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Abstroct = 1-Benzyl-c¢is- and -trans-2,3-dipheny laziridines combine ot 110°C with
olefinic dipolorophiles to produce pyrrolidine derivatives in high yields. Ster\;..ospecific
conrotation for the ring opening of the aziridines o azomethine ylides was deduced from
the structure of the cycloadducts. The rate constants of adduct formation with diethy| fuma-
rate do not depend on the concentration of the dipolarophile. In contrast, ethyl cis— and
trans=2, 3-dipheny laz iridine -1—carboxylate produce with dimethy| fumarate af 145° C the
same mixture of diastereomeric pyrralidines both of which are derived from the exc,endo-

dipheny! substitured azomethine ylide.

The conrotatory thermal ring opening equilibrium of the oziridines ¢is~5 and trons=5 provided the first verificotion
" . T .2

of the Woodward-Hoffmann prediction for the electrocyclic process cyclopropy| anion 2= ally] anion.” An ensemb-

le of kinetic methods established the free energy profiles of ring opening, cis,trans isomerization and ring closure

3-6

for the aziridines 3 and 6.
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The sterically constrained bicyclic aziridine 1 is unreactive when heated fo 180°C in the presence of dipolarophi-
|es.7 However, the orbital symmetry-forbidden disrotatory equilibrium 3 T4 is established at 135°C, possibly due
to the aromaticity oFi.B Violations of the Woodward-Hoffmann rules have likewise been observed for the conver-
sions of bicyclic oxiranes 7 and even the monocyclic 2-¢cyono-cis-2,3~dipheny loxirane. 10 The interplay of orbi-
tal control with other factors determining stereachemistry ond rate of electrocyclic reactions censtitutes an intrigu-

ing problem. We report here on two further models.
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A. Preparation and Equilibria of N=Benzylaziridines

N-Benzy [desy lamine (73 %, mp 74—76°C), H prepared from benzein and desylamine, was reduced by LiA|H4 to
erythro-2-benzylamino-1,2-diphenylethanol {91 %, mp 137-138°C). Reaction with thiony| chloride and ring clo-
sure with potassium t-butoxide produced cis-7, 56 %, mp 44—460C; nmr (CDC|3): & 3.82 (s, 2 ring=H), 3.00

(s, CHQ). Treatment of the ‘aminoalcohol with dibromotripheny lphosphorane and triethylomine 12 yielded trans-7,
57 %, mp 68—70°C, nmr (CDC|3): d 3.33 and 3.60 (AB, 1=13.8 Hz, CH2), the ring protons give rise at 85°¢c
to a sharp singlet at 3.25 which broadens at 35°C and is converted to an AB spectrum ot -40°C with & 3.18 and

3.45, J = 3.3 Hz, due to the diminished N-inversion rote,

2,3

The aziridine cis-7 is stable at 1400(:, but slowly decomposes at 160°C without trans-7 becoming observable by
nmr; trans~7 is converted to 49 % cis-7 in 5h ot ]600C, concurrent with decomposition. The cis isomer of 7 is

thermodynamically favered as it was noticed for 1,2, 3-triphenylaziridine (cis : trans = 78:22 at 150°C). 13

4-Methoxy=4 " -nitro-trans=stilbene oxide and benzylamine afforded erythro-2-benzylamino-1-p-methoxypheny|-2-
p-nitrophenylethanol {80 %, mp 176-177°C). 14 The steric course of the cyclization by the dibromotripheny [phos-
phorane procedure ] appears to depend on the amount of bromine used to prepare the condensing reagent : 0.95
equiv. furnished mainly ﬂ—?_, mp 94—960C, whereas 1.0 equiv. gave predominantly cis-8 which is o colorless
oil and the more stable isomer. Nmy of ¢is-8 (CDC|3): d 3.87 (s, CH2), 3.15and 3.08 (AB, er:3 =6.5Hz, 2-H
and 3-H) ; trans-8 at -40°C: & 3.33 and 3.60 (A8, Sgom = 138 He, CHy), 318 and 3.45 (A8, J, S = 3.3 Ha,

2-H and 3-H).
B. Cycloadditions with N-Benzylaziridines

. . . . . = .
Cis- and trans-7 smoothly combine with dimethy| fumarate in refluxing toluene, i.e., ot 110°C, where no cis,
trans isomerization of the aziridines takes place. Thus, the rotational barrier between the azomethine ylides, trans-
and ¢is-12, must be much higher than their octivation energies for recyclization, trans-12 —cis-7 and cis~12 —

trans-7. The reaction of 1runs-z with dimethy! fumarate provided 96 % of 15, mp 76—780C. The chiral structure

shaws an ABCD spectrum of the ring protons. One of the ester methyl groups ( & 3,07) is shielded by a cis—vic-

phenyl. The nmr spectrum of the crude product did not reveal signals of the diastereomers 16 and 17; 3 % 16 ond

— 1132 —



1 % 17 were recognized in artificial mixtures with 13,
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Cis~7 ord dimethy| fumarate guantitatively afforded o 56:44 mixture of 16 and 17 which was separated by tlc on

silica gel. Pyrrolidines 16, mp 132-133°C, ond 17, mp 114-115°C, revealed in their nmr spectra the two-fold

axis of symmetry. The shielding effect of the cis-phenyls on the ester methy| singlets of 17 allowed the assignment,

The ring protons of 17 are of the AA’BB’ type and those of 16 of the AA"XX” type due to the shielding of 3-H and

4-t by cis-lacated phenyls.
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In the reaction with dimethy | maleate it was cis-7 which produced a single adduet (20, 92 %, mp 117-1 IBOC),

whereas trans-7 furnished a 55:45 mixture of 18 and 19. After separation by tlc, 1__8_showed mp 43—45°C and 19

95-96°C. The benzylic CHzperOns occurred as singlets in 18 and 19, but as AB spectra in 15-17 and 20 due to the

lack of a symmetry plene.

§3.90 fH2C5H5
H N H &4
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ERTRAN I
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23 R= H, R'=CN
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From trans=7 and fumaronitrile at 110°C the adduct 21, mp 126-—1270(:, resulted in 90 % yield. 100 MHz spectra

with double resonance technique !

> provided the 7 and J values of the ABCD pattern of the ring protons. The two

pyrrolidines which originate quantitatively from cis-7 were separated by tlc: 22, mp 157- 1'580(:, and 23,

mp 162-162.5°C; the nmr signals supplied a ratio of 72:28, while the dual-wavelength tlc scanner ]

6 gave &7:33,

The AA’BB’ spectra of the ring protons are consistent with the C2 oxis in 22 and 23.
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Even tetromethy| ethylenetetrecarboxylate s o much less active dipolarophile produced with trans-7 at nae 24
in 98 % yield, mp 132-135°C. The nmr reveals pairwise identicaf ester methyls and isochronous ring protons. The

CH., singler (& 3.85) indicates the plane of symmetry .

2

Comparison of the cycloadduct structures with those of the aziridines cis-7 and trans-7 establishes stereospecific

ring opening to the azomethine ylides trans-12 and ﬂs_-l_?_, respectively, i.e., conrotation.
C. Raote Measurements of Cycloadditions

Although a one-step mechanism for the cycloaddition to dimethy| fumorate with inversion of oziridine configurati-
on is hardly conceivable, kinetic results corroborate the two-step scheme. Dilatometric rate measurements = were
corried out in the presence of excess diethy| fumarate. The pseudo-first-order constants did not depend on the dipo-
larophile concentration (Table), thus disclosing that the electrocyclic ring opening of cis-7 and trans-7 is beco-
ming irreversible, i.e., the cycloaddition of the azomethine ylides trans-12 and ¢is-12 to fumaric ester is much fa-
ster than electrocyclic ring closure back to the aziridines. As in the case of aziridine _5_,3 but in contrast to é_,s the

measured constant is identicol with that of the ring opening step.

Table. Dilatometric rote constants in o~d ichlorobenzene at 100°C

Azisidine {mM} Diethy| fumarate (mh) losk] o)
cis=7 80, 80 681, 1162 1.22, 1.26
trans=7 40, 40 360, 853 22.8, 22.4
cis-8 37, 42 469, 969 17.5, 16.5
tans-8 31, 30 517, 1008 210, 207

Why is the conrotatory ring opening of trans—7 18 times faster than that of cis=7 ? The equitibrium
shows that trans=7 is at a higher energy level than cis-7. Furthermore, the azomethine ylide cis-12 suffers less

from van der Waals repulsion and phenyl twisting thon the exo,endo-dipheny| substituted trans-12,

R R R
+i |+ I
R TN R3 RZ N A3 RN R3
NN RS- S P
e e
H H H H H H
Q b 4

The allyl anion description of the ozomethine ylide by resenonce structures a cmd_bsuggesfs that substituents R2 and
R3 which can take over negative charge will stabilize the 1,3-dipole. Does structure ¢ noticeably contribute to
the ground state ? In the aziridine 8 the p-methoxypheny| group can stabilize o positive cherge and the p-nitro=-
pheny| o negative one. Indeed, E_E—g undergoes ring opening 13 times faster than ¢is—7, whereas the |<] value of

trans—8 exceeds that of trans-7 9-fold (Table).
D. Cycloadditions of 2,3-Diphenylaziridine-1-carboxylic Ester

7
According to Anastassiou and Hammer, ! the ethy| 2, 3-diphenylaziridine -1 -carboxy lates Yestablish a photosta-
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tionary equilibrium of 90 % eis~% and 10 % trans-? {radiation of 2337 R). The "hypothetical 41 2-heterotrimethy -
lene species" 25 was invoked as an intermediate. 17 We observed also a thermal cis,trans isomerization of §; after
5 h refluxing in xylene, ¢is-? had undergone 10 %, trans-% 19 % isomerization. Probably, the cis-aziridine is fa-
vared here os in the case of 6 - 8. We see no reason to doubt the intermediacy of the azomethine ylides trans=14.
and cis-14 as normal 1,3-dipeles of the allyl type. 18 Azomethine ylides are hardly hypothetical ; a stable cry-

r

) . . .. 20
stalline representative still undergoes 1,3-cycloadditions.

R §02C2H5 (‘202C;H5
rL H N EsHs Ho N Les
CeHe H CeHe et 1
Cﬁ“S’(‘ "\fcﬁ”s CH 0,0 —fH Heob—+ CO,CH,
H H 2.57 H CO,CH, CH,0,C H 3.35
357 335
25 26 27

The ozomethine ylide intermediate 14 can be intercepted by cycloaddition to dimethy! fumarate. Whereas ne cyc-
loadduct was noticeable after 25 h in toluene ot 120°C, heating of cis-% in an excess of dipolarophile for 48 h at
145°¢C gave a high yield of 26 and 27 in a 55; 45 ratio; 34 % of 26, mp 170—]7]0(:, wos isolated by direct cry-
stallization, while tlc on silica gel provided 30 % of 27, mp 75-76"C. lsochronous ester methy! singlets in each
of the two adducts combined with the known retention of dipolarophile cenfiguration in 1,3=dipolar eycloadditions

require C, symmetry for 26 and 27.

2

In contrast to the behavior of aziridine 7, trans-9 afforded virtually the same mixture of 26 and 27 when heated

with dimethy| fumarate under the above conditions. It is clearly the azomethine ylide trans-14 which is incorpo-
rated in the cycloadducts 26 and 27, We cannot exclude o forbidden disrotatory ring opening trans-9 —= trans-14.
For the time being we prefer another explanation: Cyclogddition can only be achieved in the temperature region

of ¢is,trans isomerization of ¥ (145°C). If one assumed that the rotation of the azomethine ylides, trans-14 = c_i_s-lé’
is faster than their eycloaddition, then one could ascribe o higher rate constant of cycloaddition to trans-14 com-
pared with cis-14. An analogous rate preference of trans-10 over <is=10 in their cycloodditions to less active dipo-
larophiles has indeed been observed.m
Aziridines are weak bases, ie., the carbamate resonance in Pis nearly unharmed. The iminium character of the
nitrogen in the azomethine y!ide 14 suppresses the carbamate resonance, a facter which will make the electrocyc-

lic ring opening of 9 slow compared with é - 8.
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