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Monocyclic iminoaziridines andxo—endodiastereomers of spirocyclic iminoaziridines that are derived
from norbornane are prepared in batches of up to 10 g to foster applications as building blocks in syntheses.
N,N'-Disubstituted a-haloamidines, which are readily available in two steps frdirsubstituted
o-halocarboxamides, are 1,3-dehydrohalogenated by strong bases such as alkali-metal hyt#ites or
butoxides to afford distillable oils or low-melting solids, which consist of slowly interconveEnr@
diastereomers of the title compounds. The scope and limitations are outlined for this reaction. The
configurationsE andZ that were assigned on the basis of homoallifie-*H coupling and asymmetric
solvent-induced shifts required that, ifC NMR spectra, the observedeffects of substitutents at the
imino nitrogens werealeshielding contrary to the well-known shielding-effects in all other types of
C=N compounds. However, an NOE NMR study demonstrated unequivocally that the previous
assignments are correct and hence the obsenwadtects actually deshielding. The ranges'™ NMR
chemical shifts span more than 60 ppm. Neither@haor they-effects of substituents on both types of
nitrogen follow a uniform increment pattern.

Introduction SCHEME 1

2

2
° 7

components of the Ugi reaction and related multicomponent N
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R R —NH, +H)I\lBu+ g+ R-COH

reactions (MCRs}, viz.,, amine, carbonyl compound, and
isocyanide (Scheme 1); in short, they are highly reactive
a-amino acid synthons. By contrast to the Ugi reaction, where

Iminoaziridines are synthetic equivalents for three of the four JR
tBu
1
formation of the unstabled-adducts™ is rate-limiting, the step {

— H
co; /Ugi Reaction

leading to2 is fast with iminoaziridines, even in cases of steric NRZ R R' NHR?
hindrance, due to their high reactivity resulting from relief of R'HN A RN

strain on addition to the imino group and subsequent ring- W)LO © hig T/go
opening? Nonracemic iminoaziridine$3* and diastereomeric tBu 2 3 9 By

iminoaziridines exa and endo6 provide the stereocenter
generated in the Ugi reaction and thus afford products of type
*To whom correspondence should be addressed. Current address: Hoetger3 that are unavailable through the Ugi reaction without

?gags)e 10, D-49080 Osnabku Germany (H.Q.). Fax:+49-(0)541/8141935 10 rancontrol by (chiral) auxiliaries or cataly3t3,3-Disubsti-
*This paper is dedicated to Professor Siegfrigahigon the occasion of his tuted iminoaziridinegl—6 are potential synthons for derivatives
85th birthday. of sterically constrainedx-branchedo-amino acid$? viz.,
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8 Technische UniversitaChemnitz.
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a-aminoisobutyric acid (Aib¥? 2-aminoadamantane-2-carboxy-
lic acid®@ andexo andende2-aminonorbornane-2-carboxylic
acid?8® respectively.

2

NR NMe
M;ZAN\R’ @A N igu

4 5

Me NMe

N

exo-6 endo-6
la,4a R'=R’=Me 1f,4f R'=Me; R’ =1Bu
4b R'=R’=CH,Ph 1g,4g R'=1-Buy;R*=Me
lc,dc R'=R'=i-Pr 1h,4h R'=CH,-+-Bu;R’=1-Bu
1d R'=R*=CH(i-Pr), 1i R'=1-Bu; R’ = CH,-#-Bu
de R'=R’=CH;t-Bu 4j R'=1-Bu; R* = CH,Ph
1k R'=Mes; R’ =t-Bu

(Mes = 2,4,6-Me,C H,)

Iminoaziridines have been invoked as intermediates on several

occasiond. Irradiation of 5-alkylidene-4,5-dihydroH-tetra-
zole$ and 5-imino-4,5-dihydroHi-1,2,3-triazolein small-scale
experiments afforded iminoaziridines that were not isolated but
characterized in solution by IR and NMR spectroscopy. The
hitherto only route that leads to useful amounts of iminoaziri-
dines involves base-induced 1,3-dehydrohalogenatidw df
disubstitutedx-chloro- ando-bromoamidines. However, dehy-
drobromination of N-ethoxycarbonyl-, N-phosphoryl-, and
N-sulfonyl-substituteda-bromoamidines did not yield imi-
noaziridines rather than five-membered heterocy¥eBor
physical organic chemistry studies, a few examples of types
134 and44911.12and the spirocyclic iminoaziriding'3 have been
prepared in this way. To foster synthetic applications, we detail
here the synthesis df and4 with variousN-substituents and

(5) (a) For the significance of sterically constraire@mino acids, see:
Ellis, T. K.; Ueki, H.; Yamada, T.; Ohfune, Y.; Soloshonok, V. A.Org.
Chem.2006 71, 8572 and references therein. (b) R&(2,2-dimethyl-2-
azirin-3-yl) derivatives as Aib-pro synthons, see: Stamm, S.; Heimgartner,
H. Hely. Chim. Acta2006 89, 1841.

(6) (a) Tager, H. S.; Christensen, H. Bl. Am. Chem. Sod 972 94,
968. (b) Nagasawa, H. T.; Elberling, J. A.; Shirota, F.JNMed. Chem.
1973 16, 823.

(7) (@) For a summary of early examples, see: L'albeln Lectures
in Heterocyclic Chemistry Vol.;9Castle, R. N., Neidlein, R., Edsl.
Heterocycl. Cheml987, 24 (Suppl.), S-51. (b) Quast, H.; Bieber, L.; Regnat,
D. Chem. Ber199Q 123 1739. (c) Quast, H.; Balthasar, J.; Hergahes,
T.; Regnat, DChem. Ber1992 125 2749.

(8) (a) Quast, H.; Bieber. L.; Meichsner, Ghem. Ber1988 121, 2117.
(b) Quast, H.; Hergerither, T.Chem. Ber1992 125 2095. (c) Quast, H.;
Fuss, A.; Ndling, W. Eur. J. Org. Chem1998 317.

(9) Quast, H.; Regnat, BChem. Ber199Q 123 2195.

(10) (a) L'abbe G.; Verbruggen, ATetrahedron Lett1979 49. (b)
L'abbg G.; Verbruggen, A.; Toppet, Bull. Soc. Chim. Belg1981, 90,
99.

(11) Quast, H.; Aldenkortt, S.; Freudenreich, B.; SehaP.; Peters, E.-
M.; Peters, K.; von Schnering, H. G.; Whwein, E.-U.Liebigs Ann1996
87.

(12) Schuchardt, U.; Ortellado G. Zelada, L. A.Chem. Res., Synop.
1983 270.

(13) Quast, H.; ScHar, P.; Peters, K.; von Schnering, H. Ghem. Ber.
1980 113 1921.
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y Me Cl R™-NH, " Me . v- 4
e NR1 8 - e NHR1 -
Br X
10 11+ HCIO,, 11 +HCI X =Br
12+HBr X=Cl
10a R'=Me 8a R'=Me
10b R'=CH,*Ph 8b R’=CH,Ph
7¢,10c¢ R'=i-Pr 8 R’=iPr
7d R' = CH(i-Pr), 8d R’=CH(-Pr),
Te R'=CH,-+-Bu 8¢ R’=tBu
7t R' = Mes
11a+HCl, 12a*HBr R'=R’=Me
11b+HCI, 12b+HBr R'=R’=CH,Ph
9¢, 11¢+HCIO, R'=R’=iPr
9d R' =R’ = CH(i-Pr),
9e R'=CH,-+-Bu; R° = +-Bu
of R' =Mes; R’ =#-Bu
11g R'=Me; R’ =+-Bu
11h*HCI, 12h*HBr R'=CH,Ph; R’=tBu

of diastereomeric iminoaziridinexo andende6. Because the
Ugi reaction and related MCRs may suffer from steric hindrance,
iminoaziridines with bulky substituents promise to become
particularly useful and hence were included. To settle doubts
about the configurations, we performed a detailed NOE NMR
study. Finally, we report the first®N NMR spectra of imi-
noaziridines.

Results and Discussion

N,N'-Disubstitutedx-haloamidines were prepared by the long-
known4 imidoylation of primary amines8 using readily
availablea-bromoimidoyl chloride§ and10 (Scheme 2P and
the bicyclic a-chloroimidoyl chlorides14 (Scheme 3). The
starting materials for the latter, viz., 2-chloronorbornane-2-
carboxylic acidséxo andende13a), were obtained with high
diastereomeric purity, as described by Alder and co-workers,
by cycloaddition of cyclopentadiene and 2-chloroacrylic acid

(14) (a) Tsatsas, G.; Delaby, R.; Quevauviller, A.; Damiens, R.; Blanpin,
O. Ann. Pharm. Fr1956 4, 607. (b) Tsatsas, G.; Delaby, Rnn. Pharm.
Fr. 1956 4, 621. (c) Paul, H.; Weise, A.; Dettmer, Rhem. Ber1965
98, 1450. (c) Ostrowska, K.; Kolasa, A. Bcience of Synthesi€harette,
A. B., Ed.; Thieme: Stuttgart, New York, 2005; Vol. 22, p 379.

(15) Quast, H.; Frank, R.; Freudenreich, B.; SehaP.; Schmitt, E.
Liebigs Ann. Chem1979 74.

(16) Alder, K.; Hartmann, R.; Roth, Wustus Liebigs Ann. Cherh958
613 6.
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SCHEME 3

X Cl
e
(6] NMe
Cl Cl

13a X=0OH exo-14, endo-14
13b X=Cl
13¢ X= NHMe /
HMe
NHMe
o] -
MeHN NHMe cl
x—15~HCI l n-15eHCI
endo-G exo-6

followed by separation of the diastereomers using the iodola-
ctonization protocol and subsequent hydrogenafiéiMethy-
lamides13cresulted via the acid chlorideis3b. The diastere-
omeric ratioexa13cendel3c = 0.8:99.2 was determined by
comparison of the downfielfC satellites of the 3-k, multiplet
of ende13cwith the 3-Hnqomultiplet of the traces oéxo13c
present (600 MHZH NMR, [?H¢]benzene). Likewise, com-
parison of the upfield*C satellites of the 3-khgo multiplet of
exa-13cwith the 3-Hymultiplet of the traces aénde13cgave
the ratioexo13cendel3c = 99.6:0.4. Treatment df3c with
thionyl chloride furnished the-chloroimidoyl chloridesl4 in
high yields as colorless oils.

The a-bromoimidoyl chlorides7 reacted smoothly with
primary amines8 to afford a-bromoamidine® with high yields
as colorless oils or low-melting solids. In the case9ofand
9d, crudea-bromoimidoyl chlorides, formed frora-bromoa-
mides and thionyl chloride, were employed as starting materials.
Small amounts of ketene imines were detected by IR spectros-
copy in most crudex-bromoamidines9.l” The presence of
ketene imines is indicative of an eliminatieaddition mech-
anism of amidine formation. These impurities were separated
by extractingd with dilute hydrochloric acid--9-HCI) followed
by regeneration of the free bases with concentrated sodium
hydroxide solution. Free basBsvere stable at low temperatures;
the nicely crystallized perchlorat€&sHCIO, were shelf-stable
(Table 1).

By contrast witho-bromoamidine®, which are derived from
tert-butylacetic acid, many attempts to isolate pumen-
disubstituteda-haloamidines11 and 15 were frustrated by
formation of products that contained mairdl§ and15 but also
iminoaziridines, as shown by their characteristic IR absorption
around 1790 cm! (Table 2), and unknown products. The cause
for the formation of the former is obviously the combination
of the high basicity and high propensity bf and15to undergo
base-induced 1,3-dehydrohalogenation. For example pribad-
moamidinellcslowly formed iminoaziridinglc and amidinium
bromide 11cHBr. a-Bromoamidinellg which was isolated
after the reaction ofil0a with 3 mol of 8e, was mixed with
iminoaziridines4f and4g. To avoid premature 1,3-dehydroha-
logenation during or after formation dfl and 15, the imidoyl
chlorides10and14 were allowed to react with only 1 equiv of
8 in a polar solvent, viz., acetonitrile. This method afforded
amidinium salts in good yields (Table 1); however, partial or

(17) (a) Stevens, C. L.; French, J. L. Am. Chem. S0d954 76, 4398.
(b) Hinig, S.; Rehder, WAngew. Chem., Int. Ed. Endl968 7, 304. (c)
Perst, H. InScience of SynthesiBanheiser, R. L., Ed.; Thieme: Stuttgart,
New York, 2006; Vol. 23, p 781.

JOC Article

TABLE 1. Yields, Physical Data, and Wavenumbers of IR
absorptions ¥ (KBr) (cm ~1) of a-Bromoamidines and
o-Haloamidinium Salts and Solvents Used for Recrystallization

mp (°C)
yield (bp (C)/
compd (%) pressure (Torr)) 2  #(C=N) P(NH)

9c 61 (56-57/0.04) 1636 3430
9¢c-HCIO, 89 17x172 |
ad 66 41-42 P 1632 3430
9d-HCIO4 59 142-143 C 1631 3240, 3300, 3415
%e 73  (70-72/0.1) 1645 3435
9eHCIO, 85 163-164 E 1640 3380
of 64 85-86 P 1622 3445
9f-HCIO4 78 186-187 F 1626 3280, 3420
11aHClI® 87 163-164 | 1644 3200
11b-HCld 55 164-16%° I 1631 3150, 3415
11cHCIO, 72 179-180 | 1631 3325, 3405
12h-HBr 43  159-16C° |
exo15-HCl 84  198-202 1640
endel5HCI 94 212-213 1645

aSolvent: C= chloroform; E= ethanol; F= ethanol/ethyl acetate; =
isopropyl alcohol; P= pentane® Neat liquid.c Contained 6%l2aHBr.
d Contained 12%d.2b-HBr. ¢ With decomposition.

TABLE 2. Experimental Conditions and Yields of
1,3-Dehydrohalogenations ofx-Haloamidines and Wavenumbersy
(cm™1) of C=N IR Absorptions of Iminoaziridines

starting temp vyield
product material base solvent (°C) (%) P2
1c 9c t-BuOK  EO rt 85 1790
NaH THF 66 75
1d 9d t-BuOK  THF rt 79 1792
1h 9e t-BuOK  THF 0 81 1775
1h,1i¢ 9e NaH THF 66 57
1k of t-BuOK EO —-15 82 1783
11aHCI EtCOK pentane rt 32 1795
4b 11bHCI t-BuOK THF —25 44 1785
4c 11e¢HCIO4 t-BuOK ERO rt 85 1781
NaH THF rt 86
af, A 10a t-BUuNH, t-BuNH; 0 71 1791
j 11h-HCI, 12h-HBr t-BuOK THF —-25 28 1771
exa6  n-15HCI KHf Et,O rt 60 1795
ende6 x-15HCI KHf Et,O rt 58 1795

aNeat liquid.? In carbon tetrachlorides. 1h:1i = 85:15.91n benzene.
e 4f:4g = 8:92.7In the presence of 18-crown-6.

even complete exchange of the bromine atom BHCI for a
chlorine atom {-12-HBr) was evident frontH and'3C NMR
spectra which showed the presence of two very similar
compounds whose characteristic NMR signals differed just as
those oftert-butyl bromide andtert-butyl chloridel®1® The
observed halogen exchange results from the weaker solvation
and hence stronger nucleophilicity in acetonitrile of the chloride
compared with the bromide iofi Fortunately, the isomerization
does not detract from the value of thehaloamidinium salts
as starting materials for iminoaziridines.

The 1,3-dehydrohalogenation ofhaloamidines to afford
iminoaziridines results in a shift of the strong=8l absorptions
by about 150 cm! toward higher wavenumbers, cf. Tables 1
and 2, which permitted convenient monitoring of the progress
of reaction by IR spectroscopy. Best results were achieved, in
ether or tetrahydrofuran, with an excess of strong bases such
as sodium or potassium hydride, potassitert-butoxide, or

(18) Wilk, W. D.; Allred, A. L.; Koven, B. A.; Marshall, J. AJ. Chem.
Soc. B1969 565.

(19) Kalinowski, H.-O.; Berger, S.; Braun, $C-NMR-Spektroskopie
Thieme: Stuttgart, New York, 1984.

(20) Yamdagni, R.; Kebarle, B. Am. Chem. Sod.972 94, 2940.
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potassium hydride 18-crown-6341,2-Dehydrohalogenation of =~ TABLE 3. Differences in the Chemical ShiftsAsa = dsy(E) —
11and15to yield unsaturated amidines, which is a conceivable I‘san}i(z) (P_F()j’_“) of the Ring Carbons C-3 of Diastereomeric
competitive reaction, was not obsen#d.,3-Dehydrohaloge- minoazindines

nation of11 and12 occurred much more readily than thatSf compd >NR? =NR? Asa §
While the former reacted with sodium hydride at ambient la Me Me 0.9 B
temperatures, prolonged heating in boiling tetrahydrofuran was  1f Me t-Bu 8.1 c
required for the latter. Evetert-butylamine 8e), employed as 19 t-Bu Me 24 ¢
Ivent, sufficed for complete 1,3-dehydrobrominatiotId 254 4

a solvent, _ p , Yy 4a Me Me 0.39 B
to produce a mixture off and4g. 0.47 cH
Iminoaziridines are colorless oils or low-melting solids of 4e CHg-t-Bu CH,-t-Bu 0.12 o
characteristic odor. They can be distilled or sublimed under high j:' ?:"E . ﬁ”?‘t'B“ 8-33 ch
vacuum and kept under an inert atmosphere at low temperatures. “™ ribu € 00 oH
The purity and structures were based on spectroscopic evidence 4 Me Ph 4.5 cH
and, forlc, 1d, 1h, and1k, furthermore on thermal decomposi- 40 Ph Me 1.6 cH
tion into isocyanides and imines, which were identified by 16 Me Me 0.5 cH
comparison of!H NMR spectra with those of authentic exo6 Me Me 1.6 g
endo6 Me Me 0.5 B

sample$2-26 The exo and endoconfigurations of the spiro-
cyclic iminoaziridiness were inferred from the observation that . thelconfi%lirgltion; Zgalgased on hogo;lllﬁfﬁb-tlﬂ %OZUDZHSQ tt):onstant§
1.3-dehydrohalogenations uishing iminoazirditaSand1gt {71518 00 and A4S expernents Sovere, & Chlenvens:
and aziridinonesq-lactamesy involve inversion at the carbon  ence gad Reference 4¢ This work. ' Reference 99 Reference 111 Ref-
bearing the leaving group. We note thato and ende6 are erence 8b.

the first spirocycles that consist of the norbornane skeleton and
a three-membered heterocyclic ring with an exocyclic double
bond. Spirocyclic iminooxiranes similar &have been invoked

as labile intermediates in the reaction of 2-chloronorbornene-
2-carboxamides with potassium hydroxide, yielding cyanide and
norbornenoné® Carbocyclic systems of this type arose by the
addition of unsaturated carbenes at camptfeaned the reaction

of diazomethane with 2-(oxomethylene)norbornéhe.

When iminoaziridines are to be applied as building blocks
in synthesis, the isomeric purity and hence regioselectivity of
ring closure are crucial foa-haloamidines that possess two
different nitrogen substituents, vi@g, 9f, 11g, 11h, and12h.

The aryl groups oN-aryl-a-haloamidines appear exclusively
at the ring nitrogen of the resulting iminoaziridines, e3j..~

1k, not at the exocyclic nitrogelt. In the case oflf and 1g,

ring closure could be shifted almost completely in either . . . .
direction with the help of the reaction temperature and the-base decomposed inttert-butyl isocyanide anm-(2,2-d|me;thylpro-
solvent combination.Similarly, potassiuntert-butoxide con- pyhden_e)megtylamm? at a. t_efnperature_as. low .as_(I. .
verted9e exclusively intolh, while sodium hydride in boiling _Configuration of Iminoaziridines . In principle, iminoaziri-
tetrahydrofuran resulted in the formation of an 85:15 mixture din€S may exist in th&- and Z-configurations. For a number
of 1h and1i. Becausd h decomposes into isocyanide and imine of |m|noa2|r|d|'n.gs, two slowly interconverting diastereomers of
at much lower temperaturez 40 °C) thanLi, partial thermolysis  different stabilities were observed Byl NMR spectroscopy
at 80°C depletedlh and gave mixtures enriched I, after and, in most cases, also BYC NMR spectroscopy (Table 3).

the thermolysis products ah had been separated by distillation. N contrast, the signals of the less stable diastereomets; of

1d, 1h, 1i, 4c, 41,31 4h,* and4j3! did not emerge from the noise.
(21) This is at variance with the reported 1,2-dehydrobromination by At low temperatures, the members of the former group are

potassiuntert-butoxide ofe-bromoN-phenylamidines of typ&1 to afford formed with diastereomeric ratios that differ from those at room

N-phenylmethacrylamidine's. :
(22) (a) Russel, G. A.; Rajaratnam, R.; ChenABta Chem. Scand998 temperature. The less stable diastereomers make up a larger

52, 528. (b) Nanni, D.; Pareschi, P.; Walton, J..Chem. Soc., Perkin ~ fraction in freshly prepared than in equilibrated samples.
Trans. 22002 1098. Monitoring thermal equilibration byH and 13C NMR spec-

(23) (a) Mosher, H. S.; Blanz, E. J., Jt.Org. Chem1957, 22, 445. (b) ; i i
Blanz. E., Jr- Mosher. H. Sl Org. Chem1958 23, 462, troscopy allows the assignment of NMR S|gna[s to a particular
(24) Lavallo, V.; Mafhouz, J.; Canac, Y.; Donnadieu, B.; Schoeller, W.; diastereomer when similar amounts of both diastereomers are

Bertrand, G.J. Am. Chem. So@004 126, 8670. present in equilibrated solutions at room temperature.

(25) Kuntz, I. D., Jr.; Schleyer, P. von Rague; Allerhand JAChem. ; ; ; i i
Phys. 1961, 35, 1533, So far, the configuration of only a single iminoaziridine was

The mixture ofLl1h-HCl and12h-HBr gave a low yield of only

a single iminoaziridine4j), which bears theert-butyl group

at the ring nitrogen. Likewise, iminoaziridinkg with the tert-
butyl group at the ring was preferred over isomdr The
experimental conditions and results are summarized in Table
2.

We had no difficulty preparing iminoaziridines in batches as
large as 5-10 g. The scope of the synthesis is broad, as shown
by the wide variety of substituents (Scheme 2). Limitations due
to the volatility and lack of stability of the products came not
unexpected. Thus, high volatility frustrated attempts to separate
4afrom the solvent. The nedd-benzyl compounddb and4j
remained unchanged at low temperatures but turned yellow at
room temperature. Thermal stability was lowest & which

(26) Meier, M.; Mler, B.; Richardt, C.J. Org. Chem1987, 52, 648. established unequivocally, viz., that d&)(5 in the solid state
(27) (@) Quast, H.; Leybach, i€hem. Ber1991, 124, 2105. (b) Maran, by X-ray crystallography® The assignment of- and Z-
F-J-Zé“”;-h%hfmc- Sg@?:93h1r15A65N5|7_-Y by, Fetrahedron Lett1083 configurations to the major and minor diastereomersast1g,4
24(56)87.' ey & S Tsher, A Al Tacoby, frefranedron - and16® was based on the relative size of the homoalljtie-
(29) () Sasaki, T.; Eguchi, S.; Ogawa,JTOrg. Chem1974 39, 1927. IH coupling between the ring proton and the imino methyl
(b) Sasaki, T.; Eguchi, S; Tanida, M. Nakata, F.; EsakL].'IOrg. Chem. group, i.e.,5)wans > 3Jcis,32 and relative asymmetric solvent-
1983 48, 1579. (c) Eguchi, S.; Arasaki, M. Chem. Soc., Perkin Trans. 1
1988 1047.
(30) Cordes, M. H. J.; Berson, J. A.Am. Chem. Sod992 114, 11010. (31) This work.
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induced shifts (ASISs}® asymmetric solvation of the imine
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TheH NMR signals were assigned with the helplef—1H

moiety by benzene shifts resonances of protons that reside atdecoupling experiments and one-bond and long-rdfgeH

the side of the imino alkyl group stronger to high field than

shift correlations. 1D NOESY experiments were performed after

protons at the side of the lone pair. Configurational assignmentsthe relaxation time3; had been determined. The 1D NOESY

for other iminoaziridines rest on analogy witla, 1g, 16, and
ASIS experiments, or lack any supp&ttdiomoallylic coupling

experiment usind.g was carried out at a temperature -660
°C, because, at room temperature, irradiation with the resonance

and ASISs are useful stereochemical indicators for imines, frequency of theN-methyl group enhanced the 3-H signal only

imidates, and thioimidate®;33 and their applicability to imi-

negligibly although the observed NOE effect for tieet-butyl

noaziridines seems reasonable, but cannot be taken for grantedgroup at C-3 was indicative of thE-configuration. All 1D
however. Obviously, these criteria cannot be applied when only NOESY results confirmed thalhe predominant diastereomers

a single diastereomer is observable.

NMe Me<y
N A

Ph Me N~ e
16 17

High-field shifts of 23C NMR signals by atoms in the

y-position are extremely valuable and diagnostically the most

useful of all substituent effects F#C NMR spectroscop¥* In
13C NMR spectra recorded fax-alkylketimines, Fraser et al.
observed very pronounced upfield shifts-e6 to —12 ppm for
a-carbonssynto the N-alkyl groups in comparison with the
same carbon wheanti.3® These differences of chemical shifts
are hereafter referred to &g, = dsyn — Oani. Jackman and Jen
reported upfield shifts oAsa = —2.0 and—3.9 ppm forE/Z
diastereomeric amidines, viz., RBH(2,6-dichlorophenyl)imino]-
pyrrolidine and -piperidine, respectivelySimilar observations
in other classes of €N compound¥ nurtured hope that shift
differencesAsa in E/Z pairs of iminoaziridines would support

do possess the E-configuration in accordance with the homoal-
lylic coupling and ASIS criterialn addition, the signal enhance-
ments that were observed for the minor diastereomedeof
proved itsZ-configuration. It is gratifying that these results lend
credence to the experimentally very simple relative ASIS
method. Therefore, only this method was used for the assign-
ment of E andZ to the diastereomers @xc andendcb.

A literature search uncovered an unexpected dearth of data
that parallel or may explain the unusual shift differendgsin
Table 33223437.39An early 13C NMR and ASIS study otup-
unsaturatedN,N-disubstituted\'-phenylamidines reported small
deshieldingy-effects (ca. 1 ppm) of the phenyl grotfhC
NMR spectra of ethylidenecyclopropanes suggestitretfects
in these three-membered ring compounds may become deshield-
ing. Not only are the shielding-effects caused by the methyl
group of ethylidenecyclopropanes much smaller than in com-
parable five-membered ring compounds, they even approach
zero with increasing substitution of the ring carbéhideed,
the methyl groups of the|)- and @)-ethylidenecyclopropanes

the stereochemical assignments based on homoallylic couplingth@t bear a hydroxymethyl and tart-butyl group intrans

and ASISs. However, scrutiny of tA&C NMR spectra recorded
for such pairs frustrated this expectation as shown byAhe
values in Table 3, which indicaownfieldshifts for thesyn
carbons compared to the same carbonariti-position to the
group at the imino nitrogen.

position at the ring fail to cause-effects; i.e., the value ks,

is zero for both ring carborfZ.It is in line with this admittedly

scant data that thil-tert-butyl group in1f and theN-phenyl

ring in 4n give rise to the by far strongest deshielding effects.
15N NMR Spectra of Iminoaziridines. So far, only"*N NMR

The values ofAs, span a range of 8 ppm and show that the data of a single iminoaziridirié but n015_N NMR spectra have
y-effects of the groups at the imino nitrogens deshielding ~ Peen reported. The results of the fitN NMR study of
in almost all cases provided that the configurations have beeniminoaziridines are listed in Table 4. Amino nitrogens Njsp
assigned correctly. However, if this condition is not met, the "esonate by 100 ppm at higher field than double-bonded nitrogen
y-effects would be normal and shielding as expected by analogyatoms N(sP).** This allows the assignment of the two observed
with imines3® amidines®® and other &N compound$437 In signals to the exocycllc=€l\!R2) and ring nitrogens XNR?).
view of this disturbing situation and the recent revival of interest 1he ranges of chemical shifts span more than 60 ppm and are

in syn—anti isomerizations of imine® we embarked on an NOE found where they are to be expected by comparison with the

NMR study, which also allows unequivocal stereochemical few data reported for amidiné$:

assignment when only a single diastereomer is observable. We

included the known iminoaziridineH, 1g,* 4! 4h,* and5.13

(32) (a) Martin, G. L.; Martin, M. LProg. NMR Spectrosd.972 8 (3),
163. (b) Nelson, D. A.; Atkins, R. LTetrahedron Lett1967 5197. (c)
Kyba, E. P.Tetrahedron Lett1973 5117. (d) Meese, C. O.; Walter, W.;
Berger, M.J. Am. Chem. So&974 96, 2259. (e) Satterthwait, A. C.; Jencks,
W. P.J. Am. Chem. Sod974 96, 7045. (f) Walter, W.; Meese, C. O.
Chem. Ber1976 109, 922.

(33) (a) Karabatsos, G. J.; Lande, STstrahedronl968 24, 3907. (b)
Karabatsos, G. J.; Taller, R. Aetrahedronl968 24, 3923. (¢) Rummens,

F. H. A.; Krystynak, R. HJ. Am. Chem. S0d.972 94, 6914.

(34) Duddeck, HTop. Stereocheni986 16, 219.

(35) Fraser, R. R.; Banville, J.; Akiyama, F.; Chuaqui-Offermanns, N.
Can. J. Chem1981, 59, 705.

(36) Jackman, L. M.; Jen, T. Am. Chem. Sod.975 97, 2811.

(37) Perrin, C. L. InThe Chemistry of Amidines and Imidgt®satai, S.,
Rappoport, Z., Eds.; Wiley: Chichester, U.K., New York, 1991; Chapter
3

" (38) (a) Lehn, J.-M.Chem—Eur. J. 2006 12, 5910. (b) Amati, M.;
Bonini, C.; D'Auria, M.; Funicello, M.; Lelj, F.; Racioppi, Rl. Org. Chem.
2006 71, 7165. (c) Ammal, S. C.; Yamataka, Hur. J. Org. Chem2006
4327.

Resonance frequencies 8N NMR signals are shifted
downfield by carbons in th@g-position. These3-effects are
particularly large for both types of nitrogen when ldmmethyl
group is exchanged for @risopropy! group; cf. E)-1cvs (E)-
1f, AO(NRY) = 28, and E)-4c vs (E)-4g, A6(NR?) = 49 ppm.
In contrast, replacement of &isopropyl with anN-tert-butyl

(39) (a) Eliel, E. L.; Pietrusiewicz, K. MTop. Carbon-13 Spectrosc.
1979 3, 171. (b) Hansen, P. E. Bupplement A: The Chemistry of Double-
Bonded Functional Groups$atai, S., Ed.; Wiley: New York, 1989; Vol.
2, Part 1, Chapter 3.

(40) Naulet, N.; Filleux, M. L.; Martin, G. J.; Pornet, @rg. Magn.
Reson.1975 7, 326.

(41) Crawford, R. J.; Tokunaga, H.; Schrijver, L. M. H. C.; Godard, J.
C.; Nakashima, TCan. J. Chem1978 56, 992.

(42) Vincens, M.; Dumont, C., Vidal, MTetrahedron1981, 37, 2683.
(43) Witanowski, M.; Stefaniak, L.; Webb, G. A. linnual Reports on
NMR Spectroscopyebb, G. A., Ed.; Academic Press: London, 1993;

Vol. 25.

(44) Wawer, I.Magn. Reson. Cheni989 27, 1031.

(45) Wiench, J. W.; Stefaniak, L.; Grech, E.; Bednarek].EChem. Soc.,
Perkin Trans. 21999 885.
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TABLE 4. Chemical Shiftsd (ppm) (Relative to the Peak for
Nitromethane as an External Standard) in 40.5 MHzN NMR
Spectra Recorded for Solutions of Iminoaziridines in fHg]Benzene
at a Temperature of 22°C and Numbers of - and y-Effects That
Exceed Those in (Hypothetical) E)-(1-Methylaziridin-2-ylidene)-
methylamine (17)

compd O(>NRY) B y o(=R? B y
(B)-1c —308.9 3 3 —-132.1 2 1
(E)-1d —309.5 3 7 —~146.9 2 5
(E)-1f —-337.0 1 3 -1235 3 1
(E)-1g —300.5 4 3 —167.4 0 1
(E)-1h —327.6 2 6 —-126.4 3 1
(B)-1i —300.2 4 3 —156.9 1 4
(E)-4c —293.7 4 0  -142.9 2 2
(E)-4e —306.2 3 3 —164.6 1 5
(E)-4g —282.2 5 0 -191.9 0 2
(E)-4h —-311.2 3 3 —136.6 3 2
(E)-5 —273.8 5 4 —189.7 0 2

group results in only moderate downfield shifts; d&&){Lg vs
(E)-1c, A6(NRY) = 8.4, E)-1i vs (E)-1c, A6(NRY) = 8.7, [E)-
4gvs (E)-4c, AO(NRY) = 11.5, E)-1h vs (E)-1c, AS(NR?) =

5.7, E)-1f vs (E)-1c, AO(NR?) = 8.6, and E)-4h vs (E)-4c,
AO(NR?) = 6.3 ppm. Obviously, thg-effects on both types of
nitrogen in iminoaziridines cannot be represented by uniform
increments as is true for amin#s.

The upfield shifts by carbons in theposition vary even more
strongly than thg8-effects as is indicated by the effects of four
y-carbons when aN-isopropy! group is exchanged for &h3-
(2,4-dimethyl)pentyl group; cf.H)-1d vs (E)-1c, AO(NR?) =
—0.6, butA6(NR?) = —14.8 ppm. Foury-carbons, together

Quast et al.

salts, elemental analyséb} and3C NMR chemical shifts'H NMR
spectra §, 13c, 15-HCI), and**C—!H one-bond shift correlation
diagrams €éndel13a 13c¢ 15HCI) are given in the Supporting
Information.

Reactions were carried out in flame-dried glassware under an
atmosphere of argon or nitrogen. Potassitert-butoxide was
sublimed twice at 1@ Torr and handled under argon. Diethyl ether
and THF were distilled from a sodiufrpotassium alloy. KH was
purified as described in the literatutfePetroleum (pet) ether had
a boiling range of 5670 °C. Iminoaziridines were distilled under
high vacuum (102 to 10°® Torr) in a short-path distillation
apparatus (condensor and receiver-&0 to —70 °C) or in a
sublimation apparatus equipped with a magnetic stirring bar and a
cold finger whose temperature was sufficiently low to render the
distilled product highly viscous. Fractionating distillations were
carried out on a 20 cm Spaltrohr column (Fischer, D-53340
Meckenheim, Germany). Iminoaziridines were stored-a0 °C
in sealed glass tubes or under argéh. NMR data of new
iminoaziridinesl and4 are found in Table 53C NMR chemical
shifts of the spirocyclic iminoaziridine8 are listed in Table 6.

Iminoaziridine 1c. Method A. a-Bromoamidinedc (13.9 g, 50
mmol) was added dropwise within 0.5 h to a stirred solution of
potassiumtert-butoxide (11.2 g, 0.10 mol) in diethyl ether (250
mL). Stirring was continued fal h followed by addition of pentane
(100 mL) and distillation of the solvent under vacuum The residue
was suspended in pentane (120 mL). The solvent was distilled under
vacuum and the residue suspended again in pentane (100 mL). The
solid material was removed by filtration and washed with pentane.
The cooled (0°C) filtrate was washed with icewater (4 x 30
mL) and dried with KCQs;. Distillation of the solvent under vacuum
and the remaining liquid (bath temperature-® °C) afforded a
colorless oil (bp 1518 °C/5 x 1072 Torr, 8.34 g, 85%). MS (EI

with the rest of the adamantane skeleton, may even result in a70 eV): m/z (rel intens)= 196 (1.4) [M], 181 (1.0), 153 (1.8),

downfield shift; cf. €)-5 vs (E)-4g, AO(NRY) = 8.4 ppm. By

140 (0.7), 127 (40) [M — i-PrNC], 112 (58), 111 (40), 84 (10) 70

contrast with other classes of compounds, neither generally (100). *3C NMR [(E)-1¢] ([*He]benzene, 100 MHz):0 = 21.97

applicables- nor suchy-increments are conceivable that might
permit estimates PN NMR chemical shifts of iminoaziridines.
Conclusion

Iminoaziridines with a broad range of substituents at the ring
carbon C-3 are readily available in three steps fnalocar-

(CHs), 22.30 (CH), 24.99 (CH), 25.70 (CH), 27.64 (3 CH, t-Bu),
30.76 (quat C), 54.40 (CH), 56.18 (CH), 56.54 (CH), 151.90 (quat
Q).

Method B. A stirred suspension of NaH (4.8 g, 0.20 mol) in a
solution of 9¢ (5.55 g, 20 mmol) in THF (100 mL) was heated
under reflux for 24 h. The solvent was distilled under vacuum
followed by workup as described (method A) to afford a colorless
oil (2.94 g, 75%).

boxamides and in quantities useful for syntheses. Nevertheless, Iminoaziridine 1d . o-Bromoamidinedd (11.7 g, 30 mmol) was
their preparation requires too great an effort to make them ,qgeq dropwise to a stirred solution of potasstentbutoxide (6.7
competitive in cases where commercially available componentsg, 60 mmol) in THF (200 mL). Stirring was continued for 15 h

of the Ugi and related MCRs suffice; however, steric hindrance followed by distillation of the solvent under vacuum The suspension
in the four-component systems or the need for stereochemically of the residue in pet ether (150 mL) was stirred for 5 h. Workup as

defined products may render iminoaziridines the building blocks

of choice due to their high reactivity and the stereocenter C-3,

which is untouched in the formation of Ugi and similar MCR
productss NMR evidence unequivocally demonstrates the
E-configuration for the major diastereomers, in contradiction
to the assignments based on normaiffects. Therefore, caution

is recommended whepreffects are to be employed as stereo-
chemical indicators for three-membered rings with an exocyclic
double bond. The observed effects of carbonsginand
y-positions on thé>N NMR chemical shifts of iminoaziridines
do not follow a uniform increment pattern, neither for the ring
nitrogen nor for the exocyclic nitrogen atom.

Experimental Section

a-Bromoimidoy! chloridesr*® and 10 and iminoaziridinedf,
1g,* 4e11 4h,* and5™ were prepared as described in the literature.
Synthetic procedures far-bromoamidines and-haloamidinium

(46) Duthaler, R. O.; Roberts, J. D. Am. Chem. S0d978 100, 3889.
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described forlc yielded a yellow oil which was distilled (bath
temperature 95100 °C) to afford a colorless oil (bp 7680 °C/
10 Torr, 7.83 g, 79%). The analytical sample was distilled again
(bp 68-70°C/8 x 107° Torr). MS (EI 70 eV): m/z (rel intens)=
308 (0.1) [Mf], 293 (0.1), 265 (1.0), 209 (0.4), 195 (0.2), 183 (1.5)
[M* — C/H1sNC], 168 (1.0), 167 (1.4), 140 (100¥C NMR [(E)-
1d] ([?He]benzene, 100 MHz):0 = 17.36 (CH), 17.81 (CH),
19.86 (CH), 19.91 (CH), 20.04 (CH), 20.70 (CH), 21.64 (CH),
23.97 (CH), 27.28 (CH), 27.92 (3 C§t-Bu), 30.13 (CH), 30.96
(CH), 31.80 (quat C), 31.86 (CH), 56.81 (CH), 75.25 (CH), 76.37
(CH), 151.96 (quat C).

Iminoaziridine 1h. a-Bromoamidinede (6.39 g, 20 mmol) was
added dropwise to a stirred solution of potasstaerbutoxide (6.72
g, 60 mmol) in THF (120 mL) kept at 0C followed by stirring
for 0.5 h at that temperature, addition of pentane (200 mL), and
workup as described fotc. Distillation of the remaining liquid
(bath temperature 3635 °C) afforded a colorless oil (3.88 g, 81%,
bp 20-25 °C/10723 Torr) which contained small amounts tefrt-
butyl isocyanide andN-(2,2-dimethylpropylidene)-2,2-dimethyl-

(47) Macdonald, T. L.; Natalie, K. J., Jr.; Prasad, G.; Sawyer, J. S.
Org. Chem.1986 51, 1124.
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TABLE 5. Chemical Shifts (ppm) (Relative to the Peak for TMS) andH—

Spectra Recorded for Solutions of Iminoaziridines in fHg]|Benzené
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1H Coupling Constants J (Hz) (in Italics) in 400 MHz 'H NMR

compd t-Bu CH >NR? =NR?
(E)-1c 0.88 1.64i-Pr: 0.93(d, 6.3, Me), 1.31 (6.4, Me), 2.23 (sept6.4, 1 H) i-Pr: 1.22 (d6.4 Me), 1.24 (d6.3 Me), 3.44 (sept6.3, 1 H)
(E)-1d 0.96 1.86 CHicPr): 0.87 (d,6.6), 0.99 (d,6.9), 1.26 (d,7.0), CH(i-Pr): 0.85 (d,6.6), 0.93 (d,6.8), 1.01 (d,6.9), 107( 6.6) (4 Me),
1.29(d,6.8) (4 Me), 1.81 (sept 3.2, 6.9, 1 H), 1.91-2.02 (m, 2 H)  1.96 (m, 1 H), 2.06 (oc6.8, 1 H), 2.64 (dd4.9, 7.0 1 H)
(E)-1f 0.91 1.51 Me: 2.35 t-Bu: 1.29
(E)-1¢® 0.88 2.03t-Bu: 1.06 Me: 3.14
(2)-1¢® 0.93 2.07 t-Bu: 0.95 Me: 3.16
(E)-1h 0.94 1.70 CH-t-Bu: 1.05 ¢-Bu), 2.25, 2.35 (2 d11.3 CH) t-Bu: 1.30
(E)-1c 0.90 2.04 t-Bu: 1.08 CH-t-Bu: 1.02 ¢-Bu), 3.04, 3.23 (2 d].1.6 CH,)
compd MeC >NR?! =NR?
4 1.27 CHPh: 4.04 (CH), 7.2-7.4 (m, Ph) CHPh: 4.56 (CH), 7.2-7.4 (m, Ph)
1.42 CHPh: 4.10 (CH) CH,Ph: 4.51 (CH)
(E)-4c 1.12 i-Pr: 1.16 (d6.4, 2 Me), 2.61 (sep®.3, 1 H) i-Pr: 1.21 (d6.4, 2 Me), 3.49 (sep®.4, 1 H)
(E)-4e 1.09 CH-t-Bu: 0.92 (-Bu), 2.45 (CH) CHa-t-Bu: 1.06 ¢-Bu), 3.19 (CH)
(2)-4e 1.10 CHh-t-Bu: 0.87 (t-Bu), 2.54 (Ch) CHy-t-Bu: 1.11 ¢-Bu), 3.32 (CH)
4fe 1.35 Me: 2.44 t-Bu: 1.28
(E)-4¢ 1.41 t-Bu: 1.21 Me: 2.99
2)-4¢¢ t-Bu: 1.13 Me: 3.04
4ff 1.03 Me: 2.35 t-Bu: 1.20
(E)-4d 1.19 t-Bu: 1.16 Me: 3.10
(2)-4d 1.22 t-Bu: 1.07 Me: 3.15
(E)-4h 1.06 CH-t-Bu: 0.87 ¢-Bu), 2.34 (CH) t-Bu: 1.17
4j9 1.31 t-Bu: 1.27 CHPh: 4.40 (CH), 7.22 (m, Ph)
(E)-5" t-Bu: 1.31 Me: 3.26
(2-5" t-Bu: 1.18 Me: 3.21

aSignals are singlets unless described otherwi$g)-1g:(2)-1g = 10:1; thetert-butyl signals of £)-1g may be exchanged.1h:1i = 11:9.9 Solution in
[2H]chloroform, 90 MHz; first row, major diastereomer; second row, minor diastereomer; rati®i8eat liquid, 90 MHz4f:4g = 1:9; (E)-49:(2)-4g=7:3.
faf:49 = 1:4; (E)-49:(2)-4g = 3:1. 9 Solution in CC}, 60 MHz." (E)-5:(2)-5 = 10:1. Adamantane protons dE)5: 1.60-1.64 (m, 4 H), 1.69 (br d12.Q
2 H),1.72-1.78 (m, 3 H), 1.83 (br m, 1 H), 1.93 (br @2.0 2 H), 2.00 (br d12.0 2 H). Adamantane protons a)-5: 1.84 (br m), 2.00 (d), further signals

hidden under those ofj-5.

TABLE 6. Chemical Shifts (ppm) (Relative to the Peak for TMS) in'3C NMR Spectra Recorded for Solutions of Iminoaziridines 6 in

[Hg]Benzene
compd CG=N NMe C-1 C-2 C-3 C-4 C-5 C-6 C-7
(E)-exo6? 158.8 32.8,40.8 44.4 57.8 33.4 36.5 28.60 26.7 37.4
(2)-exo 62 158.3 33.1,37.8 43.2 56.2 34.8 36.9 28.39 25.4 38.1
(E)-endo6P 160.0 34.90, 40.5 42.5 57.1 31.35 36.85 28.77 24.70 38.91
(2)-endo6® 159.4 35.08, 38.0 42.9 56.6 31.58 36.60 28.77 24.75 38.54

a50 MHz.? 151 MHz; E)-ende6:(2)-ende6 = 5:4.

propylaminég? (*H NMR). These decomposition productsldfwere
removed by distillation through a 20 cm Spaltrohr column at a
pressure of 13 Torr. 13C NMR [(E)-1h] ([?He¢]benzene, 100
MHz): ¢ = 27.09 (3 CH, CH+-Bu), 28.28 (3 CH, CH,-t-Bu),
31.55 (3 CH, N-t-Bu), 32.27 (quat C, CHt-Bu), 32.35 (quat C,
CH-t-Bu), 54.19 (quat CN-t-Bu), 57.56 (CH), 69.54 (Chj, 150.29
(quat C).

Iminoaziridines 1h and 1i. A stirred suspension of NaH (4.8
g, 0.20 mol) in a solution ofe (12.8 g, 40 mmol) in THF (200
mL) was heated under reflux for 9 h. The solvent was distilled
under vacuum followed by workup as described Torto afford a
pale yellow oil which was distilled (bath temperature°@) through
a 20 cm Spaltrohr column to give a colorless oil (5.42 g, 57%, bp
20—-25°C/1073 Torr) which contained h and1i (85:15) and small
amounts otert-butyl isocyanide antl-(2,2-dimethylpropylidene)-
2,2-dimethylpropylamin®@ (*H NMR). A second distillation through
a 20 cm Spaltrohr column at a pressure of 3LTorr yielded pure
1h. The amount ofli in the 85:15 mixture was enriched by partial
thermolysis ofLh at 80°C followed by fractionating distillation to
afford a mixture withLh: 1i=55:4513C NMR [(E)-1i] ([2He]benzene,
100 MHz): 6 = 27.05 (3 CH, N-t-Bu), 27.82 (3 CH, CH-t-Bu),
28.23 (3 CH, CHy-t-Bu), 30.84 (quat C, CH-Bu), 32.57 (quat C,
CH,-t-Bu), 49.47 (CH), 54.76 (quat ©|-t-Bu), 68.29 (CH), 150.12
(quat C).

Iminoaziridine 1k . o-Bromoamidinedf (14.7 g, 40 mmol) was
added to a stirred solution of potassiudert-butoxide (5.6 g, 50

mmol) in diethyl ether (200 mL) kept at50 °C. The mixture was
allowed to warm to—15 °C within 10 h and stirred at that
temperature for 0.5 h. Addition of cold pet ether70 °C, 100
mL) was followed by washing with a strongly cooled aqueous
solution of K;CO; (0.5 m, 3x 100 mL) and drying of the cold
(=30 °C) organic layer with KCOs. The solvent was distilled at
—20 °C/1072 Torr (receiver cooled with liquid B and the solid
residue recrystallized from pentane-a20 °C to afford colorless
crystals (9.4 g, 82%) which decomposed abovV€nto tert-butyl
isocyanide andN-(2,2-dimethylpropylidene)mesitylamitfe (*H
NMR).

Iminoaziridine 4a. 3-Ethylpentan-3-ol (2.65 g, 25 mmol) was
added dropwise to a stirred suspension of KH (4.0 g, 0.10 mol) in
pentane (100 mL). Stirring was continued for 20 min followed by
addition of 11aHCI (4.59 g, 20 mmol) in small portions. After
stirring of the mixture for 2 h, the solid material was removed by
filtration and washed with pentane. Most of the solvent was
removed by distillation through a 50 cm Vigreux column at a
pressure of 150 Torr. Benzene (5 mL) was added to the concentrated
solution. Distillation at a pressure of 1Torr (bath temperature
20 °C) afforded a colorless liquid (1.81 g) which consisted4af
and benzene (3:7H NMR), yield 32%. The product was identical
with thermally equilibrated samples prepared via two different
photochemical routes (IRH and*C NMR).8a.°

Iminoaziridine 4b. A solution of potassiuntert-butoxide (2.69
g, 24 mmol) in THF (20 mL) was added dropwise to a stirred
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mixture of 11b-HCI (3.82 g, 10 mmol) in THF (40 mL) cooled at
—25 °C. Stirring was continued fo4 h followed by the addition

of pentane (100 mL). The solid was removed by filtration and the
filtrate washed twice with icewater and dried with KCOs.
Distillation of the solvent under vacuum and the residue in a
sublimation apparatus at 4 10°® Torr/bath temperature 4%5C
afforded a colorless, viscous oil (1.16 g, 44%).

Iminoaziridine 4c. Method A. a-Bromoamidinium perchlorate

11cHCIO,4 (14.0 g, 40 mmol) was added to a stirred solution of
potassiumtert-butoxide (22.4 g, 0.20 mol) in diethyl ether (250
mL). The suspension was stirredr f2 d followed by addition of
pentane (200 mL) and workup as describedXorDistillation of
the remaining liquid afforded a colorless oil (bath temperatur&3
°C, receiver—78°C, bp < 10°C/10°2 Torr, 5.7 g, 85%). MS (EI
70 eV): m/z (rel intens)= 168 (1.1) [M'], 153 (0.4), 132 (0.5),
125 (1.9), 112 (0.5), 100 (4.4), 99 (2.1) {M- i-PrNC], 84 (100),
83 (66).13C NMR [(E)-4d] ([?Hg]benzene, 100 MHz):d = 20.88
(2 CHg), 23.17 (2 CH), 25.32 (2 CH), 44.56 (quat C), 50.41 (CH),
54.72 (CH), 155.82 (quat C).

Method B. a-Bromoamidinium perchloratélcHCIO, (14.0 g,

Quast et al.

water and dried with KCOs. The solvent was distilled under
vacuum to afford a pale yellow oil. Distillation yielded a colorless
oil (bath temperature 3840 °C, bp 34-35°C/1073 Torr, 985 mg,
60%),E:Z = 48:52 (H NMR). Redistillation afforded the analytical
sample!H NMR (600 MHz, PH¢]benzene):d = 0.90-1.03 (dm,
1H, 7-Hang), 1.04-1.10 (m, 1 H), 1.16:1.17 (m, ca. 0.5 H), 1.22
1.39 (m, 4 H), 1.451.50 (m, ca. 0.5 H, 3-k,of E-isomer), 1.57
1.62 (m, ca. 0.5 H, 3-K, of Z-isomer), 1.68-1.74 (m, ca. 0.5 H,
6-Hendo, 2.04-2.09 (m, ca. 1.5 H), 2.105 (br d,= 4.1 Hz, ca.
0.5 H), 2.23 (s> NCHjz of Z-isomer), 2.26 (s3> NCH; of E-isomer),
3.20 (s,=NCHj3 of Z-isomer), 3.21 (s==NCHjz of E-isomer).1H
NMR (200 MHz, pPH]chloroform): 6 = 1.25-1.9 (m, 8 H), 2.19
(m, 1 H, 4-H), 2.42-2.54 (m, 1-H, 1-H), 2.47 (s#NCH; of
E-isomer), 2.58 (s,>NCH;z of Z-isomer), 3.17 (s=NCHjs of
Z-isomer), 3.19 (s=NCH; of E-isomer).

Spirocyclic Iminoaziridine endo6. According to the procedure
described forexa6, a colorless oil was obtained (bp 3&/10°3
Torr, 936 mg, 57%),E:Z = 55:44. '"H NMR (600 MHz,
[Helbenzene): 6 = 1.03-1.14 (m, ca. 3 H, 3-H ofe-isomer,
3-Hendo Of Z-isomer, 5-H, 7-Hg), 1.29-1.39 (m, ca. 2.5 H, 3-H of

40 mmol) was added in small portions to a stirred suspension of E-isomer, 5-H, 6-H), 1.39-1.44 (m, ca. 0.5 H, 7-f, of

NaH (4.8 g, 0.20 mol) in THF (100 mL). Stirring was continued
for 1 h followed by addition of pet ether (100 mL) and workup as
described forlc to afford a colorless oil (5.8 g, 86%).
Iminoaziridines 4f and 4g.8 a-Bromoimidoyl chloride 10a
(19.9 g, 0.10 mol) was added dropwise witHi h tostirred dry8e
(300 mL) cooled at OC. Stirring at 0°C was continued for 3 d
and the mixture allowed to attain rt. The solid materitgri
butylammonium halides, 38.4 g) was removed by filtration and
washed withtert-butylamine. The solvent was distilled under
vacuum followed by addition of pet ether (200 mL) and removal
of the solid material by filtration. Distillation of the solvent under

E-isomer), 1.56-1.54 (m, ca. 0.5 H, 7-k, of Z-isomer), 1.59-
1.64 (m, ca. 0.5 H, 3-K,0f Z-isomer), 1.76-1.75 (m, 1 H, 6-Hn49,
1.93-1.95 (m, ca. 0.5 H, 1-H oE-isomer), 1.99-2.03 (m, 1 H,
4-H), 2.04-2.08 (m, ca. 0.5 H, 1-H aZ-isomer), 2.265 (s, ca. 1.5
H, >NCHjs of Z-isomer), 2.335 (s, ca. 1.5 B,NCH; of E-isomer),
3.164 (s, ca. 1.5 H=NCH; of E-isomer), 3.166 (s, ca. 1.5 45
NCHjs of Z-isomer).1H NMR (200 MHz, PH]chloroform): 6 =
1.3-1.9 (m, 8 H), 2.11 (br s) 2.352.47 (m) ¢ = 2 H, 1-H, 4-H),
2.57 (s, NCHjs of E-isomer), 2.66 (s> NCH; of Z-isomer), 3.154
(s, =NCHjs of E-isomer), 3.159 (ss=NCHj; of Z-isomer).
Thermal Stability . Neat iminoaziridineslc and 1d contained

vacuum and the residue through a 20 cm Spaltrohr column (bathin degassed sealed NMR sample tubes were heated while ther-

temperature 1520 °C, condensor and receivei30 °C, bp < 15
°C/10°2 Torr) afforded a colorless liquid (11.0 g, 71%) which
consisted of4f and 4g (8:92, *H NMR). 13C NMR [(E)-4d]
([Hg]benzene, 100 MHz)o = 22.74 (2 CH), 29.02 (3 CH, t-Bu),
40.24 (CH), 46.03 (quat C), 56.20 (quat C), 152.61 (quat C).
Iminoaziridine 4j was prepared from a mixture @f.h-HCI and
12h-HBr according to the procedure given féb. Sublimation at
1075 Torr/bath temperature 2 afforded pale yellow crystals (0.65

g, 28%). Recrystallization from pentane gave colorless crystals, mp

29-30°C.

Spirocyclic Iminoaziridine exo-6. A suspension oendoel5
HCI (2.37 g, 10 mmol) and KH (2.0 g, 50 mmol) in diethyl ether
(160 mL) was stirred in a 250 mL round-bottom flask equipped

molysis into isocyanide and imine was monitored 1y NMR
spectroscopy. Decomposition was complete after 12 h at°@00
and 20 h at 120C. Heating of a neat mixture dfh and1i (85:15)

for 21 h at 80°C resulted in complete thermolysis b into tert-
butyl isocyanide and\-(2,2-dimethylpropylidene)-2,2-dimethyl-
propyl)amine?® whereasli remained unchanged. A solution of
ende6 in [?Hg]benzene did not change during 0.5 h at a temperature
of 83 °C.
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Deprotonation oénde15-HCI to yield ende15 was shown by the
emerging IR band at 1634 crh Addition of 18-crown-6 (80 mg,
0.3 mmol) afte 2 h triggered gas evolution @gHwith concomitant
formation ofexa6 (IR: 1795 cnt?). Stirring was continued until
the IR band at 1634 cm had disappeared (ca. 2 h). The solid

material was allowed to settle, removed by filtration, and washed

with pentane. The cooled (8C) filtrate was washed with ice

(48) Preliminary communication: Quast, H.; Stéra P. Tetrahedron
Lett. 1977 1057.
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