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Organic Chemistry

Synthesis of 1,1-bis(trifluoromethyl)alkyl isocyanates,
"~ carbamates, and ureas

A. V. Popov, A. N. Pushin, and E. L. Lucina*

Institute of Physiologically Active Substances, Russian Academy of Sciences,
142432 Chernogolovka, Moscow Region, Russian Federation.
Fax: +7(095) 913 2113. E-mail: root@fluor.home.chg.ru

A convenient preparative method for the synthesis of |, !-bis(trifluoromethyl)alkyl isocy-
anates was proposed. The reactions of the isocyanates with alcohols, phenols, and alkyl-. aryi-.

and hetarylamines were studied.

Key words: perfluoroisobutylene, 2.2-bis(trifluoromethybalkanoy! fluorides, Curtius reac-
tion, 1.1-bis(trifluoromethyl)alkyl isocyanates, carbamates, and ureas.

The interest in trifluoromethyi-containing compounds
is due to their potential physiological activity and high
lvpophilicity.! Polyfluorine-containing isocyanates can
be a basis for both the svnthesis of new and modifica-
tion of known biologically active substances. Rather
convenient methods for the synthesis of
2-alkoxyhexafluoroprop-2-vl isocyanates? and their prop-
erties have been described. However, of 1,1-bis-
(trifluoromethybalkyl isocyanates, ounty the first repre-
sentative of this series, (1,1.1.3,3.3-hexafluoro-2-
methyl-prop-2-vl) isocyanate, has been described.3

Perfluoroisobutylene is an appropriate source of bis-
trifluoromethyl derivatives. It is transformed under
successive treatment with alcohols, alkali, and Et;N
(Scheme 1) into 2.2-bis(trifluoromethyhalkanoyl fluo-
rides*—7 2a.,b. starting compounds for the synthesis of
1, 1-bis(trifluoromethyl)atkyl isocyanates.

(1.1.1,3,3.3-Hexafluoro-2-methyl-prop-2-vl) isocy-
anate 3a has previously been prepared3 in a low yield by
the reaction of Ia with NaN,;.

In this work, we present a convenient preparative
method for the synthesis of 1,1-bis(trifluoromethyl)alky!

Scheme 1
F3C\ FSC\
R'OH KCH
/C=CF2 _ /(3H—CF20R‘ —
F,C FiC
FsC CF.
EtsN - 3//O
— C=CFOR! R ' \
F;C CFy F
1a,b 2a,b

R! = Me (a), Et (b)

isocvanates (Scheme 2) and describe some of their
chemical properties. ’

We found that the reaction of acyl fluorides 2 with
MeSiN; in xylene in the presence of triethylbenzyl-
ammonium chloride (TEBAC) affords isocyanates 3 in
high vields (Curtius reaction). As far as we know, this is
the first example of the reaction of carboxylic acid
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fluorides with trimethylsily! azide. It was shown by
control experiments that the replacement of the solvent
and azide (for example, by NaNj; in diglyme) resuited in
a 2—3-fold decrease in the vield of the target products.

Scheme 2

CFy

onp - MesSN TEBA A —neo
’ ~Me,SiF, -N, |
CFy
3a,b

Compounds 3a,b are mobile low-boiling liquids whose
composition and structure were proved by the data of
elemental analysis. 'H and 'F NMR spectrometry, IR
spectra (Tables 1 and 2), and the reactions with some
O- (4) and AN-nucleophiles (5) (Scheme 3). which af-
forded carbamates 6 and ureas 7.

Scheme 3
CF, Q
3a,b + RZXH — R! N XR2
4,5 CF,
X=01a,6) 6a—k, 7a—p
X =NR3(5,7)

The structures of compounds 6 and 7 were con-
firmed by the NMR spectra with the characteristic
signal from the CFj groups in the '9F spectra in the
region of —1—6 ppm and the signals from the NH
protons in the '"H NMR spectra in the region of 5—11
ppm.

Experimental

'H and '9F NMR spectra (CF;COOH as the external
standard) were obtamed on Bruker CXP 200 and Bruker DPX

Table 1. Yields, properties, and elemental analysis data of the compounds

Com- R! R® R3  Yield M.p/C. Found e, Molecular
pound b.p./°C Calculated formula
(%) {p/Torn C H F N
3a Me - - 89 62—64 (760)  2%.8 152 3346 634  CsH;FNO
Ref7: 61—62  29.00 1.46 53.05 6.76
. (760)
3b Et — - 92 8284 3248 135 5142 623 CgHsF(NO
(760) 32.59 228 51.53 6.34
Me
6a Me O_ — oil 4503 557 333 419 C,HF.NO,
44.86 S.33 3548 4.36
Me
6b Me Me — 89 3356 46.24 3.38 33.78 399 Cy31H 9FgNO>
46.57 5.71 34.00 3.18
6c Me 4-NO,—CgH,—CHy  — 91 97--985 3889 295 3112 142 CyHgFgN,0,
40.014 2.30 31.64 7.78
Ci
6d Me @@ — 89 124—125% 4306 231 2635 339 CsHoCLFNO,
Cl 42.38 216 27.13 3.33
6e Me 2.6-Me;—CoH,y - 91 96-—-97¢ 4681 371 3502 404 C,H,FNO,
47.43 3.98 3462 4.25
6f Et CH=CCH, - 88 6061 3879 318 4L70 493 CyHgFgNO,
4 39.00 3.27 41.13 5.05
6g Er NCCH,CH, - 84 109110 36,88 333 3908 936 CyHpFeN,0;
(2) 37.00 3.45 39.01 9.59
6h Et 2-NO,—C4H,CH, - 72 60—614 4149 313 3028 163 CpsHaFuN,0,
/120 (2) 41.72 3.23 30.46 7.49

(7o be continued)
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Table 1. (Conrinued)

Com- R! R? RY  Yield  M.p./°C, Found __ («, Molecular
pound (%) b.p./°C Calculated formula
(p/Torr) C H F N
6i Et 4-Bu'CH.CMe>CoH;  — 77 §7—38¢ 36.43 6.43 26.47 20 CyH-FgNO,
56.20 6.37 26.67 3128
6j Et 4-Ph—CeH,— — 84 93—094¢ 535.34 392 28.9% 3.46 CigH\ sFgNO;
55.23 3.86 29.13 3.38
ok Et 4-Me—2-Pr—CgH; - 92 61628 31.87 322 3043 3.66 CigH sF¢NO4
51.73 3.16 30.70 3.77
Ta Me (CHy)sN - 935 92938 41.34 4.90 38.87 9.74 CioH 4FgN-O
4110 4.83 39.01 9.59
b Me PhCH,CH, H 100 137—1385 4271 440 3408 8638  C;3HFN,0
47.57 4.30 34.73 8.53
Tc Me Bu H 86 I83—i84 3873 520 3998 1023 GoH . F.N,O
38.38 3.01 40.68 10.00
7d Me 4-MeO—CgH, H 97 172—173% 43.81 374 34.10 8.63 C:H|,F¢N,0,
. 43.63 3.66 34.52 8.48
Te Me TsNH H 93 144—145" 36,67 M 27.86 10.49 CiiH 3FgN1O;S
36.63 3.33 28.98 10.63
EtS S
7T Me \r{ ) H 99 31-1320 2913 283 3033 [308  CyHypFgN,0S;
N 2935 274 3095 (321
FiC g
7g Me Y}" H 93 j21—1227 25.38 123 43,33 14.96 CyH;FyN,OS
Ne “ L4 = Ll Tl g PgaNyg
N 2554 134 45435 14.89
7h Me 2-PhO—C4H, H 99 220—-221¢ 3220 172 23,88 697  C,7H,4F N0,
’ 52.05 3.60 29.06 7.14
O Me
o
Me—N c vo
7 Me )__/)‘ H 77 167—168¢ 3628 340 3134 1535 C,H:F¢N;O;,
36.47 3.34 31.47 15.47
o}
73 Et Buf Bui 99 60—61° 47.87 6.79 3238 811 C4Ha FgN,O
48.00 6.91 32.54 S.00
7k Et PhCH,CH, H 97 107108 49.29 483 33.49 826 C3H | FeN-O
49.13 4.71 33.30 8.18
il Et 4-NC—CH, H 85 169—170° 4587 315 3383 1248  C;5H,FsN;0
46.03 3.27 33.60 12.39
S .
Tm Et [ />'— H 93 1571588 33.49 277 33.36 12.96 CyHyF¢N;0S
N 3365 282 3548  i3.08
S
Tn Et @ ,>—— H 75 167—168¢ 41.86 2.80 30.83 1118 C3H, FgN50OS
N (decomp.} 42.03 2.99 30.70 1§.32
O
7o Et Ph\N H 96 189—1900 47,96 4.30 27.00 13.06 C,7H 3Fo NSO,
L g 4312 428 2686  13.20
Me”
3 Me
. Et [ > H o 95 150—153 3327 335 3340 1286 CyH, F,N;0S
N 33.44 343 35.26 13.00

4 From CHCl;.

b From CyH,,.

¢ From heptane.

4 Crystallized after distillation.
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Table 2. NMR spectra of the compounds

Com- 'H NMR (3) I9F NMR Sol-

pound ()] vent

3a“ 1.85 ¢ —~0.32 (s} CDCl,

3b” 110 (t 3 H. CHj. Mgy = 6.6 Hz): 2.10 (g, 2 H..CH;, 3Jyy = 6.6 Hz) 291 (s) CDCl,

6a 0.80—1.00 {m, 4 H. CH; CHTCH) 1.10—1.90 (m. SH CH~+CL{CH) 1.97 (s, 3 H. —0.34 (s) CDCl;
CH;C): 4.60 (m, 0.7 H, CHO‘) 195 (m. 0.3 H, CHO") 510 (s, | H. NH)

6b° 0.80—0.95 (m. 6 H. CH,CH): 1.00—2.00 {m. § H. CH, + CHCH;): ! 95 (s. 3 H, CH,C): —0.35 (s) CDCl;
4.60 (m. 06 H. CHO): 4.80 (m. 0.4 H, CHO\ 30)(5 I H. NH)

6¢ 1.80 (s. 3 H, CH3): 5.00 (s. 2 H, CHy): 5.15 (s, 1 H, NH): 7.30 (m. 2 H, Ar): -0.22 (s) CDCl;
8.00 {m. 2 H. An)

6d 2.05 (s. 3 H, CH;); 5.92 (s. 1 HUNH): 7.60 ¢m, 3 H, Ar): 7.85 (m, | H, Ar); ~0.50 () CDCl,
8.20 (m. | H, An

6e 2.00 (s, 3 H, CH1C("F3) 2.20 (s, 6 H, CH;): 5.60 ¢s. I H, NH). 7.05 (s, 3 H. An) ~0.30 (s) CDCly

of .10 (1. 3 H. CH,. 3y = 6.7 Hz): 230 (m. 3 H, CH,CH; + CH=); 4.80 (d. 2 H. CH,0, 4.05 (s) CDCt,
JHH'— 73 Hz): 5.40 (s. 1 H. NH)

6g 1.10 (1. 3 H, CH;3, 3y = 6.2 H/) 250 (g, 2 H, CH,CHa, 3y, = 6.7 Hz): 280 (1, 2 H, 4.43 (s) CDCl,
CH,CN. Sy =6.2 Hz): 4.30 1, 2 H. CH,0. J.1HH~67HZ) 5.70 (s. 1 H. \KH)

6h 110 (1, 3 H. CH;. Ay = 6.7 Hz) 250 (g, 2 H, CH,CHy. 3y = 6.7 H2): 5.25 (5. | H, NH): 3.79 () CDCl,
5.35 (5. 2 H, CH, O) 743—773“ BH.Ar) 815(m 1 H. Ar)

6i 0.75 (s. 9 H, {Cﬂz)3C) A3 3 H, CHyCH,. ./HH = 6.7 Hz): 1.38 (s, 6 H. (CH ;),O): 0.05 {s) CDCl;
1.75 (s, 2 H, CCH,C): 755( 2 H. CH,CHy, My = 6.7 Hz): 5.40 (s, | H. NH):
7.05 (m, 2 H, Ar); 73i(n ZH Ar)

63 1.20 n 3 H, CHa, YMyp = 6.7 H2): 2.3 2 H. CH,. 3y = 6.7 Hz): 5.45 (s, | H. NH): 3.80 {3y CDCl;
7.30~7.65 (m, 9'H. Ar)

6k F15¢ t 3 H, CH,;CH,. JHH = 6.5 Hz): 1.20 (d. 6 H, (CL{ »-CH, JJH‘H =62 Hz): 230 (s. 3 H, 3.67(s) CDCl;
CH-): 255 {q. 2 H, CH,. “dyy = 6.5 Hz): 3.02 (sept, | HU CHCH;, /= 6.2 Ha):
5.43 (5. | H. NH): 6.857(s. 1 H. An: 7.05 (d. | H, Ar)770(dIHAr)

7a .60~ S’) (m. 6 H, CH;): 2.05 (s, 3 H, CH;): 3.50 (m. 6 H. CH,;N); 6.20 (s, | H. NH) 2.10 (s) Acetone-dg

7b 1.90 (s. 3 H. CH; ) 2.70 (1, 2 H, CH,Ph, ’JHH = 6.3 Hz): 3.30 (q, 2 H. CH,N, Myp = 0.11 (s) CDCly
6.3 Hz): 5.90 (t. 1 H, T\HCH, JHH =6.3 Hz): 6.05¢s. | H, NH); 7.05—7.30 (m. 5 H. An)

Tc 0.88 (1. 5 H. CH;CH,. ¥y = 6.7 Hz): 1.08 (d. 3 H, CHCH, Jyy = 6.3 Hz): 1.43 (m. —0.07 (s) Acetone-d,
2 H. CH,»x 1%(5 3H CH ;€ 365 (m, | H, CH): 570(brs lH NH); 603 (s. 1 H, NH)

74/ 2.00 (s, 3 H. CH;O): 3.75 (s 3 HL CB__O) 6.85 (m, 2 H, Ar: 7.35 (m. 2 H. An) 1.10 (s) Acetone-dg

Te 1.90 (s. 3 H CH;CCF3): 230 (s, 3 H, Cli Ar). 6.61 (s. | H, NH); 7.40 (m. 2 H. Ar): 1.00 (sp¥ Acetone-dg
7.80 (m. 2 H. Ar) 810(5 1 H. '\IH) "O(brs 1 H, NH)

7" i 40 (t, 3 H. CHCH,. 3y = 6.8 Hzy: 1.98 (s. 3 H. CH4CCFy): 3.23 (q. 2 H, CH,. 1.30 (5) DMSO-dg
JHH ~63 Hz): 7.507(s. | H, NH): 1080 (brs, 1 H, NH)

78 210 (s, 3 H. CH;3C): 7.50 ¢s. | H, NHj: 10.80 (brs, 1 H. NH) =0.40 (s. 6 ), Acetone-dg

1740 (5.3 F)

7h 2.10 (5. 3 H. CH;C): 6.80 (d. | H. Ar): 6.95-7.20 (m. 7 H. Ar + 2 NH): 7.30—7.50 (m, 1.33 (s) Acetone-dg
2 H.Arn: 8.30 (m, | H, An)

7i 2.00 (s, 3 H, CH;3C); 3.30 (5. 3 H, CH;N); 3.30 (s, 3 H. CHN); 550 (brs, | H, CH=); 0.95 (%) CDCl;
1110 (s. 2 H, NH)

7j 083id. 12 H Cﬂ;CH yn = 6.2 Hz): 1.05 (1.3 H CH;CHa, 3y = 6.7 H2): 195 (m, 2 H. 432 () CDCl,
Cﬂ_CH)ZS( 2 H. CH,CHx. Yy = 6.7 Hz): 3.10 (d. 4 H. CH,NL Uy = 6.2 Hz):
4.80 (s. 1 H. NH)

7k 1.05 (1, 3 H. CH;. J = 6.7 Hz): 2.45 (q. 2 H, CH,CH;, Yy = 6.7 Hay: 2.80 (1. 2 H, 4.40 (s) CDCly
CH,Ph, Yy = 6.3 H ) 330 (q. 2 H. CH3N. My = 6.3 Hz): 390(( I H. NHCH,.
Uun = 63 HD 7.10—-7.30 (m. 6 H. Ar + NH)

n 1.10 (t. 3 H. CH;. ‘J un = 6.7 Hz): 2,60 (q, 2 H. CH,, 3.IHH =6.7 Hz); 6.80 (s, ! H., NH): .12 (s) Acetone-dg
7.70 (s. 4 H. An); ‘380(5 ! H.NH)

Tm 1. IO(( 3 H. CHx. 3Jyy = 7 Hz): 270 (q. 2 H. CHy, 34y = 7 Hzp: 4.45 (s)# Acetone-dg
700 (d. { H, CH. Wy = 4 Hz):
7.40 (d. } H, CH, ‘JHH~4HZ) 790(br5 1 H, NH): 8.90 (brs, | H. NH)

e 145 (1, 3 H. CH3, yy = 7 H2): 2.70 (g. 2 H. CH,, 3y = 7 Hz): 4.65 (s) Acetone-dq,
7.33 (1 H. AT, S‘IHH 7 HZ)
7.50 (1d. | M, Ar, 3y = 7 Hzo Hp = 2 Ha): 7.75 (dd, | HL A 3y = 7 He gy = 2 Hzy:
795, 1 H. Ar. JJHH—— 2 Hz): 8§.40 (brs. | H. NH)

70 L1041, 3 H, CH3CH,. gy = 7 Hep: 215 (s, 3 H, CH3C): 260 (q. 2 H. CH,. Yy = 7 Hz): 6.08 () DMSO-d,
3.05 (s. 3 H, CH;N) 7.25—=7.40 (m. 4 H, Ar + NH): 7.30-7.65 (m. 2 H, An: 775 (s. | H. NH)

T 1.10 (1. 3 H. CH~ Wyn =7 H2): 150 (q. 2 H, CH,CH;. Tun = 7 Hz): 330 (1. 2 H, CHSS, 4.85 (s) Acetone-dg
JJHH =462 HZ) 3.85(t. 2 H. LH\\ ‘/HH < 6.2 Hz)

@5 IR (N=C=0). v/em 1 42270, 72276.

C(E)-Isomer.

4( 2)-1somer.

“The exact isomeric composition was not determined.

/One or two signals from NH were not observed because of the exchange with the solvent.
£1n acetone-d,,.

" in CDC;.
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200 spectrometers. [R spectra were recorded on a Bruker {FS
113v spectrometer. Trimethylsilyl azide was svnthesized ac-
cording to the previously described method.® The ratio of
{2~ and (£)-isomers of the starting 2-methylcyclohexanol was
i 1 2. 3.4-Dimethylcyclohexanol was a mixture of isomers in a
nitio of 1:3: 3. The melting point was determined tn a capil-
lary.

(1,1,1,3,3,3-Hexafluoro-2-methylprop-2-yl) isocyanate (3a).
A solution of Me;SiN; (113 g. 1 mol) in xylene (100 mL) was
siowlv added dropwise to a boiling solution of acid fluoride 2a
(212 g, 1 moly and TEBAC (1 g. 0.004 mol) in xylene
{150 mL, 2 mixture of isomers) in a round-bottom two-necked
flask with a dropping funnel and an efficient retflux condenser.
After the addition of the azide, the reaction mixture was boiled
for 2 h. The reaction was monitored by '’F NMR. The fraction
boiling below 140 *C was distilled off from the reaction mix-
ture. The repeated distillation of this fraction gave 184.2 g of
isocyanate 3a.

(1,1, 1-Trifluoro-2-(trifluioromethyl)-but-2-yl) isocyanate (3b)
was svnthesized by a similar procedure from acyl fluoride 2b
{226 g. 1 mol), Me; SiN;y (115 g, | mol), and TEBAC (! g,
(.004 mol). After the addition of a solution of the azide, the
reaction mixture was boiled for 4 h, and isocyanate 3b (2033 g)
was obtained.

Preparation of O-(2-methylcyclohexyl)-N- (6a), O-(3.4-
dimethylcyclohexyl)- N-(1,1,1,3,3,3-hexafluoro-2-methylprop-2-
yb) (6b)., A~N-(1,1,1,3,3,3-hexafluoro-2-methylprop-2-yb)
0O-(4-pitrobenzyl) carbamate (6¢); O-(prop-2-inyl)-N- (6D,
0-(2-cyanoethyD)-V- (6g), O-(2-nitrobenzyl)-N-(1,1,1-
trifluoro-2-trifluoromethylbut-2-yl) carbamate (6h); 1-(5-
ethylthio-1,3.4-thiadiazol-2-y1)-3- (7). 1-(5-trifluoromethyl-
1,3.4-thiadiazol-2-y1)-3-(1,1,1,3.3,3-hexalluaro-2-methyl-
prop-2-yl)urea (7g): 1-(4-cyanophenyl)-3- (7D,
1-(henzothiazol-2-y1)-3-(1, 1. I-triflucre-2-trifluoromethylbut-2-
yhurea (7n) (general procedure). Isocyvanate 3 (0.006 mol) and
the catalyst Me;N in a saturated cthereal solution (0.2 mL)
were added with stirring to a solution of the hvdroxy or amino
derivative (0.005 mol) in Et»O (20 mL). The reaction mixture
was left to stand for 12 h. The solvent and volatiles were
evaporated. Compounds 6f—h were isolated by vacuum distiila-
tion, and 6c¢, 7f,g,l.n were recrystatlized: 6a,b were dissolved in
CHCl; (10 mL) and passed through a thin silica gel L 40/100
layer, and the solvent was evaporated.

Preparation of 1,1-dimethyi-3- (7a), 1-phenethyl-3- (7b),
1-sec-butyl-3- (7c¢). 1-(4-methoxyphenyl)-3-(2-methyl-
1.1,1,3,3,3-hexafluoroprop-2-yljurea (7d); 4-(2-methyl-
1,1,1,3,3,3-hexafluoroprop-2-yl)-1-tosy! semicarbazide (7¢);
3-(1,1,1.3,3,3-hexafluoro-2-methylprop-2-yl)~1-(2-phenoxy-
phenyl)urea (7h); 1-sec-butyl-3- (7j). 1-phenethyl-3- (7k),
{-(thiazol-2-y1)-3- (Tm). 1-(2,3-dimethyl-5-0xo0-1-phenyi-

pyrazol-3-in-4-yi)-3- (70). 1-(thiazel-2-in-2-vl)-3-(2-tri-
fluoromethyl-1,1,1-triluorobut-2-yl)urea (7p) (general proce-
dure). Isocvanate 3 (0.006 mol) was added along with stirring
to a solution of amine (0.005 mol) in Et,O (20 mL). The
reaction mixture was left 1o stand for 12 h. The solvent and
volatiles were evaporated. The residue was recrystallized.

Preparation of O-(2,4-dichloronaphthyl)-~N- (6d), O-(2,6-
dimethylphenyl)- N-(1,1,1,3,3,3-hexafluoro-2-methylprop-2-yl)
carbamate (6e); O-[4-(2.4,4-trimethylpent-2-yl)phenyl]- V-
(6i), O-hiphenyl-4-yl- N- (6j), O-(2-isopropyl-4-methylphenyl)-
N-(1,1.1-trifluoro-2-trifluoromethylbut-2-yl) carbamate (6k);
1-(1.3-dimethyl-2,4-dioxo-1,2.3.4-tetrahydropyrimidin-6-yi)-3-
(2-methyi-1,1,1,3,3,3-hexafluoroprop-2-yhurea (7i) (general
procedure). The hydroxy or amino derivative (0.005 mol),
isocyanate 3 (0.006 mol). Et;0 (20 mL), and a saturated
etheresl solution of Me;N (0.2 mL) were loaded in tubes. In
the case of compounds 6d,e.i—k, the sealed tubes were heated
on a water bath, and for compound 71, the tube was heated on
an oil bath (140 “C) for 3 h. The solvent and volatiles werc
evaporated. and the residues were recrystallized.

The characteristics of the compounds are presented in
Tables | and 2.
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