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Arylisocyanates are important intermediates in the chemical
industry. Amongst the main damage after low levels of
isocyanate exposure are lung sensitization and asthma.
Protein adducts of isocyanates might be involved in the
aetiology of sensitization reactions. Blood protein adducts are
used as dosimeters for modifications of macromolecules in
the target organs where the disease develops. To develop
methods for the quantitation of protein adducts we reacted 
4-methylphenyl isocyanate (4MPI) with the tripeptide valyl-
glycyl-glycine and with single amino acids yielding N-(4-
methylphenyl-carbamoyl)-L-valyl-glycyl-glycine (4MPI-Val-Gly-
Gly), N-(4-methylphenyl-carbamoyl)- L-valine (4MPI-Val), 
N-(4-methylphenyl-carbamoyl)- L-aspartic-acid (4MPI-Asp),
N a -acetyl-S-(4-methylphenyl-carbamoyl)- L-cysteine 
(4MPI-AcCys), N a -acetyl-N-(4-methylphenyl-carbamoyl)- e -
lysine (4MPI-AcLys), N a -acetyl-O-(4-methylphenyl-
carbamoyl)-tyrosine (4MPI-AcTyr) and N a -acetyl-
O-(4-methylphenyl-carbamoyl)- D,L-serine (4MPI-AcSer). The
hydrolysis of the adducts was tested under acidic and basic
conditions, to obtain the maximum yield of 4-methylaniline
(4MA). The isocyanates were hydrolysed for 1 h, 3h and 24h
at 100°C with 6 M HCl in and/or 0.1 M NaOH at room
temperature, following methods applied for the analyses of
biological samples of arylisocyanate-exposed workers. In
addition, we applied a new protocol: the adducts were
hydrolyzed for 1± 24 h in 0.3 M NaOH at 100°C. The
hydrolysates were analysed using HPLC with UV-detection and
quantified against the internal standard, 4-fluoroaniline or 
4-chloroaniline. 4MA was obtained with the best yields using
0.3M NaOH; after 24 h all amino acid adducts were cleaved
under these conditions. Acid hydrolysis of 4MPI-Val and 
4MPI-Asp yielded the respective hydantoins 3-(4-
methylphenyl)-5-isopropyl-1,3-imidazoline-2,4-dione and 
2-(1-(4-methylphenyl)-2,5-dioxoperhydro-4-imidazolyl) acetic
acid. For future studies, we propose to hydrolyse biological
samples with 0.3 M NaOH at 100°C to release the maximum
amount of 4MA from the adducts. However, in biological
samples from workers, hydrolysable adducts can also result
from arylamine exposure. Therefore, we propose to analyse
the N-terminal adducts of isocyanates with blood protein to
distinguish between arylamine and arylisocyanate exposure.
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Introduction
Mo noisocyan ates are  im po rtan t  in term ed iat es  i n  the

m an ufacturin g of  polyu re thanes,  dy es,  p igm ents ,

p h a rm aceu tica ls  and p es t ic ides.  H igher con centr at ions of

iso cyanates are  p resum ed to  b e a  po ten t  respir ato ry  irr i tant .

Am ongst  the m ain dam age after  low levels  of  isocyanate

ex p o s u re  are  lun g sensi t i za t io n and  asthm a. T he sensi t izat ion

p ro p e rties of  4-m ethylphenyl isocyanate (4MPI) are  cu rren t ly

under  invest ig at ion . T he corre spo nd in g aro matic  am ine of

4MPI,  4-methylanil ine (4MA),  is ca rc ino gen ic in  anim al

exp erim ent s.  A ry lisocy anates and ary l am in es can  b in d w ith

p ro teins and/or  D NA (F igure  1)  and lead to  cy totoxic  and

genotoxic  effects. Pro tein add ucts  of  isocyanates m ight  be

involved in  the aet iology of  sensi t ization reacti ons.  A n

estab lish ed m eth od to  biom onito r  exposed peop le is  the

d et e rm ination  of  ad duct s with  bio m olecu les and blo od pro t ein

addu cts have b een w idely  used as  d osi meter s fo r

mod if icat ions of  macrom olecules in  the target  org ans w he re

the d isease develo ps.  To im p rove the r isk assessment for

workers exposed to  4M PI,  it  is importa nt  to  d evelop

dosimeters  to  establish  if  the toxic reactive interm ed iat e  i s

4M PI or  a metabo li te  of  4MA. Aro m atic  am in es are

metabolized  to  highly reactive N -h y droxy  ary l am in e s

(Kadlubar  and Beland 1985, Beland and Kadlubar  1990)  by

m ix ed fun ct io n m ono-oxygenases .  N -H ydroxy ary la m in es can

be furth er  m etabo lized to  N -sulp hon ylo xy ary lam in es,  N -

ace toxy ary lam ines or  N -hy d roxy ary lam in e N -glucuro n id e s.

T hese  h ig hly reactive interm ediates  are  respon sible  fo r  the

genotoxic and cy totoxic  effects  of  th is c lass of  com pounds.  In

exp osed  an im als  arom ati c  am in es such as 4- am in obiphe nyl

(4ABP) (Kadlubar et  al. 19 89),  a  h uman  bladder carc inogen,  are

know n to form  ad ducts  w ith  D NA , w ith t issue pro teins,  an d

wi th the  bloo d p ro teins alb um in an d haem og lobin  in  a  dose-

d e p e n d e n t  m a n n e r.  In  contr as t , isocyanates do not  n eed any

fu rther  ac t ivat ion to  react  with biom olecules (F igure 1) .

4M A binds with 0.0 63% of the dose to  haemoglobin (Birn e r

and Neum ann 198 8, Sabbioni  1 992).  T he determ inatio n o f

such adducts is  well  established (S abbioni  1994a,  b ,  Sabbion i

and Beyer bach 1995, S abbioni  and Sepai 1995).  Ary l am in e

sp ecif ic  adducts  are  of  the sulphin ic  acid am ide type (E yer

1988, K azanis  and M cClelland 1992).  The chem ica l  st ru c tu re

of isocy anate  addu cts  f ound  in  v ivo is  un kn ow n. T h e m ain  g oal

of  the present  s tudy  is to  sy nthesize typ ica l  isocyanate  pro t e in

ad du ct s in  ord er  to  assess  the exposure  to  isocyanates.

S everal  applicat ions have been descr ibed for  the

derivat izat ion of  pro teins w ith  isocy anat es and /or

iso thiocyanates. S tark and S mith (19 63) used  th e

carbam oy lat ion w ith p otass ium  cy an ate  to  th e N - term in a l

analysis of  pro tein.  P henylisothiocy an ate  react ion s w ith  am in o

acids have been used  fo r  th e E dm an degradation and sequ ence

analysis of  pro teins (E dm an 1949 , E dm an and H enschen 19 75).

Törn qv ist  et  al. (1986) used pen tafluoro p hen y liso th ioc yan at e

to analyse the N - term inal- alkylated  v al ines of  h aem oglobin .

Vi rtual ly  all  functional  grou p s o n  pro teins can react  w i th

isocyanates  (Brow n 1986, Bro w n  et  al.  1 987)  b ut  un der

physiological  co nditions the poten tial  si tes of  react ion are

restr ic ted:  ( i)  the  N a -am ino-grou ps o f  the N - te rm ina l  a m in o
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acids,  ( ii )  the sulphydryl group of  cys te ine (Hubbel l and Casida

1977, Pear son et al. 1990, 1991, Slat te r  et al . 1991 , 1993, Guan

et  al.  1994, Jochheim and  Bai ll ie 1994), ( i ii )  the hydrox y l

gro ups of  tyrosine (Tw u  a n d  Wold 197 3) and especial ly  ser ine

(Bro w n  an d  Wold 1973, Brown 1975), ( iv) the  e -am ino-gro u p

of lysine and (v)  the imidazo le r ing of  his t id ine. Although the

p K
a

of lys ine is aro und  10 .5,  in  p ro tein s especial ly  reactive

lysines have been located (Brow n and S ho ckley 1 982 , Sk ipper

1996) . In  vivo adduct s of  lysine h ave b een foun d w ith

acetaldehy de (Tum a an d  S o rrel l 1985), glycated  pro t ein s

(Va san  et  al.  1996) and aflatox in B1 (Sabbioni  1990) .

In  th e p ast  h um an  seru m  a lbu m in  w as m od if ied  in  v i tro

with 4MP I to  produce an antig en  to  assay im muno globulin  IgE

of workers  exposed to  toluene  di isocyanate (TDI) (Karol  et  al .

1978a,  Gam e 1982).  T hese  adducts have never been  chem ical ly

character ized.  F urt h e rm o re,  to  biom onitor  isocyanate-exposed

workers,  sever al  resea rch  grou p s ha v e h yd ro lysed ur ine ,

pl asm a, a lb um in  and  h aem og lob in und er acid ic  an d basic

con dit ions a nd quan tif ied the re leased  p aren t  ary l am in e w i th

GC±MS. The chem ical st ru c tu re  of  the adducts pr io r  to

cleavage is  unkn own . Putat ive ad ducts of  isocyanates with

biom olecules have to  be synth es ized  to  establish  the reacting

int e rm ediate;  ary l isocyanate  or  ary lam in e. T his  w il l  im p ro v e

the r isk  assessm ent for  isocy anate-exposed wo rkers.  T herefore ,

p utat i ve reactio n produ cts of  4MP I with pro t ein s w ere

synthesized.  4MP I w as reacted  w ith si ngle  am ino  acid s and

tr ipeptides.  T he fol lowing N a -acetyl  pro tect ed am ino  acids

w e re  chosen  fo r  th e react ions with 4M PI: N a -ace ty l-cysteine,

N a -ace ty l-lysine,  N a -acety l- tyrosine,  N a -acetyl-serine,  and 

N a -acetyl- his t id ine.  As shown for  other  enviro n m en ta l

pollu tan ts,  isocyanates m igh t  react  w ith the N - te rm ina l  a m in o

acid s of  blood  pro teins;  f or  h aem oglo bin and alb umin  this

w ou ld be va line  an d aspart ic acid ,  respecti vely.  T herefore ,

4MPI was react ed with v alin e an d asp art ic  acid.  A n adduct  of

4MP I w ith a  tr ipeptide w ith  valine as  the N - te rm ina l  a m in o

acid was synthesized to  ( i)  m im ic  the re lease of  the form e d

hy dan to in fro m  a p ro tein, and to  ( i i)  have an  intern al  s t an da rd

for the analyses of  haem oglobin obta ined fro m  w orker s

exposed to  other  isocyanates  than 4MP I.

MATERIALS AND METHODS
L-Aspart ic  ac id,  4-m ethylphenyl iso cyanate  and [D

6
]DMSO

w e re  p u rchased from Fluka (Neu-Ulm, Germ any) , N a -acety l-L-

cysteine from  M erck (Darmstadt , G erm any) ,  N a -acet yl-L-

hi st id ine ,  N a -acet yl -L- lysine, N a -acety l-L- tryp to p ha n ,  N a -

acety l-L- tyrosine, and va ly l-glycy l-glycine from  S igm a

(Deisenhofen , Germ an y) ,  an d L-valine  fro m  S erva (Heidelberg,

Germ any).  T he NMR spectra  were  rec orded  on a Bruker A C

250  instrum ent  w ith [D
6
]DMS O as  so lven t  and as  intern a l

st a n d ard .  T he d eg ree of  subst i tu t ion of  the C atom s was

d et e rm ined  u si ng  th e d istort io nl ess en h a nc em en t  b y

polarization transfer  (DE PT ) method. T he raw NMR da ta were

p ro cessed w ith  th e program  SwaN MR 3.12  by Dr Giuseppe

Balacco (A. Menarin i  Indust r ie Farm aceutiche Riunit e s. r.l .,

Via Set te San ti  3 , I-50131 Firenze).  Fast  a tom  bom bard m e n t

m ass sp ect ro m e try (FAB-MS) was conduc ted on a  VG 70-SEQ

m ass sp ect rom eter  wi th argon atoms at  8  keV acce lerat ion .  F or

posit ive FAB th e samp les were  int ro d uc ed in  a  p - t olu ene

sulp ho nic a cid/gly cero l  matr ix . HPL C analyses were

p e rform ed  w ith a  q uat ern a ry  H PL C pump with  a U V-detector

both  from  H ew lett  Packard  1050  series,  and a  f luorimeter  fro m

Ko ntron, SF M23. Gas chrom ato graphy ±m ass spectro m e try

(GC±MS) analyses were don e on a  Hew lett  P ackard  GC (HP

5890II)  equipped with a  autosam pler  (HP 7276) and interf aced

to  a MS (HP 5989A).

Synthesis of ureas from 4MPI and amino acids
Pro c e d ure 1: A mino acid (1 m mol)  or  pep tide (1 m m ol)  was

disso lved in  0 .25 M NaHCO
3 

(20 m l) .  The so lution was st irre d

and  h eated  to  80°C and  4MPI (266 mg, 2  m mol)  was added .  A

p recip itate  form ed  im m ed ia te ly. After a react ion t im e of  1  h

G. Sabbioni et al.224

Figure 1. Reactions of 4MPI and 4MA with proteins and DNA.
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and after  cooling with ice the precip i ta te  was f il tered off  an d

w ashed  with water  (20 ml)  and ethanol (1  m l) . T he f i lt ra te w as

c a refully  acidif ied  to  pH 2 w ith 2M HCl and co oled . Th e

p recipitate was f il te red an d redissolved  in  ethyl  aceta te  (50  ml) .

T h e o rganic  phase was extracted twice w ith satu rated NaH CO
3

solut ion (20 m l) ,  an d the aqueou s phase w as  separat ed and

acidif ied for  ex trac t ion with ethyl  ace ta te.  After  dry ing over

MgS O
4

the ethyl  acetate  was ev apo rated  at  re d u c e d  p re ss u re .

T h e resid ue  w as rec rystal l ized  w ith eth ano l/w ater.

N-(4-Methylphenyl-carbamoyl)- L-valine (4MPI-Val)

L-Valine (117 mg, 1  mm ol)  was  transform e d ac cord ing  to

p ro c e d u re 1. Crystal lizat ion from ethanol yielded 4MP I-Va l

(165.2 mg, 66% ) as white  need les.
1H-NMR: ([D

6
]DMSO, 250 MHz) : d = 12.8 (broad s, 1H ,

COOH), 8.68 (s, 1H , NHÐ Ph) , 7.26 (d, J = 8.4, 2H, H-2/6) , 7.04 

(d, J = 8.4, 2H, H-3/5), 6.35 (d, J = 8.8 Hz, 1H, NH Ð CHÐ

COOH),  4 .12 (dd , J = 8.8  Hz,  J = 4.8 Hz, CHÐ COOH), 2.22 

(s, 3H, CH
3
Ð Ph) , 2.08 (m, 1H, CH Ð CH

3
) , 0.92 (d, J = 6.8 Hz,

3H, CHÐ CH
3
), 0.88 (d , J = 6.8 Hz, 3H, CHÐ CH

3
).

1 3C-NMR ([D
6
]DMSO, 63  MHz): d = 173.8 (COOH), 155.0

(NHÐ COÐ NH), 137.6 (C-1), 129.8 (C-4), 129.0 (C-3/5), 117.4

(C-2/6) , 57 .1 (CHÐ COOH), 30.2 (CHÐ CH
3
), 20.2 (CH

3
Ð Ph) ,

19 .1 (CHÐ CH
3
), 17.5 (CHÐ CH

3
).

FAB-MS: m / z  (%): 251 (100, [M+1]+), 250 (14, M+), 205 (9),

118 (43), 107 (29),  106 (13), 72 (54).

N-(4-Methylphenyl-carbamoyl)-L-valyl-glycyl-glycine (4MPI-Val-
Gly-Gly)

Val-Gly-Gly  (115.5 mg,  0 .5 mmol)  was transform e d acc ord in g

to pro c e d u re 1. Crystal l ization from ethanol y ie lded  4MPI-Val-

Gly-Gly (109 m g,  60%) as a white sol id .
1H-NMR ([D

6
]DMSO, 250 MHz): d = 12 .61 (s, 1H , COOH), 8.57

(s, 1H, NHÐ Ph), 8.36 ( t, J = 5.8 Hz, 1H, CH
2
Ð NH ), 8.18  

(t, J = 5.8 Hz,  1H, CH
2
Ð NH ), 7.25 (d , J = 8.4 Hz, 2H, H-2/6),

7 .03 (d, J = 8.4, 2 H, H-3/5) , 6.34 (d, J = 8.4 Hz, 1H, NH Ð CHÐ

COOH),  4 .12 (dd , J = 5.7  Hz,  J = 8.4 Hz, 1H, NHÐ CHÐ COOH),

3.78 (m, 4H, 2  CH
2
NH), 2.22 (s, 3H, PhÐ CH

3
), 2 .01 (m, 1H,

CH Ð CH
3
) , 0.91 (d, J = 6.8 Hz, 3H, CHCH

3
), 0.88 (d, J = 6.8 Hz,

3H, CHCH
3
).

1 3C-NMR ([D
6
]DMSO, 63  MHz): d = 174.4, 173 .4 , 171 .4  

(2 NHCO, CO
2
H), 157.5 (NHÐ COÐ NH), 140.1 (C-1), 132.1 (C-

4) , 131.4 (C-3/5), 119.9 (C-2/6), 60 .1 (NHÐ CHÐ COOH), 44.0

(CH
2
Ð NH), 42.5 (CH

2
Ð NH), 33.2 (CHÐ CH

3
) , 22.6 (CH

3
Ð Ph) ,

21 .6 (CHÐ CH
3
), 20.0 (CHÐ CH

3
).

FAB-MS: m / z  (%): 365 (37, [M+1]+) 264 (13), 251 (34, [4MPI-

Val]+), 233 (45), 205 (24), 118 (21), 107 (33), 86 (20), 72  (100) .

N-(4-Methylphenyl-carbamoyl)- L-aspartic acid (4MPI-Asp)

L-A spart ic  ac id  (146.4  mg, 1 .10 mmol)  was transform e d

ac cord ing to  pro c e d u re 1. Crystal l iza tion from  ethan ol  y ield ed

4MPI-Asp  (188 m g, 64% ) as  w hite need les.
1H-NMR ([D

6
]DMSO, 250 MHz): d = 12.5 (s, 2H , 2 COOH),

8.50 (s, 1H, NHÐ Ph) , 7.26 (d, J = 8.3 Hz, 2H, H-2/6), 7.03 

(d, J = 8.3 Hz, 2H, H-3/5), 6.48 (d, J = 8.4 Hz, 1H, NH Ð CHÐ

COOH), 4.49 (m, 1H, CHÐ COOH), 2 .78 (dd, J = 16.8 Hz, J = 5.4

Hz, 1H, CH
2
Ð COOH), 2 .68 (dd, J = 16.8 Hz, J = 4.9  Hz, 1H,

CH
2
COOH), 2.29 (s, 3H , CH

3
Ð Ph) .

1 3C-NMR ([D
6
]DMSO, 63 MHz): d = 174.0 (CHÐ COOH),

173.1 (CH
2
Ð COOH), 155.6 (NHÐ COÐ NHÐ Ph) , 138.5 (C-1),

130.8 (C-4), 130.0 (C-3/5), 118.5 (C-2/6), 49.6 (CHÐ COOH),

37 .7 (CH
2
Ð COOH), 21.2 (CH

3
Ð Ph).

FAB-MS: m / z  (%): 267 (100, [M+1]+) , 266 (13, M+), 134 (40) ,

106 (11), 88 (13).

N a -Acetyl-N-(4-methylphenyl-carbamoyl)-e -lysine (4MPI-AcLys)

N a -Acety l-L- lysine (188 m g,  1 mm ol)  was transform e d

acco rd ing  to  pro c e d u re 1. Crysta l lizat ion fro m  eth ano l yi eld ed

4MPI-AcLys (153.2 mg, 47 .6 % ) as a white  sol id .
1H-NMR ([D

6
]DMSO, 250 MHz): d = 13.00 (broad s, 1H ,

COOH), 8 .30 (s, 1H , NHÐ Ph), 8.14 (d, J = 7.9 Hz, 1H, NHÐ

COÐ CH
3
), 7.27 (d , J = 8.5 Hz, 2H, H-2/6), 7.07 (d, J = 8.5  Hz,

2H, H-3/5), 6 .09 ( t, J = 5.6 Hz, 1H, NH - e -CH
2
), 4 .15 (m, 1H, 

CHÐ COOH), 3 .05 (m, 2H, e -CH
2
), 2 .22 (s, 3H, CH

3
Ð Ph) , 1.85

(s, 3H, CH
3
Ð CO), 1 .64 (m, 4H, g -CH

2
/ d -CH

2
), 1 .37 (m, 2H, 

b -CH
2
).

1 3C-NMR ([D
6
]DMSO, 63 MHz): d = 173.8 (COOH), 169.3 

(COÐ CH
3
), 155.2 (NHÐ COÐ NH), 137.9 (C-1) , 129.5 (C-4),

128.9 (C-3/5) , 117.6 (C-2/6) , 51.8 (CHÐ COOH), 39.0 ( e -CH
2
)

30 .7 ( b -CH
2
) , 29.4 ( d -CH

2
), 22.9 ( g -CH

2
), 22.2 (CH

3
Ð CO), 20.2

(CH
3
Ð Ph).

FAB-MS: m / z  (%): 322 (100, [M+1]+) , 321 (12, M+), 215 (18) ,

108 (44), 107 (42), 106 (15), 84 (21).

Synthesis of carbamic acid-S-esters

N a -Acetyl-S-(4-methylphenyl-carbamoyl)- L-cysteine (4MPI-
AcCys)

4MPI (292.6  mg, 2 .2  mm ol)  was  added to  a so lut ion  of  

N a -ace tyl -L-cysteine (179 mg, 1 .10 mm ol)  dissolved  in  0 .25 M

NaHCO
3

(10  m l) . The  reac tion  m ix ture  was trea te d w i th

ultrasoun d fo r  3  min  in  1 0 m in in tervals a t 25°C for 1 h. Wo rk

u p  w as p e rform ed as de scr ib ed in  pro c e d u re 1. Crystal l izat ion

from ethanol/water  yielded  4MPI-AcCys (154.1 mg, 47 .3% ) as

yellow ish -bro w n  c rystals .
1H-NMR ([D

6
]DMSO, 250 MHz): d = 10.26 (s, 1H , NHÐ Ph),

8.31  (d, J = 8.7 Hz, 1H, NHÐ COÐ CH
3
), 7.37 (d , J = 8.4 Hz, 2H, 

H-2/6) , 7 .10 (d , J = 8.4 Hz, 2H, H-3/5), 4 .36 (m, 1H, CHÐ

COOH), 3.41 (dd,  J = 13.2 Hz, J = 5.0 Hz, 1H, CH
2
Ð S), 3.05 (dd ,

J = 13 .2  Hz, J = 8.7 Hz, 1H, CH
2
Ð S), 2.24 (s, 3H, CH

3
Ð Ph) , 1 .85

(s, 3H, NHÐ COÐ CH
3
) . The signal  for  COOH was not  visible.

1 3C-NMR ([D
6
]DMSO, 63 MHz): d = 171.8 (COOH), 169.2

(COÐ CH
3
), 163.6 (NHÐ COÐ S), 136.3 (C-1), 132.3 (C-4), 129.2 

(C-3/5) , 118.9 (C-2/6), 52.1 (CHÐ COOH), 30.5 (SÐ CH
2
), 22.3

(CH
3
Ð CO), 20.3 (CH

3
Ð Ph) .

FAB-MS: m / z (%): 297 (100, [M+1]+) , 296 (6, M+), 164 (53) ,

122 (18), 107 (18), 106 (14).

Synthesis of carbamates
Pro c e d ure 2: A min o acid (0.5 m mol)  was d isso lved in  3  m l dry

pyridine. Af ter  add it ion  of  4MP I (0.55 m mol)  the  so lut ion was

st irred and  he ated to  80°C for 2  h .  The so lvent  was evaporated

in  va cuo and  th e resid ue was taken up in  0 .5M N aHCO
3

(15 ml).

T he insolub le  residu e was separated by  cen tr ifugation . Th e

water  p hase  was washed twice with eth yl  ace tate  (1 5 m l) .  T he

water  phase was acidif ied w ith  HCl to  pH  1.5 and extracted
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with ethyl  ace tate  (3 ´ 30 m l) . T he organic  p hase was d ried over

m agnesium  sulp hate ,  f i l tere d and  ev ap orated  in  va cu o.  T h e

resid ue  w as rec rystal l ized  w ith  eth ano l/w ater.

N a -Acetyl-O-(4-methylphenyl-carbamoyl)-tyrosine (4MPI-AcTyr)

N a -Acetyl-L-tyrosine (111.6  m g, 0 .5  mm ol)  was  disso lved  in

d ry pyrid ine (3 ml) .  After  addit ion of  4MPI (0.55 m mol)  the

solut ion was s t irred ove rn ight  a t  ro om  tem perature .  T he wo rk

u p  w as  pe rform ed  acc ord in g to  pro c e d u re 2. Crystal l izat ion

from  ethano l yie lded 4MP I-AcTyr (34 .6  mg, 19.4% ) as a  whi te

so lid .
1H-NMR ([D

6
]DMSO, 250 MHz): d = 12.7 (s, 1H, COOH),

10 .12 (s, 1H , NHÐ Ph) , 8 .27 (d , J = 7.9 Hz, 1H, NHÐ COÐ CH
3
),

7 .39  (d , J = 8.5 Hz, 2H), 7 .27 (d, J = 8.5 Hz, 2H), 7.13 (d, J = 8.5

Hz, 4H), 4.41 (m, 1H, CH Ð COOH), 3.06 (dd , J = 14 .0 Hz, J = 4.7

Hz, 1H, PhÐ CH
2
Ð CH), 2.86 (dd, J = 14 .0  Hz,  J = 9.4  Hz, 1H,

PhÐ CH
2
Ð CH), 2.25 (s, 3H , CH

3
Ð Ph), 1 .79 (s, 3H , NHÐ COÐ

CH
3
).

13C-NMR ([D
6
]DMSO, 63 MHz) : d = 173.1 (COOH), 169.2

(NHÐ COÐ CH
3
) , 151.6 (C), 149.0 (C), 136.1 (C), 134.7 (C),

131.7 (C), 129.9 (CH), 129.2 (CH), 121.6 (CH), 118.3 (CH), 53.4

(CHÐ COOH), 36.0 (PhÂÐ CH
2
Ð CH), 22.3 (CH

3
Ð CO), 20.3

(CH
3
Ð Ph) .

FAB-MS: m / z  (%): 357 (100, [M+1]+), 356 (4, M+), 315 (19) ,

269 (15), 164 (21), 136 (17), 107 (20).

Na -Acetyl-O-(4-methylphenyl-carbamoyl)-D,L-serine (4MPI-AcSer)

N a -Acetyl  D,L-serine (73.6  m g,  0.5 mm ol)  was transform e d  a n d

w orke d up  ac cord ing to  pro c e d u re 2. 4MPI-AcSer  (87 .0 mg,

62 % ) w as o btained as yel low ish  crystals .
1H-NMR ([D

6
]DMSO, 250 MHz): d  = 12 .60 (broad  s, IH,

COOH), 9.60 (s, 1H , NHÐ Ph), 8 .32 (d , J = 7.8  Hz, 1H, NHÐ

COÐ CH
3
), 7 .35 (d, J = 8.3 Hz, 2H, H-2/6) , 7.07 (d , J = 8.3  Hz,

2H, H-3/5) , 4 .52 (m, 1H, CH Ð COOH), 4.39 (dd, J = 11 .0  Hz, J

=4.4 Hz, NHÐ COÐ OCH
2
), 4.18 (dd, J = 11.0 Hz, J = 6.7 Hz,

NH Ð COÐ OCH
2
), 2.22, (s, 3H, CH

3
Ð Ph), 1.87 (s, 3H, NHÐ

COÐ CH
3
). 

13C-NMR ([D
6
]DMSO, 63 MHz) : d = 170.9 (COOH), 169.4

(COÐ CH
3
) , 153.0 (NHÐ CO-O), 136.3 (C-1), 131.2 (C-4), 129.0 

(C-3/5) , 118.2 (C-2/6), 63.2 (OÐ CH
2
). 51.5  (CHÐ COOH), 22.3

(CH
3
Ð CO), 20.2 (CH

3
±Ph).

FAB-MS: m / z  (%): 281 (90, [M+1]+), 356 (5 , M+), 148 (16) ,

130 (100), 106 (18).

Synthesis and analysis of hydantoins
Pro ce d u re 3: U rea der ivat ives (0 .2  mm ol)  were  d issolved  in  10

m l dioxane and 3  ml conc.  HCl and heated fo r  1h at  80±90°C.

T h e re actio n m ixtu re was evaporated to  dryn ess ,  dissolv ed in

ethanol, f il tere d an d th en  w ater  w as ad de d dro p-w ise u nt i l

p recipita tion occurs. After  cooling, the precipi ta te w as  f i ltere d

off  an d d ried.

3-(4-Methylphenyl)-5-isopropyl-1,3-imidazoline-2,4-dione
(Val-Hyd)

4MPI-Val (50 mg, 0.2 mm ol)  was transform ed  acco rd in g

p ro c ed u re 3. Crysta l lizat ion  fro m ethano l yield ed Val-H yd 

(30 m g, 64.6% ) as  white  need les.

1H-NMR ([D
6
]DMSO, 250 MHz): 8.50 (s, 1H , COÐ NH), 7.27 

(d, J = 8.3 Hz, 2H, H-2/6) , 7 .18 (d , J = 8.3 Hz,  2H, H-3/5) , 4 .12

(d d,  J = 3.5 Hz, J = 1.3 Hz, 1H, NHÐ CH ), 2.33 (s, 3H , CH
3
Ð Ph) ,

2.11 (m, 1H, CHÐ CH
3
) , 1.01 (d, J = 6.9 Hz, 3H, CHÐ CH

3
), 0.87

(d, J = 6.9 Hz, 3H, CHÐ CH
3
).

1 3C-NMR ([D
6
]DMSO, 63 MHz): d = 172.8 (COÐ N), 156.1 

(NÐ COÐ NH), 137.2 (C-4), 129.4 (C-1), 129.2 (C-3/5), 126.4 

(C-2/6), 61.2 (CHÐ COOH), 29.9 (CHÐ CH
3
), 20.6 (CH

3
Ð Ph),

18.4 (CHÐ CH
3
), 15.8 (CHÐ CH

3
).

MS, EI (70 eV) m / z(% ) 233 (7 , [M+1]+), 232 (45, M+), 191 (5),

190 (47), 134 (22), 133 (100), 132 (18), 105 (9), 104 (14), 72 (42),

57 (7), 55 (11) .

2-(1-(4-Methylphenyl)-2,5-dioxoperhydro-4-imidazolyl) acetic
acid (Asp-Hyd)

4MPI-Asp  (51 m g,  0 .2  mmol)  was transform ed  acco rd in g to

p ro ce d u re 3. Crystall izat ion yielded Asp-H yd (37 mg, 75% ).
1H-NMR ([D

6
]-DMSO, 250 MHz): 12.70 (broad s, 1H , COOH)

8.47 (s, 1H, NH), 7.27 (d, J = 8.4 Hz, 2H, H-2/6), 7.18 (d, J =8.4

Hz, 2H, H-3/5), 4.40 (m, 1H, CHÐ CH
2
Ð COOH), 2.83 (dd, J =

17.2  Hz, J = 5.1 Hz, 1H, CHÐ CH
2
Ð COOH, 2.74, (dd, J = 17.2 Hz,

J = 4.4 Hz, 1H, CHÐ CH
2
Ð COOH), 2.34 (s, 3H, CH

3
Ð Ph). 

1 3C-NMR ([D
6
]DMSO, 63 MHz): d = 173.9, 171.9 (CO O H,

COÐ N), 157.0 (NÐ COÐ NH), 138.1 (C-4), 130.7 (C-1), 130.0 

(C-3/5) , 127.4 (C-2/6), 53.9 (CHÐ CH
2
Ð COOH), 36.3 

(CHÐ CH
2
Ð COOH), 21.6 (CH

3
Ð Ph) .

FAB-MS: m / z (%): 249 (100, [M+1]+) , 248 (20, M+), 231 (10) ,

189 (17), 102 (12).

Gas chromatographic analyses of the hydantoin Val-Hyd

4MPI-Val-Gly-Gly (1 , 0.1  and 0.01 m g) and N -(4-chloro p h en y l-

carbamoyl)-L-valyl-glycyl-glycine (0.1 m g) (M. Möller et  al.

u n p u b l i sh e d  results )  in  m ethanol (100  m l )  was ad ded to  6M HCl

(1 ml)  and ref luxed for  1  h .  T he hydro lysate  was basi f ied to  pH

9 w ith NaO H, an d th en extr acted w ith meth ylene chlor ide 

(3 ml) . The org an ic  ph ase  was evap orated  und er a  st ream  of

n i t rogen.  The residue w as  taken up in  ethyl  aceta te  (1 5 m l).

Aliquots of  1  m l  w ere  analysed  by spli t less  in ject ion on a  Rtx-

5MS (15 m ´ 0.25 m m, 0.5 m m ). The injector  and the tr ansf er

l in e tem p eratu re w as  se t a t  260°C. T he oven tem perature  w a s

kep t  for  1  min at  50°C  an d then  i ncreased at a rate  of  50°C per

m in t o  2 60°C. 

Hydrolyses of the adducts 4MPI-Val, 4MPI-Asp, 4MPI-

AcCys, 4MPI-AcLys, 4MPI-AcSer, 4MPI-AcTyr and HPLC

analyses
T he isocy anat e  ad duct s we re  h y d ro lysed  u n der  th ree differe n t

condit io ns:  adducts  (2 0 m g) in 20  m l  m ethan ol  w ere  add ed  to  

1 ml: (1) 6  M H Cl at  100°C, (2) 0.1M NaOH  25°C; and (3) 0 .3 M

NaOH at 100°C. After  1h,  3h and  24h 10  m l of  a  0.2%  

4-chloroanil in e solut ion  in  methanol (or  4- f luoroanil ine for  the

h y d ro lysa te of  4MPI-AcTyr)  w as ad ded to  th e hyd ro lysate . A

separate via l  was used for  each reacti on and t im e p oin t .  A n

aliq uot  of  the h ydro lysate (10  m l )  w as add ed  to  am m o niu m

form ate (3M)  in  an E p pend orf  cup and  50 m l  w ere  an alyzed  by

HPLC on an  LiChrospher 100 RP 18 (125 ´ 4  m m, 5 m m) (Merck ,

Darm stadt ,  G erm any ) elut in g w ith 45%  m ethano l in  50  mM

G. Sabbioni et al.226
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a m m o nium  fo rm at e at  1  m l m in±1.  T he p eak s w ere  det ect ed

with a UV detector  ( l = 235 nm ) and w ith  a f luorim eter

(emiss ion at  356  nm , excita tion at  253 nm).  T he re le ased  4 MA

w as  quantif ied against  a  cal ibrat ion curve  ob tained  w ith thre e

leve ls of  4MA and one level  of  the in terna l  s ta nd ard .  Un de r th e

given  condit ions 4MPI-Val, 4MPI-AcLys, 4M PI-AcCys, 4M PI-

A c Ty r,  4M PI-AcSer, 4CA, 4FA and 4MA eluted at  3 .1,  3 .2 , 3 .4 ,

7 .5 , 3 .3 , 6 .9 , 3.0  and  5.0  m in .

Results and discussion
Synthesis of isocyanate adducts
T h e u rea derivatives with th e f ree am ino group o f  val ine,

a sp a rt ic  acid and  N a -ace tyl- lysine were sy nth esized  acco rd in g

to Figure  2.  T he com pounds 4MP I-Val, 4MPI-Asp  and 4MPI-

AcLys w ere synthesized  by ad din g 4MPI to  the corres p o n d in g

am ino acid s in  carbon ate  buffer  a t 80°C. The pro du c ts  w ere

obtained in  sat isfactory  yields (40 ±70% ) and were fully

characterized  (see paragrap h about spect ro scop ic pro p e rties) .

T h e y ields w ere  low er  than similar  reactio ns in  org ani c

solvents  becau se  of  the concurre nt  h y d ro lysis  of  the isocyanate

in  aqu eo us solut io n to  the unstable  carbam ic acid , wh ich

d ecarbo xylat es an d t hen reacts  with another  m olecule o f  4MPI.

A t a  mo re bas ic  pH than th e carbo nate  bu ffer  system  or in

o rganic  solven ts  like pyridine,  possibly the yields of  the

d e si re d  p ro du cts  w ou ld be  high er. How ever,  w e chose react io n

condit ions close to  th e ph ysiological  pH . Co nsidering,  that

lo ca lly  the pK
a

o f am ino ac id s in  pro teins ch an ge up  to  2  pK
a

units,  the choice  of  a  reac tion pH, 2  u nits abov e the

phy siological  pH  is a  good com prom ise  to  m im ic ph ysiolog ica l

con dit ions.  Raisin g the tem perature to  80°C increase d t he

yie ld  by a  factor  of  2  compared to  the reaction  at  3 7°C. For the

am ino acids w ith function al  gro up s,  th e a -am ino  gro u p  w a s

p ro tected with an ace tyl  gro u p .

H ydanto in  form ation w as achieved by h ea ting the ad ducts

(4MPI-Val, 4MPI-Asp) in 6M h y d rochloric acid at  90°C for 1 h.

T he hydan to ins (Val-Hyd , Asp-Hyd) were obtained in  ca 70%

yield .  T he hydantoin Val-Hyd  was  analysed by GC±MS on a

non-polar  capillary  column. T he major  single  ions at  m / z 133,

190, and 232 were  m onitored by  MS af ter  e lectron  im p act

ionization . Injec tions of  20  pg  yielded a signal  to noise rat io

bet te r  than  10:1 monitor ing the ion at  m / z  232. T he sam e

hy dantoin sh ou ld b e re leased from  4MP I adducts w ith  th e 

N-terminal  val ine of  the a -glob in chain of  haemoglob in.  In

o rder  to  develop a method for  the quanti tat ion of  in  v ivo

mater ial,  we synthesized a tr ipeptide (Val-Gly-Gly) with 

the N-terminal  val ine modified  with  4MPI,  yield ing 

4MPI-Val-Gly-Gly (Figure 3) . In  addit ion the tr ipeptide Val-Gly-

Gly  was reacted  w ith 4-chlorophen yl isocyanate ,  yielding 

N -(4-chlorophenyl-carb am oyl-L-valyl-glycyl -glyci ne (4CPI-Val-

Gly-Gly) ( th is synthes is will  be published  elsewhere, M. Möller

et  al.  u np ub lish ed results) . For  4M PI-exposed workers,  the

4CPI-Val-Gly-Gly  can be taken as intern al  st and ard.  In a

p re l im in ary experiment 100 ng of  the in terna l  s tan dard  an d 1,

10  and 100 ng of  the 4MPI-Val-Gly-Gly was  added  in  methanol

to  the  HCl so lu tion . After  1  h  at 100°C the hydro lysate w as

extr ac ted with methylene chloride,  evaporated to  dry ne ss an d

analysed by GC±MS. Both  hydanto ins could be monitored  a t

5.2 min (Val-Hyd)  and  5.4 min  (3- (4-chlorophenyl) -5-isopro pyl-

1,3-imidazol ine-2,4-dione)) using GC±MS with  single ion

monitoring in  the E I-mode. T he  method is not  sensi tive e no u g h

to  detec t  the lowest concentrat ion of 4M PI-Val-Gly-Gly.

T he reactions of  4MPI with  funct ional  grou ps other  th an th e

Reactions of 4-methylphenyl isocyanate 227

Figure 2. Reactions of 4MPI with amino acids.
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a -amino gro up w ere  done under var ious condit ions. T he

synthesis of  carbamoyl-adducts from 4MPI with th iol grou ps w as

p e rform ed w ith N a -acety l-cysteine  and 4MPI at 30°C in

carbonate buffer. The  carbamic ac id S -ester  4MPI-AcCys was

achieved  with an acceptable yield of 47%. Increas ing the

reac tion tem perature to  80°C results in 4MA be ing the main

p roduct . N a -Acetyl- serine , N a -acety l-tyros ine, N a -acetyl-hist idine

a n d  N a -acetyl -tryptophan did not react with 4MPI in  the

carbonate buffer  system. The lack of reac tivity  of  the functional

groups of  these amino ac ids under  the given  conditions, ra ises

quest ions about  the physiological  relevance  of these types of

adducts, al though  the  react ion with  serine  is supposed to

deactivate  cho linesterase in  in vitro  reac tions and in  exposed

workers (Bro wn  and  Wold 1973, Brown 1975, Bro w n  et al. 1982).

T h erefore, the reacti ons of  N a -acetyl -serine , and N a -acety l-

tyrosine with 4MPI were performed in pyr idine. T he  carbam ates

w e re obtained in good yields (40±70% ). Attempts to  synthesize

the adducts N a -acety l tryptophan or  N a -acetyl -h istidine  with

4MPI under the  same condit ions were no t successful.

Spectroscopic characterization of the products
All p ro du ct s w ere char ac terized with  MS , 1H-NMR and 1 3C-

NMR. For al l compounds except for Val-Hyd , FAB-MS were

generated. The signals are  l is ted in  the experimental  sect ion.

The  (M+1)+ ion w as the base peak  for  a ll  com pounds,  excep t  for

the  serine adduct  4MPI-AcSer. The major fragments for 4MPI-

Val resu lted  from the  cleavage of  the urea bond  yielding the

fragm ents for  the  amine (m / z  107) and  val ine (m / z  118) . For the

lysine adduct  4M PI-AcLys,  the urea bon d is m ain ly  cleaved

yie lding 4-methylan il ine (m / z  108) (Figure  4) . For  the aspart ate

adduct,  4MPI-Asp ,  the  urea bon d is m ain ly cleaved betw een  the

N a of aspartate  and the carbamoyl group yie ld ing a fragm ent for

N -formyl-4-m ethylanil ine  (m / z  134) . In the case of the carbamic

S -ester, 4MPI-AcCys,  the  S-carbam oyl bond is c leaved yielding

a fragment for N a -acetyl-cysteine (m / z  164). For the carbamate

adduc t of  se rine 4MPI-AcSer,  the m ain fragments results fro m

the cleavage of the  O-alky l bond yie ld ing a  serine  fragment at

m / z  130. For  the N a -acetyl tyrosine adduct,  4M P I-A cTy r, al l

other  fragments are  only  25% of the base peak [M+1]+.

G. Sabbioni et al.228

Figure 3. Reaction of 4MPI with Val-Gly-Gly.

Figure 4. FAB-MS of Na -acetyl-N-(4-methylphenyl-carbamoyl)- e -lysine (4MPI-AcLys).
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T he hy dan toin  syn thesized  f rom  4M PI and v al ine was

ana lysed by GC±MS. T he  full  EI-spect rum of Val-H yd is l isted

in the exper im ental  sect ion.  T he molecular  ion is  one of  the

m a in  i on s.

T h e  1H-NMR-spect ra  w ere al l rec orded in  [D
6
]DMSO at 25°C.

T he signals of  the arom a tic  pro tons of  the ary l am ine  m o iety

w e re  est im ated  w ith the i ncrem en t ru les (Hesse et al . 1984)

an d a ss ign ed accord in gly. T he  chem ical  sh if t of  H-3/H-5 is

u pf ie ld  co m p ared with th e H-2/H -6 pro tons (Table 1) . A good

c o rrelat ion betw een the calcu lated and  the exper im ental

values w as seen.  T he coupling of  these arom at ic  pro to n s

sh o uld  c o rrespond  to  an  AAÂXXÂ-spect rum . Most ly  only four

l ines (2  AB-type double ts)  are visible instead of  20. J
A X

(J
AÂXÂ

)

w as ass ign ed .  J
AA Â 

( J
XXÂ

)  an d J
AXÂ 

( J
AÂX

)  were  no t  e lucidated.  T he

p ro tons of  the am ino acids were  ass igned accord in g to  the

l i ter ature  (W üthr ich  1987) .  In all  cases the pro ton s re p re se n t e d

an  ABXY-spectrum  (F igure 5)  except for  the valine-adducts

w ith  an AX Y-spectru m . T h e ob tain ed cou plin g con sta nts  an d

th e chem ical  shif ts  w ere  en tered in  the N MR-sim ulat ion

p rogram  Raccoon by Paul F. Schatz.  T he values given in  the

exp erim ental  sect ion , co rresp ond  b est  w ith  t he calcu lated

spec tra . T he NÐ H pro tons of  the ary lam ine m o iety were  fo u n d

betw een 8.3 and 8.7 ppm  for  the urea com pounds 4M PI-Val,

4MPI-Asp  and  4M PI-AcLys,  between 9.6 an d 10.1 ppm  for the

carbam ates 4MPI-AcSer and 4M PI-AcTyr and at 10.3  ppm  for

th e carbam ic acid S -ester  4MPI-AcCys. The amino pro tons of

th e am ino acid s w ere  foun d at  6 .5  wh en  at tached to  the ace tyl

gro up,  and  at  8 .1 ±8.3 ppm  w hen at tached to  the carbam oyl

grou p.  T he vicinal  coupling constant  o f  the am ino acid N H

w ith th e a -CH is around 8  Hz for  a l l  com pounds. I n  th e case  of

the hydantoins this cou plin g is 0  Hz for  the valine pro d u ct  

Val-Hy d an d th e asp artate  produ ct  Asp-H yd. T his  can b e

explained by the change of  the dihedral  angle  CHNH  to near

9 0°.  Com pared  w ith th e pro tons of  the alipha tic  N-H gro u p  in

4MPI-Val and 4MP I-Asp  at  6 .4±6.5 ppm , the corre sp o n d in g

NH signal  shif ts  2  ppm  downfield  to  8 .4±8.5 ppm  for the

hy d an to in s Val-Hyd an d Asp-Hyd.

Reactions of 4-methylphenyl isocyanate 229

COOH NHÐ Ph H-2/6 H-3/5 NHÐ COR

4MPI-Val 12.80 8.68 7.26 7.04 6.35a

4MPI-Asp 12.50 8.50 7.26 7.03 6.48a

4MPI-AcLys 13.00 8.30 7.27 7.07 8.14

4MPI-AcCys -b 10.26 7.37 7.10 8.31

4MPI-AcSer 12.60 9.60 7.35 7.07 8.32

4MPI-AcTyr 12.70 10.12 8.27

Val-Hyd 7.27 7.18 8.50

Asp-Hyd 12.70 7.27 7.18 8.38

Table 1. 1H-NMR data of the 4MPI adducts.

a R = NHP.

b Not visible.

Figure 5. 1H-NMR of Na -acetyl-O-(4-methylphenyl-carbamoyl)-D,L-serine (4MPI-AcSer).
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The signals of  the 1 3C-NMR-spec tra were  e st im a ted  a nd

assig ned u sin g th e incre m en t ru l es p ubl ish ed b y K alino wski 

et  al.  (1984). The degree of  C-subst i tution was determ in e d  w i th

a DE PT experiment.  In  1 3C-N MR spec tra  the signals for  the

a rom at ic carbon (C1±C6, C1 is bound to  the am ino grou p) are

almost  identical  for  a ll  urea der ivatives, except  for  the

h yd an to in s Val -Hy d and  Asp-Hyd , wh ere C4 and C2(C6) shift

do wn field an d C1 upf ield com p ared with t he c orres p o n d in g

u rea com po unds 4MP I-Val and 4MPI-Asp  (Table 2) . The ord e r

of chemical  sh if ts is the  same for  a l l o ther  com pounds:  C1 > 

C4 > C3(C5) > C2(C6). C1 is at the lowest f ield and C2(C6) at the

highest  f ield .  T he carbamoyl car bon is  found aro u n d  1 5 5  p p m

for the urea compounds (4MPI -Val, 4MPI-Asp , 4M PI-AcLys)

an d hyd antoin s (Val-Hyd, Asp-Hyd).  The same carbon sh if ts

2 ppm  upfield for  the carb am ate com poun d (4MP I-A cS er)  and

8.6 pp m d ownf ie ld for  the carbam ic acid  

S -ester  (4MPI-AcCys)  (F igure 6) . T he carbons of  the am ino

ac id s w e re  assigned accord ing to  th e l i terature (Voelter  et al.

1971). T he carbons  of  the carboxylic  ac ids and the carbons of

th e a m ide are  at  170 ±176 p pm .

Hydrolysis of the adducts
T he stabil i ty  o f  the ad ducts was tested u nder acidic  an d basic

conditions. T he isocyanates  (1  m g) were  d issolv ed in  m eth an ol

(1 ml)  and hyd ro lysed  for  1h,  3h and 24h in  0 .1  M N aOH  at

ro o m  t em p eratu re  an d 6M H Cl,  fol lowing m ethods applied for

the analyses of  biological  sam ples  of  exposed workers (S chü tze

et  al. 1995, Sepai  et  al. 1995a, S karping and Dalene 1995,

Sk arping et al . 1996) and animals (Sepai et al.  1995c) . In

ad d it i o n,  n ew  hy d ro ly sis  co nd it ion s were  tested with 0.3M

NaOH at 100°C for  1h, 3 h and 2 4h. T he hydro ly sa tes  w ere

analysed using H PL C with  U V and f luoresce nce d etector,  an d

4MA  quantif ied  ag ainst  the intern al  s t an d ard , 4- f luoro an i l i n e

or 4-ch loro anil in e.  O nly the am in es were  f luorescen t  u nd er  th e

used co ndit ions.  I n  m ost  cases at  the highest  yields no start in g

m aterial  was detectable  by U V detect ion.  T he cy steine adduct

4MPI-AcCys was cleaved in  10  m in in  0 .1M NaO H. In 6M HCl,

4MPI-AcCys was st il l present  af ter  1h  and 3h.  4M A w as

obtai ned w ith 0% , 2 %  and  60%  yield  after  1h ,  3h and 24h,

re sp ectiv ely. T he tyrosin e addu ct  4M PI-AcTyr  was cleaved  in

base at  roo m  tem p eratu re  w ith 2 9% , 5 5%  an d 54 %  y ield af ter

1h,  3h,  and 24h.  At 100°C  the max im um  y ield w as re a c h e d

after  1h w ith 60% . Und er  acidic  condit ions, th e yield of

cleaved 4 MA increased  w ith in creasin g h yd ro lysis  t im e: 14%

after  1  h ,  33%  after  3h, and 55%  after  24h. T he valine adduct

4MPI-Val a nd th e aspa rtate  adduct  4M PI-Asp  were  stable  in

base at  roo m  tem p eratu re. 4MPI-Val released  4MA  af ter

h y d ro lysis  in  0 .3M NaO H at  100°C w ith  5 % , 1 5%  a nd  7 2%

G. Sabbioni et al.230

COOH NHÐ COÐ R C-1 C-2/6 C-3/5 C-4 NHÐ COCH3

4MPI-Val 173.8 155.0 137.6 117.4 129.0 129.8

4MPI-Asp 174.0; 173.1 155.6 138.5 118.5 130.0 130.8

4MPI-AcLys 173.8 155.2 137.9 117.6 128.9 129.5 169.3

4MPI-AcCys 171.8 163.6 136.3 118.9 129.2 132.3 169.2

4MPI-AcSer 170.9 153.0 136.3 118.2 129.0 131.2 169.4

Val-Hyd 156.1 129.4 126.4 129.2 137.2

Asp-Hyd 157.0 130.8 127.4 130.0 138.1

Table 2. 13C-NMR data of the 4MPI adducts.

Figure 6. 13C-NMR of Na -acetyl-S-(4-methylphenyl-carbamoyl)-L-cysteine (4MPI-AcCys).
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yield ,  af te r  1h,  3h and 24h,  respecti vely.  The resp ecti ve

h y dan to in s Val-H yd an d A sp-Hyd  were  obtained  af te r  acid

h y d rolysis.  After  1h  no 4MPI-Val  w as p resent .  Base hyd ro ly si s

at  ro om  te m pe rature  released  4M A slowly from 4M PI-AcSer :

1 .8% , 3.3%  an d 1 3%  4M A were  obtained af te r  1h , 3h,  and 24h.

With  0.3M NaOH, the yie ld  of  4MA was already 44%  af ter  1h,

and 63%  af ter  24h .  Similar  levels of  4MA  were on ly o btain ed

b y acid  h ydro lysis a t  100°C af ter  24h : the yie ld  of  4MA was

3.4% , 10.7%  and 50%  af ter  1h,  3h  and 24 h reaction t im e.

4M PI-AcLys was s table  at  ro om  tem perature  in  base.  With ac id

h y d ro lysis 4MA  was obtain ed  with  2% , 7 %  and 36%  af ter  1h ,

3h,  and 24h.  The best  yields from 4MPI-AcLy s w ere  o bta ined

using 0.3M NaOH at 100°C: 8% , 24%  an d 5 8%  4MA  w ere

obtained  after  1h,  3h, and 24h.  For the future  analysis of

album in and  haemo globin of  exposed wo rkers , we su ggest

boil ing the samples for  3h in  base,  in  order  to  obtain th e

m axim um  y ield of  re leased am in e.  To di st ing uish  b etw een

ty pical  ary lam in e a nd isocy anate  add uct s,  we pro po se  to

d e te rm ine  t h e N - te rm in al  am ino  a cid  a dd uc ts  wi th

h aem og lo bin  an d albu m in ,  w hic h a re  va line and  aspart i c  acid

in hu m ans.  Mi ld b ase h yd ro lysis w il l  re lease  ary lam ines f ro m

th e typ ical  sulph inic  acid am ide addu cts of  ary la m in es an d

fro m  the isocyan ate  add ucts  w ith cy steine an d ty rosine .

T h e refore,  in  th e future  it  wil l  be possible to  establish

iso cyan ate  ex po su re  by m easur in g the N - te rm in al  ad du cts ,  b ut

i t  w il l  not  be po ss ib le to  dist ing uish  b etw een  the isocyanate

a n d  ary la m in e ad du cts  w hich  a re  cleav ed und er m ild base

h y d ro lysis.  In  the case  of  diam ines, m ild base  hydro lysis can

resu lt  in  the re lease of  mon o-acetylated diam ines (S chü tze  

et  al.  1995, Sepai  et al . 1995a,  b) . T his indicates tha t  a

su lp hini c  acid am ide ad d uct  w as p resent ,  since i t  is unlikely

that only one of  the two original  isocyana te gro u p s w as

h y d ro lysed.  H owev er,  s ince N -acetyl transferases (Risch et al.

199 6) have been  found in  ery th rocytes,  i t  shou ld  be

in vest igated wh ether the N -acetyl gro up can also  b e

in t rod u ced  in  the  d iam ine w he n th e d iam ine  is  bo u nd  o n th e

h aem oglobin .
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