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Table I. 13C NMR data of nicotlanamine and allied compounds in DLO 

Compound 

Nicoti&n=inl 

(,7jb 

beetidine- 

2-carboxylic 

acid 

2,4-Diamino= 

butyric acid 

Carbon (assignment)a 

-CH2- -CH- c=o 

21.7 '25.4 27.7 44.8 51.3 51.9 

(3A) (3B) (3C) (‘+C) (4B) (4A) 

24.2 43.7 

(3) (4) 

32.6 37.') 

(3) (4) 

53.4 60.2 67.7 173.0 174.1 774.2 

(is:) (2.B) (a) (IA, IB, 'lC) 

59.9 174.9 
(2) (7) 

54.6 

(2) 
I 180.7 

I (1) 

a The assignment of the 13 C signals to carbons in moieties k, B, and C was done on the basis 

of relative intensities (A, B, C) in the order of the expected increasing mobility of the 

system and on ccmparison with values calculated from the spectra of aeetidine-2-carboxylic 

acid and 2,4-diaminobutyric acid by using the ,:no.m effect of ;!-alkyiation in Lminee (shif 

cf ca +a ?pm in a-position, ch -j ppm in Lposition). 

b Designation of the moieties A, d, and C as <tell as tne numbering of atoms is according to 

formula 'J and not that used in chemical nomenciature. 
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N,O,Si, for M’ (m/r 591) and hence C,2HL,N,0h 
for the “normalizing factor”. This formula is In 
accordance with the elemental analys’s of a sample 
dried at 180 ~JI rucuo and equivalent weight 
determination by potentiometric titration.’ 

The IR spectrum (KBr) of I displays absorption at 
1606cm- ’ (CO; ). The proton noise decoupled 
’ “CNMR spectrum (Table 1) proved the presence of 
12 C-atoms. The 13C chemical shifts and the off- 
resonance proton decoupled spectrum specified the 
nature of the carbons as 6CHZ. 3CH and 3C=O 
groups. The pH dependence of the C=O signals 
indicated 3 C02H groups (acid solution 170.8. 171.3 
and 171.7ppm, alkaline solution 181.8, 182.7. and 
183.8 ppm). Since no further sp2-hybridized carbon 
could be detected the compound contains one cycle. 
The 36OMHz ‘H NMR spectra (D,O or IO”,, 
NaOD/D20) (Table 2) evidenced the presence of 15 
non-exchangeable H-atoms bound to C. Hence 6 H 
have to be exchangeable (3 H bound to carboxyl 
groups. see above. and 3 H to N ). Proton homonuclear 
selective decoupling experiments proved the existence 
of three isolated five-spin systems of the type 

-CH2CH2CH(. Chemical shifts and coupling 

constants extracted by a first-order analysis were used 
as input values for the calculation of the theoretical 
spectra. The best set of calculated parameters is given 

in Table 2. Combinat’on of ‘H and ‘“Cdata allows the 
following classification: (a) 3 CH2 groups are bound to 
C (C-CH,-C): b = 21.7. 25.4. and 27.4ppm. (b) 
3CHz groups are bound to N (C-CH2- N): 6 = 44.8, 
51.3, and 51.8ppm. (c) 3CH groups are bound to N 
(C-CH- N): d = 53.4. 60.2. and 67.7 ppm. Hence all 
three sequences are of the general type 

N-CH,--CH,--CH-N 

COIH. 

The low field absorption of one of the five-spin 
systems and the relatively small absolute values of the 
geminal coupling constants in the ‘H NMR spectrum 
as compared with the other two systems (Table 2) are 
in accordance with the presence of a 4-membered ring. 
This is confirmed by comparison with the 13C and 
‘H NMR spectra of azetidine-2-carboxylic acid. A 
comparison of the ‘H signals of 3,4-dlammobutyric 
acid with corresponding signals of nicotianamine (I ) 

CO2” FOzH H 
I 

indicated that the signals of the latter compound arc 
shifted 0.2-0.4 ppm downfield. This may be due to N, 
substitution. 

Since the MS (El)fragmentation patternof I (Fig. 1 
does not correspond to the clear-cut degradatior 
reported for the trimethyl ester,4.’ cyclic structure> 
have to bc envisaged (c/ also 4) for [M-H,O]’ 

(probably of thermal origin). Hence, the interpretation 
can only be tentative. nr!~ 267 and 250 result from the 
furtherlossofH,0andNH3.n~/~114. 192.and 197are 
obviously formed from structure I. m/e 101.84. and 5C 
correspond to azetidine-carboxylic acid and it: 
decomposition products (M--OH. M CO*H) (~1 9) 
the series n’/t~ 169. 141. and 123 may be ascribed to LI 
[‘I CO] ’ and [(I CO-H,O]-. the series nr,!e 99 and 
71 to h and [h-CO] !. This mterpretation is ir 
accordance w’th high resolution data for mie 267,250 
192. 169. 141, 99. 71, and 56. 

The appearance of the chemical ionization (Cl 
spectra of I depends on the ionizing gas used. While Cl 
(NO) due to charge exchange gives a spectrum whict 
resembles that obtained by El, Cl (NH,) yields by 
proton transfer n’,/c* 268 (267 + H, ride wpru), 250,101 
and itsdecomposition products as well as99 and 71. Ir 
addition. an abundant ion (nt/e 185) due to the loss o 
azetidine-carboxylic acid from m/r 286 (285 + H ) car 
be observed. Similarly, in the Cl spectrum (i-C,H,, 
mir 268. 185. and 101 can be seen. 

The MS fragmentation pattern of tetra-(trimethyl, 
silyl)-nicotianamine as indicated in structure 2 follow! 
that of nicotianamine trimethyl este?’ and is ir 
accordance with silylation of the threecarboxyl group: 
and the primary amino group. Additional fragment! 
correspond to [M-Me] : typical of TMSi compound! 
and losses of Me2SiCHL or Me,SiOH from variou! 
species. 

Reaction of nicotianamine (I ) with 4-bromobenzoy 
chloride followed by csterification with CHIN2 gav’ 
two basic compounds, the bis-bromobenzoy 
derivative 3 and a mono-bromobcnzoyl compound. i 
shows a fragmentation essentially analogous to th’ 
trimethylsilyl derivative as indicated schematically ((1 
3). Several fragments can be explained readily by th’ 
operation of the McLafferty rearrangement proces 
( McL.). m:e 154 and 18 1 can be rationalized by loss o 
COLMe and McOH from /‘r/e 213. m/e 385 by loss a 
COC,,HJBr from m;cj 568. The interpretation is ir 
accordance with high resolution data for m/r 65: 

K’z7H.w “BrH’BrNjO,), 213 (C,,,H,,NO,). and 12: 

+H2+CH2-~H--NH-&+ CTCH-NH2 

t 192 (t&L., elimination of 2 H20) 

197 (elimination of 1 Hz01 

c-o+ 

I 
N-CH2-CH2-CH=C=O HN=CH-CH2-C&-NH2 

a b 
Fq. 1. MS fragmental’on of nicol’anam’ne tl )(El). 
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(C6H,,,NOJ). Most probably the mono-bromo- 
benzoylcompound is an intramolecular;,-lactam (~;/4) 
containing two methyl ester groups. 

Reaction of nicorianaminc f 1 f with Ac,O in HOAc 
followed by esterification with CHrN1 gave a mixture. 
from which a diacetyl methyl ester derivative with a 
molecular ion C,?H~sN~07 (m,~r 3831 was isolated. 
The molecular ion loses ketene. a typical behaviour of 
N-acetyl compounds. Obviously, during the formation 
of this product one molecule of H20 has been lost. 
Preparation using AclO-d,, showed that two acctyl 
groups have been Incorporated. esterification with 
CD2ti2 proved the formation of one ester group and 
an exchange with DzO rcvcaled the presence of one 
acidic hydrogen. The fragmentation pattern differs 
strongly from that of nicotianamme ( 1) and from those 
of its derivatives discussed so far. Only two major 
fragments are found in the spectrum. viz. nt,‘r 243 

(f, I H, ?NO!. ) containing (as seen from the labclling 
data) one Ac group and the ester function, and ntjr 143 
(C,H, , NzOZ) comprising one Ac and the acidic H. 
Both fragments lose ketcne (m* b which demonstrates 
the presence of NAc (rather than OAc which would be 
expected to lose HOAc) m either case. The 
fragmentation behaviour can be accommodated best. 
when assumrng formation of a lactam. opening of the 
azctidinc ring to a homoscrinc derivative and 
concomitant lactomzation (4. Fig. 2). McLafferty 
rearrangcmen! starting from either carbonyl group - 
m the case of the smalfcr fr~l~rnen! with transfer of an 
additional H as ohscrvcd for hi&r alkyl amides’” 
will then he rcsponsihle for the two major cleavage 
products. This interpretation is in accordance with 
high resolution data for III, LS .783,2G. 201. 143, and 101. 
Structure 4 explains why the substance is non-basic. 

On oxidation of nicotianamine (1) with performic 
acid a mixture was obtained from which aspartic acid 
was isolntrd rc./ 4). 

2 

EXPERIMEhl’AL 

“C NMR spectra were measured with a Varian XL-100 
mstrumcnt in FT mode a~ 25.2 MHz in D,O. Dioxane was 
used as an internal standard. Chemical shifts wcrc 

recalculated for TMS &.,_ hf.4 ppmt. ‘H NMR spectra of 
I were obtained pith an FT Bruker WH-360 spectrometer at 
36OMHz in D20 or 10”,, NaOD;D?O usmg Na 3- 
tr~methyls~lylpropiona~e-do as an tnternal standard. 

Calculatrons and simulations of the spectra were done on the 
same instrument by an ADAKOS Lersion 80401 programme 
s:lmulatlon mude V-5. ‘HNMR spectra of arctidme-2- 
carboxylrc acid and 2.4-diamrnobutyric acid wcrc measured 

wlrh a Vnrlan HA-IOU Instrument at IOO,MH? under 
analogous conditions. Mass spectra were obtained with a 
Finn&n 3200 (compound 1). a CH7A (Varian MAT) (2.3). 
or a MAT 731 (Varian-MAT) instrument (4: all hiph 
resolutions). 

Kicttrrc~frctntitztl (I 1. Isolated from aerial parts of alfalfa 
(~~~~~~;~,~~~f~ .writu L.) and leaves of supar beet (Btvcr ~,~/~~ur~~ 
L.l’.crystaiswi[hd~.abo~e250 and [t]$ = -49.7 (H&I, 
(’ IBY). lit.: -60.5 fH:O)‘, -SO fH,O)‘. (After drying at 

1X0 I~I ii~w~., found. <‘. 47.): H, 6.Y. N. I?.& (‘,IHz,N,O,, ’ 
requires: C.47.5. H. 7.0. N. 13.9”,,) MS (El, 7OeV): I~I,(’ (ref. 
“.,)~2X5~O.?),?h7(1).250(13). 197(3). I92(9). 169 (13). 141 
~11).123(9).II4(2I).101(H).99(70).K4(22),71(53).56(100). 
MS (Cl. NH,\): nt,c* (rel “.,)I 268 (5.1). ‘SO(30). 185 (58). 101 
(18~,YYf98).71 (52).S6(lOO~. MS(CI,i-<‘,t~,,,):m,c(rcl. “,I. 
26X (47). 185 (100). IO1 (32). 

~~rru-(rrrmc,rli~~l.~,~~~l~~~rc.olru,fcrt?lillc (2). Silylation was 
carrrcd OUI according to’ ’ MS IEi. 7OcV). ~II>O (rel. “,,): 591 
(6). 57h(3).4OS(l). 3Yl (21.373 (12). 359 (6). ‘3249). 2fX (7). 
200 126). 1X6 (60). 147 162). 75 177). 73 ~I~~}. 

D/-(J-tr~r,,?lohrtr_,~~I) ~~;~~f~~~~~ f cwt~ f3). 1 m N NaOH was 

shaken 4 days with an excess of 4-hromobenzoyl chloride. 
The soln was aczdified. extracted with ether. NH3 was added 
and the aq. layer evaporated. The residue was sorbed on 
Dowcx 5OWXll and eluted with dilute ?JH3. Treatment with 
(‘H:Nz at 5 C’ In EtOH-Et,0 and Si gel chromstography 
(elullon with CHCI, EtOH (99: I )) anbrdcd 3. r’j,‘J,” 3: 33.50 

(NH), 1742 (CO,Mc), 1660. 1645 IN -CO). f594cm“ (Ph). 
MS(El.l00cV):~rr~~~rcf.“.,) 713(1~.711~1).70(1,(1).68_‘(1~. 

NHAc 
I 

AC 
\ 

N-CHZ-CH2, 
1 

Meo2C -7” 
5” 

CH2-CH2-0 /C’O” 

m/e 243 m/e IL3 

Fig. 2. MS fra~mcn~ari~)n of the diacctyl methyl ester dcrivatbvc 4 of nicotianamine if) 



680 (2). 678 (1). 654 (4), 652 (7), 650 (4). 599 (2). 597 (3), 595 
(2).572(2),570(3). 568 (2),528(2). 526(2),441 (II).439 (12). 
387(19),385(21).300(52),298(53).273(4),271 (4),213(49), 
185 (95). 183 (100). 181 (22). 157 (23). 155 (24). 154 (60), 142 
(@I), 128 (97). 

4-BromohenroJI dime&y/ esryr dericaricu. Elution (cl the 
above mentioned chromatography) by CHCI,-EtOH (49: I) 
gave a product with \ .CH,“~3:3425(NH),1740(COIMe), 1703 
(;b-lactam). 1665 (N-CO), 1595cm-’ (Ph) and MS (El. 
1OOeV):m;etrel. “~,):497(1),495(1),465(3),463(3),438(28). 
436 (28). 383 (44). 381 (49). 356 (25). 354 (28). 185 (95). 183 
(100). 142 (97). 128 (99). 

Diaruryl mrrhyl esrPr duriruriw (4). 1 was dissolved in 
HOAc--AcZO (I : 1) by short heating. The solution was 
allowed to stand at room temp. for 5.5 hr. and evaporated in 
racuo. The residue consisted of a non-basic material (no 
adsorption to a strongly acid sulfonated cation exchanger) 
and was treated with CH,N2 at S’C in MeOH -Et,O. 
Chromatography on Si gel and elution with CHCI, -MeOH 
(47:3) afforded4. MS (EL 70eV): m,!e (rel. ““)I 383 (72). 368 
(I). 352 (3). 341 (19) 340 (14). 324 (IO), 282 (36). 243 (85). 201 
(100). 143 (83). 101 (67). 

Oxidative dqrudotion to uspurric atvd. 1 (304mg) was 
dissolved in 30m) HI0 and a mixture of 15 ml of formic acid 
(98”,,) and 15 ml of H202 (30”,,) was added. After standing at 
30-40’ for 36 hr the mixture was evaporated in vacua and the 
residue crystallized from HrO, affording aspartic acid 

identical according to lR spectrum, TLC, PC, and elemcnta 
analysis with an authentic sample. 

~ckno~4ed~~mmrs- - We are much indebted to Dr. K. Ubik 
Dr. P. Sedmera. and Dr. S. VaSiCkova, Prague, for spectra’ 
measurements. 
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