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209. Stereochemical Analysis of an Aromatic Triplet Di-z-methane
Rearrangement')

by Bernhard Scholl?®) and Hans-Jiirgen Hansen’®)*

Institut de chimie organique de 1'Université, Pérolles, CH-1700 Fribourg

(22.1X.86)

1t is shown that (—)-(.S)-N,N-dimethyl-2-(1'-methylallyl)aniline ((—)-(S)-4), on direct irradiation in MeCN at
20°, undergoes in its lowest-lying triplet state an aromatic di-z-methane (ADPM) rearrangement to yield (—)-
(1'R,2'R)- and (+)-(1'R,2'S)-N,N -dimethy}-2-(2'-methylcyclopropyl)aniline ({(—)-trans- and (+)-cis-7) in an initial
trans/cis ratio of 471 £ 0.14 and in optical yields of 28.8 + 52% and 15+ 5%, respectively. The ADPM
rearrangement of (—)-(S)-4 to the trans- and cis-configurated products occurs with a preponderance of the path
leading to retention of configuration at the pivot atom (C(!’) in the reactant and C(2’) in the products) for
(—)-trans-7 and to inversion of configuration for (+)-cis-7, respectively. The results can be rationalized by
assuming reaction paths which involve the occurrence of discrete 1,4- and 1,3-diradicals (¢f. Schemes 10, 12, and
13). A general analysis of such ADPM rearrangements which atlows the classification of these photochemical
reactions in terms of borderline cases is presented (Scheme 14). It is found that the optical yields in these
‘step-by-step’ rearrangements are determined by the first step, i.e. by the disrotatory bond formation between C(2)
of the aromatic moiety and C(2’) of the allylic side chain leading to the generation of the 1,4-diradicals. Moderation
of the optical yields can occur in the ring closure of the 1,3-diradicals to the final products, which may take place
with different trans /cis-ratios for the individual 1,3-diradicals. Compounds (—)-trans-7 as well as (+)-cis-7 easily
undergo the well-known photochemical trans /cis-isomerization. It mainly leads to racemization. However, a small
part of the molecules shows frans/cis-isomerization with inversion of configuration at C(1’), which is best
explained by a photochemical cleavage of the C(1)—C(3") bond.

1. Introduction. — As already established, the di-z-methane (DPM) rearrangement,
which — depending upon the electronic excitation energy — may proceed (Scheme 1) in the
singlet as well as in the triplet state, is one of the most investigated photo-induced skeletal
transpositions of bichromophoric systems (cf. [1]). Other variation of the DPM rear-
rangement are the oxa-di-z-methane (ODPM) rearrangement — generally in the triplet
state — if one vinyl moiety is replaced by an acyl group (¢f. [2]) and aromatic di-z-methane
(ADPM) rearrangement, if one or both vinyl moieties are replaced by aromatic rings (¢f-
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In this type of rearrangements, the stereochemical outcome at the pivot atom C(3), at
which in the course of the reaction both bond cleavage and bond formation take place, is
of decisive importance for establishing the mechanism of the process as well as an
indicator for the effectiveness of chirality transfer in synthetic applications of these
photochemical reactions (cf. [4]). In this respect, it was shown by Zimmerman et al. that
the singlet-state DPM [5] (¢f. {6]) and ADPM rearrangements [7] occur without loss of
optical activity and with inversion of the configuration at C(3). On the other hand,
triplet-state ODPM rearrangements can take place under racemization, partial or com-
plete preservation of optical activity, accompanied by inversion or retention of configura-
tion at C(3), depending, so far known, exclusively on the structural constraints of the
ODPM system (cf. [2] [4]).

Within the scope of our investigation on triplet-state ADPM rearrangements of
simple allylbenzene derivatives (cf. [3a] [3c—]), it was of interest to disclose the stereoche-
mical course of such skeletal transpositions leading to the corresponding cyclopropylben-
zene derivatives by 1,2-migration of the benzene ring (cf. [3] [8] [9]). So far, no such
stereochemical analysis has been attempted for an all-carbon DPM rearrangement in the
triplet state. Moreover, the excitation energy in these ADPM systems is mainly within the
aromatic moiety (¢f. [3a] [3c—])*) and the only structural constraint is due to the rigidity
of the benzene ring.

2. ADPM Rearrangement of the Derivatives of NV, V-Dimethyl-2-(1'-methylallyl)-
aniline (4). - The ADPM system of choice was (—)-(S)-N,N-dimethyl-2-(1’-methyl-
allyDaniline ((—)-(S)-4), which can be obtained by dimethylation of (—)-(S)-2-(1'-methyl-
allyDaniline ((—)-(S)-5; ¢f. [10] {11])*). The absolute configuration of (—)-(S)-5 had
unequivocally been established by correlation with (+)-(.S)-2-phenylbutane ((+)-(5)-6;
Scheme 2).
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Furthermore, for this ADPM system, we expected an efficient rearrangement in the
triplet state by irradiation, since the triplet energy of N,N-dimethylaniline (E; = 69 kcal
mol™' [12]) as a model compound is well below of that of the side chain, for which ethylene
(E; < 82 kcal mol™ [13]) and (Z )-butene (E; = 78.2 kcal mol™ {14]) may serve as border-
line models’). From these values, we can conclude that intramolecular energy transfer to
the side chain, where deactivation to the ground state can occur by isomerization around
the C=C bond (cf. the T,-ADPM rearrangement of trans-N,N -dimethyl-2-(2'-butenyl)-
aniline [3d] and the failure of this rearrangement in solution in comparable cases like
trans-2-(2-butenyl)anisole [3a] and -benzene [15]), should be minimized. Indeed, when
(£)-4 was irradiated in MeOH through quartz with a Hg high-pressure lamp, trans- and

3 Seealso Chapr. 2.

4 Unless otherwise stated, afl signs of rotations refer to the Nap-line.

%) The quantum yield for the T;-ADPM rearrangement of 2-allyl-N,N-dimethylaniline in MeOH is
0.030 % 0.005 [3a).
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Scheme 3

hy
(CHalaN CH, (CHg)N Hy (CH3)N
~ hy & + CH,
MeOH '
20°
-4 (H)-trans-7 (H)-cis-7

% After 45 min of irradiation, 55% of (+)-4 had been consumed to yield a mixture of 43% of (£)-trans-7 and of
10% of (&)-cis-7 (see Exper. Part).

cis-N,N-dimethyl-2-(2 -methylcyclopropyl)aniline ((£)-trans- and (£)-cis-7, respectively)
were readily formed as the only products (Scheme 3). The formation of (£)-trans-7 and
(&)-cis-7 from (&)-4 was effectively quenched in the presence of a 10- to 20-fold molar
excess of isoprene (see Exper. Part, Table 6). Since the fluorescence of the aniline moiety
is almost not quenched in this range of 1,3-diene concentration (see [3a]), we concluded
that the ADPM rearrangement of (£)-4 leading to (&)-trans /(&)-cis-7 proceeds in the
triplet state. On the other hand, the reversible photoisomerization of (+)-trans-7 and
(£)-cis-7 could not be repressed in the presence of isoprene. However, GC showed that
both stereoisomers were also present at very low conversion rates of (4)-4, i.e. both are
genuine products of the photo-induced rearrangement of (+)-4 (see below). Since the UV
spectra of (£)-4 as well as (£)-trans-T7 and (£)-cis-7°), which could be separated by flash
chromatography on silica gel (see Exper. Part), were nearly identical (Fig. 1), we could
not repress the photochemical trans/cis-isomerization, even by filtering the light of
excitation. However, irradiation of (£)-4 in MeCN through a filter (Jena-glass; thickness
1.25 mm, T = 10% at 303 nm) led to the most reproducible results.
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i Fig. 1. Long-wavelength part of the electronic-absorption
4 spectra of ( +)-4 (—), (£)-trans-7 (.- ), and

) L 1 (+)-cis-7 (---) in EtOH
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s

%) trans- and cis-7 are easily identified and distinguished by their 'H-NMR spectra (CCly), especially with respect
to the chemical shift of CH;—C(2") (1.24 ppm for trans- and 0.82 ppm for cis-7; see Exper. Part).
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For a complete stereochemical analysis of the ADPM rearrangement of (—)-(S)-4, we
needed to know the absolute configuration of trans- and cis-7. On the other hand,
optically active trans- and cis-7 of known absolute configuration would also allow to
study the stereochemistry of the photochemically reversible trans/cis-isomerization.

We chose trans- and cis-2-phenylcyclopropanecarboxylic acids (¢frans- and cis-8,
respectively; see Scheme 4) as starting materials for the synthesis of optically active frans-
and cis-7 of known absolute configuration. Walborsky and coworkers [16] have attrib-
uted the (1S5,25)-configuration to (+)-frans-8 on the basis of its ozonolysis to (+)-
(18,2S)-cyclopropane-1,2-dicarboxylic acid. The highest observed [«]Z-value of (+)-
trans-8 amounts to 311.7° and 314° (EtOH; ¢f. Exper. Part). The (1S,2R)-configuration
of the cis-acid (+)-8 has been established by the correlation (inter alia) with (—)-(1R,2R)-
1,2-diphenylcyclopropane, accomplished by controlled inversion at C(1) [17]. The highest
[«]¥-value (CHCI,) for (+)-cis-8 has been estimated to be in the order of 30° (see Exper.

Part).
Scheme 4
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The optical resolution of (4)-trans- and (£)-cis-8 (obtained from the reaction of ethyl
diazoacetate and styrene and separation of the resulting mixture of the corresponding
ethyl esters by kinetically controlled saponification [18]) turned out to be difficult and not
reproducible’). Therefore, we attempted an asymmetric synthesis of trans- and cis-8.
Besides several methods for the generation of optically active carbenoids for the syntheses
of cyclopropane derivatives with optical yields of 8 to 30% [22-28] (¢f. also [29-31]), the
carbene-like addition of ethyl diazoacetate to styrene in the presence of an optically active
Co(1I) complex (derived from (—)-(2E,3Z)-camphorquinone dioxime; see Fxper. Part)
with optical yields of up to 72% is of special interest, since the ethyl esters 9 of trans- and
cis-8 are formed in a ratio of ca. 1:1 (Scheme 5) [32] (cf- also [33] [34]).

Scheme 5
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7y Recrystallizations of the quinine salt of (4)-trans-8 from MeOH/H,O 3:1 [16] [17]{19] as well as from AcOEt,
followed by a new formation of the dehydroabietylamine salt [20], gave only low optical yields of (+)-trans-8.
Also, the brucine salt (recrystallization from acetone) and the (+)-1-phenylethylamine sait (recrystallization
from MeOH, acetone, MeCN, and AcOEt) did not lead to a satisfactory optical resolution of (+)-trans-8.
Similarly, the attempted optical resolution of (£)-cis-8 via its brucine salt (recrystallization from MeOH or
acetone [21]) or quinine salt (recrystallization from MeOH/H,0 3:1 [17] {19]) could only be achieved in low
optical yields.
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The highly air-sensitive Co(1I) catalyst was prepared in gram quantities by a slightly
modified form of the procedure described in [32] and was directly applied in the reaction
of ethyl diazoacetate and styrene.

The optical purity (p) of (+)-trans-9 and of (+)-cis-9 varied in several runs (¢f. Table
2, Exper. Part) from 0.36 to 0.78. The corresponding acids were obtained by kinetically
controlled saponification and further purification by salt formation with dehydroabietyl-
amine (for (+)-trans-8) or quinine (for (+)-cis-8). The acid (+)-(15,25)-8, thus obtained,
showed [x]Z = 304.1 £ 5.9° (EtOH) corresponding to p = 0.976 + 0.019%). The purified
(+)-cis-8 exhibited [a]F = 23.9 + 1.0° (CHCl,) corresponding to p = 0.819 £ 0.045%).

The transformation of (+)-(15,25)-8 into (+)-(1'S,2'S)-N,N-dimethyl-2-(2'-methyl-
cyclopropyl)aniline ((+)-(1'S,2°S)-7) is outlined in Scheme 6. The methyl ester 10 of
(+)-trans-8 ([a]3 = 329.5 + 4.0° (CHCL,)), obtained by reaction of 8 with CH,N,, was
reduced with LiAIH, in Et,O (¢f. [35]) to the corresponding primary alcohol (+)-(18,25)-

Scheme 6
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B: (+)-(1S,2R)-12
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A: trans-series, R' = H, R? = Ph; B: cis-series, R' = Ph, R? = H.

) LiAIH/Et,0. ®) MsCl/2,6-lutidine. ©) LiAlH, %) HNO,/Ac,0,—60° (o/p = 7.5). ©) Fe/HCI, CaCl,, 100°;
chromatographic separation of the o/p-isomers. ") Mel/Na,COs, acetone, 20°. #) See d) (o/p = 5.3).

$)  The determination of the enantiomeric purity (e) of the corresponding methyl ester 10 (cf. Scheme 6) with
Eu(hfc); yielded e = 1.0 (see Exper. Part).

%) The methyl ester 10 (¢f. Scheme 6) of (+)-cis-8 ([a]& = 34.7 + 1.3° (CHCl,) and 48.3 £ 1.3° (EtOH)) yielded
with Eu(hfc); e =0.848 £ 0.013. From this follows that enantiomerically pure (4)-cis-10 should have
[2)® = 40.9 + 0.9° (CHCl;; three independant measurements, see Exper. Part) and 57.0 + 2.4° (EtOH). These
values differ from those published. It was reported {17] that (+)-cis-8 with [a]¥ = 15° (CHCI,) yielded
(H)-cis-10 with [a[&) = 27° (CHCI,), i.e. optically pure (+)-cis- 10 should have [a 1} = 54° (CHCL,), based on
[«]% = 30° for the optically pure acid [17]. On the other hand, Krieger and Landgrebe [19] obtained from
(+)-cis-8 with J}& = 22.9° (CHCl;) the corresponding methyl ester with [ }% = 32.8° (CHCl,). The maximum
specific rotation for (—)-cis-10 (a5 = —51° (EtOH)) was determined by epimerization and saponification to
(+)-trans-8. With respect to these discrepancies, we rely on our values for specific rotations and optical
purities of (+)-cis-8, its derivatives, and chemically correlated compounds.
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11 ([x]7 = 89.2 = 1.4° (EtOH)")). The methanesulfonyl derivative of (+)-(15,25)-11,
formed in 2,6-lutidine with MsCl, yielded, on reduction with LiAIH,, (+)-(15,25)-1-
methyl-2-phenylcyclopropane ((+)-(15,25)-12) accompanied by 4-phenyl-1-butene as
the main by-product (see Exper. Part).

Nitration of cyclopropylbenzenes leading to high o/p-ratios can be performed with
HNO,/Ac,0 at —60° [36-38]. Similarly, the nitration of the crude (+)-(15,2.5)-12 yielded
o-trans-13/p-trans-13 in a ratio of 7.5:1. Without further purification, the mixture was
reduced (Fe/HCI) to the o/p-mixture of the corresponding aniline derivatives (1'S,2'S)-14
which were separated by chromatography (see Exper. Part). The N,N-dimethylation of
(1'S,2’S)-14 with Mel/Na,CO, in acetone furnished the desired (+)-(1'5,2'S)-7 with
[x]5 = 41.0 £ 0.4° (CCL,) and in an optical purity of 0.976 + 0.028 as determined for the
starting material (+)-(1S,2.5)-8.

The same reaction sequence was applied to the cis-acid (+)-(1S,2R)-8 (Scheme 6).
The nitration of (+)-(15,2R)-12 yielded o-cis-13/p-cis-13 in a ratio of 5.3:1. The isomers
were separated by chromatography after reduction to the o/p-mixture of the correspond-
ing aniline derivatives (1'R,2'S)-14. The N,N-dimethylation of the ¢-isomer led to the
desired (+)-(1'R,2'S)-7 with [a]5 = 155.2 £ 2.1° (CCl,) and e = 0.848 + 0.024 as deter-
mined for (+)-(1S,2R)-10, i.e. [a]5 = 183.0 £+ 2.5 (CCl,) for the enantiomerically pure
material.

The photolyses of (—)-(S)-4 (p=0.788 + 0.051) in MeCN through a filter (Jena-
glass) furnished, at conversion rates of 15 to 45%, (—)-trans-7 in 12 to 20% yield and
(+)-cis-7 in 2.8 to 4.8% yield ( Scheme 7). The recovered reactant showed nearly no loss
of optical purity (see Table 3, Exper. Part). The products which experienced a rapid loss
of optical activity under the conditions of irradiation showed small but significant
rotations. From the signs of rotation, the (1'R,2'R)- and (1'R,2'S)-configurations have
been established for trans-7 and cis-7, respectively (Scheme 7).

Scheme 7
(CHaN S
mya NCHg),
©/b/ St 2
CH,CN I
~CHs
>
H
(-)-(5)-4 (=)-(YR,2R)-7 {H-('R 29)-7

3 Filter: Jena-glass; 20°.

The linear regression obtained by plotting the optical yields of (—)-trans-7 vs. rates of
formation, after separation from the starting material and from (+)-cis-7, led to an initial
p-value (p,) of 0.288 £ 0.052") (¢f. Fig.2). The corresponding p,-value for (+)-cis-7
could only be estimated on the basis of the fact that the amount of (+)-cis-7 was very
small, so that only two [«]-value could exactly be measured. From these follows
po(cis) &~ 0.15. If a third [«]-value with a greater uncertainty in measurement is also taken

10 Sugita and Inouye [35] reported [x}}f = —46.6° (EtOH) for p = 0.513, which is in good agreement with our
vaiue ([«)¥ (calc.) = 90.8° for p = 1.0).

1y Confidence limits are calculated for an error probability of 10%. All values are calculated for p = 1.0 of the
starting material,
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Fig.2. Optical purity of ( —)-trans-7 vs. its rate of formation

into account, the confidence limits for p, can be estimated to be of the order of +0.05, i.e.
Po(cis) =~ 0.15 £ 0.05.

The initial trans/cis-ratio for the photoreaction of (—)-(S)-4, calculated by linear
regression, is 4.71 £ 0.14 (= 82.5%) (—)-trans- and 17.5% (+)-cis-T) on the basis of 7
measurements (c¢f. Table 7, Exper. Part).

Since (—)-trans-T and (+)-cis-7 underwent a rapid photoracemization in the course of
the photoreaction of (—)-(S)-4, we were also interested to investigate the stereochemical
outcome of these trans/cis-isomerizations.

When (+)-trans-7 (p = 0.976 + 0.028) was irradiated, the rapid formation of (+)-cis-7
was observed. The trans/cis-ratio amounted to ca. 4.5 after 50 min of irradiation. Both
diastereoisomers lost quickly their optical purity. The p, value for the formation of
(+)-cis-7 turned out to be 0.088 = 0.031, i.e. the conversion of (+)-trans-7 into (+)-cis-7
is accompanied by an appreciable loss of optical activity. Since (+)-cis-7 is (1'R,2'S)-con-
figurated and (+)-trans-7 (1'S,2'S)-configurated, it can be concluded that the isomer-
ization occurs with a slight preponderance of the process leading to inversion of configu-
ration at C(1') and, correspondingly, retention of configuration at C(2) (Scheme 8). It is
of importance to notice that (+)-cis- 7 derived photochemically from (—)-(5)-4 is accom-
panied by (—)-trans-7. This means that (+)-cis-7 is, indeed, the genuine product of the
ADPM rearrangement of (—)-(S)-4, because the photoisomerization of (—)-trans-7
would yield (—)-cis-7 (¢f. Schemes 7 and 8.

Similar results were obtained, when (+)-cis-7 (p = 0.848 -+ 0.024) was irradiated in
MeCN. The trans/cis-ratio attained after 20 min of irradiation amounted to ca. 3.5. The

Scheme 8
{GHg),N ) NICHy),
x — L oH
CH,CN S
2\ 3
CHs CH,
(+)-(1'S,28)-7 (+)-(1R, 2'Sy-7

%) Filter: Jena-glass; 20°.
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only product'?) formed was (+)-trans-7 with a p;-value of 0.12 £+ 0.04"*) and the (1'S,2'S)-
configuration (Scheme 9). Again, a slight dominance of the process that yields inversion
of configuration at C(1") and retention of configuration at C(2') was observed. This
process seems to be — within the limits of the accuracy of our measurements — slightly
more effective for the cis/trans-isomerization of (+)-cis-7 than for the reverse reaction of
(+)-trans-17.

Scheme 9

(+)-(VR, 2'5)-7 ()15, 257
%} Filter: Jena-glass; 20°.

3. Discussion. — The loss of > 70% in optical activity in the T,-ADPM rearrangement
of (—)-(S)-4 is a reliable indication that the skeletal transposition of the allylic moiety
proceeds in a non-concerted way, i.e. by involvement of discrete 1,4- and 1,3-diradicals
according to the general scheme of ADPM rearrangements (¢f. Scheme 10 and [1]{3]). On
the other hand, we should consider the fact that there is a remaining part of optical
activity — emerging in the genuine ADPM product — which is due to surplus retention of
configuration at the pivot atom (C(1’) in the reactant and C(2) in the products) for the

Scheme 10
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15
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trans-product ((—)-(1' R,2' R)-7) and surplus inversion for the cis-product ((+)-(1'R,2'S)-
7). Furthermore, we have to recognize the fact that the trans-product shows a higher
genuine optical yield (y = 28.8 + 5.2%) than its cis-isomer (y = 15 + 5%)"). To ratio-
nalize these observations, we ought to analyze the outcome of bond formation and bond
cleavage — especially with respect to the stereochemical consequences —~ in the individual
Steps I-11I (cf. Scheme 10) of the ADPM rearrangement of (—)-(5)-4.

From the estimates of the triplet energies of the two chromophors of 4 (¢f. Chapt.2),
we can conclude that the T,-state of 4 is localized on the aromatic ring'®). Thus, in Step [
bond formation takes place by interaction of the T,-state of the aromatic moiety with the

%) Prolonged irradiations led to increasing amounts of not distillable material.

13)  Only three measurements could be taken into account (see Exper. Part).

14y Uncertainty in the optical yield of the cis-product probably emerges from the difficulties in isolating and
purifying the small amounts. However, there is no doubt that the trans-product is formed in a higher optical
yield than the cis-product (¢f. also Table 3, Run 4 and 5).

13)  This follows also from a series of phosphorescence measurements of 3,3-diaryl-1-propenes, substituted in one
aromatic moiety with z-donors and n-acceptors [39].
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S,-state of the allylic side chain to yield the 1,4-diradicals 15'). These diradicals may exist
still in the triplet state or revert to the singlet ground state. However, based on the fact
that cyclopropane-1,2-dimethyl diradicals — comparable to 15 — undergo, in their ground
state, Grob fragmentation to the corresponding 1,4-diens (cf. [1b] [44]), we suppose Step
II to occur still on the triplet hyperface to yield the 1,3-diradicals 16. Whereas Step I
might be directly reversible, i.e. on the triplet hypersurface, or indirectly reversible, i.e. via
intersystem crossing of 15, to the singlet ground state which will then revert by Grob
fragmentation to 4 in the ground state'’). Step II should be irreversible, especially on the
triplet hypersurface (cf. [1b] [46]). Otherwise for (—)-(S)-4, a certain extent of racemiza-
tion would be expected upon irradiation leading to ADPM reactivity. This is, however,
not the case within the limits of our measurements. To establish this fact for another
T,-ADPM rearrangement, we synthetized (see Exper. Part) and irradiated 2-([1’,1’-*H,]-
allyl)-N,N-dimethylaniline (17) in MeOH to > 50% conversion to the expected 2-([2',2"-
’H,]Jcyclopropyl)-N,N -dimethylaniline (19; Scheme 11). The recovered starting material
showed no trace of the *H label at C(3’) (H-NMR). If the symmetrical 1,3-diradical 18
would have reacted back to 17 to some extent, the label would have been detected also at
C(3"). This experiment demonstrates again that Step II ( Scheme 10) is the decisive step in
ADPM rearrangements. However, it might be complicated by competing reactions of 15
back to 4 via the triplet or singlet channel.

Scheme 11
DD DD
A DD
A4 A
= hy .
— —
17 18 19

A = (CH;),N

The final Step III may still occur on the triplet hypersurface or after intersystem
crossing in the singlet state of 16, and will lead to the trans- and cis-isomers of 7 (¢f. [47]
(48]).

The four possible conformers of (—)-(S)-4, which may undergo the ADPM rearrange-
ment, are shown below'®). Bond formation between C(2) and C(2') in the T,-state of the

'6) " This statement underlines the point that the T|-photoreaction of 4 would not follow the NEER principle (c/.
[40]), i.e. the allylic side chain will retain its torsional freedom in the Tj-state of 4. We can consider
T,-N,N-dimethylaniline as a model for triplet-excited 4. The first-order decay rate of the T-state of N, V-di-
methylaniline at 20° is in the order of (1.5-3.0)- 10%s! depending on the solvent (cf. [12b] [41] and lit. cited
therein). This may give the lowest limit for the rate of bond formation between C(2) and C(2) in T;-4 and
should be compared with the rate of rotations around the C(2)—C(1") and the C(1")—C(2') bonds, which may
possess rotational barriers of 3 to 6 kcal mol™! (¢f. [42]). If we assume a normal In A value of 28.3 for torsional
motions (¢f. [43]), we find for k(rot) (60-10000)- 10" at 20°, which is well above the decay rate of
T-N,N-dimethylaniline. This means that the T-state of 4 will await the optimal conformation of the allylic
side chain for bond formation.

'7)  Such mechanisms might also be responsible for the photochemical (E)/(Z)-isomerization of 2-butenylben-
zenes and related compounds (¢f. {11 [3] {45]).

%) The first of the configurational prefixes attached to the compound numbers refers to the s-cis- (c) or
s-trans-orientation (1) around the C(2)—C(1") bond and the second one around the C(1')—C(2") bond. The
relative topicities (Re, Si) at C(2) and C(2') are indicated with respect to the part above the plane of paper
( = m-plane).
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H,C H
A \Ricm A S i\CHa A Hy AHC :!:'
Si B =
l Re

cc-4 ct-4 tc-4 tt-4
=(CH;)N

aromatic part of the molecules can — for steric reasons — solely occur in a disrotatory
mode to yield the corresponding spiro[2.5]octadiendiyl intermediates (¢f. Scheme 12).
The disrotatory combination of the topicities at C(2) and C(2) shows that ¢,c-4 and ¢,z-4
and, on the other hand, ¢,t-4 and ¢,c-4 will lead to the same configuration at C(1) and
C(2) of the intermediates 15. The steric interference of the (CH,),N group at C(1) and the
C(@2")—C(3") or the C(2")—H bonds in c¢,c-4 and c¢,t-4, respectively, disfavours these
conformers. We will, therefore, restrict our discussions to the reaction of ¢,c-4 and ¢,¢-4.

The expected structures derived from these conformers are presented in Scheme 12. In
both cases, a trans- and cis-configurated intermediate 1,4-diradical 15 should be formed.

Scheme 12%)
CHs Cr

@,,>
N2
)
%
\\

Si Re Re
/ (1R, 25)15¢
(15,25)-15a
2[t,c-4] 3[1,1-4] —~
\ 1 SI\SI‘ A G
(1R, 2S)-15b s
A =(CH;1uN (15,25)15d

") RE Si etc. describe the combination of topicities at C(2) and C(2").

The two trans- (15a and 15d) and cis-forms (15b and 15¢) are distinguished by the relative
position of the (CH,),N group at C(4) with respect to the substituents at the cyclopropane
subunit. Molecular models indicate that the Re,Si-combination of *¢,c-4] results in a
peri-motion") of CH,—C(1’) with respect to the (CH,),N group at C(1) and a trans-mo-
tion of CH,(3’) in relation to CH,—C(1’). The opposite combination (Si,Re) leads to a
peri-motion of H—C(1’) in relation to (CH;),N with concomitant cis-motion of CH,(3")
and CH,—C(1"). The motions in the other excited conformer (’[¢,¢-4]), induced by the
C(2)—C(2’) bond formation, cause a strong peri-interaction ((CH,),N, CH,—C(1")) and
cis-interaction (CH,—C(1"), CH,(3)) in the Re,Re-mode, whereas the Si,Si-mode of
combination only yields H—C(1), (CH,),N peri-interaction and trans-orientation of
CH,—C(1"), CH,(3"). Since the strong peri-interaction between CH,—C(1") and (CH,),N
should dominate the other steric interactions, we can conclude that the formation of
(1R,25)-15b should be favoured over the formation of (15,25)-15a and, on the other

19 The steric situation in the transition state of bond formation between C(2) and C(2°) resembles that of a
peri-substituted naphthalene.
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hand, the formation of (18,25)-15d over that of (1R,25)-15¢. No loss of optical activity
will occur so far in the different reaction paths, i.e. the configurational information of the
starting material will be fully transferred to the 1,4-diradicals 15a-d.

The next step (Step 11, cf. Scheme 10) will lead to the cleavage of the C(2)—C(3) bond
in 15a-d to yield the diastereoisomeric 1,3-diradicals 16 ( Scheme 13). The intermediates
15b and 15¢ as well as 15a and 15d will, in principle, yield the same 1,3-diradicals, namely
(1I"R)-16bc and (1" S)-16da, respectively™). If free rotation around the C(1')~C(2’) bond is
allowed, the two 1,3-diradicals become enantiomeric. In this case, we expect both 1,3-
diradicals to cyclize to 7 with the same trans/cis-ratio. However, if the two 1,3-diradicals
still have a certain configurational memory of their precursors, the cyclization to 7 may
occur with different trans/cis-ratios. Since the cyclization of (1’R)-16bc and (1'S)-16da
leads to the enantiomers of trans- and cis-7 (see Scheme 13), we should expect variations

Scheme 13%)
A Hoon,

CH3
(1'R)-16be

(1R, 29)-15¢
cHy

(¥R, 251

(1S,25)-15d

A H /
(1R, 2S)-15b \ =‘ ‘ (IR2R)7
et

H
A 'cH2 /
R

(1S, 2R)-7

\/

(1525152 S CaH,
A = (CH,LN (S)16da

) Locants are chosen so that they correspond

‘ (1'5,25)-7
to those in the products.

in the optical purity of the trans- and cis-product depending on the rotational behaviour
of (1'R)-16be and (1'S)-16da. The borderline cases may be described more precisely by
using the relations and definitions shown in Scheme 14. If we call «/f the ratio with which
an optically active compound R reacts to two stereoisomeric intermediates, and ¢,/c, and

Scheme 14

Cobs = AC, + fBC,

at, a+B=1a>8
I,

/ t,+te,=1
a

e o w, gl

R

T y Bt lows = Al ¥ By

B\

c
: Be, Lopet Cops =1

20y The originally formed 1,3-diradicals 16b and 16¢ (16d and 16a) differ in the conformation around the
C(2)—C(1") bond.
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t,/c, the ratios with which these intermediates or their consecutive products are trans-
formed into the final products (z,,, and c,,), we can calculate the corresponding optical
purities: poy, = (af, = Btg)/ Lo, and py, = (¢, = ficg)/Cop”)-

Our first borderline case discussed above corresponds to t,/c, = t,/¢;, i.e. both inter-
mediates yield the enantiomeric products with the same trans /cis-ratio. The correspond-
ing optical purities are: pl,, = pi, = *—f. We may call this the average optical purity
P., = «—f. In this case, the p-values are only determined by the first step of the reaction,
i.e. by o /f. The greater a/f is, the greater will be the optical purity (optical yield) of the
resulting diastereoisomers.

Our second borderline case discussed above is described by 1,/c, # t,/c, and may be
subdivided in the special cases: a) If we assume that ¢,/c, > t,/c,, we find that
Phss = Duv > Dine- This means that the greater the difference between the two trans/cis
ratios is, the greater will be the difference of the optical purities of the products. However,
the total optical purity (Pl - £y T Dins* Cons) CANNOL exceed p,,.

b) One of the diastereoisomeric products will become racemic when or, = i,
(Phes = 0) or ac, = fey (pSy = 0). The maximum optical purity of the second compound
will then be given by P&y = Dae/Cobs OF Dips = Dav/Lons- It fOllows that by a given a/f-ratio the
maximum optical purity to be observed will depend on the difference of the two frans/cis-
ratios. The greater it is, the greater will be the observed optical purity.

c) Inthecaseof t, = 1 (¢, = 0), the optical purity of the trans-compound will be given
by i = (¢ = Bt)/ 1o, = (Puy + Bcy)/ 1y 1t follows that the smaller ¢,/c, is, the greater will
be pl,, by a given a/f ratio. In any case, the cis-product will be optically pure (p, = 1).

We also can apply Scheme 14 to understand the interdependence of the configura-
tional changes (preponderant formation of molecules with retention or inversion of
configuration) at the pivot atom (C(1’) in the reactant and C(2') in the products) in the
ADPM rearrangement investigated. In this case, a and ff denote the (R)- or (S)-configu-
ration created at the new C-centre of importance (C(1) in Scheme 12) in the first step of
the reaction. The following two reaction steps are of importance with respect to the
change of the configuration at the pivot atom, which may occur with retention (e.g.
indicated by ¢, or c,) or inversion (e.g. indicated by ¢, or c,). Now, we can see that, as long
asat, > ftyand hence ¢,/t,> f /o (see Scheme 14), the trans-product will be formed with a
preponderance of the molecules showing retention of configuration at C(2"). The accom-
panying cis-product may show inversion at C(2') in the case that «c, > fic, and correspon-
dingly ¢,/c, > fB/a. Thus, all optically active DPM systems of the type described here,
where by a given o /f-ratio t,/t, ~ c,/¢, or t,/c, & 1,/c,and both ratio are > f/«, will yield
the two diastereoisomeric cyclopropane derivatives with opposite configuration at the
pivot atom. This should, in general, be the case, because without additional molecular
constraints the rotational behaviour of the crucial intermediate 1,3-diradicals of type 16
(cf. Scheme 13) will be similar, i.e. t,/c, = t,/c,, However, great differences in the rota-
tional behaviour may lead to fic, > ac, in the case that az, > fi1,. Here, we obtain ¢,/1, > f3 /o
> ¢ feyor 1, /e, > Bla > ty/cy, i.e. both diastereoisomeric cyclopropane derivatives will be
formed with the same configuration (retention in the case discussed) at the pivot atom.

21y A comparison of Scheme 13 and 14 shows that ar, additionally designates the (1'R,2’ R)-configuration of 7
and ac, the (1'R,2'S)-configuration etc.
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Now, we can turn to the results obtained for the ADPM rearrangement of (—)-(S)-4.
From p.,, = 0.288 £ 0.052 for (—)-(1'R,2'R)-7 and p{,, = 0.15 = 0.05 for (-+)-(1'R,2'S)-7,
and t,,/c,,, = 4.71 £ 0.14, we can conclude that the rearrangement occurred according to
the case a discussed above, i.e. t,/c, > t,/c;. These data also lead to the conclusion that
t.jc, will not strongly deviate from t,/c;, and hence the trans- and cis-configurated
cyclopropane derivatives should show opposite configuration at the pivot atom (C(2')).
With the yields of the enantiomers given in Table I, the following values for 20° can be
calculated:

a/f = 63.2/36.8 = 1.72 leading to p,, = 0.264;
tjc, =53.1/10.1 = 5.3, and t;/c, = 29.4/7.4 = 4.0.

a /B = 1.72 means for the conformers of (—)-(.S)-4 that ¢,c-4 in the triplet state prefers ring
closure on the side (Si,Re) opposite to that including CH;—C(1") (—(1R,2S5)-15b), where-
as £,1-4 in the triplet state preferentially undergoes ring closure just on the side (S7,S7)
including CH,—C(1") (—=(1R,25)-15¢). This is a contradiction for steric reasons which can
be suspended, if we assume that z,c-4 is the strongly preferred conformer for the ADPM
rearrangement in the triplet state with a 1.72:1 ratio in favour of the Si,Re bond
formation in the first step (Step I, Scheme 10). On the other hand, if we assume that, on
steric grounds, ring closure will exclusively occur on the side of the molecules opposite to
that including CH,—C(1"), 1.72:1 should be the ratio of conformers ({,c -4]/[¢,¢-4]) having
undergone the ADPM rearrangement®).

Table 1. Initial Percentage of Enantiomers of (—)-trans-7 and (+)-cis-7
Formed in the ADPM Rearrangement of (—)-(S)-4%)

Diastereoisomer®) Enantiomer Yield®) [%]

(—)-trans-7 (=)-(R,2’R)7 53127
(HH1'S,2'5)7 29.4+25

(+)-cis-7 (+)-(1'R,2'S)-7 10.1 1.0
(—)-(1'S,2’R)-7 74+10

) In MeCN at 20° (¢f. Scheme 7).
®)  TInitial trans/cis-ratio for 7= 4.71 + 0.14.
¢ Calculated according to the assumption that p = [a]}/[a]y = (e, —e_)/(e; +e_) (cf. Chapt. 2).

Photochemically induced stereomutations of cyclopropane derivatives are well-
known and may occur under direct irradiation or in the presence of triplet sensitizers (cf.
[48])). The trans/cis-isomerization of phenyl-substituted cyclopropane derivatives
proceed, as a rule, much cleaner in the triplet than in the singlet state (cf. [48]). Since the
trans [ cis-isomerization of (+)-(1'S,2'S)- and (+)-(1'R,2'S)-7, at short times of irradia-
tion, took place without formation of further products, we suppose that it mainly occurs

22y 3.Aryleyclohexenes (aryl = 2-(N-methylamino)phenyl [49] or 4-formylpheny! [S0]) undergo the T;-ADPM
rearrangement upon irradiation to yield the corresponding exo-configurated 6-arylbicyclof{3.1.0}hexanes. The
energetically favoured pseudoequatorial position of the aryl substituent at the cyclohexene ring corresponds
to the ¢,t-arrangement of 4. To adopt at r,c-like conformation, the aryl substituent should occupy the
energetically unfavourable pseudoaxial position at the cyclohexene ring. Therefore, it seems that ADPM
rearrangements can easily occur in a 1,-like conformation of the reactant — a general experience in DPM and
ODPM rearrangements (cf. [1-3]).
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in the triplet state. The fact that the trans/cis-isomerization of (+)-trans-7 and (+)-cis-7
(¢f. Scheme 8 and 9) is accompanied by 9% and 12% inversion of configuration,
respectively, can best be explained by assuming that the triplet-excited molecules undergo
ring cleavage to the corresponding 1,3-diradicals not only at the C(1)—C(2’) bond but
also at the C(1')—C(3) bond. If we presuppose that the trans/cis-isomerization via
cleavage of the C(1")—C(2") bond will lead to a complete loss of the optical activity, the
observed remaining optical activity will be a direct measure for the extent of C(1")—C(3")
bond cleavage (cf. Scheme 15). This bond cleavage can only lead to inversion of configu-
ration at C(1') as observed. On the other hand, in the case of thermal stereomutations of
cyclopropane derivatives, the general tendency in the corresponding 1,3-diradicals is
directed to a slower rotation of the more massively substituted radical centres than the
others (cf. [47b][51]), in accordance with a ponderal deceleration of internal rotations (cf.
[52] [53]). Thus, if the remaining optical activity in the trans/cis-isomerization of (+)-
trans- and (+)-cis-7 would be the result of different rates of rotation due to a ponderal
effect in the 1,3-diradicals (generated by C(1")—C(2") bond cleavage), one would expect
inversion of configuration at C(2') in the resulting isomers.

Scheme 15%)

88%_ CHs 95% H
\‘2 "~ 3
A\ 12% \ 5%
(+)-trans-7 {(+)-cis-7 {)-trans-12

A = (CH;3);N

%) The percentages refer to bond cleavage under direct irradiation.

Our results obtained with (+)-trans-7 and (+)-cis-7 are in good agreement with earlier
observations made by Salisbury [54] who found that the gas-phase photolysis of racemic
trans-1-methyl-2-phenylcyclopropane ((£)-trans-12) yields, besides (+)-cis-12, methal-
lylbenzene, the formation of which can only be explained by the cleavage of the
C(1)—C(3) bond (cf. Scheme 15, for other examples, see [48]). The observed percentage of
the cleavage (5%) of the C(1)—C(3) bond is in good agreement with our values observed
on the corresponding anilines (cf. Scheme 15)%).

We thank Miss A. Spiess for experimental help, Dr. W. Bernhard for mass spectra, Dr. M. Cosandey for NMR
spectra, and F. Nydegger for elemental analyses. Support of this work by the Swiss National Research Foundation is
gratefully acknowledged.

23)  The fact that electronically excited cyclopropane derivatives may undergo bond cleavage not only at the ‘most
substituted bond’ is already known for a longer time (cf. [48] [55]). On the other hand, the kinetic inter-
pretation of thermal stereomutations of cyclopropane derivatives was, for a long time, based on the ‘most
substituted bond hypothesis’, i.e. the assumption that vibrationally induced bond cleavage occurs only at the
bond linking the most substituted C-atoms in the cyclopropane ring. Recently, it has been recognized in
several cases that also thermal bond cleavage in cyclopropane derivatives may occur at different bonds (¢f. [33]
and lit. cited therein).
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Experimental Part
General. See [10]. Flash chromatography (FC) according to Still et al. [56] on silica gel 60 ( Merck No.9385).

1. (-)(S)-N,N-Dimethyl-2-(1"-methylallyl)aniline ((—)«(S)-4) (c¢f. (11]). — A mixture of (—)-(S}-2-(I'-
methylallyl)aniline ((—)-(S)-5; 2.66 g, 18.07 mmol; [x]& = —30.8 + 1.3° (¢ = 2.54, cyclohexane; p = 0.788
+ 0.064)) [10] and Mel (5.13 g, 36.14 mmol) was stirred at r.t. in dried acetone (85 ml; freshly distilled over P,Os) in
the presence of K;CO; (4.99 g, 36.14 mmol) during 38 h. The acetone was evaporated, and the residue treated
with 100 ml of Et,O, filtered, and the soln. again evaporated. FC (petroleum ether/Et,0 30:1): 2.80 g (88.4%) of
pure (—)-(S)-4 (bulb-to-bulb destillation at 100-125°/12 Torr). [x]}5 = ~57.3 £ 1.5° (¢ = 2.19, cyclohexane)®*)
and —67.1 + 1.4° (¢ =7.13, CCly). UV (MeCN): 278.7 (1350, sh), 251.0 (4420). UV (EtOH): 280.7 (960, sh), 249.2
(3800). IR (film): 2838, 2735 ((CH;),N); 1639, 1601, 1497 (Ar); 951, 916 (CH=CH,); 760 (4 adj. arom. H).
"H-NMR: 7.2-6.8 (m, 4 arom. H); 5.96 (ddd, H-C(1")); 5.1-4.8 (m, 2 H—C(3")); 4.3-3.9 (dg, H-C(1)); 2.62 (s,
(CH3),N); 1.27 (d, CH;—C(1")). MS: 176 (5, M*" + 1), 175(29, M™") 161 (14), 160 (100), 158 (8), 146 (33), 145 (33),
144 (22), 134 (6), 132 (14), 131 (19), 130 (11), 118 (10), 117 (8), 115 (7), 91 (7). Anal. calc. for C|,H ;N (175.28): C
82.23, H9.78, N 7.99; found: C 82.30, 9.88, N 7.99.

2. Enantioselective Synthesis of the 2-Phenylcyclopropanecarboxylic Acids (¢f. [32]). — 2.1. Preparation of
Bis{(—)-(1R,48)-1,7,7-trimethylbicyclof 2.2.1 ] heptan-2,3-dione-( 2E ,3Z )-dioximato Jcobalt (II) Hydrate. 2.1.1.
(—=)-(1R,48)-1,7,7-Trimethylbicyclo[ 2.2.1 [ heptan-2,3-dione Dioxime. Essentially, the procedure described by
Forster [57] was followed. Camphorquinone monoxime (38.8 g, 0.21 mol) as a 62:38 mixture of the (Z)- and
(E)-isomer (so-called Claisen mixture [58]; determined by "H-NMR, ¢f. [59]) was dissolved in EtOH (192 ml) and
combined with a soln. of NH,OH -HCI (30.9 g, 0.45 mol) and AcONa-3 H,0O (61.8 g, 0.45 mol) in H,O (202 ml).
The orange-brown crystals (29.1 g) formed after 10 d standing at r.t. were separated and washed with boiling
acetone (4 X 194 ml). From the combined acetone solns., 6.35 g of the (—)-(2E,32)-dioxime were separated by slow
cooling. The residue of the first crop of crystals (14.7 g) was again boiled in acetone (280 ml). Cooling the filtrate
yielded again 3.17 g of the (—)-(2E,3Z)-dioxime crystals which were recrystallized from AcOEt (1000 ml) to yield
5.96 g (23% yield with respect to the (3Z)-camphorquinone monoxime) of the pure (—)-(2£,3Z)-dioxime. M.p.
191-193° (dec.; [32a]: 201°). [¢]5 = —63.7 + 1.6° (¢ = 2.47, EtOH; [32a]: —61.9°).

A second run with 78.5 g of camphorquinone monoxime yielded, after standing for 40 d, 16.7 g (31.8%) of
(~)-(2E,32)-dioxime (m.p. 185--186°; [x]& = —64.5 + 1.6” (¢ = 2.63, EtOH)). IR (cf. [60]): 3190 (OH); 3130; 3060;
3000; 2975; 2940; 2880; 1665 ( ~C=N"); 1617; 1571; 1490 (OH); 1422; 1400; 1395; 1378; 1372; 1121; 1067;
1025: 1000; 993; 961 (=N—O~"); 911: 873; 821; 657. 'H-NMR: Identical with that reported in [59b].

2.1.2. Bis[(—)-(IR,4S)-1,7,7-trimethylbicyclof2.2.1 [heptan-2 3-dione-( 2E ,3Z )-dioximato]Jcobalt (1I) Hy-
drate. 1.02 g (5.22 mmol) of the (—)-(2E,3Z)-dioxime were reacted according to the procedure in [32a} with 0.621 g
(2.61 mmol) of CoCl,-6 H,O under Ar to yield 1.03 g (84 %) of the Co(II) catalyst. The catalyst was applied in the
enantioselective cyclopropanization reaction without further purification.

Table 2. Results of the Enantioselective Synthesis of (+)-(1S,2R )- and (+)-(185,28)-9

Run Yield®) wransjcis-  [a}f (EtOH)®) Optical purity (p)

(gl [%] ratio (+)-(15.25)-9  (+)-(1S2R)-9 (+)-(1525)9  (+)-(152R)-9
] 1.2 39 241 113.5+ 29 103+ 0.6 0.36 £ 0.059  0.42 + 0.05%
2 233 86 3.13 163.0 + 2.9 129+ 09 0.52 + 0.03 0.53+0.12
3 17.7 86 2.45 116.5+ 2.0 8.9+ 0.8 0.37 + 0.02 0.36 + 0.09
4 22.7 84 1.54 188.3 + 3.4 191412 0.60 = 0.03 0.78 + 0.18
[32a]%) 3.0 93 0.98 0.75%) 0.67%)

*)  Distilled mixture of (+)-(15,2R)- and (+)-(15,25)-9.

" ¢ =2.61t02.8. Anal. samples of the stereoisomers were scparated by FC.

©)  Based on the p-values of the corresponding acids (see 2.2.2 to 2.2.4). The other p-values are calculated for the
ethyl esters with [a]5 = 311.7 + 11.7 (+)-(15,25)-9) and [¢]5 = 24.5 + 4.1 ((+)-(15,2R)-9) in EtOH for the
optically pure form.

4)  Reaction temp. 24°.

%y p of the corresponding acid [32a].

[x]% = 58.3°in [11] is a misprint.
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22.(+)-(1S.2R)-and (+)-(18,2S )-2-Phenylcyclopropanecarboxylic Acid ((+)-(1.5,2R)- and (+)-(15,25)-8).
2.2.1. Ethyl (+)-(1S,2R )- and ( +)-(18,2S )-2-phenylcyclopropanecarboxylate ((+)-(1S,2R)- and (+)-(1S,25)-9).
The reaction of styrene and N,CHCOOEt in the presence of the Co(II) catalyst was performed under Ar. All
reagents and solvents had been degassed and saturated with Ar before use. In a typical run (¢f. [32a}), a soln. of
N,CHCOOE (16.28 g, 142.6 mmol; prepared {61] and freshly distilled [62]) in styrene (18 ml) was slowly (3 h)
dropped into a soln. of the Co(II) catalyst (2.00 g, 4.28 mmo!) in styrene (36 ml) under stirring at 15-20°. The
stirring was continued until the evolution of N, had ceased (about 6 h). Distillation under vacuum (0.05 Torr)
yielded, after a forerun of styrene, a mixture (23.3 g, 85.9%) of (+)-(15,2R)- (24.2%) and (+)-(1S,25)-9 (75.8%) at
66-67°. Two further runs yielded an additional amount (40.4 g) of the mixture (see Table 2, Runs 2-4).

2.2.2. Determination of the Optical Purities. A pilot run ( Run I, Table 2) led to a 2.4:1 mixture of (+)-(/S,25)-
and (+)-(1S5,2R)-9 which were separated by FC (pentane/Et,0 5:1) and further purified by buib-to-bulb distiila-
tion.

(+)-(1S5,25)-9 (0.66 g, 21.5%). IR (film): 1726 (COOR); 1410; 1337; 1324; 1186 (C—-0—C); 755; 697.
'H-NMR: Identical with that reported in [32b].

(+)-(1S,2R)-9 (0.23 g, 7.5%). IR (film): 1735 (COOR); 1611, 1504 (Ar); 1454; 1407; 1388; 1361; 1280, 1166;
1090; 1041; 800; 760; 729; 704. 'H-NMR : Identical with that reported in [32b].

The pure samples of (+)-(1S,25)- and (+)-(15,2R)-9 (0.66 g and 0.23 g, resp.) were stirred with an equimolar
amount of NaOH in EtOH/H,O (1:1) at r.t. during 24 h. Workup and bulb-to-bulb distillation yielded the pure
acids.

(+)-(15,25)-8 (0.494 g, 51%). After distillation (125-135°/0.05 Torr). [a]g = +113.5 + 2.9° (¢ = 2.58, EtOH;
¢f Run 1, Table 2), i.e. p=0.36 £ 0.05 (¢f. 2.2.3). IR (cf. [19] [63)): 1693 (COOH); 1605, 1497 (Ar); 1461; 1448;
1238 (C—0); 936; 753; 698. 'H-NMR: Identical with that reported in [32b].

(+)-(15,2R)-8 (0.146 g, 75%). After distillation (135-140°/0.04 Torr). {a}¥ = 10.3 + 0.6° (¢ = 3.39, CHCl;; ¢f-
Run 1, Table 2),i.e.p =042+ 0.05 (¢f. 2.2.4). IR: 1697 (COOH): 1607, 1500 (Ar); 1449; 1430; 1354; 1301, 1237
(C—0); 1159; 1112; 1101; 1085; 959; 891; 839; 821; 790; 755; 723; 698. 'H-NMR: Identical with that reported in
[32b].

2.2.3. (+)-(1S,2S)-8. The mixture (63.8 g, 0.34 mol) of (+)-(15,2S)- and (+)-(15,2R)-9 of Runs 2-4 (see
Table 2) and NaOH (10.1 g, 0.253 mol; calc. for a (+)-(1S5,25)-9 content of 74 %) were dissolved in EtOH/H,O
(82:27 ml), the soln. slowly distilled, and the amount of distillate (82 ml after 130 min) substituted in the reaction
flask by H,0 (82 ml; ¢f. {18]). The cooled mixture was diluted with H,O (103 m!) and extracted with benzene (68 ml
and then 2 X 40 ml). The aq. soln. was acidified with conc. HCI (26.7 ml) and extracted 3 times with Et,O to yield,
after drying, the raw (+)-(15,25)-8 (43.4 g). Crystallization from CCl,/pentane removed some racemic acid. The
mother liquor yielded (+)-(15,25)-8 (26.3 g, 0.16 mol; [a]¥ = 193.8° (¢ = 2.21, EtOH)) which was treated with
dehydroabietylamine (46.6 g, 0.16 mol) in AcOEt (1.5 1). The salt was twice recrystallized from AcOEt to yield
finally 6.5 g (17% with respect to the content of (+)-(15,25)-9 in the mixture) of the pure acid (+)-(15,25)-8. M.p.
27-30° ([18]: 25-26°). [a]3 = 304.1 + 5.9° (c = 3.74, EtOH; p = 0.976 + 0.019; [16]: 311.7 for p = 1.0%)). IR and
'H-NMR were identical with those reported (see 2.2.2). Anal. calc. for C,gH;(0, (162.19): C 74.06, H 6.22; found:
C 73.88, H 6.39.

2.2.4. (+)-(1S,2R)-8. The combined benzene extracts from 2.2.3 were treated with NaOH (5.4 g) in H,O (54
ml) (c¢f. [18]). The benzene (128 ml) was distilled off and substituted by EtOH (103 ml). Under further boiling, the
solvent mixture (103 ml) was slowly removed by distillation (130 min). The cooled residual soln. was extracted with
Et,0 (2 X 30 ml), acidified, and again extracted with Et,O (3 x 50 ml) to yield, after drying of the Et,O extracts, the
raw acid (+)-(15,2R)-8 (15.4 g, 93% with respect to the content of (+)-(15,2R)-9 in the mixture). The acid was
transformed into the quinine salt and the salt twice recrystallized from MeOH/H,0 (3:1, 180 ml). The purified salt
yielded (+)-(1S,2R )-8 which was recrystallized from CCl,/pentane; m.p. 77-79°%%). [a]d = 23.9 + 1.0° (¢ = 2.83,
CHCly; p = 0.819 + 0.045; [17] [65]: [a]¥ = 30° for p = 1.0). The e-value of the methyl ester (+)-(15,2R)-10 is
0.848 £ 0.013 (see 4.1), i.e. the maximum specific rotation of (+)-(1S5,2R)-8 should be 29.2 + 1.2° (instead of 30°)
assuming that e = p. IR and '"H-NMR: identical with those reported under 2.2.2. Anal. calc. for CyyH O, (162.19):
C 74.06, H 6.22; found: C 74.01, H 6.27.

3. Synthesis of (+)-(1’5,2’S)-/V,N-Dimethyl-2-(2"-methylcyclopropyl)aniline ((+)-(1"8,2’S)-7). - 3.1. Methyl
(+)-(18,28)-2-Phenylcyclopropanecarboxylate ((+)-(15,25)-10). According to [35], (+)-(15,25)-8 (6.49 g, 40.0
mmol; p = 0.976 + 0.019) was esterified with CH,N, at —5 to —10° (¢f- [66]). Bulb-to-bulb distillation (80-85°/0.01

2%y Baldwin et al. [64] reported [x]& = 314° for the pure acid.
2% For [«]5 = 20°, a m.p. 51-52° has been reported [21].



1952 HEeLvVETICA CHIMICA ACTA — Vol. 69 (1986)

Torr; [19]: 65-75°/0.15 Torr) yielded pure (+)-(15,25)-10 (6.68 g, 94.8%). [a1¥ = 329.5+ 4.0° (c = 5.75,
CHCI,)?). The 'H-NMR-spectroscopic determination of the enantiomeric purity with Eu(hfc)s in 1,1,1-trichloro-
2,2-trifluoroethane yielded ¢ = 1.0 with an uncertainty of 2%. IR (film): 2860 (CH;0); 1726 (COOCHS,); 1608,
1499 (Ar); 1462; 1445; 1404; 1346; 1332; 1274; 1224; 1202; 1175; 1082; 1045; 939; 909; 845; 759; 700. 'H-NMR:
Identical with that reported in [32b].

3.2.(+)-(18,2S )-( 2-Phenylcyclopropyl )methanol ((+)-(15,25)-11). Ester (+)-(1S5,25)-10(6.68 g, 41.2 mmol),
dissolved in Et,O (100 ml), was reduced with LiAlH,4 (1.15 g, 30.3 mmol) [35). Bulb-to-bulb distillation (95-100°/
0.01 Torr) yielded (+)-(15,25)-11 (5.54 g, 90.8 %) with a purity (GC) of 98.2%. {a]}§ = 89.2 £ 1.4° (c = 5.64,
EtOH, calc. for 100% chemical purity; [35]: [«]}f = —46.6° for p = 0.513, i.e. p = 0.98 + 0.02 for (+)-(15,2S)-11).
IR (film): 3350 (OH); 1608, 1501 (Ar); 1095; 1037, 1028 (CH,OH); 757; 747, 701 (5 adj. arom. H). 'H-NMR:
7.3-6.8 (m, 5 arom. H); 3.44 (m, CH,OH); 2.6 (br. s, OH); 1.67 (m, 1 H); 1.5-1.0 (m, | H); 0.76 (-like, 2 H). MS:
149 (0.5, M+ + 1), 148 (0.3, M*"), 88 (9), 86 (55), 84 (99), 58 (10), 51 (37), 49 (100). Anal. calc. for C;oH;,0
(148.21): C 81.04, H 8.16; found: C 80.81, H 8.33.

3.3. (+)-(18,28)-1-Methyl-2-phenylcyclopropane ((+)-(15,25)-12). The alcohol (+)-(15,25)-11 (5.54 g, 37.4
mmol) was dissolved in 2,6-lutidine (21.6 g, freshly distilled over BaO), and freshly distilled MsCl (5.71 g, 49.8
mmol) was added (¢f. [35]). The formed methanesulfonate was reduced at —10 to 0° with LiAlH, (3.97 g, 104.7
mmol) without further purification. The workup via FC (pentane/Et,0 10:1) yielded a hydrocarbon fraction, and
unreacted (+)-(15,25)-11, which was again subjected to reduction. In this way, a hydrocarbon fraction (3.78 g; b.p.
(bulb-to-bulb distillation) 105-110°/50 Torr) was obtained with a content of (+)-(15,25)-12 of 80.8% (GC)?). IR
(film): 1609, 1599 (Ar); 747, 700 (5 adj. arom. H). "H-NMR (cf. [67]): 7.3-6.8 (m, 5 arom. H); 1.43 (m, H—C(2));
1.01 (d with f.s., CH3—C(1)); 1.2-0.4 (m, 2 H—C(3), H—C(1)).

3.4. (1I'S,2'S)-1-( 2 - Methylcyclopropyl )-2-nitrobenzene ((1'S,2'S)-13). Compound (+)-(15,25)-12 (3.78 g,
23.1 mmol) was added dropwise under stirring at —60 to —55° to a mixture of Ac,O (14.3 ml) and fuming HNO, (4
ml) (¢f. [36-38]). The mixture was then added, in small portions, to hot H,O (50 ml) and extracted, after cooling,
with Et,0O. The combined Et,0 extracts were washed with 2N Na,COj5 soln. and H,O. Bulb-to-bulb distillation of
the residue (65-77°/0.02 Torr) yielded 4.39 g of a mixture of 82 % of o- and 11 % of p /m-nitrated (mainly p-isomer)
(1'S,2'S)-13. IR (film): 1612 (Ar); 1527, 1346 (arom. NO,).

3.5, (+)-(1'S,2’S }-2-( 2'-Methylcyclopropyl) aniline ((+)-(1'S,2'S)-14). The mixture of 3.4 (4.39 g, with
76.5% of the o-nitro compound) was suspended in H,O (18 ml)/conc. HCI (7.8 ml) and CaCl, (3.88 g), and Fe
turnings (3.88 g) were added (cf. [36] [37]). After 1 h at 100°, additional Fe turnings (3.88 g) and conc. HCI (7.8 ml)
were added and the mixture kept at 100° for further 0.7 h. After cooling, the mixture was basified with 35% KOH
and the anilines steam-distilled. The mixture of anilines was separated by FC (hexane/Et,0/MeOH 20:8:1).
Distillation (117-118°/30 Torr) of the faster-moving compound yielded pure (+)-(1'S,2'S)-14 (2.35 g, 84.2%).
[x]5 = 85.6 + 0.8° (c = 5.38, CCly; p = 0.976 + 0.021 based on (+)-(15,25)-8). IR (film): 3473, 3382 (NH,); 3200
(arom. NH,; cf. [68]); 1619, 1582, 1501 (Ar); 1459; 1302; 1274; 752 (4 adj. arom. H). 'H-NMR: 7.0-6.3 (m, 4 arom.
H); 3.84 (br. s, NH,); 1.4-1.1 (m, H-C(1")); 1.21 (d, J = 5.3, CH;—C(2")); 1.1-0.4 (m, 2 H-C(3"), H-C(2")). MS:
148 (12, M+ + 1), 147 (100, M ™), 146 (15), 144(5), 133 (9), 132(79), 131 (14), 130 (15), 118 (24), 117 (24), 115(13),
105 (8), 104 (5), 93 (6), 91 (10), 77 (7). Anal. calc. for C,;gH ;3N (147.22): C 81.59, H 8.90, N 9.51; found: C81.52, H
9.04, N 9.69.

trans-4-(2'-Methylcyclopropyl)aniline™). Slower-Moving Isomer. IR (film): 3440, 3334 (NH,); 3217 (arom.
NH,; ¢f. [68]); 1629, 1524 (Ar); 1459; 1280; 831, 783 (2 adj. arom. H). '"H-NMR: 6.8-6.2 (m, A4’BE’, 4 arom. H);
3.17 (s, NHy); 1.39 (m, H-C(1)); 1.14 (d, J = 5.2, CH;—C(2")); 1.1-0.4 (m, 2 H-C(3"), H-C(2"). MS: 148 (12,
M7T+ 1), 147 (100, MT), 146 (18), 133 (9), 132 (92), 131 (17), 130 (16), 120 (12), 119 (6), 118 (17), 117 (17), 115
(14), 106 (35), 105 (19), 104 (6), 93 (5), 91 (9), 86 (10), 84 (19), 77 (7). Anal. calc. for C;(H 3N (147.22): C 81.59, H
8.90, N 9.51; found: C 81.70, H 9.01, N 9.60.

3.6. (+)-(I'S,2’S)-N-N-Dimethyl-2-( 2'-methylcyclopropy! Janiline ((+)-(1'S,2'S)-7). A mixture of (+)-
(1'S,2'S)-14 (1.40 g, 9.51 mmol), Mel (2.70 g, 19.02 mmol), and Na,CO; (2.02 g, 19.02 mmol) was stirred during 15
h at r.t. in acetone (25 ml). FC (pentane/Et,O 100:3) of the aniline mixture yielded, as the fastest-moving form,
(+)-(1'S,2'S)-7 (1.12 g, 65.5%; purity 97.5% (GC), followed by the monomethylated aniline. Starting material

27y From [35] follows for p = 1.0 [«]}# = 335°, and from [19] [x}® = 333.4°, i.e. p = 0.988 for (+)-(15,25)-10, in
perfect agreement with p = 0.976 + 0.019 for the acid.

%) The main by-product was presumably 4-phenyl-1-butene ('H-NMR ; ¢f. [27] [35]).

%) Data of a racemic sample. The optically active form could not be obtained pure enough for a reliable {a]p
measurement.
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(9%) was recovered as the slowest-moving form. Pure (+)-(1'S,2'S)-7 was obtained by FC on silica gel charged
with 10% AgNO; (pentane/Et,0 100:3) followed by distitlation (68-73°/0.035 Torr). The aniline was purified in
the same manner to yield, after bulb-to-bulb distillation (75-80°/0.035 Torr), 88.3 mg (5.8 %).

(+H)-(1'$,2'S)-7. [x]5 = 41.0 £ 0.4° (c = 3.68, CCly; p = 0.976 + 0.028 based on (+)-(15,25)-8; i.e. optically
pure (+)-(1'S,2'S)-7 should have [x]¥ = 42.0 + 0.4°). UV (EtOH): 280.6 (1660, sh), 249.1 (5840). IR (film): 2780
((CH,4),N); 1600, 1578, 1497 (Ar); 1454; 1312; 1192; 1158; 1097; 1050; 950; 761, 753 (4 adj. arom. H). 'H-NMR:
7.1-6.4 (m, 4 arom. H); 2.73 (s, (CH;),N); 1.97 (m, H—C(1")); 1.24 (d, J = 5.0, CH,—C(2")); 1,2-0.5 (m, 2 H-C(3"),
H-C(2")). MS: 176 (16, M™" + 1), 175 (100, M™7), 174 (23), 161 (9), 160 (71), 158 (6), 146 (12), 145 (16), 144 (24),
134 (14), 133 (8), 132 (55), 131 (45), 130 (16), 118 (7), 117 (7), 91 (14), 77 (7). Anal. calc. for C;H ;N (175.28): C
82.23, H9.78, N 7.99; found: C 82.29, H 9.50, N 8.28.

(+)-(1'S,2'S)-N-Methyl-2-( 2'-methylcyclopropyl janiline. [aly =935+ 1.5° (¢ = 1.82, CCl,; p=0.976
+ 0.035 based on (+)-(15,25)-8; i.e. the optically pure compound should have [«15 = 95.8 + 1.5°). IR (film): 3444
(NH); 2820 (CH;N); 1609, 1585, 1516 (Ar); 1463; 1325; 1307; 1264; 1169; 749 (4 adj. arom. H). '"H-NMR:7.1-6.3
(m, 4 arom. H); 3.94 (br. 5, NH); 2.89 (s, CH3N); 1.28 (4, J = 5.2, CH;—C(2)); 1.3-1.1 (m, H—C(1")); 1.1-0.4 (m, 2
H—C(3"), H-C(2")). MS: 162 (34, M*" + 1), 161 (100, M*"), 160 (11), 147 (11), 146 (79), 144 (11), 132 (15), 131
(20), 130(21), 120 (10), 119 (5), 118 (29), 117 (11). Anal. calc. for C,;H 5N (161.25): C 81.94, H 9.38, N 8.69; found:
C81.72, H9.44, N 8.71.

4. Synthesis of (+)-(1’R,2’S)-N,N-Dimethyl-2-(2’-methylcyclopropyl)aniline ((+)-1'R,2’S)-7). — 4.1. Methy!
(+)-(1S,2R)-2-Phenylcyclopropanecarboxylate ((+)-(1S,2R)-10). The acid (+)-(1S,2R)-8 (7.1 g, 43.8 mmol;
[e}® = 23.9 + 1.0°, see 2.2.4) was esterified with CH,Nj as described in 3./. Bulb-to-buib distillation of the ester
68-73°/0.02 Torr yielded pure (+)-(1'R,2'S)-10 (7.71 g, 100%). [a} =34.7+1.3° (¢ =1.68, CHCl,),
[x]® = 48.3 + 1.3° (¢ = 2.51, EtOH). By 'H-NMR with Eu(hfc); in 1,1,2-trichloro-1,2,2-trifluoroethane, ¢ was
determined as 0.848 + 0.013. Three independent measurements of e yielded, for enantiomerically pure (+)-
(1I'R,2'S)-10, [a]¥ = 40.9 £ 0.9 (CHCls; ¢f. Footnote 9). IR (film): 2861 (CH;0); 1737 (COOCHs;); 1607, 1501
(Ar); 1446; 1390; 1287; 1202; 1180; 1165; 1089; 927; 796; 756; 728; 700. 'H-NMR: 7.14 (5, 5 arom. H); 3.30 (s,
CH,0CC); 2.40 (ddd, J(2,1) = 8.4, J(2,3 (cis)) = 7.8, J(2,3 (trans)) = 6.4, H-C(2)); 1.93 (ddd, J(1,2) = 8.4, J(1,3
(cis)) = 6.9, J(1,3 (trans)) = 5.3, H-C(1)); 1,56 (ddd, J(3,3) = 3.8, J(3,1 (trans)y=>5.3, J(3,2 (trans)) =64,
H—-C(3)); 1.15 (ddd, J(3,3) = 3.8, J(3,1 (cis)) = 6.9, J(3,2 (cis)) = 7.8, H=C(3)). Anal. calc. for C;1H;,0, (176.22):
C74.98, H 6.86; found: C 75.05, H 6.88.

4.2. (+)-(1S,2R)-(2-Phenylcyclopropyl)methanol ((+)-(1S,2R)-11). The ester (+)-(15,2R)-10 (7.70 g, 43.7
mmol) was added at 0° to a soln. of LiAlH, (1.21 g, 31.92 mmol) in Et,0 (100 ml) and the mixture boiled during
1.25 h under reflux. Workup and bulb-to-bulb distillation (69-73°/0.02 Torr) yielded pure (+)-(1S,2R)-11 (6.33 g,
98%). [«]f = 44.1 £ 1.0° (¢ = 5.0, CHCly; e = 0.848 + 0.032, based on (+)-(15,2R)-10, yields [«]§ = 52.0 £ 1.2°
for the enantiomerically pure compound®®)). IR (film): 3250 (OH); 2881 (C—0); 1500; 1030; 774, 739, 702 (5 adj.
arom. H), 602. '"H-NMR: 7.13 (s, 5 arom. H); 3.11 (d, J = 8.7, CH,OH); 2.25 (br. 5, OH); 2.10 (m, H-C(2)); 1.25
(m, H—=C(1)); 1.0-0.5 (m, 2 H—C(3)). MS: 149 (9, M™" + 1), 148 (74, M), 132 (10), 131 (100), 130 (43), 129 (16),
128 (5), 118(27), 117 (86), 116 (10), 115 (35), 107 (9), 104 (27), 103 (10), 92 (6), 91 (24), 78 (9), 77 (7). Anal. calc. for
CioH;,0 (148.21): C 81.04, H 8.16; found: C 80.88, H 8.12.

4.3. (+)-(1S,2R)-1-Methyl-2-phenylcyclopropane ((+)-(1S,2R)-12). The alcohol (+)-(15,2R)-11 (5.7 g, 38.5
mmol) was mesylated in 2,6-lutidine (22 g) with MsCl (5.88 g, 51.3 mmol) as described in 3.3. The following
reduction with LiAlH, yielded, after bulb-to-bulb distillation (110-115°/50 Torr), a mixture of hydrocarbons (4.26
g) with a content of 80.1%2%) (GC) of (+)-(15,2R)-12. IR (film): 1609, 1503 (Ar); 1456; 762, 704 (5 adj. arom. H).
'H-NMR (cf. [67]): 7.11 (s with 5., 5 arom. H); 1.95 (m, H—C(2)); 1.3-0.3 (m, H—C(1), 2 H-C(3), CH;—C(1)).

44. (I'R,2'S)-1-(2'-Methylcyclopropyl )-2-nitrobenzene ((1'R,2'S)-13). Compound (+)-(1S,2R)-12 (4.21 g,
22.46 mmol; purity 80.1%) was nitrated as described in 3.4. Bulb-to-bulb distillation (70-75°/0.02 Torr) yielded a
mixture (4.38 g) of the 0- (73.2%) and p-nitrated (13.7%) compounds. IR (film): 1609, 1599 (Ar); 1522, 1344
(arom. NO,).

4.5. (+)-(I"R.2'S)-2-(2'-Methylcyclopropyl) aniline ((+)-(1’R,2'S)-14). The mixture from 4.4 (4.28 g) was
reduced with Fe turnings as described in 3.5. Workup by steam distiltation, FC, and consecutive bulb-to-bulb
distillation (69~74°/0.015 Torr) yielded pure (+)-(1'R,2'S)-14 (1.53 g, 57.3%). [x]% = 120.3 + 1.2° (¢ = 5.48, CCly;
e =0.848 + 0.021 based on (+)-(1S,2R)-10, i.e. [x]5 = 141.9 + 1.4° for the enantiomerically pure material). IR
(film): 3472, 3382 (NH,); 3200 (arom. NH,; cf. [68]); 1619, 1582, 1501 (Ar); 1458; 1304; 1272; 751 (4 adj. arom H).

) 1n[17], an [«]¥-value of 39.2° (CHCI,) for p = 0.5 is reported. This value seems to be too high in the light of

our findings.
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'H-NMR: 7.1-6.4 (m, 4 arom. H); 3.68 (br. s, NH,); 1.70 (m, H—C(1")); 1.4-0.9 (m, H—C(2'), H—C(3")); 0.79 (d,
J =5.2, CH;—C(2"); 0.50 (m, H—C(3")). MS: 148 (15, M™*" + 1), 147 (100, M ™), 146 (15), 133 (7), 132 (95), 131
(18), 130 (18), 129 (5), 128 (6), 120 (27), 119 (22), 117 (22), 106 (51), 105 (5), 104 (5), 77 (8). Anal. calc. for C,oH;3N
(147.22): C 81.59, H 8.90, N 9.51; found: C 81.31, H 8.97, N 9.60.

4.6. (+)-(I'R,2'S)-N,N-Dimethyl-2-(2'-methylcyclopropyl)aniline  ((+)-(1'R,2'S)-7). Compound (+)-
(1'R,2’'S)-14 (1.0 g, 6.97 mmol) was methylated with Mel (2.41 g, 17.0 mmot) in acetone (35 ml) in the presence of
Na,CO; (1.8 g, 17.0mmol) at r.t. during 19 h. Then, an additional amount of Mel (0.48 g, 3.4 mmol) was added and
stirred again at r.t. for further 12 h. Workup and FC (pentane/Et,0 100:3) yielded (+)-(1'R,2'S)-7 (0.82 g, 63.8 %;
purity (GC) 92.6%) and the monomethylated form. Both products were further purified by FC on silica gel,
charged with 10% AgNO; (pentane/Et,0 100:3 and hexane/Et,O 5:1, resp.). The monomethylated form (bulb-to-
bulb distillation; 65-70°/0.02 Torr) was obtained in 17.3% (0.189 g) yield.

(H)(I'R2S)7. [all =1552+2.1° (c =4.04, CCl;; e=0.848 £ 0.024 based on (+)-(15,2R)-10, i.e.
()% = 183.0 £ 2.5° for the enantiomerically pure material). UV (EtOH): 281.9 (1630, sh), 251.6 (6210). IR (film):
2780 ((CH;),N); 1599, 1575, 1495 (Ar); 1454; 1314; 1195; 1160; 1148; 1099; 1052; 949; 762, 748 (4 adj. arom. H).
'H-NMR: 7.2-6.7 (m, 4 arom. H); 2.76 (s, (CH3),N); 2.27 (ddd, J = 8.7,8.7, 6.5, H—C(1")); 1.4-0.5 (m, H—C(2"), 2
H—C(3")); 0.82 (d, J = 6.5, CH,—C(2")). MS: 176 (11, M™*" + 1), 175 (75, M™"), 174 (37), 161 (12), 160 (100), 159
(7), 158 (6), 146 (25), 145 (29), 144 (47), 143 (5), 134 (9), 133 (11), 132 (99), 131 (75), 130 (47), 129 (7), 128 (7), 120
(8), 119 (6), 118 (40), 117 (53), 116 (11), 115(12), 103 (12), 91 (37), 77 (15), 69 (25). Anal. calc. for C;;H ;N (175.28):
C82.23,H9.78, N 7.99; found: C 81.97, H 9.88, N 7.86.

(+)-(I'R,2’S)-N-Methyl-2-( 2 -methylcyclopropyl)aniline. [a]5 = 136.9 + 1.2° (¢ = 5.24, CCl,; e = 0.848
+ 0.020 based on (+)-(15,2R)-10, i.e. [x}¥ = 161.4 + 1.4° for the enantiomerically pure material). IR: 3444 (NH);
2822 (CH;3N); 1608, 1584, 1516 (Ar); 1464; 1449; 1432; 1322; 1305; 1265; 1176; 1035; 751 (4 adj. arom. H).
IH-NMR: 7.2-6.3 (m, 4 arom. H); 4.00 (br. 5, NH); 2.90 (s, CH;N); 1.63 (m, H—=C(1")); 1.4-0.4 (m, H—C(2"), 2
H—C(3')); 0.75 (d, J = 5.4, CH;—C(2")). MS: 162 (31, M*" + 1), 161 (100, M™*"), 160 (10), 147 (12), 146 (95), 145
(7), 144 (11), 132 (21), 131 (23), 130 (26), 120 (16), 119 (6), 118 (38), 117 (14), 115(5), 91 (11), 77 (7). Anal. calc. for
C; HsN (161.25): C 81.94, H 9.38, N 8.69; found: C 81.81, H 9.45, N 8.70.

5. Synthesis of 2-([1,1’-2H,]Allyl)-N,N-dimethylaniline (17) (cf. [3a]). — 5.1. 2-([I',I'-°H,] Allyl)aniline.
N-(2'-Propinyl)aniline [69] was deuterated at C(3") with N-methylpyrrolidine/D,0 1:1 (¢f. [70]), reduced with
LiAlH, in dry THF by boiling under reflux, and the mixture deuterolyzed with D,O to yield a mixture of 81 % of
N-([3",3'-*H,Jallyl)aniline and 17.6% of N-([3',3",3'-2H;]propyl)aniline. This mixture was heated in 1-g quantities
in 0.2~ aq. H,S0, at 185° (2 h) in sealed Pyrex bombs. The formed 2-allylaniline was purified by CC on silica gel
(hexane/Et,0 10:1 and CHCl;) and by bulb-to-bulb distillation. 'H-NMR: 7.1-6.4 (4 arom. H); 6.2-5.7 (m, 0.68 H,
H—-C(2)); 5.2-4.8 (m, 2.00 H, H-C(3")); 3.42 (s, NH,); 3.22 (m, 0.41 H, H-C(1")); reference for integration: 4
arom. H. MS: 137 (1), 136 (16), 135 (100, M*"), 134 (40), 133 (9), 132 (6).

5.2. Dimethylation of 2-([1',1'->H,] Allyl)aniline was performed at r.t. (117 h) in acetone with Mel in the
presence of K,CO;. Workup and CC yielded 58.6% of 17 after bulb-to-bulb distillation (95-100°/12 Torr). IR:
2845, 2830, 2785 ((CH;),N); 2240, 2195, 2140, 2100 (C—D); 1605, 1498 (Ar); 1459; 1320; 1199; 1168; 1060; 956;
921;772. "H-NMR: 7.2-6.7 (m, 4 arom. H); 6.2-5.7 (m, 0.67 H, H-C(2")); 5.2-4.8 (m, 2.00 H, H-C(3")); 3.45 (m,
0.41 H, H—C(1)); 2.65 (s, (CH;),N); reference for integration: 4 arom. H. 2H-NMR (15.4 MHz; CCl,): 6.03 (s,
"H—C(2')); 3.49 (s, ZH—C(1")); ratio 2H—C(1')2H—C(2’) = 0.82: 0.18 (calc. form the '"H-NMR: 0.83: 0.17). MS:
164 (13), 163 (100, M™*"), 162 (53), 149 (6), 148 (40), 147 (13), 146 (15), 145 (12).

6. Irradiations. — The prep. irradiations were performed with a high-pressure Hg lamp (125 W, type 125 HPK,
Philips) through a filter (Jena-glass, wall thickness 1.25 mm; T (at 303 nm): 10%) in Pyrex apparatus (150- and
250-ml working volume; H. Mangels, Roisdorf/Bonn). The compounds were dissolved in MeCN and degassed
with N, during 30 min before irradiations and also during the irradiations. The photoreactions (performed at
16-20°) were followed by GC (all values are the average of 5 measurements) with dodecane or tridecane as internal
reference. Anal. irradiations were performed in a merry-go-round apparatus (type DEMA 125; H. Mangels,
Roisdorf/Bonn) with the same lamp as applied in the prep. irradiations.

6.1. (—)-(S)-4. 6.1.1. Run 1 (Table 3). Aniline (—)-(S)-4 (0.250 g, 1.43 mmol; [a[§ = —67.1 & 1.4° (CCly, see 1))
and tridecane (103.5 mg) as internal GC reference were dissolved in MeCN (150 ml, ¢ = 9.51- 1072 mol/1). After 30
min of irradiation, the soln. was evaporated, the residue taken up in Et,0O and extracted with 1N aq. HCI (2x). The
acidic extracts were basified with 1IN NaOH and again extracted with Et,O. The anilines were further purified by
bulb-to-bulb distillation (70°/0.015 Torr). Unreacted (—)-(S)-4 was separated by FC on silica gel (pentane/Et,0O
50:1). The remaining mixture of (—)-trans- and (+)-cis-7 was separated by FC onsilica gel, impregnated with 10 %
of AgNO; (pentane/Et,0O 50:1). The faster-moving fraction contained pure (—)-trans-7 and the slower-moving one
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Table 3. Results of the Irradiations of (—)-(S)-4*) in MeCN

Run Time of Recovered (—)-(S)-4 (—)-(1'S,2'S)-7 (+H)-(I'R2'S)
Irradi-
AR CORNCY V) (%] B (%] PIBT
1 30 85.0 —625+06 12.0 —49+02 2.8 9
(0.734 + 0.039) (0.116 £ 0.007)
2 409 83.3 —66.1+22 8.0 —6.5+04 1.8 (5.6)%)
(0.776 + 0.060) (0.155 + 0.014) (0.031)
3 40¢) 829 —628+0.7 7.6 —67x05 1.9 %)
(0.737 £ 0.041) (0.159 % 0.015)
4 50 66.7 — 648+ 17 15.1 —29+02 3.8 6.46 + 0.6
(0.760 + 0.053) (0.070 + 0.005) (0.035 + 0.004)
5 70 553 —654+15 20.2 =2.0=+0.1 4.8 25403
(0.768 % 0.051) (0.048 £ 0.003) (0.014 + 0.002)

3y (@} = —67.1+ 1.4°(p=0.788  0.051). All [a]§-values refer to CCl, as solvent.

) In brackets, p-values determined with [az]%)5 = — 852+ 1.8° ((—)-(S)-4), 42.0 + 0.4° ((+)-(1'S,2'S)-7), and
183.2 £ 2.5° ((+)-(1'R,2’'S)-7) for the optically pure materials.

9 [a}k could not be measured.

9y Irradiation was performed in the 250-ml apparatus (all other irradiations in the 150-ml apparatus).

) Sign of rotation secured: [o]%-value unsecured.

a mixture of (—)-trans- and (+)-cis-7, enriched in the latter one. The [a]y-values of pure (+)-(1'R,2'S)-7 were
determined on the base of the GC analysis of the slower-moving fraction and the [a]p for the pure (—)-trans-7 of
the faster-moving fraction.

The reaction data of 5 different photoreactions are collected in Tuble 3.

The spectroscopic data (IR, '"H-NMR) of (—)-trans-7 and (+)-cis-7 (isolated from an analogous photo-
reaction with (£)-4) were identical with those reported for the independently prepared isomers (see 3 and 4).

6.2. (+)-(1'S,2’S)-7. 6.2.1. Run 4 (Table 4). Compound (+)-(1'S,2'S)-7 (0.102 g, 0.58 mmol;
[2]E = 41.0 £ 0.4°, p = 0.976 £ 0.024; ¢f. 3.6) and tridecane (0.100 g) as internal GC reference were dissolved in
MeCN (150 ml, ¢ = 3.87-107% mol/l) and irradiated during 18 min. Workup as described in 6.1.1 yielded the
mixture of (+)-(1'S,2'S)-7 (80.2%) and (+)-(1'R,2’S)-7 (18.0%) which was separated by FC on silica gel, im-
pregnated with 10% AgNO; (pentane/Et,O 50:1). Fraction I (faster-moving) yielded pure (+)-(1'S,2'S)-7 (0.0634
g, 62.3%) and Fraction 2 (slower-moving) a mixture (0.0112 g) of (+)-(1'R,2'S)-7 (85.0%) and (+)-(1'S,2'S)-7
(15.0%). []3 for the pure (+)-(1'R,2'S)-7 was determined as described in 6.1./. The results of 4 independent runs
are collected in Table 4.

Table 4. Results of the Irradiations of (+)-(1'S,2'S)-7*) in MeCN

Run Time of Recovered (+)-(1'S,2'S)-7 (+)-(1'R,2'S)-7

lrradiation (/) @l 179 [%] [T ]

[min]
1 6 91.0 33.0+ 0.8 (0.786 + 0.043) 9.0 10.4 + 1.3 (0.057 + 0.008)
2 10 85.6 20.5+ 0.2 (0.488 £ 0.016) 14.4 5.0 £ 0.5(0.027 &+ 0.004)
3 12 84.0 21.8+ 0.3 (0.519 £ 0.017) 16.0 6.6 + 0.7 (0.036 + 0.004)
4 18 80.2 14.2 + 0.2 (0.337 + 0.010) 18.0 4.9+ 0.7 (0.027 £ 0.004)

4[]y =41.0 £ 0.4° (p = 0.976 £ 0.024). All [x]5-values refer to CCl, as solvent.
) See Footnote bin Table 3.
%) Calculated [a]y-value for recovered (+)-(1'S,2'S)-7: 50.5 + 7.8° (r = 0.968).

Ea

The spectroscopic data (IR and 'H-NMR) of recovered (+)-(1S,2'S)-7 and (+)-(1'R,2'S)-7 were identical
with those of authentic probes (¢f. 3.6 and 4.6).

6.3. (+)-(I'R,2’S)-7. 6.3.1. Run 4 (Table 5). Compound (+)-(1'R,2'S)-7 (0.0851 g, 0.49 mmol;
[2]% = 1552+ 2.1°, p = 0.848 + 0.024; cf. 4.6) and tridecane (0.080 g) as internal GC reference were dissolved in
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Table 5. Results of the Irradiations of (+)-(I'R,2’S)-7*) in MeCN

Run Time of Irradi- Recovered (+)-(1'R,2'S)-7 (+)-(1'S,2'S)-7%)

ation [min] (%) (@B (%] B0
1 22 91.1 144.5 + 4.0 (0.789 £+ 0.034) 8.9 )
2 3.0 76.0 126.5 + 4.6 (0.691 + 0.035) 20.6 32 £0.8 (0.077 £0.019)
3 6.5 55.2 99.4 + 8.8 (0.543 £ 0.056) 44.8 0.94 £ 0.41 (0.022 £ 0.010)
4 11.5 36.0 55.1 £ 4.9 (0.301 £ 0.031) 63.3 0.52 + 0.09 (0.012 + 0.002)

3y [a]¥ =1552 £ 2.1° (p = 0.848 + 0.024). All [x]5-values refer to CCl, as solvent.
b See Footnote b in Table 3.
¢)  Calculated [a]y-value for recovered (+)-(1'R,2'S)-7: 160 £ 39° (r = 0.986).

MeCN (¢ =3.74-1072 mol/l) and irradiated during 11.5 min. The mixture of (+)-(1"R,2'S)-7 (36.0%) and
(+)-(1'S,2'S)-7 (63.3%) was separated as described to yield pure (+)-(1'S,2'S)-7 (0.0359 g, 42.2 %) and enriched
(+)-(1'R,2'S)-7 (0.015 g) with 82.2% of (+)-(1'R,2'S)-7 and 16.2% of (+)-(1'S,2'S)-7 (from runs with smaller
conversion rates pure (+)-(1'R,2'S)-7 could be recovered). The results of 4 independent runs are collected in Table
5. The spectroscopic data (IR and "H-NMR) of (+)-(1°$,2'S)-7 and recovered (+)-(1'R,2'S)-7 were identical with
those of authentic probes (¢f. 3.6 and 4.6).

6.4. 2-([I',.I'-2H,] Allyl)-N, N-dimethylaniline (17). The aniline (0.130 g, 0.80 mmol) was irradiated through
quartz during 50 min in MeOH (90 ml, ¢ = 8.85- 107> mol/l). The raw aniline fraction (0.127 g, 97.8 %) consisted of
starting material (44.5%) and 2-(/2',2"-*H, Jcyclopropyl) aniline (19; 53.9%). The separation was accomplished by
prep. GC on Carbowax 20M and yielded 24.7 mg (19.4%) of pure starting material and 45.8 mg of pure product.

17. IR: Identical with that described in 5.2. '"H-NMR: 7.2-6.7 (1, 4 arom. H); 6.2-5.7 (m, 0.68 H, H—C(2");
5.2-4.8 (m, 2.00 H, H—C(3")); 3.39 (m, 0.40 H, H—C(1")); 2.64 (s, (CH;),N); reference for integration: 4 arom. H.
2H-NMR (15.4 MHz; CCl,): 6.01 (s, ZH—C(2')); 3.47 (s, *H—C(1")); ratio ZH—C(1)/*H-C(2) = 0.83:0.17 (calc.
from 'H-NMR: 80:20).

19. IR (film): 2862, 2826, 2782 ((CH3),N); 1597, 1493 (Ar); 1451 (CH in cyclopropane [17]); 1310; 1191; 1158;
1098; 1049; 948; 761, 747 (4 adj. arom. H). "TH-NMR: 7.1-6.5 (m, 4 arom. H); 2.74 (s, (CH;),N); 2.26 (¢-like, 0.65
H, H-C(1')); 0.93, 0.65 (2m, 2.43 H, H-C(2"), H—C(3")); reference for integration: 4 arom. H. ’H-NMR (15.4
MHz, CHCly): 2.28 (s, 2 H—C(1"})); 0.99, 0.71 (25, ZH—C(2'), ZH—C(3")); ratio ZH—C(2',3")/ZH—C(}’) = 79:21 (calc.
from 'H-NMR: 82:18).

6.5. Control Experiments. 6.5.1, Irradiation of ( £)-N,N-Dimethyl-2-( I'-methylally! ) aniline ((£)-4) in MeOH.
Compound (+)-4 (0.1048 g, 0.60 mmol) [11] was irradiated through quartz in MeOH (90 ml, ¢ = 6.62- 107> mol/])
during 45 min. Workup and GC analysis yielded 45.3% of starting material, 43.3% of (+)-frans-7, and 10.3% of
(£)-cis-T.

6.5.2. Irradiation of (£)-4 in MeOH in the Presence of Isoprene. Compound (+)-4 (0.050 g) was dissolved in
MeOH (50 ml, ¢ = 5.71-10"3 mol/l) and the soln. distributed in 4-ml portions in 5 quartz cuvettes, Different
mol-equiv. of isoprene were added (see Table 6) and the samples irradiated through a Corex filter during 60 min in
the merry-go-round apparatus. Results of GC analyses are collected in Table 6.

Table 6. Results of Irradiations of (£)-4 in MeOH in the Presence of Isoprene

Run Molar Ratio (+)-4 (L)-trans-7 (£)-cis-7 By-products®)
Isoprene/(+)-4 [%] [%] [%] [n] 1%]
i - 77.0 17.3 4.6 3 1.1
2 5 86.6 10.9 1.5 8 1.0
3 10 91.7 6.2 0.3 7 1.8
4 15 94.6 29 0.6 8 1.9
5 20 949 2.5 03 6 2.3

?)  Not identified; n = number of peaks in GC.

6.5.3. Irradiation of (—)-(S)-4 in MeCN for the Determination of the Initial trans-7/cis-7 Ratio. The aniline
(0.500 g, 2.85 mmol; p = 0.788 + 0.064) and dodecane (0.200 mg) as GC reference were dissolved in 300 ml MeCN
and irradiated through the glass (Jena) filter. Samples were analyzed by GC in intervals of 5 min. The results are
collected in Table 7. The linear regression yielded for t = 0 trans-7/cis-7 = 4.71 + 0.14.
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Table 7. Results of (—)-(S)-4 in MeCN

Time of lrradi- Reference/ (—)-(S)-4 trans-T7 cis-7 trans-T/cis-7
ation [min] Products [%]) [%] [%]

0 0.222 100 - - -

5%) 0.228 95.2 1.67 0.45 3.70
10 0.201 96.4 3.12 0.66 4.73
15 0.231 90.8 4.58 1.04 4.40
20 0.221 93.7 5.53 1.20 4.63
25 0.224 91.5 6.77 1.47 4.59
30 0.241 84.2 7.61 1.76 4.33
35 0.242 829 8.64 1.96 4.40
40 0.238 83.3 9.60 2.16 4.45

%) Measurement not taken into account.
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