JUNE 1965

at 1339, 1176, and 1145 em. !, respectively, are in ac-
cord with the literature values,® 1321+ 9, 1179 + 7, and
1140 = 9 em.~!for the CF; symmetrical and antisymme-
trical deformation modes. Similarly, bandsin the 1230~
1287- and 3000-cm. ~! regions for each sample confirmed®
the presence of the C-F and C-H stretching modes.

The CF; symmetrical and antisymmetrical stretching
modes have been well characterized” as 1125 + 10
and 1181 cm.~! in a series of pentafluoroethylhalides.
In the C;HF:N fraction, bands are observed at 1119
and 1198 em. !, respectively.

Discussion

While the microelemental analyses of the 1:1 addi-
tion products from propylene with CF;CN and CF;-
CF,CF,CN, confirm the empirical formulas, C;Hg¢F;N
and C;H¢F:N, respectively, the n.m.r. spectra (and
chromatographic analyses for C:HsF:N) clearly show
that these are two component mixtures in each case.
The compounds, CF;CH,;CH(CN)CH; and CF;CFo-
CF,CH,CH(CN)CH; are present in large excess (i.e.,
89 and 979,), in these mixtures. The predominance
of these two_compounds is strong support for the view-
point! that C¥; is the chain initiator in the propagation
cyecle of this free-radical reaction. The thermally
initiated reactions of perfluoroalkylnitriles with propyl-
ene correspond closely, in this respect, with those re-
ported elsewhere® for CF;I and monoolefins.

The results are inadequate for the exact structural
characterization of the second component observed in
the 1:1 addition fractions. It can nevertheless be
inferred (microelemental analysis, infrared spectra,
and F! magnetic resonance spectrum) that for the
CF,CN-propylene product two structures are probable.

CN CH,CN
CFaéi or CF,CH
N N\
CH,CH, CH,
1 11

The presence of this second component in much smaller
amounts may thus be attributed to abnormal radical
additions of the perfluoroalkylnitriles with propylene.
Disappearance of CN radicals in the presence of olefins
has been observed®; in the present systems this is
also a possible route to the formation of an (isomeric)
1:1 addition product.
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The reduction of benzonitrile oxide and triphenyl-
acetonitrile oxide to the corresponding nitriles has
been achieved by means of zine dust and acetic acid or
tin and hydrochloric acid.? In other cases, however,
these methods have failed because of side reactions,
e.g., addition of the acid to the nitrile oxide with forma-
tion of a hydroxamic acid derivative which is no more
reduced to the nitrile.?

A generally applicable method for the conversion
of nitrile oxides (I) into nitriles (II) in excellent yields
under very mild conditions was found in the reduction
with trivalent phosphorus compounds, especially
trialkyl- or triarylphosphines and trialkyl phosphites,
as shown in eq. 1. The reduction of the semipolar

R—C=N—0 + X;P —» R—C=N + X,PO (1)
1 1

>N-—0 group to >N by trivalent phosphorus com-
pounds is generally known,*—% although the ease of
reduction depends to a large extent on the nature of
the groups attached to nitrogen; e.g., triphenylphos-
phine does not reduce pyridine and quinoline N-oxides
or aromatic nitro groups.* The dimers of nitrile
oxides, the furoxans (III, 1,2,5-oxadiazol-2-oxides),
are easily deoxygenated to the corresponding furazans
IV, 1,2,5-oxadiazoles),>%8 although claims to the con-
trary have been made.” Reduction of III to IV has
been achieved with aliphatic or aromatic tertiary
phosphines as well as with trialkyl phosphites (eq. 2).

R—C—C—R
oo

R—(;Jl—C—R
N‘O’N_’O

n + X3PO
N\O/N

m v @

+ X,F —

For our purpose, we found the lower aliphatic tri-
alkyl phosphites, e.g., trimethyl or triethyl phosphite,
especially suitable, since any excess of the reagent is
almost instantly hydrolyzed by dilute mineral acids and
the trialkyl phosphates formed during the reaction are
water soluble, thus rendering the isolation of the nitrile
very convenient.® The nitriles were identified by analy-
sis and mixture melting point with an authentic sample.
In the cases where the nitrile was not known, it was also

(1) Second communication: C. Grundmann and J. M. Dean, Angew.
Chem., 76, 682 (1964); Angew. Chem., Intern. Ed. Engl., 3, 585 (1964).

(2) H. Wieland, Ber., 40, 1672 (1907); H. Wieland and B. Rosenfeld,
Ann., 484, 241 (1930).

(3) C. Grundmann, unpublished.

(4) (a) L. Horner and H. Hoffmann, Angew. Chem., 68, 473 (1956); there
is also a review of the literature; (b) L. Horner and E. Jiirgens, Ber., 90,
2184 (1957); L. Horner, L. Hockenberger, and W. Kirmse, tbid., 94, 290
(1961).

(5) C.Grundmann, ibid., 97, 575 (1964).

(6) A.S. Bailey and J. M. Evans, Chem. I'nd. (London), 1424 (1964).

(7) J. H. Boyer and S. E. Ellzey, Jr., J. Org. Chem., 26, 4684 (1961).

(8) T. Mukaiyama, H. Nambu, and M. Okamoto, ibid., 2T, 3651 (1962).

(9) In case of water-soluble nitriles, one would for the same reasons, pref-
erably employ, for instance, triphenylphosphine.
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NITRILES FROM NITRILE OXIDES®
R—C=N—->0 (I) —> R—C=N (II)

Nitrile II
Nitrile oxide I M.p., Yield, ———Carbon, %—— —Hydrogen, %— ~——Nitrogen, %—~—
R = °C. % Formula Caled. Found Caled. Found Caled. Found
2,4,6-Trimethylphenyl-* 50° 98 CuHuN . . . . 9.65 9.56
2,3,5,6-Tetramethylphenyl-® 744 91 CuHiN o o o S 8.80 8.81
2,4,6-Trimethoxyphenyl-b 143-144° 93 CioHi N O; 62.16 61.96 5.74 5.74 7.25 7.28
9-Anthracenyl-/ 177° 98 CisHoN 88.65 88.64 4.46 4.70 6.89 6.81
2,3,5,6-Tetramethylphenylen-1,4>  208-209** 80 C12Hi2Ne 78.22 78.07 6.57 6.52 15.21  15.12

¢ All reductions with trimethy! phosphite, as described in the Experimental section.
Chem., 76, 682 (1964); Angew. Chem., Intern. Ed. Engl., 3, 585 (1964).

® C. Grundmann and J. M. Dean, Angew.
¢ F. W. Kiister and A. Stallberg, Ann., 278, 212 (1893). ¢O.

Jacobsen, Ber., 22, 1224 (1889). ° See Experimental section for preparation by another route. / Prepared by the procedure described

in b; yellow needles (from methanol), m.p. 127-128°, Anal.
Found: C, 82.39; H, 3.91; N, 6.17; mol. wt., 219.

capillary.

prepared by dehydration of the oxime. The results are
summarized in Table I.

This reduction of nitrile oxides to the corresponding
nitriles can be of value in establishing the structure,
especially in cases where rapid dimerization to the
furoxan makes molecular weight determinations dif-
ficult. Since, under the applied conditions, the furox-
ans are reduced no further than to the furazans, the
rate of dimerization of a nitrile oxide can be conven-
iently determined by measuring the consumption of
trivalent phosphorus compound by the mixture of
nitrile oxide—furoxan,® according to eq. 1 and 2.

Experimentalt

Reduction of Nitrile Oxides to Nitriles.—One millimole of the
nitrile oxide was dissolved, if necessary with gentle warming,
in 10 ml. of benzene, and 0.4 mmole of trimethyl or triethyl
phosphite (practical, Eastman) was added. After heating for
5-10 min. on the steam bath, the reduction was terminated.!?
The cooled reaction mixture was diluted with 10 ml. of benzene,
and shaken with 25 ml. of 59 sulfuric acid until the odor of the
alkyl phosphite had disappeared. The organic layer was then
washed four times with 25 ml. of water each to extract the formed
trimethyl or triethyl phosphate and then evaporated in vacuo
to dryness. The yields of the remaining nitriles are given in
Table I, the melting points were generally no more than 1-2°
below those given in the table. Except for VI which was puri-
fied by vacuum sublimation (110-130° at 0.1 mm) the crude
products yielded pure samples by a single recrystallization from
methanol or ethanol. 2,4,6-Trimethoxybenzonitrile (V) and
tetramethylterephthalobisnitrile (VI) were independently synthe-
sized by refluxing the corresponding oximes with acetic anhy-
dride for 7 hr. From 2,4,6-trimethoxybenzaldoxime,!® the ni-
trile V was obtained directly in 929, yield, while tetramethyl-
terephthalodialdoxime (prepared from tetramethylterephthalo-
dialdehyde!* and hydroxylamine hydrochloride in the usual
manner yielding prisms, from ethanol, m.p. 240° dec.) gave a
crude product which yielded pure VI only after chromatography
from benzene on alumina, followed by vacuum sublimation,
279, (for melting point and analysis of V and VI, see Table I).
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of the National Cancer Institute, Bethesda, Maryland.
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(14) L. A. Mikeksa and D. R. Koennecke, U. 8. Patent 2,806,883 (to Esso
Research & Engineering Co.) (1958); Chem. Abstr., 82, 5407¢ (1958).
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Many compounds are now known having substantial
and useful optical activity due only to hydrogen—deu-
terium asymmetry. Fickett® showed how this optical
rotatory power can result from the anharmonicity of the
C-H vibrations; 7.e., the effective polarizability along a
C-D bond differs from that of a C-H bond. According
to this theory the optical activity of H-D compounds
does not differ in principle from that of normally asym-
metric compounds. A corollary is that deuterium
compounds should show normal optical rotatory dis-
persion (O.R.D.).

Little data on this point are available in the literature.
The ratio of rotations of 1-butanol-1-d and several esters
at the mercury green line and the sodium line were re-
ported to be similar to those of other simple alcohols and
esters.* A recent attempt to measure the O.R.D.
curve of cyclopentanone-3-d failed when the compound
showed insufficient optical activity.’

In the course of various studies with optically active
deuterium compounds we have had occasion to deter-
mine several O.R.D. curves. Earlier measurements
were made on a Rudolph photoelectric polarimeter
modified with a Beckman monochromator.® Rotations
on this instrument were taken at selected wave lengths
from 650 myu down to just below 400 mu. The long
path lengths required precluded accurate work at
shorter wave lengths. More recently, a number of
samples were examined with a Cary 60 recording spec-
tropolarimeter. This instrument has allowed us to
measure directly the O.R.D. curves of several deu-
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