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The reactions of cnmponnds of trivalent phosphorus with 

N-haloamides have received but little attention up to the 

present time. Hettler, in a personal communication to 

Lichtenthaler (l), has claimed that the reaction of triethyl 

phosphite with B-chlorosuccinimide gave ethyl chloride and 

the phosphate ester (A). However, experimental detsils 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 

phosphite in carbon,disulfide or diethyl ether Fives high 

yields of ?J-(di-n-butylphosphoro)succinimide (B), m.p. 45-47', 

and the corresponding n-butyl halide. 

Hydrolysis of the product, m.p. 45-47', in the presence 

of excess sodium barohydride in aqueous ethanol pave 0,0-di-g- 
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butylphosphoramidate (C), b.p. 117' (0.1 mm.), n3' 1.4345, 

succinic acid and other non-identified products gf partjsl 

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 identical with 

those of the sample cited above. 
0 0 

Additional evidence in support of structure (D) was de- 

rived from examination of its hXII spectrum, which exhibited 

a sextet centered ebout6= 4.3 p.p.m. attributable to the 

cl( -methylene protons of the n-butyl groups, a singlet atd= 

2.8 p.p.m. which showed no additional resolution when viewed 

with the aid of an oscilloscope and which is attributable to 

the four methylene protons of the succinimido ring, e group 

of unresnlved signals centered about6= 1.5 p.p.m. and 

assiancd to the @- p3.a j$- methylene protons of the butyl 

groups, Ind en intense signal atJ= 1.0 P.p.m. attributable 

to +kc methyl protons. The N?JR spectrum, particularly the 

sinrlct at&- 2.8 p.p.m., is inconsistent (2) with a structure 

analogous to (A). 

The reaction of tri-neopentyl phosphite, m.p. 64.5-66.5: 

with Kbromosuccinimide gave N (di-neopentylphosphoro)- 

succinimide (D), m.p. 167-168O, and neopentyl bromide. The 

NMR spectrum of (D) exhibited R doublet centered about&= 

3.9 p.p.m. attributable to the methylene protons of the 

neopentyl groups, a singlet at&- 2.8 p.p.m. which demon- 

strates that all four protons of the succinimido ring are 

equivalent, and a einclet at 1.0 p.p.m., the usual position 

for the methyl protons of the neopentyl proups. 
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Tr:'ppstt has reported (3) that triphenvlphosphine under- 

goes viporolls reaction with i%-bromosu?cinimide in berzene to 

pivr a black =yru~; when ethanol is 2Pded to thr resction 

mixture, triphenylphosphine oxide, snccinipide and ethyl 

bromide are formed. On the basis of thjq lnformetion Trinpett 

postulated formation of the enol phosphonium salt IE) as the 

initial nroduct. 

?ie h-ve no'- crrried out the reaction of trinhenylphos- 

nhirp with I,'-bro~os12ccin.jlide in anhydrous diethyl ether at 

-3.0c . !: co3.orl~ss) c-ystallins product formed which under- 

went re-.rtinr wi+b moiqt li.r to ,I;ive hydroFen hromide. Xhen 

the white sol+4 w-ts deliherytely hydrolyzed, triphenylphos- 

phine oxii'n, succirimi?e ~rd hyflrobromic acid were obtained. 

Tn qn attempt to oht-in lAditione1 evidence concerning the 

structtre of the jntermedicte, the reaction was carried out 

in anhydrous chloroform solution contained in an NKR cell 

and under a nitrogen atmosphere. The spectrum was recorded 

imnedjately after the reagents were mixed. 'Whereas Gbromo- 

succinimide itself is but poorly soluble in anhydrous chloro- 

fjrm, it ?Ss-elves immediately on addition of one enujvalent 

of triyhenylyhcsyhine; this fact constitutes evidence of a 

fast -‘cq?+ion to cive a soluble product. The spectrum of 

the fresh ool'ltion con?isteA of ? cnlnlex proup of signals 

centered abcut d= 7.3 ?.p.m. n*?iy.ed to the solver-t proton 

snl pher.yl prct:nn and a sharp singlet at<= 2.5 p.p.m. 

attributable to the protons of the succinimido ring. The 

appearance of this singlet shows that all four rine protons 

are equivclert, and this fact excludes the presence of the 

erol pbo.=rhonium salt (T) in solution. 

d+ P !C,H, )>Br- 
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When the reaction of tri-g-butyl phosphite with N- 

bromosuccinimide was carried out in the presence of one 

equivalent of acetic acid, high yields of succinimide and 

n-butyl bromide were obtained. A control experiment showed 

that (B) is sta.ble towards acetic acid. These results, to- 

gether with the other data presented above, lead us to the 

conclusion that the first ?teF in each of these reactions 

consists of a nucleophjlic displacement of trivalent phos- 

phorus on halogen to give the ion pair (F). This can give rise 

to the isomeric ion pair (HJ possibly through the uentecovelent 

phosphorus intermediate (G). When R is an alkoxyl group, (H) 

can undergo further reaction, by nucleophilio pttrick of the 

halide ion on the d-carbon of the alkoxyl group, to cive the 

N-(dialkylphosphoro)succinimide and the Corresponding alky3. 

halide. However, when one ecujvalent of acetic acid is present, 

the succinimide anion accents a proton fron the acid and is re- 

plc.ced in the ion pair (P) by the acetate anion (4). 

Acceptable elemental an;rl::see hrve been obt-ined for all 

of the new compounds mentioned in this com~un~cotion. The 

nlkyl halides produced in the vnrim?s rec>ctions 78icre idrr+ified 

by vanor chase chromato~raphic analysis rnd n?.ro b:, convers?.on 

to the cnilide drrivntives. 

Other exnmgles of apu.?.rent nucleopbilic Ais!~l:~c~rlent on 

@'ooaitl.ve'l halo-en of E-hrloo-~irYea by trivrlcrt pi~o~yl-cntp !;?ve 

been reaorted by Kennsr, Todd ani! Weymolltl? (5) erd b!,- Sr'ezinlr 

and Ssith (6). 
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