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The cis and trans forms of methyl 1-cyclohexyl-2-(p-biphenyl)-3-aziridinecarboxylate and methyl 1-isopropyl-
2~(p-biphenyl)-3-aziridinecarboxylate react stereospecifically with activated alkenes and dimethyl acetylene-
dicarboxylate in refluxing benzene to produce pyrrolidines and As-pyrrolines, respectively. The base-catalyzed
tautomerization of the A*pyrrolines to AZpyrrolines and the extremely facile epimerization of the kinetically
favored Hs, Hy-frans-A%-pyrrolines to the thermodynamically more stable Hy,H;-¢ie isomers in methanol, chloro-
form, or refluxing benzene are described and a possible explanation of these results is presented. In benzene at
80° the aziridine esters equilibrate to a mixture containing 68709, ¢is-aziridine and 30-32%, corresponding

trans isomer,

In a previous publication! we reported the ther-
molysis of methyl ¢is- and methyl trans-1-cyclohexyl-
2-(p-biphenyl)-3-aziridinecarboxylate (1a,b) in reflux-
ing benzene and methanol. The products of these
cleavage reactions were believed to arise wie a 1,3-
dipolar intermediate (azomethine ylide) resulting from
heterolytic scission of the C-C hond of the aziridine
ring. When aziridines la and 1b were heated to
80° in a benzene solution containing dimethyl fumarate,
trimethyl 1-cyelohexyl-5-(p-biphenyl)pyrrolidine-2,3,-
4-tricarboxylate (3a) was produced in good yield. Re-
ports of similar 1,3-dipolar cycloaddition reactions of
aziridines with activated alkenes and alkynes have
appeared in the literature.’—1¢

We now wish to report in detail the reaction of
two pairs of cts—trans-aziridine esters (la,b and 2a,b)
with several activated olefins and with one activated
alkyne, the thermal equilibration of these aziridines,
and the salient features of the 'H nmr spectra of
the cycloaddition products. Stereochemical assign-
ment of the cycloadducts was made on the basis of
pmr spectroscopy; the observed coupling constants
are consistent with the Karplus correlation.!!

Results

The aziridine esters 1a,b and 2a,b employed in this
study were synthesized by reaction of a 15-fold excess
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of the primary amine with methyl a-bromo-p-phenyl-
cinnamate in benzene. Stereochemical agsignment of
the c¢ts and #rans isomers are consonant with pmr,
ir, and uv spectral data'2 (T'able I).

CH
mcx&--—-c(}zo2 "+ RNH, 2
Y
Ar = p-CH;CH,
; ;
an AN oo, | HL N 000,
H H Ar H
cis trans
lay R= CeHn lb, R= CGHII
2a, R = i-C,H; 2b, R = i-C,H,

In general, benzene solutions of equimolar quantities
of the aziridine and the olefin were heated at reflux
for 24-48 hr. After evaporation of the solvent the
crude material was chromatographed to yield sub-
stituted pyrrolidines (Chart I).

i
Ar, iN: LC0O,CH; + \C___C/ C_fis_,
-~ Noa
H H R
Ar /N CO,CH,
H H

In this manner both la and 1b afforded the pyrro-
lidines 3a,b and 4ab when treated with dimethyl
fumarate and dimethyl maleate, respectively. The
stereochemical relationship of the protons at C; and
C; in these adducts is readily ascertained by an ex-
amination of the pmr spectra. In both 3a and 4a
one of the methoxyearbonyl proton resonance signals
appears at 0.6 ppm higher field than those of the
remaining two (8 3.6-4.0). An inspection of models
reveals that only the methyl group of the C, sub-
stituent can be oriented in the shielding cone of the
phenyl nucleus, and this can occur only when the
C. and C; substituents are ¢zs.  The observed couplings
of 8.3-9.5 Hz are in good agreement with reported

(11) M. Karplus, J. Chem. Phys., 80, 11 (1959).
(12) A. E. Pohland, R, D. Badger, and N. H. Cromwell, 7b¢d., 4369 (1969).
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SreoTRAL DaTA OF METHYL 1-CYCLOHEXYL-2-(p-BIPHENYL)-3-AZIRIDINECARBOXYLATE, ¢fs (1a) AND trans (1b)

Nmr (CDCly) —
Hy, 5 J, Hz
2.49 7.0
2.73 2.5
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values for czs vicinal couplings in pyrrolidines.®® On
the other hand, adducts 3b and 4b exhibit three distinet
gignals for the methoxycarbonyl protons in the range é
3.6~4.0; coupling constants (Js3) of 5.7 and 3.9 Hz
for 3b and 4b, respectively, indicate C; H and C; H

Ir o0 em ™1 ~ ~Uv (CH:0H)~
CCl Nujol N, My ¢
1757, 1730 1747 257 23,900
1734 1727 257 26,600

)

to be trans in these isomers. The pertinent chemiecal
shifts and coupling constants (Table II) are consonant
with the assigned stereochemistry.

The cis-aziridine la and fumaronitrile afforded two
isomeric adduets which were assigned the gross struc-
ture methyl 1-cyclohexyl-5-(p-biphenyl)-3,4-dicyano-
pyrrolidine-2-carboxylate (5a,b). Adducts 3a and Sa
both exhibited unexpectedly large trans vicinal coupling
constants for G;H and CH (34 = 11.0-11.5 Hz).
These values were confirmed by deuterium labeling,
spin-decoupling experiments, and computer simula-
tion.’* Presumably in 3a and 5a steric repulsion be-~
tween the substituents at C, and C; and at C; and C;
distorts the skeleton in such a manner as to cause
the CyH-C:H angle to increase to well above 120°.
Attainment of this particular conformation is aided
by relief of eclipsing of the protons and substituents
at C; and C; with those at C; and C,, respectively.**
In the all-trans 3b and 5b, the steric interactions are
minimized and frans vicinal couplings in these com-
pounds are restored to their normal magnitude. !

N-Phenylmaleimide was found to react with the ¢is-
aziridines la and 2a in refluxing benzene to produce
the isomeric adducts 6a,b and 7ab, respectively.
Cyeloadducts of the same stereochemistry were obtained
from la when it was allowed to react with maleimide
and maleic anhydride.

In contrast to the reaction of the frans-aziridine
1b with the maleate and fumarate esters, this same
aziridine, on reacting with N-phenylmaleimide afforded,
in addition to 6a and 6b, two additional products
which were found to be isomeric with 6a,b. Only
one of the two new isomers could be obtained as a
pure compound and was assigned the all-cis stereo-
chemistry (6¢). The fourth isomer was believed to
have the HgHs-trans-Hy Hicis-Hy,Hs-trans configura-
tion (6d). The pmr spectrum of cycloadduct 6¢ did
not exhibit the expected doublets for C; H and C; H,
but rather a series of three evenly spaced resonance
signals was observed for each proton with the outer
two signals of greater intensity than the center signal.
This type of splitting pattern is attributed to virtual
coupling®® arising from the fact that the chemical
shifts of C; H and Cs H are nearly identical.

The reaction of 1b with fumaronitrile was followed
by pmr spectroscopy and found to give a mixture
of four isomeric adducts. The pmr spectrum of the
crude material exhibited four distinect methyl ester
resonance signals, two of which had chemical shifts
identical with those resonances in 5a and 5b, respec-
tively. The products from this reaction could not
be separated by the conventional means but, by analogy

(13) A. A, Bothner-By and A, Castellano, taoen 3, Program III, Quan-
tum Chemistry Program Exchange, Indiana University, Bloomington, Ind.,
1068,

(14) A similar result has been observed in 2,3-disubstituted indoles:
see C. Lagerorantz and M. Yhland, Acta Chem. Scand., 16, 1799 (1963);
A, A, Bothner-By, Advan. Magn, Resonance, 1, 205 (1965).

(15) J. I, Musher and E. J. Corey, Tetrahedron, 18, 791 (1968).
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TasLe II
CHEMICAL SHIFTS AND CourLing CoNsTANTs OF METHINE PROTONS®

e e et 8, ppm from (CHjy)Si——--— — J, Hz —
Adduct Ha Hs Hy Hs Jo,8 Js,4 J4,6
3a 4,50 3.95 4.13 4.89 6.9 11.5 9.5
3b 4.57 3.55% 3.700 4.91 1.0 LLb 5.7
da 4.63 3.39 3.88 5.00 3.5 9.0 8.3
4b 4.28 3.63 3.16 5.07 6.3 10.0 3.9
Sa 4.43 3.50 4.25 4.89 6.5 11.0 9.4
5b 4.44 3.49 3.24 4.81 0.8 3.0 6.6
6a 4.63 3.29 3.80 5.11 0.0 8.0 9.5
6b 4.53 3.77 3.32 4.92 8.7 10.0 5.4
6¢ 4.11 3.500 3.65° 4.56 7.6 b 8.8
7a 4.63 3.33 3.83 5.03 0.0 8.4 9.8
7b 4.53 3.75 3.36 4.85 8.7 10.3 5.4
8a 4.45 3.10 3.58 4.98 0.0 8.0 9.6
8b 4.49 3.70 3.26 4.86 8.8 10.0 5.4
9a 4.59 3.48 3.88 5.13 0.0 8.7 9.6
9b 4.44 e LLe 4.80 8.3 .e 5.0
10a 5.17 5.60 Jus = 7.0
10b 4,81 5.31 Jos = 4.6
lla 5.15 5.58 Jog = 7.0
11b 4.81 5.31 Jas = 4.5
13a 3.73 5.00 . 5.4
13b 3.70 4.93 6.0
14a 4.43 5,26 13.0
14b . 4.39 5,19 o 13.4

¢ Pmr spectra were determined at ca. 35° on a Varian Associates Model A-60 spectrometer as deuteriochloroform solutions with
tetramethylsilane as internal standard (8 0.0); decoupling experiments were performed on & Varian Associates Model A-60D spectrom-

eter equipped with a Model V-6058A field sweep spin decoupler.
complex multiplets; coupling constants were not determined.

to 1b and N-phenylmaleimide, were assigned the
structures 5a-5d.

The adducts obtained from reaction of 2 molar
equiv of dimethyl acetylenedicarboxylate and 1 mol
equiv of aziridines 1a,b and 2a,b in refluxing benzene
were assigned the gross structure trimethyl 1-alkyl-5-
(p-biphenyl)-A3-pyrroline-2,3,4-tricarboxylate  (10a,b,
R = C¢Hu; 11a,b, R = 4-C;H7) (Scheme I). The pmr
spectra of these compounds are unusual in that C; Hand
Cs H exhibit long-range coupling constants in the range
4.5-7.0 Hz.1¢

Evidence for the A3-pyrroline structure was obtained
from the variety of reactions and rearrangements these
compounds undergo (Scheme II). Thus oxidation of
10b and 11b with chloranil in boiling xylene produced
the corresponding trimethyl 1-alkyl-5-(p-biphenyl)-
pyrrole-2,3,4-tricarboxylates 12a and 12b. In methanol
containing a catalytic amount of sodium methoxide,
10b and 11b were tautomerized to a mixture of the
Hy,H;-trans trimethyl 1-alkyl-5-(p-biphenyl)-A2-pyrro-
line-2,3,4-tricarboxylate (13a, R = CgHy; 13b, R =
1~CyH;) and the corresponding H,Hi-cis isomer (14a,
R = CHy; 14b, R = 4-CsH;). The structure and
stereochemistry of compounds 13a,b and 14a,b were
assigned on the basis of pmr spectroscopy. Just as in
the case of adducts 3a and 4a, the methoxycarbonyl
protons at C; in 14a and 14b are shielded by ca. 0.8
ppm relative to the remaining methyl ester resonance
signals (5 3.81 and 4.00). Furthermore, the chemical
shifts of C{4H and C:;H in 14a,b and 13a,b are as ex-
pected for the anisotropic effects exerted by the aryl
and methoxyearbonyl groups on these protons in the
two configurations. The observed coupling constants
(Jus) of 5.4-6.0 and 13.0 Hz, in 13a,b and 14a,b, re-

(16) Long-range couplings of similar magnitude have been observed in
As-pyrrolines by Huisgen and Deyrup (ref 9).

¥ Chemical shifts of H; and H, were nearly identical, giving rise to
° Resonance signals for H; and H, were masked by those of 9a.

ScueMms I
CH;0.C CO,CH,
Jabh=70Hz H, et Ar
CH;0.C*" lf “H,
L)
10a, Re= CeHu
11a, R=i-C;H;
Ar = p.C;H;C;H, CHCY,
(CH,0D)
4 25°
R
| P
CHaOgC N A!'
7 &' ~ H
Jab=45Hz (D)Hy b
CH;0,C CO,CH,
10'), R= CGH”
11b, R=(.C;H,

Ar = p'C5H5 C(;H4

spectively, are also in support of the assigned stereo-
chemistry. Deuterium was incorporated at C, in 13a,b
and 14a,b when the tautomerization was conducted
in methanol-d;. Aluminum oxide (Woelm, neutral,
activity grade I) induced isomerization of 10b and
11b to 14a and 14b, respectively.

The reaction conditions had a pronounced effect
on the proportions of 10a (or 11a) and 10b (or 11b)
produced in the reaction of aziridines la,b (or 2a,b)
with 2 molar equiv of dimethyl acetylenedicarboxylate
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Scmeme 11
R
|
N
H H,
CH:0.L" “Nee=™ “Ar
CH;0,C CO,CH;
10b, 11b
R CH,ONa R
| CH,0H(D) |
N chloranil N
(D) Hp A i pHa
CHOLC—_ g, * lab CHOL— ~Ar
CHSOZC \COZCHg WOranil Aoram‘l CH'&OZC bOzCHu
133, b 14a, b
1|’~ Jap=130 Hz
N.
CH3OZC \ / Ar
CH,0,C CO,CH,
12a,b
R= CGHm -C;H:

Ar = p-C;H;C.H,

in refluxing benzene. Thus, after a 24-hr period of
reflux, aziridine 2b and dimethyl acetylenedicarboxylate
afforded a mixture of 11a (50-609) and 11b (40-509)
at which time ca. 75% of the aziridine had been con-
sumed. The corresponding cis-aziridine 2a wunder
identical reaction conditions also produced a mixture
of the Hy,Hs-trans A3-pyrroline 11a (30-35%) and the
H,,Hs-cis Ad-pyrroline 11b (65-709,) with greater than
909, of the aziridine having reacted.

Shorter periods of reflux (10-12 hr) resulted in an
increase in the amount of 1la, while only 11b could
be detected by pmr spectroscopy when the period of
reflux was increased to 48 hr. Column chromatog-
raphy (silica gel or Florisil) of a mixture of 11a (80%)
and 11b (209,) resulted in isolation of only 11b (8097).
It was noted that, if chloroform or methanol solutions
of the crude reaction mixtures containing both 1lla
and 11b were allowed to stand for 10-24 hr at room
temperature, the sole detectable isomer was 11b. In
methanol-d;, the same mixture of 11a and 11b afforded
the H,Hs-¢is Ad-pyrroline 11b as a mixture of the
deuterium-labeled and -unlabeled products. A pure
sample of 11b was recovered unchanged and without
deuterium exchange after standing for 24 hr at room
temperature in methanol-d;. These results seem to
suggest that the H, H-trans-A3-pyrrolines 10a and 11a
are readily epimerized to the corresponding H,,H;-cis
isomers 10b and 11b, respectively, and that the epimeri-
zation occurs more rapidly in polar solvents. As a
result, we have been unable to obtain pure samples
of 10a or 1la and thus to establish whether or not
the presence of unreacted aziridine or dimethyl acety-
lenedicarboxylate catalyzes the isomerization.

The thermal equilibration of aziridines la and 1b
at 80° in benzene-ds was followed by pmr spectroscopy,
and at equilibrium the mixture consisted of 389,
trans and 029, cis isomer. These same aziridines
were not epimerized by strong base. Solutions of 1a

and 1b in an ether-methanol-d; mixture containing a
catalytic amount of sodium methoxide were refluxed
for 3 days. The respective isomers were recovered
unchanged and without deuterium exchange at Cs.

Discussion

All of the aforementioned reactions of aziridines
la,b and 2a,b with activated alkenes and dimethyl
acetylenedicarboxylate conform to the concept of 1,3-
dipolar cycloaddition reactions as proposed by Huis-
gen.”” The thermal process of ring cleavage of aziri-
dinesinvolves stereospecific, conrotatory ring opening.8®
Thus aziridines 1a and 1b would be expected to yield
the azomethine ylides 15a and 15b, respectively (Scheme
III). The ylides can either equilibrate and ring close
back to the aziridines (path A)%* or, in the presence
of an unsaturated substrate, undergo stereospecific
reaction to form five-membered-ring heterocycles (path
B).7= Most such reactions are known to be stereo-
specific and hence concerted.'”™ The results obtained
from reaction of aziridines 1a and 1b with the fumarate
and maleate esters alone confirm that these reactions
also proceed stereospecifically.

The ecycloaddition to dipolarophiles competes with
the equilibration process. In the present investigation
not even dimethyl acetylenedicarboxylate was reactive
enough to supress the equilibration of the cis and
frans aziridines. The fumarate and maleate esters
were found to be of lowest reactivity, while fumaroni-
trile, maleimide, and N-phenylmaleimide were of about
the same reactivity as the acetylene ester.

Orientation phenomena in 1,3-dipolar cyecloaddition
reactions have been discussed as an interplay of sterie
and electronie factors.'™¢ In most instances, the 1,3
dipole reacted with unsymmetrically bonded dipolaro-

(17) (a) R. Huisgen, Angew, Chem., Intern. Ed. Engl., 2, 565 (1963);
(b) 7bid., 2, 633 (1963); (¢) R. Huisgen, J, Org. Chem., 83, 2291 (1968).
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Isomer DistrRiBUTION IN CYCcLOADDITION REACTIONS

Aziridine Dipolarophile Adduct® (%)
R Configuration

CeHy cis Dimethyl fumarate® 3a (70), 3b (30)

CesHu trans Dimethyl fumarate? 3a (50), 3b (50)

CeHyy cis Dimethyl maleate® 4a (75), 4b (25)

CeHy trons Dimethyl maleate® 4a (77), 4b (23)

CesHiy cis N-Phenyl maleimide? 6a (33), 6b (67)

CeHy trans N-Phenyl maleimider 6a (35), 6b (10), 6¢ (40), 6d (15)
1-CsHy cis N-Phenyl maleimide? 7a (35), 7b (65)

CeHyny 18 Fumaronitriles 5a (50), 5b (50)

CeHy, trans Fumaronitrile 5a (20), 5b (20), 5¢ (30), 5d (30)
CeHuy cis Maleimider 8a (50), 8b (50)

C¢Hyy cts Maleic anhydridec 9a (70), 9b (30)

« Per cent of isomer formed in reaction. °Based on total product isolated. ¢ By electronic integration of appropriate resonance

signals in the pmr spectrum of the crude reaction mixture.

Figure 1.

philes which contained heteroatoms or which were
of the alkene or alkyne series. Moreover, kinetic
studies™ have amply demonstrated the influence of
steric factors on the rates of these cycloaddition re-
actions. In the present investigation, each of the
azomethine ylides would be expected to produce two
adducts corresponding to two orientations of the 1,3
dipole and the dipolarophile in the activated complex

Scueme III
R’ R’
Ar\A/R E
Ar”
]Lw 800”
I i
th A
KNj—\/R —_ Ar\/Nf\\/R
Ar
15a 15b
path BiRCECR RCECRlpath B
R R’
A I
H R Ar R
Ay ——— ~\H H” [ ‘\H
R R R R
R’ = CH,,,-C;H;
R=CH,0,C

Ar = p-CH.CoH,

leading to the transition state. It is interesting to
note that, with the exception of N-phenylmaleimide,
aziridine 1a and the remaining dipolarophiles employed
produced mainly that isomer in which the C, and Cj;
substituents are ¢¢s. The reverse was observed with
la and N-phenylmaleimide (Table III). On the other
hand, the eorresponding irans-aziridine 1b reacted with
N-phenylmaleimide to afford the all-cis cycloadduct
6¢ in major amount. Conrotatory ring opening of
the {rans-aziridines would be expected to proceed in
such a manner as to minimize any steric compression
of the ring substituents during the rotation process.
Thus one might expect exclusive formation of ylide
15b from either la or 2a. Figure 1 indicates the ori-
entation of the 1,3 dipole and the dipolarophile (N-
phenylmaleimide) required for formation of 6¢ and
6d, respectively. Approach of the two components
as shown in Figure 1a would be expected to be severely
hindered as a result of eclipsing of the aryl and the
methoxyearbonyl groups of the 1,3 dipole with the
carbonyl groups of the dipolarophile. Further non-
bonded interactions exist between the N-aryl and N-
alkyl groups in the two components, implying that
formation of 6d would be favored. However, the ori-
entation depicted in Figure 1a is more like that pro-
posed for the Diels—Alder reaction, in which there
is maximum overlap of the = orbitals in the two com-
ponents.®

The situation with the cis-aziridine is further com-
plicated by the fact that ring opening may proceed
by either clockwise or counterclockwise rotation of
the substituents. Morevoer, until it can be demon-
strated that the product distribution in these reactions
is kinetically controlled, any attempt to explain these
results in accordance with established concepts™™e is
premature.

The isolation of A3-pyrrolines from reaction of aziri-
dines 1a,b and 2a,b with dimethyl acetylenedicarboxy-
late is in accordance with the results of other
workers®8h.2102 byt is in contrast to the results reported
by Padwa and Hamilton,™ in which cis- and trans-1-
cyclohexyl-2-phenyl-3-benzoylaziridine reacted with
dimethyl acetylenedicarboxylate in refluxing benzene
and were reported to produce dimethyl 1-cyclohexyl-
2-phenyl-5-benzoyl-A%-pyrroline-3,4-dicarboxylate and
dimethyl 1-cyclohexyl-2-phenyl-5-benzoyl-pyrrole-3,4-
dicarboxylate. The same dipolarophile, when heated

(18) R. Woodward and T. Katz, Tetrahedron, 8, 70 (1959).
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to 78-100° with the respective c¢is and trans forms
of some l-aryl-2-carbonyl-substituted aziridines®>®
afforded H; Hi-trans and Hj Hi~cis Ad-pyrrolines, re-
spectively. The N-aryl-Ad-pyrrolines were found to
be stable under the reaction conditions.

These results lend support to our proposal that
the N-alkyl-A3-pyrrolines 10a and 11la are considerably
less stable than the N-phenyl-Ad-pyrrolines in that
the former compounds readily undergo epimerization
to the corresponding HgH;-cis isomers 10b and 11b,
respectively. The epimerization of the HoHi-trans
isomer 10a in refluxing benzene does not appear to
proceed by reversal of 10a to the aziridine and the
dipolarophile with subsequent recombination, for, when
a benzene solution of 10a, 10b, and methyl cis-1-cyclo-
hexyl-2-d;~2- (p-biphenyl) -3- aziridinecarboxylate (1¢)
was refluxed for 24 hr, pmr spectroscopy revealed
that the sole adduct 10b contained no deuterium at
C;. Presumably an important factor in the epimeriza-
tion is the basicity of the A’-pyrroline nitrogen atom.
However, until suitable evidence is available, specula-
tion concerning the mechanistic question of whether
the epimerization proceeds by an intermolecular or
by an intramolecular process must be postponed.

While the H,H;-trans Ad-pyrrolines 10a and 1la
are the kinetically favored products, molecular models
indicate that the corresponding Hy,Hs-cis isomers 10b
and 11b could possibly derive their apparent thermo-
dynamic stability from relief of nonbonded interactions
between the N-alkyl group and the substituents at C,
and C;. A similar explanation can be invoked to
explain, at least in part, the greater stability of the
cis forms of some 1-alkyl-2,3-dibenzoylaziridines,®
1-alkyl-2-aryl-3-aroylaziridines,'**®* and methyl 1-
alkyl-2-aryl-3-aziridinecarboxylates? relative to the
corresponding i{rans isomers and is the subject of a
fortheoming publication.

Experimental Section

Melting points were determined by the capillary method and
are uncorrected. Elemental analyses were performed by Miecro-
Tech Laboratories, Skokie, Ill. The infrared spectra were de-
termined on Perkin-Elmer Model 237 and Perkin-Elmer Model
21 instruments as solutions (carbon tetrachloride, chloroform),
potassium bromide disks, or neat. Ultraviolet spectra were
obtained with a Cary Model 11 or a Cary Model 14 instrument
employing methanol solutions. The 60-MHz nmr spectra were
determined on a Varian A-60 spectrometer and the chemical shifts
are reported in parts per million (3) relative to internal tetra-
methylsilane (8 0.0). Mass spectral analyses were determined on
a Hitachi Perkin-Elmer RMU-6D spectrometer operating at
80 eV.

Synthesis of cis- and trans-Methyl 1-Alkyl-2-(p-biphenyl)-3-
aziridinecarboxylates. A. Preparation of Methyl o-Bromo-p-
phenylcinnamate. trans-p-Phenylcinnamic Acid.—Condensation
of p-phenylbenzaldehyde (mp 57-58°, Kent Chemicals Ltd.,
Vancouver, Canada) with malonic acid according to the method
of Koo, et al.,?* afforded p-phenylecinnamic acid, mp 223-224°
(lit.?2 mp 224-225°), in 979 yield.

trans-Methyl p-Phenylcinnamate. —Esterification of p-phenyl-
cinnamic acid in a refluxing benzene-methanol mixture containing

(19) (a) R. E. Lutz and A, B. Turner, J, Org, Chem., 88, 516 (1968);
(b) A. B. Turner, J. Irving, and J. B, Bush, Jr., J, Amer. Chem. Soc., 87,
1050 (1965); (c¢) F. A. L. Anet and J. M. Osyany, ibid., 89, 352 (1967),
footnote 6.

(20) P. B, Woller and N. H, Cromwell, unpublished results.

(21) J. Koo, et al., in “Organic Syntheses,” Coll. Vol. IV, N, Rabjohn, Ed,,
John Wiley & Sons, Inc.,, New York, N. Y., 1963, p 327.

(22) V. Bkvarchenko, D. Tsybikova, and R. Levina, Zh. Obshch, Khim.,
81, 1819 (1961),
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a catalytic amount of concentrated H,30, gave the crystalline
product (909): mp 150-151°; pmr (CDCl) 6 3.81 (s, 3 H,
methoxy), 6.48 (d, 1 H, J = 16.6 Hz, a-vinyl), 7.2-7.7 (m, 9
H, aromatic), and 7.77 (d, 1 H, J = 16.6 Hz, 8-vinyl); ir (CCL)
po—0 1725 em=1; uv (CHsOH) Amax 308 mp (e 29,000).

Anal. Caled for CigHii0:: C, 80.64; H, 5.92. Found: C,
80.54; H, 5.80.

Methyl 2,3-dibromo-3-(p-biphenyl)propionate, mp 148-149°,
was obtained in 949, yield by bromination of methyl-p phenyl-
cinnamate in carbon tetrachloride: pmr (CDCl) 6 3.90 (s, 3
H, methoxy), 4.90 and 5.46 (two d, 1 H each, J = 12.4 Hz,
C.H and CsH, respectively), and 7.1-7.8 (m, 9 H, aromatic);
ir (CCL) veao 1757 em™1; uv (CH3OH) Amex 269 mu (e 21,000).

Anal. Caled for CisHyBryO2: C, 48.27; H, 3.45; Br, 40.14.
Found: C, 48.53; H, 3.52; Br, 40.30.

Methyl o-Bromo-p-phenylcinnamate (cis and irans)—De-
hydrohalogenation of the dibromo ester with N-methylpiperidine
in refluxing benzene for 24 hr gave the desired a-bromo-«,B8-
unsaturated ester as a mixture of the cis and trans isomers.

The irans isomer gave the following data: mp 128-129°;
pmr (CDCls) 6 3.83 (s, 3 H, methoxy), 7.1~8.0 (m, 9 H, aromatic),
and 8.25 (s, 1 H, vinyl); ir (CCL) »o=0, 1721 and 1734 cm™;
ir (Nujol) vo=o0, 1723 ecm™1; uv (CH3;OH) Aax 312 mp (e 29,000).

Anal. Caled for CpHisBrO,: C, 60.59; H, 4.13; Br, 25.19,
Found: C, 60.76; H, 4.18; Br, 25.16.

The cis isomer gave the following data: mp 65-66°; pmr
(CDCl;) 6 3.75 (s, 3 H, methoxy) and 7.2-7.6 (m, 10 H, aromatic
and @-vinyl proton); ir (KBr) »o-o 1723 em™?; ir (CCl,) 1733
em ™ uv (CH;0H) Amax 300 mpu (e 24,600).

Anal. Found: C, 60.63; H, 4.23; Br, 25.20.

B. Aziridine Esters. Methyl 1-Cyclohexyl-2-(p-biphenyl)-3-
aziridinecarboxylate (c¢is and ¢rans) (la,b).—A solution of
trans-methyl a-bromo-p-phenylcinnamate (10 g, 3.15 mmol) in
dry benzene (10 ml) containing cyclohexylamine (4.67 g, 47.2
mmol) was stirred for 48 hr at room temperature. The reaction
mixture was diluted with ether, the precipitated amine salt was
collected, and the solvent was evaporated under reduced pressure.
The excess amine was removed under high vacuum with gentle
heating (ca. 40°) and the residue was diluted with low-boiling pe-
troleum ether (bp 30-60°). The solid material was extracted twice
with hot petroleum ether and the remaining solid was recrystal-
lized from this same solvent to afford 0.5 g of pure methyl css-
1-cyclohexyl-2-(p-biphenyl)-3-aziridinecarboxylate (la): mp
122-124°; pmr (CDClL) 6 1.0-2.0 (m, 11 H, cyclohexyl), 2.49
and 2.88 (two d, 1 H each, J = 7.0 Hz, C; H and C; H, respec-
tively), 3.45 (s, 3 H, methoxy), and 7.2-7.7 (m, 9 H, aromatic);
ir (CCly) veeo 1752 and 1730 em™; ir (Nujol) 1747 em™;
uv (CHSOH) Amax 257 mu (E 23,900).

Anal. Caled for CpoHysNO,: C, 78.77; H, 7.51; N, 4.18;
mol wt, 335.43. Found: C, 78.84; H, 7.63; N, 4.16; mol wt,
335 (mass spectrum).

The combined petroleum ether extracts were evaporated and
the remaining oil was diluted with methanol. Cooling produced
a crystalline solid which was recrystallized twice from methanol
to give 0.31 g of pure methyl trans-1-cyclohexyl-2-(p-biphenyl )-3-
aziridinecarboxylate (1b): mp 94-95°; pmr (CDCl;) 6 1.0-2.0
and 2.2-2.5 (two m, 11 H, cyclohexyl methylenes and methine,
respectively), 2.73 (d, 1 H, J = 2.3 Hz, C; H), 3.26 (brs, 1 H,
C; H), 3.71 (s, 3 H, methoxy), and 7.2-7.7 (m, 9 H, aromatic);
ir (CCL) vo—o 1734 em~1; ir (Nujol) 1727 em~t; uv (CH;0H)
Amax 257 My (e 26,600).

Anal. Found: C, 78.60; H, 7.60; N, 4.21; mol wt, 335
(mass spectrum).

Methyl 1-Isopropyl-2-(p-biphenyl)-3-aziridinecarboxylate (cis
and trans) (2a,b).—A solution of the frans-a-bromo-a,8-unsatu-
rated ester (2.0 g, 6.3 mmol) dissolved in benzene (20 ml) was
treated with a 15-fold excess (5.57 g, 94.5 mmol) of isopropyl-
amine. After being stirred for 48 hr at room temperature, the
reaction mixture was diluted with ether, the amine salt was
removed, and the solution was evaporated to dryness. The
residue was recrystallized from methanol and two successive
crops of pure methyl irans-1-isopropyl-2-(p-biphenyl)-3-aziridine-
carboxylate (2b), mp 122-124°, were obtained totaling 0.80 g:
pmr (CDCl;) 6 1.03 and 1.12 (two d, 6 H, J = 9.4 Hz, isopropyl
methyls), 2.73 (d, J = 2.5 Hz), 3.25 (br 8), and 2.7-3.4 (m)
(8 H, C; H, C;, H, and isopropyl methine, respectively), 3.71
(s, 3 H, methoxy), and 7.2-7.7 (m, 9 H, aromatic); ir (CCL)
vo=0 1732 em™!; ir (KBr) 1725 em™1,

Anal. Caled for CpHuNO,: C, 77.26; H, 7.17; N, 4.74.
Found: C, 77.49; H, 7.26; N, 4.76.
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Evaporation of the methanol filtrate yielded an oil which was
diluted with petroleum ether. Cooling produced 0.48 g of pure
methyl ¢is-1-isopropyl-2-(p-biphenyl)-3-aziridinecarboxylate
(2a): mp 88-90°; pmr (CDCl;) 61.20 (d, J = 5.4 Hz) and 1.66
(m, 7 H, isopropyl methyls and methine, respectively), 2.44
and 2.86 (two d, 1 H each, J = 7.0 Hz, C; H and C; H, respec-
tively), 3.40 (s, 3 H, methoxy), and 7.1-7.6 (m, 9 H, aromatic);
ir (CCLy) »c~o 1727 and 1753 ecm=Y; ir (KBr) 1750 em ™!,

Anal. Found: C, 77.22; H, 7.19; N, 4.78.

C. Deuterium-Labeled Aziridine Esters. Preparation of Methyl
a-Bromo-g-d;-p-phenylcinnamate.—p-Phenylbenzaldehyde-d;, mp
57-58°, was prepared in a manner analogous to that described
for benzaldehyde-d;.”® Subsequent condensation with malonic
acid, esterification, bromination, and dehydrohalogenation as
previously described afforded trans-methyl a-bromo-8-di-p-phe-
nylcinnamate, mp 129-130°.

Methyl 1-Cyclohexyl-2-(p-biphenyl)-2-d;-3-aziridinecarboxylate
(cis and trans) (l¢,d)—These compounds were prepared by re-
action of trans-methyl a-bromo-g-di-p-phenylcinnamate with a
15-fold excess of cyclohexylamine in benzene. The produets
were isolated as described for the synthesis of 1a and 1b., The
ring-proton spectra of the deuterium-labeled aziridines 1c and 1d
consisted of singlets at & 2.88 and 2.73 for the c¢is (1¢) and érans
(1d) forms, respectively, and confirmed the previous chemical-
shift assignments of the ring protons in 1a and 1b.

Methyl 1-Cyclohexyl-2,3-d;-2-(p-biphenyl)-3-aziridinecarbox-
ylate (cis and trans) (le,f).—Reaction of cyclohexylamine-N-d,2¢
with the deuterium-labeled «-bromo-a,3-unsaturated ester as
described for the synthesis of 1a and 1b produced the deuterium-
labeled aziridine esters le and 1f. The ring-proton spectra of
these compounds indicated >909, deuterium labeling at C; and C;.

1,3-Dipolar Cycloaddition Reactions with Activated Olefins.
General Procedure.—Equimolar quantities of the aziridine and
the dipolarophile were refluxed in dry benzene for 24-48 hr,
after which time the solution was filtered. In all cases, evapora-
tion of the solvent under reduced pressure afforded a pale yellow
to yellow oil which was chromatographed on silica gel, alumina,
or Florisil.

Methyl cis-1-Cyclohexyl-2-(p-biphenyl)-3-aziridinecarboxylate
(1a) and Dimethyl Fumarate ~—A sample (335 mg, 1.0 mmol) of
the aziridine ester la and diethyl fumarate (144 mg, 1.0 mmol)
in benzene (10 ml) was refluxed for 24 hr, cooled to room tem-
perature, and filtered. The pale yellow oil obtained after re-
moval of the solvent was diluted with methanol and cooled to
afford 310 mg (639) of H,,Hs-cis-Hs Hi-trans-Hy,Hi-cis tri-
methyl 1-cyclohexyl-5-(p-biphenyl)pyrrolidine-2,3,4-tricarboxy-
late (3a) as a crystalline solid: mp 146-148°; pmr (CDCL) 6
1.3-2.1 and 2.3-2.8 (two m, 11 H, cyclohexyl methylenes and
methine, respectively), 3.11 (s, 3 H, methoxy of C, substituent),
3.66 and 3.67 (two s, 3 H each, two methoxy groups), 3.99-4.35
(m,2H,C;Hand C.H), 4.50 (dofd, 1 H, / = 6.9, —0.6 Hz,
C:; H), 4.89 (brd, 1 H,J = 9.5 Hz, C; H), and 7.1~7.9 (m, 9 H,
aromatic); ir (KBr) vc-o 1730 and 1744 em ™.

Anal. Caled for C;HpNOg: C, 70.12; H, 6.94; N, 2.92;
mol wt, 479.55. Found: C, 70.06; H, 6.93; N, 3.04; mol wt,
479 (mass spectrum).

The methanol filtrate was evaporated to dryness and the resid- )

ual oil was chromatographed on a column of Florisil (13 g).
Elution with benzene (500-ml) and then with 3%, ether-benzene
(300 ml) gave small amounts of unreacted aziridine ester la and
dimethyl fumarate in the benzene fractions. The ether-benzene
eluents contained 125 mg (26%,) of a colorless oil which resisted
all attempts to induce crystallization. This material was recog-
nized as being isomeric with the crystalline pyrrolidine 3a and
assigned the structure H,Hs-trans-Hs H-trans-H, He-trans tri-
methyl 1-cyclohexyl-5-(p-biphenyl)pyrrolidine-2,3,4-tricarboxy-
late (3b) on the basis of spectral data: pmr (CDCl;) 8 0.6-2.3
and 2.4-3.0 (two m, 11 H, cyclohexyl methylenes and methine,
respectively), 3.55-3.70 (m, 2 H, C; H and C, H), 3.77 and 4.00
(two s, 9 H, three methoxy groups), 4.57 (d, 1 H, J = 1.0 Hz,
C;H),4.91 (brd,1H,J = 5.7 Hz, C; H), and 7.3~7.8 (m, 9 H,
aromatic); ir (CCL) vcwo 1743 em™!; mol wt, 479 (mass spec-
trum).

Methyl cis-1-Cyclohexyl-2,3-d;-2-(p-biphenyl)-3-aziridinecar-
boxylate (1c) and Dimethyl Fumarate —Trimethyl 1-cyclohexyl-

(23) D. Seebach, R. W. Erickson, and G. 8ingh, J. Org. Chem., 81, 4303
(1966).

(24) D. B. Denney and M. A. Greenbaum, J. Amer, Chem. Soc., 79, 3701
(1957).
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2,5-dy-5-(p-biphenyl)-pyrrolidine-2,3,4-tricarboxylate (3a’), mp
147-148°, was produced by reaction of the deuterium-labeled
aziridine ester 1c and dimethyl fumarate in refluxing benzene:
pmr (CDCl;) 6 1.3-2.1 and 2.3-2.8 (two m, 11 H, cyclohexyl
methylenes and methine, respectively), 3.11, 3.66, and 3.67
(three s, 3 H each, three methoxy groups), 3.95 and 4.13 (two
d, 1 Heach, J = 11.5 Hz, Cy H and C, H), and 7.1-7.9 (m, 9 H,
aromatic). ‘

Methyl cis-1-Cyclohexyl-2-d;-2-(p-biphenyl)-3-aziridinecar-
boxylate (le) and Dimethyl Fumarate.—Reaction of equimolar
quantities of le and dimethyl fumarate in refluxing benzene
afforded trimethyl 1-cyclohexyl-3-d;-5-(p-biphenyl)pyrrolidine-
2,3,4-tricarboxylate: mp 147-148°; pmr (CDCls) 6 1.3-2.1 and
2.3-2.8 (two m, 11 H, cyclohexyl methylenes and methine,
respectively), 3.11, 3.66, and 3.67 (three s, 3 H each, three
methoxy groups), 3.99-4.35 (m, 2 H, C; H and C, H), 4.50 (d,
1H,J = 6.9 Hz, G, H), and 7.1-7.9 (m, 9 H, aromatic).

Computer simulation of the pmr spectrum of this adduct and
spin-decoupling experiments permitted assignment of chemical
shifts of § 3.95 and 4.13 for C; H and C, H, respectively.

Methyl trans-1-Cyclohexyl-2-(p-biphenyl)-3-aziridinecarboxy-
late (1b) and Dimethyl Fumarate.—The trans-aziridine ester 1b
and dimethyl fumarate in refluxing benzene (48 hr) reacted to
give 449, crystalline pyrrolidine 3a and 459, isomeric adduct 3b.

Methyl cis-1-Cyclohexyl-2-(p-biphenyl)-3-aziridinecarboxylate
(1a) and Dimethyl Maleate.—Refluxing a benzene (10 ml) solu-
tion of the ¢is aziridine ester 1a (335 mg, 1.0 mmol) and dimethyl
maleate (144 mg, 1.0 mmol) for 24 hr gave, after removal of the
solvent, a pale yellow oil. Column chromatography (Florisil,
50 g) of the crude material afforded 320 mg (679,) of a colorless
oil from early 39, ether-benzene fractions after initial elution of
small amounts of unreacted aziridine and dimethyl maleate with
benzene (1 1.). The oil was diluted with a small amount of
methanol and cooled to yield white granules of H,,Hj-trans-H,, H,-
cis-Hy,Hg-cis trimethyl 1-cyclohexyl-3-(p-biphenyl)pyrrolidine-
2,3,4-tricarboxylate (4a): mp 92-93°; pmr (CDClL) 6 0.7-2.2
and 2.3-2.8 (two m, 11 H, cyclohexyl methylenes and methine,
respectively), 3.15 (s, 3 H, methoxy of C, substituent), 3.39 (d of
d,1H,J = 9.0, 3.5 Hz, Cy H), 3.67 and 3.76 (twos, 3 H each,
two methoxy groups), 3.88 (dof d, 1 H,J = 9.0, 8.3 Hz, C, H),
463 (d, 1 H,J = 3.5 Hz, C; H), 5.00 (d, 1 H, J = 8.3 Hz,
C: H), and 7.3-7.8 (m, 9 H, aromatic); ir (KBr) ye=0 1725, 1730,
and 1735 em™1.

Anal. Caled for CysHgpNOg: C, 70.12; H, 6.94; N, 2.92;
mol wt, 479.55. Found: C, 70.10; H, 6.90; N, 2.90; mol wt,
479 (mass spectrum).

Further elution with ether gave 105 mg (229) of a crystalline
solid which was recrystallized from methanol and identified as
Ha,H;-cis-Hsz, He-cts-Hy He-trans trimethyl 1-cyclohexyl-5-(p-bi-
phenyl)pyrrolidine-2,3,4-tricarboxylate (4b): mp 122-124°;
pmr (CDCL) ¢ 0.8-2.0 and 2.2-2.7 (two m, 11 H, cyclohexyl
methylenes and methine, respectively), 3.16 (d of d, 1 H,
J =3.9,10.0Hz, C;H), 3.53 (dof d, 1 H, J = 10.0, 6.3 Hz,
Cs; H), 3.67, 3.73, and 3.75 (three s, 3 H each, three methoxy
groups), 4.28 (d, 1 H,J = 6.3 Hz, C, H),5.07 (d,1 H,J = 3.9
Hz, C; H), and 7.3-7.8 (m, 9 H, aromatic); ir (KBr) »c=0
1742 em ™,

Anal. Found: C, 70.18; H, 6.93; N, 3.02; mol wt, 479
(mass spectrum).

The reaction was repeated in refluxing toluene and the per-
centages of 4a and 4b were determined to be 83:17, respectively,
by pmr spectroscopy.

Methyl irans-1-Cyclohexyl-2-(p-biphenyl)-3-aziridinecarboxy-
late (1b) and Dimethyl Maleate.—Reaction of the trans-aziridine
ester 1b and dimethyl maleate in refluxing benzene (48 hr)
produced 70 and 219, 4a and 4b, respectively.

Methyl cis-1-Cyclohexyl-2-(p-biphenyl)-3-aziridinecarboxylate
(1a) and Fumaronitrile.—A sample (335 mg, 1.0 mmol) of the
cis-aziridine was dissolved in benzene (10 ml) containing fumaro-
nitrile (78 mg, 1.0 mmol) and the resulting solution was refluxed
for 24 hr. The oil remaining after evaporation of the solvent
was chromatographed on a column of Florisil (50 g) and initially
eluted with benzene (500 ml) to afford small amounts of the two
reactants. Subsequent elution with 2%, ether-benzene afforded
360 mg of a colorless oil. Crystalline material was obtained by
diluting the oil with ether and addition of pentane until turbid.
The crystalline solid analyzed correctly for the gross structure
methyl 1-cyclohexyl-3,4-dicyano-5-(p-biphenyl)pyrrolidine-2-car-
boxylate. The pmr spectrum of this material indicated a mixture
of two isomers in a ratio of ca. 1:1.
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Anal. Caled for CzaHmNsti O, 75.52, H, 6.58; N, 10.16.
Found: C, 75.33; H, 6.56; N, 10.29,

A pure sample of H. Hs-cis-Hs,Hy-trans-Hy, Hs-cis methyl 1-
cyclohexyl-3,4-dicyano-5- (p -biphenyl)pyrrolidine- 2 - carboxylate
(5a), mp 138-141°, was obtained by column chromatography of
the mixture on alumina and elution with benzene: pmr (CDCls)
6 0.7-2.0 and 2.1-2.8 (two m, 11 H, cyclohexyl methylenes and
methine, respectively), 3.50 (d of d, 1 H, J = 6.5, 11.0 Hz,
Cs H), 3.85 (s, 3 H, methoxy), 425 (dofd, 1 H,J = 9.4, 11.0
Hz,4.43 (d,1 H,J = 6.5 Hz, C. H), 4.89 (d, 1 H,J = 9.4 Hz,
C;s; H), and 7.3-7.7 (m, 9 H, aromatic); ir (KBr) pe=xy 2252
em™!; pomo 1735 em L.

The second product was assigned the structure H,,Hs-irans-
H;,H-trans-Hy, Hs-trans methyl 1-cyclohexyl-3,4-dicyano-5-(p-
biphenyl)pyrrolidine-2-carboxylate (5b)on the basis of pmr spec-
tral data. This product could not be isolated without con-
tamination of 5a and apparently decomposed during chromatog-
raphy of the crude material on alumina: pmr (CDCl) § 0.7-
2.0 and 2.1-2.8 (two m, 11 H, cyclohexy! methylenes and methine,
respectively), 3.24 (d of d, 1 H, J = 6.6, 3.0 Hz, C; H), 3.46
(dofd,1H,J = 8.0,0.8 Hz, C; H), 3.78 (5, 3 H, methoxy),
444 (d, 1 H,J = 08 Hz, C, H), 481 (d, 1 H, J = 6.6 Hz,
C; H), and 7.3-7.7 (m, 9 H, aromatic).

The reaction was repeated and monitored by pmr spectroscopy.
A solution of the cis-aziridine ester 1a (167 mg, 0.5 mmol) and
the dipolarophile (39 mg, 0.5 mmol) in benzene-ds (0.3 ml) was
transferred to an nmr tube, and the tube was sealed and placed
in an oil bath maintained at 80 & 1°. At 8-hr intervals the re-
action mixture was examined by pmr spectroscopy. After 32 hr,
all aziridine had been consumed and 5a and 5b were present in
equal amounts. The methyl ester resonance signals for 5a and
5b were located at 6 3.53 and 3.56, respectively.

Methyl {rans-1-Cyclohexyl-2-(p-biphenyl)-3-aziridinecarbox-
ylate (1b) and Fumaronitrile.—The reaction of the trans-aziridine
ester 1b with fumaronitrile in benzene at 81° was monitored as
described for reaction of la with fumaronitrile. After 48 hr,
the reaction mixture was examined by pmr spectroscopy. Four
distinct methyl ester resonance signals were observed at & 3.53
(52, 20%,), 3.56 (8b, 209%,), 3.58 (5c, 309%;), and 3.61 (5d, 30%,).

Methy! ¢is-1-Cyclohexyl-2-(p-biphenyl)-3-aziridinecarboxylate
(1a) and N-Phenylmaleimide.—A sample (335 mg, 1.0 mmol) of
the cis-aziridine ester la and N-phenylmaleimide (173 mg, 1.0
mmol) in benzene (10 ml) was refluxed for 24 hr and the crude
reaction mixture was chromatographed on a column of Florisil
(50 g). Initial elution with benzene (500 ml) gave small amounts
of unreacted aziridine and dipolarophile while a colorless solid
was obtained ,upon further elution with benzene (500 ml) and
39, ether-benzene (250 ml). This material was recrystallized
from methanol to give 300 mg (599%) of pure Ha,Hj-cis-Hs, Hy-
cis-Hq,Hi-trans methyl 1-cyclohexyl-5-(p-biphenyl)pyrrolidine-
2-carboxylate N-phenyl-3,4-dicarboximide (6b): mp 191-192°;
pmr (CDCl;) 6 0.8-2.0 and 2.2-2.9 (two m, 11 H, ecyclohexyl
methylenes and methine, respectively), 3.32 (dof d, 1 H, J ==
10.0, 5.4 Hz, C; H), 3.66 (s, 3 H, methoxy), 3.70 (d of d, 1 H,
J = 87,100 Hz, C; H), 4.53 (d, 1 H, J = 8.7 Hz, C; H), 4.92
d,1H,J = 54 Hz, C; H), and 7.1-7.7 (m, 14 H, aromatic);
ir (KBr) vc.o 1790 and 1725 em 1.

Anal. Caled for CHpN:O4: G, 75.57; H, 6.34; N, 5.51.
Found: C, 75.55; H, 6.35; N, 5.65.

Further elution with 3%, ether-benzene afforded a colorless
oil which was crystallized by the addition of pentane. Recrystal-
lization from an ether—pentane mixture gave 150 mg (309,) of a
solid material, mp 150-151°, which was assigned the structure
of Hy,Hs-trans-Hs, Hy-cis-H,, Hy-¢cis methyl 1-cyclohexyl-5-(p-bi-
phenyl)pyrrolidine-2- carboxylate N-phenyl-3,4 -dicarboximide
(6a): pmr (CDCl;) 6 0.8-2.0 and 2.2-2.8 (two m, 11 H, eyclo-
hexyl methylenes and methine, respectively), 3.29 (d, 1 H,J =
8.0 Hz, C; H), 3.73 (s, 3 H, methoxy), 3.80 (dof d, 1 H, J = 9.5,
8.0 Hz, C, H),4.63 (s,1 H, C, H), 5.11 (d, 1 H, J = 9.5 Hg,
Cs H), and 7.0~-7.7 (m, 14 H, aromatic); ir (KBr) yc—o 1770 and
1750 em 1.

Anal. Found: C, 75.76; H, 6.46; N, 5.23.

Methyl trans-1-Cyclohexyl-2-(p-biphenyl)-3-aziridinecarbox-
ylate (1b) and N-Phenylmaleimide.—A benzene (10 ml) solution
of the frans-aziridine ester 1b (670 mg, 2.0 mmol) and N-phenyl-
maleimide (346 mg, 2.0 mmol) was refluxed for 48 hr. Evapora-
tion of the solvent afforded a pale yellow oil which was chro-
matographed on Florisil (70 g). Elution with benzene (1.5 1.)
gave small amounts (<109%) of unreacted starting materials in
early fractions and 300 mg (299) of 6a in later fractions. Further
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elution with a 3% ether-benzene mixture (1.5 1.) gave a mixture
of two isomeric adducts. Recrystallizationfromaminimal amount
of ether gave 300 mg (29%) of crystalline material, mp 205-207°,
which was assigned the structure of H,Hj-cis-H;,H,-cis-H,, Hj-
¢i8 methyl 1-cyclohexyl-5-(p-biphenyl)pyrrolidine-2-carboxylate
N-phenyl-3,4-dicarboximide (6¢): pmr (CDCI;) § 0.7-2.1 and
2.2-3.0 (two m, 11 H, cyclohexyl methylenes and methine,
respectively), 3.56-3.7 (m, 2 H, C; H and C, H); 3.83 (s, 3 H,
methoxy), 4.11 and 4.56 (two m, 1 H each, C. H and C; H, re-
gpectively) (these assignments and couplings of 7.6 and 8.8 Hz,
respectively, were verified by spin-decoupling experiments) and
6.8-7.8 (m, 14 H, aromatic); ir (KBr) ve=o 1715 and 1760
cm™,

Anal. Found: C, 75.43; H, 6.28; N, 5.60.

The ether filtrate was reduced in volume and diluted with
pentane. Cooling afforded 90 mg (99;) of 6b. The column was
washed with ethyl acetate (250 ml) to give only trace amounts of
material.

When the experiment was repeated and monitored by pmr
spectroscopy as described for the reaction of la with fumaro-
nitrile, a fourth methy! ester resonance signal was observed which
did not correspond to the signals for 6a—6¢ and was ascribed to the
presence of 6d. The percentages of the four isomeric adducts
6a-6d were estimated to be 25:10:40:15, respectively.

Methy! ¢is-1-Cyclohexyl-2-(p-biphenyl)-3-aziridinecarboxylate
(la) and Maleimide.—A solution of aziridine la (167 mg, 0.5
mmol) and maleimide (49 mg, 0.5 mmol) in benzene (6 ml) was
refluxed for 24 hr and the solvent was evaporated. The residue
was recrystallized from methanol-chloroform (1:1, v/v) to afford
86 mg (409,) of Hy,Hs-trans-Hi, Hi-cis-Hi,Hs-cis methyl 1-cyclo-
hexyl-2-(p-biphenyl )pyrrolidine-2-carboxylate 3,4-dicarboximide
(8a), mp 211-212°, The analytical sample, recrystallized from
methanol, was found to contain water of crystallization: pmr
(CDCl;) 6 0.7-2.0 and 2.3-2.8 (two m, 11 H, cyclohexyl methyl-
enes and methine, respectively), 3.10 (d, 1 H, J = 8.0 Hz, C; H),
3.68 (dofd, 1 H,J = 9.8,8.0Hz, C, H), 3.73 (5, 3 H, methoxy),
445 (5,1 H,C, H),4.98(d,1H,J = 9.8 Hz, C; H), and 7.1-7.7
(m, 10 H, aromatic and NH); ir (KBr) yyg 3400 em™; wo-0
1720 and 1780 ecm ™1,

Anal. Caled for 025H25N204‘H20: C, 69.31; H, 6.71; N,
6.22. Pound: C, 69.41; H, 6.63; N, 6.11,

Evaporation of the filtrate afforded a colorless oil which was
chromatographed on a column of silica gel (5 g). Initial elution
with benzene (200 ml) gave small amounts of unreacted starting
materials. Ho, Hz-cts-Hs, Hy-cis-Hy, He-trans methyl 1-cyclohexyl-
5-(p-biphenyl)pyrrolidine-2-carboxylate 3,4-dicarboximide (8b)
was obtained as a crystalline solid (75 mg, 35%), mp 220-221°,
from 1%, ethyl acetate-benzene fractions: pmr (CDCl;) 6 0.7~
2.0 and 2.1-2.7 (two m, 11 H, cyclohexyl methylenes and
methine, respectively), 3.26 (d of d, 1 H, J = 10.0, 5.4 Hg,
C.H),3.70(dofd,J = 8.8,10.0 Hz) and 3.71 (5,4 H, C; Hand
methoxy), 4.49 (d, 1 H, J = 88 Hz, C; H), 4.86 (4,1 H,J =
5.4 Hz, Cs H), and 7.2-7.8 (m, 10 H, aromatic and NH); ir (KBr)
vnm 3450 em ™1} po=o 1701, 1742, and 1779 e ™,

Anal. Caled for CpeHagN20Os: C, 72.20; H, 6.53; N, 6.48.
Found: C, 72.61; H, 6.63; N, 6.37.

The adducts 8a and 8b were found to be present in equal
amounts as determined from the pmr spectrum of the crude
reaction mixture.

Methyl ¢is-1=Cyclohexyl-2-(p-biphenyl)-3-aziridinecarboxylate
(1a) and Maleic Anhydride.—Refluxing a benzene (5 ml) solution
of the cis aziridine 1a (167 mg, 0.5 mmol) and maleic anhydride
(48 mg, 0.5 mmol) for 24 hr and evaporation of the solvent af-
forded a pale yellow oil. Crystalline material, mp 159-180°,
was obtained by dilution with ether and addition of pentane
until turbid. Repeated recrystallization did not improve the
melting point. The infrared spectrum (KBr) exhibited prom-
inent carbonyl absorptions at 1722, 1785, and 1865 cm™. Ele-
mental analysis of the solid was consonant with the molecular
formula CesHyNO;. Pmr spectral data indicated the presence
of two isomeric compounds, the structures of which were assigned
as  H,, Hstrans-Hs,Hy-cis-H,Hy-cis and  Hp, Hy-cis-Hs, Hy-cis-
H,,H;-trans methyl 1-cyclohexyl-5-(p-biphenyl)pyrrolidine-2-car-
boxylate 3,4-dicarboxylic anhydride (9a and 9b, respectively).

Anal. Caled for CosHNOs: C, 72.02; H, 6.28; N, 3.23.
Found: C,72.01; H,6.31; N, 3.23.

Compound 9a gave the following data: pmr (CDCls) &
0.7-2.1 and 2.2-2.8 (two m, cyclohexyl methylenes and methine, .
respectively), 348 (d, J = 8.7 Hz, C; H), 3.76 (s, methoxy),
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3.88(dofd,J = 9.8, 8.7Hz, C,H),4.59 (s, C; H),5.18 (d, J =
9.6 Hz, Cs H), and 7.2-7.8 (1n, aromatic).

Compound 9b gave the following data: pmr (CDCl) 5 3.73
(s, methoxy), 4.44 (d, J = 8.3 Hz, C;H), and 4.80 (d, J = 5.0
Hz, C;H).

Electronic integration of the appropiiate resonance signals in
the pmr spectrum of the crude material indicated 709 9a and
309 9b.

Methyl cis-1-Isopropyl-2-(p-biphenyl)-3-aziridinecarboxylate
(2a) and N-Phenylmaleimide.—A solution of the ¢is aziridine
2a (295 mg, 1.0 mmol) and N-phenylmaleimide (173 mg, 1.0
mmol) was refluxed in 10 ml of benzene for 24 hr. Evaporation
of the solvent gave a pale yellow oil which was chromatographed
on Florisil (40 g) and eluted as previously described for reaction
of 1a with N-phenylmaleimide. The first eluted product (260
mg, 55%) was recrystallized from methanol and assigned the
structure H,,Hy-cis-Hs,He-cis-Hy,Hi-irans methyl 1-isopropyl-5-
(p-biphenyl)pyrrolidine-2-carboxylate N -phenyl-3,4-dicarboxi-
mide (7b): mp 185-187°; pmr (CDCl;) 5 0.81 and 1.11 (two d,
6 H, J = 7.0 Hz, two methyls), 2.95 (m, 1 H, isopropyl methine),
3.36(dofd,1H,J = 5.4, 10.3 Hz, C; H), 3.65 (s, 3 H, methoxy),
875 (dofd, 1H,J = 87,103 Hz, C,H),4.53 (d, 1 H,J =
8.7Hz, C.H),4.85(d,1H,J = 5.4 Hz, C; H), and 7.2-7.8 (m,
14 H, aromatic); ir (KBr) rc.o 1705, 1725, and 1775 cm .

Anal. Caled for CypHyuN:04: C, 74.34; H, 6.02; N, 5.98.
Found: C,74.18; H, 6.13; N, 5.92.

H,, H-trans-HsH,-cis- Hy, H;- ¢is methyl 1-isopropyl-5- (p-bi-
phenyl)pyrrolidine- 2 - carboxylate N-phenyl-3,4-dicarboximide
(7a) was obtained from 39, ether-benzene fractions. Recrystal-
lization from methanol afforded 140 mg (30%) of pure 7a: mp
171-172°; pmr (CDCl;) 5 0.81 and 1.16 (two d, 3 H, J = 7.0
Hz, isopropyl methyls), 3.02 (m, 1 H, isopropyl methine), 3.33
(d, 1 H,J = 84 Hz, C; H), 3.75 (s, 3 H, methoxy), 3.83 (two d,
1H,J = 9.8,84Hz, C,H), 463 (s, 1 H, C: H),5.03(d, 1 H,
J = 9.8 Hz, C; H), and 7.1-7.8 (m, 14 H, aromatic); ir (KBr)
vo-o 1710, 1725, 1770 em 1.

Anal. Found: C, 74.14; H, 6.22; N, 5.94.

Electronic integration of the pmr spectrum of the crude
material indicated the percentages of 7a and 7b to be 35:65,
respectively.

Dipolar Cycloaddition Reactions with Dimethyl Acetylene-
dicarboxylate. General Procedure,—Benzene solutions of 1
molar equiv of the aziridine ester and 2 molar equiv of dimethyl
acetylenedicarboxylate were refluxed for varying periods of
time, the solvents were removed under reduced pressure, and the
residue was examined by pmr spectroscopy. The products
were isolated by column chromatography on silica gel or Florisil.

Methyl cis-1-Cyclohexyl-2-(p-biphenyl)-3-aziridinecarboxylate
(1a) with Dimethyl Acetylenedicarboxylate.—A solution of this
aziridine (335 mg, 1.0 mmol) and the dipolarophile 284 mg, 2.0
mmol) was refluxed in benzene (10 ml) for 24 hr. The solvent
was removed and the residue was chromatographed on silica
gel (40 g). The column was eluted successively with 509
petroleum ether-benzene (250 ml), benzene (500 ml), and 1%
ethyl acetate-benzene (500 ml). The benzene and ethyl acetate—
benzene fractions contained the excess dimethyl acetylenedi-
carboxylate. Further elution with ethyl acetate-benzene mix-
tures (1:49, 500 ml; 3:97, 500 ml; 2:48, 500 ml) afforded 380 mg
(80%) of a pale yellow oil. This material could not be obtained
in a crystalline form and was assigned the structure H,Hs-
¢is trimethyl 1-cyclohexyl-5-(p-biphenyl)-A®-pyrroline-2,3,4-tri-
carboxylate (10b) on the basis of spectral and chemical evidence
cited below: pmr (CDCl;) 6 0.8-2.8 and 2.3-2.8 (two m, 11 H,
cyclohexyl methylenes and methine, respectively), 3.565, 3.68,
and 3.80 (three s, 3 H each, three methoxy groups), 4.81 and
5.31 (two d, 1 H each, J = 4.6 Hz, C, H and C; H, respectively),
and 7.2-7.7 (m, 9 H, aromatic); ir (neat) »c.o 1726 and 1742
cm ™, voug, 1670 em ™1,

When this material was chromatographed on alumina (Woelm,
neutral, activity grade I) and eluted with ethyl acetate, a bright
yellow oil was obtained. This material resisted all attempts to
induce crystallization. The pmr spectrum indicated the structure
of Hy,Hy-cis trimethyl 1-cyclohexyl-5-(p-biphenyl)-A2-pyrroline-
2,3,4-tricatboxylate (14a): pmr (CDCl;) & 0.8-2.0 and 2.8-3.2
(two m, 11 H, cyclohexyl methylenes and methine, respectively),
3.09 (s, 3 H, methoxy of C substituent), 3.81 and 4.00 (two s,
8 H each, two methoxy groups), 4.43 and 5.26 (two d, 1 H each,
J = 13.0 Hz, C, H and C; H, respectively), and 7.3-7.9 (m, 9 H,
aromatic); ir (neat)rcao 1745 em ™, pomc 1680 and 1580 cm ™.
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Oxidation of Hp,Hj-cis Trimethyl 1-Cyclohexyl-5-(p-biphenyl)-
Ad-pyrroline-2,3,4-tricarboxylate (10b).—A solution of 10b
(238 mg, 0.5 mmol) and chloranil (246 mg, 1.0 mmol) in xylene
(15 ml) was refluxed for 6 hr. The cooled solution was diluted
with ether (50 ml), and washed successively with three 20-ml
portions of 4% aqueous sodium hydroxide solution containing
1% sodium bisulfite and then with water. The organic layer
was dried (anhydrous MgS0O.) and the solvent was evaporated.
The residue was recrystallized from methanol to afford 75 mg
(B1%) of trimethyl 1-cyclohexyl-5-(p-biphenyl)pyrrole-2,3,4-
tricarboxylate (12a): mp 176-178°; pmr (CDCL) & 0.8-2.5
(m, 10 H, cyclohexyl methylene), 3.66, 3.83, and 3.91 (three s,
3 H, each, three methoxy groups), 3.8-4.6 (m, 1 H, cyclohexyl
methine), and 7.3-7.8 (9 H, aromatic); ir (KBr) vc.o 1703,
1730, and 1745 em ™1,

Anal. Caled for CstngOe! O, 70.72,‘ H, 6.15,’ N, 2.95.
Found: C,70.75; H,5.99; N, 2.92.

Oxidation of H,,H;-cis Trimethyl 1-Cyclohexyl-5-(p-biphenyl)-
Al-pyrroline-2,3,4-tricarboxylate (14a).—A sample (119 mg,
0.25 mmol) of 14a was oxidized with chloranil as described for
the oxidation of 10b to afford 24 mg (209,) of 12a.

Base-Catalyzed Isomerization of Hy,H;-cis Trimethyl 1-Cyclo-
hexyl-5-(p-biphenyl)-Ad-pyrroline-2,3,4-tricarboxylate  (10b).—
A sample (238 mg, 0.5 mmol) of 10b in methanol (10 ml) was
treated with sodium methoxide (5 mg). A deep yellow color
developed immediately and the solution was allowed to stand
for 24 hr at room temperature, after which time the solvent was
evaporated under reduced pressure. The residue was diluted
with ether, washed with water, and dried (anhydrous MgSO,).
The bright yellow oil which remained after evaporation of the
solvent was chromatographed on & column of silica gel (15 g).
A small amount (10 mg) of a bright yellow material was eluted
with 19, ethyl acetate-benzene (500 ml), and a colorless oil was
obtained upon elution with 29, ethyl acetate-benzene. Crystal-
lization was induced by dilution with ether and then addition of
pentane until turbid., Cooling produced colorless crystals
(175 mg, T4%) of HyHstrans trimethyl 1-cyclohexyl-5-(p-
biphenyl)-A%pyrroline-2,3,4-tricarboxylate (13a): mp 130-131°;
pmr (CDCl;) ¢ 0.8-2.2 and 2.8-3.3 (two m, 11 H, cyclohexyl
methylenes and methine, respectively), 3.63 (s, 3 H, methoxy),
3.73(,1H,J = 54 Hz, C;H), 3.76 and 3.96 (two s, 3 H each,
two methoxy groups), 5.00 (d, 1 H, J = 5.4 Hz, C; H), and
7.2-7.8 (m, 9 H, aromatic); ir (KBr) vo-o 1730 and 1745 cm ™,
vonc 1685 and 1600 em ™.

Anal. Caled for CyHuNOs: C, 70.42; H, 6.54; N, 2.93.
Found: C,70.63; H, 6.62; N, 2.88,

The experiment was repeated in methanol-d; as solvent and
the ether extracts were washed with DyO during work-up.
The pmr spectrum of the crystalline solid, mp 130-131°, ob-
tained upon column chromatography of the crude material was
identical with that of 13a, with the exception that the high-field
doublet ascribed to Cy H was absent and the resonance signal
for Cs H appeared as a slightly broadened singlet at 6 5.00.

Oxidation of Hy,Hs-irans Trimethyl 1-Cyclohexyl-5-(p-biphenyl)-
Al-pyrroline-2,3,4-tricarboxylate (13a).—A  solution of 13a
(238 mg, 0.5 mmol) was oxidized with chloranil (246 mg, 1.0
mmol) in refluxing xylene. After 10 hr, the product was iso-
lated as described for oxidation of 10b to 12a to afford 50 mg
(21%) of 12a.

Methyl trans-1-Cyclohexyl-2-(p-biphenyl)-3-aziridinecarboxyl-
ate (1b) and Dimethyl Acetylenedicarboxylate.—A "sample
(335 mg, 1.0 mmol) of the trans-aziridine ester 1b and the di-
polarophile (284 mg, 2.0 mmol) in benzene (10 ml) was heated
to reflux, during which time the solution developed a deep red
color. 'The reaction mixture was refluxed for 30 hr and worked
up acecording to the procedure described for the reaction of the
¢ts aziridine la and dimethyl acetylenedicarboxylate to afford
360 mg (75%) of a pale yellow oil. The pmr spectrum of this
material was identical with that of H, Hs-cis trimethyl 1-cyclo-
hexyl-5-(p-biphenyl )-Ad-pyrroline-2,3,4-tricarboxylate (10b).

The experiment was repeated with the period of reflux de-
creased to 20 hr. Examination of the crude material by pmr
spectroscopy indicated the presence of 10b and a second adduct
which was recognized as being isomeric with 10b. The second
product was assigned the structure H Hy-frans trimethyl 1-
cyclohexyl-5-(p-biphenyl)-A-pyrroline-2,3,4-tricarboxylate (10a).
The pyrroline ring proton spectrum of 10a consisted of two
doublets located at 6 5.17 (C; H) and 5.60 (Cs; H) with Ja,s =
7.0 Hz. Electronic integration indicated the ratio of 10a to
10b to be 3:1 (40%); ca. 60% of the aziridine had been con-
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sumed. After an additional 28-hr period of reflux, the ratio
of 10a to 10b was 1:3 and 80% of the aziridine had reacted.
None of the isomeric ¢is-aziridine la could be detected at either
time. Repetition of this experiment with equimolar quantities
of the two reactants produced nearly identical results.

Attempted Isolation of M, H;-trans Trimethyl 1-Cyclohexyl-5-
(p-biphenyl)-As-pyrroline-2,3,4-tricarboxylate (10a).—A solution
of aziridine 1b (335 mg, 1.0 mmol) and dimethyl acetylenedi-
carboxylate (142 mg, 1.0 mmol) in benzene (10 ml) was refluxed
for 24 hr. The residue which remained after evaporation of the
solvent was examined by pmr spectroscopy and found to consist
of nearly equal amounts of 10a and 10b. Column chromatog-
raphy of this material on silica gel and elution as described for
the reaction of la and dimethyl acetylenedicarboxylate afforded
150 mg (45%,) of aziridine 1b and 200 mg (42%) of 10b. None
of the isomeric A%-pyrroline 10a could be detected in any of the
ethyl acetate-benzene fractions or in the ethyl acetate washings.

Methyl cis-1-Isopropyl-2-(p-biphenyl)-3-aziridinecarboxylate
(2a) and Dimethyl Acetylenedicarboxylate.—A solution of this
aziridine (590 mg, 2.0 mmol) and the dipolarophile (568 mg,
4.0 mmol) was refluxed for 24 hr in benzene. Evaporation of
the solvent afforded s yellow oil which was chromatographed on
silica gel (80 g) as described for the reaction of aziridine la with
dimethy! acetylenedicarboxylate to afford 700 mg (80%) of a
pale yellow oil.  This material could not be obtained in a crystal-
line form and was assigned the structure H,,Hj-cis trimethyl-
1-isopropyl-5-(p-biphenyl)-As-pyrroline-2,3,4-tricarboxylate (11b)
on the basis of spectral data: pmr (CDCl) é 0.99 and 1.02
(two d, 6 H, J = 6.5 Hz, isopropyl methyls), 3.10 (m, 1 H,
isopropyl methine), 3.59, 3.74, and 3.83 (three s, 3 H each,
three methoxy groups), 4.81 and 5.31 (two d, 1 H each, J =
4.5 Hz, C, H and Cs; H, respectively), and 7.4-7.8 (m, 9 H,
aromatic); ir (neat)»c.o 1724 and 1739 em %, vo_c 1667 cn 2.

Repetition of the experiment and examination of the crude
material by pmr spectroscopy indicated a mixture of 11b and a
second isomeric product which was assigned the structure Ho, H;-
trans trimethyl 1-isopropyl-5-(p-biphenyl)-A3-pyrroline-2,3,4-tri-
carboxylate (11a). The ring-proton spectrum of 1la consisted
of two doublets (J = 4.6 Hz) located at 8 5.15 (C; H) and 5.58
(Cs H). The isomeric adducts were formed in a ratio of 11a to
11b of 2:3 and in a combined yield of ca. 909%. This ratio was
not appreciably altered when the experiment was conducted
with the rigorous exclusion of light during the period of reflux
and evaporation of the solvent. In contrast, shorter periods of
reflux (10-12 hr) produced a ratio of 1la to 11b of 4:1 while
prolonged refluxing (48 hr) afforded only 11b.

Methy! irans-1-Isopropyl-2-(p-biphenyl)-3-aziridinecarboxy-
late[(2b) and Dimethyl Acetylenedicarboxylate.—A solution of
this aziridine (295 mg, 1.0 mmol) and the dipolarophile (284 mg,
2.0 mmol) in benzene (10 ml) was refluxed for 24 hr and the
solvent was removed under reduced pressure. Examination of
the residue by pmr spectroscopy indicated a ratio of 1la to 11b
of 3:2 and ca. 259, of aziridine 2b as yet unreacted.

Epimerization of H, H;trans Trimethyl 1-Isopropyl-5-(p-bi-
phenyl)-As-pyrroline-2,3,4-Tricarboxylate (1la) to 11b.—A
nixture of 11a and 11b was produced by the reaction of the cis-
aziridine 2a (590 mg, 2.0 mmol) with dimethyl acetylenedicar-
boxylate (568 mg, 4.0 mmol) in refluxing benzene (20 ml) for 20
hr. The reaction mixture was divided into three equal portions
and treated as described below.

Method A. In Chloroform.—After evaporation of the solvent
from two of the samples the residues were each diluted with
deuteriochloroform (0.5 ml) and examined by pmr spectroscopy.
The isomeric A3-pyrrolines 1la and 11b were in a ratio of 1la
to 11b of 1:1. The pmr spectrum was again determined after
an 18-hr time lapse, during which time one sample was placed
in the dark and the other was exposed to normal laboratory
lighting and diffuse sunlight. Conversion of 1la into 11b was
nearly quantitative in both instances at room temperature.

Method B. In Methanol-d;.—The residue remaining after
evaporation of the solvent from the third sample was diluted
with methanol-dy (2.0 ml). After 10 hr at room temperature
the solvent was removed under reduced pressure and the residue
was examined by pmr spectroscopy (CDCl;). None of the
Hy, Hy-trans A¥-pyrroline 11a could be detected and the epimeric
H;,H;-cis product 11b was present as a mixture of deuterium-
labeled and -unlabeled compounds. No loss of deuterium
from the labeled product was observed after 24 hr in methanol.
A pure sample of 11b in methanol-d; did not exchange deuterium
during a 24-hr period at room temperature.
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Oxidation of H,H;-cis Trimethyl 1-Isopropyl-S-(p-biphenyl)-
As-pyrroline-2,3,4-tricarboxylate (11b).—A. sample (546 mg,
1.25 mmol) of 11b was oxidized with chloranil in boiling xylene
ag previously described for the oxidation of 10b. After work-up,
the crude material was recrystallized from methanol to afford
200 mg (37%) of trimethyl 1-isopropyl-5-(p-biphenyl)pyrrole-
2,3 ,4-tricarboxylate (14b): mp 171-173°; pmr (CDCl;) & 1.45,
(d, 6 H, J = 7.3 Hz, isopropyl methyls), 3.59, 3.86, and 3.95
(three s, 3 H each, methoxy groups), 4.70 (m, 1 H, isopropyl
methine), and 7.3-7.8 (m, 9 H, aromatic); ir (KBr) rco 1720
em ! (broad).

Anal. Caled for CesHsNOs: C, 68.95; H, 5.79; N, 3.22.
Found: C,69.11; H,5.91; N, 3.19.

Base-Catalyzed Isomerization of Hy H;-cis Trimethyl 1-Iso-
propyl-5-(p-biphenyl)-As-pyrroline-2,3,4-tricarboxylate  (11b).—
Treatment of a sample of 11b (300 mg®0.68 mmol) in methanol
(10 ml) with sodium methoxide (5 mg) resulted in the develop-
ment of a deep yellow color upon addition of the base. After
6 hr at room temperature, the reaction was worked up as previ-
ously described for the isomerization of 10b to 13a. The crude
material was examined by pmr spectroscopy and found to be a
mixture of two isomeric products. The isomer present in major
amount (909,) was assigned the structure H,,Hs-trans trimethyl
1-isopropyl-5-(p-biphenyl )-A%pyrroline-2,3,4-tricarboxylate (13b).
The epimeric compound, H, Hs-cis trimethyl 1-isopropyl-5-
(p-biphenyl)-A%-pyrroline-2,3,4-tricarboxylate (14b), was present
to the extent of 109;.

Compound 13b gave the following data: pmr (CDCl;) &
0.93 and 1.24 (two d, 6 H, J = 6.5 Hz, isopropyl methyls),
3.33-3.80 and 3.63 (m and s, 4 H, isopropyl methine and methoxy
group), 3.73 (d, 1 H, J = 6.0 Hz, C, H), 3.76 and 3.96 (two s,
3 H each, two methoxy), 4.93 (d, 1 H, J = 6.0 Hz, C; H), and
7.3-7.8 (m, 9 H, aromatic).

Compound 14b gave the following data: pmr (CDCl;)é1.00
and 1.20 (two d, 6 H, J = 6.5 Hz, two methyls), 3.13 (s, 1 H,
methyl of C, substituent), 3.33-3.80 (m, 1 H, isopropyl methine),
3.76 and 3.96 (two s, 3 H each, two methoxy groups), 4.39 and
5.19 two d, 1 H, J = 13.4 Hz, C, H and Cs H, respectively),
and 7.3-7.8 (m, 9 H, aromatic).

These products were not characterized further.

Thermal Epimerization of Hy,H;-trans Trimethyl 1-Cyclohexyl-
5-(p-biphenyl)-A3-pyrroline-2,3,4-tricarboxylate (10a) to 10b
in the Presence of Methyl c¢is-1-Cyclohexyl-2-d;-2-(p-biphenyl)-
3-aziridinecarboxylate (lc).—A benzene (10 ml) solution of
aziridine ester la (252 mg, 0.75 mmol) and dimethyl acetylene-
dicarboxylate (105 mg, 0.75 mmol) was refluxed for 24 hr. The
reaction mixture was cooled to room temperature and the deu-
terium-labeled aziridine lc (167 mg, 0.5 mmol) was added.
The resulting solution was refluxed for an additional 24 hr, the
solvent was evaporated, and the residue was examined by pmr
spectroscopy. 'The crude material was found to be a mixture
of 1c and 10b. No detectable amount of deuterium was incor-
porated in 10b.

Thermal Stability of H,,H;-cis Trimethyl 1-Isopropyl-5-(p-
biphenyl)-Ad-pyrroline-2,3,4-tricarboxylate  (11b).—A  sample
(437 mg, 1.0 mmol) of 11b in toluene (20 ml) was refluxed for
12 hr and the solvent was evaporated. Examination of the
residue by pmr spectroscopy indicated the presence of 11b (95%,)
and 13b (5%). None of the isomeric Hp,Hy-cis A%-pyrroline 11a
could be detected.

Attempted Epimerization of Methyl 1-Cyclohexyl-2-(p-
biphenyl)-3-aziridinecarboxylates 1a and 1b. Method A
(Refluxing Methanol).—A solution of the cis-aziridine ester la
(110 mg, 0.33 mmol) in methanol-d; (10 ml) containing sodium
methoxide (5 mg) was refluxed for 24 hr. The solvent was
removed under reduced pressure, diluted with D;0, and extracted
with ether. The ether extracts were dried (anhydrous MgSO.)
and concentrated to give an oil which smelled of ecyclohexyl-
amine. The pmr spectrum of this oil indicated the absence of
either of the aziridine esters la and 1b. Concentration of the
sample, addition of methanol, and cooling produced 25 mg of a
crystalline material, mp 57-58°. A mixture melting point
experiment with an authentic sample of p-phenylbenzaldehyde
showed no depression.

Identical results were obtained upon treatment of the irans-
aziridine ester 1b as described for 1a.

Method B (Refluxing Ether).—A sample (110 mg, 0.33 mmol)
of the efs-aziridine ester la and sodium methoxide (5 mg) in 25
ml of an ether-methanol-d; mixture (4:1, v/v) was refluxed for
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24 hr, The solvent was then evaporated, and the residue was
diluted with D:O and extracted with ether. The dried (anhy-
drous MgS0,) ether extracts were evaporated and the residue
(95 mg) was examined by pmr spectroscopy. The sole product
was the starting aziridine la with no detectable incorporation
of deuterium.

The corresponding irans-aziridine ester was recovered un-
changed and without deuterium exchange when subjected to
identical reaction conditions.

Thermal Equilibration of Methyl 1-Cyclohexyl-2-(p-biphenyl)-
3-aziridinecarboxylates (la and 1b).—A solution of the ¢is-
aziridine ester (167 mg, 0.5 mmol) in benzene-ds (0.3 ml) was
transferred to an nmr tube, and the tube ‘was sealed and placed
in a constant-temperature bath maintained at 80 £ 0.2°. At
8-hr intervals the pmr spectrum was determined. After 40 hr,
the percentages of 1a and 1b were determined as 68:32, respec-
tively, by electronic integration. These percentages were not
altered after an additional 16 hr at 80°.

Similarly, the corresponding trans-aziridine ester 1b afforded
the same equilibrium mixture after being heated to 80° for 72
hrin benzene-ds.
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The hydroborations of A%dihydropyran, Ad-dihydropyran, 2-ethoxy-3,4-dihydropyran, 2,3-dihydrofuran, 2,5-
dihydrofuran, and 2-methyl-4,5-dihydrofuran with diborane and with disiamylborane{bis(3-methyl-2-butyl)-
borane] have been investigated. Except in the case of A%-dihydropyran, the hetero oxygens direct the addition
of boron nearly exclusively to the 8 positions. Oxidation of the intermediate g-organoboranes with alkaline

hydrogen peroxide affords the corresponding g-hydroxy derivatives in better than 709 yields.

Addition of

boron trifluoride to the B-organchoranes derived from the heterocyeclic olefins results in 8 elimination to give, after

hydrolysis, the corresponding acyclic unsaturated alcohols in 70-90%, yields.

Hydroboration of dihydropyrans

and dihydrofurans with excess diborane followed by oxidation produces mixtures of acyclic diols.

In connection with our pursuit of certain synthetic
objectives, we were confronted with the problem of
developing simple, high-yield syntheses of 3-hydroxy-
tetrahydropyrans and  3-hydroxytetrahydrofurans.
We had previously synthesized 3-hydroxytetrahydro-
pyran; however, it was obtained in only a modest yield
and required a four-step synthesis starting with dihy-
dropyran.! Thus we were prompted to examine the
hydrations of dihydropyrans and dihydrofurans via
the hydroboration—oxidation reaction.

Various research groups have observed marked diree-
tive effects by alkoxy groups in the hydroboration of
vinyl ethers. Thus Mikhailov and Shchegoleva re-
ported that the hydroboration of ethyl vinyl ether pro-
duces iris(2-ethoxyethyl)borane in 67% yield.? Like-
wise, Pasto and Cumbo found that enol ethers undergo
hydroboration predominantly at their 8 positions.?
B-Ethoxystyrene gives, after hydroboration followed by
oxidation of the intermediate organoborane, a 759,
yield of 2-ethoxy-1-phenylethanol. Ethoxyeyclohexene
is converted by the same reaction sequence into {rans-

CH,

CHs\ N

C=CHOCH; + JBH —> CH(CHOCH;
CH; Il3
7\

(1) 8. A. Barker, J. 8. Brimacombe, A. B. Foster, D, H. Whiffen, and G.
Zweifel, Tetrahedron, T, 10 (1959).

(2) B. M. Mikhailov and T. A. 8hchegoleva, Izv. Akad. Nouk SSSR, 546
(1959).

(8) D.J. Pastoand C. C. Cumbo, J. Amer. Chem. Soc., 86, 4343 (1964).

2-ethoxyeyclohexanol. Finally, Brown and Sharp have
recently shown that the hydroboration of isobutenyl
ethyl ether results in the sterically unfavorable addition
of at least 889, of the boron to the hindered tertiary
carbon.*

Results and Discussion

Hydroboration of Dihydropyrans and Dihydrofurans.
—The reaction of A%-dihydropyran with borane (BHj)
in a 3:1 ratio in tetrahydrofuran solution at 0° pro-
ceeded rapidly to the trialkylborane stage. To assess
the direction of addition of BH to the double bond, the
trialkylborane was oxidized with alkaline hydrogen per-
oxide. Gas-liquid partition chromatography (glpe)
revealed the formation of a single aleohol, 3-hydroxy-
tetrahydropyran, in 869, yield. No evidence was ob-

O B, (jx NeOH (TOH

tained for the formation of any 2-hydroxytetrahydro-
pyran. It is possible, however, that a small amount of
the boron may have added to the 2 position of the
pyran ring, but that the a-boron intermediate is un-
stable under the reaction conditions.

The hydroboration of 2-ethoxy-3,4-dihydropyran in
tetrahydrofuran solvent was quite slow at 0°. How-
ever, if the hydroboration was carried out at 25° for
3 hr, analysis for residual hydride indicated that the

(4) H. C. Brown and R. L, Sharp, 7b¢d., 90, 2915 (1968).



