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Table VII. A, Block Symmetry Force Constants
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Table VIII. Potential Energy Distribution@

AsF,NCCH,  SbF,-NCCH, SbCl,-NCCH, AsF,-NCCH, SbCl,-NCCH,
F, ¢ 4,994 (5)b 4.99 (1) 4.936 (8) v, 100% V,, 99% V,,
F,, 18.38 (3) 18.26 (6) 18.00 (4) v, 87%V,, +10% V,, 87% V,, + 11% V,,
Fi, 0.584 (3) 0.583 (6) 0.570 (2) v, 105% V,, + 8% 104% V,, +
F.. 5.27 (8) 5.32(5) 5.30 (3) Vi —13% V,, 8% V,, —13% Vs,
F, 4,34 (2) 4.20 (4) 1.78 (2) v, 7% V,, +82% 8% V,, +83% V,,
F, 5.07 (2) 4,60 (4) 2.48 (3) Vi + 9% Ve
F,, 1.00 (12) 1.08 @) 1.08 (3) vy 93% V4, 85% Vs + 9% V,y +
Fi 1.87 (25) 1.88 (8) 1.09 (2) 8% Vs
F,, —-0.25¢ —-0.25¢ —0.25¢ v, 100% V., 100% V.,
Fy, -0.41 (2) -0.41 (1) ~0.38¢ v, % Vs + 64% V., + 1BV +T% Vo +
Fig 0.10 (6) 0.34 (2) 0.17 (22) ' 32% Vs — 7% Vg 85% Vs — 8% Vg

@ The subscripts identify Fj; with the corresponding symmetry co-
ordinates ¥ and / defined in Table IV. Force constants F;, and F,,
are in units of mdyn A/radian? while F,, and F,; are in units of
mdyn/radian. All other force constants are in units of mdyn/A.

b 1east-squares standard deviations, given in parentheses, represent
the deviation in the last decimal place(s) of a given force constant.

¢ These force constants were constrained during refinement. The

other 25 unlisted force constants were constrained to zero.

sented in Tables V and VI. The PED’s presented in Table

Vg 2%V, +56% Vs +
6% Ve

¢ Contributions less than 6% have been omitted.

86%V,, +6% Ve

VIII for AsF5"NCCHj; hold approximately for SbFs-NCCH;,
while those for SbCls*NCCHj; are significantly different.

Registry No. AsF;-NCCH,, 17632-27-8; SbF,*NCCH,, 19106-
78-6; SbCl'NCCH,, 19106-78-6.
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LiN=C(CF,), readily undergoes metathetical reactions with perfluoroacyl halides to give perfluoroacylimines. The new
acylimines, RgC(O)N=C(CF;), (Rg = CF;, C,F,), are susceptible to polar addition of XY (XY = HF, HCl, CIF) across the
C=N bond to yield the corresponding secondary and tertiary amides, RfC(O)NXCY(CF;),. Direct fluorination of CF ;-
C(O)N=C(CF,), under catalytic conditions produces a fluoroamide, CF,C(O)NFCF(CF,),, from saturation of the C=N
function and a fluoroxy compound CF ;CF(OF)NFCF(CF,), from further addition across the C=0 bond.

The acid-catalyzed reaction of aldehydes or ketones with
amines has been the most commonly used preparation as a
direct one-step route to imines.

pu
R,CO + H,NR' = R,C—NR' = R,C=NR’

Middleton and Krespan' employed this facile one-step pro-
cedure in the synthesis of hexafluoroisopropylidenimine,
(CF3),C=NH,? and the electrophilic nature of the C=N*"1!
link has been thoroughly elucidated. The electron-with-
drawing substituents (CF3) on the imine carbon enhance

(1) W. J. Middleton and C. G. Krespan, J. Org. Chem., 30, 1398
(1965).

(2) Y. V. Zeifman, N. P. Gambaryan, and I. L. Knunyants, Dokl
Akad. Nauk SSSR, Ser. Khim., 153, 1334 (1963).

(3) Y. V. Zeifman, N. P. Gambaryan, and 1. L. Knunyants, Bull.
Acad. Sci. USSR, Div. Chem. Sci., 1431 (1965).

(4) C. G. Krespan and W, J. Middleton, Fluorine Chem. Rev., 1,
145 (1967).

(5) 1. K. Ruff, J. Org. Chem., 32, 1675 (1967).

(6) D. M. Gale and C. G. Krespan, J. Org. Chem., 33, 1002 (1968).

(7) O. Glemser and S. P. von Halasz, Chem. Ber., 102, 3333
(1969).

(8) K. Niedenzu, K. R. Blick, and C. D. Miller, Inorg. Chem., 9,
975 (1970). ‘

(9) K. Niedenzu, C. D. Miller, and F. C. Nahm, Tetrahedron Lett.,
28, 2441 (1970).

(10) S. P. von Halasz and O. Glemser, Chem. Ber., 103, 553
(1970).

(11) R. F. Swindell, L. M. Zaborowski, and J. M. Shreeve, Inorg.
Chem., 10, 1635 (1971).

the electrophilicity of the C=N bond making it very suscep-
tible to nucleophilic attack. Reactive carbon-nitrogen mul-
tiple bonds, however, are not limited to imines as is demon-
strated by nucleophilic additions to polar isocyanates
(R-N=C=0 < R—~N%"_C8"=0)'?"*® and nitriles (R—C=N «
R-C8'=N%") %15 Though other polar carbon-nitrogen
multiple bonds are electrophilic also, the imine usually is
much more susceptible to addition. Generalized addition
to carbon-nitrogen multiple-bond linkages has been illus-
trated by the reaction of chlorine monofluoride when it re-
acted as a chlorofluorinating agent.!*+14:16:17  Ajthough
studies involving nucleophilic or polar addition have been
prevalent in recent years, it is noteworthy that a number of
papers have appeared dealing with the direct fluorination of
carbon-nitrogen multiple bonds.> 18720

(12) S. Ozaki, Chem. Rev., 72, 457 (1972).

(13) G. H. Sprenger, K. J. Wright, and J. M. Shreeve, Inorg. Chem.,
12, 2890 (1973).

(14) J. B. Hynes and T. E. Austin, Inorg. Chem., 5, 488 (1966).

(15) P. H. Ogden, J. Org. Chem., 33,2518 (1968).

(16) D. D. Moldavskii and V. G. Temchenko, J. Gen. Chem.
USSR, 39, 1362 (1969). :

(17) D. E. Young, L. R. Anderson, and W. B. Fox, Chem. Com-
mun,, 7, 395 (1970).

(18) B. C. Bishop, J. B. Hynes, and L. A, Bigelow, J. Amer. Chem.
Soc., 85, 1606 (1963). ‘

(19) B. C. Bishop, J. B. Hynes, and L. A. Bigelow, J. Amer. Chem.
Soc., 86, 1827 (1964).

(20) J. B. Hynes, B. C. Bishop, P. Bandyopadhyay, and L. A.
Bigelow, J, Amer. Chem. Soc., 85, 83 (1963).
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The stability of the adducts which result from nucleophilic
attack on (CF3),C=NH generally renders direct reaction of
this imine with substrates unacceptable for introducing the
intact imine group as a ligand. However, it was shown that
inorganic compounds of groups Ifa-VIa containing labile
chlorine of fluorine reacted readily with LIN=C(CF3), to
form preducts containing the hexafluoroisopropylidenimino
group.?’  We have used this method to synthesize N-perflu-
oroacythexafluoroisopropylidenimines, RgC(O)N=C(CF;),.
While CF4 or F substituents on imine carbons have been
shown to be magnetically nonequivalent from '°F nmr stud-
ies,45:17:217248 g0 have found only a sharp single resonance
for these substituents at temperatures as low as —60° which
indicates that rapid stereoisomerization must be occurring
about the C=N bond.

We have also found that RyC(O)N=C(CF3), is susceptible
to uncatalyzed polar addition at the C=N bond. The parent
imine and most of the reported addition compounds are
thermally stable except for those formed vig CIF addition
which decompose photolytically or thermally above 50°.
in a like manaer, catalytic fluorination of the trifluoroacet-
ylimine produced a fluoroamine from saturation of the C=N
bond plus a {luoroxy compound as a result of further addi-
tion across the C==0 bond. While CF3C(O)NFCF(CF3),
was thermally stable, the fluoroxy compound, CF;CF(OF)-
WECF(CF3),, decomposed slowly at 25°.  Although only
double-bond saturation and no -QOF fluorination occurred
at ~78°, complete saturation was observed at —60°.

Mrmr and infrared evidence suggests that the trans con-
former is the only isomer present for each of the secondary
and tertiary amides at 25°.

Experimental Section

Materials, LiN==C(CF,),*! and its precursor HN=C(CF,), ' were
prepared according to literature methods. CF,C(O)Cl1 (PCR, Inc.),
C,T,C(O)CL (K & X Laboratories, Inc.), CIF (Ozark-Mahoning Co.),
and HCI and HF (Matheson) were used as received without further
purification. KF and NaF (General Chemical) were dried at 300°
and activated with fluorine. CsF (ROC/RIC) was dried in vacuo at
135° and activated with fluorine.

General Procedures, Most gases and volatile liquids were handled
in a conventional Pyrex vacuum apparatus equipped with a Heise
Bourdon tube gauge. HF was handled in a similar Monel vacuum
apparatus. All starting materials and products were measured quan-
titatively by PV7 techniques. Products were purified by trap-to-
trap distillation. Vapor pressure studies were made by using the
method of Kellogg and Cady.®® Infrared spectra were recorded with
a Perkin-Elmer 457 spectrometer by using a 50-mm cell equipped
with KBr windows. '°F nmr spectra were obtained on a Varian
HA-100 spectrometer by using CCL,F as an internal standard. 'H
nmr spectra were obtained on either a Varian A-60 spectrometer or
a Varian HA-100 spectrometer by using tetramethylsilane as an in-
ternal standard. Mass spectra were obtained with a Perkin-Elmer
Hitachi RMU-6E spectrometer at an ionization potential of 70 eV.
Flemental analyses were performed by Beller Mikroanalytisches
Laboratorium, Gottingen, Germany. Oxidizing equivalents of the
fluoroxy compound were determined by condensing a weighed sam-
ple of the compound into an acidic iodide solution and titrating the
liberated iodine with standard sodium thiosulfate.

Preparation of R C(OIN=C(CF,),. LiN=C(CF,), was prepared
according to the literature method®! in a rigorously flame-dried 100-
ml Pyrex vessel fitted with a Teflon stopcock. Then RyC(O)Cl was
condensed onto the dry lthium salt at —196° and allowed to warm
slowly to 25° in a cold dewar. The volatile products were separated
by trap-to-trap distillation. Reaction conditions are summarized in

(21) R. F. Swindell, D. P. Babb, T. J. Ouellette, and J. M.
Shreeve, Incrg. Chem,, 11, 242 (1972).

(22) P, H. Ogden and G. V. D. Tiers, Chem. Commun., 527 (1967).

(23) P. H. Ogden and R. A. Mitsch, J. Amer. Chem. Soc., 89,
3868 (1967).

(24) 8. Andreades, J. Org. Chem., 27, 4163 (1962).

(25) K. B. Kellogg and G. H. Cady, J. Amer. Chem. Soc., 70,
3986 (1948).
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Table I, infrared data in Table II, '°F and 'H nmr data in Table III,
and elemental analyses and thermodynamic data in Table IV.

Preparation of RgC(O)NCICF(CF,),. Into a 100-ml Pyrex ves-
sel at —196°, CIF and R¢C(O)N=C(CF,), were condensed. The ves-
sel was immersed in a bath at —78° for 18 hr after which the volatile
products were separated by trap-to-trap distillation.

Preparation of ReC{O)NHCCICF,),. Condensed into a 100-ml
Pyrex vessel at —~196° were HCl and R;C(O)N=C(CF ,), which were
allowed to warm slowly to 25° in a cold dewar. The products were
cooled to —30° and excess HCI was removed under vacuum. C,F,-
C(O)NHCCI(CF,), was purified by trap-to-trap distillation.

Preparation of R{C(O)NHCF(CF,),. (a) HF and R{C(O)N=
C(CF,), were condensed into a 75-ml Hoke bomb at —196° and
allowed to warm slowly at 25°. The vessel was then cooled to —50°
and excess HF was removed under vacuum. The volatile products
were transferred to a second 75-ml Hoke bomb which contained NaF.
This vessel was shaken for 10 min at 25° to remove remaining traces
of HF. The volatile products were purified by trap-to-trap distilla-
tion.

(b) HCl and R¢C(O)NCICF(CF,), were condensed into a 100-
ml Pyrex vessel at —196° and allowed to warm slowly to 25°. The
volatile products were separated by trap-to-trap distillation. Chlo-
rine was obtained quantitatively.

Preparation of CF,C(O)NFCF(CF;), and CF,CF(OF)NFCF-
(CF,),. Into a 75-ml Hoke vessel containing KF, CF,C(O)N=C(C-
F,), was condensed. While the system was at —183°, gaseous fluo-
rine was added until the pressure reached 1 atm. Unreacied fluorine
was removed under dynamic vacuum after completion of the reac-
tion. The products were separated by trap-to-trap distillation.

Results

Hexafluoropropylideniminolithium readily undergoes sim-
ple metathetical reactions with perfluoroacyl halides to pro-
duce acylimines. Preliminary evidence for the reaction hav-
ing occurred is the shift of o= to a lower wave number
than that of the reacting perfluorcacyl halide with a con-
comitant appearance of the C=N stretching frequency at
1750 em™ . At normal pressures, the C=N band is absent
in the gas-phase infrared spectrum of HN=C(CF;)," (the
precursor of LiN=C(CF;),).?! The new N-perfluoroacyl-
hexafluoroisopropylidenimines and most of their derivatives
are easily purified by trap-to-trap fractionation. The only
separation difficulties occurred in the direct fluorination
reaction of CF3C{O)N=C(CF3),. This reaction yielded six
products under most experimental conditions tried.

KF CsF
CF,C(O)N=C(CF,), + F, (excess) ——
low temp

jop
CF,C(Q)NFCF(CF,), + CF,C(O)F + (CF,),C=NF 2
CF,CF(OF)NFCF(CF,), + C,F,OF + (CF,),CFNF,

The yields of each individual species have been found to be
extremely sensitive to condition of catalyst, temperature,
and F,:CF3C(O)N=C(CF3), molar ratio. The two new
compounds which resulted from the fluorination reaction,
CF3C(O)NFCE(CF3), and CF3CF(OF)NFCF(CF3),, could
not be separated by conventional fractionation techniques
and gas chromatography was not feasible due to the insta-
bility of the fluoroxy compound. Therefore, of the many
reaction conditions tried, we chose those which generally
provide the new compounds independent of one another
while minimizing cleavage of the amide bond C(O)-N. Al-
though CsF is generally the preferred catalyst in the synthe-
sis of fluoroxy compounds®® or direct fluorination reactions,
it was found to be too active and extensive cleavage of the
amide bond resulted with a concomitant reduction in the
yields of the desired products. On the other hand, KF
proved to be a good source of fluoride ion while remaining
relatively inactive toward the amide bond. The formation

(26) M. Lustig and J. M. Shreeve, Advan. Fluorine Chem., 7, 175
(1973).
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Table I. Reaction Conditions and Stoichiometry
Reactants (mmol) Reaction Reaction

Products time, hr  temp, °C Yield, %  Trap,2°C
CF,C(O)N=C(CF,), (I) LiN=C(CF,), (7), CF,C(0)Cl1 (6) 16 25 55 —~98/—65
C,F,C(O)N=C(CF,), (II) - LiN=C(CF,), (10), C,F,C(O)C1 (8) 16 25 35 ~78/-45
CF,C(O)NCICF(CF,), 1(4), CIF (6) 16 -78 99 ~50/~30
C,F;C(O)NCICF(CF ), 11 (5), CIF (6) 16 -78 74 —-45/-30
CF;C(O)NHCCI(CF,), 1(5), HC1 (6) 16 25 94 -30
C,F,C(O)NHCCI(CF,), 11 (3), HC1 (3.6) 16 25 99 —40/-20
CF,C(O)NHCF(CF,), 1(5), HF (5.6) 10 25 99 -35/0
CF,C(O)NHCF(CF,), + Cl, CF,C(O)NCICF(CF,), (5), HC1 (6) 16 25 99
C,F,C(O)NHCF(CF ), I (1), HF (1.3) 10 25 99 -35/0
C,F;C(O)NHCF(CF,), + Cl, C,F;C(O)NCICF(CF,), (2.6), HCl (3.5) 16 25 99
CF,C(O)NFCF(CF,),¢ 1(4),F, (10),KF (9 g) 4.5 -78 85 ~75/-60
CF,CF(OF)NFCF(CF,),° 1(2),F, (10),KF (9 g) or 4 —-60 27 —75/~60

CF;C(O)NFCF(CF,), (3),F, (10), CsF (9 g} 0.75 -78 40

@ Under dynamic vacuum, the product passed through a trap at the higher temperature and was retained in the colder trap. ? Solid at 25°.
¢ Other products included varying yields of CF,C(O)F, (CF,),C=NF, (CF,),CFNF,, and C,F,OF.

Table II. Infrared Data
CF,C(O)N=C(CF,),

C,F,C(0)N=C(CF»),

1790s,1750 m, 1340s, 1318 m, 1270 vs, 1225 vs, 1200 s, 1083 5,990 s, 828 w, 800 w, 761 w, 727 w, 700 m,
585w

1782 8,1750 m, 1339 s, 1280 vs, 1225 vs, br, 1200 m, 1178 m (pqr), 1125 m, 1002 s, 985 5, 810 w, 785 w,
760 w, 736 m, 700 m, 546 w

CF,;C(O)NCICF(CF,), 1778 s, 1367 m, 1315 m, 12785, 1250 vs, 1193 vs, 11605, 1111 5,990,938 w, 734 m, sh, 707 m, 550 w
C,F;C(O)NCICF(CF ,), 1761 s, 1355 s, sh, 1302 s, 1250 vs, sh, 1230 vs, 11805, 1161 8,1110 vs, 1049 5,980,917 w, 760 w, 735 m,
695 m, 668 w, 540 w
CF,C(O)NHCCI(CF,), 3460 m, 1800 s, 1540 s, 1340 m, 1300 vs, 1270 vs, br, 1242 vs, br, 11905, 1108 s, 1088 w, 1008 s, 950 m, 769
w, 710 m, 670 w, 522 w
C,F,C(O)NHCCI(CF ), 3455m,1792s,1539 55,1350 m, 1300 vs, 1240 vs, br, sh, 1173 m, 1150s,1117 5, 1040 m, 982 5, 949 m, 833
w, 761 w, sh, 710 m, 665 w, 528 w
CF,C(O)NHCF(CF,), 3465 m, 1809 s, 1540 m, 1331 m, 1292 vs, 1260 vs, br, 1190 vs, 1137 m, 1100 m, 1019 5, 770 w, 724 m, 685
m, 550 w
C,F;C(O)NHCF(CF,), 3465 m, 1797 s, 1538 s, 1313 vs, 1255 vs, br, 1220 vs, 11825, 1165 s,sh, 1115 5, 1036 m, 1002 5, 750 w, 726
m, 682 m, 540 w
CF,C(O)NFCF(CF,), 1799 s, 1362 w, 13105, 1250 vs, 1201 vs, 1187 sh, 1165 sh, 1030 w, 9925, 979 s, 830 w, 738 5, 713 m, 690 m,
530 w
CF,CF(OF)NFCF(CF,), 1260 vs, 1208 5,1180s,1130 m, 1107 m, 1067 w, 1015 w, 975 m, 902 w, 884 vw, 847 vw, 810 vw, 737 m, 675
w, 542 w
Table III. *F and *H Nmr Data®
74.1¢ 68.4 76.3 7.3/ 74.4
CF, C(O)NC(CF,), CF, C(O)N H CCI(CF,),
sept b q s ‘br S
11— 83.3 123 7.0 74.8
84.3  124.1 1 69.8 CF, CF, C(O)N H C CI(CF,),
CF, CF, C(O)NC(CF,), tL h br ]
sept t q sept t q 1.24—12—
l -1.6-4 L—14—— j 75.5 7.98 152 76.5
0.5 CF,C(OON H C F (CF,),
70.6 146 739 : Y eas e, 9
CF, C(O)NCIC F (CF,), ‘ .
) decd 83.5 123 7.1 7154 782
29— L3.0 CF, CF,C(OONH C F (CF,),
t d br dsept d
81.2 115 145 732 1_1_1?1 19— 5.6 Lp_4.0_1
CF, CF, cONdac tslgpt (Cl:f)z 76.6 115 -164 858 15276.1,75.5
4.1 3] —d CF, CF OF )N F CF (CF,),
13.5—
F2
septid | d d
73.8 829 147 74.8
CF, C(OINF C F (CF,),

Id ?———24.1—‘

q q sept d
L 45—

1.0 |

¢ ¢, ppm. b J Hz. ©Key:
CFCl, and (CH,),Si.

of CF3;C(O)NFCF(CF;), is indicated by the disappearance
of the C=N stretching frequency and shift of vg=g to a
higher wave number. Infrared evidence for the fluoroxy
compound is the disappearance of the C=0 stretching fre-
quency accompanied by the appearance of an O—F band at

br, broad; s, singlet; d, doublet; t, triplet; q, quartet; h, hextet; sept, septet; dec, dectet. Reference: internal

902 cm™. The high-resolution nmr (Table III) of CF4C-
(O)NFCF(CF3), showed extensive through-bond and
through-space spin-spin coupling. The nmr of CF;CF(OF)-
NFCF(CF3), is of particular interest since it is the only com-
pound which showed possible magnetic nonequivalence of



Table IV. FElemental Analyses and Thermodynamic Data

Thermodynamic data

Flemental analyses, %

tog Ppo =4 — B/T
A

keal/mol  ASyup, eu

A A ap,
Bp, C

Cl
Found

Calcd

Tound

81

Calcd

Found
65.1

Found Calcd
5.48
4.63
4.32
3.83

Caled

Found
22.81

Calcd
2298

Compd
CF;C(O)N=C(CF ),

1678
1707

8.15
7.94

24.09
23.13

7.68
7.81

64.7
440

456
283%

67.1

65.5
67.2

5.36
4.50
443
3.92

23.09
19.02
19.70
20.02
20.83

23.15

C,F,C(O)N=C(CF",),

11.06
9.71

11.25
9.53

60.2
624

60.2
624

19.56

19.01
20.16

CF,C(O)NCICF(CF ),

10¢
1075

11.84
10.20

11.93
10.22

0.31
0.33
0.43
0.35

0.33
0.29
0.36
0.30

57.5 57.6

4.72
415

4.70
4.03
4.98
4.23
4.68

C,F ,C(O)NCICF(CF,),
CF,C(O)NHCCI(CE ),

2132
2211

8.48
8.91
8.74
8.00

25.6

9.76
10.12

60.5

60.1

20.72

2158
1701

27.59

26.80
234

9.87
7.79

93.6
953
59.0

67.8
68.6
69.9

67.6
68.9
69.9

5.05
4.38
4.53

21.48
21.75

20.16

21.35
21.75

20.07

C,F,C(O)NHCCI(CF ),
CF,C(O)NHCF(CF,),
C,F.C(ONHCF(CF,),
CF,C(OINFCF(CF,),

1.9¢

@ Vapor pressure (Torr) at 26° (decomposes ai clevated temperatures). 2 Vapor pressure at 76.5° {decomposes at elevated temperatures).

alents.

20

CF,CF(OF)NFCF(CT',),

€ Sublimation pressure at 25° {mp 34-35°). € Oxidizing equiv-
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the (CF3), groups even at low resolution. However, the
complete coupling schieme could not be resolved since the
compound decomposed slowly above 0°, and at tempera-
tures below 0° broadening of many of the peaks caused a
loss of the hyperfine splitting pattern.

All of the polar addition reactions proceeded in quantita-
tive or nearly quantitative one-step additions to produce a
variety of secondary and tertiary amides.

R;C(OIN=C(CF,), + XY = RC(OINXCY(CE,),
(R¢= CF,, C,F,; XY = HF, HC, CIF)

As in the case of the fluoroamine, the completion of reac-
tion could readily be ascertained from the infrared spectrum
due to the disappearance of the C=N stretching frequency.
Also, further infrared evidence for the secondary amides
was the appearance of the N—H peak at 3455-3465 cm™
and a strong amide II band at approximately 1540 cm™.
Although a recent report has shown that a class of N-chloro-
amines (R¢NCIC(O)R;') can be photolyzed to form a new
family of hydrazines,?” we have found that our analogous
CIF addition compounds are thermally and photolytically
unstable.

R¢C(O)NCICF(CF ), 6—’% R + Cl- + 0=C—NCF(CF,), -
T
R¢Cl + (CF,),CENCO

The resulting isocyanate had previously been identified as
a minor product in the reaction of COF, with LiN=C-
(CF3),.»'  Therefore, decomposition of R¢C(O)NCICF-
(CF3),; provides a new route to (CF3),CFNCO in quanti-
tative yields. The polar nature of the nitrogen-chlorine
bond (N4-—C1%+) has been demonstrated by its reaction
with HCl to give the secondary amine and chlorine gas.
The secondary amines can also be synthesized directly by
addition of HX (X = F, Cl) across the C=N bond. CFj3-
C(O)NHCCI(CF3), is a white sublimable solid at 25° while
its heavier analog C,FsC(O)NHCCI(CF3), is unexpectedly
a liquid at the same temperature. Tt is likely that the
bulkier C,F;5 substituent gives rise to packing difficulties
which prohibit the crystallization of this species at 25°.
The influence of electron-withdrawing groups on a car-
bonyl is to reduce the C=0 dipole and increase the extent
of covalent 7 bonding which causes the vg—q to increase.*
The two series RyC(O)X (R; = CF;, C,F5; X = N=C(CF3),,
NCICF(CF3),, NHCCI(CF3),, NHCF(CF3),) accordingly
illustrate that the vg=g occurred at higher wave numbers
for the CF; than for the C,F5 analog. Also, within a
given series similar reasoning can be applied to the C=0
band. For CF3;C(O)NXCF(CF;), (X =F or Cl), the car-
bonyl stretching frequency increased when fluorine re-
placed chlorine. The carbonyl stretching frequency for
both the HF and HCl addition compounds is markedly
dependent on the phase examined. The rather high C=0
vibration in the gas-phase (10 Torr) infrared spectrum is
found to shift to lower frequency by about 40 cm™ when
observed as a liquid. This is a function of the increase in
hydrogen bonding present in the pure liquid. The single
sharp infrared N-H stretching vibrations (3455-3465 cm™)
observed in the gas-phase spectrum of the secondary amides
is replaced by broadened, multiple bands at lower frequen-
cy for the pure liquids, which is characteristic of trans-con-
figuration amides polymerizing via hydrogen bonding.?®

(27) G. H. Sprenger and J. M. Shreeve, J, 4mer. Chem. Soc., 96,
1770 (1974).

(28) R. M. Silverstein and G. C. Bassler, “Spectrometric Identifica-
tion of Organic Compounds,’”” Wiley, New York, N. Y., 1967, p 94.
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Hydrogen bonding is also indicated by the high Trouton
constants (Table IV) obtained for each of the secondary
amides.

Both of the parent imines, R¢C(O)N=C(CF3),, show
spin-spin coupling of the acyl CF3 with the two terminal
CF; groups. However, saturation of the imine function
eliminates this coupling. In many instances, identical sub-
stituents on imine carbons have been shown to be mag-
netically nonequivalent by °F nmr with their coalescence
temperatures well above 25° (i.e., -N=C(R¢),; R¢ = CF3,
F).11:15:17.21724  The F nmr of the imines reported here

show no such coupling even at temperatures down to —60°.

Rotation of inversion around the C=N bond causes rapid
stereoisomerization,?® rendering magnetically equivalent
(on the nmr time scale) the F atoms of the -N=C(CF3),.
The 'H and *°F nmr resonances for the N substituent
(H or F) of the new secondary amides and fluoroamides
are very broad as a result of the chiral nitrogen center.
No geometrically nonequivalent resonances have been ob-
served for the amide function of the form ~C(O)N-CX-
(CF3), (X =F or Cl) and the (CF3), groups remain mag-
netically equivalent. A recent nmr study of amides® has
expanded the confirmed postulate that partial double-bond
character of the C(0)-N amide bond can arise from the
contribution of resonance structure A to the amide ground

0O /R, 0 R,
C

state. Consequently, a stiff, approximately planar, frame-
work may exist which can lead to, among other things, long-
range spin-spin coupling from R with R; and R, and a large
barrier to rotation about the C(O)-N bond. Thus, one often
finds two conformers for substituted amides.

o} X o R

C—N\ C—N\

R R, R X

While sterically active groups which cannot be accomoda-
ted in the amide plane tend to decrease the height of the
rotation barrier via loss of delocalization energy, this effect
is small since the amides are in a trans configuration only
(as confirmed by infrared below). Also, since electron-
withdrawing substituents are attached to each end of the
amide bond, the net inductive effect should not reduce the
contribution from resonance structure A. Observance of a
single *°F resonance when R; = CF; and of the two expec-
ted resonances when R; = CF3CF, suggests that only one
conformer exists at 25°.

This conformer exists in the trans configuration for the
secondary amides since a strong amide II band is observed
in the infrared spectrum. The amide II band is an absorp-
tion involving the coupling of the N-H bending and other
fundamental vibrations and it requires a trans configura-
tion.2® By analogy, the tertiary amides, for steric reasons,
likely exist in the trans configuration also. Presumably, an
in-depth nmr investigation of these amides, which has as yet
not been undertaken, would be fruitful.

The numerous intense ion fragments in the mass spectrum

(29) H. Kessler, Angew. Chem., Int. Ed. Engl., 9, 219 (1970).

(30) W. E, Stewart and T. H. Siddall 11, Chem. Rev., 70, 517
(1970).
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verify and support the structures. The cracking pattern of
the CIF adduct was found to be very sensitive to the cham-
ber temperature of the mass spectrometer with the Cl-con-
taining fragments appearing at higher chamber temperatures.
Mass spectra are often not very revealing for fluoroxy com-
pounds as they exhibit patterns of the precursor and thermal
decomposition products.?® We found a similar behavior for
CF;CF(OF)NFCF(CF3),. A molecular ion was observed
for CF3C(O)N=C(CF3), only.

The fluoroxy compound was found to be thermally unsta-
ble at 25°. When decomposition occurred in glass, a com-
plex mixture of products was obtained. The major com-
ponents of the mixture after complete decomposition had
occurred were CF;C(O)F, SiF,, CaFs, (NO),SiFg, and R¢(NG,
(G).3!  The principal mode of decomposition is believed to
proceed via a free-radical mechanism (eq 1). Homolytic

Or—F
K"
CFSIgwII;I—CF(CFa)2 - CF,C(O)F + -F + -NFCF(CF,),
B
glass
CF,CFCF, + NO=(CF,),CFNO
D C

%3 + )
CFBCIEZCF 5 + FNO SiF,
glass
(NO), SiF,

cleavage of the O-F bond initiates the reaction sequence to
produce CF;C(O)F and the reactive nitrene intermedijate B
which readily attacks glass to produce the nitroso compound
C. The deep blue 2-nitrosoheptafluoropropane (C)%* can be
isolated as a stable species. The equilibrium of C with radical
D and nitrogen oxide has been established by Andreades.?*
Thus in the presence of “F, C is gradually consumed since the
radical D is converted to octafluoro-n-propane and NO cou-
ples with -F to produce FNO. The rapid reaction of FNO
with glass produces a white silicate precipitate

6NOF + Si0, ~ (NO),SiF, + 2NO + 2NO,

Oxidizing equivalents of the hypofluorite were found to
be 1.9 which agrees reasonably well with the theoretical
two-electron change.
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