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violet.11 As an indication of the conformational in
formation which can be obtained the following two 
examples can be cited. The fact that L-idose exhibits 
a curve nearly superimposable on tha t for D-glucose 
suggests tha t the predominant conformer for this sugar 
in aqueous solutions is C-I1 since other L- sugars which 
have been examined show curves which are mirror 
images of their corresponding D- isomers. Secondly, we 
have recently observed tha t a-L-idose pentaacetate, 
indicated by nuclear magnetic resonance spectroscopy 
to be in the 1-C conformation, gave a Cotton effect 
curve opposite to that of /3-D-glucose pentaacetate, thus 
confirming the n.m.r. results. Since these results were 
obtained on less than 1 mg. of material, the advantages 
are obvious. 

All compounds giving plain dispersion curves followed 
a simple Drude equation with Xc varying between 
130 and 175 m/i in agreement with previously reported 
values.1 '10 
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The Biosynthesis of Azetidine-2-carboxylic acid 

Sir: 

Azetidine-2-carboxylic acid (II) was first isolated 
from Convallaria majalis (lily of the valley)1,2 and is 
fairly widely distributed in the Liliaceae. At tempts to 
determine the precursors of this unusual imino acid 
have so far failed. The azetidine-2-carboxylic acid 
isolated from C. majalis leaves which were fed aspartic 
acid or a,7-diaminobutyric acid, uniformly labeled with 
C14, had negligible activity.3 '4 Since spermidine has 
been shown to arise by the nucleophilic a t tack of 1,4-
diaminobutane on S-adenosylmethionine,5 it was con
sidered tha t azetidine-2-carboxylic acid may be formed 
by the intramolecular displacement of thiomethyl-
adenosine by the a-amino group of S-adenosylmethio
nine (I) as illustrated in Fig. 1. 

adenosine adenosine 

CH 3 -S-CH 2 -CH 2 _ „ CH3-S CH2-CH2 

+ t I + 1 1 
H2N CH-COOH NH - CH-COOH 

I II 

Fig. 1.—Hypothetical biosynthetic scheme for azetidine-2-
carboxylic acid. 

Experiments have now been carried out to test this 
hypothesis. DL-Methionine-carboxyl-C14 (9.32 mg., 
0.2 mc.) dissolved in 20 ml. of water was administered 
to 20 C. majalis plants growing in soil out of doors 
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(May) by means of cotton wicks inserted through the 
leaves near to ground level. One week after feeding 
the tracer, the leaves and roots (fresh weight 2.4 kg.) 
were harvested and azetidine-2-carboxylic acid (1.45 
g., 5.0 X 105 d.p.m./mmole), aspartic acid (0.303 g., 
2.0 X 104 d.p.m./mmole), and glutamic acid (0.491 
g., 1.2 X 104 d.p.m./mmole) were isolated from the 
amino acid fraction by ion-exchange chromatography 
as previously described.1 The radioactive azetidine-
2-carboxylic acid was decarboxylated by heating with 
ninhydrin,6 the evolved carbon dioxide being collected 
and assayed as barium carbonate (4.7 X 105 d.p.m./ 
mmole). This result indicates tha t essentially all the 
activity of the azetidine-2-carboxylic acid was located 
on the carboxyl group and strongly supports the new 
hypothesis. I t is of course conceivable tha t the 
methionine is metabolized via homoserine to aspartic-
/3-semialdehyde, and then to the imino acid, as sug
gested by Fowden.1 However, the low incorporation 
of tracer into aspartic acid (0.010%), compared with the 
incorporation into azetidine-2-carboxylic acid (1.67%), 
is not consistent with this metabolic sequence. 
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Triquinacene 
Sir: 

The hitherto unknown hydrocarbon, tricyclo[5.2.1.-
04 '10]deca-2,5,8-triene (I = I I ) , here designated tri
quinacene, possesses three double bonds so situated in 

i Ii 
fixed positions as to provide valuable information 
about the postulated phenomenon of homoaromaticity1 

and about the nature and extent of homoallylic par
ticipation in olefinic reactivity. A study of the 
capacity of triquinacene to form metal complexes 
would also be of special interest, and its possible roles 
as a precursor of acepentylene ( I I I ) 2 and of dodecahe-
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drane (IV) [II + II -*• IV] further make it an attrac
tive object. We wish to record the synthesis of 
triquinacene. 

The tetracyclic alcohol V,3 m.p. 102.5-103.5° {Anal. 

V 
VI 

Found: C, 81.64; H, 9.14), was oxidized by excess 
Cr03-pyridine to the ketone Vl, 74% yield, m.p. 
128-130°, Xmax 5.74 /x (Nujol), which was converted by 
excess 40% CH3CO3H-CH3COOH in methylene chlo
ride in the presence of sodium acetate to the epoxy ke
tone VII, 92% yield, m.p. 172-174° {Anal. Found: C, 
75.83; H, 7.47), Xmax 5.75 M (Nujol). The latter was 
transformed by potassium <-butoxide-ether-tetrahy-
drofuran to the keto alcohol VIII, 90% yield, m.p. 
190-192° {Anal. Found: C, 75.78; H, 7.43) XXmax 

0 , . 
0 

VII 
VIII 

2.85 and 5.73 M (CCU), and thence, by oxidation with 
aqueous chromic acid-ether, to the dihydroxy ether 
IX, 70% yield, m.p. 215-217° (sublimes at atmospheric 

pressure without decomposition!) {Anal. Found: C, 
69.98; H, 6.91). Treatment of IX with lead tetraace
tate in dry benzene at reflux gave the anhydride X, 36% 
yield, m.p. 141-143° {Anal. Found: C, 70.68; H, 
5.98), XXmax 5.55 and 5.66 n (CS2). With hot methanol, 
the anhydride afforded the half-ester XI (R = H), 
100% yield, m.p. 141-143° {Anal. Found: C, 66.10; 

MeOOC 

ROOC 
XI 

COOR 

XII 
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H, 6.98), which in practice was obtained much more 
conveniently and in higher yield [45% over-all yield 
from IX] when isolation of the anhydride X was 
omitted. The corresponding dimethyl ester XI (R = 
Me), from XI (R = H) with diazomethane, was con
verted by sodium methoxide-methanol to an equilib
rium mixture containing 70% of the exo,exo dimethyl 
ester XII (R = Me) and 30% of the endo,exo isomer 

ROOC 

XIII 
XIV 

XIII (R = Me) (concordant analyses by gas-liquid 
chromatography and nuclear magnetic resonance 
measurements). Hydrolysis of the ester mixture by 
aqueous methanolic sodium hydroxide gave the cor
responding acids, of which the desired exo,exo isomer 
XII (R = H, 67% yield over-all from XI (R = H)), 
m.p. 185-187° {Anal. Found: C, 64.75; H, 6.43), 
was readily separated by virtue of its relatively very 
low solubility in chloroform; the endo,exo compound 
XIII (R = H), m.p. 228-230° {Anal. Found: C, 
64.72; H, 6.43), was used in the obvious way as a source 
of further exo,exo diacid. The latter was transformed, 
without purification of intermediates, to the bischloride 
XIV (R = COCl) by hot thionyl chloride, to the bis-
azide XIV (R = CON3) by sodium azide-toluene, to the 
bisisocyanate XIV (R = NCO) by heating in toluene, 
and then to the bisurethan XIV (R = NHCOOMe) 
[84% yield over-all from the diacid XII (R = H)], 
m.p. 177.5-178.5° {Anal. Found: C, 59.94; H, 7.29; 
N, 10.11), by treatment with hot methanol. Reduction 
of the bisurethan by lithium aluminum hydride-tetra-
hydrofuran at reflux gave the bismethylamino com
pound XIV (R = NHMe), 84% yield, m.p. of the 
dipicrate 222-224° dec. {Anal. Found: C, 44.44; 
H, 4.01; N, 17.49), which was converted by hot 37% 
aqueous formaldehyde-formic acid to the bisdimethyl-
amino compound XIV (R = NMe2), 94% yield, b.p. 
88-90° (0.65 mm.), m.p. of the dipicrate 222-224° dec. 
(Anal. Found: C, 46.18; H, 4.71; N1 16.67). The 
base was then converted by 30% aqueous hydrogen 
peroxide-methanol to the corresponding bisamine oxide 
XIV (R = NMe2O), which without purification was 
pyrolyzed at 125-140° in vacuo (10-30 mm.) to give 
triquinacene (I = II), 78% yield from XIV(R = NMe2), 
m.p. 18.1-19.1° (composition of CioH]0 demonstrated 
by mass spectrometric studies). 

The relatively simple infrared spectrum (Fig. 1) 
of triquinacene (measured as a liquid film) contains 
bands at 3050 cm."1 (=C—H stretch), 1613 cm.-1 

(C=C stretch), and 699 cm."1 [=C—H out-of-plane 
bend], closely similar to the corresponding values for 
cyclopentene itself (3045, 1612, and 695 cm."1),4 and 
significantly different from those of cyclopentenes in 
which added elements of strain are present [e.g., 

(4) H. B. Henbest, G. D. Meakins, B. Nicholls, and R. A. L. Wilson, 
/ . Chem. Soc, 997 (1957)! 
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Figure 1. 

bicyclo[2.2.1]heptene, 3069, 1568, and 706 cm.-1).6 

The nuclear magnetic resonance spectrum (measured 
in CDCI3 at 60 Mc.) contains only two sharp bands, at 
T 4.32 (olefinic H) and 6.23 (paraffinic H); again the 
olefinic hydrogen resonance is closely comparable with 
that observed in cyclopentene (T 4.40).6 The ultra
violet spectrum (measured in isooctane, Fig. 2) possesses 

230 200 210 
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Figure 2. 

a single maximum at 187 m,u (e 13,000), very close to 
that of cyclopentene (188 m^J), but a broad long wave 
length shoulder is present, of sufficient intensity to 
accommodate one or more new transitions, which might 
be associated with cooperative electronic excited 
states.8 

While our measurements must be interpreted with 
the reserve which respect for the long arm of coincidence 
should always engender, they provide at present no 
evidence of derealization among the ir-electron systems 
of the double bonds of triquinacene in the ground state. 
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Potts, J. Chem. Phys., 23, 65 (1955)]. but not that of bicyclo[2.2.1]heptene 
[Xmax 196 m^: our measurement], possess broad long wave length shoulders, 
much less intense than that of triquinacene, which have been attributed to 
vibronic excitations (Potts). 

The chemistry of triquinacene is under active investiga
tion. 
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Carbethoxynitrene. 

Sir: 

Selectivity of the C-H Insertion 

Carbethoxynitrene has been generated by the photo-
lytic decomposition of ethyl azidoformate1 and by a-
elimination from N-/>-nitrobenzenesulfonoxyurethan.2 

It reacts with C-H bonds to form N-alkylurethans. 

EtOOC-N8 

R-H 
EtsN: E tOOC-N >- R-NH-COOEt 

EtOOC-NH-OSO2-C6H4-NO2-^ 

This reaction seems to be analogous to the C-H in
sertion of carbenes. Most carbenes discriminate but 
little between different types of C-H bonds, possibly 
because of a very low energy of activation for the inser
tion process.3 Carbomethoxycarbene, the closest car
bon analog to carbethoxynitrene, reacts with tertiary 
C-H bonds only three times faster than with primary 
ones.4 

Being interested in the nature of nitrenes and in 
comparing them with carbenes, we have generated 
carbethoxynitrene by azide photolysis and by a-elimina-
tion both in pure 2-methylbutane and in a mixture of 
44.5% 2-methylbutane and 55.5% dichloromethane. 
The product mixtures were analyzed by vapor phase 
chromatography, using a 5-m. column of 20% cyano-
silicon XF 1150 on chromosorb, at 125°. The peaks 
were identified by comparing their retention thnes, and 
infrared and n.m.r. spectra with those of the four authen
tic isoamylurethans, prepared from the known amines 
and ethyl chloroformate. The peak areas were deter
mined with a planimeter. The two insertion products 
into primary C-H bonds (in the methyl groups C-I, 
C-4, and C-5) could not be separated by the column 
mentioned above, but by a 20% Ucon Polar column. 
The reactivities of these two types of methyl groups are 
nearly the same (C-I: C-4 = 1:1.18 ± 10%). The re
sults are given in Table I. 

TABLE I 

REACTIVITIES OF THE C-H GROUPS IN 2-METHYLBUTANE 

TOWARD CARBETHOXYNITRENE (CORRECTED FOR THE NUMBER 

OF HYDROGENS) 

In 44.5% 2-methyl-
butane-55.5% di-

In pure 2-methylbutane chloromethane 

Carbethoxynitrene 
by a-elimination 

Azide dec. 
Relative error 

3° 

27 
34 

± 5 % 

— iyp 
2° 

11 
9 

± 1 0 % 

i 0 

1 
1 

3° 

25 
36 

± 5 % 

2" 1 

8 1 
10 1 

± 1 0 % 
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