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In our continuing program on the introduction of nitrogen functionali-
ty directly into unsaturated organic molecules, a search of the literature
has shown that although nitrosyl chloride reacts with many olefins, the
adducts obtained in many cases are unstable. Reaction products darken on
storage and acid products are eliminated. Although the chlorine atom 1is
quite labile and susceptible to nucleophilic substitution,2 efficient con-
version of nitrosyl chloride adducts to other useful and stable deriva-
tives, other than the P-chlorooximes (the products of isomerizationm), is
usually a frustrating procedure.3 In an attempt to place a less labile
and more easily manipulated group @ to the nitroso group, we have initiated
an investigation of the reactions of nitrosyl acylates, generated in situ,
with olefins.

Recent work has shown that nitrosyl acylates may be prepared in high
yield by several methods and their reactions with inorganic salts and

amines have been reported.4’5’6’7 In this preliminary report we wish to
describe the in situ generation of nitrosyl formate and its addition re-

action with selected olefins (Equation 1):
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With cyclohexene, styreme, norbornene and trans-3-hexene the products are
the nitrosoformate dimers (n = 2 in Equation 1), although with the last-

named olefin some oximinoformate is also formed. With 2,3-dimethyl-2-~bu-
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tene the rroduct, a deep blue oil, appears to consist of about equal parts
of monomeric and dimeric nitrosoformates.

In general, the reactions are carried out by adding a solution of the
olefin in i1socamyl nitrite to cold amhydrous formic acid with stirring, the
products being isolated by appropriate methods after removal of excess
formic acid and other volatile products (iscamyl formate, unreacted olefin
etc.) by vacuum evaporation.

Thus, when a solution of cyclohexene (16.4 g; 0.2 mole) in isoamyl
nitrite (46.8 g.; 0.4 mole) was added dropwise with stirring to cold an-
hydrous formic acid (150 ml.), a white solid, m.p. 149-150°, was obtained
in 597 yield after recrystallization from ethanol. 1Its infrared spectrum,
elemental analysis, and molecular weight were consistent with proposed
nitrosoformate dimer structure.

Anal. calculated for C14H22N206 C 53.49, H 7.06, N 8.91, M.W. 304

found: C 53.87, H 7.21, N 8.87, M.W, 309

Saponification of the 2-formoxynitrosocyclohexane dimer with aqueous
alcoholic potassium hydroxide gave a 92% yield of the corresponding alcohol,
2-hydroxynitrosocyclohexane dimer, a white solid, m.p. 162.5° ( to a blue
liquid on melting). Its infrared spectrum was consistent with the proposed
structure.

Anal. calculated for C12H22N204 C 55.80; H 8.59; N 10.48, M.W. 258

found: C 55.54, H 8.47; N 10.29, M.W. 266
Transoximination of the nitrosoalcohol dimer by the method of DePuy and
Ponder8 yielded adipoin, identical in every respect with an authentic sample,
thus demonstrating that the original nitrosyl formate adduct was vicinally
substituted.

Similarly, reaction of styrene with nitrosyl formate gave a white so-
1id, m.p. 333.5-4°, in 70% yield whose infrared spectrum, elemental analysis
and molecular weight were consistent with the dimeric nitrosoformate struc-
ture.

Anal. calculated for c18H1806N2 C 60.33; H 5.06; N 7.81, M.W. 358

found: C 60.51; H 5.26; N 7.67; M.W. 356

Norbornene redcted as expected to give a 59% yield of a white, cry-

stalline adduct, m.p. 161.5-162°, also a nitrosoformate dimer (see later

discussion).
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Anal, calculated for C16H22N206 C 56.80; H 6.56; N 8,28; M.W. 338
found: C 56.70; H 6.67; N 8.32; M.W. 334

In the addition reactions already described the adducts are white so-
1ids that are converted to blue liquids (monomers) on melting. They de-
compose rapidly at or above the melting points but show no signe of decom-
position even after several months at room temperature.

Wheh nitrosyl formate was added to 2,3-dimethyl-2-butene, however,
the product was an unstable deep blue liquid, b.p. 59°/10 mm., that could
be isolated in only 117% yield by distillation under reduced pressure. To
obtain correct microanalysées it was frozen in dry ice and analyzed within
a few hours after preparation.

Anal, calculated for C7H13-N03 C 52.82; H 8.20; N 8.20

found: C 52.96; H 8.10, N 7.92
This compound had a very penetrating odor and decomposed after several days
at room temperature. It was more stable, however, if stored in a cold room
in the dark where it solidified at about 0°.9 Its molecular weight could
not be determined accurately as the results were quite variable; it appeared
to be a 1:1 mixture of monomeric and dimeric nitrosoformates, Its infrared
spectrum, shown in Fig, 1, had an intense: band at 1560 cm-l, indicative of
a tertiary aliphatic nitroso group.

Reaction of trans-3-hexene with nitrosyl formate gave a mixture of two
products which, based on infrared examination, consisted of the expected
nitrosyl formate adduct and its isomeric oximinoformate. No attempt was
made to separate this mixture. It was treated directly with aqueous alco-
holic potassium hydroxide followed by transoximination8 to yleld propionoin,
identical with an authentic sample prepared from ethyl propionate by acyloin
condensation.

The NMR spectrum (CDC13) of the norbornene-nitrosyl formate adduct
taken on a Varian A-60 Spectrometer, is shown in Fig. 2. The aldehydic pro-
ton HG(IH) appears at 7.9 ppm. (TMS internal standard). HA and HB (2H) are
seen as a quartet centered at 4,97 ppm. The bridgehead protons Hc(n)and
HD(C)(ZH) are seen at 2.75 and 2.35 ppm., and HE and HF(ZH) appear as a
complex triplet at 1.92 ppm. The ethane bridge protons are centered at
1.39 ppm. (4H). Thus, the addition reaction appears to have proceeded with-
out rearrangement of the norbornyl skeleton. We have tentatively asaigned

an exo~cis structure to the adduct analogous to that for the nitrosyl
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Fig. 1 Infrared Absorption Spectrum Of Addition Product Of Nitrosyl
Formate To 2,3+Dimethyl-2-butene,
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Fig., 2 NMR Spectrum Of Addition Product Of Nitrosyl Formate To Nor-
bornene,
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chloride adduct of norbornene as prepared by Meinwald and coworkers.lo The
reaction of nitrosyl formate with norbornene is also rationalized as a four

center addition: 0

(CH3)ZCHCHZCH20N0 + HCOOH —mMmMmMm™————> (CH3)ZCHCHZCH20H + OIN-D-E-H
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Further experimental work is in progress to elucidate the stereochemistry

of this adduct as well as of the adducts of cyclohexene and other olefius.

In summary, nitrosyl formate is a reagent that is easily generated in
situ and it adds readily to various unsaturated compounds. Investigation
of further transformations of the nitrosyl formate adducts is continuing.
It has been suggested that nitrosyl formate does not have an independent
existence but the reaction proceeds by the addition of a positive species,
N0+, to the double bond followed by termination by the most populous nu-
cleophile, formic acid. To check on this point we have added nitrosyl
chloride to cyclohexene in formic acid solution. The only product isola-
ted, in good yield, was the nitrosyl chloride adduct; no formic acid addition

was observed.
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