Russian Journal of General Chemistryol. 72, No. 6,2002, pp. 957962. Translated from Zhurnal Obshchei Khimii, Vol. 72, No. 2802,
pp. 1024-1029.
Original Russian Text Copyrigh©® 2002 by Rogozalurin.

Unprecedented and Effective Synthesis of Thiazolines
from Perfluoro-3-isothiocyanato-2-methyl-2-pentene
and Certain P-Nucleofuges

A.V.Rogoza and G. G. Furin

Vorozhtsov Novosibirsk Institute of Organic Chemistry, Siberian Division,
Russian Academy of Sciences, Novosibirsk, Russia

Received August 3, 2000

Abstract—The reactions of perfluoro-3-isothiocyanato-2-methyl-2-pentene with; BR4 P(NE$)5 in the
presence of NaBf Kl, and NaBPR form phosphonium salts with the heterocyclic substituei){3,5-bis-
(trifluoromethyl)-4-(tetrafluoroethylidene)-4,5-dihydro-1,3-thiazol-2-yl, instead of involving desulfurization
and formation of PF-containing products. The reaction with tris(pentafluorophenyl)phosphine fails. The
reactions with P(OE})in the presence of CISiMgor (CH;0),POSiMe,; yield diethyl or dimethyl [(4£)-5,5-
bis(trifluoromethyl)-4-(tetrafluoroethylidene)-4,5-dihydro-1,3-thiazol-2-ylJphosphonates and no intramolecular
alkylation products. ThéH, 13C, 19, and3'P spectra are presented, and the reaction pathways are discussed.
Potential mechanisms of the biological and catalytic activity of the reaction products are considered.

Heterocyclic compounds attract attention in termsieously [18]: (a) by lowering the melting point of the
of biological activity because of the key role hetero-substance by weakening its crystal lattice and thus
cycles play in biochemical processes [1]. Most reincreasing solubility; (b) by increasing affinity of the
searcher’s efforts in this field are directed towardsubstance to both lipophilic and aqueous phases, thus
modeling, synthesis, isolation from natural sourcesmaking it amphiphilic and, as a result, more
and identification of compounds that act as agonistpermeable.

or antagonists ofin vivo ligands [2]. It seems very promising to make use of the super-
: L . lipophilicity of perfluorinated (perfluoroalkyl, per-
The most important recent tendency is Intmduc'['orluoroalkylsulfuryl, perfluoroalkyloxy, and perfluoro-

of fluorine and perfluoroalkyl groups into known : )] :
biologically active compounds, since such modifica—alkyl?jm'ﬁr)] groups ;‘olr mOd'ff'Cat']fl’n .Of Cgt"l".lyt'c d
tion exerts a profound effect on the physical ano|Igan s. The successiul use of perfluorinated ligands

In catalysis is exemplified by the discovery of flu-

g:ﬁ)l/?g,:ggl pnr]%%?;tie:n%f tngzﬁ drgol:;:euleasl s[(s))]. iiteg;g;irg%rous biphase catalysts with superlipophilic phosphine
objects for extraction and phase-transfer studies][4 gands [19], as well as the synthesis of catalysts for

Previously we developed syntheses of 4-ethy|ideneqleﬁn hydroborination with a very high turnover [20].

5,5-dimethyl-2-thiazoline  derivatives 2-substituted 2-Phosphorus-substituted = fluorinated — thiazolines
fragments of O- [9], S- [10], and N-nucleophilesWere prepared by reactions of _3-|soth|ocyanato-2-
[11-13], some of which proved promising pesticidesmMethyl-2-pentenel] with nucleophilic P(lll) deriva-
[14]. The biological activity of such derivatives is tiVes, similar to earlier studied reactions of comppund
probably underlied by a combination of the following! With O-, S-, and N-nucleophiles. The obtained
factors: (1) the presence of a vinyl fluorine atomcompounds can exhibit enhanced biological activity,
which can be substituted by nucleophilic centers ofince they contain a PC=KC=CFCF; fragment which
natural substrates on coordination of their electrophili¢S Pioisosteric [21] to known enzyme inhibitors [22],
centers with the heteroatoms of thiazoline and itdut, unlike the latter, are capable of multicovalent
2-substituent (the biological activity of vinyl fluoride binding with nucleophilic centers. Moreover, the ob-
derivatives, based on the ability to reversibly inhibittained phosphonium salts and phosphonates with
enzymatic reactions, have been reported in [15, 16]guPerlipophilic groups are potent extractans and
(2) the presence of superlipophilic perfluorinatedPhase-transfer catalysts.

groups which enhance permeability of biologically The above synthetic scheme might be expected to
active substances [17] by two mechanisms simultanvolve at least two complications. The first is that
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the most typical reaction of isothiocyanates with P(lll)atoms by fluorine can proceed until the P&nion is
compounds is desulfurization of the isothiocyanatdormed [27]. At the same time, as showed Steeiral.
group [23-25]. The second, especially in the case 0f28], the reaction of perfluoro-1-isothiocyanato-2-
P-O compounds, is a very high energy of theFP methyl-1-propene I() with triethyl phosphite may
bond. For this reason, reactions involving liberationinvolve no desulfurization. In this case, no heteroring
of the fluoride ion give complex mixtures of productsformation was observed, and the formation of com-
in which part of oxygen atoms is replaced by fluorinepoundIV was explained by intermolecular alkylation
atoms (PF bonds) [26]. The replacement of oxygenof the sulfur atom in the zwitter iorlll formed.

F F F
(CF3)2C=< + P(OEty —> | (CR)C S > (CF3)2C=< S —>(CF3)2C=< SEt
N=C=S N N N
l P(OEt) (EtO),P=OCHCHs 0=P(OEt)

1l \Y

Replacement of the vinyl fluorine atom in perflu- The probability of desulfurization in the reaction
oro-1-isothiocyanato-2-methyl-1-propendl )( by a of dimethyl trimethylsilyl phosphite with compourid
perfluoroalkyl group should much reduce the electrois reduced, since the trimethylsilyl group better than
philicity of the olefin double bond [29] in perfluoro-3- alkyl stabilizes the positive charge on the oxygen
isothiocyanato-2-methyl-2-pentené).( Therefore, we &0m in intermediateV. Moreover, qualitative con-

expected that attack of the intermediate S-nucleophilfermational analysis of intermediaté showed that it
provides a biomimetic product control [33]. The

by the C=C bond would lead to thiazoline format'on':C—N:C—S fragment prefers theisoid conformation

Howeve_r, on trgatment of compouridvvith @riethyl- and this favors heteroring formation. Because of the
phosphine or triphenylphosphine we obtained red Ofepulsion of the SiMgand GF.s, the SC-P-OMe

violet solutions which, according t&F NMR data, fragment is in thetransoid conformation, and this
were complex mixtures of products. Side reactiongrevents desulfurization and intramolecular alkylation.
could be avoided by using the readily availableafter ring closure, fluorotrimethylsilane is cleaved,
[30, 31] dialkyl trimethylsilyl phosphites which which has a strong SF bond, and dimethyl phos-
provide high yields of dialkyl phosphonates [32]. phonateVI is formed in an excellent yield.

CR,  CoFs CFs /FCF3
CRs CoFs  (MeopPosiMe | CF3 CoFs CFsH CRs
>_< R, >_< BN N —> N
CF  ‘N=C=S CF ‘N=S S\/
MeO-~OSiMe;  Meo-[~OsiMe;  \MERPF
. MeO MeO MeO i

8 Fe
oCFs, 6P
——> CR
_FSiMe, 2§N

O=P 10
| ~OMe
MeO

Vi
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If one reacts compoundl both with the electro- philic center and later acts as fluoride acceptor. The
philic chlorotrimethylsilane and with triethyl phos- reaction proceeds smoothly by the following scheme
phite (the latter two compounds do not react with eaclo give, according to'®F NMR data, diethyl phos-
other under the reaction conditions), then the triphonateXl in a near-quantitative yield (see scheme
methylsilyl group temporarily blocks the S-nucleo-below).

POEY | CFs CoFs  egsici CF3 CaFs Chs CaFs Chs CaFs
| —— >=< g >=< ﬁ) — N —
cr{ N=-S CH  ‘N=-SSiMg CF3: :N=|—SSiMe3 CrH{ N=S
P = io_p*
Eto- okt EtO~/~~ Cl =P oEt MesSIO-F okt
i EtO EtO OEt EtO EtO
Vil Vil IX X

8 Fd
oCFs, 6 Chs
___ . CR
—MesSiF 2§N

O=P 10 12
| ~OCH,CHs
OCH,CH3

Xl

The initially formed zwitter ionVIl reacts with high solubility of phosphonium salts in acetonitrile,
chlorotrimethylsilane, providing phosphoranélli makes the reaction reversible. To stabilize the zwitter
which cleaves EtClI to give phosphondXe. The latter, jon and bind the fluoride ion, we applied the relatively
having a strong SO bond, isomerizes to compound |ipophilic salts KI and NaBE, whose cations form
X which is fully identical to intermediateV. jnsoluble fluorides. Therewith, compouhdsmoothly
The Snucleophile attacks the olefin double bond toreacts  with triphenylphosphine and tris(dimethyl-
quantitatively form, after cleavage of fluorotrimethyl- amino)phosphine to form phosphonium sakla,
silane, phosphonat&Il. Xllb, Xllla , andXlllb in quantitative yields. These

Posphonium salts were prepared by treatment falts withstand heating in acetonitrile solutions at
compound | with triphenylphosphine and tris(di- least to 50C.
methylamino)phosphine. Compound fails to form
the corresponding salt with tris(pentafluorophenyl)- In our opinion, the reaction occurs by the following
phosphine. The liberated fluoride ion, in view of thescheme.

- 7
_ 0 F
CFs C,Hs Nat CCF3 _C2H5 8CCFI;3 6/ CFRs
NaA
| + PXg— oA, = N R
3 1 PC MeCN, ep: O X N “NaF ZéN
CF3 N_<"F')/ BE: +
X/ Ny 4 /|P\ F;' A~
X /1IN
X' i X )l(x
1112 XIV o Xlla, Xlib; Xllla, Xllb
X = 5(’@13 A =BF; (Xlla); X = Ph, A = BPH (XIIb); X = N(CH,CHa),, A = BF7 (Xllla ); X = NEty,
A=1-(Xllb ).
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The P-nucleophile attacks the carbon atom of th@-F bond cleavage in the reactions of compound
N=C=S group to form zwitter iorXIV . The latter is with such P-nucleophiles as (MePOSiMeg, P(OEt),
stabilized by the corresponding counterion fromP(NEtL);, and PPl which give rise to fluorinated
NaBF,, KI, or NaBPh, which prevents desulfurization thiazolines. These approaches are quite universal and
and intramolecular alkylation. After ring closure, thecan be used to success in reactions of various
fluoride ion is taken out of the reaction as NaF or KF.P-nucleophiles with other electrophiles of the hydro-

The compositions and structures of the synthesize%arbon and fluorocarbon series.

compounds were proved by the elemental analyses,

n, J?3C, 19, and3P NMR spectra, IR spectra, and EXPERIMENTAL
mass spectra. The NMR spectra exhibit the same
regularities in nuclear shielding and the same couplin
constants which were earlier observed for simila
objects [9, 10]. The positions of the F and {3tb-
stituents at the C=C bonds in compoundsXI, XII ,
and XIIl are evidently determined by steric factors.
When two CK groups are present or°Qess strained
is likely to be theE isomer in which the fluorine atom
is directed to these substituents. Evidence for this Compound was prepared as described in [37].

assumption comes from the X-ray diffraction data for . & E_hicfte . i
certain 2-substituted derivatives of 4,5-dihydro-1,3- Dimethyl [(4E)-5,5-bis(trifluoromethyl)-4-(tetra

thiazole [34]. Moreover, thé’F NMR signal of this fluoroethylidene)-4,5-dihydro-1,3-thiazol-2-yl]-

fluorine atom is a quartered septet formed by Coup”nghosphonate (VI). To a solution of 3.39 g of com-

; X . . oundl in 10 ml of acetonitrile at room temperature
with fluorine atoms of the 5-Cfsubstituent in the : o :
dihydrothiazole ring J{r 22-23 Hz) and fluorine we added with stirrig 2 g of (CH0),POSiMe;. The

atoms of the CE group at the multiple bondJé mixture was left to stand for 24 h and then heated for

6-7 Hz). The IR spectra of the synthesized 4,5_0”_18 h at 50C. The solvent was removed in a a water-

: o .~ jet-pump vacuum, and the residue was distilled to
hydro-1,3-thiazole derivatives all show absor tionS"P!
b)e/mds at 16201680 () and 15201550 Cmrf obtain 3.46 g (80%) of compound!, bp 122123°C

. . 3 (13 mm). IR spectrum (5% Cglsolution), v, cmt:
(ve=n)- The signal at 167170 ppm in the*’C NMR 2080, 2880 (CH). 1680 (C=C) 1555 (C=N). 1350
spectra relates to <0d.d, coupling with phosphorus (C-0), 12501160 (GF). H NMR spectrum
and fluorine on é). The signals § ppm) at 148 g ' b

. 0 3 13

159 q.d (&) and 137140 d (&) belong to the C=C &ﬁécézgéft’ruw&b%%—%](i’ 3;&18'h5?)167%
PAad 1y YCr 1 : b

carbons. The carbon atom of théRg group attached SCZ’ Vep 224.4,%) 12.8), 148.7 (& 1JC§ 281.3,

to the multiple bond appears at 1719 ppm (d.d). 2 9 1
The signals at 780 ppm (septet) are assignable toz‘lgg_s(?ﬁ’agg&gl\](i 2‘7]%F322(‘?](?F)371)207§é (é’, 2j§£

the & atoms of the dihydrothiazole ring. 32.3), 53.5 (&9, F MR spectrumé., ppm 0. Ha).
The signals of phosphonium saltélla, Xllb, ~ 97.7 d (6F, B9 23), 97.6 d (3F, F 7), 41.5 q. septet
Xllla , andXlllb in the 3P NMR spectra are at20  (1F, F°, 23, 7). 3P NMR spectrum:, 0.73 ppm.
to —36 ppm, which is also characteristic of otherMass spectrumm/z (I,o, %): 430 (23.89) M]*, 410
known arylphosphonium ions [35, 36]. Substitutientg(12.03) M — F]*, 399 (10.36) M — CH,O]-, 360
on phosphorus affect the position of this signg: (52.67) M - CF;]*, 335 (15.24), 294 (14.83), 119
~19.0 Xlla) and—34.4 ppm Kllla ). The G, C*, and  (0.66) [C,F]-, 109 (100) [O=P(OCH),]+, 100 (0.63)
C® signals of saliXllla in the 13C NMR spectrum are [CF,=CF,]+, 69 (15.62) [CK|*. Foundm/z 428.9646
doubled by coupling with phosphorus and, in addition[M]". CalculatedM 428.9646. Found, %: C 25.58;
is split by coupling with fluorine atoms. Doublet 25.61; H 1.46; 1.61; P 6.90; 7.00; S 7.40; 7.26.
splitting is observed if 2-substituents are attached t€4HgF;(NO3PS. Calculated, %: C 25.17; H 1.40; P
O, N, or S [9-12]. In the3C NMR spectrum of salt 7.23; S 7.46.
Xlla, the G and benzene carbon signals are doublets,
and 1JCP decreases from 184.7 Hz for sallla to Diethyl [(4E)-5,5-bis(trifluoromethyl)-4-(tetra-
105.8 Hz for saltXlla. fluoroethylidene)-4,5-dihydro-1,3-thiazol-2-yl]-
phosphonate (XI). To a solution of 3.39 g of com-
Thus, in the present work we found biomimeticpound| and 1.09 g of MgSICl in 10 ml of aceto-
approaches to suppression of desulfurization of thaitrile at C we slowly (1 h) added with stirring
isothiocyanate group, intramolecular alkylation, andL.66 g of (GH;0);P. The mixture was left to stand

The H, 13C, °F, and®P NMR spectra were ob-
Eained on a Bruker WP-400SY spectrometer (400, 100,
188, 162 MHz, respectively), references HMDSF;

and H;PO, (Joy were not measured). The IR spectra
were obtained on a Specord M-80 spectrometer (;Cl
and the mass spectra were run on a VG-70-70E
GC-MS system, ionizing energy 70 eV.
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for 24 h at room temperature and then heated for 0.5 {19 Phosphonium salXllb (counterion BPE). The
at 50C. The solvent was removed in a water-jet- - NMR spectrum was the same as that of compound

pump vacuum, and the residue was distilled to obtai

3.51 g (77%) of compounl, bp 129.5130.5C
(11 mm). IR spectrum (5% Cg)lsolution, v, cnm™:
2950, 2920, 2850 (€H), 1690 (C=C), 1550 (C=N),
1350 (G-0), 1276-1160 (G-F). *H NMR spectrum
(CD,Cl), 8, ppm @, Hz): 4.30 q. d (H°, 3., 7, 33p
8), 1.35 t (H% J,, 7 Hz). °C NMR spectrum
[(CD,),C=0], 8¢, ppm @, Hz): 169.8 (G, 1J.p 219.5,
Yep 12.4), 158.5 (€, 1. 279.8, 20 40.7), 137.9
(C* 2Jcr 29.9), 120.9 (€%, LI, 281.8), 116.8 (G
13cr 276.3,23£ 36.9), 80.4 (C, %) 35.3), 64.3 (¢9),
14.7 (CY. % NMR spectrumpg, ppm @, Hz): 97.4
d (6F, 9 22.6), 97.2 d (3F, £ 6.5), 41.5 q. septet
(1F, F°, 22.6, 6.5).3'P NMR spectrums, —2.5 ppm.
Mass spectrumm/z (1., %): 457 (28.51) M1]*, 438
(21.17) M - FJ', 413 (30.70) M — C,H,O]-, 397

(13.53) M — CF,]-, 388 (28.30), 284 (69.67), 119

(0.66) [CF<*, 100 (0.63) [CE=CF,]*, 93 (98.23)
[OPH(OGHL)]*, 69 (35.87) [CH", 45 (20.54)
[OC,Hc]". Found m/z 456.9956 M]*. CalculatedM

456.9959. Found, %: C 29.10; 29.09; H 2.15; 2.25;
7.40; 7.30; S 7.80; 7.10. GH,,F;,NO,PS. Calcu-
lated, %: C 28.88; H 2.19; P 6.78; S 7.00.

[(4E)-5,5-Bis(trifluoromethyl)-4-(tetrafluoro-
ethylidene)-4,5-dihydro-1,3-thiazol-2-yl]triphenyl-
phosphonium tetrafluoroborate (Xlla) and tetra-
phenylborate (XlIb). To a mixture of compound
(1.02 g) and NaBF(0.33 g) (or NaBPh 1.03 g) in
10 ml of acetonitrile, cooled t6-10°C, we added

slowly (0.5 h) 3 mmol of triphenylphosphine in 10 ml (1F,

Xilb , except that it lacked signal at 12.3 ppm (BF

'H NMR spectrum,, ppm: 7.74, 7.57 and 7.48
[(CHs)sP), 6.89 and 6.73 [(§Hs),B]. **P NMR spec-
trum: 6p —20.4 ppm.

[(4E)-5,5-Bis(trifluoromethyl)-4-(tetrafluoro-
ethylidene)-4,5-dihydro-1,3-thiazol-2-yl]tris(di-
ethylamino)phosphonium tetrafluoroborate (Xllla)
and iodide (XllIb). a. To a solution of 3.39 g of
compound! and 1.1 g of NaBfin 10 ml of MeCN,
cooled to-10°C, we added with stirring 2.47 g of
P(NEb); over the course of 0.5 h. The mixture was
kept for 1 h at that temperature and then for 3 h at

room temperature. Th&°F and 3P NMR spectra of
the resulting solution lacked fluorine signals of com-
pound | and the phosphorus signal of P(NEt(5p
~118.2 ppm). Phosphonium s&tlla . *H NMR spec-
trum, 5, ppm: 3.25 (H% and 1.19 (HY). °C NMR
spectrum (CDG)), 8., ppm @, Hz): 167.0 (&, e
184.7, %3 13.5), 150.6 (€, 1J.r 285.3, 2] 40.8,
4J%P 13.5), 135.8 (¢, 23 30.1, 3J.p 30.0), 120.8
(C®S, L. 285.0), 116.9 (G Y- 242.5,%)¢ 36.8),
76.9 (C, 2 29.7), 38.9 (C° %) 10), 11.3 (élg.
19 NMR spectrumsg, ppm @, Hz): 98.2 (6F, B,

23), 98.0 (3F, F, 7), 46.4 (1F, B, 23, 7), ratio 6:3:1,

respectively.*’P NMR spectrum:8, —34.4 ppm.

b. To a mixture of 0.68 g of compount and
0.34 g of Kl in 3 ml of MeCN, cooled te-10°C, we
added with stirring 0.5 g of P(NB4 over the course
of 15 min. The mixture was stirred for 1 h at that
temperature and then for 3 h at room temperature.
Phosphonium sallilb . *H NMR spectrum3, ppm:
3.25 (H9% and 1.19 (H?. 1 NMR spectrum,se,
ppm @, Hz): 98.1 (6F, % 22), 97.9 (3F, B 7), 45.9
, 22, 7), ratio 6:3:1, respectively; 6.8 (M&F).

of THF. The mixture was stirred at that tempera-lp NMR spectrum:5, —36.1 ppm.

ture for 1 h and then for-3t h at room temperature.
The % and®P NMR spectra lacked fluorine signals
of compound and the phosphorus signal of triphenyl-

phosphine & +5.9 ppm). Phosphonium safila . °F

NMR spectrum (THF)§., ppm @, Hz): 98.1 (6F, B,

23), 98.0 (3F, E 7), 47.2 (1F, B 23, 7), ratio 6:3:1,
respectively.'H NMR spectrum,8, ppm: 7.74, 7.57,
and 7.48 [(GHs)sP]. 1*C NMR spectrum (CDG), 5,

ppm @, Hz): 163.7 (G, Y. 105.8,%) 13.6), 151.4
(C% L.k 286.6, 20 40.8), 161.7 (¢ 23 14.1),

136.6 (C3 %p 3), 122.9 (G, 2 11.4), 129.9
(C*? 33.p 10.3), 120.7 (&°, 1. 284.1), 116.6 (G

Lo 276.2, 23 36.8), 112.2 (€°, 135 90.7), 73.3
(C° 23 29.7).3P NMR spectrumgp, ppm:—19 s.
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