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Results and Discussion 

The n.m.r. results are summarized in Table I, chemi- 
cal shifts being reported in cycles per second downfield 
from the internal TMS standard. I n  Table I protons 
1 and 2 refer to the methylene group protons and vl 

and 19, respectively, are their calculated" chemical 
shifts. The quantity J M  is the measured coupling 
constant; 81,2 is the difference in the 1,2-proton chemi- 
cal shifts. For each compound and in every solvent 
protons 1 and 2 were magnetically nonequivalent, 
while the N-methyl protons appeared equivalent. I n  

Compd. 

I 

I I C  

I11 

I V  

V 

TABLE Io 
N.M.R. DATA FOR 36' AND 60 MC. 

SoIvent n a? 

CDCla 159.2 218.0 
cc4 156.0 224.5 
CHaCN 158.0 222.1 
CHaCOCHa 161.9 228.5 
CsHs 147.6 222.6 

CeHsCN 158.0 224.3 
RN&' 158.4 222.0 
CDCla 156.8 242.3 
CClr 151.3 241.0 
CdIS 145.9 244.2 
CDCls 207.0 258.4 
cc4 203.2 262.3 
CsHS 214.4 284.6 
CDCla 177.1 247.9 
CHaCOCHs 171.1 260.0 
CHaCN 181.6 253.1 
Ci" 150.5 231.9 
C&sCN 161.5 245.9 
CsHaCHa 152.9 233.7 
CDCla 265.8 286.0 
CHaCOCHs 261.0 287.8 
CaHS 262.8 277.9 

(CHa)&HCOOCHa 160.1 228.0 

&,a  A,, 
58.8 13.4 
68.5 13.2 
64.1 13.5 
66.6 13.5 
75.0 13.2 
67.9 13.1 
66.3 13.5 
63.6 13.5 
85.5 12.6 
89.7 12.3 
98.3 12.7 
51.4 13.4 
59.1 13.1 
57.2 13.4 
70.8 12.8 
88.9 12.6 
71.5 12.5 
81.4 12.9 
74.4 12.5 
80.8 12.8 
20.2 11.0 
26.8 10.9 
15.1 10 .3  

a See the text for the meaning of the symbols. The data are 
all in cycles per second, TMS being used as an internal reference. 
Coupling constants and chemical shifts are expressed to the 
nearest 0.1 C.P.S. Each coupling constant value is the arith- 
metical mean of all data taken. Single measurements for each 
constant varied from the reported value by as much as a few 
tenths of a cycle per second. b (CHa)2CHCH&(CHa)2NH2. 

Relative chemical shifts for the nonequivalent C-methyl group 
protons are 21.0, 17.5, and 16.0 f: 0.5 C.P.S. in CDCls, cc4, 
and C6&, respectively. 

(11) J. A. Pople, W. G .  Schneider, and H. J. Bernstein, "High-Resolu- 
tion Nuclear Magnetic Resonance," McGraw-Hill Book Co., Inc., New York, 
N. Y., 1959, Chapter 6. 

addition, for compound I1 the C-methyl protons were 
nonequivalent. 

The chemical shift differences observed for the 
methylene group protons are large and constitute a 
relatively novel instance of magnetic nonequivalence 
in a system of low symmetry. From previous results718 
on benzene analogs of I-V, magnetic nonequivalence of 
the methylene group protons was expected. Never- 
theless, the compounds reported are a significant ad- 
dition to the number of 1,2-disubstituted ferrocenes 
previously r e p ~ r t e d ' ~ , ' ~  which are capable of exhib- 
iting nonequivalent methylene- or gem-dimethyl- 
group protons. Since not all reported asymmetric 
1,2-disubstituted ferrocenes show magnetically non- 
equivalent protons, the present results could be 
important in establishing the origin of this type of non- 
equivalence. A firm basis for assigning the conforma- 
tional preferences of compounds I-V is not yet available. 
Consequently, a reliable decision as to the probable 
cause of the observed nonequivalence cannot be made. 

Experimental Section 

The compounds were prepared and characterized as part of 
another investigation.14 Compounds I-IV are 2 derivatives of 
N,N-dimethylaminomethylferrocene. Compound V is the ferro- 
cene analog of 1,l-diphenylphthalan. Spectra were obtained on 
a Varian A-60 n.m.r. spectrometer equipped with a Varian V- 
6057 variable temperature accessory, TMS being used as an 
internal standard. Solvents were reagent grade or better. 
Concentrations were 0.2 M and the probe temperature was 
36 =t 1". A minimum of two spectra were run for each solution. 
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a-bromo-P-(tertiary amino) ketones4J and the subse- 
quent rationalization of the stereochemical course 
of these reactions on the basis of probable configura- 
tions of the  intermediate^"^ make the isolation and 
structure determination of representative aziridinium 
salts of critical importance.lO Specifically, it was de- 
sirable to obtain the aziridinium intermediate IIa, which 
had been suggested to explain the reactions of dl-threo- 
a-bromo-P-morpholinobenzylacetophenone ("form A") 

i a  bJ 

&J Ib 
t 

h 

%H5CH=CHCO%H5 + d kBr 
U 

(Ia) ,4,15-20 and the isomeric aziridinium salt IIb, which 
bears a similar relation to dl-erythro-a-bromo-p-morpho- 
linobenzylacetophenone ("form B") (Ib).s,zo 

dl-threo - a-Bromo-p -morpholinobenzylacetophenone 
(Ia) was prepared by the addition of morpholine to a- 
bromoben~alacetophenone.~~~~-~9 The desired aziridin- 
ium intermediate was isolated as the perchlorate 
(IIa) by treatment of I a  in methylene chloride a t  low 
temperature with silver perchlorate in acetone,s 21 

with some analogy to the isolation of aziridinium 
picrylsulfonates by treatment of p-haloethylamines 

(4) N. H. Cromwell and D. J. Cram, J .  Am. Chem. Soc., 66, 301 (1943)' 
(5) N. H. Cromwell and I. H. Witt, ibid., 66, 308 (1943). 
(6) P. L. Southwick and R. J. Shozda, i6id., 81, 5435 (1959). 
(7) P. L. Southwick and R. J. Shozda, ibid., 82, 2888 (1960). 
(8) P. L. Southwick, A. K. Colter, R. J. Owellen, and Y. C. Lee, ibid., 84, 

4299 (1962). 
(9) N. H. Cromwell, F. H. Schumacher, and J. L. Adelfang, ibid., 83, 

974 (1961). 
(10) Also of importance are the configurational agsignments of the 

aziridines in the Gromwell% 1"Southwick'a series, especially in view of the 
recently observed stereospecificity of the photochemical deamination of 
isomeric benaoylaairidines.14 

(11) N. H. Cromwell, N. G. Barker, R. A. Wankel, P. J. Vanderhorst, 
F. W. Olson, and J. H. Anglin, ibid., 73, 1044 (1951). 

(12) N. H. Cromwell, G. V. Hudson, R. A. Wankel, and P. J. Vander- 
horst, ibid., 76, 5384 (1953). 

(13) P. L. Southwick and D. R. Christman, zbid., 74, 1886 (1952). 
(14) A. Padwa and L. Hamilton, ibid., 87, 1821 (1965). 
(15) The formula numbering system employed for these two isomeric 

sets is parallel to tha t  used by Southwick in ref. 8 for convenience in cro8s- 
referencing. The bromide (IIa, Br-) was the actual intermediate postu- 
lated. 

(16) N. H. Cromwell, J .  Am. Chem. Soc., 62, 2897 (1940). 
(17) N. H. Cromwell, C. E. Harris, and D. 3. Cram, ibid., 66, 134 (1944). 
(18) N. H. Cromwell, Chem. Rev., 38, 83 (1946). 
(19) R. H. Jordan, R. E. Lutr, and D. F. Hinkley, J .  Ow.  Chem., 16, 

(20) P. L. Southwick and W. L. Walsh, J .  Am. Chem. Soc., 77, 405 

(21) N. J. Leonard, K. Jann, J. V. Paukstelis, and C. K. Steinhardt, 

1442 (1951). 

(1955). 

J .  Org.  Chem., 28, 1499 (1963). 

The bromide (IIb, Br-) was the intermediate postulated. 

with sodium p i c r y l ~ u l f o n a t e . ~ ~ ~ ~ ~  The infrared spec- 
trum was consistent with the formulation in that i t  in- 
dicated, in part, the absence of +N-H and C=C 
and the presence of aryl C=O near a positive nitrogen. 
The separate n.m.r. spectra of the perchlorate salt were 
invariant in trifluoroacetic acid, nitromethane, and 
acetonitrile to a t  least 30 min. after addition of the 
solvent to the sample. The AB doublet signals for the 
methine hydrogens were exhibited best in acetonitrile 
solvent, a t  r 4.86 (CsHsCH) and 4.77 (C6H5COCH), 
with a coupling constant of 9.6 i 0.2 C.P.S. 

The isomer of Ia, dZ-erythro-a-bromo-p-morpholino- 
benzylacetophenone (Ib), was prepared by the method 
of Southwick and Walsh120 the addition of N-bromo- 
morpholine to chalcone. Treatment of this compound 
in methylene chloride with silver perchlorate in ben- 
zene aff orded the aziridinium perchlorate IIb, isomeric 
with the compound described above. Attempts a t  
recrystallization under the mildest conditions lowered 
the melting point and broadened the melting range. 
The infrared spectrum supported the formulation as 
an aziridinium salt by the same criteria described for 
its isomer (IIa). Compound I Ib  remained intact within 
the time it took to run the n.m.r. spectra in trifluoro- 
acetic acid and acetonitrile, in which the AB doublet 
signals for the methine hydrogens were found a t  
4.75 and 4.42, and 4.90 and 4.61, respectively, with a 
coupling constant of 8.2 0.2 C.P.S. In  dimethyl sulf- 
oxide, a chemical change took place with this isomer 
as with IIa, as evidenced by the change in the n.m.r. 
spectra within 2 min. after contact of solute with sol- 
vent. Both solid aziridinium perchlorates were stable 
over a 2-year period when stored a t  5" in a vacuum 
desiccator. 

It is possible to assign the structures, dl-cis-l-benzoyl- 
2-phenyl-6-oxa-3-azoniaspiro [2.5]octane (IIa) and dl- 
trans-1-benzoyl-2-phenyl-6-ox a- 3 - az onias  p i ro  [ 2.5  ] - 
octane perchlorate (IIb), to the isomeric aziridinium 
salts on the basis of the comparison of the coupling 
constants for the methine hydrogens in the n.m.r. 
spectra, J = 9.6 vs. 8.2 c.P.s., respectively. The ac- 
cumulated examples indicate that the coupling con- 
stants for cis vicinal hydrogens are greater than those 
for trans hydrogens in closely related cyclopropanes, 24--26 

ethylene 0xides,*-~9 and e t h y l e n i m i n e ~ , ~ ~ ~ ~ ~  and the 
values here reported for the aziridinium perchlorates 
I I a  and IIb show reasonable agreement with the general 
correlation of Wiberg and NistZ4 for the cis and trans 
coupling constants from available data, whereas the 
reverse assignment would not be consistent. 

The infrared carbonyl stretching frequency is higher 
for the cis isomer IIa, 1707 cm.-l, than for the trans 
isomer IIb, 1690 em.-', a relation which is parallel 
to that observed for isomeric pairs of aroylarylaziri- 

(22) J. F. Allen and N. B. Chapman, J .  Chem. Soc., 1482 (1960). 
(23) C. Golumbic, J. S. Fruton, and M. Bergmann, J .  Org. Chem., 11, 

(24) K .  B. Wiberg and B. J. Nist, J .  Am. Chem. Soc., 86, 2788 (1963). 
(25) D. J. Patel, M. E. H. Howden, and J. D. Roberts, ibid., 86, 3218 

(26) J. D. Graham and M. T. Rogers, ibid., 84, 2249 (1962). 
(27) C. A. Reilly and J. D. Swalen, J. Chem. Phgs., 32, 1378 (1960). 
(28) C. A. Reilly and J. D. Swalen. i b i d . ,  36, 1522 (1961). 
(29) C. C. Tung, A. J. Speziale, and H. W. Frazier, J .  Org. Chem., 28, 

(30) A. Hassner and C. C. Heathcock, Tetrahedron Letters, 1125, 1502 

(31) A. B. Turner, H. W. Heine, J. Irving, and J. B. Bush, Jr., J .  Am. 

518 (1946). 

(1 963). 

1514 (1963). 
(1964). 

Chem. Soc., 87, 1050 (1965). 
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dines assigned the cis-trans relationship by Cromwell 
and his c o - w o r k e r ~ . ~ ~ ~ ~ ~  The ultraviolet spectra for 
I Ia  [A::;’“ 256 mp ( E  14,000), 297 (sh); Amin 225 mp 
( E  3300) ] and I Ib  [AzzjCN 258 mp ( E  12,000), -300 (sh) ; 
Amin 228 mp (E 4100)] appear to indicate lower energy 
electronic excitations than those for benzylacetophe- 
none [A,,, 243 mp (E 13,300), 280 (100),B3,34] and 
comparability in wave lengths, although not in extinc- 
tion coefficients, of the maxima to those of the pair: 
cis-2-benzoyl-l-cyclohexyl-3-phenylaziridine1 AzzjoH 247 
mp ( E  12,000), and trans-2-benzoyl-l-cyclohexyl-3- 
phenylaziridine, 253 mF ( E  14,600).33 

Our isolation of the aziridinium salts I Ia  and I Ib  and 
the determination of their cis-trans configurations by 
independent means support the postulate of the in- 
volvement of these aziridinium intermediates in the 
myriad reactions of the a-bromo-p-morpholinobenzyl- 
acetophenones I a  and I b  and are in full accord with ear- 
lier stereochemical assignments of intermediates and 
prod~cts.~-g We were also able to isolate an aziridin- 
ium intermediate from another “form A” 6-g a-bromo-p- 
(tertiary amino) ketone. The product of the addition 
of piperidine to a-bromoben~alacetone,~~~~ dl-threo-a- 
bromo-0-piperidinobenzylacetone (111) , was convertible 
to dl-cis-l-acetyl-2-phenyl-3-azoniaspiro [2.5]octane per- 
chlorate (IV) by silver perchlorate in acetone at  - 40”. 
The AB doublet signals for the methine hydrogens in 
the n.m.r. spectra in trifluoroacetic acid and aceto- 
nitrile were found at  T 5.26 (CsH&H) and 5.62 (CHa- 
COCH) ,  and 5.20 and 5.50, respectively, with a coupling 
constant, J = 9.7 f 0.3 c.P.s., in the same range as 
for the cis isomer (11s) of the pair described above. 
The corresponding aziridinium fluoborate (IV, BFd-) 
was obtained by treating I11 with silver fluoborate 
in acetone. The dZ-cis-l-acetyl-2-phenyl-3-azoniaspiro- 
[2.5]octane salts were stable for a t  least 2 years when 
kept refrigerated under vacuum. 

CHaOH 

Experimental Sections’ 

dl-cis-l-Benzoyl-2-phenyl-6-oxa-3-azoniaspiro [ 2.51 octane Per- 
chlorate (Ira).-To a solution of 6.0 g. (16 mmoles) of dl-threo- 
a-bromo-P-morpholinobenzylacetophenone (form A) ( Ia)4*6J6-1g3a7 
in 240 ml. of methylene chloride maintained at  -40” was added 
3.32 g. (16 mmoles) of silver perchlorate in 100 ml. of anhydrous 
acetone. The silver bromide was removed by filtration, and the 
filtrate was treated with absolute ether to yield an off-white 
precipitate. Recrystallization from methylene chloride gave 
5.0 g. (797,) of colorless elongated prisms: m.p. 150”; v:? 
1707 (s), 1596 (m), 1505 (w), 1283 (m), 1234 (m), 1221 (m), 1100 
(8, broad), 966 (m), 950 (m), 874 (m), 790 (m),743 (m), 712 (m), 
697 (m), 617 (m) cm.-’. 

Anal. Calcd. for CISH2&1NO6: C, 57.95; H ,  5.12; N, 3.56. 
Found: C, 57.62; H ,  5.19; N, 3.79. 

dl-trans-1 -Benzoyl-2-phenyl-6-oxa-3-azoniaspiro [2.5] octane 
Perchlorate (IIb) .-dl-erythro-a-Bromo-@-morpholinobenzylaceto- 
phenone (form B) (Ib) was prepared by the method of Southwick 

(32) N. H. Cromwell and M. A. Graff, J .  Org. Chem., 17, 414 (1952). 
(33) N. H. Cromwell, R. E. Bambury, and J. L. Adelfang, J. Am. Chem. 

SOC., 82, 4241 (1960). One must take into account the difference in solvents 
employed. 

(34) N. H. Cromwell and W. R. Watson, J .  Org. Chem., 14,  411 (1949). 
(35) N. H. Cromwell, J. Am. Chem. Soc., 6S, 837 (1941). 
(36) Melting points were determined in open capillary tubes and are un- 

corrected. We are indebted to MI. Josef Nemeth and his staff for the micro- 
analyses. The infrared Spectra were determined with a Perkin-Elmer 
Model 521 grating spectrophotometer and the n.m.r. spectra with a Varian 
Associates Model A-60 spectrometer. 

(37) We are grateful to Professor P. L. Southwick, Carnegie Institute of 
Technology, for identifying our synthesized material independently as form 
A on the basis of infrared spectrum (a single band present a t  ca. 875 cm.-* 
(CHCh) distinguishes form A from form B), crystal habit, and melting point 
(in order of decreasing usefulness). 

and Walshzo: m.p. 137-139’, v:::’~ 860and 885 em.-’, adoublet 
distinguishing it from the threo, form A; n.m.r. signals (CDCI,) 
a t  7 1.8-2.7 (phenyl), 4.42 (a-CH), 4.96 (p-CH), an AB system 
with J = 11 c.P.s., 6.75 (CH~OCHZ), and 7.55 (CH,NCH2). 
To a solution of 1.0 g. (2.67 mmoles) of this form B in 20 ml. of 
anhydrous methylene chloride chilled in Dry Ice was added a 
solution of 0.553 g. (2.67 mmoles) of anhydrous silver perchlorate 
in benzene. Silver bromide formed instantly, mixed with color- 
less aziridinium perchlorate. Within 5 min., the addition and 
reaction were complete, and the suspension was filtered immedi- 
ately. The solid was washed rapidly with two portions of 10 
ml. of benzene and rinsed with anhydrous ether. The aziridin- 
ium perchlorate was separated from silver bromide by dissolving 
in 50 ml. of anhydrous methylene chloride and filtering. The 
filtrate was concentrated under vacuum without heating. The 
colorless needles which formed were collected by rapid filtration, 
m.p. 146-148’, yield 0.5 g. (50%). A second crop with lower 
melting point but essentially identical infrared spectrum was 
obtained by adding ether to the filtrate: 0.4 g. (38%); Y::?’ 
1690 (a), 1602 (m), 1500 (w), 1281 (m), 1234 (m), 1100 (s, 
broad), 955 (m), 862 (m), 768 (m), 739 (m), 705 (m), 620 (m) 
em.-’. 

Anal. Calcd. for CloHp&lN06: C, 57.95; H, 5.12; N, 3.56. 
Found: C, 57.75; H ,  5.20; N,  3.61. 

dZ-cis-l-Acetyl-2-phenyl-3-azoniaspiro [2.5] octane Perchlorate 
(IV).-To a solution of 2.0 g. (6.4 mmoles) of dl-threo-ot-bromo+ 
piperidinobenzylacetone (form A) ( 111)5+ in 200 ml. of anhydrous 
acetone maintained a t  -40” was added 1.34 g. (6.4 mmoles) of 
silver perchlorate in 100 ml. of anhydrous acetone. After filtra- 
tion of the silver bromide, the filtrate was evaporated to dryness 
under vacuum and the remaining colorless residue was washed 
well with absolute ether. Recrystallization from anhydrous 
acetone yielded 1.05 g. (61%) of colorless crystals, m.p. 135- 
135.5’, v::!’ 1730 em.-’ ( C 4 ) .  

Anal. Calcd. for C15HzoC1N05: C, 54.64; H ,  6.10; N, 4.25. 
Found: C, 54.69; H,  6.25; N,  4.06. 

The fluoroborate (IV, BFI-) was made in anhydrous acetone 
from I11 and silver fluoborate. Crystallization was induced by 
addition of ether to the filtered and concentrated acetone solu- 
tion, yielding 84% of colorless crystals, m.p. 129-130”, v:::‘ 1728 
cm . -1 ( C 4 ) .  

Anal. Calcd. for CI~HZOBFINO: C, 56.80; H,  6.36; N, 4.42. 
Found: C, 56.55; H ,  6.60; N, 4.60. 
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The classical approach to the 1,2,4-oxadiazole ring is 
through the reaction of amidoximes with acid chlorides 
and anhydrides. lv2 The intermediate in this reaction 
is generally accepted to be the 0-acylamidoxime, al- 
though this assignment has been based solely on in- 
frared and chemical In  order to elu- 
cidate further the nature of the intermediate acyl- 
amidoxime, the reaction of benzamidoxime and benzoyl 
chloride has been studied. 

The synthesis of 0-benzoylbensamidoxime 1 has 
now been accomplished in an unequivocal manner by 
the reaction of 0-benzoylbenzhydroxamoyl chloride4 

(1) E. Eloy and R. Lenaers, Chsm. Rev., 62 ,  155 (1962). 
(2) L. C. Behr, “1,2,4-Oxadiazoles,” “Heterocyclic Compound,” R. W. 

Wiley, Ed., Vol. 17, Interscience Publishers, Ino., New York, N. Y., 1962, 
p. 245 ff. 

(3) F. Eloy, R. Lenaers, and C. Moussebois, Helu. Chim. Acta, 45, 437 
(1962). 

(4) Prepared by the method of H. Wieland and Z. Kitassto, Ber. ,  62, 
1253 (1929). The intermediate benzhydroxamoyl chloride was prepared 
by the method of G. W. Perold, A. P. Steyn, and F. V. K. von Reiche, J. 
Am. Chem. SOC., 79, 646 (1957). 


