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Abstract

An improved route to a fluorinated analogue of sphingosine has been developed starting from
Garner’s aldehyde with two cross-metathesis couplings and an electrophilic fluorodesilylation
as the key steps. This approach eliminates the problem of double bond transposition
encountered with strategies relying on the nucleophilic fluorinating reagent DAST and supplies
the target compound as well as a fluorinated intermediate amenable to functional variations at
three sites.
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Introduction

Sphingomyelin 1, an abundant membrane phospholipid, is metabolized into lipid mediators
such as ceramide 2, sphingosine 3, and sphingosine-1-phosphate 4 (S1P). The concept that
sphingolipid metabolism is an important source of signaling lipids has gained considerable
acceptance.. The importance of this metabolic pathway is underscored by its impact on cell
death, stress responses and animal development in unicellular and multicellular eukaryotes.
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Figure 1. Signaling lipids derived from sphingomyelin metabolism.

One of these metabolites, sphingosine-1-phosphate 4 acts as an extracellular mediator by
activating a family of protein-coupled receptors (SIPR1-5)." The generality of sphingosine-1-
phosphate signaling is supported by recent findings that S1PRs are required for a multitude of
physiological processes, including heart and vascular development, angiogenesis, and immune
cell trafficking.” These remarkable findings on the role of sphingolipids led to the development
of numerous protocols for their syntheses.” Sphingolipids all feature a common structural motif,
which consists of a non-racemic chiral 4,5-unsaturated 2-amino 1,3-diol biosynthetically
derived from L-serine. Structural variations occur with the substituents attached to the primary
alcohol and the amino group. Metabolites with additional modifications on the main carbon
chain have also been identified. Many diversity-oriented approaches have been devised and
validated for the synthesis of sphingolipids. However, convergent synthetic routes to
sphingolipid analogues are still in demand to further probe the physiological and pathological
significance of sphingolipid metabolism. Several groups have prepared fluorosphingosine
derivatives following a synthetic scheme based on the nucleophilic fluorination of the
corresponding allylic alcohol with DAST.* However, this approach suffers from poor control
over product outcome, due to double bond transposition upon fluorination, along with the
formation of non-fluorinated side-products. In this paper, we report a novel convergent
approach to fluorinated sphingosine that allows structural variations at three sites.
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Figure 2. Fluorinated analogues of sphingolipids
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Results and Discussion

One of the most convergent approaches for the preparation of non-fluorinated sphingosine
analogues relies on a retrosynthetic scheme in which the main carbon chain is introduced via a
highly stereoselective olefin cross metathesis reaction involving an orthogonally protected
precursor of general structure A.° A similar strategy for the preparation of the corresponding
fluorinated analogues is highly desirable and will necessitate access to intermediate B
possessing a terminal allylic fluoride in addition to the protected amine and primary alcohol.
We have previously reported that both the homometathesis and the cross-metathesis of terminal
allylic fluorides with structurally diverse olefinic partners is feasible.® These results prompted
us to prepare a representative terminal allylic fluoride fitting the structural requirements of B
and evaluate its use as a precursor to various fluorinated analogues of sphingosine by
investigating the key cross-metathesis coupling.
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Scheme 1. Retrosynthetic analysis allowing for structural diversity.

Due to the difficulties encountered by Herdewijn et al. with the preparation of fluorinated
analogues of sphingosine by nucleophilic fluorination of the corresponding allylic alcohol,*®
we designed an electrophilic fluorination of the corresponding allylsilane as a route for B. The
fluorodesilylation of allysilanes, a reaction discovered in our group, takes place according to an
Sg2’ mechanism with clean transposition of the double bond, allowing for the desired allylic
fluorides to be formed in good to excellent isolated yields.” This route could overcome the
problem of product selectivity encountered with protocols based on DAST-mediated
nucleophilic fluorination. The allylsilane 7 was selected to access the protected allylic fluoride
6. This intermediate can be prepared from the (S)-Garner’s aldehyde 8, a configurationally
stable (S)-serinal equivalent (Scheme 2).* Upon fluorodesilylation, allylsilane 7 should lead to
compound 6, the key intermediate necessary for further functionalisation of the terminal alkene
by cross-metathesis.
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Scheme 2. Retrosynthesis of compound 6.

Garner’s aldehyde 8 was easily prepared following the literature procedure.'' The yield
from L-serine was 45% with an [a]p = -92° (¢ = 1.00, CHCI3) matching literature data. Direct
conversion of aldehyde 8 into allylsilane 7 was first attempted using the Wittig-Seyferth
reaction.” Using freshly prepared B-trimethylsilylethyltriphenylphosphonium iodide," the
reactions consistently led to the formation of complex reaction mixtures which were difficult to
purify and the desired allysilane 7 was isolated in a very low yield of 12%. Moreover, the
product could never be obtained analytically pure rendering the stereochemical assignment of
the double bond ambiguous. The difficulties encountered with this reaction encouraged us to
develop an alternative route to 7. We chose a two-step process based on a Wittig methylenation
followed by a cross-metathesis coupling with allyltrimethylsilane. Wittig methylenation of
Garner’s aldehyde can be problematic due to partial or total racemisation. Following the
procedure of McKillop and Taylor, we carried out the olefination under salt-free Wittig
conditions using methyltriphenylphosphonium bromide and potassium bis(trimethylsilyl)amide
[KHMDS] as the base and obtained compound 9 in 90% yield and high optical purity
(consistent with literature data) (Scheme 3)."!

tBOC\N)( MePPh;Br, KHMDS tBOC\N)(
0 0
ka/ THF, 1t VK/

8 90% 9
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Scheme 3. Wittig-methylenation of Garner’s aldehyde.

With compound 9 in hand, the cross-metathesis coupling with allyltrimethylsilane was
examined. This transformation, which was carried out in dichloromethane using three
equivalents of allyltrimethylsilane, required extensive optimisation to succeed (Scheme 4, Table
1). When no additive was used, mainly starting material was recovered using 10 mol % of
either the Grubbs’ catalyst 10'%or the Hoveyda’s catalyst 11" (entries 1 and 2, Table 1). The
addition of 20 mol% of CuCl was not beneficial as only a trace of the desired product was
detected under these modified reaction conditions (entry 3, Table 1).'* However, the joint use of
10 mol % of Grubbs catalyst 10 with 30 mol % of Ti(OiPr)4 as a binary catalytic system
allowed for the coupling of 9 and allyltrimethylsilane to occur at 42°C affording the desired
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allylsilane 7 in 65% isolated yield as an inseparable 6/1 mixture of E/Z isomers (entry 4, Table
1). This result further illustrates the value of this binary catalytic system developed by Furstner
and co-workers."> The addition of a stoichiometric amount of Ti(OiPr), was detrimental as 7
was obtained in only 29% yield along with unreacted starting material.
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Scheme 4. Cross-metathesis of 9 with allyltrimethylsilane.

Table 1. Optimization studies for the cross-coupling of 9

Entry Catalyst Additive | Temp (°C) | Recovered | Yield E/Z ratio
(mol%) (mol%) 9 (%) (%)

1 10 (10) - 42 85 <5 -

2 11 (10) - Rt 90 <5 -

3 10 (10) CuCl (20) | 42 85 <5 -

4 10 (10) Ti(OIPr), | 42 - 65 6/1
(30)

5 11 (10) Ti(OiPr); | Rt 73 6 9/1
(30)

6 10 (10) Ti(OiPr)s |42 53 29 6/1
(100)

7 10 (6) Ti(OiPr), | 42 79 16 6/1
(30)

The fluorodesilylation of compound 7 was carried out at room temperature in acetonitrile in
the presence of one equivalent of the electrophilic fluorinating reagent Selectfluor'™ [1-
chloromethyl-4-fluoro-1,2-diazoniabicyclo[2.2.2]octane bis(tetrafluoroborate],'® following the
procedure developed in our laboratory (Scheme 5).” The starting material was totally consumed
after 24 hours with concomitant formation of products of very different polarity as judged by
thin layer chromatography. Purification by silica gel chromatography afforded 17% of the
desired fluorinated product 6 and 35% of a much more polar fluorinated compound identified
unambiguously as the partially deprotected allylic fluoride 12. Gratifyingly, upon extended

reaction time (48h) and with 2.2 eq of Selectfluor, compound 12 was obtained as a mixture of
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two diastereomers [ratio ~1/1] in 62% yield with no trace of 6. The two diastereomers can be
separated by careful silica gel chromatography. Upon purification, anti-12 was recovered
analytically pure in larger amount than syn-12. Compounds Syn-12 and anti-12 are versatile
precursors for the preparation of various analogues differently functionalised through the
primary alcohol, the amino group or the double bond. This result suggests that Selectfluor
mediates two processes one-pot, the desired electrophilic fluorination and the partial
deprotection of the aminoalcohol leaving the N-Boc group intact. Protecting-group removal
with Selectfluor has already been reported in the literature with the mild cleavage of THP ethers
and dithianes.!” For the deprotection of dithianes into the corresponding aldehydes, it has been
suggested that Selectfluor acts as a Lewis acid although alternative mechanistic pathways are
possible including oxidation. Mechanistically, the electrophilic fluorodesilylation of compound
7 led to the formation of compound 6 along with one equivalent of FSiMe; and BFj; if one
asumes that BF4 participates in the desilylation process. It is possible that the active species
triggering the partial deprotection is BF; weakly coordinated to acetonitrile."® We carried out a
control experiment to assess whether or not the fluorinating reagent itself could mediate the
deprotection. Treating compound 9 with one equivalent of Selectfluor in acetonitrile, no
reaction took place supporting our hypothesis that it is the side-products resulting from the
fluorodesilylation of the allylsilane 7 which is responsible for its concomitant partial
deprotection. In the light of this mechanistic hypothesis, further optimization work revealed
that when compound 7 was reacted for 48 hours at room temperature in acetonitrile with
Selecfluor ( 1 eq.) in the presence of two equivalents of NaHCOs3, no deprotection took place.
The only product formed under these conditions is the fully protected fluorinated compound 6
isolated in 72% yield. This compound was formed as an inseparable mixture of two
diastereomers in a ratio of ~1:1. The two separable partially deprotected stereoisomers were
identified as the anti-12 and syn-12 product based on comparison of their coupling constants
and chemical shifts with data available in the literature for the structurally related fluorinated
compounds (anti 12 *Jyr= 20 [lit.* *Jyr = 21.0]; syn 12 *Jyr = 23 [lit.* *Jyr = 23.8]). The poor
level of diastereocontrol for the fluorodesilylation of compound 7 was expected as the absence
of silylated stereogenic centre induced the presence of reactive conformations too close in
energy.
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Scheme 5. Electrophilic fluorination of allylsilane 7.

The last stage of the proposed synthetic scheme was the introduction of the long alkyl chain
by cross-metathesis. In a previous study, we showed that the cross-metathesis of allylic
fluorides required drastic conditions to take place in synthetically useful yields.® For
optimization studies, we used the mixture of diastereomers Syn-6 and anti-6 keeping the
valuable pure diastercomers Syn-12 and anti-12 to complete the formal synthesis of 5 (Scheme
6). After detailed investigation, we found that the second generation Grubbs’ catalyst 10 was
not a suitable catalyst for the cross-coupling of allylsilane 7 with 1-pentadecene. Indeed,
analysis of the reaction mixture by mass spectrometry revealed the presence of multiple
products varying in their molecular weights by a factor of 14 suggesting double bond
isomerization followed by cascade addition and deletion of methylene groups under these
reaction conditions. Double bond isomerization mediated by ruthenium-based catalysts is not
unprecedented and has been observed by other groups.'” To overcome this difficulty, the cross-
coupling was subsequently carried out in dichloromethane at 70°C in a pressure tube in the
presence of 10 mol % of the Hoveyda-Grubbs catalyst 11. Under these conditions, mass
spectrometry of the crude revealed the presence of a single product with a molecular mass of
441.7. Further analyses certified the identity of the cross-coupled product as being syn and anti-
13. After purification by silica gel chromatography, this compound was isolated in 45% yield as
an inseparable mixture of syn and anti stereoisomers. Careful analysis of fractions enriched in
one or the other stereoisomer allowed us to assign the E-stereochemistry for the newly formed
disubstituted alkene.

tBoc.. tBoc.. tBoc. )( tBoc ..
NA( /\/Nk)/( /\C13H27 N N
o + 0] » ClSHZY\/Yk/O + CqqH MO
= 13M27
/\l/k/ Z 2 10 mol % Hoveyda-Grubbs 11 ; Z ,E

F F DCM, 70°C, sealed tube
syn-6 ~1/1 anti-6 45% syn-E-13  ~1/1 anti-E-13

Scheme 6. Cross-metathesis of 6.
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The pure diastereomers syn-12 and anti-12 were then subjected to these optimized reaction
conditions. A small scale cross-metathesis of syn-12 gave the desired compound syn-14 in a
35% yield. However, mass spectrometry analysis revealed the presence of a series of several
fluorinated products with various alkyl chain length, a result similar to the product distribution
observed for the metathesis reaction of syn-6 and anti-6 using the second generation Grubbs’
catalyst 10.”° Gratifyingly, the metathesis of anti-12 with 1-pentadecene using 10 mol% of the
Hoveyda-Grubbs catalyst 11 gave the desired compound anti-14 in a 58% yield with excellent
level of stereocontrol (E/Z > 99:1). Careful mass spectrometry analysis of this compound
confirmed unambiguously the presence of a single product. These results revealed that,
although clean metathesis cross-coupling is possible on these substrates, the reaction can suffer
from reproducibility, especially when carried out on small scale.”’ The clean cross-coupling of
anti-12 with 1-pentadecene completes the formal synthesis of the fluorinated analogue of
sphingosine 5 (Scheme 7).

NHtBoc NHtBoc
/\C13H27
OH Cl3 H27\/\/k/ OH

Z
= . 10 mol % Hoveyda-Grubbs 11 =z
F anti-12 DCM, 70° C, sealed tube F  anti-14
58%
E/z > 99/1

Scheme 7. Cross metathesis anti-12.

Conclusions

In conclusion, we have developed a novel route to fluorinated analogues of sphingosine based
on two cross-metathesis couplings and a fluorodesilylation process, anti-14 was synthesized in
an overall yield of 21% in 4 steps from Garner’s aldehyde. This is the first route to these targets
relying on the use of an electrophilic fluorinating reagent. We discovered that the key
fluorodesilylation is coupled with a clean deprotection releasing the primary alcohol but leaving
the N-Boc group intact, when the reaction is carried out with Selectfluor in acetonitrile.
Notably, this deprotection can be totally avoided by adding NaHCOs; as a co-reagent. The
product outcome for the electrophilic fluorination step has been vastly improved in comparison
with known strategy based on DAST-mediated nucleophilic fluorination as it did not suffer
from double bond transposition or the formation of non-fluorinated compounds. However, the
level of diastereocontrol observed upon fluorodesilylation requires optimization. We also
successfully attached the long alkyl chain to the terminal allylic fluoride via a highly
stereoselective olefin cross metathesis reaction. For this transformation, it was found that under
the reaction conditions applied for the cross-metathesis, double bond isomerization and
subsequent uncontrolled cross-metathesis could lead to a mixture of products. With a robust and
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convergent synthesis of a fluorinated sphingosine in place, we are currently actively working on
improving the level of distereocontrol for the fluorination step, thereby facilitating rapid access
to various fluorinated analogues.
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Experimental Section

tert-Butyl-(4R)-2,2-dimethyl-4-vinyl-1,3-oxazolidine-3-carboxylate  (9). Methyltriphenyl-
phosphonium bromide (2.2 g, 2 eq.) was suspended in anhydrous THF (60 mL) under N, and
KHMDS (0.5 M in toluene, 12 mL, 2 eq.) was added. The resulting yellow suspension was
stirred at rt for 60 min then cooled to -78° C and a solution of aldehyde 8 (700 mg, 3.06 mmol)
in THF (8 mL) was added dropwise. The cooling bath was removed and the mixture stirred at
rt for 16 hours. The reaction was quenched with MeOH (5 mL) and the resulting mixture
poured into a solution of sat. potassium sodium tartrate and H,O (1:1, 120 mL). The mixture
was then concentrated under reduced pressure to remove MeOH and THF. Extraction with
ether (2x60 mL), drying (MgSO,4) and evaporation of the solvent under reduced pressure
furnished a colourless oil. Purification by column chromatography (diethyl ether: hexane, 1:4)
afforded 9 as a colourless liquid (630 mg, 90%), the spectroscopic data for which were fully
consistent with those reported;'' [a]p=+14.5° (c=1.0 CHCl;) (lit."' +15.6°).

tert-Butyl-(4R)-2,2-dimethyl-4-(3-trimethylsilanyl-propenyl)-1,3-oxazolidine-3-carboxylate
(7). To a solution of olefin 9 (0.227 g, 1 mmol) in CH,Cl, (3 mL) was added titanium
isopropoxide (0.09 mL, 30 mol %), the reaction mixture was then refluxed at 45°C under an
atmosphere of argon. After 1 hour, the reaction was cooled to room temperature and
allyltrimethylsilane (0.47 mL, 3 mmol) was added. The reaction was then heated to reflux (45°
C), and Grubbs second generation catalyst (0.085 g, 10 mol %) was then added as a solid (in
four portions over 48 hours); the reaction was left to reflux for 48 hours and was monitored by
tlc. The mixture was then concentrated under reduced pressure. Purification by flash
chromatography (diethyl ether: hexane, 1:4) afforded compound 7 (0.202 g, 65%). E:Z = 6:1
after purification. [o]p= -27.7° (c=1.0, CHCl;); '"H NMR (CDCls, 400MHz), & 5.63 (m, 1H,
CH=CHCH,), 5.28 (m, 1H, CH=CHCH,), 4.28 (m, 1H, OCH,CHNBoc), 4.01 (dd, J=8.7, 6.0
Hz, 1H, O CH,CHNBoc), 3.70 (dd, J=8.6, 1.9 Hz, 1H, O CH,CHNBoc), 1.49 (m, 17H,
OC(CH;3),N, OC(CH3); and CH=CHCH,TMS), 0.07 and 0.01 (2s, 9H, Si(CH3);); "*C-NMR
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(CDCl3, 100.6 MHz) & 152.0 (-NCOO-), 131.0, 129.5, 128.0, 124.3 (4CH, CH=CHCH, cis and
trans), 93.6 (OC(CH;3),N), 79.6 (OC(CHs);), 68.1 (CH,, OCH,CHNBoc), 59.3 (CH,
OCH,CHNBoc), 28.6 (CHs;, OC(CHs)3), 26.5 and 23.8 (CH3;, -OC(CH;3)N-), 22.6 (CHa,
CH=CHCH,), -1.3 and -2.0 (CH3, Si(CHj3)3); (FI)+ m/z: HRMS required for C;¢H3;NO;Si
(IM™]) 313.2073 found 313.2079; IR (film) Vinay (cm™) 1700, 1385.
tert-Butyl-(4S)-4-(1-fluoroprop-2-en-1-yl)-2,2-dimethyl-1,3-oxazolidine-3-carboxylate  (6).
To a solution of allylsilane 7 (0.196 g, 0.63 mmol) in acetonitrile (6 mL), was added
Selectfluor™ (0.33 g, 1.5 eq.) and NaHCO; (0.105 g, 2 eq.). The reaction mixture was stirred
at rt under an atmosphere of nitrogen for 20 hours before concentrating under reduced pressure.
Purification by flash chromatography (diethyl ether: hexane, 1:19) afforded compound 6 as an
inseparable mixture of diastereoisomers (0.116g, 72%). de = 6% (as calculated from the crude
F NMR). 'H NMR (CDCls, 400MHz), & 5.84 (m, 1H, CH=CH,), 5.33 (m, 2H, CH=CH.),
5.05 (dm, J""=48.1 Hz, 1H, CHF), 4.00 (m, 3H, -OCH,CH(CF)N-), 1.48 (m, 15H, OC(CH3);
and -OC(CH3),N-); "C-NMR (CDCls, 100.6 MHz) § 152.4 (-NCOO-), 133.6 (CH, CH=CH,),
118.1 (CH,, CH=CH,), 94.0 (OC(CH3),N), 90.6 (d, J*=174 Hz, CH, CHF), 80.6 (OC(CHs)3),
62.9 (CH,, -OCH,CH(CF)N-), 59.7 (CH, -OCH,CH(CF)N-), 28.4 (CH;, OC(CHj3)3), 26.8 and
24.6 (CHj, -OC(CH3):N-); "F {'H}-NMR (CDCl;, 400 MHz) & -190.4, -194.7; m/z: HRMS
required for C;3H,,FNNaOQOs, calculated mass is 282.1476 and found 282.1473 ([M+Na]+); IR
(film) Vimax (cm™) 1703, 1387, 1174,

(2-Fluoro-1-hydroxymethyl-but-3-enyl)-carbamic acid tert-butyl ester (12). A solution of 7
(173 mg, 0.55 mmol, 0.6 M) in acetonitrile and Selectfluor'™ (196 mg, 1 eq.) was stirred at rt
under nitrogen for 2 days. When the reaction was complete, the mixture was concentrated
under reduced pressure. Purification by column chromatography (diethyl ether: hexane, 2:3)
afforded 50 mg of the erythro diasterecoisomer, and 25 mg of the threo diastereoisomer (62%,
erythro:threo, 1:1).

((1S, 2R)-2-Fluoro-1-hydroxymethyl-but-3-enyl)-carbamic acid tert-butyl ester (anti-12).
[a]p=-6° (c=0.5, CHCl3); "H NMR (CDCls, 400 MHz) & 5.94 (m, 1H, CH=CH,), 5.45 (dm, 1H,
J =173 Hz, C=CHb), 5.36 (dm, 1H, J = 10.7 Hz, C=CH>), 5.07 (dm, J"" = 47.4 Hz, 2H, NH
and CHF), 3.81 (m, 3H, CH, and CH,CHNH), 2.03 (br. s, 1H, OH), 1.45 (s, 9H, C(CH3)3), *C-
NMR (CDCls, 100.6 MHz) & 153.2 (C=0), 133.2 (CH=CH,), 119.2 (CH=CH,), 92.4 (d, J" =
172, CF), 80.5 (C(CHs)s), 61.5 (HOCH,CHNH), 55.1 (CH,CHNH), 28.8 (3C, C(CHs)3); '°F-
NMR (CDCls, 400 MHz) & -190.98 CJur = 20 Hz). IR (film) vmax (cm’") 3441, 2982, 1706,
1504, 1265; ((1S, 2S)-2-Fluoro-1-hydroxymethyl-but-3-enyl)-carbamic acid tert-butyl ester
(syn-12). [o]p= -11.7° (c=0.9, CHCl;); 'H NMR (CDCls, 400 MHz) & 5.93 (m, 1H, CH=CH,),
5.54 (dm, 1H, J = 17.3 Hz, CH=CH,), 5.36 (dm, 1H, J = 10.8 Hz, CH=CH)), 5.16 (dm, J** =
46.8 Hz), 4.88 (br. s, 1H, NH), 3.82 (m, 4H, OH, CH,, and CH,CHNH), 1.45 (s, 9H, C(CHs)s);
>C-NMR (CDCls, 100.6 MHz) & 156.2 (C=0), 133.1 (CH=CH,), 118.8 (CH=CHa), 92.3 (d, J"
= 173.1, CF), 80.1 (C(CHs)3), 62.5 (HOCH,CHNH), 54.9 (CH,CHNH), 28.3 (3C, C(CHxs)s);
PF-NMR (CDCl;, 400 MHz) & -195.48 (Jyr = 23) ; HRMS (GCT, CI'): calculated for
C10H1oFNO; 220.1349, found 220.1354; IR (film) vinax (cm™) 1706, 1504, 1265.
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tert-Butyl-(4S)-4-(1-fluorohexadec-2-enyl)-2,2-dimethyl-1,3-oxazolidine-3-carboxylate
(13).  tert-Butyl-(4S)-4-(1-fluoroprop-2-en-1-yl)-2,2-dimethyl-1,3-oxazolidine-3-carboxylate
(0.050 g, 0.19 mmol) and 1-pentadecene (0.27 mL, 5 eq) were solubilised in anhydrous CH,Cl,
(1.2 mL) under an atmosphere of nitrogen. Hoveyda-Grubbs 2™ Generation catalyst (0.006 g,
5mol%) was added as a solid, and the reaction mixture was allowed to stir, in a sealed tube for
12 hours at 70°C. The reaction mixture was then cooled to room temperature and concentrated
under reduced pressure. Purification by flash chromatography (diethyl ether: hexane, 1:19)
afforded the compound 13 as an inseparable mixture of diastereoisomers (0.038 g, 46%). 'H
NMR (CDCls, 400 MHz) 6 5.81 (m, 1H, CH=CHC,3Hy,), 5.51 (m, 1H, CH=CHC3H>7), 5.10
and 4.94 (2dm, J""'=48.9 and 48.4 Hz, CHPFerythro and threo)> 4.08 (m, 1H, OCH,CH(CF)N), 3.94
(m, 2H, OCH,C(CF)N), 2.04 (m, 2H, CH=CHCH,C,H>5), 1.48 (m, 15H, OC(CHj3); and -
OC(CH3),N-), 1.25 (br s, 22H, (CH,)11), 0.88 (t, J=7.0, 3H, CH=CHC ,H,,CH3); “C-NMR
(CDCl3, 100.6 MHz) 6 152.4 (C=0), 136.8 (CH, CH=CHC,3H>7), 125.2 (CH, CH=CHC;3Hy7),
93.8 (OC(CH3),N), 92.1 (d, J¥ = 172.6, CH, CHF), 80.4 (OC(CHs);), 63.4 (CH, -
OCH,CH(CF)N-), 60.4 (CH,, OCH,CH(CF)N), 31.6, 31.9, 29.7, 22.7, 21.0 (CH,, (CH)12),
28.4 (CH3, OC(CHjs)3), 26.9 and 24.7 (CH3, -OC(CHj3),N-), 14.1 (CHs, (CH,),CHs)); "F-NMR
(CDCl3, 400 MHz) 6 -183.0, -186.0; m/z: HRMS required for CysH4sFNO3 mass is 441.3600,
found 441.3618; IR (film) vinax (cm™") 2926, 1704, 1386.

tert-Butyl (2S,E)-3-fluoro-1-hydroxyoctadec-4-en-2-ylcarbamate (14). General procedure
for the cross metathesis reaction of allylic fluoride 12, with 1-pentadecene. To a solution of a
pure diastereoisomer of allylic fluoride 12 in CH,Cl,, was added 1-pentadecene (5 eq.) and
Hoveyda-Grubbs’ second generation catalyst (10 mol%). The reaction mixture was stirred at
70° C in a sealed tube for 16 hours. After cooling to room temperature, the reaction mixture
was concentrated under reduced pressure. Purification by column chromatography yielded the
desired compound 14 as a single diastereomer.

tert-butyl (2S,3R,E)-3-fluoro-1-hydroxyoctadec-4-en-2-ylcarbamate (anti-14). Following
the general procedure, anti-12 (40 mg, 0.182 mmol) was reacted with 1-pentadecene (0.25 mL,
5 eq.) in 1 mL of CH,Cl,. Column chromatography afforded anti-14 (42 mg) in 58% yield.
[a]p=-26.1° (c=1.0, CHCl;); '"H NMR (CDCl3, 400 Mhz) § 5.87 (m, 1H, CH=CHC3H,,), 5.57
(m, 1H, CH=CHC3Hy;), 5.02 (dm, J"'=48.3 Hz, 2H, CHF and NH), 3.82 (m, 3H,
HOCH,CH(CF)N), 2.20 (br s, 1H, OH), 2.07 (m, 2H, CH=CHCH,C,H7), 1.45 (s, 9H,
C(CH3)3), 1.26 (S, 22H, CHQC]]HZQCH3), 0.88 (m, 3H, C12H24CH3); l3C-I\H\/[R (CDC13, 100.6
MHz) § 155.9 (C=0), 137.8 (CH=CHC3Hz), 124.5 (CH=CHC/3H,), 93.6 (d, J“'= 170.7,
CHF), 79.9 (OC(CH3)3), 659 (CH,, HOCH;), 61.4 (HOCH,CH(CF)N), 31.9
(CH=CHCH,C2Hjs), 29.8, 29.7, 29.6, 295, 294, 292 and 28.8 (CHa,
CH=CHCH»(CH,);0CH,CH3), 28.3 (CH3, C(CHs)3), 22.7 (CH,, CH=CHCH,(CH,),0CH,CH3),
14.1 (CH3, CH=CHCH,(CH,),0CH,CH3); "F{'H}-NMR (CDCl;, 400 MHz) & -182.8; HRMS
required for C,3H44FNNaO; mass is 424.3198, found 424.3197; IR (film) vpax (Cm'l) 3020,
2928, 1709, 1504, 1265.
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tert-Butyl (2S,3S,E)-3-fluoro-1-hydroxyoctadec-4-en-2-ylcarbamate (syn-14). Following the
general procedure, syn-12 (11 mg, 0.068 mmol) was reacted with 1-pentadecene (0.068 mL, 5
eq.) in 0.5 mL of CH,Cl,. Column chromatography afforded syn-14 (7 mg) in 35% yield,
however analysis by mass spectrometry indicated a mixture of several different products of
varying alkyl chain length, corresponding to similar double bond isomerisation as shown with
Grubbs second generation catalyst on the protected allylic fluoride.
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For this reaction, the exact positioning of the double bond after cross-coupling is ill-
defined [mixtures of products]. This reaction was not optimized as Syn-12 could not be
obtained analytically pure in sufficiently large amount after silica gel purification.

Further work is required to investigate in detail the factors that influence the product
outcome of these metathesis couplings. One solution to prevent double bond isomerization
is the use of 1,4-benzoquinone [see reference 19(a)].
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