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Abstract: The preparation of protected 1-aminocyclopropanecarboxylic acid was performed from readily available and inexpensive start-
ing materials, using titanium-catalyzed cyclopropanation as the key step. As an extension of this methodology, a diastereoselective synthe-
sis of the cis-2-vinyl-substituted analogue is presented.
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1-Aminocyclopropanecarboxylic acid (ACC) is a non-
proteogenic a-amino acid that displays important biologi-
cal activity.1 It is the direct precursor of the plant hormone
ethylene, and, thus, has been studied extensively in agro-
chemistry.2 In addition, 1-aminocyclopropanecarboxylic
acid mimics the effects of glycine on the NMDA receptor
ion channel3 and shows antidepressant and anxiolytic ac-
tivity.4 Its incorporation into peptides led to unusual con-
formations, which are useful for structurally defined
peptides5 and some of these peptides possess biological
activity.6 1-Aminocyclopropanecarboxylic acid has also
been used as a building block for the synthesis of many
aminocyclopropane-containing biologically active com-
pounds.1 2-Substituted analogues of 1-aminocyclopro-
panecarboxylic acid, the so-called 2,3-methanoamino
acids, are generally used as configurationally constrained
analogues of natural a-amino acids and they present inter-
esting biological activity alone or when incorporated into
peptides or cyclopeptides.7 A remarkable example is

BILN 2061, a potent HCV protease inhibitor, which dis-
plays a 1-amino-2-vinylcyclopropanecarboxylic acid
unit.8

Since the first synthesis of 1-aminocyclopropanecarboxy-
lic acid in 1922,9 many approaches to 1-aminocyclopro-
panecarboxylic acid or its protected form have been
published,1,10 including cyclopropanation of a,b-dehy-
droamino acids,10a,b cyclization of glycine anion equiva-
lents,10c,d or Curtius rearrangement of substituted
cyclopropanecarboxylic acid derivatives.10e,f Despite their
efficiency, these methods require several steps and/or
relatively expensive starting materials. Recently, new
reported routes to N-Boc-protected 1-aminocyclopropane-
carboxylic acid 3a from N,N-dialkylamides11 or nitriles12

used titanium-mediated cyclopropanations.13 Particularly,
a short synthesis of 3a in only three steps from easily
available and inexpensive starting materials was de-
scribed by our group. 1-Aminocyclopropanecarboxylic
acid has been extensively used in research, however, de-
spite the numerous syntheses reported, it remains relative-
ly expensive.14 In this paper, we present an optimized
multigram-scale synthesis of 3a, as well as the synthesis
of its synthetically useful cis-2-vinyl-substituted analogue
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3c, using the titanium-catalyzed cyclopropanation of the
Boc-protected cyanohydrin 1 as the key step (Scheme 1).

The first step in the synthesis of 3a involves the in situ for-
mation of glycolonitrile from sodium cyanide and aque-
ous formaldehyde in methanol, followed by trapping with
di-tert-butyl dicarbonate, to afford 1. A careful study of
the reaction showed that a large excess of aqueous form-
aldehyde (37–41% in water) and a slight excess of di-tert-
butyl dicarbonate (1.1 equiv) minimize the formation of
byproducts. The synthesis was performed on 0.25-mole
scale and the crude Boc-protected cyanohydrin obtained
was purified by chromatography (78% yield) or used di-
rectly in the next step (vide infra). The key reaction,
namely the titanium-catalyzed cyclopropanation of 1, was
undertaken with 0.2 equivalents of titanium(IV) isoprop-
oxide and 2.1 equivalents of ethylmagnesium bromide in
diethyl ether to provide 2a in 65% yield. As shown in
Scheme 2, the contraction of the first azatitanacycle inter-
mediate B affords the dimetalated cyclopropylamine C,
which in turn undergoes Boc transfer from the alkoxy to
the amine moiety, giving E through D (path a) and releas-
ing the hydroxy moiety. Interestingly, the nature of the
solvent is very important. When using tetrahydrofuran in-
stead of diethyl ether, the spirocyclopropane oxazolidi-
none 4a was obtained as the main product in 35% yield
(Table 1, entry 2 vs. 1), following an alternative path
(Scheme 2, path b). The reason for this solvent-dependent
outcome is not clear at present. The alcohol 2a was isolat-
ed as a white solid, mp 85.2–86.2 °C after recrystallization
from toluene–cyclohexane. Interestingly, the reaction can
also be performed from crude 1 to afford 2a in a slightly
lower yield (45–50% over 2 steps), avoiding the need to
purify 1. The last step, i.e. the oxidation of the primary al-
cohol, was undertaken with potassium permanganate as
oxidant following a procedure inspired by de Meijere’s
work.11 The crude acid was purified by recrystallization
(toluene), providing the Boc-protected 1-aminocyclopro-
panecarboxylic acid 3a as a white crystalline powder in
92% yield. Unprotected 1-aminocyclopropanecarboxylic
acid can easily be obtained by heating 3a at reflux in dis-
tilled water for eight hours.10f

Scope and Limitations

Following this strategy, the use of substituted ethyl
Grignard reagents would generate 2-substituted 1-amino-
cyclopropanecarboxylic acids from the Boc-protected cy-
anohydrin 1 (Table 1). Unfortunately, despite numerous
attempts, the reaction was not selective and generally led
to inseparable mixtures of N-Boc-protected amino alco-
hols 2 and oxazolidinones 4, both existing as mixtures of
diastereoisomers. The use of butylmagnesium bromide is
representative: alcohol 2b was obtained in 40% yield in
diethyl ether as a 2:1 mixture of isomers (entry 3) and an
even lower combined yield of 2b and 4b was observed in
tetrahydrofuran (entry 4).

An outstanding exception to this general trend was ob-
served when using homoallylmagnesium bromide.15

When the reaction was performed in diethyl ether, an in-
separable mixture of the amino alcohol 2c and the oxazo-
lidinone 4c was obtained (entry 5). The crude mixture was
directly treated with di-tert-butyl dicarbonate to give the
unique Boc-oxazolidinone 5, isolated in pure form in 74%
yield for the two-step process, but with a poor diastereo-
meric ratio (cis/trans 40:60). In contrast, when the reac-
tion was performed in tetrahydrofuran and subjected to
the same conditions (cyclopropanation, followed by
Boc2O), the oxazolidinone 5 was obtained in diastereo-
merically pure form (cis/trans >95:5) in 69% yield (entry
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Table 1 Scope of the Reaction of Boc-Protected Cyanohydrin 1 
with Grignard Reagents

Entry R Solvent Product(s) (yield)

1 H Et2O 2a (65%) + 4a (0%)

2 H THF 2a (29%) + 4a (35%)

3 Et Et2O 2b (40%)a + 4b (0%)

4 Et THF 2b + 4b (35:65) (26%)

5 CH=CH2 Et2O 2c + 4c (70:30) (74%)b

6 CH=CH2 THF 2c + 4c (15:85) (69%)b

a Diastereoselectivity 2:1.
b Yield of 5, see text.
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6), underlining the importance of the solvent in the cyclo-
propanation step.16 Subsequent quantitative hydroxide-
mediated ring opening of the oxazolidinone 5 gave the al-
cohol 2c (Scheme 3).

Finally, in order to preserve the alkene moiety, the oxida-
tion of the primary alcohol was performed in two steps to
furnish the Boc-protected cis-amino acid 3c in 70% over-
all yield.17 Whereas the large-scale preparation of the
trans-isomer was well described as a part of the synthesis
of BILN 2061,17b the preparation of the cis-isomer was
less documented.18 Since a double bond can be easily
transformed by many established procedures, this amino
acid would be a template for the synthesis of various con-
strained 1-aminocyclopropanecarboxylic acid deriva-
tives.

In summary, we have presented a multigram-scale synthe-
sis of the Boc-protected aminocyclopropanecarboxylic
acid (Boc-ACC) 3a. Based on inexpensive starting mate-
rials, this procedure requires only three steps without the
need for chromatographic purification. In addition, we
have developed the synthesis of the cis-2-vinyl-substitut-
ed 1-aminocyclopropanecarboxylic acid analogue 3c in
diastereomerically pure form.

Analytical TLC were performed on Alugram SIL G/UV254 silica gel
sheets (Macherey-Nagel) with detection by 0.5% phosphomolybdic
acid soln in 95% EtOH or vanillin. Column chromatography was
carried out using silica gel 60 (0.040–0.063 mm) from Merck. Melt-
ing points were determined with a Büchi B-540 melting point appa-
ratus and are uncorrected. IR spectra were obtained on a Perkin
Elmer Spectrum One spectrophotometer on a single-reflection dia-
mond ATR unit. 1H and 13C NMR spectra were recorded with a
Bruker DPX-200 or Bruker AC-400 spectrometer, relative to the re-
sidual solvent peak. HRMS were recorded on a Waters Micromass
GCT Premier spectrometer.

tert-Butyl Cyanomethyl Carbonate (1)
To a soln of NaCN (12.24 g, 0.25 mol) in MeOH (200 mL) at 0 °C
was slowly added 37–41% aq HCHO soln (100 mL). The addition
rate was maintained in order to keep the temperature inside the re-
action media below 10 °C. The mixture was stirred for 30 min, and
then solid Boc2O (60 g, 0.275 mol) was added. A white precipitate
appeared rapidly, and the soln became viscous. The mixture was
stirred for 2 h, and H2O (0.5 L) and EtOAc (100 mL) were added to
dissolve the precipitate. The mixture was transferred into a separa-
tory funnel and extracted with EtOAc (2 × 100 mL). The combined
organic phases were washed with sat. aq NaCl soln (50 mL), dried
(MgSO4), and the solvent was evaporated. The resulting oil was pu-
rified by flash chromatography (cyclohexane–EtOAc, 90:10 then
80:20) to remove the slight excess Boc2O and the cyano ester 1
(30.65 g, 78%) was isolated as a colorless oil; Rf = 0.36 (cyclohex-
ane–EtOAc, 8:2).

IR (neat): 1750, 1371, 1274, 1254, 1104 cm–1.
1H NMR (400 MHz, CDCl3): d = 1.45 (s, 9 H, CH3), 4.65 (s, 2 H,
CH2).
13C NMR (100 MHz, CDCl3): d = 27.5, 50.7, 84.7, 114.4, 151.8.

HRMS (CI-CH4): m/z [M + H]+ calcd for C7H12NO3: 158.0817;
found: 158.0819.

tert-Butyl 1-(Hydroxymethyl)cyclopropylcarbamate (2a)
To a soln of the nitrile 1 (7.85 g, 0.05 mol) and Ti(Oi-Pr)4 (3 mL, 10
mmol) in Et2O (150 mL) under argon at 0 °C was added dropwise
2.5 M EtMgBr in Et2O (42 mL, 105 mmol). The soln turned gradu-
ally from clear yellow to brown with a yellow precipitate. At the end
of the addition (ca. 2 h), TLC analysis (cyclohexane–EtOAc 7:3,
vanillin development) showed the disappearance of the starting ma-
terial. H2O (ca. 50 mL) was slowly added at 0 °C, followed by
EtOAc (100 mL) and 1 M HCl until the two layers became clear (ca.
100 mL). The mixture was transferred into a separatory funnel and
the two phases were separated. The aqueous phase was extracted
with EtOAc (2 × 50 mL). The combined organic phases were
washed with sat. aq NaHCO3 (50 mL), dried (MgSO4), and concen-
trated. The resulting pale-yellow solid was purified by flash chro-
matography (cyclohexane–EtOAc, 7:3) to provide 2a (6.11 g, 65%)
as a white crystalline solid. The crude solid can alternatively be re-
crystallized (toluene–cyclohexane) to afford a white crystalline
powder (5.39 g, 58%); when the same reaction was performed with
crude 1, the alcohol 2a was isolated in 45–50% yield after recrystal-
lization; mp 85.2–86.2 °C; Rf = 0.27 (cyclohexane–EtOAc, 5:5).

IR (neat): 3340, 3270, 1692, 1504, 1162 cm–1.
1H NMR (400 MHz, CDCl3): d = 0.78 (s, 4 H, CH2), 1.41 (s, 9 H,
CH3), 3.54 (s, 2 H, CH2), 3.60 (br s, 1 H, OH), 5.22 (br s, 1 H, NH).
13C NMR (100 MHz, CDCl3): d = 12.8, 28.4, 35.3, 69.5, 80.2,
157.6.

HRMS (CI-CH4): m/z [M + H]+ calcd for C9H18NO3: 188.1287;
found: 188.1288.

1-(tert-Butoxycarbonylamino)cyclopropanecarboxylic Acid 
(3a)
To a soln of the alcohol 2a (4.67 g, 25 mmol) in t-BuOH (100 mL)
was added a soln of KMnO4 (11.85 g, 75 mmol) and NaOH (8 g, 0.2
mol) in H2O (200 mL). The mixture was stirred for 2 h, and then
Na2SO3 and 1 M HCl were added to the dark soln until the soln be-
came colorless and the pH was below 2. The mixture was extracted
with EtOAc (5 × 50 mL). The combined organic phases were dried
(MgSO4) and concentrated. The resulting white solid was recrystal-
lized (toluene) to afford 3a (4.62 g, 92%) as a white crystalline pow-
der; mp 174.4–175.3 °C; Rf = 0.23 (cyclohexane–EtOAc, 5:5).

IR (neat): 3240, 2563, 1694, 1647, 1399, 1159 cm–1.
1H NMR (400 MHz, DMSO-d6): d = 0.92–0.97 (m, 2 H, CH2),
1.23–1.28 (m, 2 H, CH2), 1.37 (s, 9 H, CH3), 7.35 (br s, 1 H, NH),
12.18 (br s, 1 H, OH).
13C NMR (100 MHz, DMSO-d6): d = 16.6, 28.2, 33.2, 77.8, 155.7,
174.4.
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HRMS (CI-CH4): m/z [M + H]+ calcd for C9H16NO4: 202.1079;
found: 202.1082.

tert-Butyl cis-5-Oxo-1-vinyl-6-oxa-4-azaspiro[2.4]heptane-4-
carboxylate (5)
To a soln of the nitrile 1 (2.10 g, 13.36 mmol) and Ti(Oi-Pr)4 (800
mL, 2.68 mmol) in THF (100 mL) under argon at 50 °C was added
dropwise 1.2 M EtMgBr in THF (24.4 mL, 29.4 mmol). The soln
turned gradually from clear yellow to brown. At the end of the ad-
dition (ca. 30 min), TLC analysis (cyclohexane–EtOAc, 7:3, vanil-
lin development) showed the disappearance of the starting material.
H2O (ca. 40 mL) was slowly added, followed by EtOAc (40 mL)
and 1 M HCl until the two layers became clear (acidic pH). The
aqueous phase was extracted with EtOAc (3 × 25 mL) and the com-
bined organic phases were washed with brine (30 mL), dried
(MgSO4), and concentrated under reduced pressure to give a crude
mixture of amino alcohol 2c and oxazolidinone 4c.15

1H NMR (200 MHz, CDCl3): d = 0.85 (m, 1 H, 2c-CH2), 1.05 (m, 2
H, 4c-CH2), 1.17 (m, 1H, 2c-CH2), 1.40 (s, 9 H, 2c-CH3), 1.64 (m,
1 H, 4c-CH), 1.74 (m, 1 H, 2c-CH), 3.50–3.78 (m, 3 H, 2c-OH, 2c-
CH2), 4.34 (d, J = 8.3 Hz, 1 H, 4c-CH2), 4.37 (d, J = 8.3 Hz, 1 H,
4c-CH2), 4.90–5.30 (m, 3 H, 2c-NH, 2c-CH2), 5.15 (ddd, J = 10.1,
1.6, 0.6 Hz, 1 H, 4c-CH2), 5.17 (ddd, J = 17.2, 1.6, 0.7 Hz, 1 H, 4c-
CH2), 5.40–5.60 (m, 1 H, 2c-CH), 5.56 (ddd, J = 17.2, 10.1, 7.9 Hz,
1 H, 4c-CH), 6.90 (s, 1 H, 4c-NH).

To a soln of the crude mixture of 2c and 4c in THF (30 mL) was
added successively Boc2O (3.50 g, 16.0 mmol), Et3N (2.42 mL,
17.4 mmol), and DMAP (328 mg, 2.68 mmol). The soln was stirred
at r.t. for 1 h then sat. aq NH4Cl soln (30 mL) was added. The aque-
ous phase was extracted with Et2O (3 × 25 mL) and the combined
organic fractions were washed with brine, dried (MgSO4), and fil-
tered. After concentration under reduced pressure, the crude prod-
uct was purified by flash chromatography (silica gel, cyclohexane–
EtOAc, 7:3, vanillin development) to afford the pure cis-Boc-
oxazolidinone 5 (2.20 g, 69% yield over two steps) as a colorless
oil; Rf = 0.30 (cyclohexane–EtOAc, 7:3).

IR (neat): 2981, 1790, 1724, 1636, 1477, 1457, 1332, 1154, 1069
cm–1.
1H NMR (400 MHz, CDCl3): d = 1.07 (dd, J = 10.0, 7.0 Hz, 1 H,
CH2), 1.52 (s, 9 H, CH3), 1.68 (m, 1 H, CH), 2.51 (t, J = 7.0 Hz, 1
H, CH2), 3.90 (d, J = 8.3 Hz, 1 H, CH2), 4.36 (d, J = 8.3 Hz, 1 H,
CH2), 5.08 (ddd, J = 10.4, 1.6, 0.6 Hz, 1 H, CH2), 5.21  (ddd,
J = 17.2, 1.6, 0.7 Hz, 1 H, CH2), 5.66 (ddd, J = 17.2, 10.4, 8.6 Hz,
1 H, CH).
13C NMR (100 MHz, CDCl3): d = 12.5, 28.1, 29.9, 46.4, 71.2, 84.2,
118.0, 133.7, 149.9, 152.9.

HRMS (CI-NH3): m/z [M + NH4]
+ calcd for C12H21N2O4: 257.1501;

found: 257.1499.

tert-Butyl cis-1-(Hydroxymethyl)-2-vinylcyclopropylcarbamate 
(2c)
To a soln of Boc-oxazolidinone 5 (710 mg, 2.97 mmol) in THF (15
mL) was added aq 2 M LiOH (15 mL, 29.7 mmol). The mixture was
stirred at r.t. for 1 h and H2O (15 mL) was added. The aqueous phase
was extracted with EtOAc (3 × 10 mL) and the combined organic
extracts were washed with brine, dried (MgSO4), filtered, and con-
centrated under reduced pressure. The residue was filtered through
a pad of silica gel (cyclohexane–EtOAc, 1:1, vanillin development)
to provide amino alcohol 2c (633 mg, quantitative yield) as a white
solid; mp 44–45 °C; Rf = 0.25 (cyclohexane–EtOAc, 1:1).

IR (neat): 3332, 2977, 2934, 1689, 1638, 1496, 1455, 1366, 1250,
1163 cm–1. 
1H NMR (400 MHz, CDCl3): d = 0.85 (m, 1 H, CH2), 1.17 (m, 1 H,
CH2), 1.40 (s, 9 H, CH3), 1.74 (m, 1 H, CH), 3.47–3.66 (m, 2 H,

CH2), 3.74 (br s, 1 H, OH), 5.02–5.10 (m, 2 H, NH, CH2), 5.15 (d,
J = 17.2 Hz, 1 H, CH2), 5.55 (ddd, J = 17.2, 10, 8.5 Hz, 1 H, CH).
13C NMR (100 MHz, CDCl3): d = 19.0, 27.0, 28.4, 40.7, 69.9, 80.3,
116.4, 135.0, 157.7.

HRMS (CI-NH3): m/z [M + H]+ calcd for C11H20NO3: 214.1443;
found: 214.1445.

cis-1-(tert-Butoxycarbonylamino)-2-vinylcyclopropanecarbox-
ylic Acid (3c)
To a soln of alcohol 2c (633 mg, 2.97 mmol) in CH2Cl2 (6 mL) un-
der argon were successively added NMO (522 mg, 4.46 mmol),
powdered 4Å molecular sieves (1.50 g), and TPAP (52 mg, 5
mol%). The mixture was stirred at r.t. until TLC showed complete
consumption of the starting material (1 h). Filtration through a pad
of silica gel (100% EtOAc) afforded the pure corresponding alde-
hyde (625 mg, quantitative yield) as a colorless oil which was used
directly in the next step; Rf = 0.75 (cyclohexane–EtOAc, 1:1).

IR (neat): 3357, 3088, 2979, 2933, 1702, 1639, 1500, 1456, 1366,
1162 cm–1. 
1H NMR (400 MHz, CDCl3, 16:1 mixture of rotamers): d = 1.38–
1.48 (m, 10 H, CH2, CH3), 1.83 (br m, 1 H, CH2), 2.33 (q, J = 8.3
Hz, 1 H, CH), 5.11 (m, 1 H, NH), 5.20 (m, 1 H, CH2), 5.26 (d,
J = 17.2 Hz, 1 H, CH2), 5.55 (ddd, J = 17.2, 9.8, 8.0 Hz, 0.94 H,
CH), 5.77 (m, 0.06 H, CH), 9.30–9.50 (br s, 1 H, CHO).
13C NMR (100 MHz, CDCl3, 16:1 mixture of rotamers): d = 22.7
(0.94 C), 23.6 (0.06 C), 28.3 (3 × 0.94 C), 28.4 (3 × 0.06 C), 32.0
(0.94 C), 33.2 (0.06 C), 47.2, 80.6, 119.0, 132.8, 156.2, 200.0.

HRMS (CIN-NH3): m/z [M–] calcd for C11H17NO3: 211.1208;
found: 211.1205.

To a soln of the aldehyde in MeCN (10 mL) cooled to 0 °C was add-
ed successively a soln of NaH2PO4 (232 mg, 1.49 mmol) in H2O (4
mL), 37% aq H2O2 soln (0.34 mL, 2.97 mmol), and a soln of
NaClO2 (403 mg, 4.46 mmol) in H2O (6 mL). The mixture was al-
lowed to warm up to r.t. and vigorously stirred at this temperature
until TLC showed complete consumption of the starting material (1
h). Na2SO3 (300 mg, 2.38 mmol) was added to destroy the excess of
NaClO2 and the soln was stirred for an additional 1 h. After the ad-
dition of 1 M aq KHSO4 (2 mL), the aqueous phase was extracted
with EtOAc (3 × 10 mL) and the combined organic layers were
washed with sat. NaHCO3 soln (2 × 10 mL). The combined basic
aqueous extracts were acidified by addition of aq 1 M HCl and the
resulting aqueous phase was extracted with EtOAc (3 × 10 mL). The
combined organic extracts were dried (MgSO4), the organic fraction
was concentrated under reduced pressure, and the crude oil was fil-
tered through a pad of silica gel (cyclohexane–EtOAc, 1:1, vanillin
development) to afford pure acid (440 mg, 70% yield) as a colorless
oil; Rf = 0.20 (cyclohexane–EtOAc, 1:1).

IR (neat): 3321, 3087, 2977, 2929, 2852, 2568, 1698, 1498, 1478,
1450, 1367, 1258, 1159 cm–1. 
1H NMR (400 MHz, CDCl3, 5:1 mixture of rotamers): d = 1.24–
1.30 (m, 1 H, CH2), 1.43 (s, 9 × 0.83 H, CH3), 1.44 (s, 9 × 0.17 H,
CH3), 1.80 (br s, 0.17 H, CH2), 1.94 (br s, 0.83 H, CH2), 2.42 (br q,
J = 7.9 Hz, 1 H, CH), 4.99 (br s, 0.83 H, NH), 5.07–5.33 (m, 2 H,
CH2), 5.77 (m, 0.17 H, CH), 5.87 (br s, 0.17 H, NH), 8.95–9.61 (br
s, 1 H, COOH).
13C NMR (100 MHz, CDCl3, 5:1 mixture of rotamers): d = 23.4
(0.83 C), 23.6 (0.17 C), 28.3 (3 × 0.83 C), 28.4 (3 × 0.17 C), 32.0
(0.83 C), 32.3 (0.17 C), 39.4 (0.83 C), 39.8 (0.17 C), 80.5 (0.83 C),
81.2 (0.17 C), 118.6, 133.8, 156.3, 177.8.

HRMS (CI-NH3): m/z [M + H]+ calcd for C11H18NO4: 228.1236;
found: 228.1238.
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