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A new protecting group, 1,2-dimethoxy-4,5-dimethylene, for acyclic amino acid derivatives
could be introduced by N,N-dialkylation with 1,2-bis(bromomethyl)-4,5-dimethoxybenzene (1)
and removed via amine de-alkylation with acyl chlorides. The method can be used with base-
induced [2,3] and [1,2] Stevens rearrangement products.

2009 Elsevier Ltd. All rights reserved.

As part of the study of base-induced Stevens and Sommelet—
Hauser rearrangements, we required a new protecting group for
amino acid derivatives because the rearrangements of acyclic
amino acid-derived tetraalkylammonium ylides produce the N,N-
dialkyl amino acid derivatives as the products,® and efficient
methods to remove the N,N-dialkyl substituents from nitrogen are
limited.? Two successful examples were reported by Workman3
or Arboré.® Their groups performed palladium-catalysed de-
allylation of an N,N-diallyl o.-amino acid derivative prepared by
[2,3] Stevens rearrangement. However, the N-allyl substituent
also functions as a reactive migrating group, which restricts the
scope and limits the rearrangement products to a-allyl amino
acid derivatives (Scheme 1, eq 1). Thus, we have been looking
for a new N,N-dialkyl-type protecting group for amino acid
derivatives that can be alkylated with alkyl halides to yield the
corresponding tetraalkylammonium salts and that do not migrate
under the rearrangement conditions. Herein, we report a new
protecting group, 1,2-dimethoxy-4,5-dimethylene, for acyclic a-
amino acid derivatives (Scheme 1, eq 2). This group could be
introduced by N,N-dialkylation with 1,2-bis(bromomethyl)-4,5-
dimethoxybenzene (1), can be removed via amine de-alkylation
with acyl chlorides,*® and does not affect the base-induced
Stevens rearrangement.

A protecting reagent, 1,2-bis(bromomethyl)-4,5-dimethoxy-
benzene (1), was prepared by the bisbromomethylation of 1,2-
dimethoxybenzene.® N,N-Dialkylation of representative L-o-
amino acid methyl esters 2 with 1 afforded the corresponding
isoindoline derivatives 3 in moderate yields (Table 1, entries 1-6,
50-86%).
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Scheme 1 Removal of N,N-dialkyl substituents from Stevens
rearrangement product

First, we examined the conversion of the 5,6-
dimethoxyisoindoline derivatives 3 into the N-ethoxycarbonyl-o.-
amino acid methyl esters 5 via amine de-alkylation (Table 2).
Treatment of 3a—3e with ethyl chloroformate as a de-alkylation
reagent in 1,2-dichloromethane under reflux gave the ring-
opening products 4a—4e in 73-92% yields (entries 1-5). The
reaction of the phenylglycine derivative 3f resulted in a lower
yield (entry 6, 30%) because of the formation of methyl 2-
chlorophenylacetate (4f") as a side product (34%, 31% ee, R)
resulting from substitution at the a-position of the ester-
carbonyl.” The  N-2-chloromethyl-4,5-dimethoxybenzyl
substituents, as in 4, were removed by treatment with
trifluoroacetic acid (TFA) at room temperature to produce 5a-5f
in 71% to quantitative yields with minimal racemization.®
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Table 1 N,N-Dialkylation of representative L-a-amino acid
esters 2 with 12

MeO._ ~_
| ~N Br

Z Br

® MeO™ > MeO
Holl_COgMe (1) KHCO, mN -COMe
c R MedH MeO ;

R
2 3
Entry R 3 (%)°
1 CH,Ph a 7
2 Me b 50
3 i-Bu c 60
4 i-Pr d 67
5 (S)-sec-Bu e 56
6 Ph f 86

4,5-dimethoxy-2-methylbenzyl derivative 8 with 81% yield. The
remaining N-benzylic substituent was removed by oxidative
cleavage with ceric ammonium nitrate (CAN)!? to afford 9 in
91% vyield. The enantio-purity of 9 thus obtained was 99% ee.
Racemization was not observed during this process (2a to 9).

Table 3 Amine de-alkylation of 3a using various types of acyl
chloride

2 Reaction conditions: 1 (1.0 equiv), 2 (1.0-1.2 equiv), KHCO; (3-6 equiv),
MeCN (0.1-0.2 M), rt, 12-18 h. ® Isolated yield.

Table 2 Conversion of 3 into N-ethoxycarbonyl-a.-amino acid
methy| esters 52

o 0 cl
Me MeO
JOUN N ¢ ¢
MeO : CICH,CH,Cl e N -CO:Me
~pPh reflux, time :
“ph
3a 6a—e
Entry R time (h) 6 (%)?
1 OCH,Ph a 52 12°
2 OCH,CH=CH; b 71 34°
3 0O-p-NO,-Ph c 63 36
4 OCH,CCl, d 62 86
5 CCl, e 60 messy
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MeO ! CICH,CH,CI jiI)N\/COzMe
R reflux MeO :
3 R
Cl
MeO COzEt
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MeO 2 © é
a R 5
Entry R 4 (%)°° 5 (%)° eeof 5 (%)
1 CH,Ph a 88 91 >99¢
2 Me b 84 79 99°
3 i-Bu c 92 89 >99¢
4 i-Pr d 73 93 99°
5 (S)-sec-Bu e 75 quant. 94¢
6 Ph f 30° 71 91¢

2 Reaction conditions: 3 (1.0 equiv), CICO,Et (1.2-3.0 equiv), 1,2-
dichloroethane (0.1 M), reflux, 2-3 days; 4 (1.0 equiv), TFA (0.1 M), rt, 48 h.
® Isolated yield. © The products may contain a small amount of impurities
because of the difficulty of purification. ¢ Determined by HPLC analysis
using a chiral column. ¢ Determined by the comparison of the specific
rotation with that of the authentic sample prepared from L-amino acids.

f Methyl 2-chlorophenylacetate (4f”) was obtained with 34% yield.

With these results in hand, we investigated the amine de-
alkylation of 3a using various types of acyl chloride to obtain N-
(2-chloromethyl-4,5-dimethoxy)benzyl derivatives 6a—6e (Table
3). Both N,N-substituents, as in 6a—6e, were easily removable by
previously reported methods.? Treatment of 3a with benzyl
(Cbz-Cl), allyl (Alloc-Cl), and p-nitrophenyl chloroformate®
resulted in lower yields of 6 (entries 1-3, 6a—6c: 12-36%).
Fortunately, when the reaction was carried out with 2,2,2-
trichloroethyl chloroformate (Troc-Cl), the de-alkylated 6d was
obtained in 86% vyield (entry 4). The use of trichloroacetyl
chloride did not give the corresponding product 6e (entry 5).

To obtain the non-N-protected a-amino acid ester 9 from 6d,°
we tried to remove the N-benzylic substituent, as in 6d, by
treatment with TFA under the same conditions as for 4a
described in Table 2 (Scheme 2). Unfortunately, the expected
de-benzylated product 7 was obtained in only 16% yield. Thus,
we changed the deprotection process; first, the N-Troc group, as
in 6d, was removed by reductive elimination with zinc! to give

2 Isolated yield. ® Recovered 3a in 75% yield. ° Recovered 3b in 41% yield.
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Scheme 2 Preparation of non-N-protected a.-amino acid ester
9 from 6d by reductive elimination and oxidative cleavage

We applied this synthetic method to prepare non-N-protected
unnatural a-amino acid esters 14 via the base-induced [2,3] or
[1,2] Stevens rearrangements (Scheme 3).  Treatment of
ammonium salts 10 (10a: R = CH=CHa, 10b: R = 4-Me-Ph) with
potassium tert-butoxide in THF at 0 °C afforded 11 as
rearrangement products (1la: 85%, 1lb: 58%). The 1,2-
dimethoxy-4,5-dimethylene group, as in 11, was removed to
afford the desired products 14 by the procedures described in
Scheme 1.
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Scheme 3 Preparation of non-N-protected o-amino acid esters
14 via [2,3] or [1,2] Stevens rearrangements



Similarly, this method was applied to the asymmetric [2,3]
Stevens rearrangement developed by Workman et al. (Scheme
4).3 When the reaction of ammonium salt 15 with potassium
tert-butoxide was carried out in THF at —40 °C for 17 h, the
corresponding a-allylglycine derivative 16 was obtained in 73%
yield (S/R = 92/8).1314 The removal of the N,N-substituents, as in
16, by the same procedures described in Scheme 2 and 3, gave 19
in 52% overall yield without epimerization.
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Scheme 4 Preparation of non-N-protected o.-amino acid ester
19 via the asymmetric [2,3] Stevens rearrangement of 15

In conclusion, we have reported a new protecting group, 1,2-
dimethoxy-4,5-dimethylene, for acyclic amino acid esters. This
group could be introduced via N,N-dialkylation with 1,2-
bis(bromomethyl)-4,5-dimethoxybenzene (1) and removed via
amine de-alkylation with acyl chlorides, reductive elimination,
and oxidative cleavage. The method can be used with base-
induced [2,3] and [1,2] Stevens rearrangement products.
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