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Ah&a&-The synthesis and characterization of side-chain derivatives of amino- and carboxy-protected lysine, 
serine and cysteine, and of two tripeptides is reported. Broad-band proton-decoupled ‘3C-nuclear magnetic 
resonance spectra have been determined and in almost all cases, each carbon resonance has been unambiiously 
assigned by a combination of off-resonance and specific decoupling techniques. The effect of solvent and pH on 
chemical shifts is discussed. The objective of these studies is to provide models relevant to the use of ‘3C-labelled 
electrophilic inhibitors as probes of enzyme active-site environment. 

In recent years, much attention has been paid to the uses 
of ?-nuclear magnetic resonance spectroscopy (CMR) 
in structural studies of proteins.* These investigations 
have been assisted by ‘“C-chemical shift data obtained 
by studying model amino-acids,’ and oligopeptides’ at 
various pH-values. 

A major method used to study the mechanism of the 
catalytic action of enzyme systems is the covalent label- 
ling of active-site functional groups by reaction with 
appropriate electrophihc irreversible inhibitors.’ 
Degradative and separative procedures must then be 
developed to locate and identify the specific amino-acids 
which have reacted. For unambiguous identification, 
synthetic model derivatives are then required for com- 
parison,‘j and for structurally-complex active-site directed 
inhibitors such amino-acid derivatives represent a con- 
siderable synthetic effort. 

We report here the results of a systematic CMR in- 
vestigation of derivatized amino-acids soluble in either 
organic or aqueous phases. The study has been carried 
out in the course of our investigations of enzyme active- 
site environment using ‘“C-labelled electrophilic in- 
hibitors, (e.g. Br’3CH2C02H).’ In order to enable unam- 
biguous interpretation of the spectra of the resulting 
covalently-labelled enzyme, a knowledge of changes in 
chemical shift values in varying solution conditions is 
required. Information can then be provided on reactive 
catalytic functional groups at the active site without the 
need for full degradative and separative procedures. 
Indeed, we have shown with bovine pancreatic ribo- 
nuclease A that the specificity and sequence of func- 
tional-group alkylation can be followed over a time 
period by experiments performed in an NMR tube.8 
Furthermore, the effects of denaturation and pH on the 
13C NMR spectrum provide additional information on the 
native enzyme active-site environment. 

We have chosen to synthesise a range of derivatised 

*Present address: PFIC Ltd., Chesterford Park Research Station, 
Salfron Walden, Essex, CBlO IXL, England. 

tPresent address: Shell Research Ltd., Shell Toxicology 
Laboratory, Sittingboume, Kent ME10 lUP, England. 

amino-acids to test the sensitivity of key CMR chemical 
shifts to a wide range of conditions, including the effects 
of pH change on zwitterionic species, and solvent varia- 
tion. Observations were extended to include measure- 
ments on tripeptides. The results with these models show 
that it is generally possible to distinguish successfully 
between reaction at thiol-, hydroxy-, amino-, and im- 
idazolyl functions in the enzymatic context. Furthermore, 
observation of the effect of pH on the key carbon 
resonance frequently enables determination of the state 
of ionization of a zwitterionic species of a polybasic acid. 

Model Derivatives Soluble in Otgnnic Solvents. The 
four amino-acids which formed the basis of this study 
were L-cysteine, L-histidine, L-lysine and L-serine, 
chosen to provide examples of the thio-, imidazo-, amino- 
and hydroxy-functionalities which are so frequently in- 
volved in enzymatic catalysis. The amino-terminus of 
each was protected as the t-butyloxycarbonyl (BOC) 
derivative and the carboxyl-terminus esterfied as the 
methyl ester (i.e. la, k, 3a, 4a) by combinations and 
modifications of conventional methods fully described in 
the Experimental Section. Such derivatisation provides 
compounds which are soluble in most organic solvents, 
thus allowing spectroscopic determinations over a range 
of solution conditions. Furthermore, the derivatising 
groups provide the added advantage of appearing as 

a: R-H 
b: R = CH2CH2CN 

c: R = CH2~~2~~~2 

d: R = CH2CH2C02Mf! 

e: R = CH2Cota.12 

f: R = cR2C02Me 

R:R=Me 
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single lines in the PMR spectrum, and are uncomplicated 
in the CMR spectrum. This considerably facilitates full 
spectroscopic characterisation of the derivative and ad- 
ditionally provides good internal references for proton 
integration values, thus allowing a simple assay of the 
purity of transformation products. 

The key carbon resonance of interest in the context of 
probing the mechanism of enzymatic catalysis in in- 
hibitor studies is that adjacent to a reacting amino-acid 
side chain functional group e.g. with cysteine: 

SH S*CH2R 

I R*CHzX 
, I 

-cys- -cys- 

where R*CHzX = BrCH$ZONH2 

BrCHzCOOH 

CH2 = CH-CN 

CH2 = CH-CONHz 

In order to probe the sensitivity of this key resonance 
(i.e. C*) to chemical environment in the absence of 
complications due to ionization in zwitterionic struc- 
tures, the protected derivatives (la, 2a, 3a, 4s) were 
reacted with a number of potentially useful electrophihc 
aklylating agents. These included acrylonitrile, methyl 
acrylate, acrylamide, p-bromopropionic acid, iodoacetic 
acid and iodoacetamide. The widest range of derivatives 
was prepared in the cysteine series by reactions of la, 
which provided derivatives (lb-lg, and also 5 in a related 
series) showing widely different side-chain moieties. The 
effect of such changes in sub-structure on the key- 
resonance can only be fully resolved by examining a 
series of compounds in which the remainder of the 
molecule remains constant. Additional compounds in the 
histidine, lysine and serine series were prepared by a 
similar reaction of 2a, 3a and 4a with acrylonitrile to 
afford respectively the cyanuethylated derivatives 2b, 3b 
and 4b. The effects of changing the heteroatom on the 
key resonance (-S-*CHr, -NH-*CHr, -Im-*CHr and 
-G-*CH2) were investigated in this series. In order to 
compare the key resonance in the cyanoethylated 
derivative lb to a model which bore a close structural 
relationship to an enzyme, the tripeptide t-butoxycar- 
bonylglycyl (s + S-(2-cyanoethyl)~L-cysteinylglycine ethyl 
ester 6 was prepared by the method shown in Fig. 1. 

OH 

CH2SCH2-CH-C02Me 

CH CONHAcH\CO 
3 2 

Me 

5 

BOCNHCH CO~'H\CO~CH2C02Et 2 

CMR spectra of model derivatives in organic solvents. 
Table 1 and Fig. 1 summarise the CMR data recorded in 
organic solvents for all model derivatives of this type, 
and appropriate intermediates used in synthetic schemes. 
In each case, both proton noise decoupled spectra and 
off-resonance decoupled spectra were determined. This 
information together with comparison of chemical shift- 
values within a species allowed unambiguous assignment 
of all resonances to specific carbon atoms. In certain 
cases, further NMR experiments (e.g. specific proton 
decoupling) were necessary in order to fully interpret the 
spectra. For example, the two glycine methylene carbon 
atoms in the tripeptide 6 (Fig. 1) were attributed to 
resonances at 44.69 S and 41.54 6. They were individually 
assigned by specific frequency proton decoupling by low 
power irradiation of the appropriate methylene protons 
in the proton spectra (irradiation at 380 Hz (Boc-Gly- 
methylene) downfield from TMS resulting in decoupling 
the triplet centred at 44.69 8 in the CMR spectrum). 

Another useful technique in this context is the obser- 
vation of the magnitude of the apparent coupling con- 
stant in the off-resonance decoupled spectrum (J.,,). For 
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FH2C”2CN 
W CH2CH2CN 
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(ii) 

(iii) CH2CH2CN 

(6) q 
I 

II-Cys-Gly-OEt 

(9) 

(i) H5Iy-WtIDCCI (ii) TFA (iii) BOCGly-OtVDCCI 

28.346 

27.636 18.766 118.536 
/ 

S &H2 - h,- CN 
33.556 1 

i CH2 

I 
ljO.436f 

-coNH 
YS6 

2 -cH-coNH-cH- 

I 
169.476f 

52.186 41.546 

(6) 

f Assignments could be reversed 

Fig. 1. Preparative route to 6 and CMR assignments. 

example in the S-carbamoylmethyl derivative le the two 
methylene carbon atoms adjacent to the sulphur atom 
were observed 36.04 and 35.54 6. The magnitude of JWp 
in off -resonance decoupled spectra is proportional to the 
difference (Af) between the proton resonance frequency 
and the decoupler frequency, and inversely propor- 
tional to the power of the decoupling irradiation.’ In the 
PMR spectrum of le, the SCH,CO proton resonance was 
at lower field (i.e. larger Af) than the -CH-CH& 
resonance. Therefore, in the off-resonance decGi$ed 
CMR spectrum the triplet at 35.54 8 (J., = 70 Hz) can be 
assigned to the -CH-CH,S carbon whilst that at 36.04 6 
(J.W = 80 Hz) to the m&O carbon atom. 

A number of general trends observed for the chemical 
shift variation are apparent from examination of Table 1. 
Firstly, the resonances common to all amino-acid 
derivatives are largely invariant to within 1 ppm 
throughout a series irrespective of side chain derivatisa- 
tion (e.g. lblg). Not surprisingly, the C-3 car- 
bon displays the greatest chemical shift sensitivity. 
However, the point of crucial interest to this study is the 
sensitivity of the side-chain resonances throughout a 
series, and in particular the key resonance adjacent to a 
heteroatom. The three derivatives lb, lc and Id having a 
-S-*CHrCH,R moiety show this resonance at a con- 
sistent value viz 28.27, 28.34 and 27.67 6 respectively 
indicating that the effect of R is not overwhelming. 
However, in cases where the R- functionality is fi- to 
sulphur (i.e. -S-*CHrR), e.g. le. If and to a lesser extent 
5, there is much greater variation in value. From the 
viewpoint of identification of a reacting functionality in 
an enzyme system, these results suggest that the intro- 

duction of a -*CHXH,R moiety (e.g. by Michael ad- 
dition of an acrylate derivative) would provide the most 
definitive information. 

Table 2 provides a comparison of key resonance (C*) 
chemical shift values obtained for the four cyanoethyl 
adducts prepared. The large difference in chemical shift 
of the C*-resonance in this series of compounds should 
allow the reacting side-chain functionality in an enzyme 
to be easily determined. It is also encouraging to note 
that there is a significant difference between the C* 
chemical shift values for the two nitrogen derivatives 2b 
and 3b. 

However, in order to further limit any ambiguity, 
experiments were performed to examine the effect of 
solvent and pH on these key resonances. This required 
the study of unprotected, side-chain modified amino-acid 
derivatives. 

Water-soluble derivatives. Side-chain derivatized zwit- 
terionic derivatives of cysteine, histidine, lysine and 
methionine were prepared, in general, by direct reaction 
of the free amino-acid with the appropriate electrophilic 
reagent. In the case of cysteine, direct reaction with 
acrylonitrile, iodoacetamide and iodoacetic acid under 
suitable conditions produced good yields of 10, lob and 
lOr, respectively. In the histidine series, the cyanoethyl 
derivative llr was prepared from the protected deriva- 
tive 2b by N-terminus deprotection using anhydrous 
TFA to afford ZE, followed by acidcatalysed ester 
saponification performed in an NMR tube with dilute 
aqueous hydrochloric acid. However, the carbonyl 
methyl derivative llb and the bis-carboxymethyl deriva- 
tive 12 were prepared by reaction of N,-acetyl-L-his- 
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CH2SR 

I 

h,AO2_ 

10 - 

a: R = CH2CH2CN 

NHCH2C02H 

y2)4 

.3'"\CO - 2 

12 

b: R = CH2CONH2 

c: R = CH2C02H 

Rl / 

NHCH2CH2CN 

(CH2j4 

NH,i"\,,Me 

Li 

11 - 

a: R = CH2CH2CN 

b: R = CH2C02H 

CF2CO2 

Table 2. *C-Chemical shift values for organic-soluble cyanoethyl 
derivatives 

Nltcti0nrlity *C Chmical Shift 6 
-. 

s-*cn2cFl2CN (2, 28.27 

Ninid=CH2CH2CN (Zb) . 42.57 

Natino-*CU#l$N (2, 05.10 

0-*CH2CH2CN (2, 65.96 

CH,CH,CH,CH,N\ 

Rz 

15 

a: R1 = CH2CH2CN; R2 = H 

b: R1 = R2 = CH2CH2CN 

organic solvents, thereby allowing direct comparison of 
NMR data in aqueous and non-aqueous media. L- 
Methionine at pH 4.5 was reacted with a 5 molar excess 
of iodoacetic acid for 24 hr at 25” to afford the S- 
carboxymethylsulphonium salt 16. 

Finally, in order to examine these effects in models 
which were more representative of enzyme structure, the 
tripeptides S(2_cyanoethyI)-ghttathione 17a and S-car- 
boxymethyl-glutathione 17b were prepared by reaction 
of ghrtathione with acrylonitrile and bromoacetic acid 
respectively in aqueous solution. 

CMR spectra of water-soluble derivatives. Table 3 
summarises the CMR data recorded in aqueous solution 
for the water-soluble derivatives. Again, all carbon 
resonances have been unambiguously assigned with the 
aid of partially-decoupled spectra. A good example of 

' IL is not possible to say whether this is the 

Nr or Nn - mmocyanoethyl derivative from 

spectroscopic evidence. However. literature 

precedent suggears this to be the Nr - sdducr. 

tidine with iodoacetic acid, essentially by the method of 
Cresffield.” N.-carboxymethyl lysine 130 was prepared 
by direct alkylation of the appropriate cupric salt with 
iodoacetic acid followed by destruction of the resulting 
complex in aqueous suspension with H$. However, 
difficulty was experienced in the preparation of a cyano- 
ethylated derivative, both by deprotection of 3b and by 
direct alkylation of the cupric salt. The former method 
was complicated by the inherent instability of the depro- 
tected amino-ester derivative 14. As an alternative series 
of models, n-butyl-amine was cyanoethylated by reaction 
with neat acrylonitrile at 85”, atfording both the mono- 
cyanoethylated n-butylamine UP,” and the dicyanoethyl 
product lSb, purified by distillation. In addition to the 
comparative data provided by these derivatives in acidic 
aqueous solution, both were additionally soluble in 

Me \ + /cH2c02- r 
(CH2) 2 

&+ 

3 

/““\ co _ 
2 

16 

CH2SR 

,CONHACH\CONHCH2C02H 
(CH2j2 

A/Lo- 3 2 

17 - 

a: R = CH2CH2CN 

b: R= CH2C02H 
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the use of off-resonance and fully noise decoupled spec- 
tra in which a tightly coupled system is observed is 
afforded by those obtained for S-(2_cyanoethyl)+cys- 
teine 1Oa at pH 7.0 (Fig. 2). Resonances at 174.24, 122.06 
(not shown), 55.24 and 19.83 S were assigned directly 
from chemical shift considerations to carbonyl, cyanide, 
methine and -CCCN carbons respectively. TWO 
resonances at 33.67 and 28.54 6 were assigned to the 
-CH$CHrcarbons. The off-resonance decoupled spec- 
trum enabled individual assignation. Fiie 2(a) shows the 
high field section of this spectrum. The off-reson- 
ance decoupled spectrum (Fig. 2(b)) contains a doublet 
assignable to the methine carbon, a triplet attribut- 
able to a methylene carbon, and two other resonances 
which appear as triplets with additional multiplicity of the 
outer lines. In the PMR spectrum of lb, the -SCH#N&N 
protons form a tightly coupled system (the resonance is 

observed as a broad singlet as a result of the nearly 
identical chemical shift values for the two sets of protons). 
Therefore, the off -resonance decoupled CMR spectrum 
would be expected to show second-order coupling effects 
for the carbon nuclei which have directly attached tightly 
coupled protons.12 The resonances at 28.54 and 19.83 S can 
therefore be assigned to -SmCH2CN and CCN 
carbons respectively, whilst the resonance at 33.67 S is 
attributable to the -CHmS- carbon. 

S-Carboxymethyl-t-cysteine ltk is only sparingly 
soluble in water at pH 7.0. Therefore, CMR spectra were 
recorded both in sodium hydroxide at pH 14.0 and in 
hydrochloric acid at pH 1.0. At pH 14.0 the spectrum 
showed resonances at 55.83,38.64 and 38.02 S assignable 
to methine, methylene and methylene carbon respec- 
tively. The two methylene resonances (-CH2SCHr) 
were unambiguously assigned by the magnitude of J,, in 

Table 3. Carbon chemical shift values for water-soluble amino-acid derivatives 

Compound*' 

Chemical Shift 6(a) 

Ph Comnon Resonances Side-Chain Resonances "X" 

L-Cysteine C-l c-2 c-3 SCH, CH,CN CN c-0 

171.90 54.01 32.83 28.86 19.96 121.99 
1-n 

_ _ 

174.24(b) 
55d24 33.67 

28.54 19.83 122.06 
7.0 s t t t S 

182.37 56.68 38.47 28.41 19.80 122.20 
14.0 

cys $H,CONH ClOb) 
170.86 52.97 32.92 35.74 

1.0 5 d t t 

CH,COtH * 55.83 38.64 
CLS (&c) 

38.02 l 

14.0 d t t 

1.0 171.03* 52.92 32.80 34.73 

L-Histidine Cl-2 Cl-4 Cl-5 N,-CH2 N,-CH2 CH2CN CN c=o 0CH3 
- 

HLHSN 
H F s-OHe (2~) 

174.52 55.67 29.47 l l 

7.0 
119.77 43.14 

5 d t d t 
20.49 119.77 

t * 
54.12 

a 

HIS $HsCHJN (Ila) 
170.33 52.72 25.94 136.50 128.57 122.03 

1.0 
45.77 20.02 118.74 

s d t l * t t t * 

"K$PE) 173.40' s 54.35 26.72 136.91 128.81 122.54 4.5 52.66 50.52 172.09+ 
d 

H!F$) 

t d 5 d t l 5 

183.41 57.03 34.00 139.14 138.34 199.48 50.92 
14.0 d 

176.52 
s * d S d t 

H!:$%) 

S 

170.82' 52.53 25.85 137.57 127.92 1.0 50.69 170.66+ s 

53;13 25113 

d S 

123d12 

H!;H@.H)b 

t S 

172;47+ 139.27 130.41 123.26 52.18 50.10 4 o 171.9a+ 
d S d t t S 

H$$$% * 51.83 24.53 140.10 130.16 51.02 48.75 * 
1.0 d t l l 

123;73 

t t 

L-Lysine c-4 C-5 C-6 NCH2 cpo 

$H.CO+H 175.50+ 55.34 25.98 22.36 30.71 47.86 50.03 172.24' 
Lys (13a) 7.2 

$HJOaH 172.57' 53.33 25.74 22.26 29.98 47.97 47.00 172.57t 
LYS (E) 1.0 

L-Methionine c-4 SCH2 SCH3 c=o 

173.34 53.70 26.14 38.38 48.34 24.57 169.03 
7.0 s d t t q S 

172.30 52.91 25.83 38.28 47.78 24.70 168.80 
1.0 s d t t t q ‘5 

(a) chemical shift (b) multiplicity in off-resonance 
references to dioxan proton decoupled spectra 
= 67.4 6 s singlet, d doublet etc. 

(c)* not observed 
+ assignnerts could be 

reversed. 
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55.24 

c9s 

% 

33.67 28.54 

19.83 

-cli,-cN 

J 
Fig. 2. CMR spectra of S_(Ccyanoethyl)-Lcysteine 101 at pH 7.0. (High Field Region Only) A: Proton-noise 
decoupled spectrum: 1024 pulses, 4 set recycle time. B: Of-resonance decoupled spectrum; 58,300 pulses, I set 

recycle time. 

the off-resonance decoupled spectrum.R The CHCHS- 
protons in the PMR spectrum are at higher field (s.&Iier 
Af) than the -SCH,CO- protons. Consequently, the 
triplet centred at 38.64 S (J,, =70 Hz) in the off- 
resonance decoupled CMR spectrum can be assigned 
to the -CHBS- carbon, whereas, the triplet centred at 
38.02 6 (J,, = 80 Hz) can be attributed to the -SsCO- 
carbon nucleus. 

Functionalization of histidine moieties is complicated 
by the possibility of reaction at either or both of the 
heteroaromatic N-atoms (NT and NV). The major reac- 
tion product has spectroscopic properties which are to be 
attributed to the zwitterionic w-isomer (187)” 
Whereas the CMR spectrum of (187) in water at pH 4.5 
showed a resonance at 52.66 6 assignable to the C*- 
resonance (NH&O), a very weak resonance at 50.52 6 
could be attributed to the C* resonance of the NT- 
isomer (18~) obtained as a minor product. Nigen et UP 
have reported these two chemical shift values at 51.5 and 

49.7 S respectively at pH 6.2 for the same compounds. 
Clearly, the shift on these resonances will be sensitive to 
the state of ionization of the whole molecule, and these 
effects will be discussed below in terms of pH variance. 

Rl 
I 

n:R =H; 1 Rs = CH2C02- 
T R1=CH2CO;;R2=H 
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Due to problems experienced in preparation and 
separation of mono- and dicyanoethylated L-lysine 
derivatives, coupled with their inherent instability, n- 
butylamine was employed as a simple model in order to 
obtain further information of the C* chemical shift 
values for mono- and dicyanoethylated amines in 
aqueous media. Table 4 summarises the chemical shift 
values obtained. Figure 3 shows the CMR chemical shift 
values, and the assignments of S-(2cyanoethyl) ghtta- 
thione 17a dissolved in D20 at pH 4.1. The spectrum was 
assigned by comparison with a published and fully in- 
terpreted spectrum of reduced glutathione.” Resonance 
positions numbered 1 and 2 on Fig. 4(a) were tentatively 
assigned as CysC, and GIuC, respectively, by direct 
comparison with the spectrum of ghrthione. However, 
specific frequency decoupling at 380 Hz downfield from 
TSP in the 100 MHz PMR spectrum at the GluC, pro- 
ton, produced two singlets (1 and 3 in Fig. 4b) in the 
CMR spectrum, with the remainder of the resonances 
being observed as partially coupled multiplets. Un- 
expectedly, resonance 1 can therefore be unequivocally 
assigned to GluC,, and resonance 2 to CysC,, reversing 
the initial assignments. This clearly underlines the pre- 

cautions that must be taken for unambiguous assignment 
of CMR spectra. Resonance 3 (Fii. 4b) was also a singlet 
in the specific frequency decoupled spectrum, because 
the two proton resonances GlyC, and GluC, are within 
IO Hz of each other in the PMR spectrum, and the power 
required to fully decouple resonance 1 also decoupled 
resonance 3. The initial CysC, and GluC, assignments 
made by Jung et aLI were checked on reduced ghr- 
tathione by the same specific decoupling technique, and 
were conlirmed. 

This technique was also used to unambiguously assign 
the GluCB and -SCH2CH2CN resonances. Low power 
irradiation at 248 HF%wntield from TSP in the 100 MHz 
PMR spectrum at the resonance position of the 
-SCHICH2CN protons, produced two singlets at 28.52 
and 19.80 S in the CMR spectrum able to be unam- 
biguously assigned to -SCHXHXN and -CHXN car- 
bon nuclei respectively.-Therefore, the resonance at 
27.57 S was attributable to Glu&. Thus the C* chemical 
shift (-SCH#H,CN) was 28.52 S. This is in close -. 
agreement wtth the value of 28.54 S obtained for the 
equivalent cysteine derivative (Ma). 

Table 4. Carbon chemical shift values for butylamine and the cyanoethyl derivatives 

A 

6 

C 

“mt 

A 

C 

A 

C 

a3 

14.16 

14.13 

13.91 

14.26 

14.36 

14.79 

14.34 

13.67 

- 

Ca, 
- 

20.3s 

20.40 

19.96 

20.73 

20.02 

20.03 

20.64 

19.97 

- 

36.52 42.23 

35.52 41.Y) 

29.62 40.37 

32.56 49.23 

32.64 49.26 

26.23 46.61 

29.93 53.47 

25.69 54.17 

45.63 16.91 119.55 

45.67 19.00 119.44 

43.54 15.79 116.44 

49.60 17.04 119.59 

49.12 14.26 116.32 

+ * -ma); 6 - op 9s 7.0; C - D&W pS 1.0 

28.526 19.806 121.926 

\ I / 
s-al-CM-CN 

34.286 1 2 2 

\ClL 

/ 
55.326 

I 
32.766 

I 
54.52 

I 
43.256 

I 
175.306f 27.57 176.346f 173.956$ 175.156# 

$ Assignments could be reversed. 

Q-Co refers to the methine carbon of cysteine. CysCs refers to the 

methylene adjacent to the thiol in cysteine etc. 

Fig. 3. CMR assignments of S-(2-cyanoethyl)-ghrtathione 171. 
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Glu 

53 
” 

I I I 1 I I I I I 
so 60 40 20 0 

Fig. 4. CMR spectra of S-(2_cyanoethyl)-glutatbione 17~ at pH 4.1. A: Proton-noise decoupled spectrum; 1574 
pulses, 0.8 set recycle time. B: Speci6cally decoupled spectrum at 380 I-k downfield from TSP in the 100 MHz 

PMR spectrum; 926 pulses, 0.8 set recycle time. 

Comparison of C* chemical shifts. The key C* 
resonance has been unambiguously assigned in all cases 
and a comparison of the CL values obtained for the 
equivalent organic- and water-soluble derivatives within 
a series is presented below. 

Effect of solvent on the C* chemical shift. The C* 
chemical shift values for the organic-soluble S-cyanoethyl 
derivative lb and its water-soluble equivalent 101 at pH 
7.0 are 28.27 and 28.54 S respectively. This same 
resonance in S(2-cyanoethyl) ghttathione 17a at pH 7.3 
is observed at 28.52 S. These values are all in close 
agreement. The C* value for the organic-soluble tripep- 
tide 6 is 27.63 S, indicating a minor but signifkant 
difference which may be due to an orientation, or steric 
effect causing a sliit upfield shift. 

The C* chemical shift values of the cyanoethylated 
histidine derivatives are observed at 42.57 S for the 
organic-soluble derivative (2b), and at 43.14 6 for the 
water-soluble compound lla at pH 7.0. These values are 
again in good agreement. 

The water-soluble S-carboxymethyl-L-cysteine 
derivative (101) was not sufbciently soluble in water at 
pH 7.0 to allow determination of the CMR spectrum. In 
base, the C* chemical shift of (ltk) was observed at 
38.02 6 and in acid at 34.73 S, reflecting the state of 
ionization of the carboxyl group. The equivalent carbon 
resonance in the Scarboxymethyl glutathione derivative 
17h at pH 7.0 was at 37.92 S consistent with an ionized 
carboxyl group in a zwitterionic structure. As expected, 
there is agreement between the C* resonance value 
obtained for ltk in acid (34.73 S) and the organic-soluble 
derivative 14 (33.86 S), both values reflecting the shift of 
a non-ionized carboxyl group. 

Cyunoethyl derivatives. The values obtained for the C* 
chemical shift (Table 5) in this series of compounds at 
pH 7.0 allows a clear differentiation between electro- 
philic reaction at sulphur and nitrogen. A tentative 
assignment can also be made between different nitrogen 
functionalities viz amino and imidaxole moieties. The C* 
resonance adjacent to an imidaxole functionality shifts 
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Table 5. *C-Chemical shift values for water-soluble cyaooethyl 
derivatives at diiereot pH values 

9nnctiordit~ *a 7.0 pa 1.0 pa 14.0 

Sh12cE$N Qg 26.54 26.66 26.41 

nhia-*cB2cB2cm Q&, 43.14 45.77 

nd~o-'cn2ca*cN (E, 45.67' 43.54 

.: in CDC12 solution 

Table 6. *C-Chemical shift values for water-soluble carboxy- 
methyl derivatives at daereot pH values 

r r l c chaiul WifC 6 

9B 1.0 9B 1.0 

34.13 

47.78 

50.92 

51.02 
40.75 

47.00 

52.66. 

50.52. 

T 5z.16b 
1 so.lob 

.: .C 9B 4.5; br .C ,,a 4.0 EXPERMENTAL 

P 14.0 

36.02 

50.69 

7 

downfield to 45.77 6 in acidic solution, whereas an 
upfield shift to 43.54 6 occurs when adjacent to an amino 
group, thus enabling differentiation. The chemical shift 
of the key resonance adjacent to a thioether moiety will 
be unaffected by changes in solution pH, thus providing 
a simple asignment of this functionality. 

Carboxymethyl deriuatiues. Table 6 summarises the C* 
chemical shift values for the carboxymethyl derivatives 
prepared. The values obtained in this series of com- 
pounds again allows differentiation between reaction at 
sulphur and nitrogen functionalities. Additionally, the 
difference in values obtained for the two sulphur deriva- 
tives 10~ and 16 allows them to be unambiguously 
identified. In this series, absolute assignment of the in- 
dividual nitrogen functionalities is dlcult due to the 
similarity of the C* chemical shifts. Protonation of the 
adjacent nitrogen atom does not simplify these assign- 
ments in this series, since the chemical shift of the key 
resonance moves upfield when adjacent to both amino 
and imidazole functionalities. This overlap and upfield 
shift on protonation, is due to the dominating effect of the 
carboxyl group immediately adjacent to the key 
resonance. 

CONCLUSIONS 

Results obtained wi!h these model compounds indicate 
that a Michael acceptor such as acrylonitrile would be 
the most useful inhibitor as a diagnostic “C-covalent 
label. Its major advantages are: 

(a) Most importantly, the C* chemical shift is largely 
dependent on the reacting functionality; pH and solution 
effects are less important. 

(b) In addition to recognition of (reaction at) cysteine, 
a positive distinction can be made between reaction at 
lysine and histidine. 

(c) Due to the reversible nature of the Michael addition, 
alkylated products from reaction with methionine (or with 
histidme to form the diadduct) are not formed. 

Bromoacetic acid would also be a useful inhibitor for 
this approach but provides less information than acry- 
lo&rile because the chemical shift of the key resonance 
is dominated by the effect of the adjacent carboxyl 
group. Furthermore, reaction occurs with methionine and 
histidine to form a sulphonium salt ,and diadduct respec- 
tively. However, these additional reactions could provide 
useful information concerning these reactive func- 
tionalities within an enzyme. A considerable advantage 
with bromoacetic acid is that the literature contains 
many reports of enzyme inhibition reactions performed 
with bromo- or iodo-acetic acid whereas acrylonitrile has 
not been well studied in this respect. 

Nigen et a/.” have reported some initial experiments 
using {2-‘3C}-bromoacetic acid as a covalent label. They 
reacted seal and sperm whale myoglobins with 13C-enri- 
ched bromoacetic acid at pH 7. This procedure resulted 
in non-specific incorporation of the “C-label by reaction 
at lysine, histidine and the amino terminus of the peptide 
chain. However, the experiment showed that this ap- 
proach was viable in terms of sensitivity, but the absence 
of chemical shift data on model compounds at various 
pH values, and the partial overlap of resonances preven- 
ted complete assignment of the ‘3C-enriched resonance 
positions. 

General. IR spectra were recorded on a Perk&Elmer 157~ 
Infrared Spectrometer. PMR spectra were recorded at 6OMHz 
on a Perkio-Elmer R-12A Sp&rometer, or at 100 MHz on a 
Variao Associates XL-100-12 instrument (deuterium lock) in 
deuteriochloroform solution with TMS as internal reference, or 
in deuterium oxide with 3-trimethylsilyl-I-propaoesulphonic acid 
sodium salt (TSP) as internal reference. CMR snectfa were 
recorded at 22.6 MHz on a Bmcker HFX-90E or at is.2 MHz on 
a Varian Associates XL-100-12 Spectrometer, both operating in 
the Fourier transform mode. Amino-acid solutions were prepared 
for CMR spectroscopy in deuteriochloroform solution with TMS 
as internal reference, or in deuterium oxide with dioxao as 
internal reference as noted. 

Low resolution mass spectra were recorded on an AEI MS12 
Spectrometer equipped with a VG Digispec Data Aquisitioo Sys- 
tem. Hiih resolution mass spectra were recorded on an AEI 
MS50 Spectrometer at the Physico-Chemical Measurement Unit, 
Aldermastoo. Melting points (m.p.) were determined with a 
Kofler hot stage apparatus and are uncorrected. Organic solu- 
tions were dried over anhydrous magnesium sulphate and 
evaporated at < 40” on a rotary evaporator at ca. 18 mm Hg. 

In cases where known compounds were prepared by 
modifications of reported procedures, additional information is 
provided. Hitherto unreported data on known compounds (e.g. 
CMR data) is included where appropriate. 

L-Cysteine detivatives 
N - t - Butoxycarbonyl - methyl ester la. la was pre- 

pared by way of N-t-butoxycarbooyl L-cysteine, which was in 
turn prepared by debeozylatioo of N-t-butoxycarbooyl-S-benzyl- 
L-cysteioe. I6 Diazomethaoe in ether” was added to an ethereal 
solution of BOC-L-cysteioe (1.08) and allowed to react for 5 mio 
at 25”. The solution was extracted with 1M sodium bicarbonate 
solution (3 x 10 ml), the organic phase dried, and evaporated to 
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yield a red oil. The aqueous phase was taken to pH 3 with citric 
acid, extracted with ether (3 x 10 ml), the organic phase being 
further reacted with diazomethane as above. The methyl ester la 
was purified by column chromatography on silica gel affording a 
colourless oil eluted by chloroform (90%). (Found M-56, 
179.0251; CsHsNO$ requires 179.0253). ‘v,,,, 3360 (NH), 2576 
(SH), 1750 (C=D ester), 1700 (C=O urethane), 1395 and 1365 
(t-BU), 1160 (CO) cm-‘; PMR r, (CD&) 4.4 (IH, bd, NH), 5.4(1H, 
m, H-2),6.23(3H,s,OCH&7.04(2H, m, H-2),8.53 (lOH,s,SHand 
3 x CHs); CMR S (CDCls) 170.79 (C-l), 155.07 (GO urethane), 
80.33 (C(CH,)s), 54.98 (C-2) 52.64 (OCH3), 28.27 (3 x CH3). 27.30 
(C-3); m/r 179 (M-56, lO%), 135 (179-44,30%), 118 (135-17,25%), 
76 (14%), 59 (COzMe, 17%), 57 (t-Bu, 100%). 41 (57~16,35%). 

N-t-Butoxycarbonyl-S-(2-cyan~thyl)_L-cyste~e methyl ester 
lb. N-t-Butoxycarbonyl-L-cysteine methyl ester (la) (O.lOg, 
0.43 mmol), triethylamine (0.2 ml) methanol/water (2 : 1.2 ml). and 
acrylonitrile (0.038, 0.57 mmol) were maintained at 2jo for ‘5 hr. 
The methanol was then evaporated, water (5 ml) was added and 
the solution extracted with ether (5 x 4 ml). The organic phase 
was dried, evaporated, and the residue purified by column 
chromatography on silica gel. The S-2cyanoethyl) adduct (lb), 
a pale yellow oil, was eluted by chloroform (72%). (Found: M, 
mir 288.1148; C,zHs,,N20,S requires 288.1144) vmpx 3360 (NH); 
2260 (CN), 1745 GO ester). 1710 (GO urethane). 1395 and 1370 
(t-Buj, 7jj (CH&CH~) cm-‘; PMR 7. (ctmi 4.40 (lH, bd 
JNHCH 8 HZ, NH), 5.35 (IH, bm, H-2), 6.15 (3H, s, OCHs), 6.88 
(2H. bd. H-3), 7.12-7.55 (4H. A,B, muhiolet. SCH,CH,). 8.50 
(9H, s, .3 xCH3); CMR s, (CDCl,i, 171.05 (C-l), 1~5.0o’(C=O 
urethane), 117.89 (CN), 80.45 (C(C!Hsb), 53.49 (C-2), 52.77 
(OCHs), 34.57 (C-3), 28.27 (3 xCHs), 28.27 (SCCCH& 18.22 
=CN); m’z 288 (M, < l%), 232 (M-56,13%), 188 (23244, M), 
I39 (12%). 129 (NHs=CHCH2SCH2CH2CN, 20%), 88 (NHs= 
CHCOsMe, 33%), 57 (t-Bu, loo%), 44 (22%). 

N-t-Butoxycarbonyl-S-(2-carbamoylethyl)-e methyl 
ester lc. N-t-Butoxycarbonyl-L-cysteine methyl ester la (O.o%g, 
0.41 mmol), methanol (0.5 ml), triethylamine (0.2 ml) and acryl- 
amide (0.044 g, 0.62 mmol) were maintained at 25” for 18 hr, the 
methanol was then evaporated. The residue was dissolved in 
water (6 ml) and extracted with ether (4x 8 ml). The organic 
phase was dried and evaporated to give (lc) the S-&car- 
bamoylethyl) derivative as a yellow oil (79%). (Found: M. mlz 
306.1247; CrsHnN20sS requires 306.1250). v,.; 3410 and.3180 
(primary amide NH), 3348(NH), 1740 (C=D ester), 1700 (GO 
urethane), 1660 (GO amide), 1395 and 1365 (t-Bu). 755 
(CHsSCH2) cm-‘; PMR r, (CD&), 3.75 (2H, bs, NHs), 4.46 (lH, 
bd Juucu 8 HZ, NH), 5.50 (lH, m, H-2), 6.22 (3H, s, OCHs), 
7.00-7.60 (6H, m, H-3 and SCHsCHs), 8.53 (9H, s, 3xCH3; 
CMR 8, (CDCls), 173.72 (C=O amide), 171.63 (C-l), 155.26 (GO 
urethane), 80.4O(C)CHsh), 53.68 (C-2), 52.64 (OCH3, 36.08 
(Q&CO), 34.83 (C-2), 2834 (3 x CH,), 28.34 (SC!C!CH& m/z 306 
(M < I%), 250 (M-56,2%), 233 @O-17,4%), 189 (250-45-16.30%). 
118 (CH&CH2CH2CONH2, 22%), 104 (HS=CHCH2CONH2, 
l3%), 72 (17%), 57 (t-Bu, lOO%), 44 (30%), 41 (57-16,43%). 

N-t-Butoxycarbonyl-5(2-methoxycsrbonylrl - cysteine 
methyl ester Id. NtButoxycarbonyl-L-cysteine methyl ester (la) 
(0.045 g, 0.19 mmol), methanol (1 ml), triethylamine (0.2 ml) and 
3-bromopropionic acid (0.035 g, 0.23 mmol). were maintained at 
25” for 18hr. After this time the methanol was evaporated, the 
residue dissolved in ether, filtered, and the filtrate treated with 
diazomethane in ether as described in the preparation of la. The 
S-(2-methoxycarbonylethyl) derivative Id was puritled by pre- 
parative UC eluting with carbon titrachloride: chloroform:ethanol 
(10:40: 1) and was a colourless oil (72%), Rf 0.25 v,,,= 3360 (NH), 
1740 (C=O ester), 1680 (C=O urethane), 1390 and 1365 (t-Bu), 11.0 
(CO), 760 (CWzSCH2) cm-‘; PMR 7, (CDCls), 4.65 (lH, bm, NH), 
5.45 (lH, m, H-2), 6.23 (3H, s, OCHs), 6.31 (3H, s, OCHp), 7.00 
(2H, bd, H-3), 7.30 (4H, AsBz multiplet, SCHsCHs), 8.55 (9H, s, 
3 xCHs); CMR S, (CDCls), 172.03 (&Cl ester), 171.38 (C=O 
ester), 155.07 (GO urethane), 80.26 (C(CHs)s), 53.49 (C-2), 52.51 
(OCH,), 51.80 (OCH,), 34.70 and 34.57 (C-3 and WO), 27.34 
(3 xCH>) 27.67 (SCHsCH& m/z (hi, cl%), 265 (M-56,3%), 204 
(265-44-17, 46%x2 (204-32, 32%). 162 (204-58, ll%), 133 
(CHz=SCHsCHsCOsMe, 44%). 88 (NHFCHCOdde, 16%), 59 
(CCsMe, 2O%), 57 (t-Bu, lOD%), 45 (51%), 44 (21%), 41 (57-16, 
53%). 

N-t-Butoxycarbonyl-S-carbanwylmethyl-t.-cysteine methyl 
ester le. N-t-Butoxycarbonyl-L-cysteine methyl ester la (0.062 g, 
0.26 mmol), methanol (3 ml), triethylamine (0.2 ml) and 
iodacetamide (0.064 g, 0.36 mmol) were- maintained at 25” for 
12 hr, then evaporated. The residue was dissolved in chloroform 
and purified by preparative tic eluting with ethyl acetate. The 
S-carbamoylmethyl derivative (1~) was obtained as a colourless 
oil (81%). R, 0.52. v,,,, 3380 and 3180 (prim. amide NH), 3340 
(NH), 1740 (C=D ester), 1680 (GO urethane), 1645 (GO amide), 
1395 (t-Bu) cm-‘; PMR 7, (CD&), 3.28 (lH, b, amide NH), 3.91 
(lH, b, amide NH), 4.48 (lH, bd, Juuxu 8 Hz, urethane NH), 5.48 
(lH, bm, H-2), 6.23 (3H, s, OCHs), 6.76 (‘ZH, s, SCHsCO), 
6.80-7.27 (2H. AB reaion of ABX multiolet Jla 14.5 Hz. H-3). 
8.55 (9H, s, 3 x CH3);CMR S, (CDCi3), 171.45 (c-l,, 155.42 (Ca; 
urethane), 80.58 (C(CH&), 53.44 (C-2), 52.80 (OCHs), 36.04 
(SSCO), 35.54 (C-3), 2834 (3 x CHs); m/z 292 (M, c l%), 236 
(M-56, 7%), 219 (236-17, 5%), 175 (236-44-17, 27%), 158 (175-17, 
31%), 133 (14%), 104 (CHs=SCH2CONH2, 15%), 88 
(NH$ZHCOsMe, 20%) 59 (CCsMe, 84%). 57 (t-Bu, loo%), 41 
(57-16,24%). 

N - t - Butoxycarbonyl-S-methyoxycarbonylmethyl-L- cysteine 
methyl ester 11. N-t-Butoxycarbonyl-L-cysteine methyl ester la 
(0.1 IO g, 0.47 mmol), methanol (0.5 ml) triethylamine (0.2 ml) and 
iodacetic acid (O.l05g, 0.56mmol) were maintained at 25” for 
4 hr, then evaporated. The residue was dissolved in ether, filtered 
and treated with diazomethane in ether as described in the 
preparation of la. The resulting oil was dissolved in chloroform 
and purified by preparative tic eluting with 2% ethanol in chloro- 
form. The S-methoxycarbonylmethyi derivative If was obtained 
as a colourless oil (80%). Rf 0.11 (Found M, m/z 307.1088; 
CrsHtsNOsS requires 307.1090) v,, 3365 (NH), 1740 (C=O ester), 
1680 (C=O urethane), 1395 and 1365 (t-Bu), 1160 (CO), 760 
(CHsSCH2) cm-‘; PMR 7, (CDCIs), 4.58 (lH, bm, NH), 5.45 (lH, 
bm, H-2), 6.24 and 6.28 (3H and 3H, s and s, 2 x OCHs), 6.72 (ZH, s, 
SCHEO). 6.90 (2H. AB reaion of ABX mu&inlet. H-3). 8.52 (9H. s. 
3 x CHs)&R‘G, (CDC13):171.38 (0 ester), 170.47&D e&r); 
155.06 (GO urethane), 80.35 (C(CH,h), 53.29 (C-2), 52.58 (OCH,), 
52.45 (OCHs), 35.03 (C-3). 33.86 (SCHsCO), 28.34 (3 xCH,); m/z 
307 (M, <I%), 251 (M-56, lo%), 206 (251-45,4%), 190 (251-44-17, 
15%) 158 (19832, 30%) 119 (CHs=SCH2C02Me, lo%), 88 
(NHs=CH-COrMe, 17%), 74 (NHs=CH-COsH, ll%), 59 (COsMe, 
6%), 57 (t-Bu, loo%), 41 (57-l6,27%). 

N-t-Butoxycarbonyl-S-methyl-r-cyst&e methyl ester lg. N-t- 
Butoxycarbonyl+cysteine methyl ester lg(O.124 g, 0.53 mmol), 
methanol (0.5 ml), triethylamine (0.2 ml) and methyl iodide 
(40~1. 0.61 mmol) were maintained at 25” for I5 hr, then 
evaporated. The residue was dissolved in water (5 ml), and 
extracted with ether (4 x 10 ml). The organic phase was dried and 
evaporated. The residue was dissolved in water (5 ml), and 
(82%). (Found M, m/z 249.1036; Cu,HtsNO,S requires 249.1035). 
Y,,, 3360 (NH), 1740 (GO ester), 1685 (GO urethane), 1390 and 
1365 (t-Bu), 1160 (CO) cm-‘; PMR r, (CDC13), 4.50 (IH, bd 
Juucu ~Hz, NH), 5.45 (lH, m, H-2), 6.24 (3H, S, OCH3, 7.08 
(2H, bd Jcur~u 6 HZ, H-3), 7.87 (3H, S, SCHs), 8.54 (9H, S, 
3 xCH,); CMR 8, (CDC13), 171.70 (C-l), 155.13 (C=O urethane), 
80.20 (QCH,),), 53.29 (C-2), 52.51 (OCH3), 36.85 (C-3), 28.34 
(3 x CHs), 15.99 (SCH3); m/z 249 (M, 2%), 193 (M-56, 3%), 148 
(19345, 8%), 132 (193-44-17, 54%), 90 (24%). 88 
(NHs=CHC02Me, 26%), 62 (CH,SCH,, lO%), 61 (CHs=SCH3 and 
NHsCOsH, 43%), 59 (COsMe, 14%), 57 (t-Bu, lOO%), 56 
(CHs=C(CH,)s, 17%), 47 (H!+CHs, 10%). 44 (20%), 43 (23%), 42 
(21%), 41 (57-16,60%). 

N - Acetvl-S_(2-methoxycarbonyl-2-hydroxycfhylWcysteine 
methyl ester j. N:Acetyl-&ysteine (0.30 g, 1.8 mmol) was dis- 
solved in O.lM sodium hydroxide solutioa (2.0ml) and taken to 
pH 6 with 5M sodium hydroxide solution. Bromopyruvic acid 
(0.30 P. 1.8 mmol) was dissolved in O.IM sodiumhydroxide 
(I.5 A) and taken to pH 6 with 5M sodium hydroxide solution. 
The bromopyruvic acid solution was added to the N-acetyl+ 
cysteine solution over a period of lOmitt, maintaining pH 6 by 
addition of O.lM sodiim hydroxide solution. After 28 min at 25*, 
no further decrease in pH was observed. The solution was 
maintained at 25” for I hr, sodium borohydride (O.O7Og, 
0.018mol) was then added. After 3Omin, sodium ions were 
removed from solution by passage through a Dowex 50 W-X8 
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with water. The eluent was evaporated, methanol (8m1) was 
added and evaporated. This addition and evaporation of 
methanol was repeated 5 times to remove boric acid aud last 
traces of water from the solute. The mobile yellow oil was 
dissolved in chloroform and purified by column chromatography 
on silica gel. The S-(2-methoxycarbonyl-2hydroxyethyl) deriva- 
tive 5 was eluted by 4% ethanol in chloroform as a colourless oil 
(38%), R, 0.52. v,. 3450 (OH). 3340 (NH), 3280 (OH), 1740 (C=G 
ester), 1658 (C=G amide), 1108 (OH) cm-‘; PMR 7, (CDCl3). 3.10 
(HI, bd, NH), 5.10, (lH, bm, H-2), 5.55 (lH, t Jcu-cu2 5Hz., 
C&CHOH), 6.20,6.22 and 6.28 (7H, s, s and bm, 2 X GCHs and 
OH), 6.767.14 (4H, m, CHsSCH& 7.94 (3H, s, CH3; CMR 8, 
(CDCls), 173.33 (C=G amide), 171.35 (C-l), 170.42 (C=G ester), 
71.05 and 70.85 (CH&H(OH), 2 diastereoisomers present), 52.76 
(C-2), 53.35 (2 xOCH3), 36.90 (C-3), 35.32 (SWHOH), 23.03 
(CHs); nJz 260 (M-18, 7%). 220 (M-59, lO%), 202 (26@59,42%), 
143 (202-59, 11%). 131 (19%). 101 (12%). 89 (CH&CH&HO, 
23%j, 88 (NHfCHCOsMe, 25%), 74 (NHFCHCO~H, 17%) 60 
(18%). 59 (CGMe. 11%). 45 (20%). 43 (CHICO, 100%). 42 
(21%); 41 (il%i ” 

N - t-Butoxycarbonylglycyl-S-(2-cyanoethyl)-e 
ethy/ ester 6. This tripeptide was prepared from appropriately 
protected amino-acids via two dicyclohexylcarbodi-imide coup- 
ling. reactions. S~22cyanoethyl)+cysteine Ma was prepared by 
the method of Friedmann et a/.‘* by reaction of acrylonitrile with 
Lcysteine at pH 8.0 to yield white crystals (80%). m.p. 179-181” 
dec (lit’s 180-1810). S-(2-cyanoethyl)+cysteine (lOa) (12.40 g, 
0.071 q ol), t-butanol (50 ml), triethylamiue (19.7 ml, 0.075 mmol) 
and tbutoxycarbonyl axide (14.2 ml, 0.099 mot) were maintained 
at 5@55” for 18 hr. The solvent was evanorated. water (50 ml) 
added and taken to pH at 0” with citric acid. The solution was 
extracted with ethyl acetate (1 x 80,2 x 20 ml), the organic phase 
dried and evaporated to yield N-t-butoxycarbonyl-S-(2_cyano- 
ethyl)+cysteine 7 as a yellow oil @!I%). 7 (9.0 g, 0.033 mol), 
glycine ethyl ester hydrochloride (4.6 g, 0,033 moljand triethyl- 
amine (4.1 ml, 0.033 mol). were dissolved in drv dimetbvlfor- 
mamide (DMF) (5Oml) and cooled to 0”. To the cooled solution 
was added dicyclohexylcarbodi-imide (6.7 g, 0.033 mot) in DMF 
(15 ml) over 15 min. The solution was stirred at 0” for 2 hr then at 
25” overnight. Dilute acetic acid (28 ml) was added, after 30 min 
the solvent was evaporated, ether (3Omt) added to the residue, 
tittered, and the filtrate evaporated. A further volume of ether 
(3Oml) was added, filtered and the tiltrate washed successively 
with citric acid GM. 2 x 30 ml). water (2 x 20 ml). sodium bicar- 
bonate (0.5 M, i x 30 ml) and. tinally almost saturated sodium 
carbonate solution (2 x 10 ml). The organic phase was dried and 
evaporated. ‘The residue, a yellow oil, was crystahised from 
ether/petroleum ether to give white crystals of the dipeptide 8 
(62%). PMR T, (CJXIs), 2.65 (lH, bt Jmcu2 6 Hz, NH amide), 
4.181H, d, J,.m_cu 8Hz, NH urethane), 5.55 (lH, m, 
NHCHCO), 5.76 and 5.97 (4H, q, 4H, Jcu 7 Hz and d JcnpNH 
6Hz3Hz andNHC&CO),7.@Jand7.2t$$m and m,SC&$H 
and SCHsCH2), 8.52 and 8.71(12H, s and t Jcn,_,-uz 7Hz, 3 x CH, 
and GCHB. 

The dipeptide 8 was used without further puritication. N-t- 
Butoxycarbonyl-S-(2-cyanc+ethyl)+cysteineylglycine ethyl ester 
(8) (0.63 g, 180 mmol) was dissolved in anhydrous tritluoroacetic 
acid (10 ml) and stirred for 1 hr at 25”, then evaporated. A 1: 1 
mixture of potassium carbonate (1M) and ethyl acetate at 0” was 
added (40 ml) to the residue, the organic phase removed and the 
aqueous phase further extracted with ethyl acetate (2 x 15 ml). 
The combined organic phases were dried and evaporated to give 
the amino-free dipeptide 9 as a yellow oil (94%). PMR 7, (CDCI,), 
l.&YlH, bm, NHCH& 5.80 and 5.95 (4H, q Jc~,_c”_ 7 Hz and d 

v ---- ---a 

Jc,rr~n 5Hz, OCHs and NHCH#O), 6.38 (lH, bt, NHsCH), 
6.90-7.48 (6H. m. CH&ZHEH,). 7.60 (2H. bm. NH,). 8.71 (3’K t 
Jmrcw, 7‘Hz, OCHzH,).- -’ . ’ -’ . ’ 

The hipeptide 9 wasused without further puritication, S-(2- 
cyanoethyl) - L-cysteineylgylcine ethyl ester 9 (0.22 g, 0.83 mmol), 
and t-butoxycarbonylycine (0.15 g. 0.083 mmol) were dissolved in 
dry DMF (1Oml) and cooled to 0”. Dicyclohexycarbodi-imide 
(0.017 g, 0.84 mmol) was added over 15 q in in DMF (3 ml). The 
solution was stirred at V for 2hr and atlowed to warm to 25” 
overnight. The workup procedure was the same as that used for 
the preparation of the dipeptide 8, and gave a yellow oil. This oil 

was puritied by preparative UC (3,20 x 20 cm plates) eluting with 
ethyl acetate to yield the tripeptide (6) as a yellow oil (60%), R 
0.55 (Found M, m/r 416.1733; C!,,H&O& reuuires 416.1730.( . - 
v,, 3340 (NH urethane), 3308 (NH anti&), 2250 (CN), 174g 
(C=G ester). 1680 K!=G urethane). 1650 (C=G amide. 1395 and 
i365 (t-Buj; 1160 (CO), 760 (CH&CHd cm-‘; PMR I, (CDCls), 
2.60 (2H, m, 2 xNH amide), 4.46 (lH, t JNu~uI 6Hz. NH 
urethane), 5.30 (lH, m. NHWCO), 5.87 (2H, q Jcn_~u, 7Jz, 
GCH2), 6.03 (2H, d JQI_,,~, 5 Hz, NH~CG&t), 6.22 (2H, d 
Jcn+u 6Hx, BocNfK&), 7.03 (2X& m, CHCH&, 7.25 (4H, 
AsBs multiplet SCHB, 8.59 and 8.76 (12H, s andt Jcrre ‘Iffx, 
3xCHs and GCHB; CMR 8 (CDCIs), 170.43 (C=G). 
170.13 (C=G), 169.47 (C=G). 156.10 (C=G urethane), 118.53 (CN), 
80.76 (C(CH,h), 61.62 (OCHd, 52.18 (NHCHCO), 44.69 
(BocNHCH3, 41.54 (NHI;LI2cO,), 33.55- (CHt&S), 
28.34 (3 xCH,), 27.63 (S&fsCHz), 18.76 (C&o), 
14.15 (GCH&&); m/z 416 (M, ~1%). 360 (M-56. 3%). 243 
(ll%), 242 (15%) 189. -(ll%),-- 188‘ (16%) 
(NH&HCHsSCHsCHzCN, 44%), 104 (46%), 76 (21%), 57 
68%) 56 ((CHxkC=CHz, 50%). 44 64%). 41 (57-16.100%). 

II 
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S-carbamo ybnethyl-kyst&ne (lob). and S-ca&x ym&h I-L- 
cysteine ltk were prepared by the method of Goodman et a. -)lP 

S-(2-cyanoethyl)giutathione 178. To reduced glutathione (y- 
gtutamyl-Lcysteinylglycine) (0.24g. 0.78 mmol) in water (10 ml) 
at pH 8 (adjusted by addition of solid sodium bicarbonate) was 
added acrylonitriie (0.082g. 1.56mmol) and the solution main- 
tamed at 25” for 18 hr, then taken to pH 4 with Dowex Scrxs(H+) 
ion-exchange resin, filtered and the filtrate evaporated. The resi- 
due was recrystahised from ethanol/water at 00, filtered and dried 
in uacao at 60” (80%). v,, 3340 and 3365 (NH), 2250 (CN), 1670 
and 1635 (C=G amide and carboxylic acid) cm-‘; PMR r, &O), 
5.40 (shoulder on HOD, m, CysC,H), 6.19 and 6.21 (3H, s and t 
J cu_cnl 6Hs, GlyCHs and GluC.H), 6.90 (2H m, CHCHsS), 7.16 
(4H, bs, SCHsCH& 7.44 (2H, q , GluCHsCONH), W(2H, m, 
GluCHC~3; CMR 6, (DsO, pH 4.1),76&f, 175.30, 175.15, 
173.95 (4x C=G), 121.92 (CN), 55.32 (GluC,), 54.52 (CysC,), 
43.25 (GlyC,), 34.28 (CysC ), 32.76 (GluC,), 28.52 (SCHsCHs), 
27.57 (GIuC,), 19.80 (CH& 

- 

SCorboxym&y&fgiiione 17b. Prepared by the same nro- 
cedure as that to prepare S_(2-cyanoethyl)-glut&ione 17a, sub 
stituting iodoacetic acid for the acrvlonitrile. in 60% vield. L.. 
3345 and 3365 (NH), 1670 and 1635-(C=G) cm-‘; PMR 7, (D$l 
5.40 (shoulder of HOD, m, CysC.H), 6.22 and 6.18 (3H, s and m, 
GlyCHs and GluC,H), 6.72 (2H, s, SCHCO), 6.81-7.20 (2H, AB 
region of ABX muhiplet, CHC&S), 7.48 (ZH, m, 
GluCHsCONH), 7.81(2H, m, GluCHC&); CMR S, @20/NaOH, 
pH7Y3), 178.53, 175.84, 175.18,175.03 (4 XC=@, 54.99 and 53.84 
(CysC. and GluC,), 44.29 (GlyC.), 37.92 (SC&&IO), 34.51 and 
32.18 (CysC, and GlutI!,), 27.10 (GIuC!,). 

L- Histidine den’uatives 
t.-Histidine methyl ester diiydrochtoride and N,-r- 

butoxycarbonyl-t.-histidii methyl ester 21 were both 
prepared by the method of Handford. The latter com- 
pound had m.p. 123-W (‘lip 123-125”). (Found M, m/r 269.1368 
C1sH1sN30, requires 269.1375) and showed the following CMR 
data: 8, (CDCl,), 172.74 (C-l), 155.65 (C=G urethane), 135.37 
(C’-2) 134.07 (C-4) 116.14 (C-5), 80.07 (C(CHs),), 53.88 (C-2), 
52.32 (OCHs), 29.83 (C-3), 28.34 (3 x CH3). 

N.-t-Butoxycarbonyl-N&2-cyanoethyl)_Le methyl 
ester 2b. N,-t-Butoxycarbonyl-L-histidine methyl ester 2a 
(O.l06g, 0.40 mmol), methanol (1.0 ml) and acrylonitrile (0.013 g, 
0.48 mmol) were maintained at 40-45” for 24 hr then evaporated 
to give a yellow oil. The oil was puritied by aIumina cbromato- 
graphy, the N&2_cyanoethyl) adduct 2b, a colourless oil, was 
eluted by 10% chloroform in methylene chloride (35%). v,, 3350 
(NH), 2265 (CN), 1740 (C=G ester), 1690 (C=G urethane), 1390 
and 1365 (t-Bu), 1155 (CO) cm-‘; PMR r, (CDC13), 2.60 (lH, bs, 
C’-ZH), 3.23 (IH, bs, C’-SH), 4.10 (lH, bd Juu.c,, 8 Hz, NH 
urethane), 5.55 (lH, m, H-2) 5.87 (2H, J,*, 6Hz, NCH& 6.38 
(3H, s, GCH3), 7.02 (2H, m, H-3), 7.25 (2H, t Jcrt uI 5 Hz, 
CHsCN), 8.62 (9H, s, 3 xCH& CMR 8, (CDC13), lfi55 (C-l), 
155.65 (C=G urethane), 138.75 (C’-4), 136.87 (C-2). 116.72 (00. 
116.27 (C-5). 79.74 (C(CH3)3), 53.68 (C-2), 52.l9@Hs), 42.5; 
(NCHs), 30.35 (C-3), 28.40 (3 x CHs), 20.54 (CH,CN). 
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N,-t-butoxycarbonyl-N”-(Zcyanoethyl)-t.-histidine was eluted 
(see above) with l&l% chloroform. PMR 7. (CDCL). 2.56 (III. bs. \---~-~ ~, ~~~ 
C’-2H), 3.20 (HI, bs, C’-5H), 4.21 (lH, bm, NH), 5.66-6.03 (3H, m; 
H-2 and NCHs), 6.90-7.40 (4H, m and bt JCHrCH2 6H2, H-2 and 
CHsCN), 8.58 (9. s, 3 x CH& 

N-,42-Cyanoethyl)-L-histidine methyl ester k. N.-t-Butoxy- 
carbonyl-Ni,-(2-cyanoethyl)-L-histidine methyl ester 2b (0.3 g, 
0.93 mmol) was dissolved in anhydrous trifluoroacetic acid (7 ml) 
and after 30 min at 25’ the solvent was evaporated. The residue 
was dissolved in water (10ml) and stirred vigorously with 
Amberlite IRA 400 (OH-) until the solution attained pH 8.5. The 
solution was then filtered and the filtrate evaporated to yield 
free amine k (98%). v,.. 3400 (NH), 2265 (CN), 1740 GO) 
cm-‘; PMR r, &O), S.?i”(3H, bt Jcu n 6 Hz, and m, NCHz 
and H-2), 6.30 (3H, s, OCHs), 7.20 (4&?btJcufluZ 6 Hz and m, 
CHsCN and H-3); CMR 8, (DsO/NaOH, pH 7.0) 174.52 (C-l), 
119.77 (CN), 119.77 (C-5), 55.67 (C-2), 54.12 (OCHs), 43.14 
(NCHs), 29.47 (C-3), 20.49 (CHsCN). 

N,-(2-Cyanoethyl)-L-hist6?hie lla. N&2cyanoethyl)+his- 
tidine methyl ester 2c was hydrolysed in acidic aqueous solution 
in the probe of the NMR spectrometer at 60” to the acid Ma. The 
compound was not fully characterised, but CMR data was 
recorded: CMR 8, &.O/HCl, pH LO), 170.33 (C-l), 136.50 (C-2), 
128.57 (C’-4), 122.03 (C’-5), 118.74 (CN), 52.72 (C-2) 45.77 
(NCHs), 25.94 (C-3), 20.02 (CH+ZN). 

N,-Carboxymefhyl-L-ki~~l~ lib. N,-Carboxymethyl+his- 
tidine was prepared from N,-acetyl+-histidine by the method of 
Cresffield et a/.‘O with modification of their separation procedure. 
Na-Acetyl-L-histidine and iodoacetic acid were reacted, and the 
acetyl group removed by acid hydrolysis. The reaction mixture 
was chromatographed on Amberlite IR 120 (20 x 3.5 cm diam) 
ion-exchange resin eluting with 0.2N sodium citrate buffer pH 
2.78. The diadduct 12 (vide infra) eluted immediately, and was 
detected by the ninhydrin &our test for amino-acids. Elution 
with 0.2N sodium citrate buffer (DH 5.0) nave the N-carboxyl- 
methyl derivative lib which was desalted aid crystallised by the 
published procedure (30%). m.p. 256-258” dec. volu 3450 (NH), 
3360 (NH). 1940 @I&). 1670 00). 1630 (C=N), 915,865 and 785 , _. 
(substituted imidazole ring) cm-‘; PMR 7, (DrO), 1.26 (IH, bs, 
C’-2H), 2.56 (lH, bs, C’-SH), 5.18 (shoulder of HOD, s, 
NCHzCO), 5.97 (lH, bm, H-2), 6.61-6.73 (2H, AB region of ABX 
multiplet, H-3); CMR r, (DrO/NaOH, pH 14.0), 183.41 (C-l), 
176.52 GO). 139.14 (C’-2). 138.34 (C-4). 119.48 (C-5). 57.03 
(C-2), 56.92 (NCH2COj, 34.bb (c-3); ; (D&, pH 4.5j, 17340 and 
172.09 (2 x GO), 136.91 (C-2), 128.81 (C-4), 122.54 (C-5), 54.35 
(C-2), 5266 (NCHsCO), 26.72 (C-3); 7, (DrO/HCl, pH 1.0). 170.82 
and 170.66 (2 X-J, 137.57 (C-2) 127.92 (C’-4), 123.12 (C-5), 
52.53 (C-9, 50.69 (NCHzCO), 25.85 (C-3). 

N_K-Dicarboxvmzl-t_-histidine 12. This nroduct was for- 
med’in’the reaction The fractions containing 12 from the IR-120 
ion-exchange column were combined, desalted and crystallised 
according to the published procedurerO (21%). m.p. 260-70” dec. 
v,,,., 3450 (NH), 3360 (NH), 1680-1620 (broad C=O) cm-‘; PRM 
7, (DsO), 1.12 (IH, d JcH_,.,EH 2 Hz, C’-2H), 2.46 (lH, bs, C’-5H), 
5.03 (4H. s. 2xNCHEO). 5.68-5.91 (lH, X region of ABX 
multiplet~ H;2), 66.2-6.70 (2H, AB region.of ABX multiplet, H-3); 
CMR 8. (DO. oH 4.0). 172.47 and 171.98 (GO). 139.27 (C-2). 
130.41 it?-& ‘3’23.26 cc,-S), 53.13 (C-2). 52.18 (NrCH~,‘50.lti 
(NnCHj, 25.13 (C-3);.& (L&O/HCl, pH .l.O), 140.10 (C-2), 130.16 
(C-t), 123.73 (C-S), 51.83 (C-2) 51.02 (N&HZ), 48.75 (N,CHs), 
24.53 (C-3). 

L-Lysine derivatives 
N,t-Butoxycarbonyl-N._benzyloxycarbonyl-t_-lysine was pre- 

pared from N,-benzyloxycarbonyl-L-lysine*’ essentially by the 
method of Schnabel” (see foregoing), with a mod&d workup 
urocedure. After the reanents had been maintained at 50-55” for 
20 hr, the solvent was evaporated, water (50 ml) was added, taken 
to pH 8 with solid sodium bicarbonate and extracted with ether 
(3 x 10 ml). The aqueous phase was then taken to PH 3 with solid 
citric acid, extracted with ether (3 x 20, 2 x 10 ml), the combined 
organic phases dried and evaporated to give a yellow oil (70%). 
(PMR r, (CDW, 0.04 OH, s, COOH), 2.65 (5H, s, Ph), 5.70 (IH, 
bm, H-2) 6.80 (2H, bm, H6), 8.10-8.50 (ISH, bm and s, H-3 H-4 

H-5 and 3 x CHs)). Material of this purity was found to be 
suitable for the next stage. 

N,,-t-Butoxycationyl-N,-benzyloxycarbonyl+iys~e methyl 
ester was prepared by the method used to prepare t-butoxycar- 
bonyl-L-cysteine methyl ester la (see above). The q ethyt ester 
was obtained as a pale yellow oil (93%). (Pound M, m/z 394.21 II; 
Cs&aN20s requires 394.2184). vnux 3360 (NH), 1740 (GO 
ester), 1685 00 urethane). 1605 and 1590 (arom. C=C!). 1395 and 
1365&Bu),‘ll60 (CO) cm=‘; PMR r, (CD&), 2.58 (5H, s, Ph), 
4.91 and 4.98 (4H. s and bm. CH,Ph and 2xNH). 5.75 (1H. tn. 
H-9, 6.38 (3H; s, ‘OCHs), 6.83 (ZH, bm, H-6), 8.1&8.80 and 8.57 
(15H, bm and s, H-3 H-4 H-5 and 3 x CHs); m/z (M, < l%), 338 
(M-56, 2%), 294 (338-44,8%), 218 (15%), 174 (14%), 142 (25%), 
108 (22%), 81 (C,Hr, KM%), 84 (NHs=CHCH2CH2CH=CH2, 21%) 
59 (C02Me, IS%), 57 (t-Bu. 74%). 41 (57-16,31%). 

N,-t-Butoxycarbonyl L-lysb~c methyl ester 3r1. N,-t-Butoxy- 
carbonyl-N.-benzyloxycarbonyl-L-lysine methyl ester (4.308, 
11.0 mmol) -in methanol (4Oml) and 5% palladium on charcoal 
(400 ma) were stied at 25”,whh hydrogen bubbling through the 
golution for 2 days. The solution was atered and &apor&d to 
give the a-amino derivative 3a as a green very viscous oil. This 
was dissolved in 1M citric acid solution (20ml) and extracted 
with ether (3 x 2 ml). The aqueous phase was then taken to pH 9 
with solid sodium bicarbonate, extracted with ethyl acetate 
(3 x 20, 2x 10ml). the combined organic phases dried and 
evaporated to give (33 as an unstable pale green oil (98%). v..,,~ 
3368 (NH). 3288 (NH). 1735 00 ester). 1685 (C=O urethane). 
1395 and 1365 (t-l&t) cm-‘; PMR r, (CD&), 6.26 (3H, bm, NH 
and NH& 5.80 (IH, bm, H-2), 7.00 (2H, bm, H-6), 8.00-8.60 and 
8.55 (15H, bm and s, H-3 H-4 H-5 and 3 x CH,); CMR 8, (CD&), 
173.39 (C-l), 155.91 (GO), 79.87 (C(CH,h), 53.29 (C-2), 52.91 
(OCH,), 42.11 (C-6), 32.30 (C-S), 28.92 (C-3), 28.40 (3 xCH,), 
22.68 (C-4); m/z 260 (M, 2%), 204 (M-56, ll%), 187 (204-17,14%), 
160 (20644, 7%), 143 (19%), 142 (21%), 84 
(NHs=CHCH2CH2CH=CH2, 71%), 57 (t-Bu, lOO%), 56 
((CH,hC=CH~, 20%), 41 (57-16,33%). _._ 

N,-t-Butox&arbonyl-N,-(Zcyanoethyl)-L-iysine methyl ester 
3b. N,-t-Butoxycarbonyl-L-lysine methyl ester (3a) (0.163 g, 
0.63 mmol), methanol (1 ml) and acrylonitrile (0.48 g, 0.75 mmol) 
were maintained at 25” for 5 h then evaporated. The resulting oil 
was nmified bv preparative tic eluting with 58% ether in cbloro- 
form- containing’s irace of concentrated ammonia solution, to 
give the N,-(2cyanoethyl) adduct 3h, a pale yellow oil (31%), i?f 
0.47, which decomposed on standing in solution. v,. 3368 (NH), 
2266 (CN), 1735 (&Cl ester), 1685 (C=O urethane), 1395 and 1365 
It-Bu). 1160 (CO) cm-‘: PMR 7. (CDCI,). 4.76 (1H. bd, NH), 5.70 
(lH, bm, H-2), 6.26 (3H, s, O&s), 6.92-7.63 (6H, bm, H-6 and 
CH2CH2CN), 8.05-8.70 and 8.45 (ISH, bm and s, H-3H4H-5 
and 3 x CH,); CMR 8, (CDCls), 173.26 (C-l), 155.39 (GO), 118.61 
(CN), 79.94 (C(CH,),), 53.49 (C-2), 52.19 (OCH,), 48.81 (Cd), 
45.10 (NC%), 32.63 (C-5), 29.44 (C-3), 28.34 (3 x CH,), 22.94 
(C-4), 18.72 (cH,cN); nJz 313 (M, <l%), 257 (M-56, 12%), 
213 (2574,5%), 142 (lO%), 84 (NHs=CHCHsCH2CH=CH2, 58%), 
69 (NHz=CHCH2CN, 18%), 57 (t-Bu, RIO%), 56 ((CHshC=CH2, 
23%), 41 (57-16,46%). 

N,-Carboxymethyk-lysine 13. L-lysine (0.5 g, 3.56 mmol) was 
dissolved in boiling water and cupric carbonate (0.7 g) was added. 
After 2 min the solution was cooled and filtered. The filtrate was 
taken to pH 10 with 5 M sodium hydroxide solution, iodoacetic 
acid (0.79 g, 4.3 mmol) was added and the solution heated to 90” 
for 19 hr, maintaining pH 10 by periodic addition of sodium 
hydroxide. The solution was then acidilied to pH 2 with hydro- 
chloric acid, hydrogen sulphide bubbled through the solution for 
5 min, liltered and the filtrate evaporated. The residue was dis- 
solved in 0.2 M sodium citrate buifer, pH 3.2 and chromato- 
graphed on a column of Amberlite IR 120 (20 x 3.5 cm dia.) eluting 
with the same citrate buffer. After 100mi of ehmnt has passed 
through the column, the buBer was changed to 0.2M sodium 
citrate, pH 4.6. A ninhydrin positive component was eluted almost 
immediately. These pooled fractions were desalted on Dowex 
2-X8 according to the method published by Crestfield et a!.*’ 
N.-carboxymethyl-L-lysine 13 was crystallised from 
ethanol/water at 0” (35%). m.p. 180” dec. vmsx 3350 (NH), 1580 
(carboxylate anion), 8.45 (NH*) cm-‘: PMR T (&O), 6.26 UH. bt 
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JcHC4 6H2, H-2), 6.39 (2H, s, NHCHsCO), 6.84-7.00 (2H, m, 
H-6), 7.95-8.60 (6H, m, H-3 H-4 H-5); CMR 8, (D20, pH 7.2) 
175.50 and 172.24 (C=@, 55.34 (C-2), 50.03 (NCHJ, 47.86 (Cd), 
30.71 (c-5), 25.98 (C-3), 22.36 (CA). 8. @20/HCI, pH LO), 172.57 
(c=G), 53.33 (C-2), 47.97 (C-6), 47.00 (NCHs), 29.98 (C-S), 25.74 
(C-3). 22.26 (C-4). 

L-S&C deriuatiues 
N-t-Butoxycatbonyl-L-serine methyl ester 4u was prepared 

from N-t-butoxvcarbonyl-L-serineM by tbe same esterification 
method as used-to prepare la (see above). 4a was puritied by 
column chromatography on silica gel eluting with 50% ethyl 
acetate in chloroform and was obtained as a colourless oil (%J%). 
v,, 3500-3300 (OH), 3340 (NH), 1735 (C=G), 1395 and 1365 
(T-Bu) cm-‘; PMR r, (CDCI,), 4.35 (lH, bd Juucu 8 Hz, NH), 
5.65 (lH, m, H-2), 6.05 and 6.23 (SH, bm and S, H-3 and GCH3), 
6.91 (lH, bm OH), 8.54 (9H, s, 3 x CH3); CMR S, (CDCIs), 171.50 
(C-l), 155.85 (C=G), 80.39 (C(CH,h), 63.30 (C-3), 56.02 (C-2), 
52.58 (GCH,), 28.34 (3 xCH,); m/z 219 (M,< I%), 188 (M-31, 
4%), 163 (M-56, 2%), 159 (M-60, 16%), 145 (BocNHCHsCH3, 
16%), 132 (25%), 104 (163-59, 10%) 101 (ll%), 88 
(NHs=CHCOsMe, 17%), 59 (COsMe, 23%), 57 (t-Bu, lOO%), 44 
(la%), 41 (57-16,36%). 

N-t-Butoxycarbonyl-O-(2-cyanoethyl)-L-serine methyl ester 4b. 
N-t-butoxycarbonyl+serine methyl ester 4s (0.10 g, 0.45 mmol) 
was dissolved in freshly prepared potassium t-butoxide (approx. 
2mmol) in t-butanol, cooled to lo” and acrylouitrile (O.l2g, 
2.3 mmol) added over 20 min maintaining the temperature below 
15”. After I8 hr at 25”. sufhcient concentrated citric acid was 
added to take the solution to pH 7. The aqueous solution was 
extracted with ethyl acetate (4 x 10 ml), the organic phase dried 
and treated with diaxomethane in ether until there was just a 
persistent yellow colour (i.e. slight excess of diaxomethane). 
After 5min the solution was evaporated. The resultant oil was 
purified by column chromatography on alumina, the 0-(2cyano- 
ethyl) adduct 4b, a pale yellow oil, was eluted by methylene 
chloride (33%). v,, 3360 (NH), 2260 (CN, 1740 (C=G ester), 1680 
(0 urethane), 1390 and 1365 (t-Bu), 1155 (CO) cm-‘; PMR r, 
(CDC13), 4.60 (lH, bm, NH), 5.55 (lH, bm, H-2), 6.22 (7H, bm, 
OCHs H-3 OCHs), 7.40 (2H, m, CHsCN), 8.53 (9H, s, 3 x CHs); 
CMR S, (CDCI,), 171.10 (C-l), 155.37 (C=G), 119.00 (CN), 80.26 
(C(CH,),), 71.36 (C-3), 65.96 (OCH& 53.70 (C-2) 52.40 (GCH3), 
28.33 (3 x CHs), 18.85 (CHsCN); m/z 215 (M-56,3%), 171 (215-44, 
13%), 113 (43%), 88 (NHi=CHCOsMe, 33%),59 (COsMe, 2%), 57 
(t-Bu, 100%). 54 (34%), 41 (57-16,6%). 

S-Carboxymethyl-L-methionine stdphonium salt 16. L- 
Methionine (0.5 g, 3.3 mmol) was dissolved in dil HCI (8 ml) and 
taken to pH 4.5 with c. HCI. Iodoacetic acid (3.1 g, 16.5 mmol) in 
sodium hydroxide solution (8 ml) at pH 4.5 was added to the 
solution of r.-methionine and maintained at 25” for 24hr. The 
solution was taken to pH 2 and extracted with ether (3 x 20 ml), 
the aqueous phase was then lyophilised. Analysis by CMR spec- 
troscopy was performed without further purification. CMR &, 
@O/NaOH, pH 7.0). 173.33 (C=G), 169.03 (C=G), 53.72 (C-2), 
48.34 (SCHEO). 38.38 (CA). 26.14 (C-3). 24.57 (SCHI): 8. 
@O/&m l.g,, 172.30&G), 1688O‘(C=G), 52.91 (C-2),-47.78 
(S-CO), 38.28 (C-l), 25.83 (C-3), 24.70 (SCH,). 

N-(2-cyanoethy~n-butylambte 1Su and NN-Bis(2-cyano- 
ethyl)-n-buty/amine Mb. nButylamine (2.92 g, 0.04 mmol) and 
acrylonitrile (4.77 g, 0.09 mol) were heated at 85’ for 15 hr and 
then distilled. The monoadduct 151 distilled at 83-86’11.6 mmHg” 

and the diadduct 15I1 at 164-166” 1.5mmHg (28%). CMR see 
Table 4. 
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