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REACTION UP' TBW'IARY 11'ORMAMIUE~ :4ITII SULi'IIUH TETHAFLUCRIIX. 

DImcT UYNTFESIS OF (TFXPLIJ~F~OMFIWL )AMINBS 

Wojciech DMOJ~KI and Maciej KAMI&KI 

Institute of Organic Chemistry, Polish Academy of Sciences, 

00-961 lVarsaw ( Poland ) 

Treatment of dimethylformamide la, diethylformamide lb, 

I-formylpiperidine _3a, 4-formylmorpholine 2, and ethyl-phenyl- 

formamide 2 with sulphur tetrafluoride in the presence of 

potassium fluoride resulted in a direct conversion of the 

formyl group to the trifluoromethyl group to give excellent 

yields of dimethyl(trifluoromethyl)amine a, diethyl(trifluoro- 

methjjl)amine 2b, 1-(trifluoromethyl)piperidine &, 4-(trifluoro- 

methyl)morpholine 4b, and N-ethyl-N-(trifluoromethyl)aniline 6, 

respectively. The reaction pathway was investigated and the 

(trifluoromethyl)amines were characterised by spectral methods, 

elemental analyses, and hydrolysis to corresponding N-(fluoro- 

for:nyl)amines 11 -0 

INTRODUCTION 

Amides, in general, are known to react .Nith sulphur tetra- 

fluoride with cleavage of the carbon-nitrogen bond. N,N-dime- 

thylbenzamide, which gave a small yield of d,d-difluorobenzyl- 

dimethylamine was the only reported exception [I] . It has been 

suggested, that the C-N bond cleavage is caused by trace amounts 

of hydrogen fluoride, which is usually present in the reaction 

medium. Our earlier investigations [2] have shown that cleavage 
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of tilt 5-1; ~,‘;;,I i;,&y be av :i,!--!ri b:f ca:-r‘jing i.u.i tLt: r~~iici- 

ions in the presence of potassium fluoride as a hydrogen fluo- 

ride bonding agent. Thus, a number of >J,R-dialkylbeneamides, 

when treated with SF4 and KY, were converted to corresponding 

dialkyl-OC,&-difluorobenzylamines with good yields. 

#bile extending our studies on aliphatic amides we carried 

out reactions of SF 
4 

with ;J,I'i-dialkylacetamides cjnd X,CJ-dime- 

thylhaloacetamides but no isolable products were obtained. 

Also our attempts to obtain the c. r':*e;;;,. ::iiu$ c:c*b .ic ?iu:-r:btmine 

in the reaction of N-methylpht!.s:imide with SF4 failed. 

Tr.i s pap"ll ~en:::'r:ss the unusual results of the reactions of 

SF 
4 

with tertiary formamides. 

XESULTS ANll UISCUSSION 

Uirnethylformamide la reacted with a standard quality SF4 - 
contaminated with HF at 150' for 48 hours to give a very com- 

plex mixture from which no individual compound could be isola- 

ted. However, when this reaction 'was carried out in the pre- 

sence of dry potassium fluoride, the reactant formamide la was - 
fully converted to a single product, viz. dimethyl(trifluoro- 

methyljamine 2a. Similar results were obtained <with other - 
investigated tertiary formamides; thus,the reaction svith die- 

thylformamide '&J, I-formylpiperidine 2, 4-formylmorpholine 

2, and ethylphenylformamide 2 gave practically quantitative 

yields of diethyl(trifluoromethyl)-amine 2, l-(trifluorome- 

thyl)giperidine a, 4-(trifluoromethyl)-morpholine fi and 

N-ethyl-X-(trifluoromethyl)anili;ne 6, respectively. 

4 0 
R2NC 

SFh,KF 

150',48 hrs 
. 

‘H 
R2NCF3 

1 2 (90%) 

lo.2a: R=CH3-, lb,2b: R=CH3CH2- -_ -_ 
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XEN C’ 
0 

‘H 

30,s: X=-CH2- 

SFb,KF 

150’. 48 hrs 
* XsNCF3 

SFh,KF 
c 

a- 

,CF3 

150'. 48hrs N’CH*CH3 

6 (94 %I 

The above results are rather unusual and according to the best 

of our knowledge these reactions are the first examples of 

a direct conversion of the formyl group to the trifluoromethyyl 

group. 

The reaction seems to be specific for the formyl group 

bound to the nitrogen atom. Comparative reactions of SF4 ,with 

benzaldehyde and propionaldehyde in the presence of KP gave only 

expected e-difluoro compounds. The reaction with ethyl 

furma*e 7 " - gave a mixture of ethyl(difluoromethy1) ether 8 

and ethyl(trifluoromethy1) ether 2; ether 2 was formed as the 

minor product. 

//O 
CH3CH2-O-C,H 

SF4,KF 

____c CH3CH20CF2H + CH3CHzOCF3 
150°,90hts 

7 a (3 5 % 1 9 (20%) 

-Conversion of the formyl group to the CP3 group must involve 

at least two stages. Alternative routes may be considered as 

follows: fluorination of the carbonyl group followed by a sub- 

stitution of fluorine for hydrogen in the CF2H group of the in- 

termediate gem-difluoroamine L (route A), or a substitution of 

fluorine for formyl hydrogen prior to fluorination of the carbon- 

yl group of the intermediate N-(fluoroformyl)-amine G (route ES). 



210 

In order to verify which route, A or B, takes place, we 

prepared by other means (see Experimental) both supposed inter- 

mediates 2 and ii and reacted them separately with SF4 under - 
conditions which were used for the reactions with the formamides. 

Thus, (difluoromethyl)dimethylamine _ 10 was fully converted to 

(trifluoromethyl)amine e, while dimethyl-N-(fluoroformyl)amine 

11 remained unaffected. - 

(CH312NCF2H -y$$ (CH3)2NCF3 zF 
/O 

150' ,48hrs 
(CH~)ZNC<~ 

IO 20 11 - - - 

These results rule out route B and support route A, which 

involves gem-difluoroamines as the intermediates. However, in 

the reactions of formamides L,J,and 2 with SF4, no interme- 

diate compound was observed; decreasing the reaction temperature 

to 130' resulted only in a lower conversion and mixtures of the 

(trifluoromethyl)amines ica.6@%) and the unreacted formamides 

were obtained. This suggests that in the reactions of tertiary 

formamides with SF4 in the presence of KP, substitution of fluo- 

rine for hydrogen in the CP2H group of the intermediate gem-di- 

fluoroamines proceeds faster than fluorination of the carbonyl 

group of the reactant formamides, therefore the formation of 

gem-difluoroamines is the rate determining step. 

Fluorination of the carbon-hydrogen bond with SF4 is not 

common and, s; far, onIy a few reactions zf this type 

have been noted in the literature; formation of lO,lO-difluoro- 

an-throne from anthrone [3] and formation of 2-methyl-l,l,2- 

-trifluorocyclohexane from 2-methylcyclohexanone [4] being the 

best known examples. A free-radical mechanism was suggested for 

the reaction of anthrone [4] . 
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We have found that in the reaction of SF4 with tertiary 

formamides,elemental sulphur and hydrogen fluoride are formed, 

according to the following stoichiometry: 

I $0 2RR NC,H + 3SF4 =ZRR’NCF3 + 2SOF2 + S + 2HF 

The first step of the reaction is fluorination of the carbonyl 

group to form @-difluoroamines RR'NCF2H and SOP2 (route A) 

but the above reaction stoichiometry suggests that the second 

step i.e. a substitution of fluorine for hydrogen in the CF2H 

group of RR'NCF2H to form RR'NCP3 must be an oxidation-reduction 

process. The following reaction mechanism may 

the reaction of SF4 with gem-difluoroamines: 

RR’NCF2H + SF; - RR’N-tF2 + 
iii - 

be considered for 

HF + SF2 

RR’N-=iF2 + SF4 - RR’NCF3 + SF; 
. 

1IL - 

2SF2 - SF4 + S 

In the above mechanism fluorination of the carbon-hydrogen 

bond involves an abstraction of hydride anion (H-1 by the SFf 

cation to form hydrogen fluoride, sulphur difluoride, and a reso- 

nance-stabilised cation iii, which in turn reacts with 

sulphur tetrefluoride to form a new carbon-fluorine bond and 

to reform the SF* 
3 

cation. Sulphur difluoride, the suspected 

product of the sulphur tetrafluoride reduction, is very unstable 

compound and disproportionates readily to SF4 and elemental 

sulphur [ 51 . The presence of S1'; or SF2 species in the reaction 

medium has been proved as follows: when the reaction of dimethyl- 

formamide l_a with SF4 was conducted in an excess of anisole, 

besides (trifluoromethyl)amine 2a, p-p'-dimethoxydiphenyl sul- 

phide 12 was obtained in high yield. 
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$0 
KH312 NC, 

SFb.KF 

H anisol, 150°, L8hrs 
* 

la - 

(CH312NCF3 + (CH300)2S 

20 (3&%) 12 (87%) - - 

The reaction of tertiary formamides with SF4 in the pre- 

sence cf pOta:jsiun fluoride, because of excellent yields and 

the availability of formamides seems to be superior to the ’ 

other synthetic methods which have been reported so far for 

preparation of tertiary (trifluoronethyl)amines [ 6,7,8] . 
(Trifluoromethyl)amines !,i, and 6 are very reactive com- 

pounds; all of them fume in air and they react vigorously 'with 

water. Hydrolysis of dialkyl-(trifluoromethyl)amines 2a and 2b - - 
gave the ccrresponding dialkyl-U-(fluoroformyl)amines lla 

and lib -* 

R2NCF3 + H20 - 
/O 

R2NCcF + 2HF 

2 

20, lla: R=CH3- - 

E, -: R=CHsCHz- 

11 - 

The chemical properties of tertiary (trifluoromethyl)ami.nes, 

particularly as fluorinating agents, will be reported in a 

forthcoming publiaation (see also following paper). 

EXPERIMENTAL 

Boiling points (uncorrected) were estimated by distilla- 

tion. NMR spectra were recorded with a JEOL JNM-4H-100 

spectrometer; chemical shifts are in p.p.m. from internal 

CC13F for " F spectra (positive upfield) and from internal 
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TMS for 'H spectra (positive dcwnfield). Mass spectra were 

obtained nith an Analytical GCMS System LKB-2091. Fluorine 

was determined after the sample had been burnt in oxygen by 

the YchUniger method, and nitrogen was determined by a conven- 

tional semimicro method. 

Sulphur tetrafluoride was prepared by a standard techni- 

que used in this laboratory [Y] . 

Dialkyl- and alkyl-arylformamides were prepared from 

formic acid and the corresponding amines using a standard 

procedure [IO ] . 

Reactions of tertiary formamides 1,3, and 5 with SF4 -a -__ - - -_ 

The reactions were carried out in a C.03 dm3 stainless 

steel autoclave. Amide (3.@g,O.O23-0.041 mole) and freshly 

dried potassium fluoride (3.Og,O.O5 mole) were placed in the 

autoclave, the autoclave was cooled in a dry ice-acetone mix- 

ture and evacuated to l-2 mm Hg. Then, sulphur tetrafluoride 

Cca.l2g,O.l mole) was liquified in it. The charged autoclave 

was heated in a rocking muffle furnace et 150' for 48 hours. 

After completion of the reaction, the autoclave was allowed 

to cool to ambient temperature. 

\Trifluoromethyl)amines 2a and 2b, formed from formamides - 
B and lb, respectively, were directly distilled out of -the auto- 

clave, first at 20' then the autoclave was gradually warmed 

up to 120°, and the crude amines were condensed in a glass 

trap kept at -15', whiIe the excess of SF4 and SOF2 were let 

out through a tube filled with anhydrous calcium chloride. 

In order to determine the reaction stoichiometry, the 

reaction of dimethylformamide & with SF4 was carried out on 

a 0.6 mole scale in a 0.5 dm3 autoclave. .Nhen the reaction had 

run to completion, dimethyl(trifluoromethyl)amine 2a was - 
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removed as it was described above, and then elemental sulphur 

was extracted from the autoclave by heating 1X2 Zh Ckii*bCZ 

disulphide (300 ccm) at 135' fsr 70 hsurs, 

A solution of sulphur in CS2 was separated from solid mate- 

rial by filtration, and a residue obtained after ev'dporation 

of the solvent was analysed for sulphur. Hydrogen fluoride 

formed in the reaction was determined as K>'*HF in a mixture 

of salts insoluble in CS2. 

Dimethyl(trifluoromethyl)amine 2a: yield 89% (4.13g,O.O57 mole). 

B.P. 19-20°(1it.200 [6 ]I. Calculated for C3H6E'3N; F,51.O;i. 

Pound: F,50.5%. 'H and "F riMR : 6 (CH3) = 2.52 ppm (s), 

0(CF3 1 P 69.8 ppm (s). M.S.: in agreement with reference [ 61. 

Diethyl(trifluoromethyl)amine 2b: yield 89.5% (3.75g,3.0266 

mole). B.p. 71-2' (lit.34-35'/180 mmHg [6]). Calculated for 

C5H10F3N: N,9.9; F,40.4%. Pound: N,9.8; F,40.5%.'H and "F 

N.M.R. : 6(CH3) = 1.15 ppm(t),6(CH2) = 2.97 ppm (q), fiICP3) = 

= 60.8 ppm is), 3 J(HHI =a 6.95 Hz. 

MS: 141 (14%) [Ml+', 126 (63%) [C4H7F3N]+, 98 (10%) 

[C H F N]+, 

&;+, 

78 (15%) 1 C H F N]+, 
T22 

69 (loo/o) [CF3]+, 29 (53%) 

27 (19%) L CHN] ,[ C2H3 I+. 

1-(Trifluoromethyl)piperidine 4a -: yield 93% (3.78g,O.O25 mole). 

B.P.107°(1it.440 /68 mmHg [6]). Calculated for C H k' N: 

N, 9.15; F, 37.3%. Found: N, 8.95; F, 37.3%. 'H and v9; Nm. 

(j (CH2) = 1.60 ppm cm) and 2.87 ppm (m), relative intensities 

being as 3:2, fi(CF3) = 67.6 ppm (s). MS: 153 (42%) [MI+', 152 
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4-iTrifluoromethyl)morpholine & Inc): yield 92% (3.7Og,O.O236 

mole)..d.p.109°. Calculated for C5H8F3NO: N,8.9; F,36.7%. Found: 

N,9.0; F,36.8%. 'H and "F NMR: b(CH2) = 9.91 ppm (m) and 3.72 

mm (s), relative intensities being as 1: 1, b(CF3) = 68.7 ppm 

(~1. MS: 155 (62%) [MI+', 154 (11%) [c~H~F~No]+, 125 131%) 

[C4H6F3N1 +*, 124 (12%) [C H F N]+, 
P2HF3N I+, 45? 

98 (44%) [C H F N]+, 96 (12% 

' '536 (267) 
P3H40 1 +', z: ::izi ~~~;sF2"/8] 
[cHN]+', [COHN]+. ’ 

;,~~%~2[5~~ &"]T3'[ A H I+*,'27 
2 ’ 24 

(197 0 

N-Ethyl-N-(trifluoromethyl)aniline 5 (nc): yield 94$ (3.58g,O.O19 

mole). B.p. 78'/47 mmHg. Calculated for CqH,CF3N: C,57.1; H,5.3; 

N,7.4; F,30.2%. Found: C,56.Y; H,5.3; N,7,8; Y,30.2%. 'H and "F 

NMR: 6(CH3) = 0.99 ppm (t),b(CH2) = 3.35 ppm (q), 0 (CF3) = 

= 58.2 ppm is), 'J(HH) = 7.5 Hz. MS: 189 (43%) [ Ml+', 174 (100%) 

[C8H7F3N.]+, 105 (19%) [COHEN] +*, 77 (65%) [C6H5] +, 69 U8%)[CF3]+, 

51 (26%)[CHF2]+, 39 (13%) [ C2HN]+., 29 (17%) [C2H5]+, 27 (18%) 
+ 

[cHN]+*,[c2H3] * 

Reaction of ethyl formate 1 with SF4 

The reaction was carried out as described above using 27g 

(0.365 mole) of ethyl formate, 27g (0.47 mole) of KF, and 70g 

(0.65 mole) of SF4. The reaction products were distilled off the 

autoclave and condensed in a trap kept at -25'. The crude 

product was shown by ' H NW spectroscopy to consist of unreacted 

ethyl formate 1 (45%6), ethyl(difluoromethy1) ether 8 (35%),and 

ethyl(trifluoromethy1) ether 9 (20%). 

'H~and lq F NMR of ethylldifluoromethyl) ether 8: btCH3).= 1,32 ppm 

(t), ~(cH~) = 3.95 ppm (q), 6(CF2H) = 6.27 ppm (t), 0(CE2H) = 

= 84.0 ppm cd), 2JtHF) = 77.5 Hz, 'J(HH) a 7.5 Hz. 
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'H and "P NBtR of ethyl(trifluoromethy1) ether 9: 6(crf3) = 1.32ppm 

it), b(CH2) = 4.24 ppm iy), fl(CF3) = 61 ppm (s), 3J1HH)=7.5 Hz. 

Preparation of dimethyl(difluoromethyl)amine u 

Compound 10 was prepared following a procedure described 

by Arnold[ll].- 

B.p.48-50°(in agreement ,with ref . [ll] ). Calculated for 

C3H7F2N: N,14.7; ?',40.0~. Found: B, 14.5; F,39.9';. 'H and "I? 

NMR: b(CH3) = 2.48 ppm (s),6ICF2!) = 5.98 ppm (t), 61CE2H) = 

= 100.0 ppm cd), 2J(HF) = 54.5 iz. MS: 95 (23%) M+', 94 (35-g) 

[C3H6FgNl+, 76 (46%) [C3H7FN]+, 60 (22$)[ C H YN]+, 
23 

51 (20%) 

~~~21 9 44 ilOO%) [C2H6N]+, 42 173%) [C2H4N] , 33 tlL%) 

[CH2F]+, 30 (12%) [CHIN]+, 28 (27% [CHIN]+, [C2H4]+'. 

Reaction of(difluoromethyl)dimethylamine IO with SF4 - 

The reaction was carried out as described for formamides 

1 using 3g (0.0316 mole) of compound IO, 3.Og (0.05 mole) of 

KF, and Ilg (0.1 mole) of SF4. Distillation gave 3.25g (0.0287 

mole) of product, which was identified by NMR andmass spectro- 

metry as dimethyl(trifluoromethyl)amine 2a. Yield 91%. - 

Reaction of dimethyl-N-jfluoroformyl)amine I1 with SF4 - 

The reaction of compound 11 (3.Og,O.O33 mole) prepared 

as described below, KF (3.Og.O.05 mole), and SF4 (IIg,O.l mole) 

gave no volatile products. The residue in the autoclave was 

found by NMR and MS spectroscopy to be unreacted 11. 
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Hydrolysis of dialkyl(trifluoromethyl)amines 2a and 2b - - 

Dialkyl(trifluoromethyl)amine 2a or 2b (0.115 mole) was - - 
added dropwise to IOOg of crushed ice. A vigorous exothermic 

reaction took place. The reaction mixture 'was extracted with 

ether, the extract was dried with MgSO4 and after removal of 

the solvent, the residue was distilled under reduced pressure 

to give dialkyl-N-(fluoroformyl)amines Ila and E, respective lY- 

Dimethyl-N-(fluoroformyl)amine lla (nc): yield 71% (0.082 mole). 

B.p. 85-8Y"/200 mmHg. Calculated for C3H6PNO: F,20.9%. Found: 

P,20.8%. 'H and "F NMR: 6(CH3) = 3.00 ppm (s), 0ICOF) = 23.9 

ppm (~1. IR:&C=O)= 1800 cm-'.,MS: 91 (82%) [MI+., 90 (100%) 

[C3H5NF301+, 76 (23%)[C2H3NFO]+, 72 (30%) [C H NO]+, 
26 

60 (13%) 

b2H3NF I+, 56 (59%) [COHEN]+, 47 (26%) [COP] , 44 

43 (88%) [COHEN]+, 41 (56%) [c H N]+', 

(4l%)[C,Hg"]+, 

$3 
40 (13%) [COHEN]+, 33 

(57%) [CH,F]+, 

EC2H4 I+'3 
31 (56%) [CH30] , 29 (31%) [C2H5]+, 28 (35%:) 

[co]+*,[cH~N]+, 27 (24%) [cHN]+', [c,H~]+. 

Diethyl-N-(fluoroformyl)amine llb (nc): yield 75.6% (0.1 mole). 

I3.p. 155O. Calculated for C5H10FNO: C,50.4; H,8.4; N,Il.B; E, 

16.0%. Found: C,50.5; F,8.8; N,ll.Y; F,16.@%. 'H and "F NMR: 

b(CH3) = 1.09 ppm (t),b(CH2) z 3.21 ppm and 3.23 ppm (two 

rotamers), 0 ( COP) = 23.3 ppm (s), 'J(HH) I 8.14 Hz.IR:~(C=O)= 
-1 

= 1790 cm . MS: 119 (17%) [MI+*, 104 (6%) [c~H~NFo]+, 91 (11%) 

[C3H4NPO]+', 

[C3H6N I+, 

76 (loo%) [c~H~NFo]+, 71 (12%) [COHEN]+', 56 (41%) 

47 (29%) [COP]+, 

29 (71%) [C2H5]+, 

42 (34%) [COHEN]+, 41 (11%I[C2H3N]*', 

[cml+', [ C2H31+* 
28 (35%) [C2H4]+', [CO]+', [CH2N]+, 27 (82%) 

This work has been supported by the Polish Acsdemy of 

Sciences :vithin the project MR-I-12 . 
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