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2-Azabicyclo[2.2.1]heptane-3-carboxylic Acid - A Bicyclic Proline
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Diels-Alder reaction of cyclopentadiene and methyl N-carbobenzyloxy-2-iminoacetate generated in situ
from methyl 2-chloro-N-carbobenzyloxyglycinate by triethylamine gave the N-carbobenzyloxy unsaturated
bicyclic proline ester. This was converted in two steps to 2-azabicylo[2.2.1]heptane-3-carboxylic acid. In con-
trast to N-carbobenzyloxy-L-proline methyl ester, the corresponding bicyelic proline ester was resistant to

hydrolysis catalyzed by carboxypeptidase Y.

J. Heterocyclic Chem., 22, 957 (1985).

Proline is an interesting amino acid because when in-
corporated into a peptide it imparts conformational con-
straints into the molecule by limiting many of the bond
angles and fixing the relationship of the side chain carb-
ons (i.e., the carbons of the pyrrolidine ring) to the back-
bone {1]. However, even in acyl prolines some conforma-
tional flexibility remains, and we thought it would be of in-
terest to prepare an even more conformationally con-
strained bicyclic proline analog such as 1. Biologically ac-
tive molecules incorporating 1 rather than proline might
have increased potency due to either a better fit to a re-
ceptor or a smaller proportion of the molecule being in
conformations which do not bind. They might have in-
creased enzymatic stability if for the reverse of the above
reasons they did not fit the active site of a degrative en-
zyme. Finally, they might exhibit increased specificity for
a particular receptor {1].
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The syntheses of bicyclic compounds structurally rela-
ted to 1 have been approached by the imino Diels-Alder
reaction [2]. Imine dienophiles require the presence of
strong electron withdrawing groups or must be converted
to iminium groups by protonation or alkylation in order to
participate in a Diels-Alder reaction.

N-OR &Z—R CpH502C .y,
£ CO,R' |k
: COOCoHs
2 3 4

Compounds such as 2 (R = SO,C,H,CH,, SO,CH,,
COAr; E = CN, CO,Et, CONH,) were prepared by reac-
ting the isolable isonitroso malonate derivatives with cy-
clopentadiene [3,4]. Conversion of 2 to the secondary
amine is difficult because of facile rearrangement reac-
tions [5], but since the completion of our work this has
been achieved to give azaprostaglandin synthons [6,7].

Compounds such as 3 have been prepared by reaction
of cyclohexadiene with 4 which was generated in situ by
treating ethyl N-carboethoxy-2-methoxyglycinate with bor-
on trifluoride etherate [8,9]. In our hands attempts to react
cyclopentadiene with 4 generated in this way failed due to
the boron trifluoride catalyzed polymerization of the cy-
clopentadiene. This suggested that a similar reaction with
4 generated in the absence of a Lewis acid might give the
desired 2-azabicyclo[2.2.1]heptane ring system.
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Reaction of benzyl carbamate (3) with freshly distilled
methyl glyoxalate (6) in acetone-ether gave methyl 2-hy-
droxy-N-carbobenzyloxyglycinate (7) in 41% yield along
with a bis adduct carbomethoxymethylene bis-benzylcarb-
amate. Treatment of 7 with thionyl chloride and a cataly-
tic amount of pyridine in refluxing methylene chloride
gave methyl 2-chloro-N-carbobenzyloxyglycinate 8 [10]
which was used without purification. Treatment of a mix-
ture of 8 and freshly cracked cyclopentadiene in methyl-
ene chloride with triethylamine gave 2-carbobenzyloxy-3-
carbomethoxy-2-azabicyclo[2.2.1}hept-5-ene 10 via the ac-
ylimine 9 in 56% yield.

The stereochemistry of 10 was determined by compari-
son of its nmr spectrum with that of the known exo and en-
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do isomers 13 and 14 in the corresponding 2-azabicyclo-
[2.2.2]cyclohexene series.
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In the exo isomer 13 the H; and H, signals are both at 6
6.46. In the endo isomer 14 the H and H, peaks are 6 6.15
and 6.46, the peak at H, being shifted downfield due to
deshielding by the ester carbonyl group. In 10, the H; and
H, peaks are both found at & 6.40 suggesting that the
carbomethoxy group is exo. The same preference was ob-
served in acid catalyzed reactions of E-imines and dienes.
However, under the conditions described in this paper, the
imine is not protonated. This might be rationalized by as-
suming that steric factors make the E-form of 9 favored
over the Z-form, and that an N-acyl group on an imino di-
enophile generally has stronger endo directing ability rela-
tive to a competing C-acyl group [11].

Hydrogenation of 10 over palladium-on-carbon reduced
the double bond and removed the amine protecting group
to give the desired amino ester 11 in 85% yield. Hydroly-
sis of 11 with 6V hydrochloric acid gave the amino acid 1
in 92% yield.

In an attempt to obtain the enantiomers of 1, the N-
carbobenzyloxy derivative 12 was treated with carboxy-
peptidase Y at pH 7 and 8, but no ester hydrolysis occur-
red. Under these conditions N-acetyl-L-tyrosine ethyl ester
underwent a rapid hydrolysis and N-carbobenzyloxy-L-
proline methyl ester hydrolyzed slowly. A similar experi-
ment with a-chymotrypsin failed to hydrolyze 12. Carb-
oxypeptidase Y was chosen for this attempt because it has
been reported to release most amino acid residues, inclu-
ding proline, from the carboxy terminal of peptides [12].
Thus the bicyclic proline ester does have enhanced stabili-
ty to at least this enzymatic reaction.

After completion of our work an alternative approach to
the imino Diels-Alder was described [13] in which the acyl
imine 9 was generated by an aza-Wittig between an acyl
phosphineimine and methyl glyoxalate. The phosphineim-
ine was generated by reaction of benzyl chloroformate and
trimethylsilylazide to give benzyl azidoformate which was
then reacted in situ with triphenylphosphine.

EXPERIMENTAL

Melting points were uncorrected. Infrared spectra were taken on a
Perkin Elmer 683 spectrophotometer. The ‘H-nmr spectra were recorded
on a Varian EM 390 spectrometer with DSS or TMS as internal standard
(6 = 0 ppm). Mass spectra were taken on a Finnigan Model 3600 CC/mass
spectrometer. A pH-stat Radiometer (SBR2c/ABUIb/TTAB) was used for
the enzymatic experiments.

Methyl 2-Hydroxy-N-carbobenzyloxy-glycinate (7).
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Benzyl carbamate [14a] (5, 137 g, 0.91 mole) was added to a stirred
mixture of freshly distilled methylglyoxylate [14b](6, 96 g, 1.09 mole) and
anhydrous ether (1.2 § under a nitrogen atmosphere. The mixture was re-
duced in volume by distilling 300 ml of ether which was then replaced
with 300 ml of dry acetone. The mixture was refluxed for 24 hours, cool-
ed in an ice-bath, and concentrated under reduced pressure to 700 ml.
After chilling in an ice-bath, 7 (90 g, 41%), mp 101-103° was isolated as a
colorless crystalline solid. The product was recrystallized from toluene
for analysis, mp 100-102°% nmr (deuteriochloroform): é 3.72 (s, CH,), é
5.44 (d, CH), é 5.12 (s, CH,Ph), 6 7.30 (s, aromatic).

Anal. Caled. for C,,H ,NO;: C, 55.23; H, 5.48; N, 5.86. Found: C, 55.28;
H, 5.51; N, 5.78.

2-Carbobenzyloxy-3-carbomethoxy-2-azabicyclo[2.2.1]hept-5-ene (10).

A mixture of 7 (40.62 g, 0.178 mole), thionyl chloride (13 ml, 0.178
mole), pyridine (0.4 ml) and dry methylene chloride (200 ml) was refluxed
for 1 hour, cooled, filtered and evaporated under reduced pressure (water
aspirator) then at 0.1 mm Hg to remove traces of thionyl chloride. The
resulting chloro intermediate 8 [15] and freshly cracked cyclopentanedi-
ene [16] (24.0 g, 0.363 mole) were dissolved in dry methylene chloride
(200 ml), stirred, and cooled to 0°. Triethylamine (21.8 g, 0.363 mole) was
added slowly (0.5 hour) and the resulting suspension stirred for 18 hours
at 25°, then evaporated under reduced pressure. The residue was parti-
tioned in a mixture of 300 ml of 2:1 ether and 10% hydrochloric acid.
The organic phase was washed successively with 10% hydrochloric acid
(100 ml), water (100 ml), saturated sodium bicarbonate solution (100 ml),
and finally with saturated brine (100 ml), dried (sodium sulfate) filtered
and evaporated under reduced pressure to yield 40.0 g of crude syrupy
product. The crude product was chromatographed on silica gel using pe-
troleum ether (bp 35-60°)-ethyl acetate (2:1) to give purified 10 (28.51 g,
56%) as a syrup, mle = 287; nmr (deuteriochloroform): & 4.83 (s, H,), §
3.58(s, H,), 63.33 (s, H,), 6.40 (s, H,, H,), 2.00(d, H,,), 8 1.50 (d, H,,), 6
3.70 (s, CH,), 5.10 (s, CH,Ph), & 7.30 (s, aromatic). This product was used
in the next reaction without further purification.

3-Carbomethoxy-2-azabicyclo[2.2.1]heptane Hydrochloride (11).

A solution of the heptene ester (10, 9.08 g, 0.0316 mole) in ethyl acet-
ate (150 ml) and 10% palladium-on-carbon (0.90 g) was hydrogenated on
a Parr shaker for 20 hours. The catalyst was removed by filtration, and
the filtrate was evaporated under.reduced pressure to give 4.79 g (98%)
of the viscous free base. The free base was dissolved in ether (100 ml) and
made acidic with ethereal hydrogen chloride. The resulting colorless
crystalline salt was collected by filtration and washed with ether to give
5.37 gof 11, 85% yield, mp 163-165°.

Anal. Caled. for C,H,;,NO,-HCl: C, 50.14; H, 7.36; N, 7.31. Found:
C, 50.06; H, 7.70; N, 7.29.

2-Azabicyclo[2.2.1]Theptane-3-carboxylic Acid (1).

A solution of 11 (1.00 g, 0.00522 mole) in 6V hydrochloric acid (20 m])
was heated on a steam bath for 18 hours. The mixture was evaporated to
dryness under reduced pressure. The last trace of water was azeotroped
with ethanol, and then with toluene. The residue was triturated with
acetone to give 0.86 g of solid product 1 in 92% yield, mp 185-189°. A
sample was recrystallized from 2-propanol-acetone, mp 191-193°.

Anal. Caled. for C,H,,NO,-HCl: C, 47.33; H, 6.81; N, 7.89. Found:
C, 47.59; H, 6.85; N, 8.00.

2-Carbobenzyloxy-3-carbomethoxy-2-azabicyclo[2.2.1]heptane (12).

A mixture of 10 (5.27 g, 0.0183 mole) and 0.5 g 10% paltadium-on-
carbon in ethyl acetate (100 ml) was hydrogenated on a Parr shaker for
15 minutes. The catalyst was removed by filtration and the filtrate was
washed with two 25 ml portions of 10% hydrochloric acid, followed by
saturated aqueous sodium bicarbonate, water and saturated brine. It was
dried (sodium sulfate) and then concentrated under reduced pressure to
give 12 (3.21 g, 61 %) as a clear yellow liquid; nmr (deuteriochloroform): &
4.40(d, H), 6 3.88(d, H,;), 6 2.71 (s, H,.), 6 1.25-2.10 (m, H,, H,, H,,), 6 3.70
(d, CH;), 6 5.12 (s, CH,Ph), 6 7.20 (d, aromatic). This product was used in
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the next experiment without further purification.
Attempted Enzymatic Resolution of 12 with Carboxypeptidase Y [17a).

A mixture of 2 ml of 12.5 mM solution of N-acetyl-Ltyrosine ethyl ester
[18a] in water and 0.2 ml of 1.25 M potassium chloride was equilibrated
at 25° for 5 minutes under a nitrogen atmosphere and the pH then ad-
justed to 8.0 with 0.01 IV sodium hydroxide. To initiate the reaction 200
uf of a solution of 25 ug/ml of carboxypeptidase Y [18b] in water was add-
ed, and the pH kept at 8.0 by titration with 0.01 N sodium hydroxide us-
ing a pH stat. After addition of enzyme a rapid consumption of titrant in-
dicated that as expected under these conditions high enzymatic activity
was present. A similar experiment using a 100 mM solution in 1:9
methanol water of N-carbobenzyloxy-Lproline methyl ester [19] at pH 7
or at pH 8 gave a slow consumption of titrant indicating that carb-
oxypeptidase Y could use this proline ester as a substrate, but that the
proline ester was a poorer substrate than the tyrosine ester. When 12 was
used as a substrate under identical conditions (pH 7 or 8), no consump-
tion of titrant was observed indicating that the bicyclic proline ester was
not a substrate for this enzyme.

Attempted Enzymatic Resolution of 12 with a-Chymotripsin [17b].

A similar set of experiments was carried out using a-chymotrypsin
[18b]. With this enzyme at pH 7.85 a rapid hydrolysis of N-acetyl-Ltyro-
sine ethyl ester occurred, but no hydrolysis of either N-carbobenzyloxy-
Lproline methyl ester or 12 was observed.
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