
Tetrahedron Letters 51 (2010) 3756–3758
Contents lists available at ScienceDirect

Tetrahedron Letters

journal homepage: www.elsevier .com/ locate / tet let
Efficient preparation of 2,4-methanoproline

Jeffrey G. Varnes *, G. Scott Lehr, Gary L. Moore, James M. Hulsizer, Jeffrey S. Albert
CNS Discovery Research, AstraZeneca Pharmaceuticals, 1800 Concord Pike, Wilmington, DE 19850, USA

a r t i c l e i n f o a b s t r a c t
Article history:
Received 22 April 2010
Revised 4 May 2010
Accepted 12 May 2010
Available online 20 May 2010
0040-4039/$ - see front matter � 2010 Elsevier Ltd. A
doi:10.1016/j.tetlet.2010.05.054

* Corresponding author. Tel.: +1 302 885 3885; fax
E-mail address: jeffrey.varnes@astrazeneca.com (J
Using a modification of the route described by Clardy and Hughes et al., 2,4-methanoproline hydrochlo-
ride (1) was prepared in four steps and 70% overall yield from DL-serine methyl ester.

� 2010 Elsevier Ltd. All rights reserved.
Since isolation of 2,4-methanoproline from the seeds of Ateleia
herbert-smithii Pittier,1 2-azabicyclo[2.1.1]hexane scaffolds have
generated considerable synthetic, agrochemical, and pharmaceuti-
cal interest.2 As part of our efforts to prepare heterobicyclic inhib-
itors of glycine transporter 1 (GlyT1), we desired a scalable, short,
high-yielding synthesis of 2,4-methanoproline hydrochloride (1).
Table 1
Precedented routes to 2,4-methanoproline

Entry Starting material Key step(s)a Steps Yield (%) Ref

1 Ethyl pyruvate A 3 19 2c,4
N
H

COOH

1
HCl

At the time of this work, existing routes to 2,4-methanoproline var-
ied in length from three to six steps, and yields, with one exception,
2 Allyl benzyl ether A, B 5 10 6
3 Allyl chloride A, B 5 19 2a,2b
4 Pyridine C, D 6b 11c 7,8
5 Serine A 6 68 9

a A = [2+2] cycloaddition; B = intramolecular ring closure; C = bromohydrine
rearrangement; D = lithiation.

b Formal synthesis.
c Yield approximated based on starting material differences and an assumed

quantitative Boc deprotection.
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were typically on the order of 10–20% (Table 1).3 The most concise
route was that of Pirrung, which relied on a photochemical [2+2]
cycloaddition (entry 1).4 The overall yield for this sequence was
low due to unoptimized formation of a requisite vinyl allyl amine
in 22% yield.5 Both routes of Stevens et al. also relied on [2+2] cyc-
loadditions. The resulting cyclobutanone precursors were subjected
to either a Bucherer-Bergs (entry 2)6 or a Strecker (entry 3)2a,b reac-
tion to enable late stage intramolecular cyclization.

The formal synthesis of Krow et al. (entry 4) employed a bro-
mohydrin rearrangement to generate the 2-azabicyclo[2.1.1]hex-
ane moiety of 1 and was the only route to install the requisite
carboxylate via lithiation.7,8 While the latter was high yielding,
the overall yield for this route was similar to those in entries 1–3.

The route devised by Clardy and Hughes et al.,9 which used a
strategy analogous to entry 1, is the highest yielding route of Table
1. An elegant feature of this synthesis is a one-pot dehydrohalo-
genation/amide allylation of chloride 3 to provide acrylate 4 in
excellent yield (Scheme 1). We were encouraged by high yields,
the ability to carry forward crude 4 without purification (desirable
on large scale) and the lack of cyanide-containing reagents. This
ll rights reserved.
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route could also be shortened if started from commercially avail-
able DL-serine methyl ester (5; Aldrich).

In related studies, we examined a two-step transformation of 5
into methyl 2-benzamidoacrylate (7; Scheme 2).10 Both hydroxyl
activation and amine protection are accomplished through bis-
acylation with benzoyl chloride to provide benzoate 6. Crude 6
can be converted to 7 directly upon treatment with base. We the-
Reagents: (a) HCl, MeOH; (b) CH3COCl, PCl5; (c) PhCOCl,K2CO3,
H2O/Dioxane, 83%, three steps; (d) KOtBu, Allyl Br, THF, 94%. (e) hv,
acetophenone, C6H6, 87%; (f) 6 N HCl, 98%.

Scheme 1. Route of Clardy and Hughes et al. to 1.9
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Scheme 2. Route of Avenoza et al. to methyl 2-benzamidoacrylate.10
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Scheme 3. Reagents: (a) PhCOCl, Et3N, CH2Cl2, 94%; (b) NaH, allyl Br, DMF, 85%; (c)
hm, acetophenone, CH3CN, 88%; (d) 6 N HCl, 99%.
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orized that benzoate 6 could be substituted for chloride 3.11,12

Gratifyingly, acrylate 4 was subsequently obtained in 48% yield
employing the procedure of Hughes et al. (Table 2, entry 1).9b

We examined modifications to both improve the yield of methyl
2-(N-allylbenzamido)acrylate and make the reaction amenable to
scale up. In-house experience with 7 indicated that methyl 2-ben-
zamidoacrylate polymerizes upon exposure to strong base. When
the reaction concentration was decreased to avoid potential side
reactions of this nature, yields increased by 11% (entry 2). Decreas-
ing the quantity of allyl bromide was also tolerated. No improve-
ment was observed when solid potassium tert-butoxide was
substituted for commercial sources of KOtBu in tetrahydrofuran (en-
try 3), although fewer byproducts were detected in the crude reac-
tion mixture based on thin-layer chromatography (TLC) analysis.

Reversing the order of addition and maintaining strict control of
reaction temperature had little effect (entry 4). However, we deter-
mined through reaction monitoring by LC–MS that elimination was
complete upon warming to�40 �C following the addition of the first
equivalent of potassium tert-butoxide. In contrast, alkylation did not
appreciably progress until the internal reaction temperature
reached 18–23 �C. We hypothesized that generation of 6 could be
expedited using a higher starting reaction temperature. A 64% yield
was obtained when preparation of 4 was carried out at 0–23 �C.

Yields improved when sodium hydride was substituted for
potassium tert-butoxide (entry 6).13 This reaction scaled readily
Table 2
Reaction conditions for the transformation of 6 to 4

CO2MeN
H

O

6

O

O

base, allyl 

solvent, 

Entry Scale
(g)

Base Equiv
(base)

Equiv
(AllylBr)

Temp (�C) Time
(h)

Solvent Conc

1 1 KOtBua 2.15 20 �78 to 23 0.75 THF 0.16
2 1 KOtBua 2.15 7.2 �78 to 23 1.5 THF 0.08
3 1 KOtBub 2.15 6 �78 to 23 16 THF 0.10
4 1 KOtBua 2.30 6 �78 to �40;

�78 to 23
16 THF 0.10

5 1 KOtBua 2.9 6 0 to 23 16 THF 0.20
6 0.4 NaHc 2.05 12 23 0.5 DMF 0.09
7 11 NaHc 2.15 15 23 1.5 DMF 0.09
8 21d NaHc 2.25 12 0 to 23 2.0 DMF 0.2 to

a 1.0 M solution in tetrahydrofuran.
b Solid KOtBu.
c 60% dispersion in mineral oil.
d Crude starting material (6).
with only a slight decrease in yield (entry 7). A drawback of using
sodium hydride was the formation of significant precipitate upon
addition, necessitating the use of mechanical stirring, and/or, as
in the case of entry 8, additional solvent to facilitate mixing.

It should be noted that generation of benzoate 6 on large scale
(100+ g) was accompanied by formation (12–16%) of 7 due to the
presence of triethylamine upon concentration following workup.14

We had previously determined that 7, while prone to polymeriza-
tion, can also be alkylated using sodium hydride and allyl bromide
(data not shown). We concluded that crude benzoate 6, which
might contain acrylate 7 in varying amounts, could be used to pre-
pare 4 directly, obviating the need for flash column chromatogra-
phy. Entry 8 demonstrates that this is indeed the case.

Acrylate 4 was converted into 1 according to the procedures of
Hughes et al. with slight modification (Scheme 3).9b Acetonitrile
was substituted for benzene during irradiation, improving safety
and handling considerations. Hydrolysis of 8 progressed smoothly
at 80–100 �C,15 and concentration yielded 2,4-methanoproline
hydrochloride of sufficient purity for further experiments.16

In conclusion, we have demonstrated an efficient synthesis of 1
from DL-serine methyl ester in four steps and 70% yield. This route
was adapted for the synthesis of batches of 2,4-methanoproline
hydrochloride on 20+ g scale, enabling the development of project
SAR.
CO2CH3N

O

4

bromide

temp

(M) Yield
(%)

Addition Notes

48 Procedure according to Ref. 9b.
59 Procedure according to Ref. 9b.
51 Procedure according to Ref. 9b.
57 Addition of base to 6 at �78 �C, warming to �40 �C; 2nd equiv of

base added at �78 �C followed rapidly by allyl bromide.
64 Addition of base to 6 at 0 �C followed rapidly by allyl bromide
85 Addition of base to both allyl bromide and 6 at 23 �C
78 Addition of NaH to both allyl bromide and 6 at 23 �C

0.15 78 Addition of NaH to both allyl bromide and 6 at 0 �C; internal temp
rose to 13 �C during addition
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