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ABSTRACT: N-ethyl riboflavin efficiently catalyzes the hydrazine
mediated reduction of carbon—carbon double bonds. This strategy
allows chemo-selective reductions in complex molecules that are
prone to racemization, olefin isomerization, or hydrogenolysis in
transition metal-catalyzed hydrogenations. The high functional

group tolerance of this methodology is demonstrated as well.
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B INTRODUCTION

Inspired by nature’s use of flavin cofactors such as riboflavin,
and flavin adenine mono- and dinucleotide (FMN, FAD) in redox-
active enzymes, for example, monooxygenases,' * flavin derivatives
have recently been introduced as organocatalysts in organic
synthesis.” >' The various applications include catalytic sulfoxida-
tion of thioethers,*”*'> oxidation of amines to the correspond-
ing N-oxides,'° Baeyer—Villiger oxidation of ketones,">!+?
reduction of alkenes'>*"*?
as cocatalysts in Os-catalyzed dihydroxylation of alkenes.
Riboflavin-based organocatalysts offer a green and low-cost alter-
native to the corresponding metal-catalyzed transformations, also
because dioxygen or hydrogen peroxide are used as the terminal
oxidants.

On the basis of an initial report of Imada and co-workers,"> we
recently disclosed our results on the efficient reduction of carbon—

as well as the use of flavin derivatives
16—18,24,25

carbon double bonds employing a riboflavin-based organocata-
lyst and hydrazine in air.*’ Therein, N-ethyl-riboflavin 1, pre-
pared in one step from readily available riboflavin (vitamin B,),
acts as a catalyst for the formation of diimide (diazene, HN=NH)
from hydrazine, which is the actual reductant (Scheme 1). The
facts that low cost hydrazine hydrate is used and that the
production of diimide is much better controlled compared to
the classical oxidation methods, make this an extremely versatile
method. Very recently, the group of Imada further extended the
potential of flavin catalysts with the development of a two-phase
system allowing the recycling of their catalysts.”’

In general, reduction of olefins is carried out using transition
metals, in either a hetero- or ahomogeneous fashion.”® However,
the application of these methods is problematic when one
considers structurally sophisticated molecules, such as shown
in Figure 1. Here, transition metal-catalyzed reduction of the
double bonds indicated leads to side-reactions or complete
failure. The double bond in ester 2 is prone to isomerization to
the more stable triple substituted alkene, which upon reduction
erodes the e.e. of the product. Although racemization could
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possibly be minimized by careful selection of the transition
metal-catalyst, it is virtually impossible to determine the e.e. of
the hydrogenation product a posteriori, so this selection is
severely hampered. Olefins 3 to 6 carry a chiral center adjacent
to the double bond. These and related structures often show
isomerization of the double bond to the in-conjugation position
and thus racemize upon hydrogenation.”” *” In addition, 4 is
prone to hydrogenolysis in particular when applying heteroge-
neous Pd catalysts, whereas heterogeneous Pt and Rh catalysts
hydrogenate the naphthyl functions. Vinylcyclopropanes such as
7 are prone to rearrange with a variety of transition metal
complexes as catalysts®>> and hence represent another class of
olefins that are extremely difficult to reduce under both homo-
geneous and heterogeneous hydrogenation conditions. In a
recent study by Burgess et al,, it was shown that the acidity of
the catalytic intermediates in homogeneous olefin hydrogenation
plays a major role with regard to olefin isomerization.* Finally,
undesired hydrogenolysis of additional functional groups such as
benzylic and Fropargylic alcohols and amines impose synthetic
problems.**

Diimide reduction of double bonds follows a concerted
mechanism and is selective for nonpolarized carbon—carbon
bonds. Moreover, the mechanism of the reaction precludes any
isomerization (racemization) and hydrogenolysis which makes
this method ideal for application in complex systems.**

Herein, we present the application of flavin-based catalyst 1 for
the reduction of these functionalized substrates. In part, the
compounds are intermediates of synthetic routes to complex
(natural) products, and in part we developed routes to especially
sensitive compounds to challenge this flavin/hydrazine reduc-
tion system. A procedure for the reduction of sterically hindered
substrates is disclosed as well.
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Scheme 1. Riboflavin Catalyst 1 and Its Proposed Catalytic
Cycle
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Figure 1. Examples of olefins and their problems in homogeneous or
heterogeneous hydrogenation.

B RESULTS AND DISCUSSION

The combination of olefination reactions or cross-metathesis
methodology** with the organocatalytic reduction of double
bonds is an efficient pathway for the construction of aliphatic
chains. These are frequently occurring in natural products, and
enable molecules to anchor to, or penetrate in, the cellular
membranes. From a synthetic point of view, it is desirable to
functionalize a molecule before aliphatic chains are attached, since
the latter often leads to solubility problems in polar organic
solvents.

En route to the total synthesis of glycerophospholipid 9 found in
Mycobacterium tuberculosis,* ester 2 was synthesized with 90% e.e.

Scheme 2. Organocatalytic Reduction of an Internal Olefin
in the Synthesis of Glycerophospholipid 9
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via asymmetric Cu-catalyzed conjugate addition to the unsatu-
rated thioester*® ™ *® followed by reduction to the corresponding
aldehyde and subsequent Wittig olefination. 2 was then reduced
to isopropyl ester 8 by the riboflavin-catalyzed formation of
diimide. With 2.0 mol % of catalyst 1 and an excess of hydrazine,
the desired product was isolated in 96% yield (Scheme 2).

An elegant example of the application of our organocatalytic
reduction methodology is displayed in the synthesis of com-
pound 12, carrying two stereocenters in a 1,4-relationship
(Scheme 3). Here, cross metathesis in combination with reduc-
tion is also employed successfully. The stereocenters are intro-
duced in excellent yield and enantioselectivity (87%, and 99%,
respectively) by asymmetric Cu-catalyzed allylic alkylation with
methylmagnesium bromide employing ferrocenyl ligand L1.*%°
The resulting terminal alkene 11 was subsequently dimerized to
olefin 3 by cross metathesis. Attempts to hydrogenate the double
bond with palladium-catalysts would invariably lead to partial
isomerization. Reduction of 3 employing 20 mol % of riboflavin 1
and an excess of hydrazine (see Scheme 1), added in 3 portions
over time, gave the desired product in excellent yield (96%),
without detectable racemization (d.e. > 98%). Alternatively, 12
has been prepared in high e.e. via iridium-catalyzed asymmetric
hydrogenation of 2,5-diphenyl-1,5-hexadiene.”"

Substituted pyrrolidines represent asymmetric organocatalysts
as well as key structural features of chiral phosphoramidite
ligands.**®" In this context we investigated the reduction of
sterically hindered enantiopure (99% e.e.) pyrroline 4 to pyrro-
lidine 13 (Table 1).%* The reduction was initially attempted using
dihydrogen and a homogeneous Rh-complex; however, no turn-
over was found. Furthermore, the attempted reduction of the
double bond with o-nitrobenzenesulfonylhydrazide®™ ™ led to
no conversion. On the contrary, catalytic amounts of riboflavin 1
led to some conversion of pyrroline 4 (Table 1, entry 1). When
50 mol % of the organocatalyst 1 with respect to pyrroline 4 was
employed, only 50% conversion was reached (entry 2). However,
employing a slow addition protocol of solutions of both catalyst
and hydrazine over a period of 10 h, the same amount of 1 gave
rise to 80% conversion (Table 1, entry 3). Finally, when
stoichiometric amounts of 1 with respect to 4 were employed
under these optimized conditions (entry 4), full conversion was

52—59
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Scheme 3. Organocatalytic Reduction in the Synthesis of 12
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Table 1. Optimization of Reduction of Pyrroline 4
cat. 1
excess Hy)NNH,*H,0
0, (1 atm.)

4
entry
1 10
2 50°
3 50"
4 100°

1 and hydrazine hydrate added in 5 min.

CH,Cl, / EtOH 1:1, rt.

cat. loading of 1 (mol %)

conversion

traces
50%
80%
full®

” 1 and hydrazine hydrate added slowly over a period of 10 h. ©81% isolated yield.

reached and the product was isolated in good yield (81%). It is
important to note that even though 1 is used in a stoichiometric
amount with respect to the substrate 4, it can still be referred to as
a catalyst since it catalyzes the formation of diimide from
hydrazine, to which it is still present in catalytic amounts. No
racemization was observed as the other diastereomer was not
detected by "H NMR, and no protection of the secondary amine
was necessary, making this organocatalytic reduction protocol
ideal for the synthesis of the desired chiral pyrrolidine 13.

The success of the slow-addition protocol for sterically
demanding substrates can be explained by the fact that the
catalyst as well as the diimide have a limited lifetime under the
employed reaction conditions. The active concentration of
reducing agent is effectively lowered during the reaction GX
diimide disproportionation to dinitrogen and hydrazine.®®
By adding the organocatalyst and hydrazine slowly to the
mixture, the active concentration of diimide stays constant
during the reaction, allowing for higher turnover in the reduction
of sterically demanding substrates.

These optimized reactions conditions were also required for
the reduction of 3,y-unsaturated o.-chiral esters 5 (98% e.e.) and
6 (98% e.e.), which are 1mportant chiral building blocks for
organic synthesis (Tables 2, 3).%® Here, reduction of the double
bond was investigated initially with Pd/C and hydrogen, but led
to a significant amount of isomerization of the double bond of §
into the conjugated position, as determined by 'H NMR. For
example, with 0.25% Pd (using S wt % of Pd/C) full conversion
of § was reached in 1 h (Table 2, entry 1), but substantial

311

isomerization of the double bond was observed. Lowering the
amount of the catalyst to 0.10% Pd led to a significant decrease of
conversion (entry 2). With § mol % of riboflavin 1 and an excess
of hydrazine, full conversion was reached; however, the forma-
tion of benzylalcohol was observed, possibly because of hydra-
zide formation (entry 3). To prevent the latter side reaction, the
amount of hydrazine was lowered, which in turn led to lower
conversion, even when more riboflavin 1 was employed (entries
4and S). When only the hydrazine was added slowly, even lower
conversion was observed, indicating a limited lifetime of 1 (entry
6) under the given reaction conditions. When the optimized
slow addition protocol (entries 3—4) was employed, however,
full conversion along with a minimum amount of isomerization
was found, and the product could be isolated in 91% yield
without loss of stereochemical integrity as shown by chiral GC
(entry 7).

The reduction of chiral benzyl esters such as 6 bearing an
internal olefin proved to be viable with 1 also (Table 3, entries
1—4). Just as in the previous case (Table 1), steric hindrance
played a significant role, and to reach acceptable conversions,
much higher catalyst loadings were necessary. With the slow
addition of 100 mol % of organocatalyst 1 with respect to
substrate 6 (1.8 mol % with respect to hydrazine), a maximum
of 89% conversion was reached which afforded a somewhat lower
isolated yield (75%) (Table 3, entry 4).

The reduction of an alkene adjacent to a cyclopropane is
notoriously difficult because the use of transition metals leads
almost invariably to ring-opening. Nevertheless, as cyclopropane
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Table 2. Reduction of Unsaturated Ester §

(0] (0]
/\ﬁkOBn reduction /YkOBn
5 14
entry method hydrazine (eq) reduction  isomerization
1 Pd/C* full 24%
2 Pd/C’ 40% 9%
3 5 mol % 1° 20 full? <5%
4 S mol % 1° 7.5 ~90% <5%
S 20 mol % 1° 7.5 81% 3%
6 20 mol % 1° 7.5 48%° 5%
7 20 mol % 1° 10 full’s <5%

90.25% Pd based on S wt % Pd/C, H, (1 atm), EtOAc, rt ©0.10% Pd
based on 5 wt % Pd/C, H, (1 atm), EtOAc, rt O, (1 atm), EtOH, rt
4 Formation of benzylalcohol observed. © Hydrazine was added slowly.” 1
and hydrazine hydrate added slowly over a period of 1 h. ¢ Isolated yield
of 14: 91%, >95% e.e.

Table 3. Reduction of Unsaturated Ester 6

0 1/H;NNH, * H,0 0
hexyl
exy V/\Hj\an 0, (1 atm.) hexyl\/\ﬁkOBn

EtOH, r.t.
6 15
entry catl(mol %)  hydrazine (eq)  reduction  isomerization
1 50 15 65%" <5%
2 NY 30 76%" <5%
3 100 40 81%" <5%
4 100 54 89%" <5%

“1 and hydrazine hydrate added slowly over a period of 6 h. " Isolated
yield of 15: 75%.

units are often incorporated in a molecule via a combination of
building blocks and an olefination reaction, it is a regularly
encountered task. Diimide reductions are mostly used, as is, for
examéple, shown nicely in the synthesis of mycolic acids by Baird
etal.”>”® However, yields tend to vary substantially depending on
the substrate and the way in which the diimide is generated.

To obtain a model substrate, we prepared 7 by Simmons—
Smith reaction of dienol 16 which gave a mixture of alcohols 17
in which either one or two of the olefins had reacted to the
desired cyclopropane. After esterification with pivalic acid, the
undesired compound could be separated from 7. Vinylcyclopro-
pane 7 was successfully converted to the corresponding saturated
cyclopropane by using the optimized conditions (Scheme 4).
The product was obtained in excellent yield (84%) without any
side-reaction observed. This represents an important feature of
our reduction protocol, since vinylcyclopropanes are extremely
difficult to reduce with transition-metal based methods without
compromising the cyclopropane moiety.

Bl CONCLUSIONS

In conclusion, it is shown that organocatalytic generation of
diimide using ethyl-flavin 1 dramatically improves the efficiency
of diimide in carbon—carbon double bond reduction reactions.
This makes the riboflavin/hydrazine system a valuable alternative

for transition metal-catalyzed hydrogenation reactions in parti-
cular for more complex substrates. As shown explicitly in a variety
of cases, effective double bond reduction using diimide is often a
conditio sine qua non for success of a synthetic strategy. The new
reaction protocol, allows the transformation of sterically de-
manding substrates and leads to a higher turnover. In addition to
avoiding metal-catalyzed hydrogenation with its tendency for
double bond isomerization and hydrogenolysis, the current
method is highly chemo-selective. Finally, this reaction might
find application in cases where metal contamination of the
product is prohibited such as in the preparation of pharmaceu-
ticals and in nanotechnology.

B EXPERIMENTAL SECTION

Riboflavin catalyst 1 was prepared according to a previously
described procedure.”!

General Procedure for the Reduction of Double Bonds
with 1/Hydrazine. Caution! Hydrazine is a suspected cancer agent.

The appropriate olefin (0.50 mmol, 1.0 equiv) was dissolved in
10 mL of EtOH at room temperature (rt) and stirred vigorously.
An atmosphere of oxygen was applied (balloon, 1 atm). Then, via
a syringe pump, a solution of riboflavin catalyst 1 (0.0S mmol, 0.1
equiv) in EtOH (S mL) was added slowly via syringe and, via a
second syringe, hydrazine hydrate (5.0 mmol, 10 equiv) was
added over a period of 10 h. The reaction mixture was stirred at rt
for another 6 h and progress of the reaction was followed by "H
NMR (samples were washed with water and extracted with
CH,Cl,). CH,Cl, was added (20 mL), and subsequently, the
mixture was washed with water (3 x 10 mL), the aqueous layers
were reextracted with CH,Cl, (10 mL), and the organic layers
combined. After drying (Na,SO,), volatiles were removed in
vacuo to yield the crude product. This was purified by column
chromatography (SiO,).

(S)-But-3-en-2-ylbenzene (1 1)°°. In a Schlenk tube equipped
with septum and stirring bar, CuBr - SMe, (1 mol %, 0.156 g, 0.76
mmol), and (+)-taniaphos (1.2 mol %, 0.631 g, 0.916 mmol)
were dissolved in 115 mL of dry CH,Cl, and stirred under N, for
10 min at rt. The mixture was then cooled to —78 °C and
MeMgBr (1.10 equiv, 29.3 mL, 87.8 mmol) was added dropwise.
Cinnamyl bromide (1.0 equiv, 15.0 g, 76.1 mmol) was then
added as a solution in 35 mL of CH,Cl, over 1 h via syringe
pump. The reaction was followed by TLC and stopped after 15 h
by adding 25 mL of MeOH at —78 °C. After 10 min at —78 °C
the mixture was allowed to warm to rt. Aqueous NH,Cl solution
(1 M, 100 mL) was added, and the organic phase was separated.
The resulting aqueous layer was extracted with Et,0 (3 X
25 mL). The combined organic layers were dried (Na,SO,)
and partially concentrated under reduced pressure. The product
was purified by distillation under reduced pressure to yield 8.79 g
(87%) of 11 as a colorless liquid. The ee was determined by GC
on a CP-Chiralsil-Dex-CB (25 m X 0.25 mm) column. T =
75 °C, retention times: minor: 17.75 min, major: 18.07 min, ee =
99.5%. [o]p +5.4 (¢ 1.2, CHCl;). The NMR data were in
accordance with literature.>®

(25,55,E)-Hex-3-ene-2,5-diyldibenzene (3)"". A dried 250 mL
flask was charged with 11 (1.0 equiv, 8.00 g, 60.5 mmol) and
60 mL of CH,Cl,, and subsequently nitrogen was passed through
the solution for 30 min. Grubbs first generation catalyst (5.0 mol
%, 3.00 mmol, 2.50 g) was then added, and the resulting solution
was stirred at reflux. After 48 h, 2.50 mol % of Grubbs first
generation catalyst was added, and the reaction was stirred at
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Scheme 4. Organocatalytic Reduction of Vinylcyclopropane 7
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reflux for an additional 48 h. The reaction was stopped by
removing the solvent under reduced pressure. The crude mixture
was purified by flash chromatography (pentane) to yield 6.39 g
(90%) of 3 as a colorless oil. [a]p +11.5 (¢ 0.80, CHCl;). 'H
NMR (400 MHz, CDCl;) 6 7.33—7.29 (m, 4H), 7.24—7.18 (m,
6H), 5.68 (dd, ] = 3.6, 1.6 Hz, 2H), 3.47 (m, 2H), 1.37 (d, ] = 7.2
Hz, 6H) ppm. "*C NMR (100 MHz, CDCl;) 6 146.3 (C), 133.7
(CH), 128.3 (CH), 127.2 (CH), 125.9 (CH), 42.1 (CH), 21.5
(CHs) ppm.

(25,55)-Hexane-2,5-diyldibenzene (12)*°. In a 3-necked
round-bottom flask, 3 (4.20 g, 17.8 mmol) was dissolved in
75 mL of ethanol. Oxygen was passed through the solution
continuously. A solution of 1 (10 mol %, 1.78 mmol, 0.711 g) in
15 mL of ethanol was then added. Finally, hydrazine hydrate (30
equiv, 534 mmol, 27 mL) was added, and the reaction was stirred
vigorously. After 6 h, an additional 5.0 mol % of 1 and 5.0 mL of
hydrazine hydrate were added. Again, after 24 h, 5.0 mol % of 1
and 5.0 mL of hydrazine hydrate were added. The reaction was
followed by TLC and stopped after S5 h. The crude mixture was
concentrated to 50 mL and then diluted with 100 mL of water.
The solution was extracted 4 times with pentane, and the combined
organic layers were washed with brine, dried (Na,SO,), and
concentrated to yield 4.06 g (96%) of 12 as a colorless oil. [at]p
+23.0 (¢ 1.05, CHCl;). "H NMR (400 MHz, CDCl;) 0 7.34—
7.12 (m, 10H), 2.69—2.62 (m, 2H), 1.56—1.46 (m, 4H), 1.21 (d,
J=7.2Hz, 6H) ppm. >C NMR (100 MHz, CDCl,) 6 147.6 (C),
1282 (CH), 127.0 (CH), 125.8 (CH), 40.0 (CH), 36.1 (CH,),
22.6 (CH3) ppm. The compound has been reported before, see
ref 50.

(E)-(2-(Prop-1-en-1-yl)cyclopropyl)methanol (17). A solu-
tion of diethylzinc (25.5 mL, 25.5 mmol, 2.5 equiv, 1 M in
hexane) in CH,Cl, (40 mL) was cooled to 0 °C. Diiodomethane
(2.5 mL, 30.6 mmol, 3.0 equiv) was added dropwise. The
resulting mixture was stirred at the same temperature for 15
min before 2,4-hexadien-1-0l 16 (1.2 mL, 10.2 mmol, 1 equiv)
was added dropwise. The reaction mixture was allowed to warm
up to rt. The progress of the reaction was followed by GC-MS.
After 30 h, diethylzinc (10 mL, 10 mmol) was added at 0 °C to
ensure full conversion. The mixture was allowed to reach rt
and was stirred for another 4 h. GC-MS analysis showed no
further conversion; therefore diiodomethane (2 mL, 24.8 mmo],

2.40 equiv) was added at rt. The reaction mixture was quenched
by addition of saturated aq. NH,4Cl solution after stirring at rt for
additional 38 h. The phases were separated, and the aqueous
layer was extracted three times with CH,Cl,. The combined
organic layers were dried over MgSO,, and all volatiles were
removed under reduced pressure. The crude product was
purified by column chromatography (SiO,, pentane/diethyl
ether 10:1 to 4:1) to yield a mixture of 17a and 17b (1.00 g,
88% 17a/17b: 8:1) as a yellow oil. Rf = 0.36 (pentane/diethyl
ether, 1:1) Major component: (17a): 'H NMR (400 MHz,
CDCL,): 0 8.01 (s, 1H), 5.55—5.46 (m, 1H), 5.08—5.02 (ddt, ] =
15.2, 8.3, 1.6 Hz, 1H), 3.51—3.38 (m, 2H), 1.65—1.63 (dd, ] =
6.5, 1.6 Hz, 3H), 1.10—1.05 (m, 1H), 0.75—0.67 (m, 1H), 0.62—
0.55 (m, 1H), 0.53—0.42 (m, 1H), 0.34—0.26 (m, 1H), 0.22—
0.17 (m, 1H), 0.11—0.05 (m, 1H). *C NMR (100 MHz,
CDCLy): 6 132.9 (CH), 123.4 (CH), 66.6 (CH,), 22.5 (CH),
19.4 (CH;),11.2 (CH,). HRMS-ESI": m/z [M + H] ™" calcd for
C,H,;0: 113.0966; found: 113.0961.

(E)-(2-(Prop-1-en-1-yl)cyclopropyl)methyl pivalate (7). Piva-
lic acid (1.37 g, 13.4 mmol, 1.5 equiv) was dissolved in 15 mL of
CH,Cl, and cooled to 0 °C. To this solution were added DCC
(5.55 g,26.9 mmol, 3.0 equiv) and DMAP (109 mg, 0.89 mmol,
0.1 equiv), and the reaction mixture was stirred for S min at 0 °C
before a solution of alcohols 17a and 17b (1.00 g, 8.96 mmol, 1.0
equiv) in S mL of CH,Cl, was added. The reaction mixture was
allowed to warm up to rt and was stirred at that temperature for
24 h. The reaction was worked up by filtration over Celite and
washing with pentane. The crude product was purified by
column chromatography (SiO,, pentane/MTBE 10:1 to 2:1)
to yield ester 7 as a yellow oil. (1.03 g, 5.25 mmol, $9%). Rf = 0.77
(pentane/MTBE, 1:1) "H NMR (500 MHz, CDCl): 0 5.50—
5.43 (m, 1H), 5.04—5.02 (ddt, J = 15.1, 8.1 Hz, 1H), 3.93—3.84
(m, 2H), 1.58 (d, ] = 6.4 Hz, 3H), 1.15 (s, 9H), 1.05 (m, 1H),
0.72 (m, 1H), 0.61—0.57 (m, 1H), 0.55—0.52 (m, 1H), 0.42 (m,
1H), 0.23 (m, 1H), 0.13 (m, 1H), 0.02 (m, 1H). >C NMR (100
MHz, CDCl;): 6 178.5 (C), 132.7 (CH), 123.6 (CH), 67.6
(CH,), 342 (C),27.1 (3 x CHs), 19.4 (CHs), 18.7 (CH), 17.6
(CH), 11.4 (CH,).

(2-Propylcyclopropyl)methyl pivalate (18). 7 (100 mg,
0.51 mmol, 1.0 equiv) was converted to 18 following the general
procedure for the reduction of double bonds with 1/hydrazine.
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The crude product was purified by column chromatography
(SiO,, pentane/diethyl ether 50:1 to 9:1) to yield ester 18 as
yellow oil (85 mg, 0.43 mmol, 84%). Rf = 0.69 (pentane/diethyl
ether, 4:1) "H NMR (500.0 MHz CDCl,): 0 8.01 (s, 1H), 5.55—
5.46 (m, 1H), 5.08—5.02 (ddt, ] = 15.2, 8.3, 1.6 1H), 3.51—3.38
(m, 2H), 1.65—1.63 (dd, ] = 6.5, 1.6, 3H), 1.10—1.05 (m, 1H),
0.75—0.67 (m, 1H), 0.62—0.55 (m, 1H), 0.53—0.42 (m, 1H),
0.34—0.26 (m, 1H), 0.22—0.17 (m, 1H), 0.11—0.05 (m, 1H).
13C NMR (100.6 MHz, CDCl;): 6 178.7 (C), 68.5 (CH,), 38.7
(C),27.2 (CH,),27.1 (3 x CHj), 22.5 (CH,), 17.2 (CH), 13.9
(CH,;), 10.0 (CH,). HRMS-ESI*: m/z [M + Na]* calcd for
C,H,,0: 221.1517; found: 221.1512.

B ASSOCIATED CONTENT

© Ssupporting Information.  General experimental informa-
tion and copies of "H NMR and "*C NMR spectra of all new
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