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REACTION OF FLUORINATED B-DICARBONYL COMPOUNDS WITH ETHYLMERCAPTAN
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v. I. Saloutin, D. V. Bazhenov,
Yu. K. Grishin and Y. A. Ustynyuk

In the presence of HCl, B-dicarbonyl compounds (DCC) react with EtSH to form esters of
B,B~-di(ethylmercapto)acids [1, 2] or B,B-di(ethylmercapto)ketones [3]. The first stage of this
reaction is apparently the addition of EtSH to the keto group. However, it is not clear at
which of the two nonequivalent carbonyl groups in nonsymmetrical dienes the addition occurs
nor which tautomeric form (keto or emol) of a DCC will react with mercaptans.

In the case of fluorinated compounds (FDCC) it -has been shown by NMR that an equilibrium
mixture is formed of the FDCC and its adduct with water or alcohol. Also, addition of the
O-nucleophile occurs through the enol form of the FDCC [4, 5] and the rate of addition of the
nucleophile exceeds the rate of establishment of the keto-enol equilibrium [6].

Study of the indicated equilibrium by NMR methods is possible only for FDCC derivatives
due to the increased lifetime of the adducts. For DCC this is not possible because of the
short lifetime on the NMR scale. In our work, using "H, *°F, and '®C NMR methods we have stud-
ied the reaction of ethanethiol with fluorinated B-ketoesters (I), (III), and (V) (FKE) and
B-diketones (II), (IV), and (VI) (FDK) in chloroform. We have shown that addition occurs at
the enol group bound to the fluorocalkyl substituent
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Ry = HCF, (I), (I); CFy (I, (IV); H(CFy), (V), (VI); R=CHs (II), @V), (VI);
OCHj (1), (IIT), (V).

In the PMR spectra of solutions of FKE (I), (III), or (V) there are characteristic sig-
nals for the methine (5.50-5.64 ppm) and methylene (3.71-3.76 ppm) protons and also the pro-
tons of the methoxy groups (3.76-3.83 ppm) corresponding to the keto and enol forms of I and
IIT (Table 1). An exception is FKE (V) which exists wholly in the enol form.

On addition of EtSH to solutions of FKE (I) and (III), there appears a signal at 2.81 ppm
for the methylene groups of the B-hydroxy-B8(ethylthio)fluorocarboxylic acids formed ((Ia),
(II1a); Table 1). 1In addition, the intensity of the methine signals for the enol form of the
products FKE (I) or (III) decrease but the signals for the protons of the methylene remain un-
changed. In the case of 4,4-difluoroacetoacetic ester (I) the methylene protons of the adduct
(Ia) (Table 1) give an AB system due to the proximity to the asymmetric™C atom. The PMR spec-
trum of FKE (V) remains unchanged after addition of EtSH.

In the *®F NMR spectrum taken over a period of 1 h after addition of EtSH to solutions of
FKE there also appear signals for the adducts (Ia), (IIIa) (Table 1) with simultaneous decrease
in the intensity of the signals for the enol form.

In the case of 4,4-difluoroacetoacetic ester the relative enol-to-keto ratio in deutero-
chloroform solution is 0.62. One hour after the addition of EtSH this ratio falls to 0.47 and
after 24 h to 0.29. This is in agreement with the results of investigation of the reaction of
FKE with hydroxy-containing nucleophiles [5] and supports the conclusion that addition of EtSH
proceeds through the enol form of FKE.

Chemistry Institute, Ural Science Center, Academy of Sciences of the USSR, Sverdlovsk.
M. V. Lomonosov State University,Moscow. Translated from Izvestiya Akademii Nauk SSSR, Seriya
Khimicheskaya, No. 10, pp. 2293-2298, October, 1985. Original article submitted May 22, 1984.

0568-5230/85/3410-2123509.50 © 1986 Plenum Publishing Corporation 2123



*fous — 9 {039y — Ay

*S8INIXTW

B13109d8 WHNx

uoT3Id0Ed1 103 poanseduw (epA) ‘(eIII) ‘(el) saonppe pue (A) pue ‘(III) ‘(I) sas3so038y-g JO
i . : . L o
nmoﬂou«molﬂ_uﬁmgm
paaIasqo j0u yeulys 1onppy sEDS (eA)
1027 )
L9°'1€ 97 . ¢
€e'ze 7'I8°PYI6YE | YIS 1 70'9 9 (0) e8¢ *gp"OD*HDOD*GMH | (A)
o
% \J 3 —n)E
. 967 , HD'0D'HD~—DED
68 8¢‘18 817 787 c8'e wos | (BIID)
(0) v'18 (9) £8'¢ s
(1) g0'e8 ¥9's 9L’ (D 6L'e saooorapodad | (111)
=
‘o=Ev
90z v ommum? r ,mowouﬁoln_éom
LL ¥6 ‘91'eg ¥eiyLe| g8 - warshs gy €8T 6L'¢ THOS 4 D
€S (8) 89'sE | €68 (°) 1£0'9 ) (9) 08'¢
- 2esi0) 61've | €' () 188’ - ¢S 723 10D ov'e suooppopiny | (D
Y z 2z o
w53 mﬂm\m o wn o QUMM_. R | g — Hp *HDO w04
-ub hgpe Cape ADVH punoduion _wmy
1O 1UANUOD wni30ads YAN dg wn1309ds YA :

—-dedrswT4Ayly Y3Tm S19359038Y-¢ PSIBUTIONTH JO UOTIDEdY Jo s3onpoad jo Bidadg WWN 4., PU® H,

(gdH — WAN d,, ‘SHL — dnd ‘zH ‘r ‘mdd ¢9) ymiojoroTysoialns@ UT uel

*T J19vVL

2124



*S9INIXTW UOTIOEeadl

103 peanseau (BAT)

€ (e1I) sionppe pue (IA) ‘(AT) ‘(IT) SouolIdyTp-¢ jo wWni1oads WHNx

"HIDS
gmooUﬁulw@uE
'paaasqo 10u y8uBs 10IPPY HO (e14)
6117
6L28 PG . ,
€88 - g'7¢ ‘Po0'sz | ‘8'1e. ‘PP TI'9 - - L6'g 12z ‘upopmoo’Ca | (1A)
508
i
wmuooﬁoln_vlmmo
e 718 %' ¥ < HO (BAY)
ge'es £6's 22T SHDODHDODLUD (AD)
AN ‘J..JL, nmNU—w
ﬁuouﬂolwecm
61 T'eq ‘P oo'es T'eq b wL's (A 682 - 62 HO (e1D)
€85 ‘P 8678 £'g5 ‘116g - - 06 | 61'g HDODTHDODMDH (1)
b Y Ve . b zy “EOHp | CapiE, capH, P D o Hiy
191j€ paJns (& t): “raoyu unoduio 13q
-Baul 101pPR |4 o ~wny
}0 1UBIU0D wnnodds YAN dg 2.F3 ‘wnnoads YNd

ueildediswTdylg y3Tm SOUOISNT(-g PIIBUTIONTJ JO UOTIOBSY JO SIdnpoag Fo vizdeds YWN 4., PUB H,

(940 — WAN d¢, ‘SHL — §Wd ‘2zH ‘r ‘wdd Q) ywiojoioTydoreine@ uf

*7 HT9VL

2125



*S9ANIXTW UOTIOB9I IoI painsesw (BAT) pur (®II) sionppe pue (AI) pur (II) sauol=|Ip-¢g Jo eialdads ¥RN De ¥

9
.mwumo_m
er'ee 8'282 A a‘ze %'7¢ 8'602 9'v8 L's S a4 ”moooﬁwlwﬁo (eAD)
¢y T
HO
g7 9'9¢ 6'ese A €787 ¥'e6 L'eLy SLIY amoowammooo..mu (AD
g g 1 -
, _ o
1'€¢ £'872 'Ly g'ge ¥'2¢ 1018 g'ey Le L9V nmwowﬂmw!wmmom (e11)
HO
6T 1'62 8'9%¢ g'cg 1's61 8'96 Al 9'607 nmwooﬁuoq&om (n
¥ E8 1
a-€p a-Gp a-ip Fie] o] D ] 0 0 0 13q
punedwon wn
JEH T widd ‘¢ ~wnN
KWIOJOIOTYD0ID]
-naq ur ueldedIdwlAUlE UYITM SPUOISNI(-¢ PoIBUTIONTJ JO UOTIDEdY JO S3Ionpoid jo Biaavadg YWN O., "¢ ATILVL

2126



The adduct content, measured 24 h after addition of EtSH, was found to be 77 (la), 89
(I1Ia), and 0% (Va) (see Table 1), i.e., as in the case of hydroxy nucleophiles, the amount
of adduct falls with increasing length of the fluoroalkyl substituent.

The fluorinated B-diketones (II), (IV), and (VI) are fully enolized and in their PMR
spectra in deuterochloroform there are observed signals for the methine protons (5.90-5.97
ppm, Table 2) and methyl groups (2.19-2.22 ppm). Upon addition of EtSH to solutions of FDK
(1I1), (IV), and (VI) in deuterochloroform there appear signals at 2.8-2.9 ppm for the methyl-
ene proton groups in the adducts (IIa) and (IVa) formed as well as signals for the protons
of the ethylmercapto groups. The intensity of the signals for the methine protons and the
methyl groups of FDK (II) and (IV) also decrease but the PMR spectrum of FDK (VI) remains un-
changed. Peaks for the starting FDK and adducts (IIa) and (IVa) are also seen after the ad-
dition in the *°F NMR spectrum.

The adduct content of (IIa) and (IVa) measured 24 h aftér addition of ‘EtSH is 19-25%.
In general (as in the case of the reaction of FDK with hydroxy nucleophiles [4]) lengthening
of the fluoroalkyl substituent leads to decrease in the adduct content. The octafluorobutyl-
substituted diketone does not react with EtSH at all (Table 2).

In the *3C NMR spectra it is seen that formation of adducts (IIa) and (IVa) (Table 3) is
accompanied by shifts of about 120 ppm to high field for the C® signal (assignment of signals
being made on the basis of the spin—spin coupling between *?C and '°F nuclei). This indicates
a change from sp? to sp® hybridization on addition of EtSH at the carbon atom connected to the
fluorinated substituent of greatest electron acceptor property.

EXPERIMENTAL

8-Diketones (II), (IV), and (VI) were prepared according to [7] and B-ketoesters (I),
(III), and (V) according to [8]. The 'H, *°F, and *°C NMR spectra were recorded on a Jeol
JNMFX-100 instrument operating at 100 MHz ('H, *°®F) and 25 MHz (*®C) using CDCls solvent with
T™MS (*H, '°C) or hexafluorobenzene (HFB, '®F) as internal standards. Solution concentrations
were 1 M and the ratio of reagents 1:1. After EtSH addition the solutions were held for 24 h
at ~20°C. All values were obtained by twofold integration of *H or '°F spectral signals with
an error of *37.

CONCLUSIONS

Addition of ethylmercaptan to fluorinated B-diketones proceeds through the enol form at
the carbon atom bound to the fluoroalkyl substituent; with fluorinated B-ketoesters it is also
the enol form which reacts with the mercaptan.
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