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as a result of the decomposition of part of the 1-benzyl-4-bromo-
4-bromoacetylpiperidine.
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Ring-opening reactions of the aziridine rings of P-1-aziridinyl- (1a), P-(2-methyl-1-aziridinyl)- (1b), and P-(2,2-
dimethyl-1-aziridinyl)-N,N,N’ ,N'-tetramethylphosphonic diamide (l1¢) are described. For those reactions in
which mixtures of ring-opened isomers were produced, an estimate of the composition was made from the proton
nmr spectra of the mixtures. Reactions of 1b with acidic reagents gave mostly the products of direct attack
upon the aziridine ring, whereas 1c yielded mainly products formally derived from a tertiary carbonium ion.
Three of the addition products prepared exhibited magnetically nonequivalent dimethylamino groups.

In our studies of the structure-activity relationships
in insect chemosterilants, we observed that the sterilizing
activity of aziridinylphosphine oxides was inversely
related to the degree of substitution on the aziridine
ring carbons.! Because the process of ring cleavage is
considered to be a necessary step in the physiologically
important reaction of aziridine-containing sterilants,
and because the direction of cleavage of such ring-
substituted aziridines had not been studied chemically
to any great extent,? we investigated ring-opening
reactions of P-l-aziridinyl- (1a), P-(2-methyl-1-aziri-
dinyl)- (1b), and P-(2,2-dimethyl-1-aziridinyl)-N,N,N’ -
N’-tetramethylphosphonic diamide (1¢). The struc-
tures of the products were confirmed by chemical analy-
ses, and proton nmr and infrared spectra. For re-
actions in which a mixture of two possible open-chain
isomers was produced, an estimate of the product
composition was made from the nmr data. The gener-
alized equation for the additions is shown in Scheme I;
the physical properties and chemical analyses of the
products are summarized in Table I.
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(1) (a) Advances in Chemistry Series, 41, American Chemical Society,
Washington, D. C., 1963, p 475; (b) A. B. Botkovec, C. W, Woods, and R. T.
Brown, J. Med. Chem., 9, 522 (1966).

(2) Principal references dealing with cleavage of aziridine rings activated
toward nucleophilic attack by substitution on the agiridine ring nitrogen
with electron-withdrawing substituents are: (a) Y. Iwakura and A. Nabeya,
J. Org. Chem., 26, 1118 (1960); (b) N. P. Grechkin and I. A. Nuretdinov,
Izv. Akad. Nauk SSSR, Otd. Khim. Nauk, 285 (1962); (¢) H. W. Heine, J.
Am. Chem. Soc., 88, 2743 (1963); (d) G. E. Ham, J. Org. Chem., 29, 3052
(1964); (e) H. Stamm, Angew. Chem. Intern. Ed. Engl., 4, 524, 714 (1965);
(f) P. E. Fanta and E. N. Walsh, J. Org. Chem., 80, 3574 (1965).

The C-unsubstituted aziridine (1a) reacted with pyri-
dine hydrochloride in chloroform to give, in high yield,
2a (X = Cl) which polymerized on attempted distilla~
tion; the resulting viscous liquid cooled to a glass.
Reactions of 1a with thiophenol in carbon tetrachloride,
with pyrrolidine, and with methanol containing sodium
methoxide also produced high yields of the correspond-
ing adducts. Compounds 2a (X = 1-pyrrolidinyl) and
2a (X = OCH,;) were distillable liquids but 2a (X =
phenylthio) decomposed on attempted distillation.
Correct chemical analyses were obtained for each of
these products and their infrared spectra in carbon
tetrachloride solution exhibited absorptions at 3150-
3300 em~! ascribed to NH stretching.

Reaction of la with p-nitrobenzoic acid in chloro-
form produced a complex of p-nitrobenzoic acid with
the adduct 2a (X = p-nitrobenzoyloxy). Compound
2a itself was obtained by treatment of the complex with
aqueous sodium carbonate. Acidification of the car-
bonate solution produced an equivalent of p-nitro-
benzoic acid. The proton nmr spectra of these adducts
are listed in Table II. The NH nmr absorption for
these compounds would be expected to be concentration
dependent because of hydrogen bonding with the oxy-
gen atom bound to phosphorus. Conceivably there
might also be hydrogen bonding with the substituent X.
The NH absorption for 2b (X = p-nitrobenzoyloxy)
was obscured by the N-methyl absorptions when the
concentration was 20%,. At a 409, concentration the
NH appeared as a multiplet centered at r 6.8 clear of
the N-methyl absorptions and to the low-field side of
them; at a 5% concentration the NH absorption had
moved clear and to the high-field side of the N-methyl
absorptions at + 7.8. Upon addition of D,0 the absorp-
tion ascribed to NH disappeared. In the nmr spectra
of the various adducts the amidic proton absorption is
expected to be in the region of r 6.8-7.8. The two
methylene absorptions of 2a (X = p-nitrobenzoyloxy)
can therefore be identified. The methylene group
adjacent to oxygen appeared as the expected triplet
centered at » 5.61, whereas the other was a complex
multiplet at 5.8-6.9 containing the amidic proton
absorption.

The reaction of P-(2-methyl-1-aziridinyl)-N,N,N’,N’-
tetramethylphosphonic diamide (1b) with pyridine
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TasLe II
NMR SPECTRAL DaTa®
Compd CHuN CH:N CH:X CH,CHN CH:CHX (CHi):CN (CHs):CX Other
ia d,7.34(9.4) d, 8.07 (14.5) . .
1b d,7.36(8.5) m, 7.8 .. d,8.88(5.0) Methine H:m, 8.41
ic d,7.34(9.4) d, 8.04(13.0) A 8, 8.684
2 (X = Cl) d,7.39(9.8) m,6.3-7.1 m, 8.3-7.1
2a (X = SCeHs) d,7.42(10.0) m, 6.4-7.2 m, 6.4-7.2 Aryl Him, 2.8
2a (X = 0:CCeHiNO2) d,7.28(9.8) m, 6.6 t, 5.61(5.5) Aryl H:s, 1.74
e
28 (X = NCH:CH:CH:CH:) d,7.40(9.7) m, 6.8-7.6 m, 6.8-7.6 Pyrrolidine 8-CHs:m,
8.1-8.4
2a (X = OCHy) d,7.40(10.0) m, 6.5-7.2 m, 6.5-7.2 OCHs:s, 6.69
2b (X = CD d,7.34(9.9) m, 6.4 d,8.74(6.5) Methine H:m, 6.6-7.1
8h (X =Ch d,7.34(9.9) m,6.6-7.1 d, 8.50 (6.5)
2b (X = SCsHs) d, 7.46 (9.5) m, 6-7 d,8.81(6.0) Aryl H:m, 2.7;
Methine H:m, 6-7
8b (X = SCsHs) d,7.46 (8.5) m, 6-7 d, 8.57 (6.5) Aryl Him, 2.7;
Methine H:m, 6-7
2b (X = 0:CCeH(NO2) d,7.35(9.8) m, 5.6 d, 8.65 (6.5) Aryl H:s, 1.70;
d, 7.30(9.8) Methine H:m, 6.0-6.5
"
2b (X = NCH:CH:CH:CH:) d,7.43(9.7) d, 8.90(6.4) Pyrrolidine 8-CHz: m,
d,7.42(8.7) 8.1-8.4
2b (X = OCHjy) d,7.41(9.8) m, 6.0-6.9 d, 8.87(6.0) OCHa:s, 6.70;
Methine H:m, 6.0-6.9
2 (X = Cl d,7.32(9.8) s, 6.37 s, 8.62
8¢ (X = CI) d,7.32(9.8) m, 6.9 . 8, 8.40
"
2¢ (X = NCH.CH:CH:CH:) d,7.44(9.7) m, 6.7-7.2 s, 8.80 Pyrrolidine 8-CHz:m,
d,7.43(9.7) 8.1-8.4
2¢ (X = OCHy) d,7.44(9.7) s, 6.78 s 8.81 OCH;

¢ Spectra were determined with a Varian A-60 spectrometer with carbon tetrachloride as solvent (deuteriochloroform for 2a and b
wherein X = p-nitrobenzoyloxy) and with tetramethylsilane as internal standard. Values given are in r and abbreviations are s for

singlet, d for doublet, t for triplet, and m for multiplet.

Coupling constants are given in parentheses following the chemical shifts.

The amidic proton in 2b (X = p-nitrobenzoyloxy) was shown by dilution experiments to be at + 6.8 (409, concentration), ca. 7.4 (20%,),

and 7.8 (5%).

was obtained.

hydrochloride produced a mixture of the two open-
chain isomers, 2b (X = Cl) and 3b (X = Cl). Because
considerable decomposition occurred during attempted
distillation, the crude, partially solid product was
analyzed. The nmr spectrum of the mixture exhibited
C-methyl doublets at » 8.74 and at 8.50. The low-field
doublet was assigned to 3b (X = Cl) because of the
expected greater deshielding of the protons of a methyl
group bound to carbon bearing chlorine rather than to
carbon bearing an amidic nitrogen. The N-methyl
absorptions appeared simply as one doublet owing to
splitting by phosphorus (J = 9.9 cps). From the
relative areas of the C-methyl doublets the ratio of 2b
(X = Cl):3b (X = Cl) was 75:25.

These assignments were supported by the results
obtained from a study of the reaction of P-(2,2-di-
methyl-1-aziridinyl)-N,N,N’,N’-tetramethylphosphonic
diamide (lc) with pyridine hydrochloride. Again a
mixture of isomers was produced. Repeated crystalliza-
tion from cyclohexane produced a pure sample of 3¢
(X = Cl) as white needles, melting at 117-119°. The
nmr spectrum of this compound exhibited a C-dimethyl
singlet at r 8.40, whereas the isomeric product 2c
(X = CI) had its analogous singlet at 8.62 as ascertained
from the nmr spectrum of the mixture. Again the
N-methyl absorptions appeared as a doublet (J = 9.8
cps) in the mixture. The ratio of the areas of the C-
dimethyl singlets in the mixture was 76:24; this time
the signal at lower field was the larger one of the two.
Because l¢ would be expected to cleave to a tertiary
carbonium ion more readily then 1b would to a secondary
carbonium ion, the isomers having the lower field
C-methyl absorptions must correspond to the product
derived formally from a carbonium ion; the C-methyl

Spectra of bracketed compounds were determined from a mixture of the pair in question.
was obtained pure by repeated crystallization of the mixture containing the isomeric 2c.

In addition, 3¢ (X = CI)
Therefore the spectrum of pure 3¢ (X = Cl)

absorptions at higher field correspond to the isomers
derived by direct attack of chloride ion either upon the
aziridine ring itself, or its protonated counterpart.

The reaction product from 1b and thiophenol was
also a mixture. The low-field C-methyl doublet in the
nmr spectrum of this mixture was assigned in analogous
fashion to the methyl group attached to the carbon
atom bound to the sulfur. The ratio of isomers was
82:18 with 2b (X = phenylthio) predominating.

The addition of p-nitrobenzoic acid to 1b yielded a
complex from which 2b and/or 3b (X = p-nitrobenzoyl-
oxy) was liberated by treatment with aqueous sodium
carbonate. This solid had a rather broad melting range
and may have been a mixture of isomers. Its nmr
spectrum could not be interpreted.

After several crystallizations from benzene, a sharp-
melting compound was obtained. The nmr spectrum
of this compound (see Figure 1) showed a C-methyl
doublet at r 8.65 (J = 6.5 cps), a multiplet at 5.6
(2 H) ascribed to the methylene group, and a broad
multiplet at 6.0-6.5 ascribed to the methine proton.
The NH absorption, as previously discussed, was
obscured by the N-methyl absorptions which appeared
as two doublets centered at = 7.30 and 7.35 (Jpg = 9.8
cps for each doublet). This compound was assigned
structure 2b (X = p-nitrobenzoyloxy) because of the
position of the methylene protons relative to the
methine proton; protons on the carbon atom bound to
the oxygen atom would be expected to appear at lower
field than the protons on the carbon bound to the nitro-
gen. Thus, the major product of ring opening of 1b
was again derived from direct attack of the nucleophile
on the ring. The source of the magnetic nonequivalence
of the dimethylamino groups of 2b (X = p-nitrobenzoyl-
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Figure 1. Nmr spectrum of 2b (X = p-nitrobenzoyloxy) taken with a Varian A-60 spectrometer. Concentration was 189 in
CDCl: and TMS was employed as internal standard. Chemical shifts are given as r.

oxy) might be the center of asymmetry present in the
molecule. Although this center is five bonds removed
from the protons involved, Bentrude has reported the
occurrence of magnetic nonequivalence of the CH,0
groups in a dimethyl phosphate and he tentatively as-
signed the cause to a center of asymmetry five bonds
removed from the nonequivalent protons.?

The reaction of 1b with pyrrolidine produced a mobile
liquid, the nmr spectrum of which had a sharp C-methyl
doublet at = 8.90. This compound, which is probably
2b (X = 1-pyrrolidinyl), also exhibited magnetically
nonequivalent dimethylamino groups. The assignment
of structure was based on the conclusions of Clapp,*
who found that C-substituted aziridines reacted in the
presence of ammonium chloride with primary and sec-
ondary amines to form products resulting from rupture
of the nitrogen-primary carbon bond. Treatment of
1b with sodium methoxide in methanol gave a liquid
product which was assigned on a similar basis structure
2b (X = OCH,).

Unexpectedly, compound 1c, when treated with p-
nitrobenzoic acid, produced N,N-dimethyl-p-nitro-
benzamide as the only isolated product. Identification
was made by means of mixture melting point and infra-
red comparison with an authentic sample. The reactions
of 1¢ with pyrrolidine, and with sodium methoxide in
methanol produced crystalline adducts assigned the
structures 2¢ (X = 1-pyrrolidinyl) and 2¢ (X = OCHj,),
respectively. The nmr spectrum of 2¢ (X = 1-pyr-
rolidinyl) again showed magnetically nonequivalent di-
methylamino groups; because this compound has no
asymmetric carbon atom, the source of the magnetic
nonequivalence in this compound is hindrance to in-
ternal rotation.

(3) W. G. Bentrude, J. Am. Chem. Soc., 87, 4026 (1965).
(4) L. B. Clapp, ibid., 70, 184 (1948),

In conclusion, aziridine rings bound to phosphorus in
phosphonic diamides add wvarious reagents H-Y
(Y = CJ, p-nitrobenzoyloxy, phenylthio, 1-pyrrolidinyl,
and OCH;) and yield the corresponding phosphoric
triamides. When one of the aziridine carbons is
substituted and the reaction medium is basic, the addi-
tion is slow and single products corresponding to an
attack on the unsubstituted aziridine carbon are ob-
tained. When the reaction medium is acidic, the addi-
tion is quite rapid and two isomeric products are iso-
lated. The proportion of the product derived from an
attack on the unsubstituted aziridine carbon decreases
with increasing substitution on the other aziridine car-
bon. These observations are in good agreement with
previously described additions to basic aziridines.®
However, the C-substituted aziridines with a nitrogen
activated toward nucleophilic attack, unlike the basic
aziridines, yield a single adduct in the absence of acid
catalysts.

Experimental Section

Preparation of the P-1-Aziridinyl-N, N, N’ N'-tetramethylphos-
phosphonic  Diamides.—N ,N )N’ ,N‘-Tetramethylphosphorodi-
amidic chloride® (1 equiv) in ether solution was added to a stirred
ethereal solution of 1.1 equiv each of the aziridine and triethyl-
amine while cooling in an ice bath. The mixture was allowed
to stand at room temperature overnight. After filtration, the
mixture was concentrated and distilled under reduced pressure.

Reaction of the Aziridines 1a—c with Pyridine Hydrochloride.—
Pyridine hydrochloride (1 equiv) in chloroform containing 1
equiv of the aziridine 1a, b, or ¢ was heated under reflux for 4 hr
and concentrated to the crude product. Compound 2a (X = Cl)
could not be distilled, the mixture of 2b (X = Cl) and 3b(X = Cl)
distilled with decomposition to produce a waxy solid, and the
mixture of 2¢ (X = Cl) and 3¢ (X = Cl) was an oily solid from

(5) (a) D, 8. Tarbell and P. Noble, Jr., ibid., 72, 2657 (1950); V. B, Schatz
and L. B. Clapp, ibid., 77, 5113 (1955).

(6) H. G. Cook, J. D, Ilett, B. C. Saunders, G. J. Stacey, H. G. Watson,
1. G. E. Wilding, and 8. G. Woodcock, J. Chem. Soc., 2021 (1949).
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which white needles of pure 3¢ (X = Cl) were obtained after
three crystallizations from cyclohexane.

Reaction of the Aziridines 1a and b with Thiophenol.—Thio-
phenol (1 equiv) and 1 equiv of la or b were heated
under reflux in carbon tetrachloride for 24 hr. The reaction
mixture was washed (aqueous Na,CO;), dried (Na,80,), and
concentrated. The products could not be distilled without
decomposition.

Reaction of the Aziridines la-c with p-Nitrobenzoic Acid.—A
solution of 2 equiv of p-nitrobenzoic acid and 1 equiv of the
aziridine la or b was heated under reflux in chloroform for 16 hr.
The solvent was removed and the resulting solid was recrystal-
lized from benzene. The products were complexes of p-nitro-
benzoic acid with the adducts. Equimolar quantities of g-
nitrobenzoic acid and aziridine would produce the complex and
unreacted aziridine after 16 hr. The ultraviolet spectrum of the
complex from la in ethanol exhibited Amax 262 mu (e 21,500);
the complex from 1b, Apax 263 mu (e 22,100). Treatment of a
methylene chloride solution of the complex with aqueous sodium
carbonate produced the corresponding adduct 2a (X = p-
nitrobenzoyloxy) or 2b (X = p-nitrobenzoyloxy), which was
recrystallized from benzene. Compound 2a (X = p-nitrobenzoyl-
oxy) exhibited Amex 258 mpu (e 12,400); 2b (X = p-nitrobenzoyl-
0XY); Amax 258 mu (e 13,600). Treatment of 1¢ with p-nitro-
benzoic acid (2 equiv) produced an oil which was washed (aqueous
Na,CO;) to remove any unreacted or complexed p-nitrobenzoic
acid. The organic phase was dried (Na,80,) and evaporated.
The residue was diluted with ether and N,N-dimethyl-p-nitro-
benzamide was deposited (0.96 g from 2.05 g of 1c). Identifica-
tion was made by mixture melting point and infrared comparison
with an authentic sample.
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Reaction of the Aziridines la—c with Pyrrolidine.—The
aziridine la, b, or ¢ was heated in pyrrolidine under reflux for
16 hr (1a and b), or for 96 hr (1c). The first two adducts could
be distilled under reduced pressure, although considerable de-
composition occurred with 2b (X = 1l-pyrrolydinyl). A small
forerun of unreacted 1b was obtained when the reaction time was
16 hr. Compound 2¢ (X = 1l-pyrrolidinyl) was obtained as a
mushy solid when the crude product was kept at 0.2 mm for 24
hr; 2¢ (X = 1l-pyrrolidinyl) was further purified by dissolving
it in pentane and chilling (ice-methanol bath). The process
was repeated four times and white needles, mp 48.5-50°, were
obtained.

Reaction of the Aziridines la—c with Methanol Containing
Sodium Methoxide.—Sodium (1 equiv) in excess methanol and
1 equiv of the aziridine 1a, b, or ¢ was heated under reflux for
16 hr (1a and b), or 92 hr (1¢). After cooling to room tempera-~
ture, sufficient acetic acid was added to neutralize the sodium
methoxide, and the methanol was evaporated in vacuo. The
product was taken up in ether, filtered, and concentrated. Distil-
lation under reduced pressure produced 2a (X = OCH;) and 2b
(X = OCH;). A forerun of unreacted aziridine was obtained
from the reactions of 1b and ¢. In the latter case, once the un-
reacted aziridine had been removed, pure 2¢ (X = OCH;) was
obtained from the residue by sublimation at 80-85° (0.025 mm).

Acknowledgment.—The authors are indebted to Dr.
T. M. Valega for helpful discussions in the preparation
of this manuscript and to Mr. E. L. Gooden for ob-
taining the nmr spectra reported in Table II.

Ketenes.
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Dimethylmalony! chloride was found to react with a number of N-monosubstituted amides to afford dihydro-
2-methylene-4H-1,3-0xazine-4,6(5H )-diones and with N-monosubstituted thioamides and N,N’-disubstituted

amidines to give the corresponding thiazine and pyrimidine analogs.

Several reactions producing these hetero-

cycles are described. The dihydro-2-methylene-4H-1,3-oxazine-4,6(5H)-diones were found to rearrange to
3-oxoglutarimides if the methylene group was substituted with one or two groups other than hydrogen. The
reaction of dimethylmalonyl chloride with aromatic amides unsubstituted on the nitrogen gave 4H-1,3-oxazine-

4,6(5H)-diones.

A similar reaction with aliphatic amides unsubstituted on the nitrogen gave dihydro-2-methyl-

ene-4H-1,3-oxazine-4,6(5H )-diones; however, if triethylamine was used as an acid acceptor, dihydro-3-isobutyryl-

2-methylene-4H-1,3-oxazine-4,6( 5H )-diones resulted.

Imines having at least one a-methylene group and di-

methylmalony! chloride gave substituted 2,4(1H,3H)-pyridinediones.

Ziegler and Meindl?® have described the reactions of
monosubstituted malonyl chlorides with aromatic
amides and also with certain enamines. We have ex-
amined the reaction of dimethylmalonyl chloride* with
a number of amides, thioamides, and enamines, and
the present paper is a report of this work.

Dimethylmalony! chloride was found to react with
N-methylacetamide in the presence of triethylamine to
produce a compound subsequently identified as dihydro-
3,5,5-trimethyl-2-methylene-4H -1,3-oxazine-4,6(5H)-

0
CH,CONHCH, + (CH 0= "y=CH,
10ONHCH, + (CH0000h: ~ (CHaD;(N—CHa

o
1

(1) Paper IX in this series: R. H. Hasek, P. G. Gott, and J. C. Martin,
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(2) E. Ziegler and H. Meindl, Monatsh. Chem., 95, 1318 (1964).
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dione (1). The structural assignment of 1 was based
on its elemental analysis, on its infrared and nmr
spectra, and on some of its chemical reactions which are
described later in the paper.

This ring closure was found to be a general reaction
for a number of N-monosubstituted amides and thio-
amides with dimethylmalonyl chloride. Variations in
the R groups from H to CH; to C¢H; did not affect the
course of the reaction or greatly influence the ultimate
yield. Table I affords a list of the amides which com-
bined with dimethylmalonyl chloride to give cyclic
compounds. N-Methylcrotonamide afforded a buta-
diene-type product (2a) in 849, yield, and 2-pyrroli-
dinone gave the bicyclic product (2b) in 659, yield.
The alternate carbon-nitrogen closure leading to the
3-oxoglutarmides 3 was not observed in any case.

The use of a tertiary amine as a hydrogen chloride
acceptor was unnecessary when R’ and R’/ were not
hydrogen. N-Methylisobutyramide and dimethylmal-
onyl chloride when refluxed in ethylene dichloride
afforded a 909, yield of dihydro-2-isopropylidene-3,5,~
5-trimethyl-4H-1,3-oxazine-4,6(5H)-dione (2c). How-



