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A-The addition of DBPA to several phenylethylenes and terminal olefins has been studied. Tire reaction 
was found to proceed in boiling dichloromethane and was spontaneously or photolytically initiated depending on 
the structure and reactivity of the reactants. N-Bromo adducts, formed upon addition, could be reduced in situ 
with sodium bisulphite solution to give the corresponding diethyl ~~~-~omoaikyi~hosp~roamidates. Degrada- 
tion of the latter with hydrogen chloride in benzene at room temperature afforded ~-~omoamine hydrochlorides in 
pure state and reasonable overall yield. The observed re~spe~~~ity for anti-M~ko~ov addition, as proven by 
NMR and MS, is fully consistent with the radical-chain mechanism proposed for the reaction. This two-step 
sequences offers an easy access to p-bromoamines, the convenient precursors for an a&dine synthesis. 

Numerous synthetic procedures leading to ethylenimine 
and its derivatives have been described.’ However, there 
is still a strong demand for new, simple and versatile 
synthesis of aziridines due to industrial and chemo- 
therapeutic ~tent~s of this impor~nt heterocyciic 
system. ~-Haioamines (1) which cycfise spontaneously 
and exist in equilibrium with the respective aziridinium 
salts (2) can be considered as natural precursors of 
aziridines (3) (eqn 1): 

I 2 3 

Limited preparative accessibility of 1 render them inap- 
propriate starting materials for synthetic purposes.’ 

Some years ago we described3.’ a simple two-step 
procedure leading to #?-chloroamine hydrochlorides or 
@chloro-a-aminoacid ester hydrochlorides involving the 
addition of diethyl N,Ndichlorophospho~midate 
(DCPA, 4) to phenylethylenes, a-olefins or a&m- 
saturated esters followed by degradation of the adducts 
with gaseous hydrogen chloride. In two earlier papers of 
this serieC6 we have also reported about the adducts of 
diethyl N,Ndibromophosphoroamidate (DBPA, S) to 
styrene and isobutylene (6) as convenient precursors of 
the corresponding &bromoamine hydrochlorides 7 (eqn 
2) 

Recognized synthetic potential of 7 prompted us to 
publish the results of our studies on the preparation of 
these compounds by addition of DBPA (5) to some other 
phenylethylenes and cr-olefins. 

The addition of DBPA to styrene. (E)-l-phenyl- 
propene. (Z)-I-phenylpropene, and a-methylstyrene has 
been examined. All reactions were carried out in boiling 

tPart XIII: K. Osowska and A. Zwierzak, Synthesis 577 
(1979). 

*Presented in part on XXVf fUPAC Congress, Tokyo, 1977. 

&0h,p- NX~ 4: x=u (~04 

0 5: x =R~ ~DBPA) 

dichloromethane by adding dropwise the hydrocar~n (in 
order to avoid its possible polymerization) to a solution 
of DBPA. After a short induction period the reaction 
was exothermic and complete within I hr. Progress of 
the addition could be easily followed by paling of dark- 
red DBPA colour. In all cases except a-methylstyrene 
the reaction proceeded according to the same general 
course outlined below (eqn 3): 

DBPA, 5 

8 

Rf (3) 

9b z Ii., = CH3 (from lbisoasrl 

9c t i2, = c 5 (from Z-isomer) 
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The formation of I:1 adducts was always observed. 
Styrene and its analogues added DBPA 5 
regiospecifically in an anti-Markovnikov fashion (see 
proof of structure below) affording diethyl N-bromo-N- 
(r9bromoalkyl)phosphoroamidates (8). Upon reduction 
with 20% aqueous sodium bisulphite at t0” the initi- 
ally formed N-bromo adducts (8) were quantita- 
tively reduced in sifti to diethyl-~~~-bromoal- 
kyl)phosphoroamidates (9~4. All crude compounds (9a- 
c) formed in high yields were analytically pure. Their 
physical constants, yields and elemental analysis data are 
summarized in Table 1. The adducts (9b) and (SC) were 
found to be diastereomeric mixtures of erythro and 
threoisomerst in the ratio 80:20 in both cases (see 
stereochemistry of DBPA addition below). Pure erythro- 
isomer could be easily isolated from such mixtures by 
crystallization from light petroleum. 

Althou~ the reaction between DBPA (5) and (Y- 
methylstyrene proceeded smoothly, the respective I : 2 
adduct could not be isolated from the complex mixture 
of products formed under the above mentioned con- 
ditions. This was probably due to extensive allylic 
bromination of the hydrocarbon and/or consecutive sol- 
volysis of the primary adduct containing tertiary benzylic 
bromine upon reduction and work-up. The addition of 
DBPA to several straight and branched-chain terminal 
olefins, viz. isobutylene, 2-methyl-I-butene, 3-methyl-l- 
butene, 3,3dimethyl-I-butene, I-hexene, and l-octene has 
been investigated. All these compounds were found to be 
substantially less reactive towards DBPA than phenyl- 
ethylenes, The phenomenon of spontaneous initiation was 
observed only in the case of isobutylene. Other olefins 
added DBPA relatively slowly in boiling dichloromethane 
but the reactions could be effectively accelerated by UV 
irradiation. It was recommended to apply photolytic in- 
itiation for less reactive strai~t~hain olefins. All additions 
were complete within 2-3 hr, which could be tested visu- 
ally by disappearance of dark-red DBPA colour. Initially 
formed N-bromo adducts (10) were not isolated but 
reduced in situ with 20% aqueous sodium bisulphite to 
the corresponding diethyl N-QLbromoalkyl- 
phosphoroamidates (11) (eqn 4). As determined by “P- 
NMR the formation of only one regioisomert was always 
observed. Structural assignments based on ‘II-NMR and 
MS data (see proof of structure below) were fully con- 
sistent with the anti-Markovnikov addition pattern obser- 
ved previously for phenylethylenes. 

Crude adducts (lla) and (lib) were pure and could be 
satisfactorily analysed. Compounds (Ilc-f) were con- 
taminated with considerable amounts (up to about 40%) 
of 1,2dibromoalkanes. allylic bromination products, and 
other unidentified impurities. They underwent extensive 
decomposition on attempted distillation but could be 
easily purified by column chromato~aphy on silicagel 
(solvent system: ~nzene-acetone~hloroform, 30:10:3) 
to give anaIytically pure samples. It is noteworthy that 
impure, crude adducts (llc-1) could be successfully ap- 
plied for the preparation of /3-bromoamine hydro- 
chlorides (vi& infm). Yields, physical properties, and 

*Erythro (RS and SR)and three (RR and SSf-conligurations were 
ascribed to both racemic diastereomeric adducts on the basis of 
Cahn, Ingold and Pretog conventions 

~IndependeRt studies on ionic addition of DBPA to olefinss 
clearly indicate that regioisomeric adducts are easily distin- 
guishable by 3’P-NMR. 
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elemental analysis data of the phosphoroamidates (11) 
are listed in Table I. 

110 * R, a l$ = cI$ lld : R, = t-cqllg, .B2 = H 

Ilb t R., E CH,/ R2 = C& 1% :R, = lhC4$B2 c H 

110 : B, = i-CjH7, B2 = H 111 t R, = R-C&~, R2 = H 

All DBPA adducts to phenylethylenes and a-olefins 
@a-c, lla-f) were satisfactorily analysed for C, H, N, 
and P. Their IR spectra (Table 2) showed characteristic 
strong NH absorption bands in the region of 31% 
3270 cm-‘, P=O bands at 1220-1240 cm-‘, and P-&(C) 
bands within the range 1025-104Ocm-‘, which are fully 
consistent with the anticipated amidophosphoryl struc- 
ture. Regioisomeric purity was evident from “P-NMR 
spectra examination (see above) and could be further 
confirmed by detailed analysis of their ‘H-NMR spectra. 
The final structural assignments, namely the positions of 
the Br atom and the amidophosphoryl moiety, could be 
deduced from careful inspection of the ‘H-NMR spectra 
by analysis of the chemical shifts, multiplicity and in- 
tegration of the relevant groups of protons (see Table 2). 
Multiplicity of the methylene protons adjacent to 
nitrogen atom was of particular diagnostic value for 
definite structural assignments. This can be exemplified 
for DBPA-isobutylene adduct for which one can con- 
sider the structure of an anti-Markovnikov adduct (11~) 
or its regioisomer (119’). 

The NMR data are consistent only with the structure 
(110). In the NMR spectrum of DBPA-isobutylene ad- 
duct the magnetically equivalent H. protons absorbed as 
a broadened doublet at &&CC14) 3.13 ppm integrating 
for two hydrogens. Splitting of this signal evidently 
resulted from a long range coupling between methylene 
protons H. and P atom (‘JPH = 9.7 Hz). If the Br atom 
and amidophosphoryl moiety were reversed (Formula 
lla’) such a pattern would not be observed and H. 
protons would appear as a singlet with no further split- 
ting by P atom. Other signals displayed in the NMR 
spectrum of DBPA-isobutylene adduct are in accord 
with the structure (11~) but do not allow to distinguish 
between the regioisomeric structures (11~) and (11s’) and 
therefore are of limited diagnostic value. Similar NMR 
analysis leads to unambiguous structural assignments for 
the adducts (90-c) and (llb). It cannot, however, be 
applied for compounds (lle-f) which give rather complex 
spectral patterns, indistinguishable for both possible 
regioisomers. The anti-Markovnikov orientation of the 
adducts (llc-f) was unequivocally established by means 

of mass spectroscopy. The mass spectra of fi-bromo- 
amine hydrochlorides (S-b) obtained from (llc-1) 
by degradation with gaseous HCI (uide infro), showed 
preferential a-cleavage fragmentation to yield 
[CHFNH,]’ ions, m/e = 30, in accord with the regio- 
specificity shown below (eqn 5): 

Such fragmentation pattern could not be obtained for 
,!&bromoamine hydrochlorides with the amino function 
at the nonterminal, secondary or tertiary position. 

Diastereomeric (E)- and (Z)-I-phenylpropenes were 
suitably selected for studying sterochemical course of 
DBPA addition. Both crude adducts of DBPA to (E)- 
and (Z)-I-phenylpropene (9b) and (SC) have superimpos- 
able IR and NMR spectra, suggesting that they are 
identical mixtures of erythro- and threo-isomers. Their 
“P-NMR spectra displayed in each case two distinct 
signals at 8H,P0, (Ccl,) 7.0 and 7.5 ppm. Integration of 
these signals allowed to establish the ratio of both 
diastereoisomers which was found to be 80:20 
(erythro: threo-adduct). Assignment of stereochemistry 
was arrived at by careful ‘H-NMR spectra examination. 
The spectra exhibited the presence of two partially over- 
lapping doublets of different intensities centered at 
&&CCL) 4.99 ppm (JH,Hb = 10.6 Hz, higher intensity 
signal) and 5.04 ppm (JH+ = 6.2 Hz, lower intensity 
signal) which could be asstgned to the benzylic proton 
Hb in both diastereoisomers on the basis of integration, 
multiplicity and chemical shifts. 

It is feasible to assume the synclinal arrangement of 
vicinal protons H. and Hb in the preferred conformation 
of erythro-isomer (12a). This would account for a smaller 
vicinal coupling constant of the higher-field doublet ac- 
cording to Karplus relationship. The higher value of 
vicinal coupling constant of the lower-field doublet is 
consistent in turn with preferable antiperiplanar 
arrangement of H. and Hb in the threo-isomer (12b). 
Erythro-contiguration of the main constituent of the ad- 
ducts (9b) and (SC) could be also corroborated by chem- 
ical means. Pure erythro-adduct (isolated from the mix- 
ture 9b or SC) was cyclised in the presence of sodium 
ethoxide to the corresponding N-phosphorylated aziri- 



Table 2. Characteristic IR absorption maxima and 'H-NMR spectral assignments of diethyl N-(@-bromoalkyl) 
phosphoroamidates 

Compound Charaateristio III absorption maxima ffilm)a 1 

No. (cm-') 

Ii-NLR assignments b f 6 in ppn from :'K; 

3 in iiZ) 

9a 3200x1 298Om;291Om;1455s;l225s;ll2Om;l~5e; 
960s; 008 3 

1.20 1.26(2t,68 J=7.0);3.15~c.OO(m <;i)*j.BO 
3.91!2q,4H,J=7.6) 4.45-4.85(bs,lH)~4.9$(t;l!I, 
J=7.3): 7.10-7.6O!m;5H) 

9b.c jl70s~2995mj2930m;lle8c)m;1220s;llW)m;1060e 
10358; 965s; 7008 

l.C5-1.45(m;9H);3.25-j.95(m);j.86(c,4II;J=7.0); 
4.99(d;1II,J=10.6threo;J=6.2er;rthro~;7.05-;.60 
(m,5H) 

lla 32008; 2970s;291Om;1455m;137~;1220e;1155m; 
1030s; 960s 

1.3O(t,6H,J=7.3); 1.75 1.85(2s,6Ii);j.l3fbd, 
J=9.7);4.00(q,4H,J=7.3jj4.6~5.15(bt,lii) 

llb ~Q&s;2982e;2935s;146Om;1240a;1060e;1037s; l.O5ft,3II J=7.6) l.jlft,6H,J=7.6) 1.~0-2.15(m 211)4 
1.70(*,3Hji3.17(~8,2H,J=8.4)14.30 q,4H,J=7.6); f 
4.iO-S.l5(bo,lH) 

110 

lld 

3240e;2995e;1450e;1395m;1375m;1230e;1060s; 
1037s; 9708 

1.25,1.37fdd,6H J=$.3);1.74(t,6H,J=7.3);2.5+3.10 
(m,lH);3.9O+.l~fm,2H);5.30fq,5!i,J=7.3) 

324Os;2995s;l~;l45Om;14CXb1;1370a;l23Oe; 
103Oe;%5e 

l.O5(~,9H) 1.27(t,6H;J=7.2);~.80-3.6Ofm,2Ii);3.% 
fq,5H.J=i.J) 

110 

llf 

a OmQ cheraoteristio absorption bands are included. Abbreviations ueed: 8, strong; m, medium. 

b Abbreviatione used: s, singlet; d, doublet; dd, double doublet; t, triplet; q, quintet; m, multiplet; 

b, broad. 

_ _ -. -. - - _- - - - - ._ ._ - 



Table 3. &Bromoamine hydrochlorides’ 

comQowld Yield ’ M*poO Characteristic M&R assignments (D2Of 
BO k Oc II? absorp_tqon maxima (Ksr)d ( 6 in ppm from HYDE;, J in Hz) 

am 

82 w-9 
3000_2700a;1600m~1500a;lWc5m 3.82,3.95,5.60(APX system,JAB_ -13.6; 

75881 7008 J au=6961 JXY- -8.7),5.00ta);7.47-7.80(m,5H) 

m we 74% ergthro 
165-6 

3~2800s~1~~6,1310s~1450m; 3.70-4.40(m);5.31(d~threo,JAB=?0.3)~ 
26% thxeo ~39(kn;?5Oa,7OOa 5.47(d,erythro;JA~6.5)4.92(8);1.28(d,3H, 

J=7.2 thrao)jl.!%(d,3H,J=7.2 erythro)l 
7.55(ba,5H) 

1% 58 151-3 
300+2750a~1585a,1505a,-l450a, 1.82(a,6HJ~3.33(8,2H)j4.71(e) 
1375m,?%?a,1130a,85Om 

1% 57 133-5 %&2~~O&V’$$l505045Qn, l.O~~t,3H,J=7~2~;1.78~a,3H~~1.60-2.22~m, 
l l 2H)r3.40(~.2Hf;4.72(~1. 

1% 33 1652 3WO-28008,16CQ1,~490a,139om, 
116Om,1325m,88Om 

3.54,3.41,4.3O(ABX system,3H,JAB=13.7, 

JA~-2.5,J~-9.9),0.99,~tdd,6H,J=6.~); 
1.55..2.4O(n,lH);4.75(s). 

15f 84 

$46 42 

205-7 3000-2800s,15YOm,?52Om,14OOm, 
137Cm,122Csn,8Y8m 

3.19,2.84,3.74(X+X syutem,3H,JAB=W.lj 

JAc-2.2,J~-11.8),0.65(8,91L!;4.29(a) 

17+6 3aocI-2Bw-1’15957 WOOm,123~&87~~720a iI&_ * 3 l 91 ’ 3 l 70 * 4 ‘ ?vE= system,jH, JAB=14,0, 

JA+ .7, Jw --Il.31 jl.lO-1.50~bt,3H);1.TO- 

Tha elemental analyaea of all aoapounds (C, R, N, Pf were fully.cor.wiatent with tha 

aalaulated oalws. 

XA respaat to the etarting clefin. Tha adducts 9 and II wera not isolated. 

Crystallized from ethanol. All compounds deaompoaad on melting. 

Only tha moot characteriefio bands are &van. 

Degraded for 5 br at 60-65’ in ahloroform iSolution. 

4 
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dine (13) affording fMn~-2-methyl-~phenylaziridine (M), 
identical with the compound described by Brois and 
Beardsley? upon reduction with LAH in ether” (eqn 6): 

The formation of rrans-aziridine (14) unambiguously 
confirms erythrocontiguration of the starting adduct 
Wa). 

Mechanism of DBPA addition to phenylethylenes and 
a-o/e/Ins. All DBPA additions to phenylethylenes and 
a-olefins exhibit several characteristic features which are 
indicative of spontaneously initiated or thermally in- 
duced free-radical chain reactions: (i) they follow 
regiospectically affording anti-~arkovnikov adducts; (ii) 
thermal and/or photolytic initiation is required for less 
reactive olefins; (iii) the reaction rates are markedly 
increased by UV irradation but practically independent 
on the polarity of solvent; (iv) the addition to non- 
terminal olefins, e.g. I-phenylpropene, is non- 
stereospecitic. All these phenomena can be plausibly 
interpreted in terms of free-radical reaction pathways, 
fully analogous to those suggested for the addition of 
diethyl N,Ndichlorophosphoroamidate @CPA) to 
phenylethyienes3 and a-olefins.’ The formation of sub- 
stantial amounts of 12dibromoalkanes during the ad- 
dition of DBPA 5 to a-olefins can be explained by the 
following Scheme (eqn 7): 

(71 

Br 

One cannot exclude, however, the direct bromination of 
olefins with molecular bromine produced by thermal 
decomposition of DBPA. 

Degradation of DBPA adducts. Synthesis of /3- 
bromoamine hydrochlorides. All DBPA adducts to 
phenylethylenes @a+) and a-olefins (1la-f) could be 
easily and effectively degraded to the co~espondi~ 
~-bromoamine hydrochlorides (15) by means of gaseous 
hydrogen chloride in benzene at room temperature. it 

was neither necessary nor desirable to purify crude 
adducts before degradation because the hydrochlorides 
(15) separated from the solution in pure form and all 
impurities left in the mother liquor. Overall yields of 
fl-bromoamine hydrochlorides (15) (in respect to the 
olefin used for functionalization) were witbin the range 
35-W% which seems reasonable from the preparative 
point of view. Melting points and spectroscopic data of 
(15) are collected in Table 3. 

15s I 8, s Ph, Ii2 = R3 = Ii 

‘I5b I R, a Yh, R2 = I&R3 = CH3 

150 * B, ax R2 = CH 3’ 83 = A 
15d t R., ii CH>, Ii2 = CZH yR3 = ii 

'1% : 111 a i-cgfp R2 = R3 = X 

151 : R, a t-Qi9,R2 = R3 = H 

1% f H, = n-c H ,+ 9, R2 = R3 = H 

1% : R., = wC,$,~, R2 = R3 = B 

ExPmMBNTAL 

Solvents and reagents were purified by conventional methods. 
Linht oetroleum refers to the fraction boilinn at 48-60”. All 
st&ing olefins were freshly distilled just before-use and were at 
least 9!W pure (CC). All extracts were dried over MgSO, and 
evaporated under reduced press. B.ps (taken in capillaries) are 
uncorrected. fR spectra were recorded for liquid films or KBr 
pellets using a !&cord 71 IR (CZeiss) spectrophotomcter. ‘H- 
NMR soectra were measured at 8OMHz with a Tesla BS 487C 
spectrometer in Ccl, or DsO using TMS or DSS as internal 
standards respectively.“P-NMR spectra were recorded at 
24.3 MHz with a Jeol JNM-CMJHL spectrometer using 85% 
HsPO, as external reference. All measurements were made on 
samples of analytical purity. Column chromatography was per- 
formed on Silicagel (i~~mesh). 

Diethyl N,Ndibromophosp~roamidate (DRPA, s) was pre- 
pared as described previously’ by bromination of diethyl phos- 
phoroamidate with elemental bromine at 0” in an aqueous SOIU- 
tion containing equimolar amount of potassium carbonate. 

Addition of DBPA (5) to phenyiethylenes and a-ol&s 
Method A. The oletin (O.OSmole) was added dropwise with 

stirring to the soln of DBPA (lS.SSg, 0.05 mole) in di- 
chloromethane (SOmlf oreheated to XI at such a rate to maintain 
gentle reflux of the s&r. Stirring was then continued for the 
indicated time (Table 11 at reflux temp. The resulting pale-yellow 
soln was colled‘to It?’ aad 2Q% aqueous soln of sodium bisulphite 
(5Oml) was then added slowly at this temp. Dichloromethane 
(Mml) was then added and the organic layer was separated, 
washed with water (3 x 30 ml), dried, and evaporated. The resi- 
dual crude adducts (9a-e) were analytically pure when heated at 
40-SW0.l mm for I hr to remove traces of solvent. Table I 
shows results and analyses. 

Method B. The soln of DBPA (15.55 g, 0.05 mole) in di- 
chloromethane (1s ml) was added dropwise to dichlorome~ane 
(50 ml) saturated with gaseous olefin at such a rate to main~in a 
pale-yellow colouration of the reacting mixture. The addition of 
DBPA to isobutylene occured at room temp. For the. adducts 
(llb and llc) the reaction was carried out in boiling di- 
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chloromethane. After the addition had been completed (see Table 
I for the indited time) the products were worked-up as des- 
cribed above for the method A. Crude adducts (lla and lib) 
were analytically pure when kept at 40-5O’lO.l mm for 1 hr to 
remove traces of solvent. Pure adduct (MC) could be isolated by 
column chromatography, if necessary, or degraded in crude 
form. 

method C. A soln of an appropriate olefin (0.05 mole) in 
dichloromet~~ (40 ml) was placed in a quartz. tlask and reffuxed 
gently with stirring. A soln of DBPA- (1555g, 0.05 mole) in 
dichloromethane (ISml) was slowlv added droowise while the 
mixture was continuously irradiated by a UV iamp. After the 
indicated time (Table 1) the product was worked-up as described 
previously for the methods A and B. Crude adducts (lid-f) were 
purified by column c~omato~aphy or degraded without isolation. 

Erythro-Diethyl N-(/3-bromo-,!LphenylpropyI)phosphoroamidatc 
(121) 

Crude adduct (9b 15.5~) was twice recrystallized from light 
petroleum (38Oml) to give 6.3 g of pure erythro-isomer, m.p. 
9(1-91”. (Found: C, 44.2; H, 5.9; N, 4.1: P, 8.9; C~~H,,BrNO,P ._ _. 
requires: C, 44.5; H, 6.0; N, 4.0; P. 8.9%). The IR spectrum 
(CCL) showed characteristic bands at: 3220 (NH). 3OlOs (CH 
aromat.), 1460s (CHr), 126Os, 1240s (P=O), lb6os[~1O4Os, 970s 
(P-O-(C)), 7OOscm-‘. The ‘H-NMR spectrum (Ccl,) showed 
signals at: 6 = 1.04-1.50 (m, 9H, CI&CH& CH,CH), 3.2& 
4.17 (m. SH, CH&&O, -NH-C@, 4.28-4.62 (bt, lH, NH), 
4.98 (d, IH, Jnn 6.5Hz. -Cfj-Br), 7.b7.55 (m, SH, arom. pro- 
tons). The “P-NMR spectrum (Ccl,) displayed one signal at 
S = 7.2 ppm (from H>PO,). 

trans-N-(~ethoxyphospho~~2-methyi-3-phenyt~zi~~e (13) 
A soln of sodium e&oxide (prepared from 0.78 g, 0.017 mole of 

sodium dissolved in t4 ml of ethanol) was added dropwise with 
stirring and occasional external cooling to a soln of pure erythro- 
adduct (121 5.95 g. 0.017 mole) in dichloromethane (25 ml) at lo”. 
Stirring was then continued for I hr at room temp. The resulting 
mixture was washed with water (3 x 25 ml), dried, and evaporated 
to give 4.45g (97.5%) of a~ytic~ly pure a&dine (13) as 
colourless oil, no= 1.5026. (Found: C, 57.5; H, 7.5; N. 5.4; P, 
11.0; CI,HWN03P requires: C, 58.0; H, 5.2; 7.4; P, 11.5%). The 
IR spectrum (Ccl;) showed characteristic absorption maxima at: 
3010s (CH aromat.), 1399m (CHr), 1275s. 1253s (p=O). 1065s, 
1045s, 972s (P-G(C)), 700s cm-‘. The ‘H-NMR spectrum (CCL,) 
showed signals at: 6 = 1.20, 1.27 (2t,6H, Jnn 7.5 HE, C&-CH, 
0). 1.56 (d, 3H, Juu 5.5Hz, CHs-CH-), 2.22-3.02 (m, IH, CH- 
CH& 3.26 (dd. IH. Juu 3.0H~,‘~Jpu 15.5 Hz, CH-Ph), 3.99, 4.08 
(2qt. 4H. Jnu =‘Jpu 7.5 Hz. CI$-C&-G). 7.16 (s, SH, arom. 
protons). The “‘P-NNR spectrum (Ccl,) showed signal at S = 
I 1 .O ppm (from HIPO,). 

A soln of truns-arizidine (13) (4.05g, 0.015 mole) in ether 
(20ml) was added dropwise with stirring to a suspension of LAH 
(1.5 g) in ether (20 ml) at such a rate as to maintain gentle reflux. 
Stirring was continued at room temp. for 1.5 hr. 20% Aqueous 
sodium hydroxide (6ml) was then added. Inorganic salts were 
filtered off and washed with ether (2 x 30 ml). The filtrate was 
combined with washings, dried over NaOH and KsCOs, and 
evaporated to give 1.8 K (90%) of crude aziridine (141. which was 
anaiyticalfy puie when-heated at W/O.8 mm to remove traces of 
volatile impurities. Colourless liquid of characteristic mushroom 
odour, nom 1.5418. (Found: C, 81.1; H, 8.2; N, 10.3; C$H,,N 
requires: C. 81.2; H, 8.3; N, 10.5%). The IR spectrum showed 
characteristic absorption maxima at: 3275s (NH), 3010s (CH 
aromat.), 2990s (CH,), 1500s (Ph). 138Sm (CH,), 12lSm (aziridine 
ring), IO85m (NH), 8SOs (aziridine ring def.?). 745,700s cm-‘. The 
‘H-NMR spectrum (Ccl,) showed signals at: 6 = 0.89 (s, IH, 
NH). 1.23 (d, 3H, Inn 5.2 Hz, CHs), 1.87 (dq, IH, JCH,_u 5.2 Hz, 
Jnu 2.8 Hz, CH&I-), 2.45 (d, IH, Juu 2.8 Hz, Ph.-@-), 7.08 (s, 
5H, aromat. protons) and was identical with that reported by 
Brois and Beardsley? 

Degradation of DBPA adducts with hydrogen chloride 
&Btvmoaminc hydrochlorides (HI). Dry, gaseous HCI was 

passed slowly through the soln of the appropriate crude DBPA 
adduct @a-e, lla-f, 0.02 mole) in benzene (50 ml). The reaction 
was carried out at 2W5’ for 4-5 hr. The soln saturated with HCI 
was left overnight at room temp. The excess of HCI and some 
solvent was then removed in uacuo. Anhydrous ether (50 ml) was 
added to the residue. The crystalline precipitate was filtered off, 
washed with ether, and crystallized from ethanol. The yields, 
m.p.‘s and spectroscopic characteristics of B-bromoamine 
hydroehlo~des (15) thus obtained are summarized in Table 3. 
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