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nitroform in reactions with potassium nitrite and po-
tassium hydroxide or potassium iodide, The acetate 6
and 2-chloro-2,2-dinitroethyl acetate (12), however,
produce the rearranged product 2 with potassium nitrite
in the presence of iodide.

Esters of 2-chloro-2,2-dinitroethanol are expected to
behave similarly. However, the presence of the labile
positive halogen leads to competitive reactions possibly
of the dinitroethylation type,* which will be discussed
below. In no case was a salt that corresponded to
potassium chlorodinitromethane isolated.

However, difficultly hydrolyzed substituents, such as
2,2,2-trinitrochloroethane (1), with nitrogen bases or
methoxide lead to the isolation of potassium dinitro-
methane (3). Most probably the initial attack of base
is at the trinitromethyl group. This can be followed
by acidic proton abstraction of hydrolysis of chloride
resulting in the loss of one carbon as a derivative of
formaldehyde. Sodium methoxide or nitrogen bases
in reaction with 1, 2,2-dinitro-1,2-dichloroethane (4),
and 2,2,2-trinitroethyl fluoride (5) produce this dinitro-
methane product. The fact that in no case was potas-
sium trinitromethane formed and that in one case the
rearranged product 2 was formed gives support to the
speculation that the first point of attack occurs at the
trinitromethy! group. ‘

Discussion of the rearrangement of 2,2,2-trinitro-
chloroethane (1) to 2 was presented in ref 2. Since
the 2,2 2-trinitroethyl acetate (6) and 2-chloro-2,2-di-
nitroethyl acetate (12) produce 2 only when reacted
with potassium nitrite in the presence of iodide ion, it
would seem more probable that a reaction path similar
to that proposed in the dinitroethylation type reactions*
takes place with dinitroethylene as a common inter-
mediate. Halogenation of intermediate nitronates by
sources of positive halogen finds support in work re-
ported by McEwen.*

Rearrangement to dipotassium 1,1,3,3-tetranitro-
propane (8) oceurs in the absence of nitrite ion for com-
pounds such as the chlorodinitroethyl acetate (12), the
trinitroethyl acetate (6), and the sulfite 10 by reaction
with iodide. Formation of the reactive intermediate
dinitroethylene followed by Michael addition of 2,2-
dinitroethyl acetate leads to the formation of 8.

From the reactions discussed above, it is obvious that
many factors are responsible for directing the courses of
the many processes involved and that much further
study is needed to define the actual processes and steps
involved. It is hoped that the speculation presented,
along with the interesting chemical evidence, will spur
additional fundamental work in the area of aliphatic
nitro chemistry.

Experimental Section’

Preparation of Nitronate Salt Derivatives (Table I).—A solu-
tion of potassium nitrite (plus other reactants, if used) in 25 ml
of 60%, aqueous methanol was prepared (mole amounts given in
Table I). To this solution was added 0.01 mol of nitro aliphatic
compound, and the resulting solution was allowed to stand at
room temperature for 24 hr. The precipitate was collected and
washed with cold agueous methanol and then air dried. The
nitronate salt products were identified by their ir spectrum,
melting (decomposition) points, and halogenated derivatives.

(7) Melting points and boiling points are uncorrected. Caution: many
of the compounds described are explosives and are sensitive to impact, fric-
tion, ete.; handle with care. Microanalysis by Berkeley Analytical Labora~
tories; nmr by Varian Associates.
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2,2,2-Trinitrochloroethane (1), 1,2-dichloro-2,2-dinitroethane

(4), 2,2,2-trinitroethyl sulfite (10), 2,2-dinitrochloropropane
(15), 1,3-dichloro-2,2-dinitropropane (13), dipotassium tetra-
nitroethane (2), and potassium dinitromethane (3) were prepared
as previously reported.?

2,2,2-Trinitroethyl acetate (6) was prepared as described by
Morans and Zelinsky .5

2-Chloro-2,2-dinitroethyl acetate (12) was prepared by the
method of Ungnade and Kissinger.?

2,2,2-Trinitroethyl Trifiuoroacetate (9).—A solution of 36 g
(0.2 mol) of 2,2,2-trinitroethanol in 50 g (0.24 mol) of trifluor-
acetic anhydride was refluxed for 24 hr. The reaction mixture
was fractionated under reduced pressure giving 47 g (85.5%) of
product, bp 61-62° (4 mm), n¥p 1.4051.

Anal, Caled for C.H,N;OsF;: C, 17.34; H, 0.73; N, 15.17.
Found: C,17.28,17.37; H,1.08,1.01; N, 15.12,15.14.

2,2,2-Trinitroethyl Tosylate (11).—2,2,2-Trinitroethanol (15
g, 0.082 mol) and p-toluenesulfonyl chloride (15 g, 0.078 mol)
were heated at 85° for 7 days. After the first 2 hr of heating, 4
drops of pyridine were added. The crude product was recrystal-
lized twice for benzene giving 10.5 g (24.79%) of product, mp
136.5-137°.

Anal. Caled for C;HN,0,8: C, 32.22; H, 2.68; N, 12.59;
8,9.56. Found: C,32.23; H,2.73; N, 12.62; 8, 9.54.

2,2,2-Trinitrofluoroethane (3).—Trinitroethanol was fluori-
nated with sulfur tetrafluoride by the method of Baum.t A 50%
yield of 5 was obtained, bp 52-53° (13 mm). Proton nmr shows
a doublet at 310 and 355 ppm from TMS. Principal infrared
absorption was consistant with ref 8.

1,2-Difluorotetranitroethane.—Dipotassium tetranitroethane

(2) was fluorinated by the aqueous fluorination method of Grakans-
kas.® A 457, yield of 1,2-difluorotetranitroethane was obtained:
bp 60° (35 mm); n%*p 1.4152; F1® nmr shows a pentet at 97.3 ppm
(relative intensity 1:2:3:2:1 split by 9 cps); principal infrared
absorption at 1630 (s), 1340 (m), 1300 (m), 1275 (m), 820 (m),
and 770 em ™ (m).

Anal, Caled for CFaN.Os:
C,9.77; N, 22.71.

1,3-Difluoro-1,1,3,3-tetranitropropane.—This compound was
prepared by the aqueous fluorination procedure® and produced a
589, yield of product: bp 76-77° (5 mm); n¥D 1.4425; proton
nmr shows a triplet with peaks at 291, 277, and 263 (relative
intensity 1:2:1) from TMS; principal infrared absorption at
1620 (s) 1375 (w), 1810 (m), 1110 (w), 850 (w), and 820 cm™!

C, 9.75; H, 22.76. Found:

w).
Anal. Caled for CG;HF:N,O5:  C, 13.86; H, 0.78; N, 21.54.
Found: C,14.54; H,0.90; N, 21.18. i

Registry No.—1, 4100-02-1; 4, 4100-03-2; 5, 15892-
91-8; 6, 4998-90-7; 9, 681-40-3; 10, 10596-61-9; 11,
26332-91-2; 12, 5917-55-5; 13, 4167-16-2; 14, 26329-
29-3; 15,4167-15-1; 1,2-difluorotetranitroethane, 20165-
39-3; 1,3-difluoro-1,1,3,3-tetranitropropane, 22692~
28-0.

(8) K.Baum, J. Org. Chem., 88, 1293 (1968),
(9) V. Grakanskas and K. Baum, ¢bid., 88, 3080 (1968).
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A series of free-radical reactions of isocyanide have
been found by us, which have been schematized by
assuming an imidoyl radical as the intermediate. Asto
the radical reaction of isocyanide with the heteroatom-

* T whom correspondence should be addressed.
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hydrogen linkage, the reactions with Sn-H' and S-H?
have been reported. This note is concerned with the
radical reaction of isocyanide with disubstituted phos-
phine.

The radical reaction of isocyanide with disubstituted
phosphine proceeds in two courses, depending upon
the nature of isocyanide, but not upon the nature of
phosphine. The reaction of fert-butyl isocyanide with
diethylphosphine in the presence of azobisisobutyro-
nitrile (AIBN) produced diethyleyanophosphine (1)
and isobutane (2a). The reaction of benzyl isocyanide
afforded the similar result producing 1 and toluene (2b)

(eq 1). In the cases of eyclohexyl and n-hexyl iso-
AIBN
RNC + Et,PH ——> Et,PCN + RH 1)
1 2
a, R = tert-Bu
b, R = PhCH,

cyanides, however, the reaction course was different.
The reactions of these isocyanides with diethylphos-
phine almost exclusively produced diethylformimidoyl-
phosphine (3) (eq 2). The reactions with diphenyl-

AIBN
RNC + Et;PH ——> Et,PCH=NR @)
3
C, R = C-CaHu
d, R = n-CeHm

phosphine as the phosphine component gave rise to a
similar result.

Tasre I
ReacTioN oF ISOCYANIDE wIiTH DISUBSTITUTED PHOSPHINES

R,PCN + RH
RNC + RPH —[ 4 5
R’;PCH==NR

6
Yield, %P
RNC (mmol) R’;PH (mamol) 4 5 6
tert-C,H,NC (40) 66 35 0
PhCH,NC (30 71 100 0
¢-CeHNC (33; EWPH (40)  p e 4 56
n-CeH NG (33) Trace Trace 70
PhCH,NC (17) Ph,PH (17) 71 77 . 0

¢ Reaction conditions: 70°, 18 hr, benzene 10 ml (solvent),
AIBN 5 mol % of isocyanide. * Based upon isocyanide.

In the absence of AIBN,.only both starting materials
of isocyanide and phosphine were quantitatively re-
covered unreacted from the heat-treated mixture. Itis
interesting to note that the copper-catalyzed reaction
of isocyanide with disubstituted phosphine, which has
been found also in our laboratory,? yields only the cor-
responding formimidoylphosphine irrespective of the
nature of isocyanide. On the basis of the necessity of a
radical initiator and the well-known reactivity of phos-
phine toward free radical, the isocyanide-phosphine
reaction may reasonably be explained by the following

(1) T. Saegusa, 8. Kobayashi, Y. Ito, and N. Yasuda, J. Amer. Chem.
Soc., 90, 4182 (1968).

(2) T.Baegusa, 8. Kobayashi, and Y. Ito, J. Org. Chem., in press.
(3) T. Baegusa, Y. Tto, and 8. Kobayashi, Tetrahedron Lett., 935 (1968).
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scheme involving the imidoyl radical (8) as the key
intermediate (eq 3-7). Phosphinyl radical (7) is first

Et,PH + In« =3 Et;,P: 4 InH 3)
7
7 + RNC —> Et;,PC=NR )
8
Et,Ph
—————> Et,PCH==NR + 7 )
8 — H abstraction 3

L———— E4,PCN + R (6)

8 scission 1 9

| Et,Ph
RH +7 ()

H abstraction
2

In‘ from radical initiator

formed from phosphine and radieal initiator, which
then attacks isocyanide to produce the intermediate
imidoyl radical (8). The imidoyl radical (8) undergoes
two reactions, hydrogen abstraction from phosphine
and 8 scission. The hydrogen abstraction gives form-
imidoylphosphine (3) and 7. On the other hand, the
B scission at R—~N bond leads to ecyanophosphine and
R-(9). The hydrogen abstraction of 9 from phosphine
produces hydrocarbon 2 and 7. These two reactions
are competitive ones. Relative extent of participation
of two reactions are determined by the stability of R~N
bond of 8 and by the steric hindrance to the approach of
phosphine to 8 in the hydrogen abstraction. Prefer-
ence of 8 scission in the case of tert-butyl isocyanide may
be ascribed to these two factors. In the reaction of

. benzyl isocyanide, the stability of the resultant benzyl

radical may predominate in the determination of the
direction of reaction. On the other hand, when R is
less stable as a radical and the steric hindrance is less
significant, 8 prefers to abstract hydrogen from phos-
phine.

The radical reaction of isocyanide with phosphine of
the present study is interestingly compared with the
radical reactions of isocyanide with tin hydride! and
with thiol.? The radical reaction with tri-n-butyltin
hydride produces tri-n-butyltin (iso) cyanide and the
hydrocarbon from the alkyl group of isocyanide. The
scheme of a radical chain reaction has been given (eq
8-11). ‘

n-BusSnH 4+ In. > n-BuSn- + InH (8)

n-BusSn: 4+ RNC —> R—N=C—8nBu-n, (9)
10
i B scission
R—N=C-8nBu-ng ——> R+ 4+ n-Bu;SnCN 1)
10 '

R + n-BusSnH —> RH + n-BusSn- (11)

The radical reaction of isoecyanide with thiol pro-
ceeds in two courses depending upon the nature of thiol.

~ The results have been explained by the follow scheme in
which the behavior of imidoyl radical, the 8 scission,
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and the hydrogen abstraction from thiol determine the
whole course of reaction (eq 12-15). Thus three radi-

RSH + In — RS + InH 12)
R’S + RNC — R'S—(==NR (13)
1
R’SH

/ v Q.
R'S—C=NR_ H abstraction R'SCH=NR + RS (14)
1 ——> R~

8 scission

+ RN=C=S (15

cal reactions of isocyanide are all summarized by the
scheme involving the corresponding imidoyl radicals,
8, 10, and 11, whose reactivities are decisive of deter-
mining the reaction courses.

Experimental Section

Materials.—All isocyanides were prepared from the corre-
sponding formamides according to Ugi’s procedure¢ and stored
under nitrogen, Diethylphosphine® and diphenylphosphinet
were prepared according to the respective literatures and were
stored under nitrogen. Benzene as solvent was used after the
purification in the usual method. Azobisisobutyronitrile (AIBN)
was a commercial reagent and used without further purification.

Representative Procedure for the Reaction of Isocyanide with
Phosphine.—A mixture of benzyl isocyanide (30 mmol), diethyl-
phosphine (40 mmol), AIBN (1.5 mmol), and benzene (10 ml)
was heated at 70° for 18 hr under nitrogen atmosphere. Then,
the reaction mixture was subjected to the fractional distillation
under nitrogen. A product, toluene, was analyzed by glpc and
pmr. An analytical sample of diethylcyanophosphine (1) was
prepared by further purification of the distillation fraction [bp
71-72° (22 mm)] using preparative glpc. The structure of 1
was established by nmr, ir, and mass spectra, and elemental
analysis: ir (neat) vc=n 2210 em~! (weak); mass spectrum
parent mass 115 (mol wt, 115).

Anal. Caled for C:HWNP: C, 52.16; H, 8.77; N, 12.17;
P,26.90. Found: C,52.01; H,9.03; N, 12.06; P, 26.71.

This compound is vulnerable to air.

The other reactions were carried out by the same procedure.
The spectra data and elementary analyses of the reaction produets
are shown below.

N-Cyclohexylformimidoyldiethylphosphine (C,H;),PCH=N-c-
CeHy, was analyzed as follows: bp 110-112° (6 mm); ir (neat)
vemn 1605 cm™! (strong); nmr (CDCls) § 8.35 (doublet, Jem
= 33 ¢ps, 1 H, >PCH=N-).

Angl. Caled for CH,NP: C, 66.30; H, 11.13; N, 7.03;
P, 15.54; mol wt, 199. Found: C, 65.94; H, 11.14; N, 7.07;
P, 14.69; mol wt (cryoscopy in benzene), 202,

N-n-Hexylformimidoyldiethylphosphine (3d) (C;H;),PCH=N-
CeHis-n was analyzed ag follows: bp 105° (8 mm); ir (neat)
vo=x 1614 em™! (strong); nmr (CDCL) § 8.35 ppm (doublet,
Jer = 36 cps, 1 H, >PCH==N-), 3.50 (triplet, 2 H, -CH=
NCH,CH,-).

Anal. Caled for CyH,NP: C, 65.62; H, 12.04; N, 6.96.
Found: C,65.11; H, 12.46; N, 6.98.

Diphenylcyanophosphine (C¢H;),PCN was analyzed as follows:
113.5° (0.18 mm); ir (neat) voox 2180 ecm ™! (weak).

Angl. Caled for CisHi oNP: C, 73.92; H, 4.78; N, 6.63;
P,14.67. Found: C,73.83; H,5.43; N, 6.38; P, 14.56.

Registry No.—1, 26306-14-9; 3c, 19911-05-8; 3d,
26306-~16-1; diphenylcyanophosphine, 4791-48-4; tert-
butyl isoeyanide, 7188-38-7; benzyl isocyanide, 10340-
91-7; cyclohexyl isocyanide, 931-53-3; n-hexyl isocy-
anide, 15586-23-9; diethylphosphine, 627-49-6; di-
phenylphosphine, 829-85-6.

(4) 1. Ugiand R. Meyr, Chem. Ber., 98, 239 (1860).

(5) XK, TIssleib and A, Tzschach, ibid., 92, 704 (1959),
(6) D. Witenberg and H. Gilman, J, Org. Chem., 28, 1063 (1958).
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Long-range proton fluorine spin-spin coupling over
five bonds is a well-known phenomenon.® The mag-
nitude of the coupling constant depends importantly on
the distance between the nuclei'® and on the spacial
arrangement'€ of the nuclei in the molecule under exam-
ination. Although the available data are not wholly
consistent, the evidence suggests a direct,? or a very
specific indirect,’® coupling mechanism is important.!
We have examined this question by an investigation of
the nmr spectra of three rigid bicyclic molecules (1-3)
in which the hydrogen and fluorine nuclei have the
geometry (a trans coplanar relationship between F and
C; and between H and C;) that is thought to be ideal
for a completely indirect? coupling mechanism but in
which the hydrogen and fluorine nuclei are separated
by approximately 5 A.

F . 0
coCH, i
o H
409} ¢ P
CO,CH, !
H
1. 2 3

The signal for the bridgehead hydrogen atom of 1 was
a broadened doublet. Double resonance experiments
with irradiation in the aryl hydrogen atom region nar-
rowed the signal from Ay, = 2.6 Hz to 2.1 Hz and
enabled the confident definition of *Juy as 0.88 =+ 0.05
Hz (Figure 1).

Similar experiments with compounds 2 and 3 do not
vield definitive values for 5Jgp but do establish the
value of this coupling constant as certainly less than 0.5
Hz. Tor 2, the resonance of the bridgehead hydrogen
atom was a somewhat broadened doublet 3Jgy = 1.7 =
0.1 Hz. Double resonance experiments with irradia-
tion in the region of Hy and H; confirmed the assignment
of the doublet and decreased Av:/, to 1.8 Hz. For 3,
the resonance of the bridgehead hydrogen atom was a
broadened triplet, 3Jgg = 1.9 = 0.1 Hz. Double reso-
nance work with H, and H; confirmed the origin of the
triplet and decreased Awi, to 2.2 Hz. Irradiation in
the aryl hydrogen atom region narrowed the signal for
H,; by about 0.5 Hz for 2 and 3. These results and the
closely related behavior of 1 in similar experiments
suggest that /gy is less than 0.5 Hz for 2 and 3, but
probably greater than 0.3 Haz.

The nmr spectrum of 1-fluorobicyeclo[2.2.2 Joctane has

(la) Nore Appmp 1N Proor.—National Science Foundation Under-
graduate Research Participant.

(1) (a) D. R, Davis, R. P, Lutz, and J, D. Roberts, J. Amer. Chem. Soc.,
83, 246 (1961); (b) M. Takahashi, D. R. Davis, and J. D. Roberts, ibid.,
84, 2935 (1962); (¢) A. D, Cross and P. W. Landis, bid., 86, 4005 (1964);
(d) J. Burdon, Tetrahedron, 21, 1101 (1965); (e) P. C. Myhre, J. W, Ed-
monds, and J. D. Kruger, J. Amer. Chem. Soc., 88, 2450 (1966); (f) A, B.
Toster, R. Hems, L. D, Hall, and J. F. Manville, Chem. Commun., 158 (1968);
(g) C. W. Jefford, D. T. Hill, L. Ghosez, 8. Toppet, and K. C. Ramey,
J. Amer. Chem. Soc., 91, 1532 (1969).

(2) The terminology of M. Barfield and M, Karplus, ibid., 91, 1 (1969),
has been adopted.



