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The absolute stereochemistry of grenadamide
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Abstract—3-(2S5-Heptylcycloprop-1S-yl)propanoic acid 2-phenylethanamide was synthesised from cis-cyclopropan-1,2-dimethanol via
enzymatic desymmetrisation of the dibutyrate; it gave identical NMR spectroscopic data to those reported for grenadamide but had an equal
and opposite absolute rotation, indicating that the latter is the 2R,1R-enantiomer.

© 2003 Elsevier Ltd. All rights reserved.

Sitachitta and Gerwick have reported the isolation of
three cyclopropane containing metabolites, grenadadiene
(1), debromogrenadadiene (2) and grenadamide (3) from
the organic extracts of the marine cyanobacterium
Lyngyba majuscule, and established their trans-cyclopro-
pane relative stereochemistry (Scheme 1).! Although the
racemic esters (1) and (2) have been synthesised,” there
appears to be no information concerning the absolute
stereochemistry of these three molecules. Related simple
trans-cyclopropane fatty acids have been isolated from
other species, such as cascarillic acid (4) from cascarilla
bark, again of unreported absolute stereochemistry.> More
complex derivatives such as the costanolactones are of
known stereochemistry, as shown for costanolactone E
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(5).* The reverse absolute stereochemistry of the cyclo-
propane is reported for the acid and alkyl derived side
chains of related halicholactones such as (6),°> and in
solandelactones such as (7).°

The related cis-cyclopropane fatty acids, lactobacillic acid
(8)7 is reported to have the 9R,10S-configuration. On the
other hand, cepaciamide, a derivative of the acid (9),® the
corresponding hydroxy acid chain of plakoside A,° and a
derivative of the acid (10) isolated from the slime mould
Pyhysarum polycephalum,'® all have S,R-configuration of

fatty acid and alkyl chains respectively (Scheme 2). A

number of other natural cis-cyclopropane fatty acids are of
1

unknown absolute stereochemistry.
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As part of a study designed to complete the assignment of
absolute stereochemistry to the full range of natural
cyclopropane fatty acids, we now establish the absolute
stereochemistry of granadamide through the synthesis of its
enantiomer.

The alcohol (12) was prepared from aldehyde (11)7¢!2
(Scheme 3), following a procedure applied to a lower
homologue,’® and closely related to that developed by
Grandjean et al.'?> The aldehyde was obtained as before by
selective enzymatic hydrolysis of cis-cyclopropane-1,2-
dimethanol di-n-butyrate to (2R-n-butyryloxymethyl-cyclo-
prop-1S-yl)methanol, followed by oxidation and gave an
optical rotation consistent with an ee of >95% as
established through the use of chiral lanthanide shift
reagents,'> and the formation of diastereomeric esters in
earlier work.”®

Oxidation to (13) and epimerisation using sodium methox-
ide in methanol,'® gave a 19:1 mixture of (14) and (13);
reaction of the mixture with ethoxycarbonyl triphenylphos-
phorane in toluene gave after chromatography the frans-
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ester (15). The double bond was removed by reaction with
di-potassium azodicarboxylate and ethanoic acid in
methanol at room temperature to give the ester (16).'4
This was hydrolysed, converted into the corresponding acid
chloride and treated with 2-phenylethylamine to give the
amide (18) (Scheme 4).

The amide gave a '"H NMR spectrum that was identical to
that reported for granadamide;' however, its [ap]??
was+12.6 (¢ 0.84, CHCI;) whereas, that for the natural
product is reported to be —11.0 (¢ 0.1, CHCl3).! The natural
material is therefore characterised as the R,R-enantiomer
(19) (Scheme 5).1°

1. Experimental

Ether and tetrahydrofuran were dried over sodium wire.
Petroleum ether was of boiling point 40—60 °C. Reactions
which had to be carried under inert conditions, were carried
out under a slow stream of dry nitrogen. Silica (Merck 7736
silica gel) and silica plates used for thin layer and column
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Scheme 3. (i) BrPh;P(CH,)sCH;, nBuLi, THF, —78 °C (55%; Z:E 4.6:1); (ii) k,CO3;, MeOH (86%); (iii) ag. CuSOy, hydrazine hydrate, NalO,, iPrOH, AcOH

(86%).
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Scheme 4. (i) PCC, CH,Cl, (91%); (ii) NaOMe, MeOH, reflux, 48 h (84%; 19:1 trans:cis); (iii) PhsPCHCOOEt, toluene (71%); (iv) KO,CN=NCO,K, AcOH,
MeOH, rt, 48 h (83%); (v) KOH, EtOH, water, rt (86%); (vi) SOCly; (vii) PhCH,CH,NH, (52%).
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chromatography were obtained from Aldrich. GLC was
carried out on the Perkin—Elmer Model 8410 on a capillary
column (15 mXx0.53 mm). Unless otherwise stated products
were one spot on TLC or one peak on GLC. IR spectra were
carried out on the Perkin—Elmer 1600 FTIR spectrometer as
liquid films. NMR spectra were recorded in CDCI; on the
Bruker AC250 at a frequency of 250 MHz for protons. [a]p
values were recorded in CHCI; on the POLAAR 2001
Optical Activity polarimeter. (1S,2R)-2-n-butyryloxy-
methyl-1-formylcyclopropane [a]&+61.1 (¢ 1.42, CHCIls)
[it. [@]F+59.8 (¢ 2.68, CH,Cl,), corresponding to >95%
ee],'?was prepared as described earlier and gave identical
'H and '3C NMR and IR spectra to those reported.”!?

1.1. (1R,2S)-2-(Heptylcycloprop-1-yl)methanol (12)

n-Butyl lithium (27.5 mL, 44 mmol, 1.6 M, in hexane) was
added dropwise to a suspension of 1-hexyl-triphenylphos-
phonium bromide (16.4 g, 38 mmol, 1.3 mol.eq.) in dry
THF (120 mL) at —78 °C under nitrogen. The reaction was
allowed to reach room temperature for 1 h when a deep
orange colour appeared, then cooled again to —78 °C when
(18,2R)-2-butyryloxymethyl-1-formylcyclopropane (5 g,
0.03 mol) in dry THF (10 mL) was added slowly by syringe.
The reaction was stirred overnight at room temperature,
then quenched with sat.aq. ammonium chloride (50 mL) and
extracted with ether (3X100 mL). The combined organic
layers were washed with water (50 mL), dried and evapor-
ated to give a residue which was stirred with petroleum/
ether (50 mL) for 10 min. The resulting precipitate was
filtered off and the filtrate was evaporated to give an oil.
Chromatography on silica eluting with petrol/ether (5:1)
gave a colourless oil, (/R,2R)-1-butyryloxymethyl-2-[Z/E
-hept-1-en-1-ylJcyclopropane (3.65 g, 55%) as a mixture of
two isomers in ratio 4.6:1; (major Z-isomer) [Found M*:
238.1923, C;5H»40; requires: 238.1933]; 6y: 5.45 (1H, dtd,
J=0.9,7.0, 11.5 Hz), 5.03 (1H, br.dd, J=9.1, 11.5 Hz), 4.15
(1H, dd, J=7.0, 11.6 Hz), 3.9 (1H, dd, J=8.0, 11.6 Hz), 2.27
(2H, t, J=7.3Hz), 2.21 (2H, br.m), 1.8-1.5 (3H, m,
including a pentet, J ca. 7Hz), 1.4-1.2 (7H, m), 1.05
(1H, dt, J=4.8, 8.5 Hz), 0.95-0.8 (6H, m, including a triplet,
J ca. 7Hz), 0.38 (1H, br.q, J=5.8); 8y (minor E-isomer):
5.58 (1H, m), 5.2 (1H, br.d, J ca. 15 Hz), the remaining
signals were obscured by the major isomer, IR (film) 2960,
2930, 1736 cm™!. Anhydrous potassium carbonate (2.4 g,
0.017 mol) was added to a stirred solution of the
cyclopropane (4.13 g, 0.16 mol) in methanol (30 mL).
After 4 h, TLC showed no starting material remained. The
K>COj3 was then filtered and washed with ether (2X20 mL).
The filtrate was evaporated to give a yellow oil, (1R, 2R)-2-
((Z/E-hept-1-en-1-yl)-1-cycloprop-1-yl)methanol (2.5 g,
86%). This was used for the next stage without purification.

To the crude product (2.5 g, 0.015 mol) in isopropyl alcohol
(100 mL) was added sat.aq. CuSO, (2 mL), acetic acid
(2 mL) and hydrazine hydrate (20 mL), and the mixture was
heated to 56 °C. Sodium periodate (31.8 g, 0.15 mol) in hot

water (100 mL) was added dropwise over 1.5h. The
mixture was stirred for 2h, allowed to reach room
temperature, then diluted with ether (150 mL). The organic
layer was separated and the aqueous layer extracted with
ether (2X50 mL). The combined organic layers were dried
(MgS0,) and evaporated. Chromatography on silica eluting
with petrol/ether (5:2) gave (IR, 2S)-(2-heptylcycloprop-1-
yl)methanol (2.2 g, 86%) (12) as a colourless oil [Found
M+—H,0:152.1581, C; Hy requires: 152.1565], [a]¥+
23.6 (¢ 1.14, CHCIy); éy: 3.65 (1H, dd, J=7.9, 11.3 Hz),
3.55(1H, dd, J=11.3,7.9 Hz), 1.8 (1H, br.s), 1.5-1.2 (13H,
m), 1.1 (1H, m), 0.87 (3H, t, J/=7.3 Hz), 0.7 (1H, dt, J=4.2,
8.2 Hz), —0.03 (1H, br.q, J/=5.2 Hz); éc: 64.8, 33.4, 31.7,
31.1, 30.8, 30.0, 24.1, 19.6, 17.6, 15.6, 10.9; IR (film)
3430 cm™ L.

1.2. cis-(1R,2S)-2-Heptyl-1-formylcyclopropane (13)

(1R,25)-2-Heptylcycloprop-1-ylmethanol (2 g, 0.012 mol)
in dichloromethane (10 mL) was added to a stirred
suspension of PCC (5.1 g, 0.023 mol) in dichloromethane
(100 mL) at room temperature. The reaction was stirred for
2 h, when a black precipitate had formed. The mixture was
poured into ether (100 mL) and filtered on a bed of celite
with silica gel and washed with ether. This was then
evaporated to yield the crude product as a yellow oil.
Chromatography on silica eluting with petrol/ether (5:2),
gave cis-(1R,2S)-2-heptyl-1-formylcyclo-propane (13)
(1.8 g, 91%) as a colourless oil [Found M*:168.1539,
C11Hy0 requires: 168.1514], [a]3'+14.7 (¢ 0.95, CHCls);
oy: 9.34 (1H, d, /=5.5 Hz), 1.87 (1H, m), 1.7-1.1 (15H, m),
0.88 (3H, t, J=7 Hz); oc: 203.3, 33.3, 31.5, 30.6, 29.7, 29.3,
26.3, 24.1, 16.2, 15.6; IR (film) 2925, 2855, 1705 cm™ .

1.3. trans-(1R,25)-2-Heptyl-1-formylcyclopropane (14)

cis-(1R,25)-2-Heptyl-1-formylcyclopropane (1.7 g, 0.01 mol)
was to added to a stirred solution of sodium methoxide
(0.6 g, 0.011 mol) in methanol (130 mL) and refluxed for
48 h. The mixture was quenched with sat.aq. ammonium
chloride (20 mL), and extracted with ether (2X50 mL). The
combined organic layers were dried and evaporated to yield
a yellow oil. Chromatography on silica gel eluting with
petrol/ether (5:1) gave (IR,2S)-2-heptyl-1-formylcyclopro-
pane (14) as a colourless oil containing ca. 5% of the cis-
isomer (1.43 g, 84%) [Found M™: 168.1510, C;;H,,0O
requires: 168.1514], [a]F+41.4 (c 1.45, CHCls); 8y: 9.00
(1H, d, J/=5.5Hz), 1.61 (1H, m), 1.51-1.22 (14H, m),
0.97-0.86 (4H, m, including 3H, t, /=7 Hz at 0.88); &c:
202.5, 34.1, 33.3, 32.0, 30.7, 30.6, 24.2, 24.1, 16.3, 15.5; IR
(film) 2925, 2855, 1709 cm ™.

1.4. (E)-3-((15,25)-2-Heptylcycloprop-1-yl)acrylic acid
ethyl ester (15)

The above trans-(1R,25)-2-heptyl-1-formylcyclopropane
(0.43 g, 0.0025 mol) in toluene (2 mL) was added to a
stirred solution of (ethoxycarbonylmethylene)triphenyl
phosphorane (1.13 g, 0.0032 mol) in toluene (10 mL) and
stirred at room temperature for 24 h. The toluene was rotary
evaporated, and the residue was treated with petrol/ether
(5:2) (30 mL) and refluxed for 10 min. The solid residual
phosphonium oxide was filtered off and washed with
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petrol/ether (2X15 mL) and the filtrate was rotary evapor-
ated. The crude product was then columned on silica gel
eluting with petrol/ether (5:1) to give (E)-3-((1S, 2S)-(2-
heptylcycloprop-1-yl)acrylic acid ethyl ester (15) (0.43 g,
71%) as a colourless oil [Found M*: 238.1945, C,sH,¢0,
requires: 238.1933], [a]3'+66.8 (¢ 1.28, CHCl3); 8y: 6.49
(1H, dd, /=104, 15.4 Hz), 5.89 (1H, d, J/=15.4), 4.17 (2H,
q,J=7.3 Hz), 1.4—1.2 (16H, br.m), 1.0 (1H, m). 0.86 (3H, t,
J=6.7 Hz), 0.85-0.74 (2H, m); IR (film) 2923, 2854, 1718,
1644, 1465 cm™ . Less than 5% of the cis-isomer could be
detected by NMR.

1.5. 3-((15,25)-2-Heptylcycloprop-1-yl)propionic acid
ethyl ester (16)

Freshly distilled acetic acid (1.13 g, 0.019 mol) in methanol
(3 mL) was add slowly to a stirred solution of (E)-3-((1S,
285)-2-heptylcycloprop-1-yl)acrylic acid ethyl ester (0.3 g,
0.0012 mol) and dipotassium azodicarboxylate (2.4 g,
0.012 mol) at room temperature. The mixture was stirred
for 24 h then additional dipotassium azo-dicarboxylate
(2.4 g) and acetic acid (1.2 g) were added. After a further
24 h, the mixture was diluted with water (15 mL) and
extracted with dichloromethane (3X10 mL). The combined
organic layers were washed with sat.aq. sodium bicarbonate
(15 mL), dried and evaporated, to give a residue which was
columned on silica gel eluting with petrol/ether (10: 0.5) to
give 3-((1S,2S5)-(2-heptylcycloprop-1-yl)propionic acid
ethyl ester (16) (0.25 g, 83%) as a colourless oil [Found
M™: 240.2096, C,sH»30, requires: 240.2089], [a]'+12.5
(c 0.69, CHCly); 6y: 4.14 (2H, q, /=7 Hz), 2.37 (2H, t,
J=7.6 Hz), 1.6—-1.1 (17H, m), 0.89 (3H, t, /=7 Hz), 0.43
(2H, m), 0.2 (2H, m); éc: 173.8, 61.5, 34.5, 34.1, 31.9, 29.7,
29.6, 29.5,29.3,22.7, 18.8, 18.1, 14.2, 14.1, 11.8; IR (film)
2923, 2854, 1736, 1178 cm ™.

1.6. 3-((18,25)-2-Heptylcycloprop-1-yl)propionic acid
a7)

3-((1S,25)-2-Heptylcycloprop-1-yl)propionic acid ethyl
ester (0.2 g, 0.83 mmol) was added to a stirred solution of
potassium hydroxide (0.46 g, 8.3 mmol) in ethanol (3 mL)
and water (0.5 mL). The mixture was stirred for 1 h when
TLC showed no starting remained, then diluted with water
(6 mL), ether (15 mL) and acidified to pH 2 with sulphuric
acid (5%). The organic layer was separated and the aqueous
layer was re-extracted with ether (2X10 mL). The combined
organic layers were dried and evaporated to give 3-((1S,
28)-(2-heptylcyclo-prop-1-yl)propionic acid (17) as a thick
yellow oil (0.152 g, 86%) [Found M™: 212.1777, C;3H,40,
requires: 212.1776], [a]3+14.8 (¢ 1.05, CHCly); 8y: 2.45
(2H, t, J=7.25 Hz), 1.63-1.5 (2H, m), 1.4-1.21 (12H, m),
1.15 (1H, m), 0.91 (3H, t, J=6.6 Hz), 0.47 (2H, m), 0.24
(2H, m); é¢c: 179.6, 34.2, 34.1, 31.9, 29.6, 29.5, 29.4, 29.3,
22.7, 189, 18.1, 14.1, 11.8; IR (film) 3397, 2923, 2854,
1709, 1178 cm™ 1.

1.7. 3-((18,25)-2-Heptylcycloprop-1-yl)-N-phenethylpro-
pionamide (18)

3-((1S, 2S)-2-Heptylcycloprop-1-yl)propionic acid (0.15 g,
0.71 mmol) was treated with thionyl chloride (3 mL) and
refluxed for 2 h. The excess of thionyl chloride was distilled

off to give a residue of 3-((15,2S5)-(2-heptylcyclopropyl)-
propionyl chloride which showed 6y: 2.9 (2H, t, J=7.3 Hz),
1.7(2H, m), 1.5-1.16 (11H, m), 1.02—0.8 (4H, m, including
a triplet with coupling constant 6.7 Hz), 0.47 (2H, m), 0.26
(2H, m); 6¢: 173.7, 47.3, 34.0, 31.9, 29.8, 29.6, 29.5, 29.3,
22.7,19.0, 17.5, 14.2, 11.9; the residue was cooled to 5 °C
and treated with phenylethyl amine (0.85 g, 7.1 mmol)
under nitrogen. A white precipitates was formed and the
reaction was stirred for 2 h. The mixture was diluted with
water and the product was extracted with ether (2X10 mL).
The combined organic layers were washed with brine, dried
and evaporated to give a crude product which was purified
by chromatography on silica eluting with petrol/ethyl
acetate (1:1) to give 3-((1S,2S)-(2-heptyl-cycloprop-1-yl)-
N-phenethylpropionamide (18) (0.115 g, 52.3%) as a pale
yellow solid [Found M*: 315.2561, C,;H33NO, requires:
315.2562] [a]#F+12.6 (¢ 0.82, CHCI3) (lit. [a]p-11.0 (¢ 0.1,
CHCl,))'; 8y: 7.35-7.2 (5H, m), 5.6 (1H, br.s), 3.54 (2H, q,
J=6.4 Hz), 2.83 (2H, t, J=6.7 Hz), 2.21 (2H, t, J=7.6 Hz),
1.52 (2H, m), 1.4-1.25 (10H, m), 1.15 (2H, m), 0.89 (3H, t,
J=6.7 Hz), 0.4 (2H, m), 0.182 (2H, m); 6c 173.0, 138.9,
128.75, 128.6, 126.5, 40.5, 36.9, 35.7, 34.1, 31.9, 30.4, 29.6,
29.5,29.4,22.7,18.9, 18.2, 14.1, 11.8; IR (film) 3310, 2918,
2850, 1637 cm™ .
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