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The reactions of compounds of trivalent phosphorus with
N-haloamides have received but little attention up to the
present time. Hettler, in 2 personal communication to
Lichtenthaler (1), has claimed that the rezction of triethyl
phosphite with N-chlorosuccinimide gave ethyl chloride and
the phosphate ester (A). However, exverimental details of this
work have not been provided. We have now found that the re-
action of N-chloro- and N-bromosuccinimide with tri-n-butyl
vhosphite in carbon disulfide or diethyl ether gives high
yields of N-(di-n-butylphosphoro)succinimide (B), m.p. 45-47 ,
and the corresponding n-butyl halide.
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Hydrolysis of the product, m.p. 45-47 , in the presence
of excess sodium borohydride in agueous ethanol gave 0,0-di-n-
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butylphosphoramidate (C), b.p. 117 (0.1 mm.), no° 1.4345,
succinic acid and other non-iderntified products of partial
hydrolysis and/or reduction. An authentic sample of (C)

was prepared by the following sequence of reactions, and its
physical properties and infrared spectrum were idertical with

those of the samnle cited above,
0 0
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Additional evidence in support of structure (B) was de-
rived from examination of its NMR spectrum, which exhibited
a sextet centered zbout o = 4.3 p.p.nm. attributable to the
0(—methy1ene protons of the n-butyl groups, a singlet atd =
2.8 p.p.m. which showed no addéitional resolution when viewed
with the aid of an oscilloscope and which is attributable to
the four methylene protons of the succinimido ring, 2 grnup
of unresolved signals centered abcutdf.= 1.6 p.p.m. and
assiened to the é?— and J - methylene protons of the butyl
groups, 2nd an intense signal etd” = 1.0 p.p.m. attributable
to *he methyl protons. The NMR spectrum, particvlarly the
singlet at 0= 2.8 p.p.m,, is inconsistent (2) with a structure
analogous to (A).

The reaction of tri-neopentyl phosphite, m.p. 64.5—66.52
with N-bromosuccinimide gave N (di-neopentylvhosphoro)-
succinimide (D), m.p. 167-168°, and neopentyl bromide. The
NMR spectrum of (D) exhibited a doublet centered abou*;of=
3.9 p.p.m. attributable to the methylene protons of the
neopentyl groups, a singlet atd = 2.8 P.P.m. whick demon-
strates that all four protons of the succinimido ring are
equivalent, and a singlet at 1.0 p.p.m., the usual position

for the methyl protons of the neoventyl rroups.
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Trippett has reported (3) that triphenvlphosphine under-
gues vigorons rerction with N-bromosuccinimide in berzene to
give a black <yrvpr; when ethanol is sfded tn the rezction
mixtvre, trinhenylphosvhine oxide, spcciniwide and ethyl
bromide are formed. On the basis of this information Triovrett
postulated formation of the enol phosphonium snlt (E) as the
initial »roduct.

e h-ve mow cezrried out tre reaction of trinhenylphos-~
vhire with li=bromnsneccinimide in anhydrous diethyl ether at
-10(. A eolorless, crystalline product formed which under-
went re~etior with moiet nair tn give hydroren bhromide. When
+the white solid wns deliberntely hydrolyzed, triphenylvhos-
phine o¥ife, svceinimide and hydrobromiec escid were obtained.
Tn 2n attempt to obt=in additionzl evidence concerning the
structure of the intermedicte, the rezction was carried out
in anhydrcus chloroform solution contained in an NMR cell
and under a nitrogen atmosphere. The spectrum was recorded
imnediately after the reagrents were mixed. ‘hereas N-bromo=-
succinimide itself is but poorly soluble in anhydrous chloro-
forr, it discolves immediately on 2ddition of one eounivalent
of trirhenylrhcsrhine; this fact constitutes evidence of a
fagt renntion to ~ive a solnble prodnct. The spectrum of
the fresh solntion consisted of 2 comnplex group of signals
centered abcut o= 7.3 r.p.m, Aesimmed to the solvent proton
and phenyl prctons and a sharp singlet at¢ = 2.5 p.p.m.
attributable to the protoms of the succinimido ring. The
aprearance ¢f this singlet shows that all four ring protons
are equivnlert, and this fact excludes the presence of the
erol proerhenium s21t (¥) in solution.
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When the reaction of tri-n-butyl vhosphite with N~
bromosuccinimide was carried out in the vresence of one
equivalent of acetic acid, high yields of svecinimide =and
n-butyl bromide were obtained. A control experiment showed
that (B) is stable towards acetic scid. These results, to-
gether with the other data presented above, lead us to the
conclusion that the first ster in each of these reactions
consists of a nucleophilic displacement of trivslent phosg-
phorus on halogen to give the ion pair (F). This ean give rise
to the isomeric ion prair (H) possibly through the pentacovalent
phosphorus intermediate (G). When R is an alkoxyl group, (H)
can undergo further reaction, by nucleophilie attack of the
halide ion on the O(LCarbon of the alkoxyl group, to give the
N-{(dialkylphosphoro)succinimide and the corresponding alkyl
halide. However, when one ecuivalent of a2cetic acid is present,
the succinimide anion accevts a proton from the acid and is re=-
plrced in tge ion pair (F) by tge acetate anion (4).
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Acceptable elemental anal;yses heve been chtrined for sall
of the new compounds mentioned in this communication, The
2lkyl halides vroduced in the varions re=sctions were idern*tified
by varor rhase chromatorraphic enalysis ~nd alco b conversion
to the anilide derivatives.

Other examnles of apvarent nucleophiliec displecement on
"positive" haloren of li-hrloamides by trivelert pheosrrerus have
been revorted by Kenner, Todd snd Wevrmonth (5) and by Sreziale
and Smith 76),
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