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SUMMARY

Alkyl phenyl 2,3-epoxycarboxylates from the well-known Darzens qlycidic
esters synthesis react under very mild conditions with pyridinium-poly-hydro-
gen fluoride to give corresponding 3-fluoro 3-phenyllactates in almost quan-
titative yields with a high reqio and stereoselectivity.

This method can be applied successfully to other glycidic derivatives :
alycidoamides, glycidonitriles, glycidoiminoesters,..

The spectrometric propertities (IR, NMR) are presented.

INTRODUCTION

Many synthetic methods have been described for the preparation of fluoro-
hydrins

- halogen exchange reaction between chlorohydrins and potassium fluoride [1].

- reaction of epoxides and liquid HF [2]‘or its complex with THF [3,4] or
dialkylamines [ 5,6].

- reaction of epoxides with boron trifluororide etherate [7,8].

Some of these reactions require high temperatures and moreover are made
inconvenient owing to the difficulty in separating the components of the reac-
tion mixtures and to the frequent polymerization or rearrancement that occur,
The use of pyridinium-poly-hydrogen fluoride as the source of HF [9,10] for
the ring opening of epoxide enables us to obtain almost quantitatively 3-fluo-
ro 3-phenyllactates under mild conditions by the route described in the fol-

lTowing scheme :

R! 0 + RECHXCO,R' —a R-CR1-CRZ-CO,R"
R =0+ 2R or tBuNK N/ 2R
CH,C1,|  HF/P
2%l o y
R-gRl-CRz-cozR'

F
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We have examined the reaction of HF/pyridine with a variety of epoxides
(alycidonitriles, glycidamides and glycidoiminoesters) which, under the same
conditions give the expected fluorohydrins in almost quantitative yields.

The results of the preparations of the various fluorohydrins studied are sum-
merized in the Table II,

RESULTS

Preparation and characterization of the starting glycidates

The starting epoxides have been prepared by the Darzens reaction between
a carbonyl compound and an e-haloester using potassium t-butylate (method A)
(11,12] or by the oxydation of the o,g-unsaturated esters with m-chloroper-
benzoic acid in methylene chloride (method B) [13] .

Physical properties of the glycidates prepared and their NMR characteris-
tics are summarized in Table I.

Preparation of the g-fluorolactates and fluorocyanohydrins

The glycidates, glycidonitriles and glycidamides readily available could
react with hydrogen fluoride in pyridine solution. The fluoro compounds were
isolated in very good yields (Table II).

The course of the reaction has been followed by thin layer chromatography
(eluent : hexane/ethylacetate 8/2 v/v).

Identification

(1H and 19F) NMR are good methods to identify these classes of compounds.

The NMR spectra were correlated with structures on the basis of the known
configurations [6] of the 3-fluorolactates 22, 28 and 30, and by.noting that
chemical shifts of fluorine resonances in the all isomers agree with predic-
tion [14].

When the compounds prepared carry g-phenyl groups, the fluorine atom (cf.
paragraph 'Discussion') is at the benzylic position. J. Jullien and col. [14],
observed that in these compounds the fluorine are in the erythro isomers shifts
at higher field than in the corresponding threo ones.

On the other hand, the configuration of compound 23b has been proved by
its subsequent cyelization with alcoholic potassium hydroxide.

The NMR properties are summerized in the Tables IIla and IIIb.
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DISCUSSION

Since the ring opening of epoxides in acidic solutions occurs through the
initial formation of an epoxonium ion, the electron donating or withdrawing
character of substituent R groups and the stability of the intermediate carbo-
cation have a major influence on the reaction direction and the conditions re-
quired for the ring opening step.

::]
R-CRI-cRZ-y __M = 5 R-cRi-cRZ-y
No” o7
1 ©
H
ol , Y = CO,R*, CONHR', CN
R-CRL-CRZ-Y
) Ia
o
or
192
R-CRE-CRE-Y
OH

Thus, the epoxonium ion is in an equilibrium with two secondary a-hydroxy
carbenium ions (Ia) and (Ib) and the reaction could a priori take place on
either of two carbon atoms. When R is a phenylgroup, the carbenium ion (Ia)
is highly stabilized and opening the glycidic derivatives 1, 2,3,4,5, 6,7,
product its fluorine atom being in the benzylic position. For the starting
materials 11, 12, 14, 19 and 20, the electron withdrawing effect of carboxy-
late, amide and cyano groups preventsstretching of the C-0 bond contiguous to it
and it is the cycloalkyl ring carbon which becomes positive. The reaction led
selectively to the products which have the fluorine atom in the g position
from Y functional groups.

Substituents in the phenyl, cycloalkyl or in the epoxide ring would not
alter the course of the reaction.

Results assembled in Table II, show that the reaction of HF/pyridine with
the glycidates is regioselective.

We have also examined the stereoselectivity of the reaction.

1. The reaction of hydrogen fluoride in pyridine solution with the glyci-
dates of known cis and trans isomers compositions (see Table I} led to the
corresponding fluorolactates containing the threo and erythro isomers in about
the same compositions (Table II).

2. When methyl trans-3-phenylglycidate 3a methyl trans-2-methyl-3-phenyl-
glycidate 6 and trans-3-phenyl glycidamide 13b, were treated with HF/pyridine,
they yielded 88 %, 95 % and 92 % of the erythro isomers 23a, 26 and 34 respe-
tivaly. The other products were the threo isomers.



568

(s)ee°1l (s)es 1} (s)wL'e 6§ m , ; .
Lisisenr] (s)s9t1| (s)spee| (8187 . 95 | 30D ®ho W9 | ut
(plo’1
ﬁuewom.ﬁ (s)ig¢ () (s)ose 52 I 2 LE
°168°0 sJog'L ] €0T| S| 0D -1 Sy9
*Asvmm.ﬂ (s)9°¢ (syor's| st ' HTHR W) 6
(s)os*1 | (s)sL°¢€ (s)og'e | 6§ 10 o ¢
: (s)ez'L 4 ¥81 GG | 9W°0d| H H) 8
| (s)esve Iy
(w) (s)og'e (w) (s)oy'vy | S8 b <o
s€°L-2°L ge°/[-2°L q 1 2 9
v (s)zv'e (s)o6’¢ | st 9 §9 ) ST H W3t
(s)se 1 (s)see . (s)oc"t 001
(s)ze"t o b Blq o1l os ) wloalfho| Wl
bloz 'y :
MMgme.H {w)og* s r1] ey | (Psere | 60°0 2
mcwwm.¢ Y 321 9v | 33°I| H H 99190 | s
{(a)ee 1} (W)gz-y 0z | (Plotp| (Plive | s¢
(Wdor's | (s)1e"L 0°z | (p)9o'v| (R)9Y"€ | - ol .
(p)sz'1 0 | 85T | g5i4dt%0 H H Sy v
(s)eLre | (s)ee't 12| (Pioy| (pPlsee; ool
50 !
o | &7 Sialn ] W] ow S| e
(s)es e (<) 12| (Pl1oty) (Plsere| 6L . . m .
B s)ez L U (O | Y
(s)og‘e ozl (Pstvl (Pscce| tz| ¥ ¥8 | 15 | W02 ! H H W2 | ¢
ZH0 ) s'1| (P1o°v| (Plzze! 8¢ )
(eee| L sz| *Porw|¥(pos'e| zz| v | Terr| se [23%| W[ W | W1
4 A ¥ EE s © sueay] 3 d'w 0] g
L < ¢ b SLo g mIEEa 31
ZH:p o wddio gy Y k 3| /3.4 PLLA A -_ Hm Y ol
! 1T e % | &
- Y O,
“(SHL/¥120) HuN Hp Pu® Sjuelsuod LeoLsAyd spialp .>-Nmumﬁmmwm S9ALJRALUSD ILDLIALD By)

I dI99¥L



569

‘wdd gE°1-6°0 3© SLeubls ay3 JO uOl]eLpRJAJL J33Je PaULelqo uday oAey SaN[eA 3sayl ¥

(% 29 plath (303} (% 09) 8T Pue (% Op) LI 4O BINIXLW © PIYSLUJNY UOLIORAA 3Y| ‘2T 3| 143LUOJBIR0UOLYD pue 3pAyapjezuaq
40 BUNIXLi B YILIM 3PLXOY3S WNLPoS 40 uOL3Ie34 3Yy3 AQ paule3qo uaaq sey 3anposd siyl p ‘Ruenya se (A/8 1/1)
auexay-auazuaq Huisn eulwn|e [eJ43nau J43A0 paydedbolewodyd d4am $3onpoud IS8yl . .Amnwu.:m,mvmm.m C{HY*HT*S)9u" ¥
<(Smothess)ep et (Bipouers)es T o (swL /¥102) YwN 'Pou3aw susz.eq oyi Aq PauLRIGo USBY SABY 4BWOSL SLO Y} O

%¢y Buruiejuod apduwes y q *sisA{rue YuN AQ DPBuULWA8}dp U8dY BARY SJUBWOSL SUBJ] PUR S1D 3y} O suollsodosd ayj e

AEwa”Hu (s)ez'€ v! Sl s | w | | Y- 02
Hu)og 1! . . m
D se (s)9z°s foy o STorl o | oW | M| -SCk)- 61
— — B - -
| (s)se1 - (s)ez L (s)se'y 15 |
m ; Cov o O%or! o9 ! W B M W g1
; (s)oe'1 L (s)1es {s)ot'v 6y . " . |
; L (5)06°1 L (s)ez's (shte'e | vv .. |
v S%ul s wow Bl Sfaia
(s)iz°t (s)oe"¢ (s)ev'e | 95 .
| C(sdoee | oz | (Plogty (PlezE | v, . M ‘g
‘ ; S N I ND | H H H'D | 91
, : (s)se s 'y | (Plet'w | (P)09'E | 6§ | ; M
1 T 1 H 1 1
! i | ; | :
: W , v ov | 0 W] w 549 | s1
: 0 p HND |
(peouq)|  (w) ! 2 5,2
gL 091 : [ (s)gee | ¥ | STHET| 0§ | “HNOD| H -?{°Ha)- 12
HNDD|  -§8°1 i w !
o - = e + ;
; (peoaq)eg”s “ANgy| (s)og"s T ! AUVWH”¢~ (plece 02y Lt pe | Zunga| w y S99 | 1
, (Poz'v| (p)sL'e 08 9t1
ZHOL " L= ()09 1 i
Mwwmm.w T (s)gz'e v STes | 83 | 23%0d] | -Y(%H0)- 2
=] W Lo let 2 52
(Joe'1l o1 | (s)st-e oy 0 Y60 | T4 | 33%)0 H -7(“Ho)- 11
(o)st-p| -08°1| _ L




570

TABLE IT

Preparation of fluorhydrins from glycidic derivatives (Part 1),

a % threo
N° HF/Py {Reaction|Temp?:C Products Ne | Yield
w/w time (H) % erythro %
20
1 70 1 25 CGHRCHFCHOHCOZEt (n.c.) 8 211 95
- 0
T J N 15
2 45 120 25 CeHSCHFCHOHCOZMe 22| 90
85
e e o 35
3a 45 120 25 06H CHFCHOHCOZMe o8 23a{ 00
‘ c 75
3b 45 120 25 C6H5CHFCH0HC02Me 23b| 85
4 70 2 25 CGHSCHFCHOHCOZiPr ¢ (n.c.) 85 24 90
40
5 45 24 50 pC]—C6H4CHFCHOHC02Et (n.c.) 50 25| 85
5
6 70 1 25 C6H5CHFC(CH3)0HC02Me 26| 95
95
c 10
7 60 24 25 C6HSCHFC(C6H5)OHC02Me (n.c.) 271 80
. 65
46
8 70 4 25 C6H5C(CH2)FCHOHC02Me 281 95
. 54
d 30
9 70 4 25 | CgHC(i~C4H,)FCHOHCO,Me (n.c.) 29| 90
10
50
10 70 4 25 | CoHgC(CHy)FC(CHy)DHCO,Me 30| 95
50
T
11 60 3 25 (CH\Z)_/SCFCHOHCOZEt 311 90
e
12 60 3 25 (C&)_,;/CFCHOHCDZE’C 32| 85

(continued on facing page)
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Table II (cont.)

35
13a 70 1 20 C.H.CHFCHOHCONH, (n.c.) 33a] 96
65 2 65
e 8
13b 70 1 20 C.H-CHFCHOHCONH,, (n.c.) 33bj 94
65 2 92
14 70 24 25 (CH2)4 CFCHOHCONH2 (n.c.) 34| 85
f 42
15 70 1 25 CGHSCHFCHOHCNH {n.c.) 354 90
OEt 58
57
16 70 1 25 CBHSCHFCHOHCN 36 | 91
43
55
17 70 1 25 C6H5C(CH3)FCH0HCN 45 37 { 96
50 .
18 70 1 25 | CgHcCHFC(CH,)OHCN 381 90
L 50
T
19 70 3 25 (CHZ)G CFCHOHCN 39 [ 90
N
e e —
20 70 2 25 (CH2)4 CFCHOHCN 40 | 88
NG S

& The proportions of the threo and erythro isomers of the products have

been determined by 19F NMR,

b Yields refer to purified products.

¢ For starting materials (4,5 and 8) 5-15% of the isomeric 2-fluoro 3-hydroxy
3-phenyl propanoates have been detected by 19F NMR.

d Four compounds have heen detected hy 19F NMR: 32 (60% erythro and threo)

methyl 4-fluoro 2-hydroxy 3-methyl 3-phenyl pentanoate (n.c.) ¢:145.6,148.8
(two multiplets).

€ This epoxide has been obtained by the reaction of methyl trans-3-phenyl-
-glycidate with aqueous ammonia (sp. gr. 0.9).

From the mixture of the epoxides 17 and the 18 and HF/Pyridine, gg'was
obtained as its hydrofluoride salt, m,p. 135-136°C (uncorrected).
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3. The reaction, realized under the same conditions with the oxide 3b, which
is the cis isomer of3a, led to a mixture of methyl threo-3-fluoro-3-phenyllac-
tate 23b (75 %), methyl 3-phenylpyruvate (10 %) and methyl threo-2-fluoro-3-
phenyllactate (15 %).

A1l these results allow us to say that the mechanism of the reaction of HF/
pyridine with the glycidates we have studied is probably a trans-addition. This
trans-addition of HF on the epoxides is in agreement with the former works
[15,16].

EXPERIMENTAL

NMR Spectra were taken on Varian EM 360 and A60 NMR Spectrometers at 60 MHz
for 1y and on Brucker Spectrospin at 84,67 MHz for 19F.
1. General procedure for the synthesis of glycidic derivatives

a) Using Potassium t- Butoxide
To a mixture of one equivalent of ketone or aldehyde and one equivalent of
a-bromoester, a-bromoacetamide or a-chloroacetonitriie was added with stir-

ring under nitrogen a freshly prepared solution of one equivalent of potas-
sium in dried t-butyl alcohol. The temperature was kept at 15° and the mixture
was allowed to stir gvernight at this temperature. The solvent was remowved un-
der vacuum and the residue was dissolved in 100 ml of water and extracted with
ether. The ether layers were washed with water dried (Na2504) and evaporated
and the product was then distilled under reduced pressure.
b) Oxidation of Alkylcimamates with metachloroperbenzoic acid (MCPA)

Following the method of earlier workers [13], by refluxing a solution of

a,R-unsaturated esters in methylene chloride with m-chloroperbenzoic acid
good yields of four glycidic esters (compounds 3a, 6, 7 and 8) have been ob-
tained.

Preparation of ethyl-3-phenylglycidate

From 0.15 mole of benzaldehyde, 0,15 mole of ethyl a-bromoacetate and 0.15
mole of potassium in 100 ml1 of t-butylalcohol there was obtained 18.5 g (68 %)
of glycidate (1) bp 118-119° at 1,5 nmm ~ IR (CC14) 1750, 1730 cm'1 (C=0).

In this manner to that described above compounds 2, 4, 5, 9, 10, 11, 12,
13, 14 and 15 were obtained (see Table I).

Their spectrometric properties are summerized in the Table II.
Preparation of 3-phenylglycidonitrile

From 0.1 mole of benzaldehyde, 0.1 mole of chloroacetonitrile and 0.1 mole
of potassium in 100 ml of dried t-butylalcohol, there was obtained 7,50 g
(51 %) of glycidonitrile (16) bp at 86° 0.7 mm
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IR (CC1,) 3200-2950 cm™t (C-H), 2250 cm™ b (sharp){vey)

NMR (CC14/TMS) cis sppm 3.60 (d, oH, Ju8=4'0 Hz), 4.08 (d, eH,JaB = 4.0 Hz),
7,31 (m, Csﬂs) ; trans & 3,21 (d, oH, Ja8=2'1 Hz), 4.15 (d, gH, JaB = 2.1 Hz),
7.32 (m, CgHg).

Compounds 16,17, 18, 19 and 20 have been prepared in a similar manner
(Table I). They all have a sharp absorption band at 2250 cm'1 attributed to
the C=N vibration.

Preparation of methyl trans 3-phenylglycidate

A solution of 0.05 mole of distilled methyl trans-cinnamate was mixed with
a solution 0.065 mole of m-chloroperbenzoic acid in 100 m1 of dried methylene
chloride, The mixture was refluxed for 3 days, cooled and shaken with 10 % solu-
tion of sodium sulfite. The organic layer was isolated and the aqueous layer
extracted with methylene chloride. The organic layers were washed with 5 % so-
lution NaHC03, dried over sodium sulfate. The solvent was evaporated and the
product was distilled to give 3.8 g of a coloress 1liquid (3a) bp 83° (0,5 mm)

IR (CC14) 1750 em™L, 1730 em™l (veq)

NMR (CCT4/TMS) sppm 3.35 (d, 1H, o, JaB= 2.1) 3.73 (s, 3H , 0Q§3) 4.01 (d, 1H,
gH, Ja8=2'1 Hz)7.23 (S, SH, Csﬂs).

The epoxide cis 3b has been prepared from the chlorohydrin threo which was
obtained from the trans isomer 3a and anhydrous hydrochloride acid in ether
[18].

NMR (CCT /TMS) eppm 3.66 (S, 3H, OCH), 3.74 (d, IH, oM, J , = 2.5 Hz)
4,18 (d, 1H, gH, Ja8=2,5 Hz),7.23 (S, 5H, C6ﬂ5).

2. General procedure for the preparation of the g-fluoro g-phenyllactic
acid derivatives and fluorocyanchydrins

A11. the reactions were carried out in a polyethylene flask.

a) Preparation of ethyl 3-fluoro 3-phenyllactate (nc)

To a solution of 70 % HF/pyridine (w/w %) (10 m1) in 10 ml of CHZCTZ,
ethyl 3-phenylglycidate (1.92 g, 10 m moles) dissolved in the same solvent
was added dropwise at room temperature. The reaction mixture was stirred at
this temperature for 1 H. The mixture was shaken with cold water, extracted
with methylene chloride washed with a 5 % solution of bicarbonate and water,
and finally dried (MgSO4). After evaporating the solvent, thin layer chroma-
tography (eluant : hexane - ethylacetate 8/2 v/v) shows one major product.
This was isolated by column chromatography over neutral alumina (eluant :
hexane-ethylacetate 6/4 v/v). Yield 95 %.

IR (CC1,) 3610, 3560 cm™! (vou)» 1750 an™! (vey).

Anal. calcd for C11H13F03 : C, 62. 26 3 H, 6.13 ; Found : C, 62. 39 ;
H, 6.06.
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In a similar manner to that described above compounds n°® 21, 24, 26, 28, 29,

b) Preparation of methyl erythro 3-fluoro 3-phenyllactate (nc)
To a cold solution of 70 % HF/pyridine (10 ml) was added slowly 2.5 g of
freshly distilled pyridine to obtain a mixture of 45 % HF/pyridine. To this

solution was added methylene dichloride (10 ml) and the resulting solution was
stirred. Methyl trans-3-phenylglycidate (2.83 g, 15 mmoles) in CH2C12 (10 ml1)
was then added dropwise, The reaction mixture was allowed to stand at room
temperature 5 days with continuous stirring. The reaction mixture was then wor-
ked up as described previously. The crude product has been chromatographed over
neutral alumina. The colorless liquid isolated (Yield 90 %), containing methy]l
erythro-3-fluoro-3-phenyliactate (88 %) and the threo isomer (12 %).

A sample which had been obtained starting with 6 g of oxide gave after dis-
tillation under reduced pressure (85% of 25 - bp : 102-10% 10.5 mm).

Anal. calcd for C10H11FO3 : C, 48,00 ; H, 5,65 ; Found : C, 48,2 ; H : 5,31.

¢) Preparation of ethyl 3-fluoro 3- [4-ch10ropheny11actate] (nc)

To a solution of 45 % HF/pyridine (10 ml) in CH2C12 ethyl 3- [4-ch1orophe-
nvl ] glycidate (2.26, 10 mmoles) was added. The mixture was then stirred & 50°C
for 24 H and worked up & described above, followed by neutral alumina column
chromatography (eluant : hexane - ethyl acetate 6/4 v/v) to give the pureslight-
1y yellow-colored ethyl 3-fluoro-3- [4-ch1oropheny11actate]. Yield 85 %.

d) Preparation.of 3-fluoro 3-phenyllactamide (nc)

This product was obtained by the reaction of a 70 % HF/pyridine (10 ml)
and 10 mmoles of 3-phenylglycidamide in 10 m1 of dried CH3CN. The product was
recristallized from ethanol. Yield 95 %. mp : 86-87° (uncorrected).

Compounds 33b, 34 and 35 were prepared in a similar manner.

e) Preparation of l-cyano 3-fluoro-2-phenylethanol

To a solution of 70 % HF/pyridine (25 mi) in 10 ml of 10 ml of.CH2C12 was
added 15.9 g (0.1 mole) in 20 ml of the same solvent during 45 minutes. The
mixture was stirred 3 H at room temperature and worked up as described for

previous reactions of HF/pyridine with oxides. After evaporating the solvent,
distillation of the crude product gave 16.30 g (91 %) of the pure compound 36.
bp : 93° (1.5 mm).

IR (CHC13) Poven ¢ 2250 cin-1 3 vou : 3546 em-1 (sharp), 3390 em™1 (1arge)

Anal. caled. for CgHgFNO : C, 65. 44 ; H, 4.88 ; Found : C, 65. 50 ;

H, 4.83.

A11 the other fluorocyanohydrins have been obtained in this manner.
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CONCLUSION

Now, the following conclusions can be drawn. Glycidic esters, amides, imido-
esters and nitriles can be converted to the corresponding fluorohydrins ; the
ring opening proceeds through a preferential stereospecific trans-addition. Fur-
themore it has been shown that the reaction is regioselective.

The g-fluorolactic acid derivatives reported herein are of particular inte-
rest because their hydrogenated analogues have been found recently to be enzyme
inhibitors [17,18:]and plant growth regulators [19] , and it is generally known
now that the introduction of fluorine exerts an important and useful influence
on the bioreactivity of organic molecules, while the fluorocyanohydrins would
be precious intermediates for g-fluoroamino acids synthesis [20].

The reaction of the above epoxides with both boron trifluoride ethyletherate
and phenyltetrafluorophosphorane [ 21] are being studied in our laboratory.

We intend to test whether this method can be extended to other epoxides. The
results will be reported in due course.
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