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A b s t r a c t  

The conversxon of a ramie to an oxazohne group m an amino acid side chmn promoted by platmum(ll) was m.est_tgated Wl~zle 
benzyloxycarbonyl-/3-cyano-alanme (Z-AIa(CN)-OH) did not give any evidence of coordmanoa of the mtnle grouu to PI(II) m dffferelat 
complexes, the corresponding methyl ester Z-Ala(CN)-OCH_~ readily afforded the Pt(l l)-mmle comple~ t rans - [P t (CF3){Z-A la (CN) -  
OCH3](PPhO2] [BF4] m good yield by reaction wah the catlomc denvanve t rans-[Pt(CF3)(PPh3)2(solv)][BFa] (solv=CH2CI:) The 
reactrvlty of the CN group m the complex t rans-[Pt (CF3){Z-Ala(CN)OCH3}(PPh3)2][BF4]  wlth C1CH2CH20- to form the oxazolme 
hgand 2 was examined The presence of the oxazohne nag m the final products was ewdenced by IR, IH and ZaC NMR data and confirmed 
by FAB and MALDI mass spectra, but as isolation was hampered by the cleavage of the oxazohne nng under the chromatographic concht~ons 
appbed 
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1. I n t r o d u c t i o n  

Many biologically active peptldes (neurotransmltters, 
neuromodulatoL's and hormones) ,  which influence various 
physiological processes concerning s~gnal transduct~on me&- 
ated through receptors, have been discovered m the last thirty 
years [ 1,2]. An important step in the synthesis and devel- 
opment of  peptide hgands is the identification of the amino 
acid side chams necessary for receptor recogmtlon 

In the group of  structural changes involving amino acid 
side chains, an interesting modification could be achieved 
upon subsntutton of  the imldazole side chain of hlsudme by 
an oxazohne r ing to give H-Ala(2-oxazolmyl) -OH 

cu~ cn~ 
H2N~:H.COO u H2N'CH'COOH 

H-HIs~H H-Ala(2-oxazolmyl)~H 

This modification could be particularly important since 
hlstidme plays a significant role in enzyme activity due to its 
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proton donating and accepting abdlty [3] Subst~tut:on of  
tmldazole by oxazohne wd! cause a change m the above- 
mentioned characteristics since the oxazolme ring still 
contains a basic mtrogen, but Is now lacking m the proton- 
donatil,g center. A further interest arises from the fact that tt 
has been found that some 2-alkyloxazohnes are effective 
antlmicrobials and antibactenals [4] .  Nltnle hgands coor- 
dinated to electron-withdrawing transllaon metal ions such as 
Pt ( I I )  are susceptible to nucleopfuhc attack by varzous nude-  
ophdes [5] .  In particular, we have recently shown the 
conversion o f  Pt(II)-coordinated RCN hgands to the corre- 
sponding 2-oxazolines IqI=CfR) OCH2CHz, by reaction wtth 
- OCH2CH2CI, under mild con&Uons [6] 

Here we report the coordination abdlty to Pt ( I I )  o f  Z- 
A I a ( C N ) - O R  ( R = H  ( l a ) ,  CH 3 ( l b ) )  

Z-NHqUH~"OOR Z-NIt~'TI~OOEIf3 
Z-Ala(C/q)-OR Z-Ala(2-oxazol~ l)-ocn 3 

(la, Rn  H, Ib, R= CH3) f2) 

and the conversion of  l b  to the corresponding oxazohne 
derivative 2 promoted by P t ( I I ) .  
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2. Expe.,'imental 

2 ! Generalprocedures and ntaterral6 

The coordination and c},chzatlorl reactions were carr,ed 
out under nitrogen, but work up of the reaction products was 
performed in air. Dichloromethane was distilled from calcium 
hydride, tetrahydrofuran and thethyl ether were distilled from 
sodium benzophenone ketyl and n-hexane was dlstqled from 
sodmm hydride Dlethyl ether was kept on sodmm wires 
under nitrogen 

K2PtCl,t [7], trans-[Pt(CF~)Br(PPhs)2] [8], Z- 
Ala(CN)-OH [9] and Z-AIa(CN)-OCHs [10] were pre- 
pared according to already described procedures 
Z-Ala(CN)-OH ( 1 a) and Z-Ala( CN)-OCH s ( lb )  were also 
characterized by IR and ~H NMR la: IR (KBr, cm -t  ) 
v(NH) 3323, v(OH) 3212, v(CN) 2273, v(C=O)~,  d 
1743, v(C=O)~otr=.~ 1697, JH NMR (200 MHz, DMSO) 
3 7 9 9  [d, ~J(HH) 1639, NH], 735 (m, Ph), 506 (s, 
CHaPh), 436 (m, CH.),  2.93 (m, /3CH2) lb IR (KBr, 
cm J) v(NH) 3322. v(CN) 2253, v(C=O)~,,¢, 1739, 
v ( C = O ) ~ , ~  1689, JH NMR (200 MHz, CDCI3) 6 7 30 
(m, Ph), 5.75 [d, 3J(HH) 6 98. NH], 5 08 (s. CHzPb), 4 53 
(m, CHoe), 3.78 (s, OCHs), 2 92 (m, flCH2); I3C{ IH} NMR 
(CDC13): 8 16957 (CONH), 155 75 (COOCHs), 128 84- 
128 33 (Ph), 136.43 (CIPh), I I 6 51 (CN), 67 63 (CH2Ph) , 
53.64 (OCHs), 50 94 (CH~), 22 00 ([3CH2) 

AgBF4 was used as a 0.92 M solution in acetone n-BuLl 
(1.6 M solution in n-hexane), ethyl acetate, methanol and 
petroleum ether were commercially available products and 
they were used as received Commercml CICH2CH2OH was 
stored on molecular sieves before use 

IR spectra were recorded on a Perkm-Elmer 580-B spec- 
trophotometer connected w,,th a Perkm-Elmer IR data station 
and on a Perkm-Elmer 983 spectrophotometer ~H and 
IsC{ IH} NMR spectra were run on a Bruker AC-200 or AC- 
400 spectrometer m DMSO, CD2C12 or CDCI 3 solutions, 
proton chemical shifts are reported from Me4SI by taking the 
chemical shift of thcMoromethane-d2 as +5 32 ppm, 
dlmethyl sulfoxlde-d6 as + 2  50 ppm and ehloroform-d as 
+ 7 21 ppm 3~p{ i H } NMR spectra were run on a Varlan FT 
80-A spectrometer operating at 32 203 MHz and 19F NIVlR 
spectra were run on a Varlan FT 80-A spectrometer operating 
at 72588 MHz (abbreviations s=singlet d=doublet, 
t = triplet, m = multlplet, br = broad, J are given in Hz) The 
fast atom bombardment (FAB) [ l 1 ] mass spectra were 
obtained using m-mtrobenzyl alcohol or glycerol/ 
CH3COOH as a matrix on a VG ZAB 2F [ 12] instrument 
operating with an Xe atom beam energy of 8 keV The matrix 
assisted low degree ionization (MALDI) [ 13] mass spectra 
were obtained using 2,5-dthydroxybenzolc acid in CHCI 3 as 
a matrix on a Reflex Bruker Instrument working in a hnear 
way with positive ions These positive ions were generated 
by an N2 pulsed laser (337 nm) and were accelerated at 15 
keV. Spectra were obtained summing I 0 shots and the sample 

was mixed with the matrix in the ratio sample/matrix 1/ 
7000 

The medium pressure hquld chromatography (MPLC) 
separations were perfo.,med on a Buch1688 chromatographic 
pump V, lth Bucht 687 gradient former (Silica Gel F 60 col- 
umn 2 6 × 23 cm, flow rate 20 ml mln - i ), connected with an 
LKB UV CORD $2138 (254 nm) detector and with a 2210 
LKB recorder A solution of petroleum ether and ethyl acetate 
(7 3 voi/vol ) was used as eluant for the purification of Z- 
AIa(CN)-OCH 3 ( lb )  and a solution of thchloromethane and 
methanol (93 7 vol/vol ) was used for the MPLC of the 
solid residue obtained in the cycllzatlon reaction of com- 
pound 3 and also of 2-methyl-AZ-oxazohne The high per- 
formance liquid chromatography (HPLC) analyses 
(Aquapore RP-300 column 220 X 4 6 mm, 7 ~m, Brownlee 
Labs, flow rate 1 5 ml mm - ~ ) were performed on a Perkm- 
Elmer series 410 llqmd chromatograph with a pressure box 
of solvents (SEC-4), an LC-90LW spectropbotometer detec- 
tor and an LC- 100 Integrator Eluants A ( H20 ) and B (aque- 
ous 90% acetonltrlle) were used for preparmg binary 
gradients The following conditions of elutlon were used 
lsocratlc 10% B for 2 mln, hnear gradient 10-90% B for 20 
mln, lsocratlc 100% B for 5 mln 

The elemental analyses were performed by the Department 
of Analyucal Chemistry of the University of Padua The 
melting points were obtained by a Buchl model 150 apparatus 
and are uncorrected 

2 2 S~'nthests oftrans-[Pt(CF31{Z-Ala(CN )- 
OMe } (PPhOzllBF4] 

A 0_92 M acetone solution of AgBF4 (7 5 ml) was added 
to a suspension of trans-[Pt(CFs)BrfPPh3)2] (5 83 g, 6 7 
mmol) m 100 ml ofCH2CI z The reaction mixture was stirred 
for 40 rain at room temperature, the precipitate of AgBr 
was filtered off and the yellow solution was concentrated to 
~ 30 ml Dlethyl ether ( 150 ml) was added and the resulting 
white precipitate of the cationic complex trans-[Pt(CFs)- 
(PPh3)2(CH2C12)][BF4] was collected by filtration and 
dried under vacuum (5.9 g, 6 1 mmol) The solvato-catlonlc 
complex was dissolved m 80 ml of CHzCI 2, and then solid 
Z-Ala(CN)-OCH 3 ( 1 44 g. 5 49 mmol) was added. The yel- 
low solution became Immediately colorless The reaction 
mixture was stirred for 30 addmonal mm and taken to dry- 
ness. The white solid residue was then stirred with n-hexane 
( 100 ml) tor 20 mm and then collected by filtration Yield 
5 6 4 g ,  90% M.p 115-120°C [ a l p  z 5 = - 2 3 5  ° ( c = 1 0 ,  
CH2CI.~) Anal Calc for C50H44N204FTP2BPt 1/2CHzCI 2 
C, 51 39, H, 384, N, 237 Found C, 5098, H, 376, N, 
224% IR (KBr, cm - I )  v(NH) 3370, v(CN) 2310, 
v(C=O) 1721, v(C=C) 1587, 1482, 694, 8(NH) 1520, 
v(C-C-O) 1187, v(O~C2~C) 1106, 1045 IH NMR (200 
MHz, CDCIs) 87.40 (m, Ph), 5 99 [d, 3J(HH) "~ 79], 4 87 
(s, CH,Ph), 3 45 (s, OCH3), 3 39 (m, CH~), 2 17-1 99 (m, 
CH2CN) 31P{rH} NMR (CDCIs)" 6 200 [q, IJ(ppt) 
28826, SJ(PF) 20.5] 19F NMR (CDCI3) ~ - 5 1  37 It, 
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~J(PtF) 725, ~J(PF) 2 0 5 ] .  ~3C{~H) NMR (CDCI3) 8 
168 78 (CONH), 155 76 (COOCHs), 134 45-127 32 (Ph), 
l 11 25 (CN), 66 74 (CH2Ph), 53 85 (OCH3),49 30 (CHo), 
19 88 (CHzCN) FAB mass spectrum ( m-mtrobenzylalcohol 
as matrix) m/e 1051 (10%, trans-[Pt(CF~)tZ-Ala(CN)- 
OMe}(PPh3)2] +),  719 (30%, [Pt(PPh3)z] +) 

2 3. Reaction oftrans-lPt(CF~){Z-Ala(CN)- 
OCH~}(PPh~)~][BF4] with CICHzCHzO- 

CICH2CH2OH (3 0 ml, 45 mmol) and a 1 6 M n-hexane 
solutmn of n-BuLl (3.1 ml, 4 96 mmol) were dissolved 
in 200 ml of THF Trans-[Pt(CF3){Z-AIa(CN)-OCH3}- 
(PPh3)~] [ BFa] (5.64 g. 4 96 mmol) was then added and the 
uncolored solution turned yellow. The r:acfion proceeded for 
23 h at room temperature and a white precipitate formed. An 
IR spectrum of the reaction rmxture showed the disappear- 
ance of the CN absorption at 2310 c m - t  of the coordinated 
mtrde group, while a C=N absorplaon at 1638 cm '- 
appeared "[he white precipitate was collected oy filtration 
and identified as trans-[Pt(CF3)Cl(PPh3)2] [6c] (2 86 g, 
3.47 mmol; yield 70%). Adthtion of 50 ml of diethyl ether 
to the filtrate solution gave a white precipitate (0 740 g) IR 
(KBr, cm t): v(NH) 3414, v (C=O)  1708, v (C=N)  1656, 
B(NH) 1525, v (C~2-O)  1192, vfO--C-C) 1066, ~,(cis- 
PPh3PtPPh3) 547 ~H NMR (CDzCIz, 400 MHz). ~ 6 6 (br, 
NH), 6 0 (br, NH),  5.09 (s, CH2Ph), 4 47 (m, CH~), 3.72 
(s, OCH3), 3 60 (s, OCH3), 3.58 (s, OCH3), 2.92 (m, 
flCH2), 2 7 7  and 273  (m, NCH2), ~5(OCH2) masked 
13C{tH} NMR (CDCI3): 8 172.94 (br, C=O) ,  172.31 (br, 
C=O),  156 77 (br, C=O) ,  68 06, 67 54, 67 38, 67 20 (br, 
CHEPh and OCH: ), 51.52, 50 51, 50.27 (hr. CH and NCH 2), 
~(OCH3) masked by CD:CI 2, 19.90 (br, CH2CN ) FAB 
mass spectrum (glycerol/CHaCOOH as matrix) m/e 457 
(5%, [Pt(PPh3)]+) ,  306 (8%, Z-Ala(2-oxazolinyl)- 
OCH3), 262 ( 15%, Z-AIa(CN)-OCH~ ). MALDI mass spec- 
trum (2,5-dthydroxybenzolc acid as matrix) m/e 719 
([Pt(PPh3)2] +),  758 ([Pt(PPh3)2] + + K + ) ,  873 
([Pt(PPh3)2] + by addition of the matrix), 1095 (trans- 
[Pt(CF3) {Z-Ala(2-oxazohnyl)-OCH3 } (PPh3)z] + ), 1249 
( trans- [ Pt ( CF3 ) { Z-AIa ( 2-oxazolmyl ) -OCH 3 } ( PPh 3 ) 2 ] + 
by addition of the matrix ) 

3. Resulfs and discussion 

3 1 Synthes~s and coordination reactions of the mtrde 
hgands Z-AIa( CN)-OH and Z-AIa( CN)-OCH~ 

Z-Asn-OH was dehydrated using N,N-thc)clohexylcar- 
bo&lmlde (Scheme 1 ) as already described [9] Estenfica- 
tlon of Z-AIa(CN)-OH ( l a )  was actueved by using 
&azomethane [ 10] and the resulting Z-Ala(CN)-OCH3 
( ib )  was purified by MPLC 

l a  and l b  were also characterized by IR and ~H NMR (see 
Sectaon 2) A small amount of the starang reagent (Z-Asn- 
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OH) was stall present m the final product of dehydration l a  
The contaminant could not be separated either by changang 
reacUon condmons or by recrystalhzaUon [ 14]. 

The reaction of l a  with trans-[Pt(CF3)Br(PPh3)2] was 
carried out according to Scheme 2. The products of this reac- 
tlon &d not show the presence of any Pt(II)-coordmated 
mtrile as evidenced by the lack in the IR spectrum of the CN 
absorption at higher wavenumbers compared to the free 
hgand [ 6] Furthermore, the 3tp{ l H }NMR spectrum &d not 
show the quartet due to the coupling of the phosphorus atoms 
with the three eqmvalent fluorine atoms of the -CF 3 group 
The absence of the trifluoromethyl group in the final products 
can be tentahvely explained by a possible reacUon of the C -  
F bonds with the ~2OOH group of Z-Ala(CN)-OH, as pre- 
viously observed for other reactions in which the Pt(tI)-CF3 
group readily undergoes electrophdic attack by protlc or 
Lewlsactds [15] Thlspossthlereactlon betweenthe tfifluo- 
romethy! group of the complex and the earboxyhc group of 
the amino acid led us to examine the reacUon of  Z-Ala(CN)- 
OH wit~ KzPtCI4, but also m this case there was no evidence 
of mtrile coordination, while reductaon of Pt(H) to Pt(O) was 
observed, posslbty due to the interaction of  the carboxyhc 
group with the metallic center, as repor'_ed for similar reac- 
tions with weak acids like alcohols [ 16]. 

in order to avoid these side reactions, the carboxyhc group 
was protected by es)enficaUon with diazomethane [ 10]. Z- 
AIa(CN)-OCHa ( l b )  was observed to rea&ly coordinate to 
Pt(II) according to Scheme 3 Complex 3 was obtained m 

c ~  
Z-NnCH~O011 + + 

~s  

Z-NHCHCOOC-N~ * N2 
lb 

Scheme I 

/P~3 Ctt3zh [ /PPh~ ] 

P~h, 3 PPh3 

i / 

Scheme 2 

] pPh~ 
| BF4 CF3-~ P1- Br I 

PPh~ J 
c~ 

Rr z ~ o o o ~  
) 

peas ~IZ 

Scheme 3 
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90% yield, together with a small amount of free mtrile, as 
confirmed by the presence of v(CN) =2255 cm-  l The IR 
spectrum showed the presence of v(CN) of the coordinated 
nltnle at 2310 cm -~ The value Av=v(CN)~,,,,~d- 
v(CN)r,~,,=55 cm-J m&cates that It would be st~sceptlble 
to nucleophIlic attack [ 17] The trans geometry of 3 was 
confirmed by the presence of a quartet in the -~'P{ IH} NMR 
spectrum [3 20 0, ~J(PPt) 2882 6, 3j(PF) 205].  The ~PF 
NMR spectrum showed a triplet due to the coupling of the 
fluorine atoms w~th the two equivalent phosphorus atoms at 
6 - 51  37 [3j(PF) 20 5 ] with two satellites [2J(PtF) 725] 
The IH NMR spectrum (see Section 2) of the coordinated 
nltnle showed that the proton signals were shifted to higher 
field with respect to the free hgaud, except for the NH reso- 
nance 

As observed for 18. also the reaction of lb  with K2PtCI4 
gave the reduction of Pt(II) to Pt(0) with no evidence of 
nitrile coordination A plausible explanation stems from the 
initial hydrolysis of the ~OOCH3 group of lb by HzO to 
give la, which then makes the reaction proceed as described 
earlier. 

32 Reactlon of trans-[Pt(CFs){Z-Ala( CN)- 
OCH~}(PPhs)z][BF J with CICH2CH20- 

The conversion of a coordinated nitnle to 2-oxazohne was 
previously investigated with catlomc Pt(H) complexes of the 
type trans-[Pt(R') (NCR) (PPh3)2] [BF4] (R' = CF3, CHs, 
H, R=vmious alkyls and aryls) These complexes react 
under very mild con&tlons with 1 eqmv of -OCHzCH2C1, 
obtained trom HOCH2CHzCI ,and n-BuLi, which initially 
attacks the mtrde carbon Subsequent mum~olecular cych- 
zatton through nucleophIlic attack of the lmmo mtTogen to 
the -CH,CI  group affords the oxazohne ring The C1- ion 
then attacks the metal affording free oxazolme an(/ trans- 
[Pt(R') (C!) (PPh3)2] Th~s procedure appears to offer sev- 
eral advantages in comparison with other methods, often 
requiring more drastic conditions [4]. and was thus applied 
to complex 3 as illustrated in Scheme 4 

The reaction could proceed via route ( a ) involving a direct 
cychzation process of the mtrlle hgand by 2-chloroethoxlde 

cr¢~ r#-- s~cc~cn BV~ [-"L L,! 

CF~-~pI--N~C~o ~ F  L'~F}-B--N "COOC~d) BF4 

o,,,r~ ~" 

Scheme 4 

or via route (b) through the initial formation of the open 
hgand I, which then affords the oxazolme ring in the presence 
of a base Both routes have been independently evidenced in 
previous experiments [6] Whatever was the reaction path- 
way, the formation of a white precipitate of trans- 
[Pt(CF3)CI(PPh3)2] in 70% yield confirmed the occurrence 
of the cychzatlon process of the mtrlle llgand [6c]. An IR 
spectrum of the solution showed the disappearance of the 
absorption of the coordinated mtrde at 2310 cm-1 and the 
appearance of a new absorption at 1638 cm - ~, which could 
be assigned to a C=N stretching, hkely due to the oxazohne 
hgand as observed earlier [6c] The solution, taken to dry- 
ness, gave a solid residue, whose 1H NMR spectrum was very 
complicated, owing to the complexity of the oxazollne hgand 
itself as well as to the possible presence of some intermediates 
like I and II, which are known to be formed In these types of 
reactions and have been previously Isolated and characterized 
[6] However, in the range 62 5-3 5 two broad triplets were 
observed, partially overlapping m m  the ~-CI-I 2- protons. 
which could be assigned to the -NCHz protons [6 2 73 and 
2 77, 3j(H/-I) 9 4] of the oxazolme The resonance of 
the ~OCH2 group of the ring was masked by those of the 
-OCI-I3 moieties, centered at (5 3 5, of products contained in 
the mixture and the ~ H 2 P h  protons appeared as a smgle 
resonance at 6 5.1 

A~coid..g tc previous results [6c], the signals at 6 68 06 
and 51 52 in the 13C NMR spectrum of the reaction products 
were a~slgned to the -OCH 2- and -NCH2- groups, respec- 
tively, of the oxazohne nng 

The crude residue was also analyzed by mass spectrometry 
The FAB mass spectrum showed the presence of ions with 
m/e = 306 that could be attributed to the free oxazohne The 
MALDI mass spectrum showed strong signals at m/e  = 1095 
and m/e = 1249, the former was assigned to the cation of 
complex H while the latter was due to the cation of complex 
I! by addition of the matrix 2,5-dlhydroxybenzolc acid r 13 ] 

Attempt~ to separate the coraponenls of the residue by 
fractional crystaihzatlon or by hquld chromatog,-aphy 
(MPLC, HPLC) failed In pa~icular, the various fractions 
obtained using different chromatographic techniques always 
showed the presence of a mixture of products, as evidenced 
by the complexity of the ~H NMR spectra In which the appear- 
ance of new multlplets indicated that the oxazolme ring wzs 
not stable in the chromatographic conditions applied In par- 
tJcular, after MPLC chromatography, we observed a triplet 
at ,'5 3.60 [31(HH.~ 5 5] that could be assigned to an 
-NCH 2- group and a triplet at 8 4 33 (SJ(HH) 5 5) that 
could be due to an --OCH2- group [SJ(HH) 5 5] The 
observed value of 3J(HH) is typical of opened forms, while 
higher values ( ~ 9-10 Hz) are reported for cyclic structures 
[61 

The low stability of the oxazolme ring is supported also 
by the fact that 2-methyl-A2-oxazohne (a commercially 
available product), chromatographed (MPLC, HPLC) m the 
same conditions used for 7:, undergoes ring cleavage as evi- 
denced by the ~H NMR data of the eluate, which indicate the 
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p r e s e n c e  o f  f o u r  c o m p o u n d s  c o n t a i n i n g  the  C = O  g r o u p .  T w o  

o f  these  w e r e  i den t i f i ed  as  C H 3 ( C O ) N H C H 2 C H 2 O H  a n d  

C H 3 ( C O ) N H C H 2 C H 2 O C H 3  [ 18] ,  w h d e  n o  o t h e r  r e s o n a n c e  

c o u l d  b e  a s s i g n e d  to the  o x a z o h n e  
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