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An improved method has been developed for the efficient synthesis of stable camphor imine salts. Camphor
imine readily undergoes transimination with o-amino acid ester hydrochlorides to yield camphorylidene amino
acid derivatives with E stereochemistry about the C=N double bond. Sodium cyanoborohydride reduction of

the derived ketimines gives exo-bornylamines.

Introduction

The preparation of imines derived from camphor and a-amino
acids was required as part of a project directed to the synthesis
of peptides in aqueous phase. In contrast to aldimines that are
readily prepared, ketimines are difficult to synthesise,' particu-
larly from camphor derivatives.> The method which has been
employed with varying degrees of success is the addition/
elimination of camphor and a primary amine. Reagents such
as TiCl,,> BF;-Et,0,*° molecular sieves,® anhydrous ZnCl,’
and tetraethyl orthosilicate with acid catalysis,® have been
employed. Generally forcing conditions have been used, such as
high temperatures, non-stoichiometric quantities of reagents,
and stringently anhydrous conditions, including azeotropic
distillation.* Additionally the enhanced ‘carbonyl’ addition of
thiocamphor® and the addition—elimination of thiocamphor
S-oxide '* have been employed.

Of these methods, 3 A molecular sieves in methanol
have been used to prepare stable ketimines derived from
ortho-hydroxyaryl ketones and a range of a-amino acid tetra-
methylammonium salts,'" and thiocamphor has been refluxed
in toluene with tert-butyl glycinate in the presence of 1,4-
diazabicyclo[2.2.2]octane (DABCO) to give the desired imine."

Results and discussion

Exploratory studies showed that all of the above mentioned
methods lacked generality for the synthesis of camphorylidene
a-amino acid ester derivatives. For example, when camphor and
glycine ethyl ester were refluxed in benzene with water entrain-
ment, unchanged camphor was recovered together with some
polyglycinate. Moreover, the methods using titanium tetra-
chloride, anhydrous zinc chloride, or boron trifluoride—diethyl
ether failed to effect conversion of the camphor. In each case
some of the ethyl glycinate was converted into glycine polymer.
Clearly, the Lewis acid is activating the amino acid to poly-
condensation in preference to activating the carbonyl group of
camphor.

Further studies in which thiocamphor and glycine ethyl ester
were refluxed together in both the absence and presence of
boron trifluoride—diethyl ether failed to elicit reaction. How-
ever, a successful reaction was achieved using the procedure of
Mclntosh and Mishra'? in which thiocamphor was refluxed in
xylene containing a large excess of DABCO with glycine ethyl
ester hydrochloride. However, this example appeared to be
unique and utilisation of the procedure with, for example,
diethyl (S)-glutamate hydrochloride, failed to reveal any evi-
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dence of reaction after a 48 h reflux. We therefore conclude that
camphor shows such severe steric hindrance as to preclude con-
ventional imine-forming reactions with a-amino acid esters,
particularly those with side-chain substitution. Accordingly, a
method needs to be found which is mechanistically distinct
from the conventional methods and allows for the protic equi-
librium to be altered so that use can be made of the steric
expulsion of the leaving group. This is the subject of the present
investigation.

Formation of camphor imine

O’Donnell and Polt*® have reported that benzophenone imine
readily undergoes transimination under very mild conditions,
with a range of a-amino acid ester hydrochlorides, to yield a
variety of benzophenone ketimines of a-amino esters. The
present paper reports on the application of this method to the
camphor system.

(R,R)-Camphor imine ** was first prepared in 1896 as a stable
nitrate salt 2a by Mahla and Tiemann by nitrosation of (R,R)-
camphor oxime 1.1*+ Camphor oxime in diethyl ether was shaken
in a separating funnel with aq. sodium nitrite to which a
deficiency of sulfuric acid had been added. The separated ether
phase turned deep red and fine, white, needle-like crystals of
the product 2a separated. A possible mechanism for this
redox process, based on the observation that the presumptive
reactive intermediate can be trapped as a nitramine by
lithium aluminium hydride reduction,’ and that nitrimine
formation can be demonstrated in related systems,'” is shown
in Scheme 1.

In our hands the procedure gave a yield of only 15%, pre-
sumably due to the water present in the reaction mixture. The
yield could be improved to 22-28% by extracting the generated
nitrous acid into diethyl ether and briefly drying the ether phase
by filtering it through cotton wool before adding it to an
ethereal solution of the oxime (Scheme 2).

Later, in a related system, Guziec and Russo!” showed that
camphor imine could be prepared more efficiently in a two-step
process, first by treatment of camphor oxime 1 with nitrosyl
chloride to yield camphor nitrimine and secondly by
ammonolysis of the nitrimine to yield the imine. However, the
complexity of this procedure was a disadvantage and the single-
step process, described below, was used on the grounds of
simplicity.

T Free camphor imine is moderately unstable, undergoing hydrolysis to
camphor, but the nitrate salt is surprisingly stable.
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Scheme 1 Possible mechanism for the formation of camphor imine nitrate salt 2a by nitrosation of the oxime.
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Scheme 2 Synthesis of camphor imine salt (2a and 2b). Reagents and
conditions: i, HNO, in Et,0; ii, Bu";P, PhSSPh in THF; iii, HNO; or
HCl in Et,0.
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Barton, Motherwell, Simon and Zard'® have shown that
ketoximes (particularly steroidal ketoximes) can be smoothly
reduced to imines using the mild reagent tri-n-butylphosphine—
diphenyl disulfide under essentially neutral conditions. The
free imines were not isolated but were trapped in situ as the
diacetylenamine, the amine, or the amino nitrile. The reagent is
self drying, thereby protecting the labile imine against pre-
mature hydrolysis. Accordingly, (R,R)-camphor oxime 1 and
diphenyl disulfide in dry tetrahydrofuran (THF) were treated
with tri-n-butylphosphine under an inert atmosphere at room
temperature. After 2.5 h, anhydrous nitric acid in diethyl ether
was added to afford long, white, needle-shaped crystals of the
pure target (R,R)-camphor imine nitrate salt 2a in excellent
yield (Scheme 2). In later work the nitric acid in diethyl ether
was replaced by dry hydrogen chloride in diethyl ether, since
the latter reagent is less hazardous to prepare. Thus fine, white,
needle-shaped crystals of (R,R)-camphor imine chloride salt 2b
was obtained in excellent yield.

Regeneration of camphor imine 3 from the salt was easily
accomplished, prior to reaction with the a-amino acid ester
salt (see below), by rapidly extracting an aqueous solution just
basified with ammonia with diethyl ether or dichloromethane
(DCM) and rapidly drying the organic phase.

Transimination

The target (S)-a-amino acid ketimines 5 were readily prepared
in very good yield by stirring a molar equivalent of the finely
ground (S)-amino acid ester hydrochloride 4 with the dry
organic solution of (R,R)-camphor imine 3 for 50-70 hf at room
temperature under an inert atmosphere. A co-solvent such as

1 The long reaction time is purely a consequence of the poor solubility of
the salt of the amino component.

methanol, ethanol or DCM can be used to improve the solu-
bility of the amino acid ester hydrochloride. A wide range of
a-amino acid derivatives 5 was prepared (Scheme 3): these are
listed in Table 1. The mechanism of the reaction based on
analogy is shown in Scheme 4.

\T
A,

B
+ Cl HsN” ™CO,R?

/ Z CO,R?
3& CO,R?

Scheme 3 Synthesis of camphoryhdene a-amino acid esters 5
and subsequent reduction to the corresponding secondary amines 6
[see Table 1 for the definition of R! and R?]. Reagents and conditions:
i, Et,0 plus co-solvent (MeOH, EtOH or DCM), 50-70 h, 23 °C;
ii, NaBH,(CN) in MeOH, pH <4, 4 days, 23 °C.
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Scheme 4 Presumptive mechanism for the transimination.
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The target camphorylidene a-amino esters 5 can potentially
exist as E or Z geometric isomers about the C=N bond. How-
ever, the 'H and C NMR spectra of the derivatives reveal
that only one isomer is present. NOE difference studies with
ethyl (R,R)-camphorylidene glycinate 5a and methyl (R,R)-
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Table 1 List of camphorylidene a-amino acid esters prepared
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Camphor Amino ester
Compound derivative hydrochloride R! R? Yield (%)
5a R,R Glycine H Et 76
5b R,R S-Alanine CH, Me 71
5¢ R,R S-Valine CH(CH,), Me 62
5d R,R S-Leucine CH,CH(CH,), Me 45
Se R,R S-Isoleucine CH(CH;)CH,CH, Me 65
5f R,R S-Serine CH,OH Me 66
5g R,R S-Glutamic acid CH,CH,CO,CH,CH; Et 76
5h R,R S-Methionine CH,CH,SCH, Me 67
5i R,R S-Phenylalanine CH,C,H; Me 68
5j R,R S-Phenylalanine CH,C¢H; Bzl 68
5k R,R S-Phenylalanine CH,C,H; Bu' 70
51 R,R R-Phenylalanine CH,C¢Hs Bu’ 69
Sm R,R S-Tyrosine CH,C,H,OH Me 70
50 (1) Glycine H Et 63
5p () S-Leucine CH,CH(CH,;), Me 18
5q (1) S-Glutamic acid CH,CH,CO,CH,CH, Et 66
5r () S-Methionine CH,CH,SCH; Me 46
Ss R,R (%)-Phenylalanine CH,C¢H; Me 72

+2.0
HyC—-CHs
HH
g%H2
n L
HaC N~ CO,CH;
HaC CH3©
HH
2.9
CH
%ﬂ 2
Ha. T
H,C N CO,CHy
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Fig. 1 Principal NOE difference data (% enhancement) for
compounds Sa, 5i, Sk, and 6a.

camphorylidene-(S)-phenylalaninate Si show conclusively that
the geometry is E. This is summarised in Fig. 1. These
findings are consistent with the results of Bolton, Danks and
Paul,” McIntosh and Mishra!?> and of Forni, Moretti and
Torre."

The mild conditions of the transimination reaction make
it unlikely that the stereochemical integrity of the amino acid
ester component is impaired. That this is the case was shown
by the fact that the 'H and *C NMR spectra of the camphor
a-amino ester conjugates 5 show the absence of signals due
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to diastereomeric nuclei (methyl camphorylidene iso-
leucinate Se is particularly useful in this regard®), and by
experiments in which the amino acid ester was recovered with
unchanged specific optical rotation from hydrolysis
reactions.'>!

Direct in situ capture of the camphor imine 3, during its
generation by oxime reduction, by an amino ester hydro-
chloride 4 in a ‘one-pot’ process could produce a further simpli-
fication to the procedure. Orientation experiments showed that
no camphorylidene amino acid derivative Sa was produced
when glycine ethyl ester hydrochloride 4a was added to the reac-
tion mixture containing preformed (R,R)-camphor imine 3.§ It
appears that the amino ester is being captured by one or more
components in the reaction mixture. Exploratory 'H NMR
experiments were conducted by treating glycine ethyl ester in
CDC,; with various combinations of the reactants. It was estab-
lished that there was a significant change in the spectrum of the
ester only when both tributylphosphine and diphenyl disulfide
were present.

Accordingly the 300 MHz '"H NMR spectra of a mixture of
glycine ethyl ester (1 equiv.), tributylphosphine (4 equiv.) and
diphenyl disulfide (4 equiv.) was studied over a 14 h time course.
The data showed that the intensity of the glycine a-CH, reson-
ance at dy 3.20 decreased in parallel with the appearance and
increase of a doublet at dy 3.65 (total combined integration
remained at 2 throughout). Another new broad signal integrat-
ing for two protons was observed at dy 2.63 which progressively
shifted with further broadening to dy 4.25. The protons respon-
sible for this signal underwent D,0-exchange and were identi-
fied as the SH protons of PhSH by comparison. In addition, the
phenyl group proton signals broadened and progressively
moved upfield by 0.25 ppm over the course of the experiment,
and towards the end of the experiment the signals attributable
to the ethyl ester doubled.

The spectroscopic data indicate that the amino group of the
amino ester has undergone reaction with the equilibrating
phosphorane to yield a compound which can be formulated as
7 or 8. There is insufficient evidence to distinguish between
these two possibilities. Therefore, in order to secure the syn-
thesis of camphorylidene a-amino esters 5 it is necessary to
isolate the preformed camphor imine prior to reaction with the
a-amino ester.y

§ Some polyglycinate was formed.

9 Use of a scavenger to remove the phosphorane was not entertained
owing to the complexity of the reaction mixture. However, in future
work a solid-phase scavenger might well be explored.
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Table 2 'H NMR shielding data for the aromatic camphorylidene adducts 5i-m

Compound Amino ester 3-exo C-8 CH,; 3-endo C-9 CH;, C-10 CH;,
Sa Gly-OEt 2.25 0.72 1.74 0.86 0.93
5i S-Phe-OMe 1.90 0.17 1.77 0.82 0.93
A (ppm) 0.35 0.55 —0.03 0.04 0
5j S-Phe-OBzIl 1.92 0.19 1.76 0.82 0.95
A (ppm) 0.33 0.53 —0.02 0.04 —0.02
5k S-Phe-OBu’ 1.93 0.19 1.81 0.82 0.95
A (ppm) 0.32 0.53 —0.07 0.04 —0.02
51 R-Phe-OBu’ 2.19 0.71 1.07 0.83 0.95
A (ppm) 0.06 0.01 0.67 0.03 —0.02
Sm S-Tyr-OMe 1.99 0.27 1.82 0.83 0.97
A (ppm) 0.26 0.45 —0.08 0.03 —0.04
NHCH,CO,Et Table 3 List of N-exo-bornan-2-yl o-amino acid esters 6 prepared
Bu";P==NCH,CO,Et Bu”3P<
SPh Starting camphor-
7 8 ylidene amino Yield
Compound ester hydrochloride R' R* (%)
Camphor is differentially solvated by aromatic solvents. In 6a Glycine H Et 50
the "H NMR spectrum this is manifest by the observation of a 6b S-Alanine CH, Me 45
marked upfield shift of the methyl groups at positions 8 and 6e S-Isoleucine CH(CH;)CH,CH, Me 55
9.2 Tt was therefore of interest to look for such an effect in 6 S-Phenylalanine CH,C¢H, Me 43
the spectra of the camphorylidene derivatives of the aromatic ~ %K S-Phenylalanine CH,CeH, Bu' 45
a-amino esters 5i-5Sm. Indeed, the (R,R)-camphor ketimines
of the aromatic (S)-amino esters 5i-5k and 5m do show a
marked shielding of the resonance due to the §-methyl
group and of the 3-exo hydrogen. The data are shown
in Tab!e 2 using ethyl camphorylideneglycinate S5a for HH /
comparison. /]\ E
The magnitude of the shielding effect on the C-8 methyl CO,Bu! co But
group (= 0.5 ppm) and on the 3-exo proton (= 0.3 ppm) indi- 51

cates that in the (S)-amino ester series the side-chain aromatic
ring is virtually locked in position, the predominant rotamer
being that shown for 5k in Fig. 2. This is confirmed by the
observation of an NOE at the aromatic protons on irradiation
of the C-8 methyl group (Fig. 1, compounds 5i and 5k) and by
molecular mechanics using geometry optimisation, followed
by molecular dynamics both using the MM2 program in CS
Chem3D. It is noteworthy that the (R)-phenylalanine ester 51
does not show the shielding effect on the C-8 methyl group
experienced in the S-series, instead the 3-endo proton is strongly
shielded (= 0.7 ppm). Thus the principal rotamer in this case
is likely to be that shown in Fig. 2, and this was confirmed by
molecular modelling.

These observations provide a simple tool for assigning the
configuration to aromatic amino acids produced by asymmetric
alkylation of tert-butyl camphorylideneglycinate S5n. For
instance, the compound produced by benzylation of the above
mentioned glycinate'> is undoubtedly the R-configurated
material (51) on the basis of the spectroscopic correlations
discussed above (Scheme 5). Indeed, the method discussed in
this paper will enable the provision of chiral standards for

f

5k 5l

Fig. 2 The results of MM2 molecular modelling on compounds 5k
and 51 using geometry optimisation, followed by molecular dynamics.

Scheme 5 Asymmetrlc alkylation of fert-butyl camphorylidene-
glycinate 5n. Reagents and conditions: i, LDA in THF, 15 min, —78 °C;
ii, HMPA, C¢HsCH,Br, several hours, —78 °C.

determining the absolute configuration of diastereomeric
amino acid conjugates resulting from the asymmetrically
induced alkylation,'>?** allylation'>*** or Michael reac-
tion?*?* of fert-butyl camphorylideneglycinate 5n and similar
substrates.

It is of interest to test whether the transimination reaction is
capable of chiral descrimination. Accordingly, (R,R)-camphor
imine was treated with various racemic amino acid esters and
(*)-camphor imine was treated with various (S)-amino acid
esters. The ‘purified” mixture of diastereomeric products was
subjected to 'H NMR spectroscopy, which revealed (within
the accuracy of integration) a composition of 50% for each
diastereomer. Therefore no asymmetric induction was detected.
This seems to be reasonable, since the transimination reaction
involves equilibration (Scheme 4). It is clear that in future
work the ammonia produced as co-product should be removed
completely, so that the reaction becomes essentially irrevers-
ible; under these conditions such kinetic resolution might be
achieved.

Further characterisation of the camphorylidene amino esters
5 was sought and this was accomplished by sodium cyano-
borohydride reduction,® at an apparent pH of 4, to the
corresponding secondary amines. A selection of a-amino acid
derivatives 6 was prepared (Scheme 3): these are listed in Table
3. It is to be expected that axial hydride attack will occur largely
from the endo-face to produce the exo-amine®?® and this has
been confirmed by NOE studies on ethyl N-[(1R,4R)-bornan-2-
yl]glycinate 6a which are summarised in Fig. 1. However, the
literature indicates that the stereochemistry of the reduction is
complex: "? the facial selectivity is dependent on the nature of
the reductant and the configuration at the a-carbon atom of the
amine.
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Conclusions

An improved method has been developed for the efficient con-
version of camphor oxime 1 into stable camphor imine salts 2.
(R,R)-Camphor imine 3 undergoes simple transimination with
a-amino acid ester hydrochlorides 4 to yield camphorylidene
amino acid derivatives 5 with E stereochemistry about the
C=N double bond. Sodium cyanoborohydride reduction of
the camphorylidene (S)-amino ester derivatives 5 gives exo-
bornylamines 6.

Experimental
General

Mps were determined with an Electrothermal capillary appar-
atus and are uncorrected. Optical rotations ([a]p-values are
given in units of 107! deg cm™? g™') were measured on an
Optical Activity AA-1000 polarimeter using a 1 dm path-length
micro cell. Mass spectra were recorded on a Kratos Profile HV3
instrument (EI [or LSIMS, using m-nitrobenzyl alcohol as the
matrix]) or a VG ZAB-E instrument. NMR spectra were
recorded on an Briiker ACF 300 MHz machine, with tetra-
methylsilane as the reference: 'H at 300 MHz, *C at 75 MHz
with broad-band decoupling. J-Values are given in Hz.
Homonuclear shift-correlated 2D spectra were used to identify
three- and four-bond coupling using the standard Briiker
microprogram COSY.AU. Heteronuclear shift-correlated 2D
spectra were used to assign proton/carbon resonances using the
standard Briiker microprogram XHCORR.AU.

TLC was carried out on Merck Kieselgel GF,s, plates.
Column chromatography was carried out using Merck silica gel
60H. All solvents were purified following standard literature
methods. Light petroleum refers to the fraction boiling in the
range 4060 °C except where stated otherwise.

Preparation of anhydrous nitric acid in anhydrous diethyl ether

Colourless fuming nitric acid (95% w/v, specific gravity =~ 1.5)
was distilled over sulfuric acid in vacuo as described in the liter-
ature.®® CAUTION: Anhydrous nitric acid was added very
cautiously dropwise to stirred anhydrous diethyl ether at —4 °C.
The addition was interrupted if the mixture began to decrepi-
tate and further cooling was applied before continuing. In this
way a 0.5-1.0 M solution was prepared.

Molecular modelling was performed using molecular mech-
anics using geometry optimisation, followed by molecular
dynamics both using the MM?2 program in Cambridge Soft
Chem3D version 5.0. The parameters used in the molecular
dynamics were: step interval 2.0 fs, frame interval 10.0 fs,
heating/cooling rate 4.184 kJ atom™' ps™! and target temper-
ature 300 K and trajectory 4.0 ps. The computation on 5k
terminated with a steric energy of 401.45 kJ mol ™! and that of
51 with a steric energy of 392.16 kJ mol "

Spectroscopic data for camphor

The spectroscopic correlations for (+)-camphor are listed below
for use in the assignment of the camphor skeleton in the
compounds reported. Asymmetric solvation of camphor by
aromatic solvents gave rise to chemical-shift changes of diag-
nostic importance. These results and NOE-difference studies on
camphor matched previously published results.?*

(£)-Camphor. v, (KBr)fcm™' 3476, 2962 and 2737, 1740
(C=0 str), 1448, 1390, 1372; 64(300 MHz; CDCl,) 0.67 (3H, s,
C-8 Me), 0.73 (3H, s, C-10 Me), 0.80 (3H, 5, C-9 Me), 1.12-1.28
(2H, m, 5-H,,,, and 6-H,,,,), 1.44-1.57 (1H, m, 6-H,,,), 1.66
(1H, d, 2y enge 5.000 18.1, 3-Hovgo), 1.73-1.86 (1H, m, 5-H.,.), 1.92
(1H, t, *J4 3.exo and *J 5.y, 4.8, 4-H), 2.17 (1H, overlapping ddd,
2. s-exo,3-endo 18-1, 3 sexon 4.8, . s-exo,5-exo 405 3-Hexo); 0u(300 MHz;
C,D,) 0.59 3H, s, C-8 Me), 0.64 (3H, s, C-9 Me), 0.87 (3H, s,
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C-10 Me), 0.91-1.00 (1H, overlapping ddd, *Js.mips-exo 124,
3J s endorgeendo 9-35 *Is-endogeexo 425 5-Henao)s 1.12-1.22 (1H, overlap-
plng dddv 2J6-endo,6-exo 135’ 3']6-endo,5-ena'o 937 3,‘]6-emio,5-e:m 463 6_
H.nao)s 1.28-1.39 (1H, overlapping dddd [appears as a complex
dt]’ 2J6—exa,6—endo 135’ 3J6—exa,5—exo 1107 3J6—exo,5—endo 425 5J6—exa,3—exa
0.9, 6-H,y,), 1.51-1.62 (2H, overlapping d and m, *J3. ou.3-ex0
1807 3_Hendos and 2J5-exn,5-endo 1247 3JS-exo,G-exo 1107 3JS-eon 48:
3‘]5-e)ro,6-endo 46> S'Hexo)’ 1.64 (IH’ t’ 3J4,3-exa and 3J4,5-exo 485
4-H), 2.09 (1H, overlapping ddd, *Js expz-endo 18-0;, *J3eroa 4.8,
4J3—ex0,5—ex0 38’ 5J3—exa,6—exu 09’ 3-I—Iexo); (SC (75'5 MHZ’ CDCIS) 91
(C-10), 19.0 (C-9), 19.6 (C-8), 26.9 (C-5), 29.8 (C-6), 42.9 (C-4),
43.1 (C-3), 46.6 (C-7), 57.4 (C-1), 218.8 (C=0); 6. (75.5 MHz;
CDy) 9.6 (C-10), 19.1 (C-9), 19.7 (C-8), 27.3 (C-5), 30.1 (C-6),
43.2(C-3), 43.3 (C-4), 46.5 (C-7), 57.3 (C-1), 216.3 (C=0).

NOE difference (C¢Dg) irradiation at 6 0.59 C-8 Me
(enhances signal at 6 0.87 C-10 Me by +1.7%, 6 2.09 3-H,,,
+1.85%), 0.87 C-10 Me (0.59 C-8 Me +1.4%, 0.64 C-9 Me
+1.4%), 0.91-1.00 5-H,,, (1.51-1.64 3-H,,, 4-H, 5-H,,
+4.9%), 1.12-1.22 6-H,,,, (0.87 C-10 Me +0.8%, 0.91-1.00
5-H,pqo +1.7%, 1.28-1.39 6-H,,, +6.2%), 1.28-1.39 6-H,, (0.64
C-9 Me +1.65%, 0.87 C-10 Me +0.8%, 1.12-1.22 6-H,,4,
+4.5%), 1.51-1.62 3-H,,,, and S5-H,, (0.91-1.00 5-H,,,
+7.6%, 1.28-1.39 6-H,,, +3.5%, 2.09 3-H,,, +7.0%), 1.64 4-H
(0.59 C-8 Me +1.5%, 0.64 C-9 Me +1.85%), 2.09 3-H,,, (0.59
C-8 Me +2.0%, 1.51-1.62 3-H,y, and 5-H,, +7.0%).

(%)-Thiocamphor. (£)-Camphor (1.52 g, 10 mmol) and Law-
esson’s reagent || (2.43 g, 6 mmol) were refluxed in anhydrous
benzene (15 cm®) for 12 h. The resulting orange solution was
filtered, the filtrate evaporated to dryness in vacuo, and the resi-
due purified by flash chromatography (light petroleum-DCM
[95: 5]). Combination and concentration of the appropriate
product fractions gave the desired (*)-thiocamphor (0.96 g,
57%) as bright orange crystals, mp 145-146 °C (lit.,*! 145-
146 °C); Vo (KBr)/em ™ 3409w, 2959s, 1445m, 1413m, 1388m,
1309m, 1277m, 1211m, 1191w, 1130m (C=S str); 05(300 MHz;
CDCl,) 0.78 (3H, s, C-8 Me), 1.02 (3H, s, C-9 Me), 1.08 (3H, s,
C-10 Me), 1.22-1.41 (2H, m, 5-H.,4, and 6-H,,4,), 1.69-1.80
(1H, m, 6-H,,,), 1.93-2.05 (1H, m, 5-H,,), 2.15 (1H, t, *J4 3.0
and *J, 5., 4.2, 4-H), 2.39 (1H, d, */3 nto3e00 20-5, 3-Henao)s
2.71-2.82 (1H, dm, *Jsppz.0m0 20.5, 3-Hewo); 9c(75.5 MHz;
CDCl,) 13.1 (C-10), 19.6 (C-9), 19.8 (C-8), 27.2 (C-5), 33.9
(C-6),45.1(C-4),48.9 (C-7), 55.5(C-3),69.2 (C-1), 193.7 (C=NS).

Camphor imine 3 and its precursors

Camphor oxime 1. A solution of hydroxylamine hydro-
chloride (2.09 g, 30 mmol) and sodium acetate (1.97 g, 24
mmol) in water (18 c¢cm®) was treated with a solution of
(%)-camphor or (R,R)-camphor (3.04 g, 20 mmol) in ethanol (7
cm?) and the mixture was heated at 60 °C for 15 h. The resulting
clear solution was concentrated in vacuo until crystals of
camphor oxime began to form. The suspension was set aside at
4°C to complete the crystallisation and the product was
collected by suction filtration and dried over CaCl, in vacuo.
TLC (CHCI,) confirmed that both products were pure.

(R,R)-Camphor oxime 1. (R,R)-Camphor oxime (3.30 g,
99%) was obtained as white crystals, mp 118-119 °C (lit.,*
115 °C); [a]5* —36.8 (¢ 10 in EtOH) {lit.,** [a]p —41.4 (¢ 12 in
EtOH)}; v (KBr)/cm ™ 3284s br (OH str), 2975s, 1687m (C=N
str), 1447s, 1391s, 1376s, 1191m; 04(300 MHz; CDCl,) 0.77
(3H, s, C-8 Me), 0.88 (3H, s, C-9 Me), 0.98 (3H, s, C-10 Me),
1.15-1.26 (1H, complex overlapping ddd, 5-H,,4,), 1.36-1.48
(1H, overlapping ddd, 6-H.pg,), 1.60-1.72 (1H, dt, *J4 ro 6.endo
12.0, *Jexosendo A0 *Jgexp5.ex0 4.2, 6-Heyo), 1.74-1.86 (1H, m,
5-Hexo)> 1.88 (1H, t, *J, 5.0, and 3Jy 5.0y, 4.2, 4-H), 2.02 (1H, d,
2J3—endo,3—ex0 175’ S_Hendo)a 252 (lHa Overlapping ddd’ 2J3—ex0,3—end0

|| 2,4-Bis(4-methoxyphenyl)-1,3,2,4-dithiadiphosphetane 2.4-disulfide.
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17.5, yprns 42 yorosers 3.5, 3-Hyy), 8.98 (1H, br, OH);
3¢(75.5 MHz; CDCl,) 11.1 (C-10), 18.5 (C-9), 19.4 (C-8), 27.2
(C-5), 32.6 (C-6), 33.1 (C-3), 43.7 (C-4), 48.3 (C-7), 51.8 (C-1),
169.7 (C=N).5

(*)-Camphor oxime 1. (£)-Camphor oxime (3.14 g, 94%) was
obtained as white crystals, mp 117-119 °C (lit.,"** 118-119 °C);
Vmax(KBr)/lem™ 3283br s (OH str), 2961s, 1686m (C=N str),
1475s, 1445s, 1392s, 1376s, 1302s, 1201m, 1193m, 923s; d,4(300
MHz; CDCl,;) 0.79 (3H, s, C-8 Me), 0.91 (3H, s, C-9 Me), 1.00
(3H, s, C-10 Me), 1.18-1.28 (1H, overlapping ddd, 5-H,4,),
1.41-1.50 (1H, overlapping ddd, 6-H.4,), 1.70 (1H, dt,
2"6-ex0,6—endo 120’ 3J6-ex0,5—endo and 3JG—exo,S—exa 40’ 6-Hexo)5 177_189
(1H, m, 5-H,,,), 1.91 (1H, t, *J, 3.0y, and *J, 5., 4.3, 4-H), 2.05
(1H, d, *J5 ndosexo 17-8, 3-Hengo)> 2.55 (1H, overlapping ddd,
2J3-exo,3-endo 1789 3J?»-exo,4 43> 4J3-exa,5-exo 35’ 3_Hexo)ﬁ 860 (lHa br:
OH); 6-(75.5 MHz; CDCI,) 11.1 (C-10), 18.5 (C-9), 19.4 (C-8),
27.3 (C-5), 32.6 (C-6), 33.1 (C-3), 43.7 (C-4), 48.3 (C-7), 51.9
(C-1), 170.0 (C=N).

Camphor imine nitrate salt 2a. Camphor imine nitrate salt
was prepared by an adaptation of the procedure of Barton,
Motherwell, Simon and Zard (Procedure A)'® and by a modifi-
cation of the method of Mahla and Tiemann (Procedure B)."

Procedure A.—Tri-n-butylphosphine (93.4 cm®, 379 mmol)
was added to a solution of (R,R)-camphor oxime 1 (15.78 g, 94
mmol) and diphenyl disulfide (41.92 g, 192 mmol) in dry THF
(450 cm®) under an inert atmosphere and the solution stirred at
ambient temperature for 2.5 h. Anhydrous nitric acid in dry
diethyl ether** (approximately 0.5-1.0 M) was added dropwise to
the reaction mixture, whereupon white crystals of the camphor
imine nitrate salt began to separate. The addition of the nitric
acid solution was continued until no more crystallisation
occurred. The crystals were collected by suction filtration,
washed well with dry diethyl ether, and dried in vacuo over
CaCl,.

(R,R)-Camphor imine nitrate salt 2a.—(R,R)-Camphor
imine nitrate salt 2a (20.24 g, 99%) was obtained as fine, white,
needle-shaped crystals, mp 158-159 °C (lit.,"* 158-159 °C); [a]¥
—42.0 (¢ 0.84 in EtOH); v,,,(KBr)/cm™! 3300-2700br s (N-H
str), 2964s, 2875s, 1685s (C=N str), 1440-1350br s, 1307s,
1210m, 1197m; d4(300 MHz; CDCl;) 0.89 (3H, s, C-8 Me), 1.03
(3H, s, C-9 Me), 1.26 (3H, s, C-10 Me), 1.37-1.45 (1H, m,
5-Hepgo)> 1.52-1.64 (1H, m, 6-H,,4,), 1.90-2.01 (2H, m, 5-H,,,,
6-Heyo), 2.17 (1H, t, *J4 5.0y, and *Jy 5., 4.0, 4-H), 2.58 (1H, d,
2J3-endo,3—exa 202’ 3_Hendo)’ 30 (1H’ ddda 2J3-exo,3—enda 202’ 3']3—8,\’”,4
4.0 and *J3 oy 5.ex0 1.5, 3-Heyo), 11.9 (1H, br, NH) and 12.4 (1H,
br, NH); 6.(75.5 MHz; CDCl;) 9.4 (C-10), 18.4 (C-9), 19.6
(C-8), 26.1 (C-5), 31.8 (C-6), 38.6 (C-3), 43.4 (C-4), 49.9 (C-7),
57.7 (C-1), 208.0 (C=N).

Procedure B—(1)-Camphor oxime or (R,R)-camphor
oxime 1 (30.05 g, 180 mmol) in dry diethyl ether (250 cm?)
was treated successively with three portions of cold nitrous acid
in ‘dried’ diethyl ether prepared as described below. Sodium
nitrite (25.02 g, 360 mmol) in water (50 cm?®), layered with
diethyl ether (100 cm?®) and cooled to 0°C in a separating
funnel, was treated with 2 M aq. sulfuric acid (24.5 cm?, 49
mmol) and the mixture was swirled gently. The lower aqueous
layer was removed and the upper, pale yellow organic layer was
filtered through a cotton wool plug into the ethereal oxime solu-
tion. The separated aqueous layer was re-treated with sulfuric
acid (24.5 cm®, 49 mmol), extracted with diethyl ether (100 cm®),
and the separated organic phase was filtered as before into
the ethereal reaction mixture. This process was repeated once
more.

** For the preparation of anhydrous nitric acid in dry diethyl ether see
the general experimental section. Particular attention should be paid to
the safety precautions mentioned.
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The addition of nitrous acid to the oxime solution gave a
deep red solution from which fine, white crystals of camphor
imine nitrate salt 2a separated. The mixture was kept at 0 °C for
20 min and the crystals were filtered off from the pale blue
supernatant liquor, washed well with dry diethyl ether, and
dried in vacuo over CaCl,.

(R,R)-Camphor imine nitrate salt 2a.—(R,R)-Camphor
imine nitrate salt (8.88 g, 23%) was obtained as fine, white,
needle-shaped crystals, mp 158-159 °C (lit.,'* 158-159 °C); [a]¥
—42.0 (¢ 0.84 in EtOH); v, (KBr)/cm ™! 3300-2700s (N-H str),
2960s, 2878s, 1702s (C=N str), 1432s, 1376s, 1311s, 1299,
1212m, 1196m.

(x)-Camphor imine nitrate salt 2a.—(%)-Camphor imine
nitrate salt (8.28 g, 21.5%) was obtained as fine, white, needle-
shaped crystals, mp 158-159°C (lit.,** 144.5-145°C);
Vmax(KBr)/cm™ 3420-3100w (N-H str), 2966s, 2878s, 1713s
(C=N str), 1436s, 1386s, 1311s, 1299s, 1212m, 1196w; 5(300
MHz; CDCl;) 0.83 (3H, s, C-8 Me), 0.96 (3H, s, C-9 Me), 1.20
(3H, s, C-10 Me), 1.32-1.42 (1H, m, 5-H,,q4,), 1.48-1.60 (1H, m,
6-H,q0), 1.85-1.96 (2H, m, 5-H,,,, 6-H,y,), 2.12 (1H, t, *J, 500
and *J, s.exo 3.5, 4-H), 2.53 (1H, d, /3 eno 3-ex0 20.0, 3-Hepngo), 3.00
(1H, dd, *J5erp 3-en0 20.0, *J30x04 4.0, 3-H,,), 11.9 (1H, br, NH),
12.3 (1H, br, NH); 6.(75.5 MHz; CDCl,;) 9.3 (C-10), 18.4
(C-9), 19.5 (C-8), 26.1 (C-5), 31.8 (C-6), 38.6 (C-3), 43.4 (C-4),
49.9 (C-7), 57.7 (C-1), 208.0 (C=N).

(R,R)-Camphor imine hydrochloride salt 2b. (R,R)-Camphor
imine hydrochloride salt was prepared either by a modification
of Procedure A™ used above for the preparation of (R,R)-
camphor imine nitrate salt or directly from camphor imine
itself (Procedure C)."

Procedure A.—Tri-n-butylphosphine was added slowly to a
solution of (R,R)-camphor oxime 1 and diphenyl disulfide in
dry THF under an inert atmosphere as described above for the
nitrate salt. The solution was stirred at ambient temperature
for 2.5 h. Anhydrous hydrogen chloride in dry diethyl ether
(approximately 2 M) was added dropwise to the reaction mix-
ture, whereupon white crystals of the camphor imine hydro-
chloride salt began to separate. The addition of the hydrogen
chloride solution was continued until no more crystallisation
occurred. The crystals were collected by suction filtration,
washed well with dry diethyl ether, and dried in vacuo over
anhydrous CaCl,. (R,R)-Camphor imine hydrochloride salt 2b
(86%) was obtained as fine, white, needle-shaped crystals,
mp 327-328 °C (lit.,' records sublimation without melting)
[Found: m/z (EI): M*, 151.13653, C,,H ;N (free base) requires
M, 151.13570, deviation 2.8 ppm]; vy, (KBr)/cm ™ 3100-2550br
s (N-H str), 2968s, 2774s, 1696s (C=N str), 1475m, 1448s,
1414s, 1394m, 1372w, 1214m, 1196w; 6,4(300 MHz; CDCl,) 0.81
(3H, s, C-8 Me), 0.95 (3H, s, C-9 Me), 1.30 (3H, s, C-10 Me),
1.27-1.38 (1H, m, 5-Hepgo), 1.42-1.56 (1H, m, 6-H,,4,), 1.83—
1.99 (2H, m, 5-H,., 6-Heyo), 2.12 (1H, t, *Jy3 and *Jys
3.5, 4-H), 2.56 (1H, d, */3 engo3.ex0 20-2, 3-Hengo), 2.98 (1H, dd,
s -exos-endo 20-25 *Jzevoa 3.5, 3-Heyo), 12.6 (1H, br, NH), 13.3
(1H, br, NH); 6.(75.5 MHz; CDClL,) 10.4 (C-10), 18.3 (C-9),
19.6 (C-8), 26.1 (C-5), 31.9 (C-6), 38.4 (C-3), 43.4 (C-4), 49.8
(C-7), 57.8 (C-1), 206.4 (C=N); m/z (EI) 151 (52%, M" [free
base]), 136 (46, M — CH;), 123 (11), 108 (58, CgH,,"),
95 (100, C,H;;"), 84 (36, M — 67), 68 (98, C,H,N™), 55
(39).%

Procedure C.—Anhydrous hydrogen chloride in dry diethyl
ether (approximately 2 M) was added dropwise to a stirred,
dry, concentrated ethereal solution of (R,R)-camphor imine 3
(prepared from camphor imine nitrate 2a as described below),
whereupon white crystals of the camphor imine hydrochloride
salt began to separate. The addition of the hydrogen chloride
solution was continued until no more crystallisation occurred.
The crystals were collected by suction filtration, washed well
with dry diethyl ether, and dried in vacuo over CaCl, (R,R)-
Camphor imine hydrochloride salt 2b was obtained as fine,
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white, needle-shaped crystals, with properties similar to those
already reported.

(R,R)-Camphor imine 3. (R,R)-Camphor imine nitrate 2a or
hydrochloride salt 2b was dissolved in the minimum of water,
layered with diethyl ether, and treated with aq. ammonia
(2 M; 20% excess). The free imine was extracted into diethyl
ether (X 3) and the organic phases were pooled, dried
(MgSO,), and concentrated cautiously on a rotatory evapor-
ator to give a white solid, camphor imine 3; vy, (KBr)/cm™
3312br s (N-H str), 2963s, 2880s, 1683m (C=N str), 1438s,
1387m, 1370m; o4(60 MHz; CDCl;) 0.90 (3H, s, C-8 Me),
1.02 (3H, s, C-9 Me), 1.10 (3H, s, C-10 Me), 1.40-2.60
(7H, complex m of overlapping signals, 3-H,, 4-H, 5-H, and
6-H,).tf

General procedure for the preparation of camphorylidene
a-amino acid ester derivatives

(R,R)-camphor imine nitrate salt 2a (1.07 g, 5 mmol) or the
corresponding hydrochloride salt 2b (0.94 g, 5 mmol) was dis-
solved in water (10 cm®), layered with diethyl ether (30 cm?),
and treated with aq. ammonia (2 M; 3 cm® 6 mmol, 20%
excess). The layers were equilibrated, separated, and the aque-
ous phase was extracted with a further portion of diethyl ether.
The combined organic phases were pooled, backwashed with
cold water (2 x 10 cm®), dried (MgSOQ,), filtered and reduced
in volume to =10 cm®. The S- or R-amino ester hydrochloride
4 (5 mmol) was added together with a suitable co-solvent
(dry MeOH, EtOH or DCM, 10 cm®). The suspension was
stirred at ambient temperature for 2-3 days with the exclu-
sion of moisture (CaCl, guard tube). The precipitate of
ammonium chloride which formed was filtered off, and the
filtrate cautiously concentrated on a rotatory evaporator to
give the crude product. The crude material was purified by
flash chromatography (DCM-MeOH, 99:1). Combination
and concentration of the appropriate product fractions and
drying over CaCl, in vacuo gave the desired camphorylidene
a-amino ester which was shown to be pure by TLC (DCM—
MeOH, 99:1).

(R,R)-Camphorylidene a-amino ester derivatives

Ethyl N-[(1R,2E,4R)-bornan-2-ylidene]glycinate'? Sa {ethyl
([1R,2E 4R]-1,7,7-trimethylbicyclo[2.2.1]heptan-2-ylidene-
amino)acetate}. Ethyl glycinate hydrochloride 4a (0.70 g, 5
mmol) was used in the general procedure using DCM (20 cm®)
as co-solvent and gave the product, ethyl N-[(1R2E4R)-
bornan-2-ylidene]glycinate 5a, as a pale yellow oil (902 mg,
76%), [a]g> —7.04 (¢ 0.5 in DCM) [Found: m/z (EI) M*,
237.17417. Calc. for C;,H,;NO,: M, 237.17288, deviation 5.45
ppm]; Voo (film)/em™ 2962s, 2885s, 1745s (C=0O str), 1689s
(C=N str), 1475m, 1448m, 1392m, 1373s, 1338m, 1184s;"
0x(300 MHz; CDCl,) 0.72 (3H, s, C-8 Me), 0.86 (3H, s, C-9
Me), 0.93 (3H, s, C-10 Me), 1.09-1.18 (1H, overlapping ddd,
2J5-endo,5-exo 160’ 3JS-endo,G-enda 90 and 3JS-endo,ﬁ-exo 40’ S_Hendo)’
1.177 and 1.180 (3H, t, J 7.0, CH,CH,0,C),1{ 1.29-1.39 (1H,
overlapping ddd, >/, 6-endo,6-exo 145, 3 6-endo,s-endo 9-0, 3 -endo,s-exo 405
6-Hengo)> 1.61 (1H, dt, *J vy 6na0 14.5,°T 6-exo,5-endo AN 7 6-ex0,5-ex0
4.0, 6-H,,,), 1.74 (1H, d, *J5 snto3.ex0 17.0, 3-Hepngo), 1.73-1.84
(1H, m, 5-H,y), 1.88 (1H, t, *J4 3.0, and *J, 5.y, 4.0, 4-H), 2.25
(1H> dt’ 2J3—ex0,3—end0 1705 3J3-exo,4 and 4J3-exo,5—exa 405 3_Hexo)5 399

+1 The N-H proton could not be located as the resolution of this
spectrum was poor.

11 The "H NMR signals of the ethyl ester group are split, presumably
due to a conformational effect. Note: the upfield quartet and triplet are
of lower intensity than the downfield component; this is in contradis-
tinction to the corresponding behaviour of ethyl (£)-camphorylidene-
glycinate 5o (see below).
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and 4.00 (2H, 2 x s, NCH,),§§ 4.087 and 4.093 (2H, q, J 7.0,
CH,CH,0,C);"? 5.(75.5 MHz; CDCl,) 11.1 (C-10), 14.1 (Gly,
OCH,CH,), 18.9 (C-9), 19.5 (C-8), 27.3 (C-5), 31.9 (C-6), 35.6
(C-3), 43.8 (C-4), 47.25 (C-7), 53.8 (Gly, a-CH,), 54.2 (C-1),
60.6 (Gly, OCH,CH,), 170.2 (C=0), 187.5 (C=N);"* m/z (EI)
237 (10%, M™), 165 (16), 164 (100, M — CO,Et), 129 (8), 108
(10, CgH,,"), 95 (17, C,H,, %), 83 (23), 69 (9), 55 (9).**

NOE difference (CDCI,) irradiation at ¢ 0.72 C-8§ Me
(enhances signal at 0 1.88 4-H by +1.05%, ¢ 2.25 3-H,,, +2.6%,
0 3.99 NCH, +0.8%), 0.86 C-9 Me (1.61 6-H,,, +2.0%, 1.73—
1.84 3-H,,4, and 5-H,,, +2.1%, 1.88 4-H +1.4%), 0.93 C-10 Me
(1.61 6-H,,, +1.5%), 1.09-1.18 5-H,,4, and CH,CH,O (1.73—
1.88 3-H 4o, 4-H and 5-H,,, +12.7%), 1.29-1.39 6-H,,,, (1.61
6-H,,, +9.3%), 1.61 6-H,,, (1.29-1.39 6-H,,q, +9.3%), 1.88 4-H
(1.73-1.84 3-H,,4, and 5-H,,, +1.3%, 2.25 3-H,,, +4.3%), 2.25
3-H,,, (1.73-1.84 3-H,,4, and 5-H,,, +7.0%, 1.88 4-H +1.9%,
3.99 NCH, +1.7%), 3.99 NCH, (1.73-1.84 3-H,,4, and 5-H,,,
+1.3%, 2.25 3-H,,, +1.5%).

Methyl N-[(1R,2E,4R)-bornan-2-ylidene]-(S)-alaninate 5b
{methyl (S)-2'-([1R,2E ,4R]-1,7,7-trimethylbicyclo[2.2.1]-
heptan-2-ylideneamino)propanoate}.  Methyl  (S)-alaninate
hydrochloride 4b (0.70 g, 5 mmol) was used in the general
procedure using MeOH (20 cm?® as co-solvent and gave
the product, methyl N-[(1R2E,4R)-bornan-2-ylidene]-(S)-
alaninate 5b, as a pale yellow oil (843 mg, 71%), [a]g=> —114.7
(¢ 0.51 in DCM) [Found: C, 70.3; H, 9.7; N, 5.9. Calc. for
C,,H,;NO,: C, 70.8; H, 9.8; N, 5.9%. Found: m/z (EI) M,
237.17305. Calc. for C,,H,;NO,: M, 237.17288, deviation 0.7
ppm]; Vo (film)lem™ 2957s, 2875s, 1738s (C=0 str), 1679s
(C=N str), 1475sh m, 1447m, 1391w, 1371m, 1201s; J4(300
MHz; CDCl,) 0.73 (3H, s, C-8 Me), 0.91 (3H, s, C-9 Me), 0.98
(3H, s, C-10 Me), 1.14-1.24 (1H, overlapping ddd, */s..u.s-exo
120! 3J5-endﬂ,6-end0 9.1 and 3J5-enda,6-exo 427 5_Hendo)> 1.37 (3Ha d,
3 ptea-crr 6.8, Ala B-CHj), 1.36-1.46 (1H, partly obscured over-
lapplng ddd’ 2J6—enda,6—exa 1357 3JG—endo,S—enda 91’ 3‘16—6'1110,5—exa 425
6_Hendo)’ 165 (1H’ dt’ 2J6—ex0,6-end0 and 3'] 6-ex0,5-ex0 135 and
3J6-exo,5-enda 427 6_Hexo)7 1.88 (1H> d7 2J3-enda,3-exa 165> 3_Hendo)s
1.76-1.89 (1H, m, 5-H,), 1.92 (1H, t, *J,;.0, and *J,y sy, 4.2,
4-H), 2.31 (1H, complex dt, *J3erpsento 16-5, Jsevos 4.2,
4J3msm 3.4, 3-H,,), 3.67 (3H, s, CH;0,C), 4.04 (lH, q,

J e e 0.8, Ala 0-CH); 0(75.5 MHz; CDCl,) 11.4 (C-10), 18.6
(C-9), 18.9 (Ala B-CH,;), 19.4 (C-8), 27.3 (C-5), 31.8 (C-6), 35.3
(C-3),43.8 (C-4),47.0 (C-7), 51.9 (OCH,), 53.9 (C-1), 59.4 (Ala
a-CH), 173.45 (C=0), 184.5 (C=N); m/z (EI) 237 (2%, M™), 178
(100, M — CO,Me), 122 (3.5), 108 (3, CgH,, %), 95 (12, C;H ),
83(7), 70 (9), 55 (9).

Methyl  N-[(1R,2E,4R)-bornan-2-ylidene]-(S)-valinate 5S¢
{methyl (S)-3'-methyl-2’-([1R,2E,4R]-1,7,7-trimethylbicyclo-
[2.2.1]heptan-2-ylideneamino)butanoate}. Methyl (S)-valinate
hydrochloride 4c¢ (838 mg, 5 mmol) was used in the general
procedure using DCM (20 c¢m®) as co-solvent and gave
the product, methyl N-[(1R,2E,4R)-bornan-2-ylidene]-(S)-
valinate 5e, as a clear oil (823 mg, 62%), [a]y —181.2 (¢ 0.52 in
DCM) [Found: C, 72.1; H, 10.15; N, 5.2. Calc. for C;(H,,NO,:
C,72.4;H,10.3; N, 5.3%. Found: m/z (EI) M"*, 265.20485. Calc.
for C;sH,,NO,: M, 265.20418, deviation 2.5 ppm]; v, (film)/
cm ™! 2958s, 2874s, 1743s (C=0 str), 1683s (C=N str), 1470m,
1448m, 1386w, 1368w, 1252m, 1196m, 1175m, 1137m; d,4(300
MHz; CDCl,) 0.72 (3H, s, C-8 Me), 0.85 (3H, d, *J,sp.cx 6.5,
Val y-Me,), 0.87 (3H, d, *Jy,pcn 6.5, Val y-Mey), 0.89 (3H, s,
C-9 Me), 0.96 (3H, s, C-10 Me), 1.10-1.20 (1H, overlapping
ddd, ?J. 5-endo,5-exo 12.2,%J. 5-endo,6-endo 9.4and*J 5-endo,6-ex0 4.2, 5-Hepo)
1.28-1.38 (1H, overlapping ddd, *Jg nio.6-exo 13-05 > endo.s-endo -4
3-]s-emzo,s-exo 4.3, 6-Hengo)s 1.62 (1H, dt, 2J6-ex0,6-endo and 3']6-exo,5-exo
10.2, *J gexosendo 425 6-Hexo), 1.73-1.85 (1H, m, 5-H,,,), 1.83

§§ The two signals for the NCH, group are presumably due to non-
equivalence.
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(1H5 d’ 2J3-endo,3-exa 1655 3'Hendo)’ 1.90 (IH’ t, 3J4,3-exa and 3']4,5-exo
4.5, 4-H), 2.26 (1H, complex octet, *Jy . 6.5 and *Jy e, cn
7.2, Val B-CH), 2.29 (1H, complex overlapping br dt, >J5 .o 3-endo
1659 3'].?»-exa,4 45> 4J?»-exo,S-exo 37a 3'Hexo)ﬂ 3.59 (IH’ da 3Ja-CH,ﬁ-CH
7.2, Val 0-CH), 3.65 (3H, s, CH,0,C); d<(75.5 MHz; CDCl,)
11.3 (C-10), 18.5 (Val y-Me,), 18.8 (C-9), 19.5 (Val y-Mey),
19.53 (C-8), 27.3 (C-5), 31.5 (Val B-CH), 31.8 (C-6), 35.8 (C-3),
43.9 (C-4), 46.5 (C-7), 51.6 (OCH,), 54.3 (C-1), 71.2 (Val
a-CH), 172.5 (C=0), 184.8 (C=N); m/z (EI) 265 (7%, M*), 237
(4, M — 28), 222 (57, M — C,;H,), 206 (100, M — CO,Me), 162
(@), 150 (4, M — C,H,,0,"), 115 (7, C;H,,0,%), 108 (3, CsH,,"),
95 (14, C,H,,"), 83 (13), 69 (12), 59 (17), 55 (18).

Methyl N-[(1R,2E,4R)-bornan-2-ylidene]-(S)-leucinate 5d
{methyl (S)-4'-methyl-2'-([1R,2E 4R]-1,7,7-trimethylbicyclo-
[2.2.1]heptan-2-ylideneamino)pentanoate}. Methyl (S)-leucinate
hydrochloride 4d (908 mg, 5 mmol) was used in the general pro-
cedure using DCM (20 cm®) as co-solvent and gave the product,
methyl  N-[(1R,2E,4R)-bornan-2-ylidene]-(S)-leucinate 5d,
as a pale yellow oil (631 mg, 45%), [a]y —102.4 (¢ 0.50 in
DCM) [Found: m/z (EI) M*, 279.22014. Calc. for C;;H,,NO,:
M, 279.21983, deviation 1.1 ppm; (CI, NH,) MH", 280.22770.
Calc. for C;;H3)NO,: m/z, 280.22763, deviation 0.3 ppm];
Vmax(film)/cm ™! 2960s, 2876s, 1747s (C=0 str), 1685s (C=N str),
1468m, 1442m, 1389m, 1371m, 1272m, 1242m, 1197m, 1170m,
1142m; 64(300 MHz; CDCl;) 0.73 (3H, s, C-8 Me), 0.82 (3H, d,
*steag-cn 6.6, Leu 6-Me,), 0915 (3H, d, *Jy,.cn 6.6, Leu
0-Me,), 0.92 (3H, s, C-9 Me), 0.98 (3H, s, C-10 Me), 1.13-1.23
(1H, overlapping ddd, *Jsmosexo 12:6, *Jsendogendo 9-1 and
s.endogeeso 41, 5-Hengo), 1.35-1.45 (1H, overlapping ddd,
Jﬁ endo,6-exo 13 5 J6 endo,5-endo 9 1 J6-endo,5-exo 453 6_Hendo)3 1497
1.89 (5H, series of overlapping multiplets, partially discernable
as: 1.49-1.62, complex m, 6-H,,,; 1.63-1.71, complex m, Leu
v-CH; 1.68-1.82, m, 3J 8.6 and 5.2, Leu B-CH,; 1.78-1.89,
complex m, 5-H,,,), 1.88 (1H, d, *J5_nio3-exo 16-8, 3-Hengo)s 1.92
(1H, t, *J4 5.0, and *Jy 5., 4.5, 4-H), 2.33 (1H, overlapping ddd,
2"3-ex0,3—endo 168’ 3J3—exo,4 455 4J3—exo,5—exa 2 8 3 Hexo) 3 67 (3H S
CH;0,0), 3.97 (1H, dd, 3Ja-C11,/f—C[1a 8.6, *J, wcnpcm 52, Leu
a-CH); 0.(75.5 MHz; CDCl,) 11.3 (C-10), 18.9 (C-9), 19.5
(C-8), 21.6 (Leu 6-Me,), 23.3 (Leu J-Mey), 24.7 (Leu y-CH),
27.3 (C-5), 31.8 (C-6), 35.7 (C-3), 42.1 (Leu B-CH,), 43.9 (C-4),
46.7 (C-7), 51.7 (OCH,), 54.1 (C-1), 62.6 (Leu o-CH), 173.2
(C=0), 184.7 (C=N); m/z (EI) 279 (4.5%, M"), 264 (9,
M — CH,), 251 (28, M — 28), 236 (17, M — C;H,), 223 (100,
M — C,Hjy), 220 (90, M — CO,Me), 208 (12), 194 (11), 178 (12),
163 (19.5), 150 (12, M — C,H,;0,), 136 (6), 129 (6, C,H,;0,%),
108 (8, CgH,,™), 95 (26, C;H %), 83 (35), 69 (35), 55 (27); mlz
(CI, NH;), 280 (100%, MH™"), 264 (2, M — CH,), 251 (8,
M — 28), 236 (I, M — C;H,), 220 (21, M — CO,Me), 208 (1),
152 (2), 95 (1, C;H ;™).

Methyl N-[(1R,2E,4R)-bornan-2-ylidene]-(2'S,3’' S)-iso-
leucinate Se {methyl (2'S,3'S)-3'-methyl-2'-([1R,2E,4R]-1,7,7-
trimethylbicyclo[2.2.1]heptan-2-ylideneamino)pentanoate}.
Methyl (25,3S)-isoleucinate hydrochloride 4e (908 mg, 5 mmol)
was used in the general procedure using DCM (20 cm?) as co-
solvent and gave the product, methyl N-[(1R2E,4R)-bornan-
2-ylidene]-(2'S,3'S )-isoleucinate Se, as a clear oil (908 mg,
65%), [a]y —149.4 (¢ 0.32 in DCM) [Found: m/z (EI) M*,
279.22039. Calc. for C;H,,NO,: M, 279.21983, deviation 1.9
ppml; V. (film)/cm™ 2960s, 2876m, 1743s, 1732sh (C=0 str),
1679m (C=N str), 1453m, 1436m, 1388w, 1374w, 1261m,
1194m, 1171m, 1139m; 64(300 MHz; CDCl;) 0.73 (3H, s, C-8
Me), 0.84 [3H, t, 3J(Ma;,_CH2) 7.2, Ile 5-Me], 0.87 BH, d, *J o p.cn
6.4, Ile y-Me), 0.915 (3H, s, C-9 Me), 0.98 (3H, s, C-10 Me),
1.01-1.12 (1H, complex m, Ile y-CH,H,), 1.11-1.20 (1H, over-
ldpplng ddd> 2J5-endo,5-exo 1229 3,‘IS-enda,G-endn 91 and 3JS-endo,G-exo 40:
5-Hengo)s 1.29-1.40 (1H, overlapping ddd, *Jg.ie6exo 12-6,
3Jﬁ-endo,s-endo 91’ 3Jﬁ-endo,s-exo 42’ 6'Hendo)’ 142_156 [IH» dqda

J;f-CIIu,CIIb 13.2, 3J()»-C112,Me) 7.2, 3J(~/-CH2,|3-CH) 3.8, lle y-CH,H,],
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158_169 (IH’ td’ 2"6-ex0,6—endo and 3J6—exo,5-ex0 1265 3J6—exo,5—endo 40,
6-H.,), 1.75-1.87 (1H, complex m, 5-H,,), 1.85 (1H, d,
2J3-endo,3-exn 1693 3_Hendo)7 191 (IH’ ts 3"]4,3-exo and 3‘]4,5-2.7(0 45:
4-H), 2.01-2.15 (1H, complex m, Ile B-CH), 2.31 (1H, over-
lapplng ddd’ 2J3—ex0,3—endo 169’ 3JS-exo,4 45’ 4‘]3—exa,5—exo 28’ 3'Hexo)a
3.667 (1, d, J, cpen 7.9, lle a-CH), 3.67 (3H, s, CH;0,0);
34(75.5 MHz; CDCly) 11.1 (Ile 6-Me), 11.3 (C-10), 15.7 (Il
y-Me), 18.9 (C-9), 19.5 (C-8), 24.9 (Ile y-CH,), 27.3 (C-5), 31.9
(C-6), 35.8 (C-3), 37.8 (Ile B-CH), 43.9 (C-4), 46.7 (C-7), 51.6
(OCH,), 54.4 (C-1), 70.3 (Ile a-CH), 172.6 (C=0), 185.1 (C=N);
miz (EI) 279 (6%, M*), 264 (4, M — CH,), 251 (22, M — 28),
223 (68, M — C,Hy), 222 (70, M — C,H,), 220 (100, M — CO,-
Me), 208 (9), 180 (6), 163 (18), 150 (10, M — C,H,,0,), 129 (11,
C,H,;0,%), 108 (8, CsH,,"), 95 (25, C,H,, "), 83 (16), 69 (53), 59
(33), 55 (39).

Methyl  N-[(1R,2E,4R)-bornan-2-ylidene]-(S)-serinate  5f
{methyl (S5)-3'-hydroxy-2'-([1R,2E,4R]-1,7,7-trimethylbicyclo-
[2.2.1]heptan-2-ylideneamino)propanoate}. Methyl (2.5)-serinate
hydrochloride 4f (778 mg, 5 mmol) was used in the general
procedure using MeOH (20 c¢cm®) as co-solvent and gave the
product, methyl N-[(1R,2E,4R )-bornan-2-ylidene]-(S)-serinate
5f, as a clear oil (836 mg, 66%) [Found: m/z (EI) M, 253.16779.
Calc. for C,Hy;NO;: M, 253.16779, deviation 0 ppml];
Vmax(film)/cm ™! 3432vbr m (O-H str), 2957s, 2876m, 1741s (C=0
str), 1679s (C=N str), 1437m, 1390m, 1371m, 1200s, 1171s,
1052s; 04(300 MHz; CDCL,)Yq 0.70 and 0.77 (3H, s, C-8 Me),
0.88 (3H, s, C-9 Me), 0.93 and 0.94 (3H, s, C-10 Me), 1.12-1.21
(1H, overlapping ddd, *Js mosero 12-8, *Jsendogoenaoe 9-0 and
s -endosgexo 415 5-Hengo)s 1.23-1.33 and 1.35-1.45 (1H, 2 x over-
la’pplng ddd> 2J6—enda,6—exo 1279 3JG—endo,S—erwio 907 3JG—erwia,S—exa 45,
6-Hengo)> 1.58-1.70 (1H, br ddd, *Jg.cxps-endo 127, *Jo-exo.5-ex0 12-0
and *Jg ovo sendo 4.1, 6-Heyo), 1.75-1.86 (1H, complex m, 5-H,,,),
1.78 and 1.84 (1H, d, *J3epiozeexo 16-8, 3-Hepgo)s 1.90 (1H, t,
34 3eexo A0 3y 50y, 4.4, 4-H), 2.32 (1H, br ddd, *J3 oy 3.end0 16.8,
3 sexon 44 Ysexosexo 30, 3-Heyo), 3.11 (1H, br s, OH), 3.64 and
3.66 (3H, s, CH;0,C), 3.83 [1H, ddd, *J;.cy, cu 11.0, 3J/;.cm,,u.c11
5.5, J(B cuom 1.5, Ser B-CH,CH,], 3.89 [IH, ddd, *J;.crucms
11.0, *Jycmpacr 5.0, *g.cnom 1.5, Ser B-CH,CH,], 4.22 (1H,
dd, 3Ja(HﬂCHa 5.5, 3pcupem 5.0, Ser a-CH); 6(75.5 MHz;
CDCl,) 11.18 and 11.24 (C-10), 18.8 and 19.0 (C-9), 19.3 and
19.5 (C-8), 27.2 and 27.3 (C-5), 31.7 and 32.3 (C-6), 36.0 and
36.3 (C-3), 43.81 and 43.84 (C-4), 46.8 and 47.6 (C-7), 51.93
and 51.98 (OCH,;), 54.43 and 54.46 (C-1), 63.6 and 63.7 (Ser
B-CH,), 65.0 and 65.2 (Ser a-CH), 171.07 and 171.14 (C=0),
188.2 and 188.6 (C=N); m/z (EI) 253 (3%, M), 238 (3,
M — CH,), 223 (M — H,CO), 222 (100, M — CH,OH), 208 (4),
194 (57.5, M — CO,Me), 164 (37), 136 (13.5, M — C,H,NO,),
108 (25.2, CgH,,"), 95 (78.5, C;H,, %), 83 (57), 69 (37), 55 (39).

Diethyl N-[(1R,2E,4R)-bornan-2-ylidene]-(S)-glutamate 5g
{diethyl (8)-2’-([1R,2E,4R]-1,7,7-trimethylbicyclo[2.2.1]-
heptan-2-ylideneamino)pentanedioate}. Diethyl (S)-
glutamate hydrochloride 4g (1.20 g, 5 mmol) was used in the
general procedure using DCM (20 cm?®) as co-solvent and gave
the product, diethyl N-[(1R,2E,4R)-bornan-2-ylidene]-(S)-
glutamate 5g, as a clear oil (1.29 g, 76%), [a]x —142.4 (¢ 0.50 in
DCM) [Found: m/z (EI) M*, 337.22574. Calc. for C,,H;;NO,:
M, 337.22531, deviation 1.3 ppm]; v, (film)lcm™ 2962,
2886m, 1739s (C=0O str), 1685s (C=N str), 1448m, 1374m,
1254m, 1180s; d4(300 MHz; CDCl,) 0.71 (3H, s, C-8 Me), 0.89
(3H, s, C-9 Me), 0.95 (3H, s, C-10 Me), 1.11-1.23 (1H,

99 Spectroscopic evidence for this homogeneous compound indicates
the existence of two conformers. This may be due to conformational
isomerism involving the amino acid side-chain or the geometry of
the CN double bond. Since NOE studies and temperature-dependence
studies were not carried out, a distinction between these two possi-
bilities cannot be made. The explanation is likely to reside in an
equilibrium between hydrogen-bonded and non-hydrogen-bonded
conformers.
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submerged complex m, 5-Heyg,), 1.19 [3H, t, *Jcu me 7.0,
v-CO,CH,CH;], 1.20 [3H, t, 3J(CH2,MC) 7.0, a-CO,CH,CH;],
1.33-1.43 (1H, overlapping ddd, *Js_enip.6.ex0 12.7, 3JG_,_,,,‘,,,,S_e,,d,, 9.2,
J6 endo,5-exo 42 6 Hendo) 1 58 1 69 (IH td Jﬁ exo,6-endo and
J6ex05ex0 12 7 J6ex05endo 4 0 6 Hexo) 1 74 1 87 (1H complex
m, 5-H,,,), 1.86 (1H, d, 2J,, endog-exo 17:0, 3-Hengo), 1.90 (1H, t,
Jisero a0d *Jys., 4.8, 4-H), 2.04-2.37 (5H, overlapping
complex m, Glu $-CH,, Glu y-CH, and 3-H.,,), 3.95 (1H, dd,
3JG_CM_(~H[, 9.0, 3],1_”,},,_0% 4.2, Glu o-CH), 4.06 [2H, q,
SJ(CHZ_ME) 7.0, y-CO,CH,CH;], 4.093 and 4.100 [2H, q,
3J(CH2M5) 7.0, a-CO,CH,CH;]i|ll 0c(75.5 MHz; CDCl,) 11.2
(C-10), 14.07 (Glu y-CO,CH,CH,), 14.15 (Glu a-CO,CH,-
CH,), 18.8 (C-9), 19.5 (C-8), 27.3 (C-5), 27.8 (Glu B-CH,), 30.4
(Glu y-CH,), 31.8 (C-6), 35.8 (C-3), 43.9 (C-4), 46.7 (C-7), 54.3
(C-1), 60.2 (Glu y-CO,CH,CH,), 60.7 (Glu a-CO,CH,CH,),
62.5 (Glu a-CH), 171.6 (y-C=0), 173.2 (0-C=0), 186.5 (C=N);
mlz (EI) 337 (15%, M™), 309 (2, M — C,H,), 308 (6, M —
C,Hy), 292 (11, M — OC,Hy), 264 (95, M — CO,Et), 263 (20,
M — Et,0), 250 (50), 237 (4, M — C,H0,), 236 (7), 208 (2),
190 (6), 150 (5), 121 (7), 108 (7, CgH,, "), 95 (15, C,H,; "), 85
(72.5), 83 (100), 69 (9), 55 (12).

Methyl N-[(1R,2E,4R)-bornan-2-ylidene]-(.S)-methioninate Sh
{methyl (S)-2'-([1R,2E,4R]-1,7,7-trimethylbicyclo[2.2.1]heptan-
2-ylideneamino)-5'-thiahexanoate}. Methyl (S)-methioninate
hydrochloride 4h (998 mg, 5 mmol) was used in the general
procedure using DCM (20 cm®) as co-solvent and gave the prod-
uct, methyl N-[(IR2E,4R)-bornan-2-ylidene]-(S)-methion-
inate 5h, as a pale yellow o0il (993 mg, 67%), [a]5 —14.8 (¢ 1.15in
DCM) [Found: m/z (EI) M*, 297.17528. Calc. for C,;,H,,NO,S:
M, 297.17625, deviation 3.2 ppm]; Vp.(film)lcm™ 2961s,
2882m, 1744s (C=0 str), 1683s (C=N str), 1436s, 1390m, 1371m,
1275m, 1201s, 1166s; 04(300 MHz; CDCl;) 0.72 (3H, s, C-8
Me), 0.90 (3H, s, C-9 Me), 0.95 (3H, s, C-10 Me), 1.13-
1.23 (1H, overlapping ddd, *Js.eseso 12-5, *Jsendosendo 9-1s
3J5 endogeeso 40, 5-Hengo), 1.34-1.44 (1H, overlapping ddd,
J6 endo,6-exo 12 5 J6 endo,5-endo 9 1 J6—end0,5—ex0 44’ 6_Hend0)’ 159_
169 (lH td 2‘]6 exo0,6-endo and J6-exo,5-exo 12'53 3J6-ex0,5-enda 403
6-H,,,), 1.75-1.88, (1H, complex m, 5-H,,), 1.86 (1H, d,
2J3-endo,3-exo 1697 3'Hendo)5 1.92 (1H> t, 3J4,3-exo and 3J4,5—exa 455
4-H), 2.02 (3H, s, Met &-Me), 2.11-2.19 (2H, complex m,
Met y-CH,), 2.36 [1H, dt, *Jy.ci, cm 13.0, *Jgenay-cny 7.5, Met
B-CH*H)], 2.44 (1H, br ddd, *Jserpsemio 16.9, *Jserous 4.5,
4J3-exo,5-exo 35’ 3'Hex0)a 2.53 [lHa dta 2J[f—CHu,CH/: 130’ 3J(B-CHb,y-CHZ)
5.5, Met B-CH*H"], 3.66 (3H, s, CH;0,C), 4.12 (1H, t, *J . cys p.car
6.5, Met a-CH); 0.(75.5 MHz; CDCl,) 11.1 (C-10), 15.1 (Met
&-Me), 18.8 (C-9), 19.5 (C-8), 27.3 (C-5), 30.7 (Met y-CH,),
31.5 (Met B-CH,), 31.7 (C-6), 36.0 (C-3), 43.8 (C-4), 46.8 (C-7),
51.9 (OCH,), 54.3 (C-1), 61.9 (Met a-CH), 172.5 (C=0), 186.6
(C=N); m/z (EI) 299 (2%, M + 2), 297 (10, M*), 282 (7.5,
M — CH,), 269 (4, M — 28), 250 (2.5, M — SCH,;), 238 (13,
M — CO,Me), 236 (27, M — CH,SCH,), 223 (100, M — C;-
HS), 208 (11), 163 (20.5), 150 (11, M — C¢H,,0,S), 108 (9,
CgH,,), 95 (17, C,H, ), 83 (78), 69 (19.5), 61 (27, CH,SCH, "),
55 (14).

Methyl N-[(1R,2E,4R)-bornan-2-ylidene]-(.S)-phenylalaninate
5i {methyl (S)-3’-phenyl-2'-([1R,2E,4E]-1,7,7-trimethylbicyclo-
[2.2.1]heptan-2-ylideneamino)propanoate}. Methyl (S)-phenyl-
alaninate hydrochloride 4i (1.078 g, 5 mmol) was used in the
general procedure using DCM (20 cm?®) as co-solvent and gave
the product, methyl N-[(1R,2E,4R)-bornan-2-ylidene]-(S)-
phenylalaninate 5i, as white, needle-shaped crystals (1.066 g,
68%), mp 38.0-38.5 °C; [a]F —156.5 (¢ 0.50 in DCM) [Found: C,
76.5; H, 8.6; N, 4.5. Calc. for C,H,,NO,: C, 76.6; H, 8.7; N,
4.5%. Found: m/z (EI) M™, 313.20396. Calc. for C,,H,,NO,: M.
313.20418, deviation 0.7 ppm; (CI, NH;): MH™", 314.21200.

[l A conformational effect may be responsible for the splitting of the
a-ester CH, signal.
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Calc. for C,)H,4NO,: m/z, 314.21198, deviation 0.1 ppml];
Via(film)/cm ™! 3068w, 3033m, 2961s, 2878m, 1744s (C=0 str),
1687s (C=N str), 1607w, 1498m, 1456m, 1440m, 1391m, 1372m,
1279m, 1244m, 1201s, 1169s, 749m, 700s; d4(300 MHz; CDCl,)
0.17 (3H, s, C-8 Me), 0.82 (3H, s, C-9 Me), 0.93 (3H, s, C-10
Me), 1.08-1.17 (1H, complex m, 5-H,,4,), 1.335 (1H, complex
ddda 2J6-endo,6-exo 125= 3J6-em{o,5-emio 929 3']6-endo,5-exo 403 6_Hendo)v
1.55-1.67 (1H, complex dt, *J¢oxpsento @0 *Joexpsexo 12.5,
3Jg-exosendo 3-05 6-Hego), 1.70-1.78, (2H, overlapping complex m,
4-H, 5-H,y,), 1.77 (1H, d, *J;_cnto3-exo 16.4, 3-Hengo), 1.90 (1H, dt,
2J3-exo,3-endo 1647 3J4,3-e>co and 4J3-exo,5-exo 357 3_Hexo)7 308 (lHa dd:
p.crncm 132, *Jp.cupacn 9-8, Phe B-CH*CHP), 3.28 (1H, dd,
*y.cmcna 1320 *pcmpacn 4.2, Phe BCH"CH") 3.71 (3H, s,
CH;0,C), 4.16 (1H, dd, *J, cupcma 98, Jocupcm 4.2, Phe
a-CH), 7.18 (5H, apparent s, Phe aryl CH); 0.(75.5 MHz;
CDCly) 11.3 (C-10), 18.8 (C-9), 18.9 (C-8), 27.2 (C-5), 31.9
(C-6), 35.8 (C-3), 39.4 (Phe B-CH,), 43.8 (C-4), 46.6 (C-7), 52.0
(OCH,), 54.1 (C-1), 66.3 (Phe a-CH), 126.2 (Phe p-CH), 128.2
(Phe m-CH), 129.5 (Phe 0-CH), 138.5 (Phe i-C), 172.4 (C=0),
185.2 (C=N); m/z (EI), 313 (3%, M¥), 254 (21, M — CO,Me),
223 (13), 222 (100, M — C,H,), 221 (26.5), 162 (3.5, [{M —
90} — 59]), 121 (6), 95 (4, C,H; ), 91 (5.5, C;H,"), 83 (17), 77
(CH™), 69 (11), 55 (2); miz (CI, NH;) 314 (100%, MH™), 254
(6, M — CO,Me), 222 (35, M — C,H,), 152 (19), 121 (2), 108
(2. GHy,'), 91 3, G H,").

NOE difference (CDCI;) irradiation at ¢ 0.17 C-8 Me
(enhances signal at 0 0.82 C-9 Me by +0.1%, ¢ 0.93 C-10
Me +0.7%,0 1.90 3-H,,, +2.9%,0 7.18 Ph +2.0%), 0.82 C-9 Me
(0.17 C-8 Me +3.0%, 1.55-1.67 6-H,,, +2.6%, 1.70-1.78 4-H
and 5-H,,, +4.4%), 0.93 C-10 Me (1.55-1.67 6-H,,, +1.8%),
1.08-1.17 5-H, 4o (1.70-1.78 3-H g0, 4-H and 5-H,, +12.1%),
1.335 6-H,pq, (1.55-1.67 6-H,,, +8.5%), 1.55-1.67 6-H,,, (1.335
6-H, 4o +8.0%), 1.90 3-H,,, (1.70-1.78 3-H,pq4,, 4-H and 5-H,,,
+4.9%, 4.16 Phe a-CH +2.8%), 3.08 Phe B-CH, (3.28 Phe
B-CH, +9.6%, 4.16 Phe a-CH +0.9%, 7.18 Ph +2.3%), 3.28
Phe B-CH, (3.08 Phe B-CH, +9.3%, 4.16 Phe o-CH +2.5%,
7.18 Ph +1.8%), 3.71 CH;0,C (no effect), 4.16 Phe a-CH
(1.70-1.78 3-H p40, 4-H and 5-H,,, +2.1%, 1.90 3-H,,, +2.9%,
3.28 Phe B-CH,, +2.1%).

Benzyl N-[(1R,2E,4R)-bornan-2-ylidene]-(.S)-phenylalan-
inate 5j {benzyl (S)-3'-phenyl-2’-([1R,2E,4R]-1,7,7-trimethyl-
bicyclo[2.2.1]heptan-2-ylideneamino)propanoate}. Benzyl (S)-
phenylalaninate hydrochloride 4j (1.458 g, 5 mmol) was used in
the general procedure using DCM (20 cm?®) as co-solvent and
gave the product, benzyl N-[(1R2E,4R)-bornan-2-ylidene]-
(S)-phenylalaninate 5j, as a clear oil (1.324 g, 68%), [a] —138.3
(¢ 0.57 in DCM) [Found: C, 79.5; H, 8.0; N, 3.6. Calc. for
C,H;NO,: C, 80.2; H, 8.0; N, 3.6%. Found: m/z (EI) M,
389.23692. Calc. for C,sH;NO,: M, 389.23548, deviation 3.7
ppm]; Vo, (film)/em ™! 3065w, 3031w, 2957s, 2880m, 1740s (C=0
str), 1680m (C=N str), 1604w, 1496m, 1453m, 1389w, 1373w,
1277m, 1209m, 1161s, 748m, 698s; d,3(300 MHz; CDCl;)***0.19
(3H, s, C-8 Me), 0.82 (3H, s, C-9 Me), 0.95 (3H, s, C-10 Me),
0.96-1.05 (1H, complex m, 5-Hg4,), 1.25 (1H, complex
ddd’ 2J6-endo,6-exo 1305 3J6-endo,5-enda 92’ 3J6-endo,5-e)co 405 6_Hendo)s
1.52-1.63 (1H, complex dt, *Jgewpsendo 13-05 *Joexosero 13-0,
3Jg-exos.endo 4-0, 6-Heyo), 1.66-1.77 (2H, overlapping complex m,
4-H, 5-H,,,), 1.76 (1H, d, *J;_snio3.ex0 1 7.0, 3-Henao), 1.92 (1H, dt,
2J3-exo,3-endo 1705 3J4,3-exo and 4'].’»-exa,S-exo 36’ S_Hexo)’ 315 (IH’ dds
pcracm 132, Jpcmgecn 9.8, Phe B-CH*CHP), 3.33 (1H,
dd, y.cpuem 132, Jpcmpacn 4.2, Phe p-CH*CHP), 4.20 (1H,
dd, *J, cupcna 98 *Jucupem 4.2, Phe o-CH), 5.16 (2H, s,

*** Spectroscopic evidence for this homogeneous compound indicates
the existence of two conformers. This may be due to conformational
isomerisation involving the amino acid side-chain or the geometry of
the CN double bond. Since NOE studies and temperature dependence
studies were not carried out, a distinction between these two possi-
bilities cannot be made.
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PhCH,0,C), 7.19 (5H, apparent s, Phe aryl CH), 7.32 (5H,
apparent s, CcH;CH,0,C); d.(75.5 MHz; CDCl,;) 11.3 (C-10),
18.8 (C-9), 18.9 (C-8), 27.2 (C-5), 31.8 (C-6), 35.9 (C-3),
39.1 (Phe B-CH,), 43.8 (C-4), 46.7 (C-7), 54.3 (C-1), 66.2
(Phe a-CH), 66.5 (OCH,Ph), 126.2 (Phe p-CH), 128.1
(OCH,Ph, p-CH), 128.2 (Phe m-CH), 128.3 (OCH,Ph, m-CH),
128.5 (OCH,Ph, 0-CH), 129.6 (Phe 0-CH), 135.9 (OCH,Ph,
i-C), 138.5 (Phe i-C), 171.4 (C=0), 185.7 (br C=N); m/z (EI) 389
(1%, M™), 298 (17, M — C,H,), 254 (21, M — CO,C,H,), 164
(4, [{M — 135} —90]), 92 (9), 91 (100, C,H;"), 77 (1, C¢Hs™).

tert-Butyl N-[(1R,2E,4R)-bornan-2-ylidene]-(S)-phenyl-
alaninate 5k {tert-butyl (S)-3'-phenyl-2'-([1R,2E,4R]-1,7,7-
trimethylbicyclo[2.2.1]heptan-2-ylideneamino)propanoate}.
tert-Butyl (S)-phenylalaninate hydrochloride 4k (1.289 g, 5
mmol) was used in the general procedure using DCM (20 cm®)
as co-solvent and gave the product, tert-butyl N-[(1R,2E,4R)-
bornan-2-ylidene]-(S)-phenylalaninate Sk, as a clear oil (1.244 g,
70%), [a]y —181.1 (¢ 0.25 in DCM) [Found: m/z (EI) M*,
355.25174. Calc. for C,;H;;NO,: M, 355.25113, deviation 1.7
ppml; Voo, (film)/cm ™! 3065w, 3029m, 2959s, 2874m, 1734s (C=0
str), 1683s (C=N str), 1604w, 1494m, 1453s, 1390m, 1367s,
1284m, 1255m, 1218m, 1151s, 748m, 698s; 04(300 MHz;
CDCly)ttt 0.19 (3H, s, C-8 Me), 0.82 (3H, s, C-9 Me), 0.95 (3H,
br s, C-10 Me), 1.07-1.17 (1H, complex m, 5-H,,4,), 1.35 (1H,
COmpleX ddd, 2J6-end0,6-exo 125’ 3J6-endo,5-endo 90’ 3J6-enda,5-exo 353
6-H,nqo), 1.44 (9H, s, Bu'), 1.57-1.68 (1H, complex overlapping
dt, 6-H,,), 1.72-1.80 (2H, overlapping complex m, 4-H,
5-Hepo), 1.81 (1H, d, *J3pgo3er0 16.6, 3-Hepgo)s 1.93 (1H, dt,
2J3-exo,3-endo 1669 3J4,3-e}co and 4J3,5-exo 35’ 3_Hexo)3 3057317 (1Ha
very br m, 2y, cm 13.5, *Jpcugecn 9.9, Phe B-CH*CH®), 3.25
(1H, dd, *Jycpgem 13.5, pcupacn 4.0, Phe B-CH*CHP), 4.02
(IH, dd, *J,cupena 99 *Jucnpenn 4.0, Phe a-CH), 7.17-7.18 (5H,
2 X apparent s, Phe aryl CH); 6.(75.5 MHz; CDCl,) 11.3
(C-10), 18.8 (C-9), 18.9 (C-8), 27.3 (C-5), 28.1 (Bu* CMe,), 31.9
(C-6), 36.0 (C-3), 38.8 (br, Phe B-CH,), 43.8 (C-4), 46.6 (br,
C-7), 54.1 (br, C-1), 66.7 (Phe a-CH), 80.9 (br, Bu* CMej,), 126.0
(Phe p-CH), 128.0 (Phe m-CH), 129.5 (Phe 0-CH), 139.0 (Phe
i-C), 170.6 (C=0), 184.8 (C=N); m/z (EI) 355 (1%, M*), 298 (2,
M - C,H,), 264 (5, M — C,H,), 255 (20, M — [CO, + C,Hy)),
254 (100, M — CO,Bu"), 209 (11), 208 (82), 108 (3, CgH,,"), 95
9, C,H,,"), 91 (17, C;H;™), 83 (8), 77 (7, C¢Hs™), 69 (10), 55
7).

NOE difference (CDCl;) irradiation at 0 0.19 C-8 Me
(enhances signal at ¢ 0.82 C-9 Me by +4.3%, ¢ 0.95 C-10
Me +2.4%, 6 1.72-1.80 4-H and 5-H,, +1.2%, ¢ 1.93
3-Heyo 1+2.8%, 6 7.17-7.18 Phe Ar CH +2.0%), 0.82 C-9 Me
(0.19 C-8 Me +3.1%, 1.57-1.68 6-H,,, +2.6%, 1.72-1.80 4-H
and 5-H,,, +4.8%), 0.95 C-10 Me (0.19 C-8 Me +3.3%, 0.82
C9 Me +1.6%, 7.17-7.18 Phe ArCH +2.0%), 1.07-1.17
5-Hepgo (1.72-1.86 3-Hpgo, 4-H and 5-H,,, +19.3%), 1.30-1.40
6-Hpao (1.57-1.86 3-H g, 4-H, 5-He,, and 6-H,,, +15.6%),
1.57-1.68 6-H,, (0.82 C-9 Me +3.25%, 0.95 C-10 Me
+1.9%, 1.30-1.40 6-H.q, +1.25%), 1.72-1.86 3-H.n4,, 4-H,
5-H,, (0.82 C-9 Me +4.5%, 1.07-1.17 5-Hpqo +13.6%, 1.88—
1.98 3-H,,, +8.7%, 4.02 Phe a-CH +4.5%), 1.88-1.98 3-H,,,
(1.74-1.82 3-Hpgo» 4-H and 5-H,, +5.4%, 4.02 Phe a-CH
+4.5%).

Temperature-dependence study (0y; CDCl;).—As the tem-
perature was lowered (only +60, 0 and —60 °C are recorded
here), the following principal changes in chemical shift and
multiplicity occurred; 0.19, s, C-8 Me (0.23 s, 0.11 s, —0.03 s),
0.82,s, C-9 Me (0.84 5, 0.79 s, 0.76 s), 0.95, s, C-10 Me (0.97 s,
0.925,0.89s), 1.44, s, Bu* (no change), 3.05-3.17 very br m, Phe
B-CH, (3.06-3.17 very br m, 3.04-3.06 br m, 3.05 t, *Jy cyacup
12), 3.25, dd, Phe B-CH, (3.25 dd, 3.26 dd, 3.27 br d), 4.02,

11 Spectroscopic evidence for this homogeneous compound indicates
some conformational restriction.
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dd, Phe a-CH (4.27 dd, 4.13 dd, 4.00 br d) (Jc; CDCl;). The
broadened signals at J. 38.8, 46.6 and 54.1 in the ambient-
temperature spectrum became sharp at 60 °C.

tert-Butyl N-[(1R,2E,4R)-bornan-2-ylidene]-(R)-phenyl-
alaninate 51 {tert-butyl (R)-3'-phenyl-2'-([1R,2E,4R]-1,7,7-
trimethylbicyclo[2.2.1]heptan-2-ylideneamino)propanoate}. feri-
Butyl (R)-phenylalaninate hydrochloride 41 (1.289 g, 5 mmol)
was used in the general procedure using DCM (20 cm®) as co-
solvent and gave the product, tert-butyl N-[ (1R, 2E,4R)-bornan-
2-ylidene]-( R )-phenylalaninate 51 as white crystals (1.227 g,
69%), mp 72-74 °C (lit.,"> 69-72 °C); [a]Z +100.6 (¢ 0.50 in 95%
EtOH) [lit.,"”* [a]¥ +86.5 (¢ 10 in 95% EtOH)] [Found: C, 77.7;
H, 9.3; N, 4.0. Calc. for C,;H;;NO,: C, 77.7; H, 9.4; N, 3.9%.
Found: m/z (EI) M*, 355.25109. Calc. for C;Hy3sNO,: M,
355.25113, deviation 0.1 ppm]; vy, (film)/cm™" 3065w, 3032w,
2960s, 2877m, 1736s (C=0 str), 1684s (C=N str), 1490w, 1452m,
1391w, 1369m, 1284m, 1252w, 1218w, 1152s, 746w, 699m;

0u(300 MHz; CDCl;) 0.62 (1H, overlapping ddd, *J5 g s-exo

1209 3"IS-enda,6-endo 90’ 3J5-endo,6-exo 405 S'Hendo)’ 0.71 (3H5 S, C-8
Me), 0.83 (3H, s, C-9 Me), 0.95 (3H, s, C-10 Me), 0.98 (1H,
OVCrlapping ddd’ 2J6—end0,6-ex0 120’ 3J6-endn,5—emlo 90’ 3J6—end0,5—ex0 4'0’
6-Hengo)s 1.07 (1H, d, 2y iy 3.000 16.5, 3-Hengo), 1.41 (9H. s, Bu),
1.47 (1H, partially submerged dt, 2J¢ ey 6-endo 304 *Jg ro.5.ex0 12.0,
Js-exo.s-endo 4:0, 6-Heyo), 1.55-1.66 (1H, complex m, 5-H,,,), 1.69
(1H, apparent t, *J, 3.0, 4.0, *Jys.0x0 4.2, 4-H), 2.19 (1H, over-
ldpplng ddda 2J3-exn,3-endo 170’ 3']4,3-exo 40> 4J3,5-exo 353 3_Hexo)>
3.015 (1H. dd. Yy e 132, pcucrs 100, Phe - CH*CHY),
3.235 (1H, dd, 2, cyecm 13-20 *Tycamacn 4.0, Phe B-CH*CH?),
3.99 (1H, dd, %, cipcme 10.0, J,.cpp.com 4.0, Phe a-CH), 7.16-
7.17 (SH, 2 X apparent s, Phe aryl CH); 6-(75.5 MHz; CDCl,)
11.5 (C-10), 18.8 (C-9), 19.4 (C-8), 27.1 (C-5), 28.0 (Bu'
CMey), 31.7 (C-6), 35.8 (C-3), 38.6 (Phe B-CH,), 43.5 (C-4),
47.0 (C-7), 53.9 (C-1), 66.6 (Phe a-CH), 80.8 (Bu* CMe,),
126.1 (Phe p-CH), 128.0 (Phe m-CH), 129.8 (Phe o-CH),
138.9 (Phe i-C), 171.0 (C=0), 184.9 (C=N); m/z (EI) 356
(7%, MH"), 298 (2, M — C,H,), 264 (47, M — C,H,), 255
(67, M — [CO, + C,Hy]), 254 (99, M — CO,But), 209 (55), 208
(100), 164 (9, M — [C,H, + CO,BuY), 108 (7, CsH,,), 95 (21,
C,H,,"), 91 (33, C,H,"), 77 (16, CHs ™), 69 (17), 57 (46).

Methyl N-[(1R,2E,4R)-bornan-2-ylidene]-(S)-tyrosinate Sm
{methyl (S)-3'-(4-hydroxyphenyl)-2’-([1R,2E,4R]-1,7,7-tri-
methylbicyclo[2.2.1]heptan-2-ylideneamino)propanoate}.
Methyl (S)-tyrosinate hydrochloride 4m (1.158 g, 5 mmol)
was used in the general procedure using DCM (20 cm®) as
co-solvent and gave the product, methyl N-[(IR2E4R)-
bornan-2-ylidene]-(S)-tyrosinate 5Sm, as white, needle-shaped
crystals (1.153 g, 70%), mp 48.0-49.0 °C; [a]3~* —131.7 (¢ 0.50 in
DCM) [Found: C, 72.7; H, 8.3; N, 4.35. Calc. for C,,H,,NO;: C,
72.9; H, 8.3; N, 4.25%. Found: miz (EI) M*, 329.19981. Calc.
for C,0H,;NO;: M, 329.19909, deviation 2.2 ppm]; Vy.,(film)/
cm™! 3600-2800br (OH str), 3033m, 2958s, 1739s (C=O str),
1671s (C=N str), 1513m, 1446m, 1372m, 736m; d4(300 MHz;
CDCl,) 0.27 (3H, s, C-8 Me), 0.83 (3H, s, C-9 Me), 0.97 (3H, s,
C-10 Me), 1.10-1.20 (1H, complex m, 5-H.,4,), 1.365 (1H,
Complex ddd’ 2J6—end0,6—exa 1303 3JG—erwIa,S—enda 927 3JG—endo,S—exa 40,
6-Hengo), 1.57-1.68 (1H, complex dt, 2 oo 6.endo AN *Jecxp s.ex0
13.0, *Jg exo5endo 3-8, 6-Heyo), 1.72-1.82 (2H, overlapping com-
plex m, 4-H, 5-H,,), 1.815 (1H, d, /3 epso3.ex0 17.0, 3-Hengo),
199 (1H5 dt’ 2J3—exo,3-endo 1705 3J4,3—exa and 4J3—exo,5—ex0 355 3'Hexo)a
3.05 (1H, dd, *Jy.cumcm 132, *Jpcrgecn 10.0, Tyr B-CH*CHP),
3.21 (IH, dd, *Jycugem 132, *Jpcmpacu 4.3, Tyr B-CH*CHP),
3.685 (3H, s, CH;0,C), 4.16 (1H, dd, *J,.cypcu. 10.0,
3Ja_(-Hﬁ_chh 4.3, Tyr o-CH), 6.4-6.6 (1H, br, OH), 6.71 and
7.04 (2H, d, 3J 8.0, Ar m-H] and 2H, d, 3J 8.0, Ar
0-H], AA'BB’, Tyr); 6(75.5 MHz; CDCl;) 11.3 (C-10), 18.8
(C-9), 19.0 (C-8), 27.2 (C-5), 31.8 (C-6), 36.2 (C-3), 38.1 (Tyr
B-CH,), 43.7 (C-4), 47.0 (C-7), 52.1 (OCHj;), 54.6 (C-1), 66.4
(Tyr a-CH), 115.3 (Tyr 3'-CH), 129.6 (Tyr 1’-C), 130.5 (Tyr
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2'-CH), 154.9 (Tyr 4'-C), 172.1 (C=0), 186.1 (C=N); m/z (EI)
329 (4%, M"), 301 (3), 270 (20, M — CO,Me), 222 (100,
M — C,H,0), 194 (16), 162 (4), 137 (7), 107 (6, C,H,0%), 83
(11), 69 (7), 55 (3).

Racemic camphorylidene a-amino ester derivative

Racemic ethyl N-[AR,2E 4R and 1S,2E,4S)-bornan-2-
ylidenelglycinate 50 {racemic ethyl ([1R,2E,4R and 1S,2E,4S]-
1,7,7-trimethylbicyclo[2.2.1]heptan-2-ylideneamino)acetate}.
(¥)-Camphor imine nitrate salt 2a (1.07 g, 5 mmol) and ethyl
glycinate hydrochloride 4a (0.70 g, 5 mmol) were used in the
general procedure using DCM (20 cm®) as co-solvent and
gave the product, racemic ethyl N-[ (IR 2E,4R and 1S,2E,4S)-
bornan-2-ylidene]glycinate 50, as a pale yellow oil (753 mg,
63%), Vmae(film)/cm™" 2962s, 2880s, 1747s (C=O str), 1689s
(C=N str), 1473m, 1448s, 1392m, 1372s, 1339m, 1184s; 54(300
MHz; CDCl;) 0.70 (3H, s, C-8 Me), 0.84 (3H, s, C-9 Me), 0.91
(3H, s, C-10 Me), 1.07-1.16 (1H, overlapping ddd, *Js_sie.s.exo
12.5, *Jsendogeendo 9-05 *Js-endogexo 40, 5-Hengo)s 1.160 and 1.163
(3H,t,J7.0, CH,CH,0,0),111 1.25-1.37 (1H, overlapping ddd,
2J6-endo,6-exo 1457 3,‘]6-enda,5-emia 907 3"]6-emz'o,5-e:ca 405 6_Hendo)’ 158
(1H9 dta 2‘,6—exo,6—endo 145’ 3J6—exo,5—endo and 3J6—exo,5—exo 409 6_Hex0)ﬁ
1.72 (1H, d, *J3.engo3-ex0 170, 3-Hepgo), 1.71-1.83 (1H, m, 5-H,,,),
1.86 (1H, t, *J, 3.0, a0d *J 5.0, 4.0, 4-H), 2.23 (1H, dt, *J5. 03040
17.0, 3 J3 ex04 A0 *J5 5000 4.0, 3-Hoyo), 3.70 and 3.77 (2H, 2 X s,
NCH,).§§ 4.065 and 4.071 (2H, q, J 7.0, CH;CH,0,C);1it
0c(75.5 MHz; CDCl,) 11.1 (C-10), 14.1 (Gly, OCH,CH,), 18.9
(C-9), 19.4 (C-8), 27.3 (C-5), 31.9 (C-6), 35.6 (C-3), 43.8 (C-4),
47.2 (C-7), 53.8 (Gly, a-CH,), 54.1 (C-1), 60.6 (Gly, OCH,CH,),
170.2 (C=0), 187.4 (C=N).

Diastereomeric camphorylidene a-amino ester derivatives

Diastereomeric methyl N-[(1R,2E,4R and 1S,2E,45)-bornan-
2-ylidene]-(S)-leucinate Sp {diastereomeric methyl (S5)-4'-
methyl-2'-([1R,2E[4R and 1S,2E,45]-1,7,7-trimethylbicyclo-
[2.2.1]heptan-2-ylideneamino)pentanoate}. (£)-Camphor
imine nitrate salt 2a (1.07 g, 5 mmol) and methyl (S)-leucinate
hydrochloride 4d (908 mg, 5 mmol) were used in the general
procedure using MeOH (20 cm®) as co-solvent and gave the
product, methyl N-[(IR2E4R and 1S2E4S)-bornan-2-
ylidene]-(S)-leucinate Sp, as a clear oil (251 mg, 18%),
Vmax(film)/cm ™! 2962s, 28765, 1745s (C=0 str), 1687s (C=N str),
1475m, 1450m, 1419w, 1391m, 1373m, 1314m, 1278m, 1199m,
1168m; 64(300 MHz; CDCl;) 0.74/0.78 (6H, s, C-8 Me),
0.82/0.85 [6H, d, *Jiyear.chy 6.7, Leu 0-Me,], 0.92/0.93 [6H, d,
*Jev -y 3.6, Leu 0-Mey], 0.92/0.94 (6H, s, C-9 Me), 0.99 (6H,
s, C-10 Me), 1.15-1.24 (2H, overlapping ddd, *Js_sip.s.exo 12.5,
3"]S-endo,6-ena'o 90’ 3"]S-endo,6-exa 407 5_Hendo)’ 1277137 (IH’ over-
lapplng ddd’ 2J6—end0,6—exa 126’ 3J6—endo,5—enda 90’ 3"6—endo,5—exo 40’
6-Hengo), 1.36-1.46 (1H, overlapping ddd, *Jeoopere 132
3 g-endos-endo 9-05 *Jg-endo s.exo 425 6-Hengo), 1.51-1.93 (12H, series
of continuously overlapping complex multiplets, 6-H,,,, Leu
y-CH, Leu B-CH,, 5-H,,, and 3-H,n4,), 1.94 (2H, t, *J, ;..,, and
34 5.0 4.2, 4-H), 2.35 (1H, overlapping complex ddd, >/ e, 3-endo
16.5, *Jzexoa 4.2, *sexosexo 325 3-Hexo), 2.42 (1H, overlapping
COmpleX ddd’ 2J3-exo,3-endo 165’ 3JS-exo,4 42’ 4J3-exo,5-exo 32’ 3_Hexo)a
3.66/3.68 (6H, s, CH;0,C), 3.96-4.40 (2H, complex m, Leu
a-CH); 6.(75.5 MHz; CDCl;) 11.3/11.4 (C-10), 18.9/19.0
(C-9), 19.4/19.5 (C-8), 21.6/21.8 (Leu 6-Me,), 23.2/23.3 (Leu
0-Me,), 24.70/24.74 (Leu y-CH), 27.3/27.5 (C-5), 31.8/32.3
(C-6), 35.8/36.1 (C-3), 41.8/42.0 (Leu B-CH,), 43.86/43.90
(C-4), 46.8/47.3 (C-7), 51.77/51.84 (OCH,), 54.2 (C-1), 62.54/
62.58 (Leu a-CH), 173.1 (C=0), 185.3 (C=N).

111 The 'H NMR signals of the ethyl ester group are split, presumably
due to a conformational effect. Note: the downfield quartet and triplet
are of lower intensity than the upfield component; this is in contra-
distinction to the corresponding behaviour of ethyl (R,R)-camphoryl-
ideneglycinate (see above).
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Diastereomeric diethyl N-[(1R,2E,4R and 1S,2E,4S5)-bornan-
2-ylidene]-(S)-glutamate 5q {diasteromeric diethyl (S5)-2’-
([1R,2E4R and 1S,2E,4S5]-1,7,7-trimethylbicyclo[2.2.1]heptan-
2-ylideneamino)pentanedioate}. (+)-Camphor imine nitrate salt
2a (1.07 g, 5 mmol) and diethyl (S)-glutamate hydrochloride 4g
(1.20 g, 5 mmol) were used in the general procedure using DCM
(20 cm®) as co-solvent and gave the product, diastereomeric
diethyl N-[(1R2E4S and 1S,2E,4S)-bornan-2-ylidene]-(S)-
glutamate 5r, as a pale yellow oil (1.12 g, 66%), Ve (film)/cm™!
2962s, 2878m, 1741s (C=0 str), 1685s (C=N str), 1448m, 1391m,
1374s, 1301m, 1257s, 1180s; 04(300 MHz; CDCl;) 0.70/0.75
(6H, s, C-8 Me), 0.87/0.88 (6H, s, C-9 Me), 0.93 (6H, s, C-10
Me), 1.09-1.22 (2H, submerged complex m, 5-H.,q4,), 1.164/
1.177 [6H, 2 xt, *Jcpme 7.0, v-CO,CH,CH;], 1.188/1.193
[6H, 2 X t, *Jcp e 7.0, 0-CO,CH,CH;], 1.29/1.36 (2H, over-
lapplng ddd’ 2J6-endo,6-exa 125’ 3J6-emio,5-enda 90> 3J6-endo,5-exo 455
6-Hepgo)» 1.57-1.69 (2H, 2 X overlapping ddd [resembles tt],
2J6—exo,6—end0 and 3J6—exa,5—exa 125’ 3J6—exa,5—enda 459 6-Hex0)5 174&187
(2H, complex m, 5-H,,), 1.80/1.84 (2H, d, */3 nipzeexo 16.7,
3-Hengo)s 1.88/1.89 2H, t, *J4 5.0, and *Jys.,,, 4.6, 4-H), 2.01-
2.39 (10H, overlapping complex m, Glu B-CH,, Glu y-CH,
and 3-H,,,), 3.93/3.95 (2H, dd, 3-](4-(711,#-('11[1 9.0, 3Ja-(?11,/f—C11b 4.6
and 4.0, Glu o-CH), 4.025/4.064 [4H, q, *Jcume 7.0, V-
CO,CH,CH;], 4.073/4.083 and 4.075/4.088 [4H, q. *Jcu,me
7.0, a-CO,CH,CHj,].|||| Spectra recorded at 30, 80 and 140 °C
showed no change in chemical shift or multiplicity apart
from a sharpening of some of the multiplets; d.(75.5 MHz;
CDCl,) 11.2/11.3 (C-10), 14.07 (Glu y-CO,CH,CH,), 14.14/
14.18 (Glu a-CO,CH,CH,), 18.8/18.9 (C-9), 19.37/19.44
(C-8), 27.3/27.4 (C-5), 27.7/127.9 (Glu B-CH,), 30.3/30.4 (Glu
v-CH,), 31.8/32.3 (C-6), 35.8/36.0 (C-3), 43.8/43.9 (C-4),
46.6/47.3 (C-7), 54.1/54.3 (C-1), 60.16/60.21 (Glu y-CO,-
CH,CH,;), 60.7 (Glu a-CO,CH,CHj;), 62.5/62.8 (Glu a-CH),
171.58/171.62 (y-C=0), 173.15/173.18 (a-C=0), 186.27/186.28
(C=N).

Diastereomeric methyl N-[(1R,2E,4R and 1S,2E,45)-bornan-
2-ylidene]-(.S)-methioninate 5r {diastereomeric methyl (S)-2’-
([1R,2E4R and 1S,2E,4S]-1,7,7-trimethylbicyclo[2.2.1]heptan-
2-ylideneamino)-5'-thiahexanoate}. (+)-Camphor imine nitrate
salt 2a (1.07 g, 5 mmol) and methyl (S)-methioninate hydro-
chloride 4h (998 mg, 5 mmol) were used in the general pro-
cedure using DCM (20 cm®) as co-solvent and gave the product,
diastereomeric methyl N-[(1R,2E,4R and 1S,2E,4S)-bornan-2-
vlidene]-(S)-methioninate Sr, as a pale straw-coloured oil (684
mg, 46%); Vpae(film)/em ™ 2959s, 2877m, 1744s (C=0 str), 1686s
(C=N str), 1439m, 1391m, 1376w, 1276m, 1226m, 1201s,
1162m; 64(300 MHz; CDCl,) 0.71/0.76 (6H, s, C-8 Me), 0.89
(6H, s, C-9 Me), 0.94 /0.95 (6H, s, C-10 Me), 1.12-1.31 (2H,
complex overlapping m, 5-H,,4,), 1.33-1.43 (2H, overlapping
ddda 2J6-endo,6-exo 132= 3J6-em{o,5-emio 909 3']6-endo,5-exo 453 6_Hendo)v
1.58-1.71 (2H, complex td, 6-H,,,), 1.75-1.87, (2H, complex m,
5-Hexo)> 1.85 (2H, br d, 2J;_sndo 3-exo 16.8, 3-Hengo)> 1.87-1.93 (2H,
complex br m, 4-H), 2.02/2.04 (6H, s, Met &-Me), 2.08-
2.19 (4H, complex m, Met y-CH,), 2.30-2.58 (6H, overlapping
complex m, Met B-CH*H", 3-H,,,, Met B-CH*H®), 3.63/3.65
(6H, s, CH;0,C), 4.08-4.15 (2H, complex m, Met a-CH);
0c(75.5 MHz; CDCl,) 11.3/11.4 (C-10), 15.1/15.2 (Met &-Me),
18.8/19.0 (C-9), 19.4/19.5 (C-8), 27.3/27.4 (C-5), 30.6/30.7
(Met y-CH,), 31.5/31.6 (Met B-CH,), 32.5 (C-6), 36.0/36.2
(C-3), 439 (C-4), 46.7/47.3 (C-7), 51.8/51.9 (OCH,), 54.2
(C-1), 62.0/62.1 (Met a-CH), 172.46/172.50 (C=0), 186.5/186.6
(C=N).

Epimeric methyl N-[(1R,2E,4R)-bornan-2-ylidene]-(S and R)-
phenylalaninate Ss {diastereomeric methyl (S and R)-3'-phenyl-
2'-([1R,2E 4R]-1,7,7-trimethylbicyclo[2.2.1]heptan-2-ylidene-
amino)propanoate}. (R,R)-Camphor imine nitrate salt 2a (1.07
g, 5 mmol) (after conversion into the free base) and racemic
methyl phenylalaninate hydrochloride 4i (1.078 g, 5 mmol) were
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used in the general procedure using DCM (20 cm®) as co-
solvent and gave the product, diastercomeric methyl N-
[(1R2E 4R)-bornan-2-ylidene]-(S and R)-phenylalaninate 5s,
as a clear oil (1.128 g, 72%) [Found: m/z (EI) M*, 313.20459.
Calc. for C,H,,NO,: M, 313.20418, deviation 1.3 ppml];
Vma(film)/cm ™! 3068w, 3029w, 2958s, 2880m, 1745s (C=O str),
1681m (C=N str), 1604w, 1495w, 1454m, 1440m, 1389m, 1371w,
1277m, 1244m, 1200m, 1169m, 748m, 699m; J4(300 MHz;
CDCI,)88§ for (R,R)-Camphor—(S)-phenylalanine adduct, 0.16
(3H, s, C-8 Me), 0.83 (3H, s, C-9 Me), 0.93 (3H, s, C-10 Me),
1.07-1.17 (1H, complex m, 5-H,,q,), 1.33 (1H, overlapping ddd,
2J6-endo,6-exo 125’ 3']6-enda,5-endo 959 3J6-enda,5-exo 405 6_Hend0)= 154#
1.67 (1H, overlapping complex m, 6-H.,,), 1.73-1.77 (2H, over-
lapping complex m, 4-H, 5-H,,,), 1.765 (1H, d, *J5_nip.3-ex0 16.8,
3_Hendo)v 1895 (le dt= 2J3-exo,3-endo 168’ 3JS-exo,4 and 4J3-exo,5-exo
4.0, 3-H,,,), 3.09 (1H, dd, zJﬂ_CH,,VCHb 13.5, SJ/)’-CHa,a-CH 9.5, Phe
B-CH*H®), 3.29 (1H, dd, *Jycpum 13.5, J,;CHM(H 4.0, Phe
B CH*H"), 3.70 3H, s, CH;0,C), 4.155 (1H, dd, *J,.cys p.cra 9.5,
3. cupcm 4.0, Phe a-CH), 7.08-7.26 (SH, complex m, Phe
aryl CH); (R,R)-Camphor—(R)-phenylalanine adduct, 0.60 (1H,
Overlapping ddd’ ZJS—endo,S-exo 120’ 3JS—emio,G—enda 945 3JS—erwia,6—ex0 40,
5-Henao), 0.69 (3H, s, C-8 Me), 0.80 (3H, s, C-9 Me), 0.96 (3H, s,
C-10 Me), 0.99 (1H, ddd, Jeemtosero 12-5, *Joendo.sendo 9-4
3Jﬁ-endo,S-exo 505 6_Hendo)> 1.07 (1H9 d’ 2J3-endo,3-exo 170’ 3_Hendo):
148 (IH’ dt’ 2J6—exo,6—endo and 3J6—exo,5—ex0 1207 3J6—exo,5-endo 40’
6-H.,,,), 1.54-1.67 (1H, overlapping complex m, 5-H,,), 1.70
(1H, apparent t, *J, 5., 4.5, *J45.0x0 4.6, 4-H), 2.185 (1H, over-
lapplng ddd> 2J3-exo,3-endo 170’ 3J3-exo,4 459 4JS-exo,S-exo 319 3-Hexo)5
3.055 (1H, dd, *Jpcuam 13-3, Jpcapacn 98, Phe B-CH*HP),
3.275 (1H, dd, Vg e 13.3, *Jy.cpacu 3.9, Phe B- CH“H"’) 3.69
(3H, s, CH;0,C), 4.12 (IH, dd, *J, cupcna 98, *Jocupem
3.9, Phe a-CH), 7.08-7.26 (5SH, complex m, Phe aryl CH);
0c(75.5 MHz; CDCl) (R,R)-Camphor—(S)-phenylalanine
adduct, 11.3 (C-10), 18.8 (C-9), 18.9 (C-8), 27.2 (C-5), 31.8
(C-6), 35.9 (C-3), 39.3 (Phe B-CH,), 43.7 (C-4), 46.6 (C-7),
52.0 (OCH,), 54.2 (C-1), 66.0 (Phe a-CH), 126.3 (Phe p-CH),
128.2 (Phe m-CH), 129.5 (Phe 0-CH), 138.4 (Phe i-C), 172.4
(C=0), 185.8 (C=N); (R,R)-Camphor—(R)-phenylalanine
adduct, 11.4 (C-10), 18.8 (C-9), 19.3 (C-8), 27.1 (C-5), 31.8
(C-6), 35.7 (C-3), 39.0 (Phe B-CH,), 43.5 (C-4), 47.0
(C-7), 52.0 (OCH,;), 54.1 (C-1), 66.3 (Phe a-CH), 126.2 (Phe
p-CH), 128.1 (Phe m-CH), 129.8 (Phe 0-CH), 138.5 (Phe i-C),
172.2 (C=0), 185.6 (C=N); m/z (EI) 313 (2%, M™), 254 (15,
M - CO,Me), 223 (15), 222 (100, M — C,H,), 162 (3,
[{M =90} — 59)), 121 (7), 95 (4, C;H,,"), 91 (7, C,H; ), 77
(3, C¢Hs™), 55 (3).

General procedure for the reduction of camphorylidene a-amino
acid ester derivatives to the corresponding N-bornanyl amino acid
ester derivatives

A few crystals of Bromocresol Green indicator were added to a
solution of the (R,R)-camphorylidene a-amino acid ester 5
(1 mmol) and sodium cyanoborohydride (4 mmol) in dry
methanol (12 ¢cm®) under argon. The reaction mixture was
stirred at ambient temperature and titrated dropwise with conc.
hydrochloric acid so as to maintain the pH below 4 (indicator
blue—green to yellow) for 4 days. A small amount of amorphous
material was removed by filtration, and the filtrate was diluted
with water (25 cm®), basified with 2 M aq. potassium hydroxide,
and extracted thoroughly with DCM (5 x 10 cm®). The organic
phases were pooled, dried (K,CO;), and filtered, and the filtrate
was evaporated in vacuo to give a syrup, which was purified by
flash chromatography (light petroleum [60-80 °Cl-ethyl acetate
90:10). Combination and concentration of the appropriate
fractions gave the desired product pure by TLC.

§§§ For simplicity, the spectral characterisation of this epimeric material
has been recorded as the individual diastereomers and not as a
composite.
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Ethyl  N-[(1R,4R)-exo-bornan-2-yllglycinate 6a  {ethyl
N-([1R,4R]-1,7,7-trimethylbicyclo[2.2.1]heptan-2-exo-ylamino)-
acetate}. Ethyl N-[(1R,2E4R)-bornan-2-ylidene]glycinate Sa
and sodium cyanoborohydride gave the product, ethyl
N-[(1R,4R)-exo-bornan-2-yl]glycinate 6a, as a pale yellow oil
(120 mg, 50%) [Found: m/z (EI) M™, 239.18803. Calc. for
C,H,sNO,: M, 239.18853, deviation 2.1 ppm]; vy, (film)/cm™
3360w (N-H str), 2975s, 2880s, 1750s (C=0O str), 1453m, 1377m,
1200s; 05(300 MHz; CDCl,) 0.76 (3H, s, C-9 Me), 0.87 (3H, s,
C-10 Me), 0.99 (3H, s, C-8 Me), 0.95-1.05 (2H, m, 5-H,,4, and
6-Hnao)> 1.22 3H, t, J 7.0, CH;CH,0,C), 1.39-1.55 (4H, com-
plex m, 3-H.4,, 4-H, 5-H,,, and 6-H,), 1.60-1.65 (2H, br m,
3'Hexo and NH)’ 244 (IH’ t’ 3JZ—endo,S-endo and 3JZ—emzio,?:—exa 68,
2-Hna0)s 3.23 and 3.29 (2H, 2 x complex d, 2/, cyy e 17.0, AB
system NCH®*HP), 4.13 (2H, q, J 7.0, CH,CH,0,C); 64(300
MHz; C;D)1990.77 (3H, s, C-9 Me), 0.89 (3H, s, C-10 Me), 0.94
(3H, t, J 7.0, CH,CH,0,C), 0.94-1.02 (2H, m, 5-H,,4, and
6-H,,4,), 1.15 (3H, s, C-8 Me), 1.38-1.62 (6H, ¢ overlapping m,

-Hendor 3-Hexoo 4-H, 5-H,,, 6-H,, and NH), 2.45 (1H, dd,
J2 endo,3-endo 8 0 JZ endo,3-exo 4 8 2 Hendo) 3 16 and 3 23 (2H
2 x complex d, *J, cpucm 17.0, AB system NCH*HY), 3.93
(2H, q, J 7.0, CH s;CH,O0,C)llIll 0<(75.5 MHz; CDCL,) 11.9
(C-10), 14.2 (Gly, OCH,CHy3), 20.3 (C-9), 20.5 (C-8), 27.3 (C-5),
36.7 (C-6), 38.3 (C-3), 45.2 (C-4), 46.7 (C-7), 48.4 (C-1), 49.9
(Gly, a-CH,), 60.4 (Gly, OCH,CHj;), 66.5 (C-2), 173.0 (C=0);
0c(75.5 MHz; C¢Dg) 12.2 (C-10), 14.3 (Gly, OCH,CHj,), 20.7
(C-9), 20.9 (C-8), 27.8 (C-5), 37.0 (C-6), 38.7 (C-3), 45.8 (C-4),
47.0 (C-7),48.7 (C-1), 50.2 (Gly, a-CH,), 60.4 (Gly, OCH,CHy,),
66.9 (C-2), 172.7 (C=0); m/z (EI), 239 (5%, M™), 168 (25), 166
(25, M — CO,Et), 137 (8), 116 (9, CgH,, "), 95 (63, C;H,; "), 81
(37), 67 (65), 56 (100).%

NOE difference (C¢Dg) irradiation at 0 0.77 C-9 Me
(enhances signal at J 1.15 C-8 Me by +3.3%, 0 1.41-1.48
+2.2% and 6 1.56-1.65 +3.6%, probably due to 4-H, 5-H,,,
and 6-H,,,), 0.89 C-10 Me (0.77 C-9 Me +1.5%, 1.15 C-8 Me
+0.9%, 1.57-1.61 +3.8%, probably NH and 6-H,,), 1.15 C-8
Me (0.77 C-9 Me +3.1%, 0.89 C-10 Me +1.0%, 1.57-1.61
+2.5%, probably 3-H,,,, 4-H and NH), 2.45 2-H,,4, (0.93-1.01
+4.1%, 5-Hepgo and 6-Hepgo, 1.39-1.45 +1.2% and 1.56-1.59
+1.5%, probably 3-H,,4, and NH).

Methyl  N-[(1R,4R)-exo-bornan-2-yl]-(S)-alaninate  6b
{methyl  (S)-2'-([1R,4R]-1,7,7-trimethylbicyclo[2.2.1]heptan-
2-exo-ylamino)propanoate}. Methyl N-[(1R,2E.4R)-bornan-2-
ylidene]-(S)-alaninate 5b and sodium cyanoborohydride gave
the product, methyl N-[(1R,4R)-exo-bornan-2-yl]alaninate 6b,
as a yellow oil (108 mg, 45%) [Found: m/z (EI) M*, 239.18769.
Cale. for C;,H,sNO,: M, 239.18853, deviation 3.5 ppm];
Vmax(ilm)/cm ™ 3325w (N-H str), 29525, 2875m, 1736s (C=0 str),
1448m, 1387w, 1369w, 1198s; 0(300 MHz; CDCl;) 0.79 (3H, s,
C-9 Me), 0.87 (3H, s, C-10 Me), 1.05 (3H, s, C-8 Me), 0.98-1.08
(2H, m, 5-H,pgo and 6-Hpg), 1.22 [3H, d, *J e o.cn 6.8, Ala B-
CH,], 1.40-1.52 and 1.54-1.72 (5H, complex m, 3-H,,40> 3-Heo»
4-H, 5-H,,, and 6-H,,,), 1.68-1.93 (1H, very br, NH), 2.42 (1H,
dda 3'-,Z-endo,?y-endo 78> 3J2-endo,3-exa 487 2_Hendo)3 330 [1H> q, 3,J(quH,Me)
6.8, Ala a-CH], 3.69 (3H, s, CH;0,0); 6.(75.5 MHz; CD-
Cly) 11.8 (C-10), 19.8 (Ala B-CHj;), 20.5 (C-9), 20.5 (C-8), 27.3
(C-5), 36.8 (C-6), 38.0 (C-3), 45.4 (C-4), 46.7 (C-7), 48.2 (C-1),
51.5 (OCH,), 54.2 (Ala o-CH), 64.3 (C-2) and 176.9 (C=0);
mlz (EI) 239 (4%, M™), 208 (10, M — OMe), 180 (26, M — CO,-
Me), 137 (12, 180-C,HsN), 95 (34, C,H,,"), 83 (29), 57 (100).

Methyl  N-[(1R,4R)-exo-bornan-2-yl]-(S)-isoleucinate  6e
{methyl (2'S,3’'S)-3'-methyl-2'-([1R,4R]-1,7,7-trimethylbicyclo-
[2.2.1]heptan-2-exo-ylamino)pentanoate}. Methyl N-[(1R,2E,

999 The effect of asymmetric solvation on the bornylamines is very much
less marked than with the camphorylidene derivatives.

[lIlll The ester CH, signal is split by 0.6 Hz; a conformational effect may
be responsible.
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4R)-bornan-2-ylidene]-(2'S,3’S)-isoleucinate 5e and sodium
cyanoborohydride gave the product, methyl N-[(1R,4R)-exo-
bornan-2-yl]-(S)-isoleucinate 6e, as a clear oil (155 mg, 55%)
[Found: m/z (EI) M*, 281.23585. Calc. for C;;H;,NO,: M,
281.23548, deviation 1.3 ppm]; v, (film)/cm™" 3339w (N-H
str), 2953s, 2877s, 1734s (C=0 str), 1453m, 1433m, 1388w,
1195s; 04(300 MHz; CDCl;) 0.80 (3H, s, C-9 Me), 0.85 (3H,
s, C-10 Me), 0.855 [3H, t, *Jppeycn, 64, Ile 6-Me], 1.02
BH, d, *Jowepcn 8.2, lle y-Me], 1.08 (3H, s, C-8 Me), 1.00-
1.21 (3H, complex overlapping m, 5-H.,4,, 6-Hg, and Ile
v-CH*HP), 1.37-1.61 and 1.62-1.72 (8H, complex overlapping
m, 3-H,pgo, 3-Hewor 4-H, 5-H,,,,, 6-H,,,, NH, Ile yv-CH*H" and lle
B-CH), 2.37 (1H, br dd, 2-H,,4,), 2.95 (1H, br d, Ile a-CH),
3.70 (3H, s, CH;0,C); d-(75.5 MHz; CDCl,) 11.1 (Ile 6-CH,),
11.7 (C-10), 16.0 (Ile y-CHj;), 20.5 (C-9), 20.5 (C-8), 25.2 (Ile
v-CH,), 27.3 (C-5), 36.8 (C-6), 37.4 (C-3), 38.1 (Ile B-CH), 45.5
(C-4),46.6 (C-7),48.2 (C-1), 51.2 (OCH,), 63.8 (Ile a-CH), 64.3
(C-2), 176.6 (C=0); m/z (EI) 281 (11%, M™), 225 (9, M —
C,Hy), 222 (100, M — CO,Me), 210 (29, M — C,H;;0,), 137
(35,222 — C;H(N), 95 (54, C;H ™), 81 (39), 69 (19), 57 (13).

Methyl N-[(1R,4R)-exo-bornan-2-yl]-(S)-phenylalaninate 6i
{methyl (S)-3'-phenyl-2'-([1R,4R]-1,7,7-trimethylbicyclo-
[2.2.1]hept-2-exo-ylamino)propanoate}. Methyl N-[(1R,2E 4R)-
bornan-2-ylidene]-(S)-phenylalaninate 5i and sodium cyano-
borohydride gave the product, methyl N-[ (1R,4R)-exo-bornan-
2-yl]-(S)-phenylalaninate 6i, as a pale yellow oil (151 mg, 48%);
Vmae(film)/cm ™" 3364w (N-H str), 2971s, 2875m, 1745s (C=0
str), 1448m, 1382w, 1180s; 04(300 MHz; CDCl;) 0.79 (3H, s,
C-9 Me), 0.88 (3H, s, C-10 Me), 0.92 (3H, s, C-8 Me), 0.96-1.09
(2H, complex m, 5-H,,q, and 6-H,,q4,), 1.36-1.53 (3H, complex
overlapping m, 4-H, 5-H,,, and 6-H,,,), 1.59-1.68 (3H, complex
m, 3-H_,40, 3-H,,, and NH), 2.43 (1H, t, J 6.2, 2-H,,4,), 2.81 and
2.90 (2H, complex dd, second order AB part of ABX pattern,
*Jy.cuacm 13.3, Phe p-CH*CHP),**** 3.44 (1H, dd, X part of
ABX system, *J,cppcma 7.5, Jucnpem 6.5, Phe a-CH),”” 3.66
(3H, s, CH;0,C), 7.15-7.32 (5H, complex m, Phe aryl CH);
0c(75.5 MHz; CDCl,) 11.8 (C-10), 20.3 (C-9), 20.6 (C-8), 27.3
(C-5), 36.8 (C-6), 37.6 (C-3), 40.5 (C-4), 45.4 (Phe B-CH,), 46.6
(C-7), 48.2 (C-1), 51.4 (OCH,;), 60.6 (Phe a-CH), 64.1 (C-2),
126.4 (Phe p-CH), 128.1 (Phe m-CH), 129.3 (Phe 0-CH), 138.0
(Phe i-C), 175.8 (C=0).

tert-Butyl  N-[(1R,4R)-exo-bornan-2-yl]-(.S)-phenylalaninate
6k {tert-Butyl (S)-3'-phenyl-2’-([1R,4R]-1,7,7-trimethylbicyclo-
[2.2.1]hept-2-exo-ylamino)propanoate}. rert-Butyl N-[(1R,2E,
4R)-bornan-2-ylidene]-(S)-phenylalaninate 5k and sodium
cyanoborohydride gave the product, tert-butyl N-[(1R4R)-
exo-bornan-2-ylJ-( S )-phenylalaninate 6Kk, as a clear oil (161 mg,
45%) [Found: m/z (EI) M*, 357.26710. Calc. for Cp;H;sNO,:
M, 357.26678, deviation 0.8 ppm]; vy, (film)/cm ™! 3325w (N-H
str), 3065w, 3030w, 2951s, 2875s, 1723s (C=0O str), 1476m,
1452m, 1367m, 1151s; 64(300 MHz; CDCl,) 0.78 (3H, s, C-9
Me), 0.87 (3H, s, C-10 Me), 0.93 (3H, s, C-8 Me), 0.98 and 1.03
(2H, dd, *Js.onto, s.endo 10.0, 5-Hepgo and 6-Hepgo), 1.39 (9H, s,
Bu'), 1.38-1.55 (3H, complex overlapping m, 4-H, 5-H,,, and
6-H,,,), 1.58-1.71 (3H, br overlapping m, 3-H,,4,, 3-He,, and
NH)’ 248 (IH, br ta 3JZ-endo,S-endo and 3JZ-erwio,S-exo 603 2_Hendo)’
2.84 [2H, br d, *Jg.cn ecn 6.0, Phe B-CH,], 3.31 [1H, br t,
*Jecnpcny 6.0, Phe a-CH], 7.15-7.25 (5H, complex m, Phe
aryl CH); 6.(75.5 MHz; CDCl,) 11.8 (C-10), 20.4 (C-9), 20.5
(C-8), 27.3 (C-5), 28.1 (Bu' CMe,), 36.9 (C-6), 37.6 (C-3),
40.3 (br Phe B-CH,), 45.4 (C-4), 46.5 (C-7), 48.2 (C-1), 61.2
(Phe a-CH), 64.2 (br, C-2), 80.8 (Bu® CMe;,), 126.3 (Phe
p-CH), 128.0 (Phe m-CH), 129.5 (Phe 0-CH), 138.2 (Phe i-C),
175.0 (br, C=0); m/z (EI) 358 (0.2%, M™), 266 (20), 257 (20,
M — CO,Bu’), 256 (100), 210 (78), 137 (64, 257 — CgH,(N), 120
(52, CgH,,N™), 95 (36, C,H,; "), 91 (18, C,H, "), 81 (54), 57 (16).

**¥% We thank Dr K. G. Orrell for analysing this second-order ABX
spectrum according to Abraham.*’
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