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Abstract - Reaction of activated 2,2_dimethylaziridines 1 with 
Grignard reagents RMgHal in boiling THF can yield the products 
2 of normal aziridine ring opening, the rearranged opening 
products 3, and the methallylamides 4 (isomers of 1). The pro- 
duct distribution depends on R, Hal, and experimental condi- 
tions, and very strongly on the nature of the activating group 
A. It is shown that 1 is opened (reversibly for A = suhfonyl) 
forming s through a Lewis acid assisted attack of Hal on the 
tert carbon of 1 (abnormal opening by Hal ). Evidence is pre- 
sented to show that 4 as well as 3 come from this intermediate. 

INTRODUCTION 

In a recent report on the reaction of le with Grignard reagents RMgHal Zjawiony et - 

al. 
2 

found the expected "normal" nucleophilic ring opening (2e) with R = benzyl or - 

alkyl. However, with R = aryl they obtained also the rearranged substitution prod- 

ucts 3e. - They interpreted the formation of 3e by an attack of the Grignard reagent - 

on a Schiff base intermediate 5e that was supposed to form thermally at 120-130°C. - 

This assumption of a thermal formation of 5e is not well compatible both with the - 

known3 one-step isomerization 1 _ + 4 for A = acyl or sulfonyl and with the state- 

ment of the authors that 4e forms up to at least 50% at higher temperatures. - 

Recently, we needed a sample of 2aP for a mechanistic study of Friedel-Crafts - 

reactions. When we caused la to react with PhXgBr in THF, we obtained (Scheme 1; - 

Table 1, run 1) a mixture of 2aP and 3aP along with scme 4a. This finding prompted - - - 

an investigation 5 whose results have mechanistic as well as preparative bearings. 

The rearranging substitution seems to be an analogue of the known 6-10 oxirane re- 

arrangements. However, the aziridine case introduces further variables, viz. nu- 

cleofugality and basicity of the leaving group NA' as well as structure and steric 

demands of the activating group A. So, the present work may shed more light not 

only on the aziridine chemistry but also on the oxirane chemistry. 
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RMgHal 

N-A - 
THF reflux 

Activating 

Group A: ; = Ts 

x 

H-A 
NH-A + 

R NH-A + 
\ 

Y 
3 4 

Substituent 

b = 2,5-dichlorobenzenesulfonyl 

4 = Pivaloyl (COCMe3, Piv) 

d = COPh 

e = POPh2 

("Diclosyl", Des) R: - g = benzyl 

y = methyl 

p = phenyl 

SCHEME 1 

Table 1. Reactions of Aziridines 1 with an Excess" of RMgHal in Boiling THF. 

Run 1 A R Hal Time Yieldsb [pi] Yield Ratio 

[hl z 3 4 1 213 -- Z/(3 + 4) 

1= la Ts - 

2d la Ts - 

3e la Ts - 

4 la Ts - 

5 la Ts - 

6 la Ts - 

7 la Ts - 

8 la Ts - 

9 la Ts - 

lOf la Ts - 

11 la Ts - 

12 lb Des' - 

13 lb Dcsg - 

14 lc PiV - 

Ph Br 4 (48) 

Ph Br 5.5 (15) 

22 

Ph Br 4 

Ph Br 4 

Ph Br 4 

Ph Br 22 

Ph I 5 

Ph I 22 

Ph I 96 

PhCH2 Br 22 

IYe I 5 

Ph Br 1 

Ph Br 22 

Ph Br 4 

(28) 

(58) 

(61) 

(57) 

(63) 

(11) 

(16) 

( 8) 

36 

(28) 

97 

(25) 

(15) 

(28) 

(29) 

(35) 

(37) 

(34) 

(56) 

(55) 

(55) 

56 

95 

(0.8) 

96 

(13) - 

(IO) (60) 

( 9) (35) 

(8) - 

(4) - 

(4) - 

(2) - 

(29) - 

(24) - 

(29) - 

(<I) - 

(72) 

(0.4) - 

66/34 56/44 

50/50 38/62 

50/50 43157 

67/33 61/39 

64/36 61/39 

61/39 50142 

65/35 64/36 

16/84 11/89 

22/78 17/83 

13/87 9/91 

39/61 39/61 

o/100 o/100 

100/o 100/o 

99/l 99/l 

O/lo0 o/100 

5 mm01 1 and 25 mm01 RMgHal (prepared from 25 mm01 Mg and 25 mm01 RHal) in 80 ml 
THF if not otherwise stated. 

Yields in parentheses from 
1 
H-NMR spectroscopic data. 

10 mm01 la and 12.5 mm01 PhMgBr in 60 ml THF. - 
10 mm01 la and 10 mm01 PhMgBr in 200 ml THF. - 
2.2 mm01 la and 12.7 mm01 PhMgBr in 80 ml THF. Quenching with D20. - 
5 mm01 la and 17.8 mm01 PhCH2MgBr in 80 ml THF. The Grignard reagent was prepar- 
ed from79 mm01 PhCH2Br and gave 5.6 mm01 bibenzyl. 

Des = 2,5-Dichlorobenzenesulfonyl; Piv = C0CMe3. 
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RESULTS AND DISCUSSION. 

Table 1 shows our results that were obtained In most 

567 

runs from a large excess of 

RMgHal. Because of the difficult product separation we estimated the yields of 

g,x, _ and 4a in runs 1-9 by 
1 H-NM? analysis which allowed a clear distinction 

of the three products. The most striking features of Table 1 are (1) the influence 

of the activating group A on the competing substitution reactions as shown by the 

ratio 2/3 in the second last column of Table 1, -- (2) the formation of + in many 

runs, and (3) the general absence of products arising from a formal attack of RS 

on the tert carbon of 1 ("abnormal" opening of l_). The latter point indicates that 

an SET process 
11 

is not involved. 

The yields of 2aP in runs l-5 show a tendency that suggest a rate dependence - 

on the concentrations of both la and PhMgBr, in accord with the bimolecular kine- - 

tics of an SRZ reaction. Such SRZ-like normal opening of J_ is an attack in a dis- 

torted neopentyl position. A good leaving group NA' is therefore required to over- 

come the steric hindrance 11,12 . In other words, this SR2 opening is kinetically 

favoured by strong activation: Des > Ts >> Piv. With A = Des (Diclosyl), practi- 

cally only the normal product 2 is obtained (runs 12 and 131, while with A = Piv 

no 2 was formed (run 14). It is not clear whether this dramatic product dependence 

on A is simply a kinetic effect in the formation of 2. A possible retardation of 

the competing formation of 2 for A = Des is considered below in the discussion of 

Scheme 3. Such a retardation may perhaps be involved also in the marked change of 

the product ratio 2/3 when going from A = -- Ts (run 6) to the slightly stronger 

activating A = Des (run 13). 

N-A 

Y 
NHA - 

6 
P 

NA-NSL - 
7 Ligand of Magnesium: 

L = Hal or R 

The higher yields of 4a in runs l-3 as compared to runs 4-6 may be correlated - 

with the absence of a large excess of PhMgBr in runs 1 and 2 and with the low con- 

centrations in run 3, I. e. with a slowing down of the reaction that therefor per- 

haps could not go to completion in runs 1-3. This finding may suggest a transfor- 

mation of 4 or its anion, respectively, into another product, e. g. into 5 via 7. 

However, such an explanation is not supported by the results of runs 7-9. An in- 

termediate role of 4a or Its magnesium salt could definitely be ruled out when a - 

sample of 4a was recovered unchanged after treatment with a five-fold excess of - 
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PhMgBr or MgBr2 in boiling THF for two days. On 

the other hand, we cannot exclude such a ttansfor- 

mation of 4c under the reaction conditions of - 

Table 1, since the corresponding process has pre- 

viously been observed for $J in strongly basic me- 

diumf4. The reason for the probably general differ- 

‘G!. 
NHA 

Y 
4-c- 

ence in isomerization behaviour between N-allylated 

carboxamides and sulfonamides is supposed to be the large basicity difference of 

their N-anions. The tautomerization of the N-anion of 4 into the carbanion 4-C' 

15 will be thermodynamically more unfavourable for A = sulfonyl than for A = acyl . 

In similar experiments we excluded a simple thermal formation of 9 under the 

experimental conditions of Table 1. 2 was recovered unchanged after 20 days in 

boiling THF or 6 days in boiling toluene. A better immediate precursor of 2 would 

be 2 or its magnesium salt lo, respectively. A solution of % in THF gave rapidly 

a quantitative yield of s on addition of aqueous sodium hydroxide solution, thus 

mimicking the basic conditions of work-up for the reactions of Table 1. This fast 

dehydrohaloqenation is probably the result of an intramolecular E2 mechanism in 

which the rapidly formed sulfonamide anion of 9a (pK, of 9a near 11) serves as - _ 

base. This assumption found support from the same experiment with 9c (pX, probably - 

about 20'~) that led to only 25% 4c along with 29% unreacted 9c and 31% of what is - - 

supposed to be 12 on grounds of 
1 
H-NMR data. - 

Hal Hal 

Ligand of Masnesium: 

8 t = Hal or R 

ga,c,d: Ck1 = lb 10 
lla,c: Hal = L = Br 

NH-A 

-P 
HO 

&,d 

If the magnesium salt 10 is the precursor of A in the reactions of Table 1, - 

it may also be the precursor of the supposed intermediate 2. Some experiments, 

whose results are shown in Scheme 2 and Table 2, supported this view. Refluxing 2 

with MgBr2 in THF followed by evaporation and immediate flash chromatography (run 

1, Table 2) yielded a not separable mixture ('H-NMR analysis) of 50% 9a (emerging - 

from the primary product l&), 7% s, and 31% of a third product. The IR spectrum 

(1632 cm-', strong band) and in particular the 
1 
H-NMR spectrum of this mixture 

were compatible with 6a as the third product: (6 in ppm) Me 1.46 (s); Me 1.58 (s); - 
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C=CH 6.93 (d, J = 9.6 Hz); comparison with 6d'4P17: - Me 1.72 (s); Me 1.77 (s); C=CH 

6.73 (d, J = 10.2 Hz). The structure of the supposed 6a was confirmed in a second - 

experiment (run 2, Table 2) when the reaction mixture was worked up under condi- 

tions that favour the hydrolytic cleavage of 6a: - 37% 9a and 50% tosylamide (TsNH2) - 

were obtained from the organic layer, while isobutyraldehyde was detected in the 

aqueous layer by the formation of its 2,4_dinitrophenylhydrazone. Excess of MgBr2 

(run 3 of Table 2) did not change the ratio 6a/9a (deduced from TsNH2/E in run 2) -- 

even with extended reaction (run 4). So, in this reaction of la with MgBr2 the - 

isomerization of la to 6a does not go to completion, -- perhaps because of the meta- 

thetic reaction 6a + lla - 7a + 9a supposing that 6a is formed from the intenne- ---- - 

diate lla through the general reaction sequence 10 + 2 + 5 (vide infra). - - 

Wr2 

la - 6a/7a 

THF reflux 

I 

I 
silica 

gel 

SCHEME 2 

6a 

+ 9a/lla 

silica gel 

\ 

or H20 

9a 

TsNH2 + He2CH-CH=O - 2.4-dinitrophenylhydrazone 

Table 2. Reactions of la with MgBr2 in Boiling THF. - 

Run la THF React. Yieldsa [#I - MgBr2 Hydrolytic Work-Up 

[mmol1Lnmoll [ml] Time 

[days] 

1 5 5 80 2.5 b 
no (7%) g, (31%) 

2 10 10 80 2.5 sustained homogeneous ' 50% TsNH2, 37% 

3 5 20 80 2.5 short heterogeneouse (56%) s, (41% 

&, (50%) 9a - 

96, Me2CHCHOd 

) 9a - 

4 2.5 30 40 7 

a Yields in parentheses 
b 

Evaporation, followed 

short heterogeneous 
e 

(57%) 6q, (38% 1 9a - 

from 1 H-NMR spectroscopic data. 

by flash chromatography (silica gel, CH2C12). 

' Work-up as in TBble 1: after adding ice, the mixture was concentrated in vacua 
(bath temp. 

d 
-70 C) and then partitioned (CH2C12/water). 

Identified by the formation of its 2,4-dinitrophenylhydrazone. 

e Short partitioning between CH2C12 and water. 
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The most important aspects of these experiments are the "abnormal" opening of 

1 by halide and the formation of the enamide structure b/7. As for the latter, a -- 

carbenium ion is an unlikely precursor in a Grignard solution, since rapid depro- 

tonation should convert it to 4 that would be the final product at least for A = 

sulfonyl (see above). So, the enamide structure arises probably from 10. A direct - 

conversion of 10 into 5 would be mechanistically obscure and would not lead to 2 - 

in the reaction of 1 with RMgHal, since at least for A = sulfonyl the nitrogen of 

5 would rapidly be deprotonated (forming z), thus preventing a tautomerization of 

5 into 5. The latter argument holds also for a direct conversion of 10 into 1. - 

This reasoning was confirmed by a 72% yield of 6a when la reacted with a mixture - - 

of 1 equivalent of PhWgBr and 4 equivalents of MgBr2 (vide infra). Therefore it 

appears reasonable to propose the reaction sequence 10 + 2 + 5, the first step - 

having its analogue in the chemistry of epoxides 6-10 . A Grignard reagent would 

then add to 2 forming, after protonation, the rearranged substitution product 1. 

This proposal requires that the latter addition is faster than the tautomeriza- 

tion 5 + 6. A formation of 3 by addition of RMgHal to the C=C double bond of 5 or - - 

1 could be ruled out by quenching the reaction with D20 (run 3 of Table 1): the 

1 
H-NMR spectrum of the product mixture did not reveal an incorporation of deute- 

rium into the isopropyl group of 3aP. Since we did not observe 5a in the reactions - - 

of Table 2 we suppose that the tautomerization is accelerated by MgBr2. So, the 

products 3, 4, and 5 come probably from lo, implying that in the reaction of 1 

with RMgHal a certain pool of 10 is built up and maintained until the reaction - 

goes to completion. In run 2 of Table 1, which was performed as a rough kinetic 

experiment, the amount of & (probably at least in part indicative of lo) remained 

constant after the initial increase while the increase in 2aP and 3aP as well as - 

the decrease in la continued after the first 1.5 hours. - 

The abnormal opening of _l_ to form 10 can be explained (1) by electrophilic - 

assistance through one of the magnesium compounds present and (2) by the high nu- 

cleophilicity of the halide ion of the latter. The Lewis acid-Lewis base inter- 

action (13 in Scheme 3) forces the ring opening into the borderline region“. An - 

SNl-like formation of a carbenium ion is unlikely both for A = sulfonyl (see 

above) and for A = acyl that should lead to the corresponding oxazoline: compare 

ref.'l and the literature cited therein. The double activation in 13 is expected 12 - 

to change the reactivity order of 1 so that llc should form faster than lla. A - - 

fast formation of llc is possibly involved in run 14 of Table 1, although the - 

extraordinary result of run 14 may be caused by a cooperation of various effects 

including the above discussed slowing down of the competing formation of 2cP. Ir- - 

reversibility of the formation of llc may be another one of these effects. While - 

the anions of N-(2-halogenoalkyl) sulfonamides form rapidly 
18 

the corresponding 

axiridines by intramolecular displacement of the halide, for the analogous 
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19 
carboxamides this cyclization is confined to acme special cases . The reaction 

1 + 10 can therefore be expected to be reversible for A = sulfonyl, but less pro- - 

bably for A = acyl. Absence of the reverse reaction may enhance the over-all rate 

1 + 5 and thus contribute to the result of run 14. - - Further aspects are considered 

in the discussion of Scheme 3. 

A normal opening of 1 by halide has to be taken into consideration for 

strongly activated 1, but the reversibility would preclude an essential influence 

of this opening on the final products. 

Final proof for the deduced reaction pathway comes from two reactions of 8. 

Reaction of 5 mm01 9a with 30 mm01 PhMgBr yielded (after loss of some material du- - 

ring work-up due to emulsification) a mixture of 15% z, 34% x, and 11% 4a - 

('H-NMR analysis). The formation of 2aP requires the intermediacy of 2, thus pro- - 

ving the reversibility of the abnormal opening by bromide. The second experiment 

performed in the same manner with 9c provided ('H-NMR analysis) 43% 3cP and 43% &, - - 

but no 2cP. The structure of 6c was deduced from the 
1 

- - H-NMR spectrum and confirmed 

by NMR comparison with authentic material 
17 : (6 in ppm) Me 1.63 (8); Me 1.71 (s); 

C=CH 6.53 (d, J = 10.1 Hz). A further experiment corroborated the magnesium halide 

catalysis of the tautomerization 2 + 5 as well as the deprotonation of 5 in a 

Srignard solution. Reaction of 5 mm01 la with 5 mm01 PWgBr and 20 mm01 MgBr2 pro- - 

vided ('H-NMR analysis) 5% z, 13% x, 10% &, and 72% 6a. The ratio 2aP/3aP is - -- 

shifted from about 64:36 in runs 3-5 of Table 1 or 50:50 in run 2 to 20:72 under 

the influence of the added magnesium halide. The change in the ratio 

normal/abnormal opening (shown in the last column of Table 1) is even more im- 

pressive: from 60:40 in runs 3-5 and 43:57 in run 2 to 5:95 in the last 

experiment. 

1 B 
- #gLHal 

c 
I3 

. 
- MgLHal 

base 

N 
\ IO-anti -4 

H2O 

RHgHal 
H2° 

5 m-3 

lo-gauche 
A, L: as defined 

SCHEME 3 
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The various pieces of evidence along with the presented arguments allow to 

establish a reaction scheme for the products 2 and 4: Scheme 3. The first step, I. 

e. the (reversible) formation of 13, may be sterically hindered as perhaps happens 

with lb due to the chlorine atom at the ortho position of Des. Formation of 13 is - - 

followed by a borderline aziridine opening, yielding 10. - This ring opening is re- 

versible for A = sulfonyl, but the equilibrium seems to depend on the nature of 

the halide among other factors, I favouring 10 more than Br: camp. the last column - 

in Table 1, runs 3-9. In analogy to the epoxide reactions 7-10 we suppose the next 

event to be the one-step formation of 2 by a halide displacement through a neigh- 

bouring hydride and by simultaneous elimination of MgLHal. In order to meet the 

stereoelectronic requirements for this process, E has to adopt a gauche conforma- 

tion. Finally, 2 adds HMgHal in a fast reaction forming the magnesium salt of 2. 

The transformation 10 + 5 may be faster for A = Piv than for A = Ts (a) due to the -- 

difference in basicity and energy of the anionic part of lo, (b) due to a lower 

energy of the product SC owing to conjugation, - and (c) perhaps due to a different 

coordination of the magnesium implicating a different stereoelectronic situation. 

For A = Piv coordination to the oxygen of A may be favoured while usually an elec- 

trophilic assistance of aziridine ring opening will probably operate by binding to 

the nitrogen (camp. the discussion in ref. 12). We consider the addition of HMgHal 

to 2 to be the fastest step in the sequence 1 -D E * 2 + 2, 

4 is formed from 10 exclusively (runs 6-9 of Table 1) or partly during the - 

reaction and partly during work-up. The latter may even dominate (run 2 of Table 

1). The rate ratio for the competing conversions of 10 into 2 or 2 seems to depend - 

on Hal (camp. runs 7-9 with runs 4-6) and on R (camp. runs 4-6 with run 10 und 

runs 7-9 with run 11). The first influence can be explained by a steric effect on 

the conformational equilibrium of 10. The second influence seems also to be a ste- - 

ric effect, that would be comprehensible if, refining the rough picture of Scheme 

3, the conversion 10 + 7-'o) producing MgLHal - 2 is a cyclic process (camp. ref. 

without intercurrent ions. 

The competition between the two transformations of the imine 5 (into 6/7 or -- 

into 3) is very sensitive to the composition of the reagent as was shown above (1) 

by the reaction of la with the mixture of PhMgBr and MgBr2 and (2) by the reaction - 

of 9c with PhMgBr. We assume that also in the reaction of 9a with PhMgBr formation - - 

of 6a accounts for a part of the observed material loss, since 6a can only be de- - - 

tected if special care is taken to avoid its hydrolytic cleavage. Hydrolysis of 6a - 

produces TsNH2 that, dissolved in the strongly alkaline aqueous phase, would offer 

an explanation for the otherwise not observed extensive and sustained emulsifica- 

tion. The marked influence of the reagent composition is easy to understand on the 

basis of the proposed MgHa12 catalysis of the tautomerization 2 + 6. 
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I.p. 61°C; IR (KBr) v 3340, 1642, 1538/cm; H-NMR (60 MHz) 6 1.23 (8, 9H, tBu), 
1.70 (s, 3H, Me), 3.75 (d, 7.0 Hz, 2H, CH2), 4.77 (vbr 8, 2H, C=CH2), 6.00 
(vbr s, lH, NH). Anal. Calcd for C9H17NO: C, 69.63; H, 11.03; N, 9.02. Found 

23 
: c, 

69.91; H, 11.10; N, 9.19. 

Reactions of la with MgBr2 (Table 2) yielding s, &, s, tosylamide, and isobu- 
tyraldehyd , zspectively 
Run 1. Theeevaporated reaction mixture was taken up in CH Cl and Immediately sub- 
jected to flash chromatography (silica gel, 
analyzed by H-NMR. 

5 cm x 5 cm, $H2e12). The eluate was 

Run 2. Work-up according to the General Procedure of the reactions with Grignard 
reagents. The aqueous layer and the first washing of t&,organlc layer were caused 
to react with 2,4-dinitrophenylhydraeine/sulfuric acid 
nitsophenylhydrazone of isobutyraldehyde, m.p. 181 C (lit. 

ytq&dingothe 2,4-di- 
182 C), mixed m.p. 

181 C, IR and H-NMR spectrum identical with the spectra of authentic material. The 
product mixture obtained from the organic layer was chromatographed (CH2C12/ethyl 
acetate 4:l) yielding succesively 37% 9a and 50% tosylamide. 
Run 3 and run 4. The reaction mixture was evaporated to dryness. The residue was 
taken up in CH Cl shortly washed twice with a small amount of water, dried, and 
evaporated. Ths r&due was analyzed by H-NMR. 

N-(2,2-Dimethylvinyl)-4-toluenesulfonamide (6a). Obtained in mixtures only. IR 
(KBr) v 3295 1632 1338/cm; R-NMR (90 MHz) bl.46 (br 8, 3H, Me), 1.60 (br s, 3H, 
Me), 2.40 (s: 3H, Me of Ts) 5.79 (br 
1H. NH). 7.25-7.33 (m, 2H. A-H of Ts). 

d, 9.6 Hz, lH, C=CH), 6.49 (br d, 9.6 Hz, 
7.71-7.79 (m, 2H. o-H of Ts): MS m/e 

(lGO°C,.rel. intensity in's mixture with 2aP and 3aP) 225 (M, 241,~ i55 (Ts, 351, 
91 (loo), 70 (c.H,N, 96). 

- - 

Attempts to isoraTe and purify 6a (and &, vide infra), by chromatography or re- 
crystallization were unsuccessfiir, partly due to the instability of the product. 

Reactions of a with PhMgBr yielding x, g, and 4a or 3cP and 6c respec- 
tively. 

_-I ----I 

Reaction of 9a. Reaction and work-up was analogous to the Generai Procedure of the 
reactions wia Grignard reagents. The aqueous residue, obtained by addition of 
cold water to the reaction mixture and subsequent concentrating in vacua, gave a 
stable emulsion on shaking with CH Cl . This emulsion could partially slowly 
(about 5 h) be broken by addition The arising organic layer was 
dried, evaporated, and analyzed by 

8f iaC1 and MgSO+. 
H-NMR. The reac ion of z was performed analo- 

gously without the formation of an emulsion. 

N-(2,2-Dimethylvlnyl)-trimethylacetamide (6~). Obtained only in a mixture with 
3cP. H-NMR (90 MHz) 6 1 24 (s, 9H, tBu), 1x3 (br s, 
=-Me), 6.53 (br d, 1011 Hz 

3H, C=C-Me), 1.71 (br s, 3H, 
, 

s, lH, NH). Authentic material 
fyrther splitting recognizable, lH, C=CH), 6.97 (br 

revealed (250 MHz) the multiplet character of the 
two C=C-Me singlets and of the two doublet lines of C=CH: Coupling Me/Me 0.5 Hz, 
coupling C=CH/Me 1.4 Hz for both methyls; IR (KBr) v 3360, 1658 sh, 1644, 1510/cm. 

Ra;,";;,"; ;;d%o:ith PhMgBr/MgBr2 yieldin: s, 3aP, g, and g. 
k-uc were analoaous to t e General Procedure of the reactions with 

Grignard reagents. MgBr 
3 

etherate was added to the Grignard solution before the 
addition of la. Each ad 
appeared immaiately. 

ed portion of MgBr2 produced a violet colour that dis- 
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