equivalent of Zn(OTf), to give 3 in 98% NMR yield
(entry 11). The use of TfOH?!' instead of Zn(OTf),
decreased NMR vyield to 77% (entry 12), indicating that the

zinc (IT) cation is required for efficient conversion. The
Table 1. Acid screening for reaction of alcohol 2 with MBn-TCAI (1).
MBn-TCAI (1) (1.1 equiv.)

I\I/Ie acid (0.5 equiv.) Me

T NSO T o 2024 h Tor N OMBR

2 3

entry acid yield (%)* entry acid yield (%)*
1 Sc(OT1); 50 7 ZrCly N.R.
2 BF;-OEt, 47 8 In(OTf)3 61
3 TMSOTf 54 9 MeOTf 78 (77%)
4 La(OTf)s 57 10 Zn(OTf  71(67)
5 Cu(OTD): 60 11 Zn(OT): 98 (94%)
6 CSA 5 12¢ TfOH 77

“NMR yield. *NMR yield with 0.1 equiv. of acid.  Reaction with 0.1
equiv. of acid and Et;O as the reaction solvent. “Isolated yield. Ts = p-
toluenesulfonyl.

R = TsMeN(CH,),

5
R0v©/ | I
MeOTf 3
MBn-TCAI M O O
Fridel-Crafts
5 alkylation RO RO

(1) CH,Cl,
4a 4b

Scheme 3. Proposed mechanism for the formation of byproducts 4a and
4b.

isolated yield of 3 under the conditions given in entry 11
was 94%, and no byproducts, 4a or 4b, were formed.

With the optimized reaction conditions established, the
substrate scope was investigated (Scheme 4). 3-Phenyl-1-
propanol (6a) and methyl (R)-3-hydroxyisobutyrate (6b)
reacted easily with 1 to afford 7a and 7b in 88% and 76%
yields, respectively. Protection of the primary alcohol in
serine derivative 6¢ resulted in a low yield (39%) because
the Boc group was partially damaged under the reaction
conditions. Secondary alcohols such as methyl lactate (6d)
and L-menthol (6e) formed the corresponding MBn-
protected compounds in 76% and 94% yields, respectively,
the latter using 1.5 equiv. of 1. Reaction of 1-adamantanol
(6f), which is classified as a tertiary alcohol, proceeded
smoothly with 1.5 equiv. of 1 to afford MBn ether 7f in 90%
yield. Using 1.1 equiv. of 1 in the reaction of 6e and 6f
lingered in the MBn protection to decrease the yields of 7e
and 7f to 73% and 66%, respectively. These results indicate
that the presence of excess 1 accelerated the reaction. By
contrast, a dramatical decrease in yield was observed when
more hinder alcohols such as 6g and 6h were used. In
particular, the secondary alcohol of 6h hardly reacted with 1
and provided 7h in only 19% yield. Although the reaction
was also attempted in the presence of excess 1, or under
reflux conditions, the yield of 6h was largely unchanged,
indicating that steric hindrance around the alcohol group
affects the reaction with 1. Protection of the phenolic
hydroxy group in methyl 4-hydroxybenzoate (6i) afforded 7i
with a minor C-alkylated compound with yield of 64%.
Notably, the enantiomeric excess of both 7¢ and 7d,
possessing a chiral center at the a-position to the carbonyl
moiety, was >98% ee. These results indicate that no
racemization of the chiral centers occurred under our
reaction conditions.

The functional allowance of the MBn-protected
reaction was further examined. Alcohol protection using
TBS, Ac, and MOM groups in 6j—k was not affected under
the reaction conditions, thereby allowing the corresponding
the MBn protections in satisfactory product yields. The
alkyne moiety in 6m also tolerated the reaction to protect
the secondary alcohol, affording a yield of 89%. In contrast,
Weinreb amide 6n induced a side reaction triggered by
amide activation via Zn(OTf),, decreasing the yield of 7n,
and providing inseparable byproducts. Finally, the reaction
conditions were applied to the protection of cholesterol (60)
with a tri-substituted alkene in the tetra cyclic skeleton. The
reaction proceeded uneventfully, affording the MBn-
protected compound 7o with a yield of 77% yield.
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MBn-TCAI (1) (1.1 equiv)
Zn(OTf), (0.1 equiv.)

R-Ol R-OMBn
6a—0 Et,0, rt _
isolated yield 7a-o
OH o \/L I;lHBoc
GO,Me HO~co,me
6a 6b 6¢c
88% 76% 39% (99% ee)
OH
RO
~>Cco,Me Hd @
6d 6e 6f

76% (98% ee) 94%7 90%?

PMBO ™
\Coi” MeOzCOOH
Ho_ L
0
69 6h 6i
43% 19% 64%

HO/\/\/\OPG

6j: PG = TBS (92%)
6k: PG = MOM (81%)
6l: PG = Ac (75%)

o}

HOWLN’O\

|
6n
46% 77%

Scheme 4. Substrate scope. “1.5 equiv. MBn-TCAI (1) was used.

The Zn(OTf),/Et;0 reaction system enabled the
introduction of Bn and PMB protection (Scheme 5). Thus,
treatment of 6a with Bn-TCAI or PMB-TCAI and catalytic
Zn(OTf), in Et,O provided the corresponding protected
compounds 8 and 9 in 81% and 87% yields, respectively.
Bn protection required reflux conditions for the reaction to
proceed efficiency. This is the first report of these reaction
conditions for Bn/PMB protection of alcohols. Zn(OTf), is a
stable and non-fuming solid; therefore, for Bn/PMB
protection, the proposed method is safer and easier than
reactions using TfOH, which is a fuming liquid acid.” 7*"2!

Et,0, reflux, 24 h

81% 8

Bn-TCAI (1.2 equiv.)
Zn(OTf), (0.1 equiv.)

6a

PMB-TCAI (1.2 equiv.)

Zn(OTf), (0.1 equiv.) O/V\OPMB
Et,O, 1t, 24 h
87% 9

Scheme 5. Application of the Zn(OTf)/Et,O reaction system to Bn-
TCAI and PMB-TCAL

In summary, we established a simple preparation
method for MBn-TCAI (1) and developed an MBn-
protection method for various alcohols by using 1.

Treatment of MBnOH with trichloroacetonitrile and
catalytic DBU in hexane produced 1 easily without
purification by silica gel chromatography. Activation of 1
with catalytic Zn(OTf),in Et,O enabled the MBn protection
of various types of alcohols in 19%—-94% yields. These new
results and our previous report will accelerate the use of
MBn groups for the transformation of polyol compounds
with orthogonal synthetic strategies.
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(Grant numbers JP19K15549, JP18H04429, and
JP19H02727). We thank Dr. Yasuko Okamoto at
Tokushima Bunri University for measurements of the MS
spectra of partial compounds.
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