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Photochemistry of Dehydrodipeptides Related to @-Lactam Antibiotics t 
By Prabir K. Sen, Christopher J. Veal, and Douglas W. Young,' School of Molecular Sciences, University of 

Sussex, Falmer, Brighton BN1 9QJ 

The photochemistry of a series of P-thioacrylamides has been investigated. The acyclic compounds (9)-(12) 
undergo cis-trans isomerisation and cyclisation to oxazoles such as (1 3) and (21 ). The cyclic P-thioacrylamide 
(23) undergoes a x2s + x2s cycloaddition reaction to give the interesting tricyclic p-lactam (29). 

SYNTHESIS of (3-lactams related to the antibiotics peni- 
cillin (1)  and and cephalosporin ( 2 )  has excited con- 
siderable interest in recent years and many synthetic 
methods have been employed to this end. One method 
yet to be applied as the key (3-lactam-forming step in a 
total synthesis is the electrocyclic reaction (3) - (4) - ( 5 ) .  Chapman and Adams have reported that 
photolysis of the acrylamides (6) results in a stereo- 
specific cyclisation to the cis-disubstituted p-lactams (8). 
Since there will be a contribution from the resonance 
form (7) to the structure of the amide (6), it is possible to 
view this reaction as an analogy for the electrocyclic 
reaction (3) - (5 ) .  We have prepared a series of com- 
pounds (I)), (lo), ( l l ) ,  and (12) by total stereospecific 
synthesis and so we were well-placed to examine the 
possible synthesis of p-lactam antibiotics by the electro- 
cyclic reaction (3) + (5). 

RESULTS A N D  DISCUSSION 

When the (2)-acrylamide (9) was photolysed using a 
Hanovia 125-11 medium-pressure lamp at  A > 250 nm 
in pyridine for 24 h, a red oil was obtained which could be 
purified by preparative t.1.c. In addition to the start- 
ing acrylamide (9), the (E)-isomer (10) was obtained in 
14% yield together with a compound C1,H1,N,O4, m.p. 
106 "C, in 1306 yield. This compound had a l H  n.m.r. 
spectrum which exhibited, in addition to resonances 
typical of the benzyl and methyl dehydrovalinate 
moieties, a sharp aromatic singlet a t  T 1.88 and an NH 
proton at  T 1.95. The i.r. spectrum exhibited ester and 
amide absorptions and the absorption associated with the 
cliromophore in the starting thioacrylamide was no 
longer present in the U.V.  spectrum. These data were 
consistent with the oxazole structure (13) for the photo- 
product. This would arise by attack of the oxygen of 
the plienylacetamido-side-chain on the acrylamide fol- 
lowed by elimination of methanethiol. Similar results 
were obtained when the (E)-isomer (10) was photolysed 
under the same conditions. 

An independent synthesis of the oxazole (13) was 
undertaken to verify its structure Since treatment of 
the thiazoline-p-lactam (14) with trifluoroacetic acid had 
yielded the.thiazole (15),5 we were curious to see whether 
the oxazoline-p-lactam (16) would yield the desired 
oxazole (13) when treated in the same way. The 
oxazoline-(3-lactam (16) was therefore dissolved in CF,- 

t Aspects of this work have been reported as preliminary 
communications in references 1 and 2. 

CO,H and the ensuing reaction was followed using 1H 
n.m.r. spectroscopy. An intermediate formed which 
reached its maximum concentration after 10-15 min. 
Starting material had been consumed after 5 h and after 
32 h a more stable product could be isolated. This had 
a parent ion, m/e 314, in the mass spectrum and an i.r. 
band a t  1760 cm-l suggested an oxazolone structure. 
The U.V. absorption at  Anlas, 329 nm, shifting to 335 nm in 
base, was in keeping with the oxazolone structure (17) 
and the lH n.m.r. spectrum suggested that only one of 
the two possible geometric isomers was present. Since 
the (E)-isomer shown would be expected to be the 
thermodynamically more stable isomer due to the intra- 
molecular hydrogen bond, it would seem the more 
likely product. Verification of the structure (17) was 
obtained by independent synthesis by condensation of 
the osazolone (18) 8 with methyl dehydrovalinate. U'e 
were interested to discover the identity of the inter- 
mediate in the reaction of CF,CO,H with the oxazoline- 
p-lactam (16), and isolated this as an impure unstable 
product after a reaction time of 13 min. The spectra 
were in keeping with the formulation of this conipound 
as (19; R = C0,Me) and a similar product (19; R = 11) 
from a similar reaction was reported after completion of 
our work.1° 

We were eventually able to achieve an independent 
synthesis of the oxazole photoproduct (13) by reacting 
the aldehyde (20) l1 with thionyl chloride. 

When the oxazolone (1 1) was photolysed in pyridine, 
a compound C1,Hl4N2O3 was obtained in 23% yield. The 
spectra of the product indicated that a similar reaction 
had occurred to that found with the amides (9) and (10). 
Thus although we now had a compound more analogous 
to (3) in which the third conjugated x-bond was con- 
strained to be away from the diene system, we had still 
observed participation of the side-chain to yield the pro- 
duct (21). The structure of this compound was verified 
by treatment of the compound with methanolic NaOH 
when the product (13) was obtained. 

Since photolysis of the compounds (9), (lo), and (11)  
had resulted in participation of the side-chain amide, we 
investigated the photolysis of the phthalimido-derivative 
(22).* No reaction was observed when a medium- 
pressure lamp was used, but use of a high-pressure lamp 
resulted in rearrangement of the (E)-isomer to the (2)- 
isomer. $ 

We now felt that if we were to achieve our original 
1 The experimental for this reaction was reported in reference 4. 
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goal we should not only have to use a substrate for the 
photochemical reaction in which the side-chain could 
not interfere with the acrylamide moiety, but also one 
which had a double bond which would be stable to 
isomerisation. The dipeptide (23) seemed admirable, 
since not only did i t  have both of these qualities but we 
felt that if i t  were to cyclise in the desired manner, the 
stereochemistry in the resultant p-lactam (24) would be 
cis as found in natural p-lactam antibiotics for both 
kinetic 3 and thermodynamic reasons, the resultant 5/4 
ring system preferring to be cis-fused. 

The dipeptide (23) was prepared by first hydrolysing 
the methyl ester (25; R = OMe) l2 to the acid (25; R = 
OH). This acid readily formed a mixed anhydride using 
ethyl chloroformate and this reacted with aniline to  yield 

the anilide (25; R = NHPh) and with methyl dehydro- 
valinate to yield the dipeptide (23). When the dipep- 
tide (23) was photolysed, a band at  1780 cm-l became 
apparent in the i.r. spectrum of aliquots from the re- 
action. This was present in the crude product but 
proved very ephemeral on attempted purification. The 
major product of the photochemical reaction, C,,H1,- 
N20,S, lacked the characteristic chromophore of the 
dipeptide in the U.V. and a CH, group replaced the 
formyl and olefinic protons in the lH n.m.r. spectrum. 
The product was therefore concluded to be the imine 
(26), formed by photochemical deformylation, and it was 
prepared independently by alkaline hydrolysis of the 
dipeptide (23) in an attempt to hydrolyse the ester 
function. The structure of the imine was verified by 
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able NH proton at 'c 3.02. These data suggested two 
structures (28) and (29) for the product. The i.r. 
absorption was more in keeping with the p-lactam 

treating i t  with formic acetic anhydride when the di- 
peptide (23) was obtained. I t  was found that alkaline 
hydrolysis of the anilide (25; R = NHPli) also resulted 
in deformylation to the imine (27). 
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I t  eventually proved possible to purify the unstable 
material responsible for the band a t  v,,,. 1780 cm-l in 
the i.r. by t.1.c. on silica plates which had been deacti- 
vated by exposure to the atmosphere for 48 h. After a 
preliminary separation, an eluant containing a small 
amount of 0 . 1 ~  aqueous ammonium acetate gave the 
pure product which could be crystallised from ether- 
light petroleum. The product C,,H,,N,O,S, m.p. 148- 
150 "C, had only end absorption in the U.V. and the l H  
n.m.r. spectrum showed the presence of four singlet C- 
methyls, one methoxyl, and one formyl group. The 
olefinic proton in the starting dipeptide had been re- 
placed by a singlet at  T 6.1 and there was an exchange- 

(23) 

Me Me 
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structure (29),13 models for the alternative formulation 
(28) having an amide carbonyl absorption a t  1745 
cm111.14 Ions at  m/e 270 ( M +  - CO) and 255 ( M +  - 
CONH) were also in accord13 with the mass spectral 
fragmentation of other P-lactam compounds. 
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The product of the photochemical reaction is evi- 
dently the result of a photochemical x2s + x2s cyclo- 
addition reaction of the diene system rather than of the 
alternative electrocyclic reaction which would have given 
the p-lactam (24). Photolysis of pyridones has long been 
known l5 to yield p-lactams fused to cyclobutenes and it 
is possible to view the peptide (23) as a seco-pyridone. 
The reaction might then be regarded as a special case of 
the general reaction of pyridones. 

EXPERIMENTAL 

M.p.s were determined with a Kofler hot-stage apparatus. 
1.r. spectra were recorded on Perkin-Elmer 237 and 257 
instruments, and U.V. spectra on a Unicam SP800 spectro- 
photometer. N.m.r. spectra were recorded with a Varian 
T60 or HA100 or Perkin-Elmer R32 instrument. 

Electron impact mass spectra were run on Hitachi 
RMU-6, or AEI MS9 and MS30 instruments by Mr A. 
Greenway and the field-desorption mass spectrum was run 
by Dr D. Games, University College, Cardiff. Photo- 
chemical experiments were conducted using a Hanovia 1- 
1 photochemical reactor with a suitably modified outer flask 
for smaller scale work. T.1.c. was carried out with Kiesel- 
gel G (Merck) in 0.25-mm layers for analytical work and 
0.75-mm layers for preparative work. The compound (29) 
was finally purified using commercial plates (Merck F24 No. 
5715). Microanalyses were performed by Mr and Mrs A. G. 
Olney. 

Photolysis of Methy l  (2)-N-Phenylacetyl-S-methyldehydro- 
cysteinyldehydrovalinate (9) .-The acrylamide (9) (1 75 mg, 
0.48 mmol) was dissolved in dry pyridine (550 ml) and the 
solution was degassed by freeze-thawing followed by passage 
of nitrogen for 12 h. The solution was photolysed for 24 h. 
under nitrogen using a 125-W medium-pressure lamp con- 
structed of M84 quartz. When the absorption a t  A 285 nm 
remained constant, the solvent was removed in VUGUO to 
yield a red oil which was purified by preparative t.1.c. 
[SiO,; EtOAc-CHCI, (1  : l)]. A fraction, RE' 0.14, (60 mg, 

34%) proved to be starting material. A second fraction, 
RF 0.23, (24 mg, la%), m.p. 127-130 OC, had spectra 
identical to those of an authentic sample of the E-isomer 

The third fraction of lip 0.5, the oxazole (13), was 
recrystallised from benzene-light petroleum as a white 
solid (20 mg, 13%), 1n.p. 106 "C (Found: C, 65.2; H, 5.9; 
N, 8.9. C,,H18N,04 requires C, 65.0; H, 5.7; N, 8.9%); 
m / e  314 ( M ' ) ;  vmax. (CHCI,) 3 370 (NH), 1 720 (ester), and 
1 675 cm-l (amide); T (CDC1,) 8.10 (3 H, s, MeC=), 7.79 (3 H, 
s, MeC=), 6.25 (3 H, s, OMe), 5.87 (2 H, s, PhCH,), 2.68 ( 5  H, 
s, aromatics), 1.95 (1  H, br s, NH), and 1.88 (1 H, s, oxazole 

Reaction of Methyl 2- (3-Benzy1-7-oxo-4-oxa-2,6-diaza- 
bicyclo[3,2,0] hept-2-en-6-yl)-3-methylbut-2-enoate (16) with 
Trzfluoroacetzc Acid.-(a) For 32 h. The p-lactam-oxa- 
azoline (16) (20 mg; 0.064 mmol) was dissolved in CF,CO,H 
(0.5 ml) and the solution was left a t  room temperature for 32 
h in an n.m.r. tube. When reaction was judged to  be com- 
plete, chloroform (50 ml) was added and the organic solution 
was washed with saturated aqueous sodium hydrogen- 
carbonate and water, and dried (MgSO,). The solvent was 
removed in uacuo to leave the oxazolone (17) as a pure oily 
compound (15 mg; 75%); m/e 314 ( M + ) ;  v,,,. (CHC1,) 
3 360 (NH), 1 760 (sh), and 1 715 cni-l (oxazolone and ester) ; 
T (CDC1,) 8.10 (3 H, s, MeC=), 7.89 (3 H, s, MeC=), 6.28 (3 H, 
s, OMe), 6.23 (2 H, s, PhCH,), and 2.67-3.03 (ca. 6 H, m, 
aromatics and olefinics) ; A,%,. (MeOH) 329 nm; Amax. (OH-) 
335 nm;  A,,,. (H') end absorption only. 

When the reaction was repeated as above 
but worked up after 13 min, a 1 : 1 mixture of starting 
material and an  unstable new compound were obtained. 
The new compound showed in addition to the benzyl and 
methyl dehydrovalinate signals in the lH n.m.r. spectrum 
(CDCl,) a singlet a t  T 3.62 and a doublet ( J  8 Hz) a t  T 5.14, 
In  the unstable compound (19; R = H)  bands a t  T 

(CF,CO,H) 3.7 (d, J 1 Hz) and 5.5 (dd, J 7 and 1 Hz) for 
H-4 and H-3 were in keeping with the formulation of our 
intermediate as (19; R = C0,Me). 

Independent Synthesis of the Oxazolone (17) .-2-Benzyl-4- 
ethoxymethylene-5-oxazolone (18) (135 nig, 0.49 mmol) was 
dissolved in dry toluene ( 5  ml) and a solution of freshly pre- 
pared methyl dehydrovalinate l1 1100 mg, 0.78 mmol) in dry 
toluene (5  ml) was added and the mixture stirred a t  room 
temperature for 24 h. The solvent was removed in vacuo 
to yield an oil which was purified by preparative t.1.c. 
[SiO,; EtOAc-CHCl, ( 1  : l)]. A fraction, RF 0.6, (20 mg, 
13%) was a pale yellow oil with spectra which were identical 
to those of the oxazolone (17)  prepared above. 

Independent Synthesis of the Oxazole (13) .-Freshly pre- 
pared methyl benzylpenaldyldehydrovalinate (20) l1 (500 
mg, 1.5 mmol) was dissolved in dry re-distilled thionyl 
chloride (15 ml) and the solution was left overnight at room 
temperature. The solvent was removed in vucuo t o  yield 
an oil which was purified by preparative t.1.c. [SiO,; EtOAc- 
CHCI, ( 1  : l)] yielding an oil (40 mg, 8.5%) with 'H n.m.r. 
and i.r. spectra which were identical to those of the product 
(13) from the photolytic reaction except for minor peaks due 
to impurity. The two samples had identical t.1.c. pro- 
perties. 

Photolysis of the Oxazolone ( 1  1) .-The oxazolone ( 1  1) * 
(150 mg, 0.46 mmol) was dissolved in dry pyridine (550 ml) 
and the solution was degassed by the method of freeze-thaw. 
Nitrogen was passed through the solution for 12 h and 
photolysis was performed using a Hanovia 125-W medium- 
pressure lamp in conjunction with a Pyrex filter for 4 h 

HI. 

(b) For 13 min. 
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under nitrogen. The solvent was removed in vacuo t o  yield 
a red oil which was purified by preparative t.1.c. [SiO,; 
EtOAc-CHC1, (1 : l)] .  A fraction, RF 0.6, the oxazole (21), 
was crystallised from ether (30 mg, 23y0), 1n.p. 122 "C, 
(Found: C, 68.0; H ,  5.3; N, 9.85%. C1,H1,N,O, re- 
quires C, 68.1; H, 5.0; N,  9.9"/b); m / e  282 (AVl+) ;  A,,,. 
(MeOH) 275 (sh), 289 (sh), 297 and 309 (sh) nm (log E 3.81, 
3.97, 4.0, and 3.88) ; v,,,,~. (CHC1,) 1 815 (sh) and 1 780 cn-' 
(oxazolone); 7 (CDCl,), 7.74 (3 H, s, MeC=), 7.70 (3 H, S ,  

hIeC=), 5.90 (2 H, s, PhCH,) 2.77 (5 H, s, aromatic), and 2.0 
(1 H ,  s, oxazole H).  

Alethanolysis  of the Oxazolone (21) .-The above product 
(10 mg, 0.035 mmol) was dissolved in 1~ metlianolic sodium 
hydroxide (5 nil) and left a t  room temperature for 10 min, 
when the U.V.  absorption due to the chromophore in the 
starting material had disappeared. The mixture was 
diluted with chloroform (20 ml), washed with water, and 
dried (MgSO,). Removal of the solvent in vacuo gave an 
oil which crystallised from cyclohesane (10 mg, 91%), m.p. 
104-105 "C. This conipound had spectra identical t o  those 
of the ester (13), obtained from photolysis of the acryl- 
miide (9).  

2,2-D irnet~iy~-3-fornz~~1-4-t~iiazoli~ae-4-carboxy~ic A cid (25 ; 
li = OH). -~M Aqueous sodium hydroxide (18.9 ml, 
0.018 9 mol) was added to a solution of methyl 2,2-dirnethyl- 
:~-forniyl-4-tliiazoline-4-carbosylste (25; R = Olle) l2 (3.8 
g, 0.018 9 mol) in methanol (100 ml) and the solution was 
left a t  room temperature overnight. The solvent was 
removed in ' I IUCUU and the residue was dissolved in water and 
estractetl with cliloroform. The aqueous layers were 
xitlifietl with 1 M aqueous hydrochloric acid and extracted 
witli chloroform. These later extracts were clried (R'IgSO,) 
and the solvent removed in vacuo t o  give a solid which was 
recr~~stallisecl from etlier-pentane (2.65 g ;  75%), m.y. 

S requires C, 44.9; H, 4.8; N,  7.50/,); m / e  187 (i l l t) ;  Amnx. 
(MeOH) 278 (sh) and 315 nm (log E 3.62 and 3.88); v , , , ~ ~ ~ ,  
(CHCL,,) 3 200-2 500 (C0,H) and 1 700 cm-l (acid); T 
(CIlC1,) 7.99 (6 H, s, Me,), 2.88 (1 H, s, olefinic), 1.6 (1 H, br, 
CO,H, exchanges with ,H,O), and 0.18 (1 H, s, CHO). 

2,2- IIimethyl-:3- fuvmjlZ-4-thiazol i ne-4-carboxanilide 
I i  :L XHPli).-Tlie acid (25; I< = OH) (800 mg, 4.3 mmol) 
was dissolved in dry acetonitrile ( 100 ml). Trietliylamine 
(redistilled, 0.6 nil; 4.3 mmol) was added and the solution 
was cooled to -- 35 "C. Ethyl chloroformate (redistilled, 
0.41 ml, 4.3 mmol) was added and the mixture was stirred 
at -35 "C for 5 11. Aniline (redistilled, 0.5 g, 5.4 mmol) was 
added and stirring was continued a t  -35 "C for a further 
2 h. The solution was allowed to warm to room temperature 
overnight, chloroform was added and the mixture was 
waslied with 0.5 M aqueous hydrochloric acid, saturated 
aqucous sodium hydrogencarbonate, and water, and dried 
(hlgS0,). Removal of the solvent in V ~ C Z C O  gave a product 
wliicli was purified by preparative t.1.c. [SiO,; EtOAc- 
CHCl, (1 : l ) ]  to give a solid, RF Q.6, which was recrystallised 
from ether-pentane (500 nig, 45%), n1.p. 128 "C (Found: C, 
59.3, H ,  5.2;  X, 10.5. C,,H,,S,O,S requires C, 59.5; H, 
5.4; N, 10.70/); m / e  262 ( M ' ) ;  Amax. (XTeOH) 267 and 315 
nni (log E 4.08 and 3.99) : v ~ , : , ~ .  (CHC1,) 3 410 (NH) and 1 670 
c11i-l (amide); T (CDC1,) 8.02 (6  H ,  s, Me,), 3.26 (1 H, s, 
olefinic), 2.5 ( 5  H,  br m, aromatic), and 1.34 (1 H ,  s, CHO). 

T h e  Dipept ide  (23) .-Triethylamine (redistilled, 1.19 ml, 
8.5 mmol) was added to a solution of 2,2-dimethyl-3-formyl- 
4-thiazoline-4-carboxylic acid ( 2 5 ;  R = OH) (1.6 g, 8.5 
mmol) in dry chloroforni (30 ml) and dry toluene (70 ml). 

13-133 "C, (I'ou~itl: C,  44.95; H, 5.0; N, 7.3. C,H,XO,- 

(25 ; 

The solution was cooled to  -50 'C, ethyl chloroformate 
(redistilled, 0.81 ml, 8.5 mmol) was added, and the mixture 
stirred for 3 h a t  -50 "C. Freshly prepared methyl 
dehydrovalinate (1.3 g, 10 mmol) in dry chloroform (30 
nil) was added slowly and the mixture was stirred for a 
further 3 h at -50 "C and 1 h a t  -30 "C. The solution 
was allowed to warm to room temperature overnight, and 
chloroform (100 ml) was added. The organic solution was 
washed with 0 . 5 ~  aqueous hydrochloric acid, saturated 
aqueous sodium hydrogencarbonate, and water, and dried 
(MgSO,). The solvent was removed in VUCUO to yield a 
brown oil which was purified by preparative t.1.c. [Sio,; 
EtOAc-CHC1, (1 : l)] .  The solid dipept ide (23) was recry- 
stallised from ether-pentane (1.2 g, 470/), n1.p. 110-1 1 1  "C 
(Found: C, 52 2; H,  6.15; N, 9.2. C,,H,,N,O,S requires 
C, 52.3; H, 6.0; K, 9.476) ; I n / e  298 ( I l l+)  ; (MeOH) 265 
(sh) and 310 nm (log E 3.85 and 3.85); vnmX. (CHC1,) 3 400 
(NH) 1 710 (ester) and 1 665 c n - l  (amide); T (CDC1,) 8.11 
(3 H,  s, I"LleC=) 8.01 (6 H, s, Me2), 7.81 (3 H, s, NeC=), 6.24 
(3 H ,  s, OMe), 3.39 (1 H, br s, olefinic), 2.10 (1 H,  br s, NH, 
exchangeable with ,H,O), and 1.3 (1 H ,  s, CHO). The 
starting acid (25; R = OH) (200 mg, ley0) could be re- 
covered from the aqueous sodium hydrogencarbonate 
extract. 

Photoljiszs of the Dipeptitle (23) .-(i) To isolate tlie i m i n e  
(26). The tlipeptide (23) (I00 mg, 0.34 mmol) was dissolved 
in dry redistilled pyritline (500 ml) and degassed by the 
freeze- thaw niethod. Sitrogen was passed through the 
solution for 12 h and the mixture was irradiated for 6 h 
under nitrogen using a Hanovia 125-IV medium-pressure 
mercury arc lamp constructed in M84 quartz. The solvent 
was removed in vaczio to yield an oil n.hich was purified by 
preparative t.1.c. [SiO,; EtOAc-CHC1, (1 : l)] .  A fraction, 
RF 0.45, (14 mg, 15:Ll) had identical properties to a sample of 
tlie imine (26) prepared by hydrolysis as described below. 
A further fractiofi, Rk 0 2 (17 mg) showed a band a t  vmax. 
(CHC1,) ca. 1 775 cni-l, but could not on this occasion be 
purified. 

(ii) To i s o l d e  t h e  p-lactanz (29). Pliotolysis of the di- 
peptide (23) (500 mg, 1.67 mmol) in pyridine (500 ml) was 
carried out as above using a normal Hanovia medium- 
pressure arc tube and ;t Pyrex filter. The lamp was cooled 
by circulating distilled water and photolysis was continued 
for 70 h under nitrogen. After preliminary separation as 
above, the fraction with v,~,',~. (CHCI,) 1 780 cm-l was re- 
chromatographed on commercial plates (Merck 5 7 15, 0.25 
mm) which had been exposed to the atmosphere for 48 h 
before use. The eluant was 1,4-dioxan-light petroleum 
(1 : 1) (100 1111) to which 0.1M aqueous ammonium acetate 
(1.2 ml) liad been added. The pvoduct was recrystallised 
from ether-yentane, m.p. 148-150 "C (30 mg, 6%);  m / e  
field-desorption 298 and 270 ( M +  - CO); m / e  
electron impact 270.104 227 ( l V +  - CO; C,,H,,N,O,S 
requires 270.103 805) and 255 (Lilt - CONH);  vn,ax. (CHC1,) 
1 780 (p-lactam) and 1 725 cni-l; T (CDC1,) 8.74 and 8.72 (6 
H ,  2 x s, ChIe), 8 2 ( 3  H, s ,  CMc), 8.08 ( 3  H, s, CMe) 6 32 
( 3  H ,  s, OXle), G 1 (1 H, s ,  CH), 302  (1 H ,  s, br, NH,  ex- 
changeable with ,H,O), and 1.71 (1 H, s, CHO). 

Hydvolysis of the Dipept ide  (23) .-0. l h i  Aqueous sodium 
hydroxide (1 ml, 0.1 mmol) was added to  a solution of the 
dipeptide (23) (30 mg, 0.1 mmol) in methanol (10 ml). The 
mixture was allowed to stand a t  room temperature for 48 h 
and the solvent was removed in vacuo to yield an oil which 
was dissolved in chloroform (10 ml). The organic solution 
was washed with water and dried (MgSO,) and the solvent 
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removed in vacuo. The product was purified by preparative 
t.1.c. [SiO,; EtOAc-CHCl, (1 : l)] to yield the starting 
dipeptide (10 mg, 33%) and a compound, RF 0.7, the imine 
(26) which could be purified by crystallisation from pentane 
a t  -70 "C (10 mg 37y0), m.p. 48-50 "C; m/e 270.103 005 
(nil'; C,,H,,N,O,S requires 270.103 805) ; vmBx. (CHCI,) 
3 360 (NH), 1 715 (ester), and 1 680 c1n-l (amide) ; T (CDCI,) 
8.26 (6 H, s, Me,C), 8.12 (3 H, s, MeC=), 7.80 (3 H, s, MeC=), 
6.23 (3 H, s, OMe), 5.69 (2 H, s, CH,), and 1.8 (1 H, br, NH). 

Formylation of the Imine (26).-The imine (20 mg, 
0.074 mmol) was dissolved in freshly prepared formic 
acetic anhydride l6 (5 ml) and the solution was left at room 
temperature for 48 h. The solvent was removed in vacuo t o  
yield a solid which was purified by preparative t.1.c. [SiO,; 
EtOAc-CHCl, (1 : l)] followed by crystallisation from 
ether-pentane (15 mg, 68%). The compound m.p. 108- 
110 "C had identical spectra to those of the dipeptide (23) 
prepared above. 

2,2-Dimethyl-3-thiazoZine-4-carboxanilide (27) .-0. l~ 
Aqueous sodium hydroxide (1 ml, 0.1 mmol) was added to a 
solution of 2,2-dimethyl-3-forrnyl-4-thiazoline-4-carbox- 
anilide (26 nig, 0.1 mmol) in methanol (10 inl). The 
solution was left overnight a t  room temperature and 
chloroform (20 ml) was added. The organic solution was 
washed with water and dried (MgSO,). Removal of the 
solvent in v a w o  gave oil which was purified by preparative 
t.1.c. [SiO,; EtOAc-CHCl, (1 : l)]. The fraction of RF 0.8 
was crystallised from pentane a t  - 70 "C (20 mg, 86yO),n1.p. 
98-100 "C (Found: C, 61.15; H, 6.2; N, 11.2%; Mf, 
234.083 368. C,,H,,N,OS requires C, 61.5; H, 6.0; N, 
12.0% ; M ,  234.082 680) ; h,,, (MeOH) 275 nm (log E 3.76) ; 
v,,,. (CHCI,) 3 360 (NH),  and 1 680 c11i-l (amide); T 
(CDC1,) 8.27 (6 H, s, Me,C), 5.67 (2 H, s, SCH,), 2.7 (5 H, br 
m, aromatics) and 1.20 (1 H, br s, NH). 
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