ELSEVIER

Available online at www.sciencedirect.com
ScienceDirect

Journal of Fluorine Chemistry 129 (2008) 386-389

JOURNAL OF

HIUORINE

GHEMISITRI

www.elsevier.com/locate/fluor

Syntheses of fluorous propenes from 3-perfluoroalkyl-2-iodo-1-propanols

Csongor Szijjarté, Peter Ivanko, Ferenc T. Takacs, Dénes Szabé, Jozsef Rabai *

Institute of Chemistry, Eotvos Lordnd University, P. O. Box 32, H-1518, Budapest 112, Hungary

Received 25 November 2007; received in revised form 23 January 2008; accepted 25 January 2008
Available online 3 February 2008

Dedicated to Professor Arpéd Kucsman on the occasion of his 80th birthday.

Abstract

3-(Perfluoroalkyl)-1-propenes are obtained in excellent yields up to 100-g quantities by deiodination—dehydroxylation reactions of the easily
accessible 2-iodo-3-(perfluoroalkyl)-propanols with red phosphorus and catalytic amounts of iodine or with an SnCl,/POCI; reagent pair in
pyridine (fluorous Cornforth reaction). Both methods afford fluorous propenes in high GC purity, the former one has high atom-economy and
proceeds safely if the fluorous iodohydrin precursors are added in increments; for the solid ones using a ‘hot-melt’ dropping funnel. The title
fluorous propenes are effectively isolated by co-distillation with pyridine.

© 2008 Elsevier B.V. All rights reserved.
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1. Introduction

Although many fluorous reagents [1-7] have recently
become commercially available [8-10] there is a need for
their cost effective synthesis. Perfluoroalkyl iodides are among
the most preferred precursors for the synthesis of such
compounds [11]. Since fluorous iodohydrins la—e can be
made on larger scales by the controlled radical chain addition of
perfluoroalkyl iodides to allyl alcohol (Scheme 1), we have
recently improved the preparation of 3-perfluoroalkyl-propa-
nols (C,F,,,1CH,CH,CH,OH) using hydrazine hydrate and
Raney-Ni catalyst for the deiodination reaction of these
precursors [12]. Here we thought to develop their conversion
into 3-perfluoroalkyl-1-propenes (2a—e, Scheme 1), another
class of valuable fluorous compounds, which have been used
for the synthesis of fluoropolymers [13], fluorous trialkylpho-
sphines [14-16], fluorous boronates [17], polyfluorinated
alkanes as potential sky-waxes [18] and alternating copolymers
with carbon monoxide [19,20] among others.

Literature syntheses of fluorous propenes involve the
reactions of perfluoroalkyl-zinc reagents and allyl-halides
[21]; allyl Grignard and CgF71(Ph)OSO,CF; [22]; tributyl-
allyltin with CgF 3l and Pd(0) [23], or CgF;7I and AIBN
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[14,24], respectively; tributylallylsilane and CgF;I at 60 °C
with Ru3(CO);, in a sealed tube [25]; allyl-halides and C,,F,,,, 1
(n=4,6,8) with AIBN in the presence of freeze-dried KOH
[26]; and iodohydrin esters or ethers with Zn [27-29]

The deiodo-dehydroxylation reaction of a perfluoroallyl-
iodohydrin with zinc in ethylene glycol was reported by
Gorbunova et al. and afforded CF,=CFCF,CH,CH=CH, in
good yield [30]. Propenes with longer fluorous chains were
prepared from the precursor iodohydrins in 56-60% yields
using Zn powder in aqueous acetic acid [18].

2. Results and discussion

First we tried to apply the Gorbunova method for the
preparation of 2c, by heating 1¢ with Zn in ethylene glycol at
~140 °C for 1 h. However, our efforts resulted only in the
formation of a mixture of 2¢ (47%) and the corresponding
saturated alcohol, CgF;7(CH,);0H (3¢, 22%). Propene 2¢ was
isolated from the lower layer of its rather volatile co-distillate
with ethylene glycol (bp ~125 °C), which in the condenser
turned into two immiscible liquid phases; while alcohol 3c
came over at higher temperature (bp ~160 °C) and with larger
volume of the co-distilling ethylene glycol, from which on
cooling it was phase separated as a colourless crystalline solid.

It should be noted that the immiscibility of these fluorous
components and ethylene glycol resulted in their co-distillation
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Method A

AIBN, ag-K,S,05

(i) P o/ (1) 5 - heating

OH 80-90°C.2h (ii) pyridine-distillation
RF'I + /\/ RF \)vOH - RF \/\
83-98% 75-88%
i Cf. Ref.[12] L= 2a-e

Rg = n-C,F, (a); n-C4F,; (b); n-C4F ., (c); (CF,),CF(CF,), (d); n-C,,F,, (€)

Scheme 1. Preparation of fluorous olefins 2a—e with the deiodo-dehydroxylation reaction of easily made fluorous iodohydrins la—e.

at significantly lower temperatures than their normal boiling
points. This phenomenon is analogous to steam-distillation and
we named it as ‘fluorous distillation’ for ethylene glycol, or in
short as ‘glycol-distillation’ of fluorous propenes. In principle
this separation is governed by the same physical-chemical rules
that apply to the perfluorocarbon facilitated esterification
reactions reported first by Zhu [31].

Then, we tested the Cornforth-procedure, which method has
originally been introduced for the transformations of non-
fluorinated iodohydrins into internal olefins [32]. Although
fluorous propenes 2 can be obtained in excellent yields applying
the Cornforth-method using an SnCl,/POCl; pyridine system,
this method involves some drawbacks: the formation of toxic
white phosphorus as side product, which has to be destroyed with
an excess of iodine before work-up started, according to the
warning given by Cornforth et al. [32], and a lower atom
economy [33] with an anticipated raising of waste disposal costs
(Scheme 2).

However, we have recognized that the tedious extractive
workup procedure of Cornforth et al. can be substituted by co-
distillation of the volatile fluorous alkenes with pyridine. This
process can be named as ‘fluorous distillation’ for pyridine or in
short as ‘pyridine-distillation’ of fluorous propenes. Another
useful property of pyridine—fluorous alkene mixtures is the
quick phase separation of the colourless distillate into a lower
fluorous olefin and a top pyridine layer on cooling from boiling
to room (2b—e) or lower temperatures (2a). Solvent tuning
[34,35] by the addition of water to the pyridine layer results in
practically complete separations of these olefins.

Consecutive washing of the lower layers with water, 5%
aqueous HCl, and water, and drying (Na,S0Oy), followed by short
path distillation affords these olefins in high yields and purity
(GC assay). It should also be commented that all of these aqueous
washings can be performed without the addition of ether or other
solvents. We named this procedure as ‘concentrate workup’ since
the fluorous layers are not diluted here with miscible solvents.

We disclose here a novel and convenient method for the
preparation and isolation of fluorous propenes 2a—e in high yields
and GC purities, which furthermore eliminates the drawback of

Method B
(i) SnCl;, POCl,-py

(ii) pyridine-distillation
RF\)\/OH

74-86%
1a-c,e

RF\/\

2a-c,e

Scheme 2. Preparation of fluorous propenes with a modified Cornforth proto-
col.

the modified Cornforth procedure. This protocol involves the
reaction of iodohydrins la—e with red phosphorus (>0.66 g-
atom/mol) and catalytic amount of iodine without any added
solvents at 100130 °C. When the reaction is over pyridine is
added to the reaction mixture to allow product isolation using
novel separation techniques called as ‘pyridine-distillation’ and
‘concentrate work-up’ procedures (Method A, Scheme 1).

We consider this reaction as an autocatalytic one: the trace
amount of iodine first reacts with red phosphorus to provide
phosphorus triiodide, which then coverts the iodohydrins into the
thermally unstable 1,2-diiodo-3-(perfluoroalkyl)-propane inter-
mediates, and their decomposition gives raise to the formation of
more iodine and fluorous propene. Finally all of the substrate is
being converted to propenes, along with the formation of iodine
and phosphorous acid side products (Scheme 3).

Our original procedure (Method A, Scheme 1) seems to
compete with the best reported ones in yields (vide supra), but
overcomes them having a better atom economy and access to
precursors. However, on larger scales (>50g) the reaction
should be controlled by the incremental addition of 1a—e (cf.
Section 3).

In summary fluorous propenes 2a—e were prepared in
excellent yields from ten to several-hundred-gram scales, and
were isolated with novel fluorous techniques based on their
inherent volatility and immiscibility with pyridine (2b—e) or
aqueous pyridine (2a—e), and were distilled to reach GC purities
higher than 99.0%.

All fluorous products were characterized by their boiling
point and/or melting point, GC analysis of neat samples, and
NMR ('H, °C, '°F) spectroscopy, showing agreeable patterns
with reported ones (cf. Section 3). They are all easily moving
liquids or low melting solids; volatile with pyridine, ethylene
glycol or steam; immiscible in most polar solvents (e.g. water,
ethylene glycol, methanol, pyridine); while miscible in ether,
acetone, benzotrifluoride, perfluoro(methylcyclohexane), and
other fluorous solvents at ambient temperature.

3. Experimental
3.1. Methods

H, 13C and '"F NMR spectra were recorded on Bruker
Avance 250 using a 5 mm inverse "H/"*C/*'P/"°F probe head at

Prea |2 ing

! heati
1a-e — [R;,CH,CH()CH,Il ———— 2a-e + |,+ H,PO,

Scheme 3. Supposed pathway for the deiodo-dehydroxylation reaction of
fluorous iodohydrins 1a—e with red phosphorus and iodine catalyst.
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room temperature. Melting points were determined on a
Boetius micro-melting point apparatus and are uncorrected.
All reaction steps were monitored by gas chromatography
(Hewlett-Packard 5890 Series II, PONA [crosslinked methyl-
silicone gum] 50 m x 0.2 mm x 0.5 pm column, H, carrier
gas, FID detection).

The ‘hot-melt’ dropping funnel is a simple apparatus that
allows the incremental addition of solids under an inert
atmosphere. The apparatus was fabricated from an ST 29/32
female and an ST 14/23 male joint, both 60 mm long and a
120 mm length of 38 mm glass tubing. The joints were flared
to the glass tubing. For using the apparatus it was fixed in an
upright position and a small T shaped glass stopper
(15 mm x 6 mm x 25 mm) was placed in to prevent the
falling down of the solids when they are charged into the
funnel. The ‘hot-melt’ dropping funnel can be charged with
more iodohydrin which estimated by its powder density, if it
is partially melted during the loading process. Finally the
apparatus was closed with an ST 29/32 stop-cock and
fitted to the three-necked reactor. The addition rate of the
fluorous iodohydrins was easily controlled by heating
the lower end of the funnel using a ‘hot-air’ heat gun since
the T-shaped glass stopper means no barrier for dropping
down the melt.

The fabrication and use of an improved dropping funnel for
liquid or melt additions has been disclosed in [36].

3.2. General methodology for the preparation of fluorous
propenes using red phosphorus with catalytic amounts of
iodine (Method A)

A 500 mL round-bottomed three-necked flask was provided
with a magnetic stirrer bar and equipped with a thermometer,
pressure equalizing dropping funnel and a condenser with
argon-by-pass, connected to an acid trap containing dilute
sodium hydroxide solution through an empty gas wash bottle.
Then it was flushed with argon and then charged with red
phosphorus  (12.7 g, 410mmol) and iodine (3.05g,
12.0 mmol). The mixture was stirred and heated to 60-80 °C
with an oil bath until all iodine has reacted, which was indicated
by the disappearance of the violet colour of iodine vapours.
Then the temperature of the oil-bath was slowly heated to 110-
125 °C while iodohydrin 1a (242 g, 600 mmol) was added
drop-by-drop to the stirred reaction mixture during 1 h to allow
the controlled boiling of the product formed (2a) at an internal
temperature of 100-110 °C. The mixture was further stirred at
120 °C bath until all iodine vapours disappeared (1 h), then
cooled to 80 °C and mixed with pyridine (160 mL). The reflux
condenser was changed to a distillation head and the main
fraction of the co-distillate (80 mL) was collected in the boiling
range of 80-82 °C. The distillate was diluted with water
(80 mL), and the separated lower fluorous layer was washed
with water (20 mL), 5% aq-HCI (3x 20 mL), water (20 mL),
dried (Na,SO,) and filtered to afford 2a (117 g, 75%, GC assay:
99.8%).

The next fraction of the co-distillate of py-@-2a (40 mL)
was collected between 82 and 115 °C, which on an aqueous

workup (vide supra) gave a second but less pure crop of 2a
(6.4 g, GC: 98.2%).

The reactions of 1b and 1c were performed analogously
using molar ratios of 1/P/I, = 50:34:1 as above, but using a ‘hot-
melt’” dropping funnel for the introduction of iodohydrins 1b
and 1c, and using more pyridine for co-distillation of py-@-2b
with bp 108-110 °C and py-@-2¢ with bp 113-115 °C,
respectively. In general 0.5-2.0 mL of pyridine was added
for each gram of the starting iodohydrins. Some pyridine can be
saved in these processes by using a Dean-Stark separator for
larger scale preparations.

Small scale reactions with 1d and le iodohydrins were
performed in heavy walled Pyrex tubes behind a safety shield
using the same molar ratios of 1/P/I, as above. They were
stirred in an oil-bath at 120—130 °C until the colour of iodine
disappeared (2 h), then allowed to cool to room temperature and
then frozen at —78 °C and carefully opened in a hood using a
hydrogen torch. At this moment and during their warming to
ambient temperature some gas was released from the open
ampoules. Their content was melted using a hot air ‘heat-gun’
and transferred into a distillation apparatus. 2d and 2e were
isolated by co-distillation with pyridine followed by concen-
trate work-up or filtration, respectively. They can be further
purified by distillation.

3.2.1. Preparation of 4,4,5,5,6,6,7,7,7-nonafluoro-1-
heptene (2a)

The reaction was performed according to Method A using 1a
(242 g,0.60 mol). Yield: 117 g (75%) colourless oil; GC assay:
99.8%. Bp 81-83 °C. The spectroscopic data were in agreement
with those reported [37].

3.2.2. Preparation of 4,4,5,5,6,6,7,7,8,8,9,9,9-
tridecafluoro-1-nonene (2b)

The reaction was performed according to Method A using
1b (126 g, 0.25 mol). Yield: 75.4 g (84%) colourless oil; GC
assay: 99.2%. Bp 123-124 °C. The spectroscopic data were in
agreement with those reported [37].

3.2.3. Preparation of
4,4,5,5,6,6,7,7,8,8,9,9,10,10,11,11,11-heptadecafluoro-1-
undecene (2c)

The reaction was performed according to Method A using 1¢
(242 g, 0.40 mol). The product obtained by pyridine distillation
and concentrate work-up was filtered to afford a pure crude
product. Yield: 162 g (88%) colourless oil; GC assay: 99.0%.
Bp 164-166 °C. The spectroscopic data were in agreement with
those reported [37].

3.2.4. Preparation of 4,4,5,5,6,6,7,7,8,8,9,9,10,11,11,11-
hexadecafluoro-10-trifluoromethyl-1-undecene (2d)

The reaction was performed according to Method A using
1d (9.81 g, 15 mmol). The product obtained by pyridine
distillation and concentrate work-up was purified by fractional
distillation. Yield: 5.81 g (76%) colourless oil; bp 80-82 °C/
16 mmHg. GC assay: 97.7%. The spectroscopic data were in
agreement with those reported [24].
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3.2.5. Preparation of
4,4,5,5,6,6,7,7,8,8,9,9,10,10,11,11,11-eicosafluoro-1-
tridecene (2e)

The reaction was performed according to Method A using
1d (10.6 g, 15 mmol). The crude product obtained by pyridine
distillation and ether extraction was purified by fractional
distillation. Yield: 6.80 g (81%) white crystalline solid; GC:
95.7%. Mp 31-32 °C, bp 95-96 °C/16 mmHg. The spectro-
scopic data were in agreement with those reported [24].

3.3. Preparation of fluorous propenes using a
pyridine—SnCIl,/POCI; system (Method B)

A 250 mL round-bottomed flask was charged with a
magnetic stirrer bar, the iodohydrin 1 (40 mmol), absolute
pyridine (72 mL), powdered SnCl, (20 g, 105 mmol), then
POCl; (8.2 g, 54 mmol) in pyridine (14 mL) was added drop-
by-drop to the mixture. Then it was closed with a CaCl, drying
tube and kept in the hood at room temperature for 7 days. Next,
the mixture was treated with iodine (21 g, 83 mmol) in pyridine
(50 mL) to destroy all yellow phosphorous has been formed as a
side product (Caution: Toxic). Then the flask was fitted with a
distillation head and condenser, and heated to 160 °C with an
oil-bath. The higher fluorous propenes 2b—e co-distilling with
pyridine were spontaneously phase separated on cooling, while
the less fluorous 2a was separated as a lower layer only after
water was added to the colourless distillate (py-2a). The
separated pyridine layers were returned two or three times to
the boiling flask to ensure complete transfer of fluorous
propenes to the receiver flask with the advantage of using less
amount of pyridine. At the endpoint the pot temperature has
reached 115 °C, the normal boiling point of pure pyridine. Then
the distillate was diluted with ice-cold water (40 mL), and the
phase separated product layers were subjected to ‘concentrate
workup’. They were washed with 2M aq-HCI (3 x 5 mL), water
(3x 5mL), dried (Na,SO,4) and filtered. They can further
purified by distillation.

These reactions were performed using 1a (16.2 g, 40 mmol);
1b (20.2 g, 40 mmol); 1c (72.5 g, 120 mmol); and 1e (14.1 g,
20 mmol) to afford 2a: 7.70 g (74%) colourless oil, GC assay:
98.8%; 2b: 11.2 g (78%) colourless oil, GC assay: 98.5%; 2c:
47.7 g (86%) colourless oil, GC assay: 99.8%; or 2e: 9.41 g
(84%) white solid, GC assay: 96.5%; respectively. The
spectroscopic data were in agreement with those obtained
under Method A.

Acknowledgments

We thank the Hungarian Scientific Research Foundation
(OTKA K-62191, T-34871) and the European Contract of
Research Training Network (‘Fluorous Phase’ HPRN-CT-
2000-00002) for support.

References

[1] LT. Horvath, J. Rébai, Science 266 (1994) 72-75.

[2] LT. Horvath, J. Rébai, US Patent 5,463,082 (Exxon Research and Engi-
neering Co.) October 31, 1995 (application: July 8, 1993); Chem. Abstr.
123 (1995) 87349.

[3] LT. Horvath, Acc. Chem. Res. 31 (1998) 641-650.

[4] D.P. Curran, Angew. Chem. Int. Ed. 37 (1998) 1175-1196.

[5] J. Rabai, Z. Szlavik, L.T. Horvath, in: J. Clark, D. MacQuarrie (Eds.),
Handbook of Green Chemistry and Technology, Blackwell Science,
Oxford, 2002, , pp. 502-523, Chapter 22.

[6] J.A. Gladysz, D.P. Curran (Eds.), Tetrahedron 58 (2002) 3823-4131.

[7] J. Rabai, in: J.A. Gladysz, D.P. Curran, I.T. Horvéth (Eds.), Handbook of
Fluorous Chemistry, Wiley/VCH, Weinheim, 2004, , pp. 156—-174, Chap-
ter 9.

[8] Fluka Chem. Files (Sigma—Aldrich.com), 4 (9) (2004) 1-14.

[9] TCI Product Literature, March 2007, R-5064E.

[10] http://www.fluorous.com.

[11] N.O. Brace, J. Fluorine Chem. 93 (1999) 1-25.

[12] J. Rébai, Cs. Szijjarto, P. Ivanko, D. Szabd, Synthesis (2007) 2581-2584.

[13] B. Améduri, B. Boutevin, F. Guida-Piertrasanta, A. Manseri, A. Ratsi-
mihety, G. Caporiccio, J. Polym. Sci. Part A: Polym. Chem. 34 (1996)
3077-3090.

[14] L.J. Alvey, D. Rutherford, J.J.J. Juliette, J.A. Gladysz, J. Org. Chem. 63
(1998) 6302-6308.

[15] C. Emnet, J.A. Gladysz, Synthesis (2005) 1012-1018.

[16] G. Vlad, FU. Richter, L.T. Horvath, Tetrahedron Lett. 46 (2005) 8605—
8608.

[17] C.-Y. Wang, W.-D. Meng, Y.-G. Huang, F.-L. Qing, J. Fluorine Chem. 126
(2005) 996-1001.

[18] G. Gambaretto, L. Conte, G. Fornasieri, C. Zarantonello, D. Tonei, A.
Sassi, R. Bertani, J. Fluorine Chem. 121 (2003) 57-63.

[19] T. Fujita, K. Nakano, M. Yamashita, K. Nozaki, J. Am. Chem. Soc. 128
(2006) 1968-1975.

[20] K. Tamao, JP Patent (2002) 265595; (Applied: March 12, 2001); Chem.
Abstr. 137 (2002) 233393.

[21] T. Kitazume, N. Ishikawa, J. Am. Chem. Soc. 107 (1985) 5186-5191.

[22] T. Umemoto, Y. Gotoh, Bull. Chem. Soc. Jpn. 59 (1986) 439-446.

[23] S. Matsubara, M. Mitani, K. Utimoto, Tetrahedron Lett. 28 (1987) 5857—
5860.

[24] I.Ryu, S. Kreimerman, T. Niguma, S. Minakata, M. Komatsu, Z. Luo, D.P.
Curran, Tetrahedron Lett. 42 (2001) 947-950.

[25] T. Fuchikami, I. Ojima, Tetrahedron Lett. 25 (1984) 307-308.

[26] S. Rubio, H. Blancou, A. Commeyras, J. Fluorine Chem. 99 (1999) 1-5.

[27] M. Knell, N.O. Brace, Ger. Offen. DE 2,241,252 (Ciba-Geigy A.-G.)
March 8, 1973 (application: August 8, 1972), Chem. Abstr. 78 (1973)
135629.

[28] N.O. Brace, J. Fluorine Chem. 20 (1982) 313-327.

[29] B. Améduri, B. Boutevin, M. Nouiri, M. Talbi, J. Fluorine Chem. 74
(1995) 191-197.

[30] (a) T.I. Gorbunova, M.I. Kodess, A.V. Podol’skii, V.I. Saloumin, J. Gen.
Chem. USSR 61 (1991) 2194-2195 (Engl. Transl.);
(b) Idem, Zh. Obshch. Khim. 61 (1991) 2364-2365.

[31] D.-W. Zhu, Synthesis (1993) 953-954.

[32] J.W. Cornforth, R.H. Cornforth, K.K. Mattew, J. Chem. Soc. (1959) 2539—
2547.

[33] For definition of atom economy see B.M. Trost, Angew. Chem. Int. Ed.
Engl. 34 (1995) 259-281.

[34] M.S. Yu, D.P. Curran, T. Nagashima, Org. Lett. 7 (2005) 3677-3680.

[35] Q. Chu, M.S. Yu, D.P. Curran, Tetrahedron 63 (2007) 9890-9895.

[36] J. Mitchell Jr., J.W. Henderson, Anal. Chem. 22 (1950) 374.

[37] C.-M. Hu, E--L. Qing, W.-Y. Huang, J. Org. Chem. 56 (1991) 2801-2804.


http://www.fluorous.com/

	Syntheses of fluorous propenes from 3-perfluoroalkyl-2-iodo-1-propanols
	Introduction
	Results and discussion
	Experimental
	Methods
	General methodology for the preparation of fluorous propenes using red phosphorus with catalytic amounts of iodine (Method A)
	Preparation of 4,4,5,5,6,6,7,7,7-nonafluoro-1-heptene (2a)
	Preparation of 4,4,5,5,6,6,7,7,8,8,9,9,9-tridecafluoro-1-nonene (2b)
	Preparation of 4,4,5,5,6,6,7,7,8,8,9,9,10,10,11,11,11-heptadecafluoro-1-undecene (2c)
	Preparation of 4,4,5,5,6,6,7,7,8,8,9,9,10,11,11,11-hexadecafluoro-10-trifluoromethyl-1-undecene (2d)
	Preparation of 4,4,5,5,6,6,7,7,8,8,9,9,10,10,11,11,11-eicosafluoro-1-tridecene (2e)

	Preparation of fluorous propenes using a �pyridine-SnCl2/POCl3 system (Method B)

	Acknowledgments
	References


