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Al&net-O,O’-Dialkyl N,Ndibromophosphoroamidates, a novel pseudohalogen-type reagent has 
been prepared by direct bromination of O,O’-dialkyl phosphoroamidates in aqueous potassium 
carbonate. The preuarative usefulness of these compounds in the synthesis of N-phosphorylated 2- 
phenylaziridines-had been demonstrated. 

Recently, various N ,N-dihaloamides, particularly 
N,Ndichlorourethane (DCU) and N,Ndichloro- 
sulphonamides, have proven of significant value for 
the facile one-step functionalization of unsaturated 
compounds.* 

Although a lot of work on addition of N,Ndi- 
chloroamides to oleiins has been done and the 
preparative usefulness of these and related re-ac- 
tions has been tkmly established, the relevant data 
concerning the behaviour of N,N-dibromoamides 
are limited to a few examples only. It has been 
reportedse4 that N,N-dibromoderivatives of are- 
matic sulphonamides react with styrene to 
form 1-phenyl-I-arylsulphonamid&2&omoethanes. 
However, recent investigation of the addition of 
N,Ndibromobenzenesulphonamide to norborny- 
lend as well as the results obtained by Ueno ef al. 
on the addition of the same reagent to cyclohexene6 
and cyclopenteneT have shown that the reactions 
are not straightforward and clean but afford a 
complex mixture of products. 

In the light of our findings on addition of diethyl 
N,Ndichlorophosphoroamidate(DCPA)tophenyC 
ethylenes8 dialkyl N,N-dibromophosphoroamidates 
(1) seemed to be very promising as new pseudo 
halogen-type reagents for the preparation of /3- 
bromoamines (2), and particularly for the synthesis 
of N-phosphorylated aziridines (3) directly from 
unsaturated compounds: 
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The purpose of this work is to investigate the reality 
of the synthetic projects outlined above. 

Here we present the preparation of dialkyl N,N- 
dibromophosphoroamidates (1). a novel class of 
organophosphorus pseudohalogens, and some pn- 
limimuy results pertinent to their preparative 
applicability. 

Dialkyl N,Ndibromophosphoroamidates (1) 
have not been hitherto described except the com- 
pound [(EtO),P(O)NBr&.NaBr which was ob- 
tained recently by Pinchuk et ~1.~ from the nzac- 
tion of diethyl N,Ndichlorophosphoroamidate 
and sodium bromide. We have found that free 
diethyl N,Ndibromophosphoroamidate (DBPA; 1, 
R = Et) of analytical purity can be readily obtained 
in excellent yield (94%) by direct bromination of 
diethyl phosphoroamidate. The reaction using 
elemental bromine was carried out in KzCOs aq. 
at 0” (Eq. 1). 

RO 0 
HsO 

+ 2Br, + K&OS y 
lp// 

RO’ ‘NBr, 
+ 2KBr+COz 

*Part V: A. Zwierzak and S. Zawadzki, Synthesis Use of the stoichiometric amount of K&O3 to 
416 (I 972). Paper CLXXVI on organophosphorus com- neutralize the hydrobromic acid as it was formed 
pounds. Preliminary communication: see ref. 1. rendered the reaction practically irreversible and 
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almost quantitative. DBPA, which is insoluble in 
the aqueous system, separated as an orange-red 
sirupy oil having a sharp, characteristic odour 
resembling elemental bromine. As determined by 
SIP NMR, it was analytically pure and contained 
no unreacted diethyl phosphoroamidate. Samples 
of crude DBPA thus prepared could be stored in 
the dark at O-5” without any appreciable symptoms 
of decomposition. Similarly to DCPAlO diethyl 
N,Ndibromophosphoroamidate exhibited typical 
behaviour of positive halogen containing reagents. 
It reacted instantaneously and quantitatively with 
acid&d KI aq liberating free iodine. It was also 
found, as expected, to add easily in an anti-Mar- 
kovnikov fashion to a variety of unsamrated com- 
pounds.” The chemical reactivity of DBPA to- 
wards unsaturated compounds, (examined in our 
Laboratory) makes it an attractive organophos- 
phorus halogenoid of significant synthetic utility. 

Structural analogues of DBPA, oiz. di-n-propyl 
N,Ndibromophosphoroamidate (1, R = n-Pr), di- 
isopropyl N,Ndibromophosphoroamidate (1, R = 
i-Pr), di-n-butyl N.Ndibromophosphoroamidate 
(1, R = n-Bu), di-r-butyl N,N-dibromophosphoro- 
amidate (1, R = r-Bu), and 2-(N,Ndibromoamino)_ 
2-oxo-5,5dimethyl- 1,3,2dioxaphosphorinan (4) 
have been synthesized by the same experimental 
procedure (Eq. 1) starting from the corresponding 
phosphoroamidates. 

4 5 

The llrst three compounds, which are orangered 
sirupy oils, were contaminated with considerable 
amounts (up to 30% as determined by slP NMR) of 
unidentilied, phosphorus containing impurities, 
possibly the corresponding dialkyl N-bromo 
phosphoramidates (5). This assumption, (dis- 
cussed later) is based on experimental evidence 
involving the almost quantitative transformation of 
crude 1 into N-phosphorylated 2-phenylaziridines 
(6). No unreacted dialkyl phosphoroamidates were 
detected (slPNMR) in respective samples of 1. 
Di-r-butyl N.N-dibromophosphoroamidate and 
cyclic N,Ndibromophosphoroamidate (4) are 
pale-yellow crystalline solids, the former being 
extremely unstable even when stored in the dark 
over KOH. 

*The structure of 8 (R=Et) is evident from its ‘H NMR 
spectrum’ exhibiting the presence of a downfield triplet 
(6 = 4.95, JHH = 7.5 Hz) for a methine proton. If the Br 
atom and amino group were reversed, as claimed by 
Rharasch and Priestleys for N,N-dibromosulphonamide- 
styrene adducts, such a pattern would not be obtained. In 
this case the ‘H NMR spectrum would display the pre- 
sence of a downfield double triplet for the methine proton, 
owing to coupling with the adjacent methylene protons 
and P atom. 

Bromination of diethyl phosphoramidate carried 
out in the presence of sodium or lithium carbonate 
atforded in both cases yellow water insoluble solids 
(m.p. 118-120” and 108-l 12” respectively) for 
which the structures (DBPA)s, NaBr and (DBPAh. 
LiBr have been anticipated on the basis of elemen- 
tal analysis data’ 

Physical constants, yields, elemental analysis 
and spectral data of dialkyl N,N-dibromophos- 
phoroamidates (1) and of the cyclic analogue 4 are 
in the Table. All structural assignments are un- 
equivocally supported by IR and NMR spectral 
data which are in all cases fully consistent with the 
relevant structures. 

Some reactions of diethyl N,Ndibromophos- 
phosphoroamidate (DBPA; 1, R= Et) and its 
structural analogues are visualized on the Scheme. 
Styrene was used as a model unsaturated hydro- 
carbon to exemplify those chemical transforma- 
tions which may be of interest as potential syn- 
thetic procedures and can simultaneously deliver 
the Ilnal proof of structure for N-phosphorylated 
2-phenylaziridines (6) prepared directly from 1 and 
the olefln. According to our preliminary report’ the 
anti-Markovnikov addition of DBPA to styrene 
affords diethyl N-bromoN-(&bromo-&phenyl- 
ethyl)phosphoroamidate (7, R = Et) which can be 
subsequently reduced to 8 (R = Et) and then de- 
graded by means of gaseous HCI to yield /3-bromo 
&phenylethylamine hydrochloride (9) in good 
yield.* The preparative usefulness of 9 as starting 
material for the synthesis of 2-phenylaziridine 10 is 
obvious. Phosphotylation of 10 by conventional 
methods gives rise to the formation of the corre- 
sponding N-phosphorylated derivative 6. In the 
search for a simpler and more effective approach 
to 6 we turned our attention to the possibility of 
direct cyclixation of the primarily formed adducts 
(7). These adducts were easily produced when 
styrene was added dropwise to a boiling dichloro- 
methane solution of 1. All reactions were rapid, 
exothermic and complete within 30min. It was 
neither necessary nor desirable to isolate the pro- 
ducts. On treatment with two molar equivalents of 
methanolic NaOMe at room temp they could be 
directly transformed into N-phosphorylated 2- 
phenylaziridines (6). Products of NMR purity have 
been obtained in all cases. They could not be, how- 
ever, purified by distihation in uacm without 
any appreciable loss of material due to the partial 
thermal decomposition. Considerable amounts of 
impurities present in some N,N-dibromophos- 
phoroamidates (1, R = n-Pr, i-Pr, n-Bu), as men- 
tioned previously, did not aifect the yield of crude 
6 which was almost quantitative in all cases. It 
seems therefore reasonable to assume the sttuc- 
ture of the corresponding N-bromoamides (5) for 
the contaminants. If this is the case, one can expect 
the formation of 8 on addition of 5 to styrene. As 
proven by an independent experiment, cycliza- 
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(1) (5) 

I 
Ph-CHdH, Scheme 

I 

Ph-CH-CH. 

(RO), 
Ii 

-N-CH* 

3 

H-Ph s (RO), 
K 

-NH-CH*-- 
‘7 

H-Ph 
I 

kHz l H&-CH,-- H-Ph 

0 Br r 0 Br 
‘i 

Cle Br 
7 8 9 

I 
MeONP R=Et EtONa 

I I 

“bH 

CH,, 
W’h P-<J CH-Ph 

,CH3, C&\ 

CI 8;) 1 

- (ROhP-N- 

II 

CH-Ph *Hd- CH-Ph 

tion of 8 can readily occur under basic conditions 
to give the same N-phosphorylated 2-phenylaxiri- 
dine (6) as prepared directly from 1: 

Structures of N-phosphorylated 2-phenylaziri- 
dines (6) have been unambiguously con6rmed by 
their ‘H NMR spectra examination. All spectra 
exhibited a typical AMX pattern additionally split 
by the P atom for the aziridine ring protons. The 
values of 3.1, long-range coupling constants for 
these protons were found within the region of 
154-20~0 Hz, which is compatible with the litera- 
tur+. IR spectra and elemental analysis were also 
in good agreement with the proposed structures. 

Molecular-type compound (DBPAIS.NaBr was 
found to add to styrene ahnost quantitatively but at 
a higher temperature (refbrxing benzene) than the 
free 1, (R = Et). The lithium bromide+(DBPAh 
complex produced, however, a mixture consisting 
upon reduction of 60% of adduct 8 and 40% of 
styrene dibromide. 

EXPERIMENTAL 
Light petroleum refers to the fraction boii at 60-80”. 

AU extracts were dried over MgSO, and evaporated under 
reduced press. B.p.‘s and m.p.‘s (taken in capikies) are 
uncorrected. IR spectra were recorded for liquid fihns 
unless otherwise stated using an UR-10 spectrophoto- 
meter (Cc. Zeiss, Jena). ‘H NMR spectra were measured 
at 60 MHz with a Jeol JNM-C-60 HL spectrometer using 
TMS as internal standard. s1P NMR spectrawere recorded 
at 24.3 MHz with the same spectrometer using 85% 
HSPO, as external reference. Ccl, solns were used unless 
otherwise stated. 

Dialkyl phosphoroamidates were prepared conven- 
tionally by the action of gaseous ammonia on the corn- 
sponding dialkyl phospbites in benzene-CCL solr~.‘~ 

Di-t-butyl phosphoroomidate. A stream of gaseous 
ammonia dried over KOH was passed through a soln of 
di-t-butyl pbosphite” (87.0 g. 0.45 mole) in Ccl, (200 ml) 
at 50-W with efficient stirring. After 14 hr the soln was 
evaporated to dryness and the resulting solid (NH,Cl+ 
amide) extracted ~n~uously with benzene for 10 hr. 
Evaporation of the extract afforded 56.3 g (60%) of crude 
amide, m.p. 134-137’. On recrystallization from light 
petroleum an analytically pure sample was obtained, with 

6 10 

m.p. 136-137” (lit.? m.p. 122-125’dec.). (Found: C, 45.8; 
H, 9.5; N, 6.7; P, 14-7: C&ItoNOIP requires: C, 45-9; H, 
9.6; N, 6.7; P, 14*8%).The IRspectmm(KBtdisc)showed 
characteristic bands at: 3355s (NH), 3268s (NH), 3157s 
I.,.,\ 

&ii,, 1184s‘(P--o--(C)); lO& (P-d--(C)j; 1024s 
(P-O-_(C)), 990~s (P-O-(C) cm-‘. The ‘H NMR 
spectrum (CDCls) showed signals at: 8 = 150 (s, 18H, 
C&),3*40 (s, 2H, NH,). The SIP NMR spectrum (CHCIS) 
showed signal at 6 = - 1.42 ppm (from 85% HJPO, as 
external reference). 

Z-Amitw2-oxo-S.S-dimimethyl- 1,3,2-dioxuphosphorirtan 
was prepared as described previousiy.i” 

Preparation o~(DBPA)~.N~r und(DBPAh. LiBr as 
well as addition of DBPA to styrene and degradation of 
the reduced adduct (8, R = Et) to Z-bromo-2-phenyl- 
ethylamine hydrochloride (9) were described in the pre- 
liminary communication.1 

Preparation of N,N-dibromophosphorumides (1). (4). 
General procedure. Bromine (16.08, 0.1 mole) was 
added dropwise with stirring and external cooling (ice- 
salt bath) to a soln of the corresponding phosphoroamidate 
(0.05 mole) in water (60 ml) at 0”. The resulting mixture 
was stirred for 30 mitt at k and linally for I hr at 209 
CH,Cl, (4Oml) was then added, the organic layer sep- 
amted; and the aqueous phase extracted with-CH& 
(3 x 20 ml). Combined extracts were water washed (2 x 20 
ml), dried, and evaporated to an oil from which residual 
solvent was removed to give crude 1 as orange-red, syrupy 
oil. Synthesis of di-t-butyl N,N~bromoph~spho~-~~ 
ate (I, R = t-B@ was carried out for I hr at O-59 Yellow 
ppt ks Ntered off, washed with cold water (3 x 15 ml) 
and dried in tbe dark in a vacuum desiccator over KOH. 
Cyclic N,N-dibromophosphoroamidate (4) was obtained 
by the standard procedure, but isolated from the reaction 
by tIltration of the pale-yellow ppt followed by washing 
with cold water (3 X 15 ml) and drying in vacua over 
KOH. 

Addition of diethyl N,N-dibromophosphoroamidate (1, 
R = Et) to styrene. N-(DiethoxyphosphoryI)_2-phenyl- 
aziridine (6, R = Et). A soln of styrene (5.2 g, 0.05 mole) 
in CH& (IS ml) was added dropwise with stirring to the 
boil& sohr of DBPA (15-55 g, 045 mole) in CHtClt (60 
ml). The soln was refluxed gently for 30 min. cooled to 
mom temp and treated with 15% methanolic NaOMe 
(0.1 mole). Stirring was continued for 1 hr at room temp. 
NaBr ppt was filtered off and washed with CH&_X, 
(3 X 50 ml). The soln was water washed (3 X 30 ml), dried, 
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and evaporated to Rive crude N-(diethoxyphosphoryl&2- 
phenylaziridine (11.9 g. 93%) of NMR purity. Distillation 
In u&o atforded pure 6 (R = Et) as c&urless oil, (72%) 
b.n. 112-I 14”/0*15 mm (bath temn 145-1509. nC - 15078. 
(Found: C. 56.2; H, 7.i; N, 5.6;P, 11.8; C;iHyr,NOsP re 
quires: C, 56.5; H, 7.1; N, 5.5; P, 12.15%). The IR spec- 
trum showed characteristic bands at 1470m (CH,-C as.), 
1395m (CHs-C sym.) 1270s (P==O). 1195m and 1158m 
(P-O-Bt). 1035~s (P-O-(C)), 790s (aziridine ring 
def.?) cm-l. The *H NMR spectrum showed signak at: 
S = 1.22, l-30 (2r. 6H, JHH 7.3 Hz, ?IPa 0.6 Hz, C&- 
CHI), AMXY (Y=P). system (24 lines, 3H, SA = rO2, 
6, = 2.57. s, = 340. J., = 2.0 Hz. J.r 3.4 Hz. Jw. 6.3 
Hz, Jfl 153-H,, &,; li:‘ii Hz, Jxp i6.?Hz, aziridi&ring 
protons), 404, 4.10 (2dq, 4H, 3J,.,, 8.4 Hz. Jaa 7.3 Hz, 
CHS-CHZ-0), 7.24 (br. s, SH, arom. protons). 

Add&% of di-n-propyl N,N-dibromophosphoroami- 
date(1, R = n-Pr) to styrene. N-(Di-n-propoxyphosphoryb 
2-phenylaziridine (6, R = n-Pr). The reaction was car- 
ried out and the product was worked-up as descni 
above to give crude 6 (R = n-Pr) (98%) of NMR purity. 
Distillation in uacuo atforded analytically pure material as 
a colourless oil, b.p. 123-124”/0.1 mm, nC 1.4992, 75.5% 
(Found: C, 59.3; H, 7.6; N, 5.4; P, 10.4; C,,H*,N&P re- 
quires: C, 59.4; H, 7.8; N, 4.95; P. 10.95%). The IR 
spectrum showed chatacteristic bands at: 1468m (CHsC 
as.), 1392m (CH,-C sym.), 1271s (P=O), lOOOvs, br 
(P-O-(C)), 86Om, br (axiridine ring def.?) cm-r. The ‘H 
NMR spectrum showed signals at: 6 =0.65-l-12 (m, 6H. 
Cl&-CH,-), 1.20-190 (m. 4H. -C&-C&-). 
AMXY Ty==P) system (24 lines, 3H. 6* = 208, 6u = 
2.57, & = 3.41; J;,, l-8 Iiz, JM 3.3 Hz, J-k 6.2 Hz, -jm 
15.3 Hz, Jlup 18.9 Hz, Jxp 16.2 Hz, axiridine ring protons), 
3*%, 400 (2dt. 4H, Jaa 6.6 Hz, sJpll 7.8 Hz, -CH,-0). 
7.20 (s, SH, arom. protons). 

Addirion of diisopropyl N,N-dibromophosphoroami- 
date (1, R = i-Pr) tostyrene. N-(Diisopropo-ayphosphorylk 
2-phenylaziridinc (6, R = CR). The same experimental 
procedure as before was applied. Usual work-up of the 
reaction save crude 6 (R = i-FW of NMR nuritv (97%). 
Distillat& in vacua alforded a&yticahy pure product as 
colourless oil, b.p. 115-116°/O~1 mm, @’ 1.4942, 63%. 
(Found: C, 59.2; H, 7.6; N, 5.3; P, 10.6; Cl,H,,NOsP re- 
quires: C, 59.4; H, 7.8; N, 4.95; P, 10.95%). The IR spec- 
trum showed characteristic bands at: 1470s (CHS-C as.) 
1388s and 1380s (CHs-C sym.), 1268~s (P=O), loooVs, 
br (P-O-(C)), 794s (aziridine ring def.?) cm-‘. The ‘H 
NMR spectrum showed signals at: 6= 1.19, 1.21. 125. 
1.29 (4d, 12H, Jaa 6.4 Hz, ((C&)&ZH-), AMXY (Y=P) 
system (24 lines, 3H, 6., = 199, S, = 2.55, S, = 3.36. 
Ja,, I.9 Hz, JIJc 3.3 Hz, Jyx 6.2 Hz, JAp 15.0 Hz, Jw 19-O 
Hz, JW 16.5 Hz, aziridk ring protons), 4-27-5-10 (m, 2H, 
JHH 6.4 Hz, SJpH 7.6 Hz, ((CHACH-0-), 7.17 (s, 5H. 
arom. protons). 

Addition of di-n-bufyl N,N-dibromophosphoroamidate 
(1, R = n-Bu) to sfyrene. N~Di-n-buforyphosphorv[)_2- 
phenylaziridine (6. R = n-B@. The experiment carried 
out as described above followed by usual work-up of the 
reaction gave crude 6 (R = n-Bu) of NMR purity (98.5%). 
Distillation in uacuo a!krdcd analytically pure product as 
pale-yellow oil, b.p. 137-138”/0~05mm, fl 15000, (55%). 
(Found: C, 61.5; H. 8.15: N, 4.5: P. 9.7; C,&,NOaP 
requires: C, 61.7; H, 8.4; N, 4.5; P. 100%)). The iR 
spectrum showed characteristic bands at: 1468s (CH,--C 
as.), 1390s (CHJ-C sym.), 127Ovs and 1239s (P-0). 
1025~s. br (P-O+C)). 85Om and 7’98m (ax&line ring 

‘R. E. B~~kks and W. J. Probst. J. Org. Chem. 22.1728 
(1957). 

def.?) cm-l.. *H NMR spectrum showed &naB at: 6 = sA. C. Oehlschlager and L. H. Zakow, Tetrahedron 

060-108 (m. 6H, CHA, 108-l-80 (m, 8H, --CL- 
C&-). AMXY (Y=P) system (24 liks. 3H, 8* = 2.01, 
s, = 2.57, s, = 3.35, JAY = 1.9 Hz, JAx 3.4 Hz, Jm 6.3 
Hz, JAp 15.6 Hz, Jw 19.2 Hz, Jxp 16.8 Hz, axiridine ring 
protons), 368-t-42 (m, 4H, JHH 6.3 Hz, -C&-O-), 
7.17 (s, SH, arom. protons). 

Addition of (DBPA),.NaBr to styrene. A soln of 
styrene (l-9Og, O-018 mole) in benzene (10 ml) was added 
dropwise at reflux temptoastirred suspensionof(DBPA),. 
NaBr (6.20 g, 0006 mole) in the same solvent (30 ml). 
Stirring was continued for 30 min until the soln became 
pale-yellow. The mixture was then cooled to room temp, 
diluted with benzene (40 ml) and treated with 20% sodium 
pyrosulphate aq (60 ml). The organic layer was separated, 
water &shed <2 X 20 ml), dried, and- evaporated. Oily 
residue was heated at 4045”/0.2 mm for I hr to give diethyl 
N-(2-bromo-2-phenylethyl)-phosphoroamidate- (8, R = 
Et) as a pale-yellow oil, ng 1.5276,6.0 g (99%). IR and *H 
NMR spectra of this product were superimposable with 
those of 8 (R = Et) prepared from styrene and pure 
DBPA. 

Addition of (DBPA)$.LiBr to sryrene. The reaction 
was carried out as described immediately above using tire 
same molar proportions of starting materials. Orange 
solid (5.6g) was obtained after work-up of the reaction 
mixture and identified (‘H NMR) as a mixture of 58% 8 
(R = Et) and 42% styrene dibromide. 

Cyclization of 2-bromo2-phenylethylamine hydrochlor- 
ide (9). 2-Phenylaziridine (10). The modified proced~re’~ 
used for cyclixation of 2chloro2-phenylethyhunine 
hydrochloride was applied. The mixture of 2-bromo2- 
phenylethyhun.ine hydrochloride (9) (40-O g. 0.169 mole) 
and 10% NaOH aq (300 ml) was heated at 60-70” for 
2 hr. Excess solid KOH was added and the product dis- 
tilled with steam. The distillate was saturated with KOH 
and ether extracted (4 X 50 ml). On evaporation of solvent 
colourkss oil (15*0g, 75%) of NMR purity was obtained, 
nb 1.5646 (lit.‘? nF 1.5588). The IH NMR spectrum 
showed signals at: 8 = 108 (br. s, lH, NH), AMX system 
(12 lines, 3H, 8,, = 1.43, & = 1.83, S, = 2.62. JM = 0.6 
Hz, Jm = 6.3 Hz axiridine ring protons), 699 (s, 5H, 
arom. protons). 

Cyclization of &ethyl N-(2-bromo2-phenylethyephos- 
phoroamidate (8. R = Et). N-(Diefhoxyphosphoryory1>2- 
phcnylaziridine (6, R = Et). Equimohu amounts of 20% 
ethanolic NaOEt was added dropwise with stirring at 
room temp to a soin of diethyl N-(2-bnxno-2-phenyl- 
ethyl)-phosphoroamidate (10.1 g, 0.03 mole). When the 
exothermic reaction had subsided the soln was refluxed 
for 1 hr. NaBr ppt was filtered off and washed with EtOH. 
The soln was evaporated, the residue diluted with benxeae 
(70 ml) and water washed (3 X 20 ml). Solvent was then 
removed and crude axiridine 6 (R = Et) distilled in uacuo 
to give colourless oil, 5-l g (67%). b.p. 116 1 lsO/O~15 mm 
n? 15076. IR and *H NMR spectrum of this material 
were superimposable with those of N-(diethoxyphos- 
phoryB2-phenylaxiridii (6. R = Et) prepared directly 
from styrene and diethyl N.Ndibromophosphoroamidate 
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