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Phosphonate

3-Oxoalk-2-enoic acid

Glyoxylic acid

1. Introduction several complementary synthetic routes to accesm.tiThe

) ) ] classical methods are represented by either Friedsdts

The ()-3-acylacrylic moiety can be found in numerous cyiation or condensation reactions of ketones wigfoxylic
naturallprodgcts of diverse structural complexityg diological acid, targeting predominantly 3-aroylacrylic detivas™* More
properties (Fig. 1). advanced synthetic approaches towards 3-acylacsytataprise

e.g. multistep construction strategféssomerization reactiorts,
o L 0 acylations withtrans-vinylogous ester anion equivaléfitallylic
oo oAy BZONWO oxidations!> oxidative opening of 2-substituted furdhsand
0 0 Horner-Wadsworth-Emmons (HWE) reaction of glyoxylic
(E)-4-Oxohexadec-2-enoic acid Patulolide A Melodienane esters’ Due to our long-term interest in studies of
fungicide antibiotic cytotoxic activity

crystallization-induced asymmetric transformationCIAT)

0 involving 3-acylacrylic acids as substrafe¥ we looked for a
H)WO OOy y° general, straightforward and simple access to tléssc of
0Oy Z W’(\OI compounds. A synthetic route relying on HWE reactisma key
OW HO N O ™o step appeared to be attractive, since it starta fasily available
OP - 8 . Cviochalasin A esters of carboxylic acidsand allows for a very broad structural
ot collcoll adhoson hibitor  HIV-1 protessemmisitor  Variability of the acyl chain (Scheme 1).
antibiotic
Fig. 1. Examples of natural compounds bearing 3-acylacsyllounit. Li\/ﬁ\ P OH ¢
Moreover, due to its dense functionality, compaibéaring o] '\O o 9 HO)\COOH 0
the E)-3-acylacrylic subunit exhibit interesting comhiioas of R1JkOR2 R1J\/F.’\o/ ST RPSENCooH
miscellaneous reactivities. These provide a mulétaf synthetic . 1 - 2 O~ ) 4
options for further structural modifications, eMlichael and ) 0 \ / _
Michael-type additioné? Friedel-Crafts, Rauhut-Currier and ref. 17 “coogt 0 OH
Diels-Alder  reactiond? decarboxylative couplings or LiCL EtN RPN ookt
multicomponent reactiorfs3-Acylacrylic acids and esters have e 3
proven to be valuable synthetic precursors in s3seh of various Scheme 1. Considered synthetic strategies towards 3-acylacagids4

heterocyclic derivativés and compounds with therapeutic  On the other hand, the necessity of a base-promoted
potential in generdf A broad applicability of 3-acylacrylic hydrolysis in the final step could be regarded asesous
building blocks came hand in hand with the developmef  drawback since consideration of protection strategigght be
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inevitable:™ Despite the highly reactive nature of 3-
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a ratio of 77:23, respectively, as determined byamseof 'H-

acylacrylates3, alkaline hydrolysis was reported to be applicableNMR.

to simple and unfunctionalized 3-acylacrylate estgroviding
the corresponding acidé in average yield$**'° However, the
hydrolysis protocols might turn incompatible with rasensitive
substrates and, importantly, constitute an exta sbwards the
target compounds. Therefore we were intrigued byptesibility
of performing HWE reactions directly with monohydraof
glyoxylic acid 5, which would entail a simple, yet valuable
synthetic shortcut (Scheme 1).

2. Results and discussion

As a model substrate for our initial investigatiowg, chose a
readily availablegs-ketophosphonat2a (Table 1)%°

Table 1. Reactivities off-ketophosphonata and glyoxylic acid
monohydratés under different reaction conditidhs

G OH conditions i
TBDMSO N Ho™coom TBDMSO coo
2a 5 4a
Entry Reaction conditions Conversion (%) Yield (%)’
1 2.6 equiv BN, 1.0 equiv LiCl 36 32
2 2.6 equiv DBU, 1.0 equiv LiCl 65 61
3 2.6 equiv DBU 73 72
4 2.6 equiv DBUY 91 88

@ General reaction conditions: 1.5 eq6i¢0.3 M solution in MeCN), 0 °C, 30
min. DBU = 1,8-diazabicyclo[5.4.0]undec-7-ene

® Determined byH NMR analysis with internal standard

¢ A solution of5 in MeCN was stored over 4A molecular sieves foh24

Our brief screening of reaction conditions startedhwa
protocol that had been successfully applied torgsteglyoxylic

Next, reactivity of-ketophosphonatezh-m in HWE reaction
with a predried solution of glyoxylic acid monohytrd was
explored (Table 3). We were pleased to find that wifie
exception of2k, the investigated phosphonates were smoothly
converted to the corresponding){3-acylacrylic acids in modest
to excellent yields of 36-95%. Importantly, duentild reaction
conditions, side chains decorated with a varietyfusfctional
groups were very well tolerated.

The observed unreactivity of phosphonakein the reaction
system can be plausibly attributed to a stronglgctebn
withdrawing nature of the perfluoropropyl substitueithe
existence ok as a mixture of oxo/enol tautomers is indicative
of a relatively high stability and thus lowered haaphilicity of
the corresponding enolate, generaireaitu upon deprotonation
with DBU. As the most problematic turned out to be the
sequencdd—2d—4d, providing rather unsatisfactory yields of
37% and 36%, respectively. Presumably due to isecta
reactivity of the methylene bridge, being additibnactivated
by the adjacent phenyl group, these compounds were prone
to side reactions. As anticipated, depending on risetion
conditions, diphosphonat@® can cyclize spontaneously to form
phosphonat@m and thus serve as a precursor both for the acids
41 anddm (Scheme 2).

¢ 9 Q9
\O,FI’\)J\/\/U\/FI’\O/
/O 21 O\
OH
DBU
HO™ “COOH | MeCN
5
t<o°c rt o 0
0o 0O 0
/\AM/U\/\ H _ >
HOOC™ ™ A COOH 0 COOH
A 44% 2am > am  20%

Scheme 2. HWE reaction of diphosphona2e and glyoxylic acid

acid (entry 1)." We were pleased to find that despite using a freenonohydraté under different temperature conditions

acid reagenb, the target 3-acylacrylic acida was formed in a
yield of 32% within 30 minutes. Masamune and Rouskieh
reported a significant acceleration of HWE reactidnsthe
presence of DBU, presumably due to its increasedciba$
Indeed, application of DBU to our reaction systegnsicantly
improved reactivity of2a (entry 2). Although lithium cation is
expected to increase the acidity of phosphonaties 1,3-
dioxocomplexatiod: we envisioned that under protic reaction
conditions it might not be applicable (entry 3).thVrespect to
the sensitive nature of 3-acylacrylates towardsretgp aldol and
condensation reactions, we reduced water conteteimeaction
media by pre-drying a solution &fin MeCN over 4A molecular
sieves for a period of 24 hours. Apart from tlasitu generation
of free glyoxylic acid was supposed to result in arenreadily
reacting system. Indeed, this procedure resultedh ifiaster
conversion and a very good yield of adal(entry 4).

With the optimized conditions defined, applicakilito a
broader scope of phosphonate substrates was expleoedhe
purpose of our studies, a variety of diversely fiomalized -
ketophosphonate2b-m was prepared (Table 2), utilizing a
combination of slightly modified published protosdbased on
dimethyl methylphosphonate (DMM®).In general, the target
phosphonates were easily accessible and obtairgmbih yields.
In agreement with the data published for
perfluoroalkylatedp-ketophosphonatéed, B-ketophosphonat&k
(entry 11) was obtained as a mixture of oxo and endbmers in

However, a careful control of the reaction tempermgmables
to obtain the diacidll in an acceptable yield of 44% (Table 3,
entry 12).

3. Conclusion

In summary, we have described a simple and straigyiird
synthetic route leading to diversely functionalizg)-3-
acylacrylic acids as synthetically versatile builgliblocks. The
scope and limitation of the HWE reaction were stddigth a
range of substrates. We have demonstrated thakyiyoacid
monohydrate is fully compatible with the HWE reaction
conditions, thus sparing a troublesome hydrolysis tioe
corresponding 3-acylacrylates in the last step. aiée currently
exploring applicability of this synthetic methodtte preparation
of w-substituted fytoceramide derivatives.

related



Table 2. Synthesis ofi-ketophosphonateza-m

0 reaction
R1J\OR2 P conditions -
| ; THF
T 1ad DMMP 2a-m
Entry Esterl Phosphonat2 Reaction conditions Yield (%)
COOMe 0 C.F?>
1 \‘)J\/ ~0~ 2.5 equiv DMMP, 2.2 equim-BulLi 83
TBDMSO SN G -80°C, 2h
2a
Ho o
2 =S 1.3 equiv DMMP, 2.3 equiv LDA 97
COOMe 5 8 -80-0°C, 3h
1b 2b
(0]
&= COOMe O 2.3 equiv DMMP, 3.5 equiv LDA 96
3 Fe 2o dp\o/ 0 °C, 10 min
> 1c 5 \
LS
@\/ @\)?VQ 3.0 equiv DMMP, 3.0 equik-BulLi 37
4 COOEt g\o/ -80°C, 1.5h
1d 2d >
o 9
X~COO0Bn s~ Ned 2.3 equiv DMMP, 3.1 equiv LDA 86
5 1e oy 0°C,1h
2e
6 : : O\
)\MCOOMe /I\/\/\/U\/E’\O/ 3.0 equiv DMMP, 2.8 equin-BuLi 89
” of (o -80°C,1.5h
o 0
7 BocHN._~_~_COOMe BocHN Py~ 3.0 equiv DMMP, 2.9 equin-BuLi 88
19 ) O -80°C,1h
o]
C):O » 5 2.0 equiv DMMP, 3.1 equiv LDA 88
8 0~ 0°C,5h
1h 2h ~
R ¢ 2.5 equiv DMMP, 2.5 equin-BuLi 57
9 GO HOOC Py -80 -0 °C, 30 min
. ~N
1i 2i
(O e 2.5 equiv DMMP, 2.5 equim-BuLi 72
10 t—BUOOC\/\/COOMe t-BuOOC E’\O/ -80°C, 2 h
1j ~
j 2%
R F FFO O
11 F%(COOEt F b 0.8 equiv DMMP, 1.0 equiv LDA 70°
FrFF FT FE o0 80-0°C, 1.5 h
1k 2K
O O O O . . )
12 MeOOC._~._ COOMe P P 4.4 equiv DMMP, 4.4 equir-BuLi, 54
~o o -80 °C, 30 min
1l ~0 . 0
0
13 MeOOC._~_COOMe o 4 equiv DMMP, 4 equiwni-Buli 89
I -80 °C — rt, overnight
11 P
O\
2m

2Yield of isolated product. The product contains 8 mol% oi. ¢ The product contains 16 mol% of glutaric afitlield based on DMMP; a mixture of oxo and

enol tautomers 77:23, respectively.
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Table 3. HWE reaction off-ketophosphonateza-m and glyoxylic acid
monohydrates®

o O OH ree:jction 0
P. conditions
R1J\/(') o Ho™~COOH Teen R cooH
2a-m 5 4a+,l,m
Entry Acid 4 Reaction conditions  Yield (%)
o]
1 W 1.5 equivs, 2.6 equiv 81
COOH  pBU,0°C,15h
TBDMSO 42
2 @}‘/\/COOH 2 equivs, 4 equiv 85
O 4b DBU, 1, 2.5 h
(0]
3 ,©_<=\ 2 equivs, 4 equiv 95
(FE COOH DBU, rt, 20 min
L 4
AR
4 1.8 equivb, 4 equiv 36
COOH DBU, 1t, 2 h
4d
(0]
5 \/\)J\/\ 2 equivs, 4 equiv 55
COOH  pgu,0°C-rt,1h
4e
: O
6 ~ 2 equivs, 4 equiv 93
Z
WCOOH DBU, -20 °C, 1 h
af
0]
7 BocHN 2 equivs, 2.5 equiv 55
T‘js)J\/\COOH DBU, rt, 3h
4g
(0]
s MOy "Acoon 2 equivs, 4 equiv 57
4h DBU, 0 °C - rt, 15 min
o]
9 HOOC 2 equivs, 5 equiv 62
“3)1\‘“/\000” DBU,0°C-1t, 1.5 h
0]
10 t_BUOOC‘Ha)J\/\COOH 2 equivs, 4 equiv 65
4j DBU, -20 °C, 3.5 h
O
11 F RF 2 equivs, 4 equiv 0
F COOH  DBU, tt, no reaction;
F FF 4 50 °C - decomposition
0O O _ _
oo Sooon S,
0]
2 equivs, 4 equiv 40

DBU, 1t, 2 h

Z>COOH

2 A solution of5 in MeCN was stored over 4A molecular sieves foh24

4, Experimental section
4.1.General information

Melting points were measured on BUCHI Melting Point B-
540 and were uncorrectedd and *C NMR spectra were
recorded either on a Varian VXR-300 (300 and 75 MHz,
respectively) or a Varian INOVA 600 spetrometer (60d 451
MHz, respectively), with TMS as an internal stand&temical
shifts are reported in parts per million (ppm). @atirotations
were measured on a JASCO P-1020 or a POLAR L-mP (IBZ
Messtechnik) polarimeter (concentratiois given as g/100 mL).
Orbitrap Velos PRO, Thermo Scientific, was used for HRMS
measurements. Column chromatography was carriedro®iQ,
(silica gel Normasil 6@um, 40-63, VWR Chemicals).

4.2.(S)-Dimethyl 3-(tert-butyldimethylsilyloxy)-2-
oxobutylphosphonat@4)

A flask was charged with dry THF (9 ml) and dimethyl
methylphosphonate (1.05 ml, 2.5 equiv, 9.85 mmaoljlar an
argon atmosphere. The solution was stirred and ddole80 °C,
andn-BuLi (2.5M in hexanes, 3.5 ml, 8.75 mmol, 2.2 efuvas
added dropwise. The resulting mixture was stirred4fdmin at
-80 °C and successively a solution of estar(860 mg, 3.94
mmol) in dry THF (3 ml) was added. The mixture wased at
-80 °C for 2 h and poured into saturated aqueougONEL5 ml),
the aqueous layer was extracted with ethyl acetate 23 ml),
and the combined organics were dried oveyTy, filtered and
concentrated to yield a colurless oil. The crudmpct contained
residual DMMP, which was removed by Kugelrohr didtidla
(65 °C, 3 h, 6.18 Torr) to give 1.02 g (83%) of phosphon&ee
as a colourless oilp]p®°= +14.8 (c 2.19, EtOH), I +11.7 (c
1.42, EtOH, 20 °C)*H NMR (CDCk): 6 = 0.10 (s, 3H), 0.11 (s,
3H), 0.92 (s, 9H), 1.32 (d,= 6.9 Hz, 3H), 3.31 (m, 2H), 3.79 (d,
Jup = 11.1 Hz, 3H), 3.80 (dlp = 11.1 Hz, 3H), 4.24 (q1 = 6.9
Hz, 1H);*C NMR (CDCly): & = -4.9, -4.5, 18.1, 20.3, 25.8, 34.8
(d, Jcp = 134.2 Hz), 52.9 (dJcp = 6.3 Hz), 53.0 (dJcp = 6.3 Hz),
74.9 (d,Jcp = 3.0 Hz), 205.3 (dJcp = 6.8 Hz); HRMS calcd for
C1oH,70sPSi (M+H): 311.1443; found: 311.1375.

4.3. Dimethyl 2-(1-adamantyl)-2-oxoethylphosphon@s{'

Esterlb (1.80 g, 9.26 mmol) was charged into a three-necked
flask, the flask was closed and evacuated andeefillith argon
thrice before dry THF (10 ml) and dimethyl methyhsphonate
(2.29 ml, 1.3 equiv, 12.0 mmol) were added. The temiuwas
stirred and cooled to -80 °C, and a freshly geeeérablution of
LDA (1.64M in THF, 13 ml, 21.3 mmol, 2.3 equiv) waddad
dropwise. The resulting mixture was stirred for 1B i -80 °C,
giving a yellow homogeneous solution which was sudeelys
placed in an ice bath and stirred for additiondd. 3he mixture
was quenched with 1M 430, (21.3 ml, 2.3 equiv) added
dropwise, the aqueous layer was extracted with ettstate (4 x
50 ml), the combined organics were washed with a dialfed
brine (70 ml), the brine solution was once reexedatith ethyl
acetate (30 ml), the organics were dried ovesSiy, filtered and
concentrated. The crude product was dried undervagbum to
give 2.57 g (97%) of phosphon&k as pale yellow crystals; mp
44-46 °C;'H NMR (CDCly): 6 = 1.67-1.69 (bs, 3H), 1.74-1.76
(bs, 3H), 1.82 (m, 6H), 2.07 (bs, 3H), 3.15 (@, = 21.6 Hz,
2H), 3.79 (d, Jup = 10.8 Hz, 6H);*C NMR (CDCkL): 5 = 27.7,
34.4 (d,Jep= 135.7 Hz), 36.3, 37.8, 47.5 (@ = 3.6 Hz), 52.9
(d, Jep = 6.5 Hz), 207.0 (dJcp = 7.1 Hz); HRMS calcd for
C1H,50,P (M+H)": 287.1407; found: 287.1408.

4.4.Dimethyl 2-ferrocenyl-2-oxoethylphosphonale) (
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Esterlc (0.59 g, 2.43 mmol) was charged into a three-neckediz), 43.8, 52.9 (dJcp = 6.4 Hz), 78.9, 155.9, 201.6 (dsp =

flask, the flask was closed and evacuated andeéfillith argon
thrice before dry THF (4 ml) and dimethyl methylshbbonate
(0.60 ml, 2.3 equiv, 5.6 mmol) were added. The smlutvas
stirred and cooled to 0 °C (ice bath), and a fregfgnerated
solution of LDA (1.42M in THF, 6 ml, 8.5 mmol, 3.5 @g) was
added dropwise. The resulting mixture was stirredlfdmin at
0 °C, quenched with 1M 130, (8.0 ml, 3.3 equiv) added
dropwise, the aqueous layer was extracted with eitgtate (3 x
25 ml), the combined organics were washed with brirsenl),
dried over NgSQ, filtered and concentrated to give an oily
residue. The crude product contained residual DMiMich was
removed by Kugelrohr distillation (50 °C, 2 h, 6MTorr) to
give 0.79 g (96%) of phosphonéae as an orange-purple ofi
NMR (CDChL): 8 = 3.40 (d,Jyp = 21.9 Hz, 2H), 3.81 (d}yp =
11.4 Hz, 6H), 4.25 (s, 5H), 4.58 (s, 2H), 4.83 (s, 2fQ;NMR
(CDCly): & = 38.6 (d,Jcp = 132.7 Hz), 53.1 (dJp = 6.5 Hz),
70.1, 70.2, 73.2, 78.8 (dep = 3.8 Hz), 195.2 (dJcp = 6.3 Hz);
HRMS calcd for GHFeQP (M+H): 337.0287; found:
337.0279.

4.5.Dimethyl 2-oxo0-3-phenylpropylphosphonaed)(

6.0 Hz).
4.9. Dimethyl 7-hydroxy-2-oxoheptylphosphonatie){®

Compound2h was prepared by the same procedure as that for
2c, under the reaction conditions specified in Tabléentry 8;
extraction with CHCI,), as a yellow oil (88%); the product
contains 8 mol% ofth; '"H NMR (CDCl): § = 1.33-1.44 (m,
2H), 1.53-1.68 (m, 4H), 1.75 (s, 1H), 2.64 JtF 7.2 Hz, 2H),
3.08 (d,Jyp=22.8 Hz, 2H), 3.63 (1] = 6.3 Hz, 2H), 3.79 (d}4p
=11.1 Hz, 6H)}*C NMR (CDCly): § = 23.1, 25.1, 32.3, 41.3 (d,
Jop= 127.7 Hz), 44.1 (dJep= 1.5 Hz), 53.1 (dJep= 6.5 Hz),
62.4, 202.1 (dJcp= 6.2 Hz).

4.10.6-(Dimethoxyphosphoryl)-5-oxohexanoic ac)€?

Compound2i was prepared by the same procedure as that for
2b, under the reaction conditions specified in Teblgentry 9);
residual DMMP was removed by Kugelrohr distillatiai® (°C, 5
h, 6.10" Torr); pale yellow oil (57%); the product contaih
mol% of glutaric acid'H NMR (CDCL): & = 1.91 (m, 2H), 2.38
(t, J= 7.2 Hz, 2H), 2.72 (t) = 7.2 Hz, 2H), 3.15 (d}yp = 22.8
Hz, 2H), 3.80 (dJye = 11.4 Hz, 6H), 11.29 (s, 1HYC NMR

Compound2d was prepared by the same procedure as that fqcpcly): 5 = 18.3, 32.6, 41.2 (dlep = 128.2 Hz), 42.8 (dlep =

2a, under the reaction conditions specified in Tab(entry 4), as
a pale yellow oil (37%)H NMR (CDCk): 5 = 3.11 (d,Jyp =
22.5 Hz, 2H), 3.78 (d}4p= 11.1 Hz, 6H), 3.89 (s, 2H), 7.23-7.20
(m, 2H), 7.36-7.30 (m, 3H)?C NMR (CDCkL): & = 40.2 (d,Jcp
=127.7 Hz), 50.8 (dJcp = 1.4 Hz), 53.1 (dJcp = 6.4 Hz), 127.3,
128.8, 129.6, 133.3, 199.5 (d&p = 6.1 Hz); HRMS calcd for
CyH1:04P (M+H)": 243.0786; found: 243.0804.

4.6.Dimethyl 2-oxohex-5-enylphosphonaze){®

1.6 Hz), 53.2 (dJep = 6.5 Hz), 177.5, 201.0 (dep = 6.2 H2).
4.11 tert-Butyl 6-(dimethoxyphosphoryl)-5-oxohexano2f§

Compound?j was prepared by the same procedure as that for
2a, under the reaction conditions specified in Tablgntry 10);
additionally purified by flash chromatography oficsi gel (EA);
colourless oil (72%)H NMR (CDCL): & = 1.44 (s, 9H), 1.86
(m, 2H), 2.25 (tJ = 7.2 Hz, 2H), 2.68 (] = 7.2 Hz), 3.08 (d}4p
= 22.5 Hz, 2H), 3.79 (dlye = 11.1 Hz, 6H)*C NMR (CDCl):

Compound2e was prepared by the same procedure as that foy = 18.7, 28.0, 34.1, 41.2 (dgp = 127.7 Hz), 42.9 (dJep = 1.3

2c, under the reaction conditions specified in Tabléentry 5;
extraction with CHCI,), as a colourless oil (86%JH NMR
(CDClg): 4 = 2.30-2.40 (m, 2H), 2.73 @,= 7.2 Hz, 2H), 3.10 (d,
Jup = 22.8 Hz, 2H), 3.79 (dJyp = 11.1 Hz, 6H), 4.97-5.09 (m,
2H), 5.80 (m, 1H);°C NMR (CDCL): & = 27.4, 41.4 (dJep =
127.5 Hz), 43.2 (dJep= 1.3 Hz), 53.1 (dJep= 6.5 Hz), 115.6,
136.3, 201.1 (dJcp= 6.2 Hz).

4.7.(S)-Dimethyl 4,8-dimethyl-2-oxonon-7-enylphosphon2fte (

Hz), 53.0 (dJep = 6.4 Hz), 80.2, 172.3, 201.0 (@ = 6.2 Hz).

4.12.Dimethyl 3,3,4,4,5,5,5-heptafluoro-2-
oxopentylphosphonat@k)

A flask was charged with a freshly generated solutiohDA
(0.23M in THF, 5 ml, 1.15 mmol, 1.2 equiv) under argon
atmosphere. The solution was stirred and coole@@°€, and
dimethyl methylphosphonate (1Q0, 0.94 mmol) dissolved in
dry THF (3 ml) was added. The resulting mixture wiasesl for

Compound2f was prepared by the same procedure as that fof h at -80 °C and successively a solution of ekte¢200 pl,

2a, under the reaction conditions specified in Tablgentry 6);
purified by flash chromatography on silica gel (E&anes =
1/1); colourless oil (89%):d]p>*= -5.6 € 2.25, CHCY), lit.?® for
(R)-enantiomer: +5.05 (c 1.00, CHCI24 °C); 'H NMR
(CDCly): 6 = 0.91 (dJ = 6.6 Hz, 3H), 1.23-1.38 (m, 2H), 1.60 (s,
3H), 1.68 (s, 3H), 1.95-2.01 (m, 3H), 2.43 (dd; 7.8, 16.8 Hz,
1H), 2.60 (ddJ = 5.4, 17.1 Hz, 1H), 3.07 (m, 2H), 3.79 @y =
11.1 Hz, 6H), 5.10 (t) = 7.2 Hz, 1H);*C NMR (CDCL): & =
17.6, 19.5, 25.3, 25.6, 28.5, 36.6, 41.5X@,= 128 Hz), 51.4 (d,
Jep = 1.5 Hz), 52.9 (dJcp = 6.5 Hz), 124.2, 131.5, 194.7, 201.6
(d,\]cpz 6.2 HZ)

4.8.2t§ert-ButyI 7-(dimethoxyphosphoryl)-6-oxoheptylcarb&ena
(29)

Compound2g was prepared by the same procedure as that for

2a, under the reaction conditions specified in Tablentry 7), as
a pale yellow oil (88%)!H NMR (CDCk): & = 1.25-1.36 (m,
2H), 1.43 (s, 9H), 1.44-1.50 (m, 2H), 1.54-1.64 (m, , 221 (t,
J=7.2 Hz, 2H), 3.07 (dJyp = 22.5 Hz, 2H), 3.09 (] = 7.2 Hz,
2H), 3.79 (d,dyp = 11.1 Hz, 6H), 4.54 (bs, 1H)C-NMR

(CDCly): & = 22.8, 25.9, 28.3, 29.7, 40.2, 41.2 {dr = 127.4

1.15 mmol) in dry THF (2.5 ml) was added. The migtuvas
stirred for 1 h at -80 °C, afterwards allowed to waaor0 °C,
stirred for additional 30 min and then concentraigd °C, 10
mBar). The residue was treated with 10% ag HCI (1 ani
stirred for 30 min, the mixture was quenched with wéteml),
the aqueous layer was extracted with,CH (3 x 10 ml), the
organics were dried over B&0,, filtered and concentrated to
give 0.21 g (70%) of phosphonatke as a yellow oil containing a
mixture of oxo and enol tautomers in a ratio of 2B7:
respectively;H NMR (CDCly) oxo tautomerd = 3.47 (d,Jue =
22.2 Hz, 2H), 3.86 (dJup = 11.4 Hz, 6H);enol tautomerd =
3.78 (d,Jup = 11.7 Hz, 6H), 5.04 (dl;» = 8.1 Hz, 1H); HRMS
caled for GHgF,O,P (M+H)": 321.0126; found: 321.0105.

4.13.Tetramethyl 2,6-dioxoheptane-1,7-diyldiphosphonaiig*

Compound2l was prepared by the same procedure as that for
2a, under the reaction conditions specified in Tabl@ntry 12;
guench with 1M HSQ,, extraction with CHCl,), as a colourless
oil (54%); '"H NMR (CDCL): & = 1.87 (quintet) = 6.9 Hz, 2H),
2.67 (t,J = 7.2 Hz, 4H), 3.09 (d}» = 22.5 Hz, 4H), 3.79 (dlp
= 11.4 Hz, 12H);®C NMR (CDCk): & = 17.1, 41.3 (dJep =
127.7 Hz), 42.6 (dJep = 1.5 Hz), 53.1 (dJep = 6.5 Hz), 201.3 (d,



6
Jep = 6.2 Hz); HRMS calcd for §H,,05P, (M+H)': 345.0868;
found: 345.0812.

4.14.Dimethyl (3-oxocyclohex-1-enyl)methylphosphonaie)

Tetrahedron

NMR (CDCkL): 8 = 48.9, 127.5, 129.0, 129.5, 130.4, 132.6,
140.2,170.4, 196.3.

4.19.(E)-4-Oxoocta-2,7-dienoic acidi€)'**

Compound®m was prepared by the same procedure as that for Compound4e was prepared by the same procedure as that for

2a, under the reaction conditions specified in Tabl@Entry 13;
extraction with CHCI,); purified by flash chromatography on
silicagel (EA) and afterwards by Kugelrohr distiltati (80 °C, 3
h, 6.10" Torr); pale yellow oil (89%)H NMR (CDCk): & =
2.03 (m, 2H), 2.39 (m, 2H), 2.48 (m, 2H), 2.78 (dd; 0.6 Hz,
Jup = 23.4 Hz, 2H), 3.77 (dl» = 10.8 Hz, 6H), 5.98 (d] = 4.8
Hz, 1H); °C NMR (CDCl): & = 22.6, 30.4 (dJcp = 2.7 Hz),
35.2 (d,Jep = 134.7 Hz), 36.9, 53.1 (dcp = 6.7 Hz), 129.5 (d,
Jep = 10.9 Hz), 155.7 (dJcp = 10.8 Hz), 199.1 (d]cp = 3.2 Hz);
HRMS calcd for GH;s0,P (M+H)": 219.0786; found: 219.0824.

4.15.(S,E)-5-(tert-Butyldimethylsilyloxy)-4-oxohex-2-enacid
(43)

A flask was charged witp-ketophosphonat®a (0.32 g, 1.03
mmol) and 0.33M solution & in MeCN (4.7 ml, 1.55 mmol, 1.5
equiv), stored for 24 h over 4A molecular sieves, \adsged
under an argon atmosphefiéhe mixture was stirred and cooled
to 0 °C (ice bath), DBU (0.40 ml, 2.68 mmol, 2.6 eyuwas
added dropwise over a period of 30 min. The soluti@s stirred
for an additional 1 h at the same temperature. mhe&ure was
quenched with 1M 80O, (2.3 ml, 2.2 equiv), the aqueous layer
was extracted with ethyl acetate (3 x 30 ml), the luioed
organics were dried over b0, filtered and concentrated. The
crude product was purified by flash chromatographysitica gel
(EA/hexanes = 3/7 + 0.5% AcOH) to give 0.22 g (81%gaaf
4a as a yellow oil; §]p*° = -17.2 € 2.5, CHCL,); '"H NMR
(CDCly): = 0.08 (s, 3H), 0.09 (s, 3H), 0.92 (s, 9H), 1.34J(d,
6.9 Hz, 3H), 4.34 (¢J = 6.9 Hz, 1H), 6.80 (d] = 15.6 Hz, 1H),
7.64 (d,J = 15.6 Hz, 1H);®C NMR: (CDCL): 5 = -4.9, -4.6,
18.2, 20.7, 25.8, 74.6, 131.0, 136.9, 170.5, 20HRMS calcd
for Cy,H»,0,Si (M+H)": 259.1365; found: 259.1403.

4.16.(E)-4-(1-Adamantyl)-4-oxobut-2-enoic acibf*®

Compounddb was prepared by the same procedure as that fo

4a, under the reaction conditions specified in Tablgentry 2);

4a, under the reaction conditions specified in Tablgntry 5);
purified by flash chromatography on silica gel (BEA 0.5%
AcOH); white powder (55%); mp 100-101 °CH NMR
(DMSO-dg): 8 = 2.23-2.30 (m, 2H), 2.83 (1 = 7.2 Hz, 2H),
4.94-5.06 (m, 2H), 5.74-5.87 (m, 1H), 6.64 Jd; 15.9 Hz, 1H),
6.90 (d,J = 15.9 Hz, 1H), 13.12 (s, 1HY'C NMR (DMSO-dq): &
=27.1,39.3,115.3, 131.5, 137.2, 139.2, 166.8,8.9

4.20.(S,E)-6,10-Dimethyl-4-oxoundeca-2,9-dienoic adig (

Compound4f was prepared by the same procedure as that for
4a, under the reaction conditions specified in Tablgntry 6);
purified by flash chromatography on silica gel (BEA 0.5%
AcOH); white powder (93%); mp 70-71 °G]§>*= -3.8 € 2.26,
CHCL); '"H NMR (DMSO-y): & = 0.84 (d,J = 6.9 Hz, 3H),
1.10-1.34 (m, 2H), 1.56 (s, 3H), 1.63 (s, 3H), 1.8981m, 3H),
2.51 (dd,J = 8.1, 16.2 Hz, 1H), 2.70 (dd,= 5.7, 16.2 Hz, 1H),
5.06 (m, 1H), 6.60 (d) = 15.9 Hz, 1H), 6.88 (d] = 16.2 Hz,
1H), 13.11 (bs, 1H)**C NMR (DMSO-<dy): 5 = 17.5, 19.5, 24.9,
25.5, 28.4, 36.3, 47.6, 124.4, 130.7, 131.5, 13966,6, 200.2;
HRMS calcd for GH,00;3 (M+H)™: 225.1485; found: 225.1484.

4.21.(E)-9-(tert-Butoxycarbonylamino)-4-oxonon-2-enoiddac
(49)

Compounddg was prepared by the same procedure as that for
4a, under the reaction conditions specified in Tablgentry 7);
0.4M solution of 5 in MeCN was used; crystallized from
tolueneh-octane; white powder (55%); mp 81-82 °&; NMR
(CDClg): 6 = 1.32-1.39 (m, 2H), 1.45 (s, 9H), 1.45-1.55 (m, 2H),
1.61-1.71 (m, 2H), 2.66 (] = 7.2 Hz, 2H), 3.11 (bs, 2H), 4.59
(bs, 1H), 6.10 (bs, 1H), 6.67 (d,= 16.2 Hz, 1H), 7.09 (d] =
15.9 Hz, 1H);®C NMR (DMSO-dy): & = 22.9, 25.8, 28.3, 29.3,
39.7, 40.3, 77.3, 131.4, 139.3, 155.6, 166.6, 200RAVS calcd
for CH»NOs (M+H)": 286.1649; found: 286.1649.

1.22.(E)-9-Hydroxy-4-oxonon-2-enoic acidh)

0.75M SO|uti0n 015 in MeCN was Used; the prOdUCt precipitated Compoundq_h was prepared by the same procedure as that for

upon quenching with 1M }$0,; yellow powder (85%); mp 193—
195 °C;'H NMR (CDCly): § =1.69-1.84 (m, 12H), 2.09 (bs, 3H),
6.75 (d,J= 15.6 Hz, 1H), 7.62 (d] = 15.6 Hz, 1H);°C NMR
(CDCly): 6 = 27.6, 36.3, 37.3, 46.0, 130.1, 137.2, 170.8,203
HRMS calcd for GH1505 (M+H)™: 235.1334; found: 235.1350.

4.17.(E)-4-Ferrocenyl-4-oxobut-2-enoic acidd)

4a, under the reaction conditions specified in Tablgntry 8);
1.0M solution of 5 in MeCN was used; purified by flash
chromatography on silica gel (GEI,/MeOH = 92/8 + 0.5%
AcOH); white powder (57%); mp 88 °@ NMR (DMSO-dy): 5
=1.22-1.31 (m, 2H), 1.36-1.43 (m, 2H), 1.45-1.55 2#), 2.70
(t, J=7.2 Hz, 2H), 3.36 (1) = 6.6 Hz, 2H), 6.62 (d] = 16.2 Hz,
1H), 6.89 (dJ = 16.2 Hz, 1H), 13.1 (s, 1HY°C NMR (DMSO-

Compound4c was prepared by the same procedure as that fadks): 6 = 23.1, 25.1, 32.3, 40.4, 60.6, 131.4, 139.3, 2,6800.4;

4a, under the reaction conditions specified in Tablgntry 3);

1.0M solution of5 in MeCN was used; purple crystals (95%); mp

174-174 °C;*H NMR (acetoneds): & = 4.26 (s, 5H), 4.73 (m,
2H), 4.96 (m, 2H), 6.76 (d] = 15.3 Hz, 1H), 7.52 (d] = 15.3
Hz, 1H); °C NMR (acetoneds): 6 = 70.7, 71.0, 74.4, 80.9,
129.5, 138.6, 167.0, 191.8; HRMS calcd fqiHG . FeO, (M+H)":
285.0214; found: 285.0227.

4.18.(E)-4-Ox0-5-phenylpent-2-enoic aciddj™*

HRMS calcd for GH,,0, (M+H)": 187.0965; found: 187.0965.
4.23.(E)-4-Oxooct-2-enedioic acidh(

Compounddi was prepared by the same procedure as that for
4a, under the reaction conditions specified in Teblgentry 9);
1.0M solution of 5 in MeCN was used; purified by flash
chromatography on silica gel (GEl,/MeOH 9/1 + 0.5%
AcOH); white powder (62%); mp 157-159 °CH-NMR
(DMSO-dg): 8 = 1.69 (m, 2H), 2.22 (§ = 7.5 Hz, 2H), 2.75 (1)

Compounddd was prepared by the same procedure as that for 7.5 Hz, 2H), 6.61 (d) = 16.2 Hz, 1H), 6.86 (d] = 16.2 Hz,

4a, under the reaction conditions specified in Teblgentry 4);
0.5M solution of 5 in MeCN was used; purified by flash
chromatography on silicagel (EA/hexanes = 1/1 + 0AS@H);
pale yellow powder (36%); mp 105-107 °€; NMR (CDCL): &
=3.93 (s, 2H), 6.72 (dl = 15.6 Hz, 1H), 7.15-7.35 (m, 6H)C

1H); ®C-NMR (DMSO-y): 18.7, 32.7, 39.5, 131.8, 139.0,
166.7, 174.1, 200.0; HRMS calcd fogHGOs (M-H): 185.0455;
found: 185.0452.

4.24.(E)-8-tert-Butoxy-4,8-dioxooct-2-enoic acjX



Compound4j was prepared by the same procedure as that for
4a, under the reaction conditions specified in Tablgntry 10);
crystallized from toluene/hexanes; colourless algs{65%); mp
78-80 °C;'"H NMR (CDCL): 5 = 1.45 (s, 9H), 1.93 (m, 2H),
2.29 (t,J = 7.2 Hz, 2H), 2.73 (§ = 6.9 Hz, 2H), 6.69 (d] = 15.9
Hz, 1H), 7.13 (dJ = 15.9 Hz, 1H), 10.67 (bs, 1H}C NMR
(CDCly): & = 18.9, 28.1, 34.3, 40.5, 80.7, 129.9, 140.8, 2,70.
172.6, 198.8; HRMS calcd for ;@605 (M+H)": 243.1227;
found: 243.1226.

4.25.(2E,9E)-4,8-Dioxoundeca-2,9-dienedioic aci) (

Compound4l was prepared by the same procedure as that for
4a, under the reaction conditions specified in Tablgntry 12);
DBU was added over 30 min; the product precipitatednup
quenching with 1M K50, and cooling; white powder (44%); mp
210 °C;'"H NMR (DMSO-d): & =1.74 (quintJ = 7.2 Hz, 2H),
2.74 (t,J = 7.2 Hz, 4H), 6.61 (d) = 16.2 Hz, 2H), 6.87 (d] =
16.2 Hz, 2H), 12.98 (bs, 2H}*C NMR (DMSO-,): & = 17.3,
39.4, 131.4, 139.2, 166.6, 200.0; HRMS calcd fqiHEOg
(M+H)™: 241.0712; found: 241.0752.

4.26.(E)-3-(3-Oxocyclohex-1-enyl)acrylic acidn)

Compounddm was prepared by the same procedure as that for
4a, under the reaction conditions specified in Teblgntry 13);
purified by flash chromatography on silica gel (CH/MeOH =
98/2 + 0.5% AcOH):; white powder (40%); mp 214 *B:NMR
(DMSO-dg): 6 = 1.95 (m, 2H), 2.35 (m, 2H), 2.50 (m, 2H), 6.22
(s, 1H), 6.32 (dJ = 15.9 Hz, 1H), 7.33 (dl = 15.9 Hz, 1H);°C
NMR (DMSO-dg): & = 21.7, 24.1, 37.3, 125.3, 131.7, 143.9,
154.6, 166.9, 199.3; HRMS calcd forgHGQO; (M+H)"
167.0708; found: 167.0694.
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(S)-Methyl 2-(tert-butyldimethylsilyloxy)propanoate (1a)*

Imidazole (3.39 mmol, 0.23 g) was added to the solution of (-)-methyl-L-lactate (2.16 mmol, 0.20 mL) in
\‘/COZMe Tir?]i[;ggilil \‘/COZMe anhydrous CH,Cl, (6.5 mL) at 0°C. After 10 min of stirring at 0°C, tert-butyldimethylsilyl chloride (2.59 mmol,
OH — > OTBDMS 0.40 g) was added and reaction mixture was stirred at room temperature for 6 h. Then cold water (25 mL) was
CH,Cl, la added and the mixture was extracted with CH,Cl, (3x20 mL). The combined organic phases were washed with

brine (20 mL), dried over Na;SO4 and concentrated to afford (S)-methyl 2-(tert-butyldimethylsilyloxy)propanoate

1a (0.46 g, 97%) as clear oil; [a]o?® = -27 (¢ 1, CHCIs); *H NMR (CDCls): & = 0.07 (s, 3H), 0.10 (s, 3H), 0.90 (s, 9H), 1.40 (d, J = 6.8 Hz, 3H), 3.72 (s, 3H),

4.33 (q, J = 6.8 Hz, 1H); 3C NMR (CDCls): 6 =-5.3, -5.0, 18.3, 21.3, 25.7, 51.8, 68.4, 174.5.

Adamantane-1-carboxylic acid methyl ester (1b)?
Conc. HzSO4 (5 mL) was added to the solution of adamantane-1-carboxylic acid (20 mmol, 3.60 g) in
H,S0, MeOH (100 mL). The reaction mixture was refluxed under argon atmosphere. After being refluxed for 3.5
COyH CO,Me| h, a mixture was allowed to warm to room temperature, cold water (100 mL) was added and the mixture
MeOH was extracted with CH2Cl; (2 x 50 mL). The combined organic phases were washed with brine (30 mL),

dried over Na,;SO,4 and concentrated to give adamantane-1-carboxylic acid methyl ester 1b (3.74g, 96%)
as white crystals; mp 37-38 °C; *H NMR (CDCls): § = 1.71 (bs, 6H), 1.88 (m, 6H), 2.01 (bs, 3H), 3.65 (s, 3H).

1b

Ferrocenecarboxylic acid methyl ester (1c)

N,N'-Dicyclohexylcarbodiimide (4.40 mmol, 0.91 g) and 4-dimethylaminopyridine (4.40 mmol, 0.54 g)

Y CO,H Sy CO,Me || were added to the solution of ferrocenecarboxylic acid (4.40 mmol, 1.01 g) in dry MeOH (15 mL). The
,:'e DCC,DMAP e reaction mixture was flushed with argon and stirred at room temperature for 3h. The reaction mixture was
QN MeOH Cd>> 1c concentrfited and the residue Yvas purlfled by flash chromatography on silicagel (ethyl acetate/hexanes =
1/9) to give ferrocenecarboxylic acid methyl ester 1c (0.93 g, 86%) as orange crystals; mp 71°C; 'H NMR

(CDCl3): & = 3.80 (s, 3H), 4.22 (s, 5H), 4.41 (m, 2H), 4.82 (m, 2H); **C NMR (CDCly): § = 51.7, 69.8, 70.2, 71.2, 71.4, 172.3; HRMS calcd for C1;H10FeO;
(M+H)*: 245.0259; found: 245.0257.
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Benzyl pent-4-enoate (1e)*

4-Pentenoic acid (8.72 mmol, 1.00 mL), benzyl bromide (10.46 mmol, 1.26 mL), anhydrous

BnBr, (n-Bu),NI K2COs3 (43.6 mmol, 6.0 g) and tetrabutylammonium iodide (0.59 mmol, 0.22 g) were stirred in
/\/\COZH > /\/\COZBn anhydrous acetone (100 mL) at room temperature overnight. The resulting suspension was

K2COs, acetone le filtered and the filtrate was concentrated. The residue was dissolved in ethyl acetate (50 mL),
washed with 1M solution of HCI (25 mL), saturated NaHCOs (25 mL) and brine (25 mL). The
combined organic phases were dried over Na;SQ4, concentrated and purified by flash chromatography on silicagel (ethyl acetate/hexanes = 1/30) to give
benzyl pent-4-enoate 1e (1.55 g, 93%) as a colourless oil; *H NMR (600 MHz, CDCls): § = 2.38-2.42 (m, 2H), 2.45-2.48 (m, 2H), 4.99-5.07 (m, 2H), 5.12 (s,
2H), 5.79-5.85 (m, 1H), 7.32-7.38 (m, 5H).

(S)-Methyl 3,7-dimethyloct-6-enoate (1f)*
Pyridinium dichromate (15.52 mmol, 5.96 g) was dissolved in dry DMF (20 mL), a

- OH 1.PDC, DMF - solution of (S)-citronellol (4.44 mmol, 0.69 g) in dry DMF (4 mL) was added and the
)\/\/:\) —”2 Mel K.CO )\/\/:\/COZMe resulting mixture was stirred at room temperature for 22 h. The mixture was poured
' ace’tonze 3 1f into water (50 mL) and the aqueous phase was extracted with Et;O (4 x 50 mL). The

combined organic phases were washed with 1M H»SO4 (40 mL), brine (40 mL), dried
over Na,SO, and concentrated. The residue was dissolved in anhydrous acetone (30 mL) and K,CQOs3 (17.74 mmol, 2.45 g) and Mel (44.35 mmol, 2.76 mmol)
were added to the solution. The reaction mixture was refluxed for 3.5 h and then diluted with ethyl acetate (75 mL). The obtained mixture was washed with
brine (2 x 25 mL), the organic phase was dried over Na,SO., concentrated and purified by flash chromatography on silicagel (hexanes/ Et,O = 19/1) to afford
(S)-methyl 3,7-dimethyloct-6-enoate 1f (0.56 g, 69%) as a colourless oil; [a]p? = -7.6 (¢ 2.5, CHCI3); *H NMR (600 Mhz, CDCls): 6 = 0.94 (d, J = 6.6 Hz,
3H), 1.19-1.25 (m, 1H), 1.32-1.38 (m, 1H), 1.60 (s, 3H), 1.68 (s, 3H), 1.98 (m, 3H), 2.12 (dd, J = 14.4, 8.4 Hz, 1H), 2.32 (dd, J = 14.4, 6.0 Hz, 1H), 3.67 (s,
3H), 5.09 (m, 1H); *C NMR (150 Mhz, CDCl3): 8 = 17.6, 19.6, 25.4, 25.7, 30.0, 36.7, 41.6, 51.3, 124.2, 131.5, 173.7.

Methyl 6-(tert-butoxycarbonylamino)hexanoate (1g)°

Thionyl chloride (114 mmol, 8.30 mL)

socl, @ © Boc,0, EtzN was slowly added to dry MeOH (90 mL)
HoN _~_~_-COzH ——= CIHzN._~_~_-CO,Me BocHN _~_~_-CO,Me . : .
MeOH DME at -15 °C and the resulting solution was
19
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stirrted for 10 min at -10 °C. 6-Aminohexanoic acid (22.9 mmol, 3.00 g) was added and the mixture was stirred for 19 h at room temperature. The solution
was concentrated, the residue was redissolved in MeOH (20 mL), cooled to -20°C and Et,O (80 mL) was adde. Filtration afforded methyl ester hydrochloride
(3.91g, 94%) as white crystals; mp 118-120 °C; *H-NMR (CD3;OD): § = 1.37-1.47 (m, 2H), 1.61-1.74 (m, 4H), 2.37 (t, J = 7.3 Hz, 2H), 2.93 (t, J = 7.6 Hz,
2H), 3.66 (s, 3H), 4.96 (bs, 1H); *C-NMR (CD30D): § = 25.4, 26.9, 28.2, 34.4, 40.6, 52.1, 175.6.

6-Aminohexanoic acid methyl ester hydrochloride (20.2 mmol, 3.66 g), Boc,O (22.2 mmol, 4.84 g) and EtsN (40.2 mmol, 5.6 mL) were stirred in dry DMF
(40 mL) at room temperature for 0.5 h. Afterwards the mixture was quenched with water (50 mL), the aqueous phase was extracted with CH2Cl, (2 x 70 mL),
the combined organic phases were washed with brine (20 mL), dried over Na,SO4, concentrated and dried under a high vacuum (6.10™ Torr, 60 °C, 4 h). The
residue was purification by flash chromatography on silicagel (CH.Cl;) to afford methyl 6-(tert-butoxycarbonylamino)hexanoate 1g (4.80 g, 97%) as a
yellow-red oil; *tH NMR (CDCls): 8 =1.23-1.55 (m, 15H), 1.65 (q, J = 7.2 Hz, 2H), 2.34 (t, J = 7.5 Hz, 2H), 3.11 (t, J = 6 Hz, 2H), 3.67 (s, 3H), 4.65 (bs, 1H);
13C NMR (DMSO-ds): & = 24.2, 25.8, 28.2, 29.2, 33.2, 39.6, 51.1, 77.3, 155.6, 173.3.

tert-Butyl methyl glutarate (1j)°

ZnCl, (4.77 mmol, 0.65 g) and glutaric anhydride (30.93
+-BUOH Mel, K,COs4 mmol, 3.53 g) were added to dried and freshly distilled
O = tBuO,C _~_COH — = t-BuO,C._~_CO,Me tert-butyl alcohol (186 mmol, 17.8 mL) under an argon
ZnCl, acetone 1 atmosphere. The reaction mixture was stirred at 60°C
overnight and then poured into saturated aqueous solution
of NaHCO; (60 mL) and washed with CH2Cl, (2x40 mL). The agueous phase was acidified with conc. H.SO4 (pH = 1) and extracted with CH2Cl, (3 x 50
mL). The combined organic phases were washed with brine (15 mL), dried over Na;SO4 and concentrated give 5-tert-butoxy-5-oxopentanoic acid (2.67 g,
46%) as a colourless oil; *H NMR (CDCls): § = 1.45 (s, 3H), 1.92 (m, 2H), 2.31 (t, J = 7.5 Hz, 2H), 2.42 (t, J = 7.5 Hz, 2H).
5-tert-Butoxy-5-oxopentanoic acid (0.95 mmol, 0.18 g) was dissolved in dry acetone (3 mL) and K»,COs3 (3.79 mmol, 0.52 g) and Mel (9.47 mmol, 0.59 mL)
were added. The reaction mixture was refluxed for 17 h, then was allowed to cool down and was quenched with ethyl acetate (20 mL). The mixture was
washed with brine (2 x 10 mL), dried over Na;SO4 and concentrated to give tert-butyl methyl glutarate 1j (0.17 g, 91%) as a slightly yellow oil; *H NMR
(CDCls): & = 1.44 (s, 9H), 1.91 (m, 2H), 2.28 (t, J = 7.2 Hz, 2H), 2.37 (t, J = 7.5 Hz, 2H), 3.68 (s, 3H); *C NMR (CDCls): § = 20.3, 28.1, 33.1, 34.5, 51.5,
80.3,172.2, 173.5.

0]
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Dimethyl glutarate (11)’

Glutaric anhydride (29.4 mmol, 3.35 g) was dissolved in anhydrous MeOH (100 mL) and conc. H2SO4 (5.9
H,S0, mmol, 0.31 mL) was added. After being stirred at room temperature for 18 h, the mixture was concentrated

o » MeOZC/\/\COZMe to a half volume and quenched with water (40 mL) afterwards. The aqueous phase was extracted with
MeOH 1 CH_CI; (3 x 50 mL), the combined organic phases were washed with brine (30 mL), dried over Na,SO4 and

concentrated to give dimethyl glutarate 11 (4.53 g, 96%) as a colourless clear oil; *H NMR (CDCls): § =

1.96 (quint, J = 7.2 Hz, 2H), 2.39 (t, J = 7.2 Hz, 4H).

O
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APT / DMSO-d6 / 75 Mhz
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