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ABSTRACT

Novel achiral and chiral alkyl  o-(1,3-benzothiazol-2-ylsulfonyl)- a-fluoroacetates can be readily synthesized by metalation ~ —fluorination of (1,3-
benzothiazol-2-ylsulfonyl)acetates. DBU-mediated condensations of these fluorinated synthons with aldehydes proceed in a facile manner at

0 °C or at room temperature giving high yields of  o-fluoro acrylates. Ketones are unreactive under these conditions. The presence of fluorine
renders the synthon substantially more reactive compared to the unfluorinated analogue. Reactivity of o-(1,3-benzothiazol-2-ylsulfonyl)- o
fluoroacetate and the Horner —Wadsworth —Emmons reagent (EtO) ,P(O)CHFCOOEt has also been compared.

o-Fluoro-a,5-unsaturated esters are useful synthetic inter- synthesis of vinyl fluorides has not received much atterttion.
mediate$and key precursors to various biologically relevant Recently, we have developed an efficient synthetic method
moleculeg. Several syntheses have been developed for theirfor the preparation of fluorinated 1,3-benzothiazol-2-yl

preparation, such as the Wittig and Hora®vadsworth— benzyl sulfones (BT-sulfone&) Upon condensation of these
Emmons reaction$,Peterson’s olefinatiof, reactions of fluorinated synthons with aldehydes and ketones, high yields
carbonyl compounds with alkyl estersteft-butyl-*fas well of regiospecifically fluorinated stilbene and styrene deriva-
as phenylsulfiny® fluoroacetates and with phenylselanyl tives were formed2Herein, we report a simple synthesis of
fluoroacetaté? as well as other methods. alkyl a-(1,3-benzothiazol-2-ylsulfonyl)-a-fluoroacetates as

The one-pot Julia olefinatidnis widely used for the reagents for the synthesis offluoro acrylates and their
introduction of unsaturation; however, its use for the reactivity in the modified Julia olefination.

(1) (a)Fluorine-Containing Synthon$oloshonok, V. A., Ed.; American At the onset, we decided to synthesize tbe-butyl ester
Chemical Society: Washington, DC, 2005. (b) Also see: Special Issue on derivative because of its lower sensitivity toward hydrolysis.

Fluorinated Synthonsl. Fluorine Chem?2004,125, 477—645. . .
(2) Selectie Fluorination in Organic and Bioorganic Chemistiyelch, tert-Butyl bromoacetate was allowed to react with the sodium

J. T., Ed.; American Chemical Society: Washington, DC, 1991; pp-105  salt of 2-mercapto-1,3-benzothiazole, and the resulting sulfide
133.

(3) For example, see: (a) Suzuki, Y.; Sato, Metrahedron Lett2004,
45,1679—1681. (b) Sano, S.; Saito, K.; NagaoT¥trahedron Lett2003, (6) For example, see: (a) Xu, J.; Burton, DJJOrg. Chem2005,70,
44, 3987—-3990. (c) Sano, S.; Teranishi, R.; NagaoT#&trahedron Lett. 4346—4353. (b) Barma, D. K.; Kundu, A.; Zhang, H.; Mioskowski, C.;
2002 43,9183-9186. (d) Bargiggia, F.; Dos Santos, S.; PivaS9nthesis Falck, J. R.J. Am. Chem. So2003,125, 3218—3219. (c) Clemenceau,
2002, 427—437. (e) Sano, S.; Ando, T.; Yokoyama, K.; Naga&yhlett D.; Cousseau, Jretrahedron Lett1993, 34, 6903—6906. (d) Shen, Y.;

1998, 777—779. (f) Thenappan, A.; Burton, D.JJOrg. Chem1990,55, Zhou, Y.J. Fluorine Chem1993 61, 247-251. (e) Fuchigami, T.; Hayashi,
4639-4642. (g) Etemad-Moghadam, G.; Seyden-Penrull. Soc. Chim. T.; Konno, A. Tetrahedron Lett1992, 33, 3161—-3164. (f) Usuki, Y.;
Fr. 1985, 448—454. Iwaoka, M.; Tomoda, SJ. Chem. Soc., Chem. Commu992 1148-
(4) Lin, J.; Welch, J. TTetrahedron Lett1998,39, 9613—9616. 1150. (g) Ishihara, T.; Kuroboshi, MChem. Lett1987, 1145—1148. (h)
(5) (@) Chevrie, D.; Lequeux, T.; Pommelet, J.-T=trahedron2002, Kitazume, T.; Ishikawa, NChem. Lett1981, 1259—1260.
58, 4759—-4767. (b) Chevrie, D.; Lequeux, T.; Pommelet, JO(@. Lett. (7) Blakemore, P. R]. Chem. Soc., Perkin Trans 2002, 2563—2585.
1999,1, 1539—1541. (c) Allmendinger, Tretrahedron1991,47, 4905— (8) (@) Ghosh, A. K.; Zajc, BOrg. Lett.2006 8, 1553-1556. (b) Cheuvrie,
4914. (d) Yoshimatsu, M.; Murase, Y.; Itoh, A.; Tanabe, G.; Muraoka, O. D.; Lequeux, T.; Demoute, J. P.; PazenokT8trahedron Lett2003,44,
Chem. Lett2005,34, 998—999. 8127—-8130.
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s a suitable solvent, for purposes of comparison, condensations

Scheme 1. Synthesis oPa of 2a were performed in CbkCl. In a typical experiment,
aldehyde (3—15, Table 1, 1 molar equiv) a2al(1.2 molar
Q, equiv) were dissolved in Cil, while stirring at room

o O
o D Q/S - DMF, 85% NYS%OX temperature, and DBU (4 molar equiv) was added.
Br/\g/ >< Q/S X

NS Na*

Reactions were monitored by TLC, and upon disappear-
2} mrCPBA, CHCIy, 65% ance of the aldehyde, the reaction mixtures were directly
1a: X =H NaH, THE, loaded onto a dry silica gel column; the products were eluted
29: X< F :lSelggE,f/':loﬂ (except for14 and 15 which were subjected to aqueous
workup; see the Supporting Information for detatsYhe
combinedE/Z product mixture was collected, and the ratio
was subjected to oxidation witim-CPBA to afford sulfone ~ was analyzed byF NMR. The yields obtained in the
la(Scheme 1). Fluorination dfa using NaH—Selectfludr condensations anél/Z ratios are displayed in Table 1.
resulted in the monofluoro derivativga in 73% vyield. Aldehydes11 and 12 gave high yields of products only
Initially, to find the optimal conditions, condensations of upon N-protection (Table 1, entries 10 and 11). Whereas
unfluorinated 1a with 2-naphthaldehyde were attempted, aldehydes gave generally high yields of products, ketones
using various bases (LHMDS, NEtDBU) and solvents — were unreactive under these mild conditions.
(THF, CHCI,). Among these, DBU gave the best results.  Further, the reactivities oRa and the HornerWads-
While our work was in progress, Blakemore et al. reported worth—Emmons (HWE) reagent (EtgPO)CHFCOOEt
the condensations of the unfluorinated ethyl ester analoguewere compared in a competitive reaction with 2-naphthal-
of 1awith a series of aldehydé8 Although THF was also  dehyde (3) (Scheme 2). This reaction was monitoreé&’by

Scheme 2. Comparison of Reactivity and Selectivity 8&

Table 1. Mild Synthesis ofa-Fluoro Acrylates and the Horner—Wadsworth—Emmons Reagent

HWE reagent + 2a

o F
Qe o >< )J\ . o (2 molar equiv each),
NYS%O R H ~F >< DBU (4 molar equiv),
@,3 I —_— GH,Clo, 1t

Q0 ©
H O ) S
DBU, CH,Cly, 1t | NYS%OX
2a 3a-15a S F
Fi= P o O 2
Ty O O g
O % 4 o 3 9
3 4 5 6:Y=H 8 10 3 (1 molar equiv) O \/Pj)ko/\
& QUf o™~ B Dot 77
Y= o
g ] ©/\/ 8 Y = OMe /j/nhepty[ A O

HWE reagent HWE reagent

TS 14 12 Ts 13 14 15 (1.2 molar equiv), o
DBU (4 molar equiv), 3b
R,—CHO Ol 1 Z 7%
entry Ri= product: yield (%),% time® % E/Z ratio® 78% combined yield
1 3 3a: 93,2 35 min 77:234
2 3 3a: 70,3 he 88:12¢/ NMR, and upon consumption @a, exclusive formation of
3 4 4a: 88, 25 min 85:15 () 3awas observed. Neithé?F NMR nor TLC analysis showed
4 5 5a: 83,745 min 57:48° (39 any trace of olefinsb arising via reaction with the HWE
g 3 g: gi: p gg o Zg;gd reagent? This result shows a higher reactivity dfa
7 8 8a: 87. 20 min 83:174 compared to the HWE reagent. In an independent condensa-
8 9 9a: 93,75 min 82:18 (S2) tion of the HWE reagent witl3 under these conditions, the
9 10 10a: 99, 90 min 80:20 olefin mixure3b was isolated in 78% yield with a&/Z ratio
10 11 11a: 99, 60 min 74:26 (S9) of 26%:74%. When comparing this to entry 1 in Table 1,
11 12 12a: 90, 45 min 83:17 under comparable conditions, a reversal in olefin geometry
12 13 13a: 93,925 min 76:247 occurs in the reaction with 2-naphthaldehyde.
13 14 14a: 77 (98", 40 min 64:36%/ Subsequently, the influence of the ester moiety on the
14 15 15a: 82* (quant”), 35 min 71:29/ o . .
15 15 15a: 75¢ (quant®), 3 he 83:17def reactivity was studied. The known ethyl (1,3-benzothiazol-
aYields of isolated, purified product8.Time at isolation¢ Relative ratio (9) Lal, G. S.J. Org. Chem1993,58, 2791—2796.
of purified E/Z isomers determined bYF NMR (reactions were performed (10) Blakemore, P. R.; Ho, D. K. H.; Nap, W. MOrg. Biomol. Chem.
under similar conditions but were not optimized for individual cases). 2005,3, 1365—1368.
d Average of two runs¢ Experiment at-78 °C and agueous workuf9;see (11) To assess the influence of the workup onBf#ratio, 3 was allowed

the Supporting Information for detailSNo change in ratio was observed  to react with2a and the products were isolated via conventional aqueous
prior to and after purification? S: Separation o/Z isomers was observed  workup;3awas isolated in a somewhat lower 75% yield in a nearly identical
by TLC while monitoring the reaction$.Yield determined with internal E/Z ratio of 78:22 (compared to 77:23, Table 1, entry 1).

standard GFg prior to complete solvent removal. (12) TLC (silica gel, 10% EtOAc in hexanelk 3a = 0.44.R 3b =
0.36.
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2-ylsulfonyl)acetatelb was synthesizéfl and subjected to Next, we were interested in evaluating the effect of fluorine
fluorination using NaH—Selectfluor to affordb in 71% substitution on the reactivity of BT-sulfone in the olefination
yield. The 8-phenylmenthyl estécwas prepared from (- reaction. In a competitive experiment, fluorinated synthon
8-phenylmenthol as shown in Scheme 3 and converted to2b (1.2 molar equiv) and its unfluorinated analodiie(1.2
molar equiv) were reacted with 2-naphthaldehyde (1 molar
_ equiv) in the presence of DBU (4 molar equiv). Only
Scheme 3. Synthesis and Fluorination dfc fluorinated alken@&b was formed, and th#H NMR spectrum
: of the product mixture showed no signals corresponding to
: the unfluorinated alkene. This indicates that fluorine substitu-
HO™ o ) tion substantially increases the reactivity of the sulfone.
A ? The stereochemistry of products formed in the Julia
by, DMAP, CH,GI olefination depends on various factors which can have
e, o N -SH opposing effects and is thus often difficult to predicdn
D) @,\sr THF, NEt,, t, 67% the basis of the mechanism proposed by Jli@cheme 4

Scheme 4. Mechanism of Julia Olefination

o] Ph

Br

Q0 9 NaH, THF, Q
Nﬁ/\s\')ko“i Selectﬂuor \r‘ ’\)J\ o O@ O\\ 0 o o ?@
@,s P e @/ RO)S(LFH o O:( OR sm oo J\:(\m
2¢ 058 X —_— —_— 0,8 X
Nﬁﬁs * NH
R1/§O
o-fluoro derivative2c (Scheme 3). Specifically2c is of
interest for the synthesis of optically actieeluoro acrylates 1 Stow o l
that were shown to form optically active products in Diels
Alder reactions?
Condensation reactions @b and2c with selected alde-
hydes gave good to excellent yields aBdZ ratios of S N NO SXN@
products comparable to those fraza (Table 2). With2c, 08 0 08 O
so2 ©o0os /
Table 2. Condensations a2b and2c with Aldehydes l \ @ 1
o ROOC ROOC
0 = H O R

00 O )J\ so 10
N7 SO;
Y RY FhWOR RO)E@: ROJ)&
il OR : ~ BTO BTO
Q/S F DBU, CH,Ch, H O
2 0eCort 3p ab, 5b, 13b, 14b BTO\ /B

3¢, 4¢, 8¢
b: R=Et -80, R, -0,
¢: R =8-Phenylmenthyl
EYEN O’R \ O,R
X
BT- R;—CHO X
— . ; a 43 b 10C Favored isomer: Favored isocmer:
entry sulfone R; product: % yield,” time? % E/Z ratio Xt Ry oAt X F. B < alkyl. vinyl, Ar
1 2b 3 3b: 7860 min 78:22¢ X=HiRy=secallyl  X=HR,=nalkyl
2 2¢c 3 3c: 92, 30 min 73:27 (S¢) N X =H: R =Et
N = =

3 2b 4 4b: 94, 45 min 87:13 BT = @S% X =F: R = Et or tert-Bu or 8-Phenylmenthyl
4 2¢ 4 4¢: 70, 25 min 86:14 (S°)
5 2b 5 5b: 71, 60 min 54:46 (S°)
6 2c 9 9c: 79, 30 min 85:15 (S°) . .
7 2b 13 13b: 80, 45 min 75:25 shows the pathways that can be operative in the present
8 2b 14 14b: 65%¢ (874f), 30 min  61:39%¢ reactions. In the case of stabilized BT-sulfone anions, such

aYields of isolated, purified product8.Time at isolation ¢ Relative ratio as the enolate formed here, the initial addition can be

of purified E/Z isomers determined BYF NMR (reactions were performed ~ feversible. Further, thesyn-p-alkoxy sulfone has been
under similar conditions but were not optimized for individual cases). suggested to undergo a Smiles rearrangement faster than the

d Average of two runs¢S: Separation of/Z isomers was observed by - 15
TLC while monitoring the reactiond.Yield determined with internal anti-f3-alkoxy sulfon€’:*> When these two factors are com-

standard GFs prior to complete solvent removalNo change in ratio was
observed prior to and after purification. (13) Ito, H.; Saito, A.; Taguchi, TTetrahedron: Asymmetry998,9,
1989-1994.

(14) Baudin, J. B.; Hareau, G.; Julia, S. A.; Lorne, R.; Ruel BOIl.
: . . : Soc. Chim. Fr1993,130, 856—878.
higher yields were obtained when the reactions were (15) Baudin, J. B.: Hareau, G.; Julia, S. A. Ruel, Bull. Soc. Chim.

performed at @C rather than at room temperature. Fr. 1993,130, 336—357.
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bined, the overall mechanism can account for the predomi-

the formation of a stabilized zwitterionic intermediate in the

nantly cis stereoselectivity observed. However, in the casecase oflb (Scheme 4, X= H), leading to the alkene with

of aryl and vinyl aldehydes, possible formation of a stabilized
zwitterionic intermediate has been propo&tih. these cases,
formation of an isomer with trans arrangement qgf ad
COOR s favored.

In all condensations of fluoro BT-sulfone®, a cis
arrangement of Rand COOR prevailed (Eomer major),

trans disposition of Ar and COOR moieties. However, such
an intermediate could be disfavored in the case of the
fluorinated sulfones?2 (Scheme 4, X= F), due to the
destabilizing effect that g-fluorine substituent has on
carbocation stability. This may contribute to the overall cis
stereoselectivity. Witn-alkanals, stabilization of the zwit-

and stereoselectivity decreased with bulky aldehydes suchterionic intermediate is not possible in either the fluorinated
as ferrocene carbaldehyde and 2-ethylbutanal (Table 1,or the unfluorinated case. Thus, the same overall stereo-
entries 4 and 13). On the other hand, cis stereoselectivity chemical disposition is obtained with bo2rand1b (Table

increased with lower temperature (Table 1, entries 2 and 15).

Comparison of stereoselectivity of reactions of fluorinated

3, entries 7 and 8).
Finally, a fluorinated derivative of 1-phenyHttetrazol-

and unfluorinated BT-sulfones revealed some interesting 5-yl sulfone (PT-sulfonel7 was synthesized (Scheme 5).

features. An opposite trend in stereoselectivity was observed_
in the condensations of fluorinated BT-sulforigsompared

to the reported reactions of the unfluorinated analatjié

with aromatic aldehydes (Table 3 shows some representative

Table 3. Comparison of Stereoselectivity of Reactions of
Fluorinated (2) and Unfluorinated.lf)? BT-Sulfones

entry " coo R-CHO Ry __ X Ri___ COOR
BTY A Ri= COOR X
X
1 X=H;R=Et 3 93% 7%
2 X=F;R=Et 3 22% 78%
3 X =H;R =Et 8 92% 8%
4 X =F;R=tBu 8 17% 83%
5 X =H;R =Et 14 <98% 2%
6 X=F;R=Et 14 39% 61%
7° X=H;R=Et n-pentyl 8% 92%
8 X=F,;R=tBu 15 17% 83%

aData obtained from ref 1(.E/Z ratio of experiment at-78 °C.

examples, entries-14). This same reversed trend was also
observed for aecalkyl aldehyde (entries 5 and 6), although
stereoselectivity in the case @fwas modest. On the other
hand, a similar trend in stereoselectivity was observed in
the condensations dfb and fluorinated sulfon€a with
n-alkanals (entries 7 and 8).

A plausible reason for the reversal of stereoselectivity in
condensations of aromatic aldehydes with fluorinated sul-
fones2 compared to the unfluorinated sulfotb could be

4460

Scheme 5. Synthesis of the Fluorinated PT-Sulfone Derivative

00 9
N
N, S\Hk
N §|/ O><
hX

N ‘N
N"p

]

-+
N.__S Na
N 5

1) NN DMF.91%

Ph

O
Br/\n/ ><
© 2) m-CPBA, CHCl3, 91%

16: X=H NaH, THF,
Selectfluer,

17:X=F 59%

The unfluorinated tetrazolyl sulfon€svere reported to be
unreactive toward aldehydes under mild conditi&hgve
reasoned that fluorine substitution would lead to higher
reactivity of 17. Indeed,17 reacted with 2-naphthaldehyde
and provided3a in 95% vyield and arE/Z ratio of 75:25,
comparable to the result witka.
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