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Succinct synthesis of saturated hydroxy fatty acids
and in vitro evaluation of all hydroxylauric acids
on FFA1, FFA4 and GPR84†‡
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Graeme Milliganb and Trond Ulven *a

Saturated hydroxy fatty acids make up a class of underexplored lipids with potentially interesting biological

activities. We report a succinct and general synthetic route to saturated hydroxy fatty acids hydroxylated at

position 6 or higher, and exemplify this with the synthesis of hydroxylauric acids. All regioisomers of

hydroxylauric acids were tested on free fatty acid receptors FFA1, FFA4 and GPR84. The results show that

the introduction of a hydroxy group and its position have a high impact on receptor activity.

Introduction

Fatty acids are fundamental components of structure and en-
ergy storage, precursors of a range of signalling molecules,
and have in recent years also turned out to have a role in the
direct regulation of metabolism and inflammation through
activation of free fatty acid receptors.1 Polyunsaturated hy-
droxy fatty acids include potent chemical mediators such as
hydroxyoctadecadienoic acids, lipoxins, hydroxy-
eicosatetraenoic acids, hydroxyeicosapentaenoic acids,
hydroxydocosapentaenoic acids, resolvins, protectins and
marseins, derived by oxidation of linoleic acid, arachidonic
acid, and omega-3 fatty acids.2–5 Saturated hydroxy fatty acids
have been less studied as potential signalling molecules but
are relatively common. For example, 2-hydroxyfatty acids are
abundant in sphingolipids,6 and 3-hydroxyfatty acids are ubiq-
uitous intermediates in fatty acid synthesis and β-oxidation
and are constituents of inflammatory lipopolysaccharides.7

4-Hydroxyfatty acids are formed by oxidation of saturated fatty
acids in mammary glands,8 4-hydroxylauric acid activates im-
mune natural killer cells,9 and 9-hydroxystearic acid is an
endogenously produced histone deacetylase inhibitor that has
potent anti-proliferative effects in cancer cells.10 Recently,
fatty acid esters of hydroxy fatty acids (FAHFAs), mainly com-
posed of saturated fatty acids, have appeared as a novel lipid

class reported to have anti-inflammatory and anti-diabetic
properties.11

Free fatty acid receptors, in particular, the medium-to-
long-chain fatty acid receptors FFA1 (GPR40) and FFA4
(GPR120), have become established as interesting potential
therapeutic targets for treatment of metabolic diseases.1 The
recognition that dietary fatty acids activate therapeutic targets
suggests the likely identification of therapeutic or ‘nutraceu-
tical’ food constituents.12 In our work towards characterizing
food constituents and metabolites on free fatty acid recep-
tors, we observed that some hydroxy fatty acids, such as
ricinoleic acid, juniperic acid and 12-hydroxystearic acid,
tended to have higher potency than the parent fatty acids on
FFA4 and FFA1 (Fig. 1).13 Similarly, Suzuki et al. have
reported that certain hydroxy fatty acids have higher activity
than the corresponding parent fatty acids on the medium-
chain fatty acid receptor GPR84.14 These observations trig-
gered our interest in exploring the activity of saturated hy-
droxy fatty acids on free fatty acid receptors more
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systematically. Hydroxylauric acids (HLAs) were selected for
the initial studies since lauric acid has previously been
shown to be active on FFA1, FFA4 and GPR84.13,15

Only ω-hydroxylauric acid (12-HLA) and the lactones of 4-
HLA and 5-HLA were commercially available, thus, the
remaining regioisomers could only be accessed by synthesis.
A wide range of methods are available for the synthesis of
2-hydroxyfatty acids and 3-hydroxyfatty acids.16–19 For
6-hydroxyfatty acids and beyond, however, there is a surpris-
ing paucity of efficient and systematic synthetic methods.
There are several reports on biocatalytic hydroxylation of the
end positions of fatty acids but, apart from hydroxylation at
the ω-position, these methods generally suffer from a lack of
selectivity.20–23 The only systematic approach involves reac-
tion of an acyl chloride in the presence of the ester-protected
carboxylate with a Grignard reagent or alkyl cadmium
followed by reduction of the resulting ketone and hydroly-
sis.24,25 With the number of possible saturated hydroxy fatty
acids in mind, we wished to develop a simpler and more di-
rect approach, preferably avoiding protecting groups. Thus,
we here report a concise synthetic route to racemic saturated
fatty acids hydroxylated at position 6 or further up, exempli-
fied with the synthesis of HLAs. We furthermore report the
activity of all these HLAs on medium- and long-chain fatty
acid receptors FFA1, FFA4 and GPR84. This confirmed that
the introduction of a hydroxyl group into a saturated fatty
acid can have strong effects on its agonist activity with the
fatty acid receptors, depending on the position of the hy-
droxyl group and the identity of the receptor.

Results and discussion
Synthesis

With the goal to identify a general and concise route that
avoided protecting group steps, we decided to explore nucleo-
philic addition of a carbon nucleophile to an aldehyde. It was
envisioned that doubly deprotonated terminal alkynylcarboxy-
lic acids could be reacted with aldehydes without interference
from the carboxylate. Thus, double deprotonation of terminal
alkynoic acids B (n = 2–4) and reaction with aldehydes C (m =
4–6) gave propargylic alcohols D that were hydrogenated over
platinum to provide the desired HLAs E (Scheme 1).
Propargylic alcohol precursors (D) of 6-HLA, 7-HLA and 8-
HLA were obtained in 30–80% yield from commercial termi-
nal alkynoic acids (B). Propargylic alcohol precursors of 9-
HLA, 10-HLA and 11-HLA were synthesized from
ω-bromofatty acids A by reaction with lithium acetylide–ethyl-
enediamine (EDA) followed by deprotonation of the crude
product and reaction with aldehydes C to provide D in a 50–
61% overall yield (Scheme 1). Hydrogenation of propargylic
alcohols D over platinum gave the hydroxyfatty acids E in
70–99% yield.

The remaining 2-HLA was obtained by a Hell–Volhard–
Zelinsky-type α-bromination followed by hydrolysis with so-
dium hydroxide in 53% overall yield and 3-HLA was synthe-
sized by γ-alkylation of doubly deprotonated ethyl

acetoacetate followed by reduction of the β-ketone and ester
hydrolysis (Scheme 2). 4-HLA and 5-HLA were obtained from
the commercially available corresponding lactones and 12-
HLA was purchased.

Biological results

The activity of the HLAs on human FFA1 and FFA4 was evalu-
ated in β-arrestin-2 recruitment assays, as described previ-
ously,13 and on human GPR84 in a [35S]GTPγS assay. The par-
ent compound lauric acid has EC50 of approximately 10 μM
on FFA1 and FFA4. Interestingly, 2-HLA and 6-HLA
displayed partial agonist activity on FFA1 with potency sim-
ilar to lauric acid, whereas the remaining HLAs were essen-
tially inactive (Table 1 and Fig. S1†). On FFA4, none of the
compounds showed significant activity compared with lauric
acid.

Suzuki et al. have previously found 2-HLA and 3-HLA to
act as agonists on GPR84.14 We confirmed the agonistic ac-
tivity of these compounds and in addition found 4-HLA
and 12-HLA to act as GPR84 agonists with similar efficacy,
the latter being in contrast to the observations by Suzuki
et al. The remaining HLAs were inactive (Table 1 and Fig.
S2†).

Scheme 1 Reagents and conditions: (a) HCCLi–EDA, DMSO, rt; (b)
n-BuLi (2 equiv.), THF, −78 °C to rt; then aldehyde C, 1 h, rt (30–80%
from B, 50–61% from A over 2 steps); (c) H2, Pt/C, NaOH (1.1 equiv.),
MeOH, rt (70–99%).

Scheme 2 Synthesis of 2-OH and 3-OH fatty acids. Reagents and
conditions: (a) SOCl2, Br2, 50 °C. (b) NaOH (2 M, aq.), 85 °C, 53% over
two steps. (c) NaH, n-BuLi, n-C9H19Br, THF, 0 °C to rt, 95%. (d) NaBH4,
THF, EtOH. (e) LiOH, H2O : THF (1 : 2), 36% over two steps.
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Wang et al. reported lauric acid to be a GPR84 agonist with
pEC50 of 4.98 in a [S35]GTPγS assay and 5.06 in a cAMP assay.15

Suzuki et al. subsequently found that lauric acid had some ac-
tivity, albeit with significantly lower potency and efficacy than
2-HLA and 3-HLA, in a phosphoinositide accumulation assay
but was inactive up to 100 μM in the [S35]GTPγS assay.14 We
found lauric acid to be inactive in the cAMP assay up to 100
μM. Combined, these results indicate the introduction of hy-
droxy groups at specific positions has significant effect upon
the activity of fatty acids at FFA1 and, especially, at GPR84.

None of the HLAs displayed activity on any of the recep-
tors that warranted further exploration. It was therefore de-
cided not to proceed with acquisition and testing of pure
enantiomers. The results did however confirm that the intro-
duction of a hydroxyl group into a saturated fatty acid can
have a strong effect on its potency on free fatty acid recep-
tors, and that the position of the hydroxyl group is critical for
this effect. It is expected that, if necessary, the synthetic
method can be adapted to access pure enantiomers, e.g. by
implementation of Carreira's asymmetric propargylic alcohol
synthesis,26 although straight-chain aldehydes tend to be
more challenging substrates for this protocol, or by resolu-
tion at the propargylic alcohol stage.27

Experimental
Chemistry

Commercial starting materials and solvents were used with-
out further purification unless otherwise stated. Anhydrous
THF was freshly distilled from sodium/benzophenone. DMSO
was dried over 3 Å molecular sieves and stored under argon.
TLC was performed on TLC silica gel 60 F254 plates and visu-
alized by staining in basic KMnO4-solution. Column chroma-
tography was performed using silica gel 60 (0.040–0.063 mm,
Merck). 1H and 13C NMR spectra were recorded at 400 and
101 MHz, respectively, on a Bruker Avance 400 at 300 K. All
spectra were calibrated relative to the solvent residual peak.
High-resolution mass spectrometry was performed on a

Bruker micrOTOF II. The purity of all test compounds were
>95% as assessed by 1H and 13C NMR spectroscopy.

General procedures for synthesis of hydroxyfatty acids

Step A: substitution of ω-bromofatty acid by lithium
acetylide–ethylenediamine. A lithium acetylide–ethyl-
enediamine (EDA) complex (3 equiv.) was dissolved in DMSO
(0.4 mL mmol−1). To this was added ω-bromofatty acid (1
equiv.) in DMSO (0.8 mL mmol−1). The reaction was stirred at
room temperature for 20–24 h. The reaction was then acidi-
fied with 2 M aq. HCl to approximately pH 1, brine was
added and the mixture was extracted with ethyl acetate. The
organic phase was washed with brine/1 M aq. HCl (1 : 1),
dried over Na2SO4 and evaporated in vacuo. The crude mate-
rial was carried on directly to step B.

Step B: synthesis of propargylic alcohols. The ω-alkynoic
acid (1.1 equiv.) was dissolved in THF (10 mL mmol−1) and
cooled to −78 °C. n-Butyl lithium (2.5 M in hexanes, 2.2
equiv.) was added dropwise. After 10 minutes the suspension
was allowed to reach room temperature. After an additional
20 minutes, the aldehyde (1 equiv.) was added in one por-
tion. After stirring for 30–60 minutes the reaction mixture
was acidified with 2 M aq. HCl to pH 1 and brine was added.
The aqueous phase was extracted with ethyl acetate. The
combined organic phase was dried over Na2SO4 and evapo-
rated in vacuo. The crude product was purified by column
chromatography (1 : 1 : 100 AcOH :MeOH :DCM).

Step C: hydrogenation of propargylic alcohols. To the
hydroxydodecynoic acid in methanol (0.8 mL mmol−1) was
added NaOH (1.1 eq.) and Pt/C (0.05 eq., 5% w/w). The reac-
tion mixture was placed under an atmosphere of H2 and
stirred for 20 hours before acidification with 1 M HCl to pH
1 and addition of Na2SO4. The mixture was filtered through a
pad of Celite, dried over Na2SO4 and evaporated in vacuo. If
necessary, the product was purified by column chromatogra-
phy (1 : 1 : 100 AcOH :MeOH :DCM).

6-Hydroxy-4-dodecynoic acid. 6-Hydroxy-4-dodecynoic acid
was prepared according to the general procedure (GP) step B
using 4-pentynoic acid (97 mg, 0.85 mmol), butyl lithium
(0.77 mL, 1.9 mmol) and heptanal (120 μL, 0.86 mmol), with
the modification of 1,3-dimethyltetrahydropyrimidin-2Ĳ1H)-
one (DMPU, 0.23 mL, 1.9 mmol) added as a deaggregator
during the deprotonation and the reaction was only allowed
to reach 0 °C, to give 55 mg (32%) of the title compound as a
white amorphous solid: 1H NMR (400 MHz, CD3OD) δ 4.24 (t,
J = 6.7 Hz, 1H), 2.49 (s, 4H), 1.68–1.51 (m, 2H), 1.48–1.26 (m,
8H), 0.91 (dd, J = 8.7, 4.9 Hz, 3H); 13C NMR (101 MHz, CD3-
OD) δ 175.7, 83.8, 83.2, 63.0, 39.3, 34.5, 33.0, 30.1, 26.4, 23.7,
15.4, 14.4; ESI-HRMS calcd for C12H20NaO3 (M + Na+)
235.1305, found 239.1300.

6-Hydroxylauric acid (6-HLA).28 6-Hydroxylauric acid was
prepared according to GP step C using 6-hydroxy-4-
dodecynoic acid (30 mg, 0.14 mmol), NaOH (7 mg, 0.2 mmol)
and Pt/C (27 mg, 6.9 μmol Pt) to give 33 mg (99%) of the title
compound as an amorphous white solid: 1H NMR (400 MHz,

Table 1 Activity of HLAs on FFA1, FFA4 and GPR84

FFA1a pEC50 FFA4a pEC50 GPR84b pEC50

Lauric acid 4.94 ± 0.13c13 5.12 ± 0.07 (ref. 13) —d

2-HLA 5.17 ± 0.38 <4.0 4.89 ± 0.10
3-HLA <4.0e <4.0 5.28 ± 0.07
4-HLA <4.0 <4.0 4.42 ± 0.12
5-HLA <4.0 <4.0 <4.0
6-HLA 4.73 ± 0.56 <4.0 <4.0
7-HLA <4.0 <4.0 <4.0
8-HLA <4.0 <4.0 <4.0
9-HLA <4.0 <4.0 <4.0
10-HLA <4.0 <4.0 <4.0
11-HLA <4.0 <4.0 <4.0
12-HLA <4.0 <4.0 4.68 ± 0.09

a β-Arrestin assay. b [35S]GTPγS assay. c Calcium assay. d Inactive up
to 100 μM in a cAMP assay. Previously reported with pEC50 = 4.98
(ref. 15) or inactive14 in a [35S]GTPγS assay. e <25% activation at 100
μM. Values are given as means ± SEM based on n ≥ 3.
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CD3OD) δ 3.55–3.47 (m, 1H), 2.30 (t, J = 7.4 Hz, 2H), 1.68–
1.55 (m, 2H), 1.49–1.28 (m, 14H), 0.91 (t, J = 6.8 Hz, 3H); 13C
NMR (101 MHz, CD3OD) δ 177.6, 72.3, 38.5, 38.1, 35.0, 33.1,
30.6, 26.8, 26.4, 26.2, 23.7, 14.42; ESI-HRMS calcd for
C12H24NaO3 (M + Na+) 239.1618, found 239.1609.

7-Hydroxy-5-dodecynoic acid. 7-Hydroxy-5-dodecynoic acid
was prepared according to GP step B using 5-hexynoic acid
(125 μL, 1.13 mmol), butyl lithium (0.88 mL, 2.2 mmol) and
hexanal (120 μL 1.0 mmol) to give 170 mg (80%) of the title
compound as a colorless oil: 1H NMR (400 MHz, CDCl3) δ

4.35 (tt, J = 6.6, 1.9 Hz, 1H), 2.49 (t, J = 7.3 Hz, 2H), 2.31 (td,
J = 6.9, 1.9 Hz, 2H), 1.84 (p, J = 7.1 Hz, 2H), 1.73–1.58 (m,
2H), 1.49–1.23 (m, 6H), 0.90 (t, J = 6.9 Hz, 3H); 13C NMR (101
MHz, CDCl3) δ 178.6, 83.9, 82.5, 62.7, 38.0, 32.7, 31.5, 24.9,
23.5, 22.6, 18.1, 14.0; ESI-HRMS calcd for C12H20NaO3 (M +
Na+) 235.1305, found 235.1311.

7-Hydroxylauric acid (7-HLA). 7-Hydroxylauric acid was
prepared according to GP step C using 7-hydroxy-5-
dodecynoic acid (51 mg, 0.24 mmol), NaOH (11 mg, 0.28
mmol) and Pt/C (45 mg, 12 μmol Pt) to give 43 mg (83%) of
the title compound as a white wax: 1H NMR (400 MHz, CD3-
OD) δ 3.58–3.44 (m, 1H), 2.29 (t, J = 7.4 Hz, 2H), 1.67–1.56
(m, 2H), 1.51–1.23 (m, 14H), 0.91 (t, J = 6.9 Hz, 3H); 13C NMR
(101 MHz, CD3OD) δ 177.7, 72.4, 38.4, 38.3, 35.0, 33.2, 30.3,
26.5, 26.5, 26.1, 23.7, 14.4; ESI-HRMS calcd for C12H24NaO3

(M + Na+) 239.1618, found: 239.1609.
8-Hydroxy-6-dodecynoic acid. 8-Hydroxy-6-dodecynoic acid

was prepared according to GP step B using 6-heptynoic acid
(160 μL, 1.26 mmol), butyl lithium (1.0 mL, 2.5 mmol) and
pentanal (125 μL, 1.18 mmol) to give 192 mg (77%) of the ti-
tle compound as a colorless oil: 1H NMR (400 MHz, CDCl3) δ
4.35 (tt, J = 6.6, 1.9 Hz, 1H), 2.39 (t, J = 7.4 Hz, 2H), 2.25 (td,
J = 7.0, 1.9 Hz, 2H), 1.80–1.51 (m, 6H), 1.46–1.28 (m, 4H),
0.91 (t, J = 7.2 Hz, 3H); 13C NMR (101 MHz, CDCl3) δ 179.1,
84.6, 81.9, 62.7, 37.8, 33.4, 27.9, 27.4, 23.8, 22.4, 18.4, 14.0;
ESI-HRMS calcd for C12H20NaO3 (M + Na+) 235.1305, found
235.1311.

8-Hydroxylauric acid (8-HLA). 8-Hydroxylauric acid was
prepared according to GP step C using 8-hydroxy-6-
dodecynoic acid (49 mg, 0.23 mmol), NaOH (18 mg, 0.45
mmol) and Pt/C (45 mg, 1.2 μmol Pt) to give 44 mg (88%) of
the title compound as a white amorphous solid over two
steps: 1H NMR (400 MHz, CD3OD) δ 3.55–3.46 (m, 1H), 2.28
(t, J = 7.4 Hz, 2H), 1.67–1.56 (m, 2H), 1.50–1.24 (m, 14H),
0.92 (t, J = 7.1 Hz, 3H); 13C NMR (101 MHz, CD3OD) δ 177.7,
72.4, 38.4, 38.2, 35.1, 30.5, 30.3, 29.1, 26.7, 26.1, 23.9, 14.4;
ESI-HRMS calcd for C12H24NaO3 (M + Na+) 239.1618, found
239.1615.

9-Hydroxy-7-dodecynoic acid (9). 9-Hydroxy-7-dodecynoic
acid was prepared according to GP steps A and B using lith-
ium acetylide–EDA (378 mg, 4.11 mmol), 6-bromohexanoic
acid (256 mg, 1.31 mmol), butyl lithium (0.82 mL, 2.1 mmol)
and butanal (83 μL, 0.92 mmol) and purified by column chro-
matography (1 : 1 : 100, AcOH :MeOH :DCM) to give 122 mg
(61%) of the title compound as a thick oil: 1H NMR (400
MHz, CDCl3) δ 4.36 (tt, J = 6.6, 1.9 Hz, 1H), 2.37 (t, J = 7.4 Hz,

2H), 2.22 (td, J = 6.8, 1.9 Hz, 2H), 1.73–1.40 (m, 10H), 0.94 (t,
J = 7.4 Hz, 3H); 13C NMR (101 MHz, CDCl3) δ 179.1, 85.0,
81.6, 62.5, 40.3, 33.8, 28.1, 28.1, 24.1, 18.5, 18.5, 13.7; ESI-
HRMS calcd for C12H20NaO3 235.1305 (M + Na+), found
235.1299.

9-Hydroxylauric acid (9-HLA).29 9-Hydroxylauric acid was
prepared according to GP step C using 9-hydroxy-7-
dodecynoic acid (29 mg, 0.14 mmol), NaOH (7 mg, 0.16
mmol) and Pt/C (28 mg, 7 μmol Pt) to give 30 mg (99%) of
the title compounds a white amorphous solid: 1H NMR (400
MHz, CD3OD) δ 3.56–3.47 (m, 1H), 2.28 (t, J = 7.4 Hz, 2H),
1.66–1.56 (m, 2H), 1.47–1.29 (m, 14H), 0.93 (t, J = 7.0 Hz,
3H); 13C NMR (101 MHz, CD3OD) δ 177.8, 72.2, 40.7, 38.4,
35.0, 30.7, 30.4, 30.2, 26.7, 26.1, 19.9, 14.5; ESI-HRMS calcd
for C12H24NaO3 (M + Na+) 239.1618, found 239.1606.

10-Hydroxy-8-dodecynoic acid. 10-Hydroxy-8-dodecynoic
acid was prepared according to GP steps A and B using lith-
ium acetylide–EDA (325 mg, 3.53 mmol), 7-bromoheptanoic
acid (248 mg, 1.19 mmol), n-BuLi (0.68 mL, 1.7 mmol) and
propanal (110 μL, 1.52 mmol) and purified by column chro-
matography (1 : 1 : 100, AcOH :MeOH :DCM) to give 82 mg
(50%) of the title compound as a colorless oil: 1H NMR (400
MHz, CD3OD) δ 4.20 (tt, J = 6.6, 1.9 Hz, 1H), 2.29 (t, J = 7.4
Hz, 2H), 2.21 (td, J = 6.8, 1.9 Hz, 2H), 1.72–1.28 (m, 10H),
0.98 (t, J = 7.4 Hz, 3H); 13C NMR (101 MHz, CD3OD) δ 177.7,
85.3, 82.5, 64.4, 34.9, 32.4, 30.1, 29.7, 29.5, 26.0, 19.3, 10.0;
ESI-HRMS calcd for C12H20NaO3 (M + Na+) 235.1305, found
235.1307.

10-Hydroxylauric acid (10-HLA). 10-Hydroxylauric acid was
prepared according to GP step C using 10-hydroxy-8-
dodecynoic acid (51 mg, 0.24 mmol), NaOH (12 mg, 0.30
mmol) and Pt/C (47 mg, 12 μmol Pt) to give 48 mg (94%) of
the title compound as a white amorphous solid: 1H NMR
(400 MHz, CD3OD) δ 3.37–3.29 (m, 1H), 2.18 (t, J = 7.4 Hz,
2H), 1.53–1.46 (m, 2H), 1.42–1.20 (m, 14H), 0.83 (t, J = 7.4
Hz, 3H); 13C NMR (101 MHz, CD3OD) δ 177.8, 73.9, 37.9,
35.0, 31.0, 30.8, 30.6, 30.4, 30.2, 26.8, 26.1, 10.3; ESI-HRMS
calcd for C12H24NaO3 (M + Na+) 239.1618, found 239.1620.

11-Hydroxy-9-dodecynoic acid. 11-Hydroxy-9-dodecynoic
acid was prepared according to GP step A and B using lith-
ium acetylide–EDA (310 mg, 3.37 mmol), 8-bromooctanoic
acid (252 mg, 1.13 mmol) and butyl lithium (0.70 mL, 1.75
mmol) and ethanal (0.15 mL, 2.7 mmol) and purified by col-
umn chromatography (1 : 1 : 100, AcOH :MeOH :DCM) to give
99 mg (59%) of the title compound as a white amorphous
solid: 1H NMR (400 MHz, CDCl3) δ 4.52 (qt, J = 6.5, 1.9 Hz,
1H), 2.35 (t, J = 7.5 Hz, 2H), 2.19 (td, J = 7.0, 1.9 Hz, 2H),
1.69–1.58 (m, 2H), 1.54–1.45 (m, 2H), 1.44–1.32 (m, 9H); 13C
NMR (101 MHz, CDCl3) δ 179.3, 84.6, 82.3, 58.6, 33.9, 28.8,
28.6, 28.5, 28.5, 24.7, 24.6, 18.6; ESI-HRMS calcd for
C12H20NaO3 (M + Na+) 235.1305, found 235.1311.

11-Hydroxylauric acid (11-HLA).30 11-Hydroxylauric acid
was prepared according to GP step C using 11-hydroxy-9-
dodecynoic acid (49 mg, 0.24 mmol), NaOH (12 mg, 0.30
mmol) and Pt/C (46 mg, 12 mmol Pt) to give 36 mg (70%) of
the title compounds as a white amorphous solid: 1H NMR
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(400 MHz, CD3OD) δ 3.76–3.65 (m, 1H), 2.28 (t, J = 7.4 Hz,
2H), 1.59 (dd, J = 14.4, 7.2 Hz, 2H), 1.43–1.29 (m, 14H), 1.14
(d, J = 6.2 Hz, 3H); 13C NMR (101 MHz, CD3OD) δ 177.8, 68.6,
40.2, 35.0, 30.8, 30.7, 30.6, 30.4, 30.2, 26.9, 26.1, 23.5; ESI-
HRMS calcd for C12H24NaO3 (M + Na+) 239.1618, found
239.1620.

Biology

[35S]GTPγS binding assay. Cells expressing FLAG-GPR84-
eYFP were homogenized in 10 mM Tris-HCl (pH 7.4) and 0.1
mM EDTA followed by centrifugation at 1000 × g for 5 min at
4 °C to remove nuclei and cellular debris. Membrane frac-
tions were collected by spinning the supernatant at 38 000 × g
for 45 min and resuspending the pellet in 20 mM HEPES (pH
7.5) with 5 mM MgCl2. 10 μg of membrane were incubated at
30 °C for 1 h in assay buffer (20 mM HEPES, 5 mM MgCl2,
160 mM NaCl, 0.05% fatty acid free bovine serum albumin,
pH 7.5) containing 1 μM GDP and 0.1 nM [35S]GTPγS
(PerkinElmer Life Sciences) in the absence or presence of
compounds. Reactions were terminated by vacuum filtration
through GF/C filters, and the retained radioactivity was quan-
tified on a liquid scintillation counter.

Conclusions

We have developed a general and concise protocol for synthe-
sis of racemic saturated hydroxy fatty acids with the hydroxyl
group at position 6 or higher and exemplified this with the
synthesis of HLAs. The protocol will be useful in further ex-
ploration of saturated fatty acids and the FAHFA lipid class.
HLAs were tested on the fatty acid receptors FFA1, FFA4 and
GPR84. The results showed that a hydroxy group in specific
positions preserved the activity of the parent fatty acid, in-
cluding the confirmed activity of compounds previously
reported as GPR84 agonists, whereas the remaining HLAs
displayed low or no activity. Apart from 2-HLA, which was ac-
tive on both FFA1 and GPR84, the active HLAs differed with
the identity of the receptor, consistent with the low sequence
similarity between the receptors.
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