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The work contained in this thesis is concerncd with the chemistry of
dehydro~dioxopiverasines cnd their derivatives.

The litersture on acylirines, related compounds and ncturslly-occurring
dehydroneptides ig revieued.

The oxidation recctions of dioxopiperaszines, dihydropyrazinones and
Cihydropyrzzines hove been invest iga ed znd their limitations exemplified.

The synthesis of a new class of renctive diencnecg, 5—alkoxy—pyrazin—2(1H)—
ones, is described; their potential as biosynthetic »recursors of the fungal
metabolites, brevianamides A and B, is discussed,

The route to several dehydro-dioxopiperazines, via D.D.Q. oxidation of

dihydropyrazinones, is detailed.

A nild methud for the a2ddition of svlphur nucleorhiles across the double

[%N

vonds of dehydro-dioxopiperazines is described. The method involves the direct

- addition of thiols to dehydrocyclodiveptides in the presence of an acid catealyst.
Kinetic control affords the«&k-zddition nroducts =and this process compeles with
2 slower equilibrztion leading to the B-adducts. The method is general.

New oxidations of benzylidene dioxopiperazines resulting in the formation
of o, A-difuncticnclised derivatives are described and & reactive acylinine
intermediate is provosed. Such intermediastes, dihydropyrazin-2,5-diones, have

been isolated snd their reactions studied,
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So, wvhere to now 5t. Peter

If it's %rve I'm in your hends
T may not be a2 Christian

But I've done 211 one man can
I understand I'm on the voad
Where 2ll that was is gone
So, where‘to now St. Peter

Show me vhich road I'm on

Bernie Taupin
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ACYLININES AND DEHYDRCPIPTIDES

PART 1

I

Al Acylimines.,
ALeylimines possess structure (1). Their chemical behaviour is characterised

by their conversion into ~~functionalised amides (2) upon the addition of

nucleophiles HX., Depending on the nature of X, a2cylimines can often be

i.l

//JL\s-_—4<_. ,/j%\\H:::: = ,,JL\‘ -——45;5—
)

0
A=

(1) (2) (3) (

"‘.fs

-

+

regenerated from these odducts by a thermal or bhase induced elimination.
Acylimines bearing primory or secondary alkyl substituents (3) can also undergo'
isomerisaiion to the enamide structure (4).

(i) Prevaration. Aromotic imines (5) can be conveniently acylatedl"T, by acid
chlorides and anhydrides (or ketene7) to the corresponding acylimines (6) in

8,9 and

good yields. The reactions of N~-substituted imines with =cid chlorides

a

anhydrides” have also been investigated. With aromatic aldimines (7), the f-

Ar
\\———H—p RCCC1/nvridine or ., \F*—‘P—COR

/S (rG0) .0 ae
(5) (6)

functionalised amides (8) are nroduced8’9, whilst with 2lkyl aldimines

Ar

pogssessing :./3-hydrogen atom, the initial chloro amide e.g. (9), undergoes

.. . . . . / 10 -
thermal elimination to produce the isomeric enamide {10) . By analogy with

b4
Lr An P2
\;.—-‘“ RYCOT H-goR! X = Cl, CCCR'
— 1T-R RYCCX > H/:>T——- H ’
H/ e R'= Fe, Ph

(7) (8)

¢i1,CH ‘ 1,01 IR CH — c.H
b eleleion g Y3 <~ Vit ~3
g é/\—“__‘:f-o oy AAEE %—1\:/ N N 5 \\~—T 3
i I

L
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these resulds it is possible that the acylation of the free imines initizlly
gives the X~functionalised amide (11) but under the reaction conditions

elimination to {the acylimine readily occurs.

Ar j&1

ir X ecl,
RCO3 s Sy —
(5) L 5 4, AI-O0R EE— >—___zr—cea OCOR
X ;

AT

(11) (6)

The Grignard salts (12) of imines, prepared from a nitrile and a Grignard

4’7’11_14. The intermediate salt thus

reagent, zlso react with acid chlorides
formed is decomposed with ethenol affording the ethoxy derivative {13).

Pyrolysis at 200° followed by disfillation gives the corresponding acylimine,

fxr le’ M DA - i"a.I‘ I{
\ RCCCL ©* | Bt0H g
ArCl + Arlig — /__._H.I»Ig,'{ — ""Iz‘<4 _ %%“"I&‘CGR '[200"
A A - 0] T op hd
A , AT c1 CCR Oht .
(12) L n (13) (6)

A large number of acylimines have been prepared by this method and it appears

to be quite general, The feaction has been applied to ethyl magnesium
13,14

bromide and the ethoxy amides (14) isolsted. On pyrolysis, however,

only the corresponding enamides (15) were vroduced. A comparison of these

Ar I , Ar Ar
DN A \ H
/[—“ R — f——1=ceR —> h-coR

05t 8% ke

(14) " (15)

compounds with some compounds, believed to be acylimines, which were
prepared2’3’4’7 by acylation of aryl alkyl imines shoued them to be identical,
again indicating the instability of 2lkyl acylimines with respect to their

isomeric enamides. A similar, successful route involves the use of the

0
/Y
' Ny~ C00ite  Ie T\C}Ie /%,/\?0
)\c” + Te—-000Zt + Zn —> I/ J —> U\ 7B
" Br = B-ZnBr T
Olle
e e 1| Tlie
COCH cocEt

AN



Reformatsky reaction of cA~brecmoesters with nitrile esters and z1nc15. The
synthesis of the hydroxy isoguinoline (16) exemplifies the reaction.

Two preparations invelwving N-halc ketimires have been published. The
first16 again involves an inine-metal sa2l%. Thus, the N-chloro imine (11
reacts with {trifluorocacetyl bromide in the presence of meiallic mercury

to give the zcylimine (18) in 93¢ yield. A different reaction type is the

. Ig - CP®_.CCBr
i 1 “ 2 = 2 7 K i
(cF,) o=1C1  —5  I(cF,) 0= T-HgC1 E (CPS)ZC__ICCCL3
(17 - (18)

1
light induced reaction of the N-bromo imine (19) with benzaldehyde“7. The

2cylinmine (20) is nroduced in 50% yield presumably by a radical mechonism.

(Ph) C=U-Br + PHOHO S“géim” > (Ph),C=THCOPh

(32 (20)
The formation of cA~-hydroxy amides and 'bis-amides' from aldehydes

: . . . 18 .
and primery amides is 2 well known process  , but there are several exceptions

S
-

"R ICOR?
/’u\\H + HICCRY — \j><</ + HJHCOR! — + 1,0
ji1 COR' H ﬁCOR'

where zn acylimine is formed directly by this reaction. Thus, urethane and

glyoxal give the bis-acylimine (21)19 and thiourea and chlorzl are reported

o _ge1y i 6C1,
(Btocor—cH) i T—CH i}
2 Ve
D.—\\ _OH S 0
| N H——rl
(21) (22) H o1, (23) & ocl,

to give the unusual thiocacylimine (22)20. It might De expected that (22) wouild

readily cyclise %o (23) but this is not the case. In a similar manner chlora1.
21

end bromal rezct with chloroacetamide to give the acylimines (24)°".

100°

CIOM,COMI, + X,0GHO —> L, CCHTNCOCHCI X = €1, Br.

(24)
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lore anomalies are found with aromatic aldehyde322’23’24

e O—y m— and p-
hydroxy benzeldehydes yield acylimines (25) with propionamide, benzamide
and phenylacetomide whereas the corresponding methoxy aldehydes form the

bis—-amides (26). Similarly, 5-chloro and 3,5-dichlorosalicylaldchyde with

o
H .
g S oom / WHGOR
+ RCOVH RN
- 2 : _0@/ - NHGOR
HQ fon Lie0
(25) (26)

heptanamide znd benzamide give only the corresponding acylimineseS.
The use of bis-amides as 2 source of acylimines has been investigated by
Ben~1shai_gi.§;.26’27. Pyrolysis of arylidene bis-aroylamides (27) above

their melting poinits (2500-2800) results in acylimine formationgé. They

ArCH(NHCOAT) , —=2 5 ArCH=ICOAr + ATCOFH,
1ieOH .
( ’ AN, I;{
(27) 200° HCOAT
H ‘Clle (28)

are best stored as the methenol adducts (28) and can be regenerated when

required by heating at 200°% under vacuum. Pyrolysis of Zlkylidene bis-—amides
27

of the type (29), however, resulis in enamide formation®'.

R R

T{ Nt \— TTIT, >
R>L—-CE(1 OR') —_ /.__._cm‘-r‘oa' + R'CONH,,

(22)
Considerzble effort has been directed towards the synthesis of

perfluoro acylimines. The hexafluoro imine (30) (readily prepared from

2

hexafluoro acetone ’“9) can be acyleted with ketenezs, but requires the

presence of boron trifluoride for rsaction to occur. Acylation with zcetic

30

anhydride also requires acid catalysis but in this case the reaciion

— et

I
w Y p—1peer CHE CF —_ Ae 0 —
(C‘"z) SCmTECeT, (2 T (CF3)2C-NH 2 y (ew ) c SIGOGH,
BF3 conec. “2804 OAc
(31) (30) (32)

stops at the acetoxy emide (32) stage. The acylimine (33) has been prepared
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by heating phenyl isocyanate with (30) at 200° for 23 hours=C. Similarly,

o]
200
(30) + PmNGC —m—> (CF )zcr_—z-zcozmm

(33)
hezting benzamide with (30) at 1500--220O affords the benzoylimine (34)31.

However, this reaction could involve formation of an intermediate X-zmino

amide (35) rather than nucleophilic attack by the imine on the amide.

Y.

g2
e
. A —t,
.Y o— GG (cm . [+ oyt 1813551 +
(CF,) C=NH + HNCOPh—3 |(CT3) 0 > (CF,) CIC0PR
NHCOPh H,
(35) = (34) “
The bis-amides {36), prepared by the reaction of perfluorokeiones and
an excess of benzomide, yield acylimines on thermolysis3o’32. A simple
CF2 CF3 THCOPR
,\/: 0 + 2 PhCOMH,— 150 220° ?“WOPn
R 2 R HHCOP:
R = CF, , OHCF, (36)

-

" 'acyl-exchange' reaction involves the treatment of the benzoylimine (34)
with acetamide; subsequent pyrolysis of the mixed bis-amide (37) gives the

2cetiylimine (31)32.

. TICOMe
270 —00te
(CF3)2C:1‘ICCPH +  MeCCIH, —> \053,2 - — > (CF3) CTHOOH
THGOPh
(34) : (37) : + PhOOIT,,

An interesting new development for the preparation of acylimines
involves the use of acyl phosphimines (38). These are readily prepared from
acyl azides and triphenylvhosphine; they react with hexafluorogoetone to

give the corresponding zceylimines under very mild conditions (ether or

benzene at 250)31’32. - )
cF_) . CO
‘7
RCCIT,  + P113P SN Rcozz::PPh3 ______.__5 Rco;::c(m " I’h3 =0
. ether
o5°

R = lie, 3t0, Ph. (28)

A number of workers have reacted perfluoroketones with amides and

carbamates and have isolated the corresponding «-hydroxy amides (39)28’33’34.
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Acylation with trifluoroacetic anhydride gives the ester (40), which, on

base treatment with pyridine or guinoline, affords the acylimine34.
’
R R . R
o 4 EGOR! —> ,1::>r-3§con' (€7,60) 0 :)q————n:coq'
R 2 e Cﬂccn
= ¥, , CCIF (32) (40)
..3 H 2

35-38 have developed syntheses (scheme 1) of

Weygand and coworkers
X ~functionalised amides (41). Subsequent treatment with triethylamine

produces the acylimine. Similarly, the acylimine (43) is formed from the

e

SEt Smt
g 7O / __4< ®.C T -(
BSH/HBr F.C Py. 3 > T
0o ——> 3 NH,.Br —oaons  © NEGCR HIICOR
HOAc , 2 RCOC1
C-q‘ . . - —
E py d (41)
TN——
caer = N e Q\COR
scheme 1 x = ¢1, Br, 50.5% (41) —=—> ho
3

X~chloro amide (44)39 with triethylamine37’4°. (42)

¢1,C c1 B0 el N ey
2 :><i 3 N Pl
H UCONe i

(22) ‘ ' (43)
The equilibrium between acyclic keto-amides (45) and cyclic hydroxy
41,42,43

amides (46) has been the subject of several papers and subsequent

manipulation of the cyclic form might be expected to lead to acylimines of

the type (47). Thus, chlorination of the hydrory phthalimide (48) followed
0 50,
R ;x/”§§t

(45) ‘ /rf(z- J\E/ 7H (

© (46) o < (47)
by treatment with entimony pentachloride gives the isoindolinone salts (ﬁé]%?
: B SBC1, "~
PCC1 SkCl S
— Yy — Nrt_pe
scel, R=H,Ph,tBu.

9]

Similarly, salts have been formed directly from (50)4 241

R*'=H,lle,4t,Ph.
and the hydroxy-
pyrollidone (51)47 by treatment with acid HX. It should be noted that,

although both (52; R=Me) and (53) could isomerise to the corresponding
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enamides, the salts are guite stable in the crystalline otute. However,
N -') D - -

o i X P.CXR
JER¢ H{
B O e
/
¢} 0 =000l

(50) R=H,le,Ph 2) nrad (51) (52) 3F,, C10

, C
dissolution in DS—D.H. +0. effected the isomerisation, as did attenpts to

ol

6
4.

Pt
N

prepzere the free acylimines (R'=H) by neutralisation with base47. Where
enamide formation is not possible (52; R=Ph, R'=H), the acylimine (54) is

produced by neutralisation with triethylamin°4 . Alternatively, (54) has
Ph Ph Ph Cle

or 20n
; (55)

\\Iii;i’:: (56) R=,lie,2t

been prepared by both thermolysis and base treatment of the zcetate (55)47,

by thermolysis of the alkoxy derivatives (56)48 and by thionyl chloride
treatment of the n-butyl ether (57) followed by dlstlllat10n49

ted44’5o’51. The perchlorate

The 2-azzphenalone system has been investiga
salt (583 X=6104) is formed from the hydroxy amide (59) and perchloric 2cid:
Similarly, the hydrochloride (58; X=Cl) is fermed from the methoxy amide

(60) and thionyl chloride’ 50, However, attennts5 to 11bera e the free

acylimine (61) either by neutralisation of (58) or by thermolysis of (60)
0

HC10, T_q _uCCl .
1 |\\T/Lﬁﬂe
(57) (58) x=c10,,01 A (60)

gave a trimer formulated as the s—triazine (62). A series of azaphenalone

salts (63), (64) 2nd (65) has been prevared by the thionyl chloride method” L.

0] .
0]
,'\\ S
.

(61)

c1”

(63) (64) R=H

(65) R=lle
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The phenyl substituted salts, (64) and (65), show decreased reactivity toward

nucleophiles. This is a consequence of both stabilisation of the imine double

51

bond by conjugation with the extraz ring and increased steric hindrance””.

The acylimine (66) is formed by dehydration of the hydroxy amide (67) in
51

refluxing toluene and polymerisation to the s—trizzine does not occur
?

indicating the decrecse in reactivity compared to (61).
C

0 1
e
Ph

(67) (65)

Ben~Ishai has extended the thermolysis reaction to the synthesis of
. 0
the isoquinolone552 (68), (69), (70) and the piperidone4” (71). Again,
attempts to prepare the corresponding acylimines without the phenyl

49,52

substituent resulted in s—~triazine formation

150° \<F0- .
—_— > “
e (68)
Ph
e ‘e Ph ] ]
]<oz-ze 250
T — (62)
i ~
¢
0 b o
. ' .Ph
‘ :tfiLj<:Oﬁe oOClz S [:::I)LIF/ “.
b . T
N distillation N (70)
0 o
Fom e
0
220° ' Y (71)
lio P
lie
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Comparison of the ease of preparation and reactivity towards nucleophiles
of these acylimines with the exitent of conjugation to the imine function
clearly shows the stabilising effect that conjugation has on the system.
The thermal [3,%] sigmatropic Cope rearrangement of gig;vinylcyclo—
propane isocyanates should yield acylimines as products. Thus, an acylimine
intermediate (73) has been proposedBB’54 in the thermal rezrrangement of

(72) to the enamide {74). This has been confirmed?” by the use of the tetra~

15 \o

=~y - - - N F]
('72) (73) - (74)
methyl derivative (75) where enamide formetion is not possible; the scole

product is the acylimine (76). The reaction is reversed on photolysis.

(76)

(75)

The attempted Curtius reaction of the l-benznorcaradiene acylazide (77)

carried out in benzene containing benzyl alcohol resulted, not in the

[
))6. This reaction

expected carbamate (78), but in the o\-benzyloxy amide (79

—phn

o

. COH3 /\/<r‘ mcooczzzph
N c 6}:6/800 | AN /
| ¢ A S @

PhCH ?OZZ

(80)

is readily explained by the Yﬁ,i] Cope rearrangement of the intermediate
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vinyl cyclopropene isocyanzte to the zceylimine (80) which is then trapped by
the benzyl alcokol to give the observed product (79).

(82}58 heve been made by the

(o}

The two uwnusucl acylinmines (81)57

£

n

Rh

rezction of trichloroacetyl iscecyen-te znd the corresponding ketones.

v C

R X =e
T
T
el
v

{82)

(€2) '
The stepwise or concerted formation of = cyeclic interzedicte (83) has been

The thermal isomerisation of N—alkenyl uvreas (from N-zlkenyl isocyanates

and amines) %o their acylinines has been investigeted by Sato59 e.g. (84)=
J LA-AR =54

(85).

U

o) e B
0 N—31

\J

n--Fn i j

SN ‘IC il n=-3u \____?7' ~ e P
// Iy C‘(n - ')2 —'—'—> Z:O/—"uccm‘(ﬂ—.u-l)z

o o)
(84) (85)
zidation of amides can also lead to acylimine formation. For exanmple,
vhotochemical chlorination of the amides (86) gives good yields of the

chloro acylimines (88)60. The intermediacy of the XK-chloro amides (87) is

n? i 7 22
/ o1,
RCCITE T’{ —Is REOIT o1 — RO
r? . i 20
(85) L {en) = (eg)
1 ? I3
a c61, ¥e Ph a GOl Ph
b Ph Me e b CCly cC1
e l . T‘I 5 \r C .
c G C6_5 He e c l5 cC1
2, 5. 7 9
a 2,5-61,.G1T, e a  cCl, cC1,
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690 s . . .
suggested ~, However, similar chlorination of amides where there is no
A-brancning in the alkyl chein, €e5. (89), produces the N-—zcylimide

chlorides (90)60. Other methods for the preparation of the latier class of

c1
o1 /
ROCTITOT s—R! 2 5 RECT— ‘
2 o \\R,
(83) . (£0)
R = CH, , CHCL , CCL,. ' R = CCl,
R'= I, CHy , CECH, , Ph , R'= G1, CC1,, CC1,0C1,, Ph.

60,61

compounds have been described . Related compounds (92) can be prepared,

albeit in relatively low yields, by oxidation of some o{~functionalised

benzemides (91) with thionyl chloride in pyridine at 0° 2,

%
v r “0“12/”v \
Ph~SI-NICCPh Tt ——T KCOPh
£ 0
0 Ph

v

(71) (c2)
“ X=0n , 52 % = COOBt , 18
Lead tetraacetzte has been utilised for the oxidation of amides, Thus
benzoyl glycyl valine oxazolone (93) gives the acylimine (94) on reaction

63

with lead tetraacetate ~. Similar oxazolones give products probhably

Phio /751* . - PRCC-NTTT - Me
L o — K
m\w1/>\\ﬁ:/16 Pb(OAc)A N ; /
- v > N e
(73) Y (50)

e
0] 0 OAc

"
=i

derived from acylimine intermediates on oxidation with lead tetraacetate
or mercury (II) acetate. A further example of this typedis the oxidation
of 3—oxo-2—azabioyclo[§.B.i} rnon-l-ene (95) to the acetate (96) with lead

. 6 .. . . .
$etraccetate in benzene’¥. The acylimine (97) is proposed as an intermediate.

H Pb(CAc)ﬁ
p%::: >
. C
(/3,\) .
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.

N-chloro amides (98) can be prepared with t-butyl hypochlorite 5,

the use of these compounds to generate acylimines by elimination of

66:67‘ The acylimines (%9)

hydrogen chloride has recently been reported
66,67,68

were trapped as their methoxy adducis (100). 6-lethoxy penicillins

and T-methoxy cephalosporins67 have been prepared in this manner.

—— —

/P’h 70001 I Ph LieCH P
ROCIT—R—1 — > Rccf?—<—}z—> szco;::< — RC JIZ—-<—OICe

COC¥e CO0Ie COClle COClile

—

(28) - (29) (100)

The =zcid catalysea photolyses of H-nitrcso-X-amido acids (101) and

N-nitroso amides (102) are reported tc yield acylimines (103) and procducts

derived therefromég’?o.
B
R o R\ _-H
_______> 4;______
_'.\,",’__
“noo/ s '{co RCO/ H=0
(101) _ (103) . (102)

Photolysis of the thiazepines (104) and (106) effects isomerisation

to the acylimines (105) angd (107)71. These compounds are unstable towards

e
= \ﬁge \f R=11,C0CHe
/ hv
T
PROY,C0CY i Phczz coc: i =
ey f"'[ it 2 4 )
J B
(104) 0 (105) PHOT 0O
~ Ie - te]
& ! 2t
/’ ™~ e -——éﬂv lle
PhC,0CC] IR PLOIL 00CT /M=
2k —r 2 :
240 '

heat, acid and base rapidly reverting to the stariing enamides. However,

(107) has a half-life of 100 hours in dilute pentane solution (ca. 2xlo—3H)
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at 25°. The desired cyclisation of (106) to the ﬁB—lactam derivative (108)
did not occur,

Isomerisation of the cnamide azasteroid (109) to the acylimine (110)
can be irduced simply by treatment with hydrogen chloride in chloroformTz.
In this case the steric strain in (103) is great enough to reverse the

normal direction of the isomerisation.

R? R

orel L\//
3 /

RC

A variety of nitrogen heterocycles resemble acylimines in both their
structures and théir chemical reactivity. Examples include pyrimidin-2(1d)~

ones (111)73, pteridenes (112)74 and azaquinones (113) and (114)75.

o TN l /LK%”
v a: | ‘
Ii‘k\é ED \15{%0 N I | k&ﬁ
(111) . (112) | 0 (113) -

(ii) Rezactions. Stabilisation of the amide group by overlap of the nitrogen
lone pair with the TT-sysfem of %he carbonyl group is well established76,
but with acylimines (1) this kind of overlap is not possible due to the

sp2 nature of the nitrogen atom. However, stabilisation can be re-estab-
lished if the residual positi%e charge on the & -carbon atom, derived

from the valenbg bond forms and depicted in (116), can be quenched by an
electron donating species and herein lies the electrophilic nature of

the acylimine double bond. The facile isomerisation 1o enamides, where
¢ ) .

8] o
/|k - ¥_
£ /<_§ /""‘E{V | .

g ™
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possible, is readily explained by the extra stabilisation gained by
overlap of the nitrogen lone pair with the olefinic Tl-system.

Nearly =211 acylimines give X~functionalised amides (2) on addition
of nucleophiles such as alcohols, thiols, cmines, amides, etc. 77. The
reactivilty of the acylimine is affected by its immedizte environment.
Blectron-withdrawing substituents such as carbonyl groups g;g.(70), and
trihalomethyl groups g;g.(34), enhance :eactivi%j and these acylimines

32,52

are very reactive indeed « Cn the other hand, electron-donating

substituents stabilise the electrophilic double bond, consequently the

: (CFB)QG::NCOPh *

(34)

{118}

extensively conjugated zcylimines (117) and (118) react with nucleophiles

with great difficuliy, if at all.7 A comparison of the reaotivity52 of

the differently conjugated acylimine§ (68), {62) and (70) has already

been remarked upon in the prepéra%ion section (vage 15). It has also

been suggested that addition to the imine is facilitated by an aliphatic
rather than aromatic a2cyl group, which is commensurate with the electron-
‘deficient nature of the system. Steric considerations can affect reactivity,

Tor example, the strain factors in the ring system of the azasieroids

12

(102) 2nd (110) favour the acylimine rether than the enamide!“.

In general, acylimines are reduced with scdium borohydride tc the

anides (119)26’35’49’52’55 and undergo high yield alkylations with

11’26935537340

Grignard reagents and organo lithium cqmpounds78 to give

K~-gubstituted amides (120).
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. MoBH, A é~—4{-3 (112) ;/J\\
0
‘\\‘\\T‘ﬁﬁ ,Jl\ﬁf__<%_3 (120) ¢

Highly reactive acylimines combine with olefins in what is formally
1,4~cycloaddition. For example, (121) reacts with isobutylene at high
temperatures (100°) to give the oxazine (122)32. With electron-rich
olefins reaction cccurs émoothly at 250 (121) condensing with enol ethers

. s 2 . .
t0 give similar prcducts (123)3 . Less reactive acylimines ¢éo not react

R'C R CF
CF, H;\ R'=32t,
R
PH MO il
(1i21) R= CF 3, 0,:CF,, « (123)

with simple olefins but addition wrill take place with enamines or enol
ethers. The chloral derivative (43) with -dlmethvl@mino-Z—methylprODene
gives an unstable liquid (124) which then reacts exothermically with

water to form the aldehyde (125)40.
cl

3 - o e
;e T
1 . Hn—(}<gJ0
w e H . e
IeCOx ::::< >:::/ /L\\ 2 5 Fe(QCH \
5 CCL
) T.H.Z. e, 3
4
N (124) (125)

Several acylimines will undergo cyclisation with conjugated dienes.
The zzaquinone (70) reocts with 2,3-dimethyl butadiene to form the cyclo-

adduct (126)52. The oxoisoindole (54) gives a similar product with the same
49

diene. ‘ ‘ 0 .
X-lie y if]:fc
~iTe { - Zant

(10) — At (54) >
227y CgHg 0
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The 5-methoxy hydentoin (128) reccts thermally, presumably via the

intermediate acylimine (129), with a variety of 1,3-dienes affording

)79,

cycloaddition nroducts (130

R Ny R
i . S
Al Y-
o R
{(128) R = Ph, PhCE (129) ' (130)

2
By analogy with the enol ether cycloadditions, perfluoro acylimines

(131) with ketene give 1,4-addition producis (122) in high yields and

o kS
under mild ccnditions.Bo’“g’So Releted zdditions are involved in the
P . R R'  yield %
> ¥e CF3 80
cr., ether i Ph o o1
RCOHZ:< 2 4 CEZCZ0 ——> '/u - 53 o
1 = St by
R 25 R \W)//Qb Ph ONCF, 92
. ' 740 CFy 52
(131) - (132)

reactions of (131) with isocyenides, ethyl orthoformete and diazomethone.
Thus, with cyclohexyl isocyaride, the imino-1l,3-oxazolines (133) are

forrmed in good yields (:>80%)81. When (1313 R=Ph, R'=CF3) is heated with

i “3
(131) on— » / S;¥ _——<i:::j>> _
R 0 i)

ethyl orthoformate (160°;15 h.) the 1,3-oxazoline (134)’13 produced in

0% vield and diczomethene gives the 1,3-oxazoline (135)(91%) in ether

at 25°32,
3 N
C'E? - 17 CF?)
1 cr, mc(om - +
3 IOy o 3 CILE, [/
ot —— CF, — P1/}\\
Ph 2% 150 v cthex -
. o} -
(134) (131) 25 (135)

In contrast, the acylimine (42; R=Ph), formed in situ from the sulphone
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(41; X=802Et), reacts with methanolic diazomethane to give the aziridine

(136)36. The structurcl assignment was based on n.m.r. data.

T FQ CF = 3
k»;" ~ 3 Cg 17
PheOlf —> PrEOH Yoo Preotr
5C,3% H 2
(41) (42, R= Pn) (136)

Reactions of active methylene compounds with acylimines are again
limited $o the perfluoro and azaguinone type of imines. The trifluoro
compound (423 R=Ne), prevared in situ from (41; X=302Et) with potassium
t-butoxide, reacts with acetamido diethyl malonate and benzyl nitrile at

25° to give the corresponding adducts (137) and (138)35.

H -
11eGOH c7, ¥ 4-Bu0” ¥, K 4-Buo™ 2 CFy
Cmm——— HeCOU e, HGGOH‘-"4§%
B340~ CO0R4 H PhOT_CH ne” Th
L 17eCOTHCI{CO0E L) =
l‘\}z B 2
1e0c!
(137) (42, R= He) , (138)

With hydrogen cyanide and (423 R=Ph, PhCH,_0-), prepared in situ from

2
(41; R=Ph, PhCEZO—, X=Cl) and triethylamine, high yields of the nitrile

2

addition compounds (139) are formed. - This reaction offers a simple high

"yield route fo fluorinated amino acids, e.g. trifluorcalanine (140).

233
B cx acid FCOH
RCCI\!——< . > H }r—<c
CF3 hydrolyois 2 F3
(132) B= Ph , PHCIL,0 - (140) .

The benzoylimines (121) can either he alkylated by heating with aceto-
phenone for 10 hours at 1506 oxr give high yiélds of the o(-acetylenic:

amides (142) with pheayl acetylene32.

. o . cr Ep—— o C7
& 2 r 1‘.0 CI, e > Phi=0C1 A 3
PhCOﬁ-ﬂé'CEZCCPh<F———T;~ PROCH - 250/, > PhCC§~—4<~CEECPh
R 150 R
(141) (121) R= OF, , OF IO, {(1£2)



The agaguinone (70) readily forms the adduct (143) on stirringrwith dimedone

in benzene (25°, 20 mins.)52. o

B. ©&KTFunctionalised amides and enamides.

Any discussion on the reactions of acylimines must include the reactions
of X-Tunctionalised amides and enamides because the actual reacting species.
irrespective of its precursor, is either the acylinine 1tse1f (base or thermally

induced) or more often the protonated acyliminium catlon (144) (2cid induced).

The equilibrisz that relate the various species are shown in scheme 2.

() = ) // (2)

H
_pcq_“ﬂ)< ase or A
oo
(for H—substitution) (3)
+ B ol - R H
—co*.__z/‘L\ A S SR —ccﬁ«”__<:kf
~— FTN - <

(4) I’ (2)

Scheme 2

(i) oA-Punctionalised omides.

(2) Acid induced reactions~ As shown in scheme 2 K-functionalised amides

/

(2) form acyliminium cations (144) upon treatment with acid which are even

more electrophilic than the corresponding ac¢ylimines (when R=E) due to thsir
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greater electron deficiency.

In the absence of an a2dded nucleophile (g__g__ acid catalysis by Lewis acids
or non-nucleophilic protic acids) elimination to the cnzmide occurs vhenever
possible. For example, the dioxopiperazine derivative (145) gives the dehydro

83

compound (146) on treztment with Loron trifluoride etherate ~. Where enamide

(146)

formation by proton transfer is not possible alkyl migrations have been

observed. Methyl migration occurs in both (147) and (149) to give (148) and

(150) respectively, on reaction with concentrated sulphuric aoid49 ’72.
lew _He He.~ lie e
0 C conec. §r12e
) Y- Tpso. 0w ) 0
e ) €
. Ol M a (15
(14,_{.) e (148) e (14/) \ JO)

When enother nucleophile (Y ) is present in excess, the equilibria

fovour the new ol-~functionalised amide {151) which can then be isolated.

¢ ' ut A v o
Al X —_ )J\ zg‘“:,/\ —_ x['k iy Y .
! - R D k

X
(151)
Many derivatives have been prepared in this way and two examples from the
current literature are of interest. The first example involves the anti-

leukemic ansa-macrolide maytansine (152) which is readily alcoholised to (153)by

acid catalysis (e. g. toluene-p-sulphonic acid) 84.
C He
C OJ /\I-I IleCOKe
¢

120 i N U\./_‘XL_HG
= iie N (152) R
0
< A 7(;{/{\“ (153) R = He, Zt, CH_CH,CHBr
ife RO H ’
e | .

pois s ¢}

H

pev]
W
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The second example utilises the reaction to prepare several 4-alkylthio azetidin-

2-ones (155) from the penicillin derived oxazoline (154)85 and has analogies

in dioxopiperaszine chemistry83.
CH Ph -
N2 ]
V&\
L0 PROY, GCTH PLCT, OO

o 2 RsT | ° L_]/ SR
—> ) l;,+ > LA
%

PR i *.
A\ 7 L S e

e le i Ie le ie
(154) i e he ) i

The nature of the leaving group X is most important and exercises a stirong
influence con the overall reactivity of the systen. The greater the leaving
group ability of X, i.e. the more stable is X", the more reactive is the oK~
functionalised amide. Thus, the rcactions of meny c&ghalpwgmides are auto-

catalytic in that rno external acid catalyst is pequired, e.g. (156)-(157)86.

e ) I.":"e
Br a0 340~ . _-0
T+0H =
(156) ST (157) .
: . ~ .. no catalyst
R S &>y oz
te ‘ Ke

If anions with no nucleophilic nower are used, €.g. EFZ, SbClg, ClOZ,
X ~functionalised amides cannot be formeds but, in some cases the corresponding
acyliminium salts have been isolated. Compounds (521, (53), and (63)-(655 are
examples of this. In the case of the azaphenalones the anion is the ch}oride

ion. The compounds were shown to be true salts and not o&~chloro amides of type

0,51 ...
(158) by their physical properties and infre red spectra 50551 fnis unusual
x (58) = B €1, €10,
i (52)
f/ (63) e i c1
b R= E, Ph, t-Bu
T - ' R'- U, e, Ph (62) 1 Ph €1
Sifpr (53) % = SWC1, BF,, C10, jL(SS) lie Ph Gl
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behavicur is another example of the degree of stability conferred on the
acyliminium system by conjugation within %he molecule.

The other reactions of acyliminium cations (i;g; X ~functionalised amides
+ acid) parallel those of acylinines but outstirip the laiter in both reactiviiy
‘énd degree.

An excellent reviewlB, guite recently updated4o, on oX—amnido alkylations
at carbon has been published and this arez will not be detailed here. The list
of amides used can be represented by RCON(R')-CH(R")-X where X is -0H, -CR,

21 -zm;

aromatic compounds, monoolefins, conjugated dlenes, acetylenes and active

-0COR, -IICOR, IR s Or nelogen. Tha reviews survey the alkylation of
nethylene compounds. An example of each type is given tc illustrate the scope
of these rcactiouns.
Aromatic oAL-emido alkylation, with a variety of acid catalysts, has been
87

18 . . . ; .
known for nearly 80 years and includes the Tscherniec-Einhorn reaction .

“ . . 88
Even nitrobenzene can be alkylated, for example, by the phthalimide (159)"".
. .-

j 1o, ‘ 0 50,

~ L\ A ’/J{\ <\

'[ N~ 01+ A _fiffﬁl_> [::::::l\\T{;L—OH2-<fi:_j§>
= \T{( ' 7 120-135° [ —

(159) : 10

Simple olefins are readily alkylated forming three possible products;
(161) is the 1,4-cycloaddition product analogous to the reaction with acylimines
(162) is formed by proion loss from the intermediate (160), and (163) can be

produced by the reaction of (160) with the solvent. Thus, the benzamido methylol

X N
: i e b ~R"COT
//J‘ + | — /jl\\ + ll li-RYGOR
R' C A ]! ) R 2

{160) (161) if r"= EH {162)

+ N-R"CCR

(163)
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(164) reacts with cyclohexene (acetic acid/conc. sulphuric acid, 10°) to give

the 1,3-oxazine {165) in 6% yie1d89.

0o g
+ PhCOIHCIT,OH —_— L\\ 6.
280, G~ NPy
(164) (165)

Conjugated dienes do react cleanly and in the same manner zs with zcylinmine
to give the tetrzhydropyridine (166). MN,N'-Methylene and arylidene bis-—

carbamates are often used as the co{~functionalised precursors and have been

utilised in new synthetic routes to isoc_uinuclidines90 and the anatabine
alkaloidsgl. The cycloadditions of the hydantoin acyllﬁlne (129) generated
ROC H
Nt AN
i -
+ (166)
R R =

thermally in situ from (128) have already been described (page 22), but better

vields are‘obtained in the presence of acid catalysts (BF3, sulphonic acids,
T.F.A.). That these reactions occur in a stepwise manner is suggested by the
products of the reaction of (128; R=Ph) with butadiene and boron trifluoride
in benzene at 25°. The mejor product (168) cen only be formed by the solvent

trepping an acyclic ionic intermediate (167)79

BF,
(1285 B=Ph)—* Ph

0 ;
(167) (168) =

In contrast to acylimines, {~chloro amides react with phenyl acetylene,

in the presence of tin (IV) chloride, ina cyclic manner. The salt (170) is

produced in 99; yield by the reaction of (169) with the alkyne92. Base treat-

ment affords the 1,3-oxazine (171).
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. {170) (171)
A large number of ketones and activated esters have been reacted with

51

acyliminium salts giving excellent yields of the alkylated amides. Likewise,
the methoxy amide (172) is alkylated by ethyl acetoacetate in the presence

of cone. sulphuric acid tc give (173) in good yie1d49.

Ole FeCO COOBt
0= Egsoi .1
‘ >
0 1eCCCIL G008 o)
(172) (173)

(b) Base induced reactions—- As shown in schene 2, base treatment of o(~
functionalised amides that possess a free N-H group can lezd +to acylimine

formation. Thus, most of the base induced reactions involve acylimines either

1 a
_cor X —P:EG—A. - c:-r:_\/ + EX

prepared deliberately prior to reaction or as intermediates in the reaction.
(411 of the former and many of the latter have been alrezdy described in

e s 0
previous sections.) The reductions of the acyliminium salt (58)5 y the methoxy

amides (60)51, {174) ana (175)52 and the acetoxy amide (96)64 with sodium
borohydride probably involve initial neutralisation or elimination to the

corresponding acylimines vhich are then reduced as expected. The reactions
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with Grignard reagents follow a similar vath. Just as the methoxy amide (60)
can be reduced with bvorohydride it can 2lso be alkylated with Grignard

reagentssl. Similerly, alkylation of the methoxy amide (283 R=Ph) with methyl

- P e . . Ph
;ll: ieli il{
P:".C O?T N DY«:“CTT
- / - el Y

c . .
ether Ile
25°
(28) (176)

lithium gives the C-methylated amide (176) and colour changes during the
. reaction show that the acylimine is an intermediate26. Further proof comes

from the yields of the alkylation rezctions of the K{-chloro amide (177)40-

r gel, o ,cel, R rigld <
A - 2 RiirSr it - o
PhGCU 3 PrCOI—- RE 80
. o1 ® n-Bu 21
(177) (178) Ph 23

Hith only one equivalent of the organc-metallic reagent yields cf less than
.50% were obtained, but with two equivalents the yields of (178) rose to over
80%. Alkylation of the oxoisoindolium salts (52) also réadily occurs, although
if steric crowding becomes to great, e.g. R=R'=R"=Ph, attack occurs at the
carbonyl group inéteadgs. In these compounds the stable acylimine cannot be
formed due to the H-substituent and alkylation of the free acyliminium cation

is enhanced:~-
RH

Rt

(52)

Yith N-substituted oK-functionalised amides, where elimination to the acylimine
is not possible, OGrignard zlkylation requires forcing conditions and long

X . - . . . . .. 26
reaction t1mesg4; reduction with sodium borohydride also fails .

Of 2 similar nature to the Grignard alkylations are the alkylations with

X . . 0
active methylene compounds. These reaciions have been revmewed4 and usually
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involve the alkali .metal salt of the active methylene compound. An example of
such @ reaction is the high yield alkylation of (179) to (180) with a diethyl
malonate derivative. In this case the preferred base is powdered sodium

hydroxidegB.

1 coes L oceony /=
X R Bt
PhCGI?CHQ—ITE‘tZ + I ¢ -<— T ;oG y Pug GE:CE:Q-{.— 0 \ /
GCon toluene Boc
o
O ~ B
(172) 1 (180) 85:.

(¢) Trermally induced reactions— The thermal eliminations of o{~function-
alised amides to the corresponding acylimines have been described in the

previous sections.

As indicated in scheme 2 protonation of the enamide double bond can lead
to acyliminium ion formation and the whole range of reactions of these inter-
mediates, as described in earlier sections, becomes possible. For example, thé
addition of dry hydrogen chioride to N-vinyl phthalimidé (181) gives a very

S -t

high yield (93%) of the cX-chloro amide (182)96. Similarly, various N-vinyl

0
i
\/\ , re
!l :3__J67 .oHeL °
Z | > Ccl
3
G
(181) (182}

amides and lactams have been cK-functionalised by treatment with acid catalysts
and nucleophilesg7’98. Where no external nucleophile is added the enamide

itself can react,‘as exemplified by the dimerisation of l-benzoylaminopropene

- s 7 T
]Z i 1? e %?
PreCll—CR=Cille -——————% PRoOLCILat— O =00 C0Ph
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(183) to (184) in the presence of toluene~p-sulphonic acid and the polymer—
isation of N-vinyl benzamide under similar conditionsz7.
The eddition reactions of dehydro amido acid derivatives (185) have been

477,100

investigate « In this system, both enamide reacticns and 1,4-addition

reactions are possible giving products (186) and (187) respectively. The

COCE

; : - 3 AAAD
."+ j’{ _ K . I \ '/ UOC,L
ccoR — jroca! A
j&4 E
HCOR! » x PH :
H ‘' OR et
/ - ; ! :»coozz
. :{ ._—.% F{S
(185) ; ;moﬁ. 1JCOR?
¥ "

T (a87)

addifion of hydrogen bromide to 2-acylamino acrylic acid derivatives over
several days affords the thermodynamically controlled 3-bromo derivaitives
(187; X:Br)lOI. However, following the rezction by n.m.r. specitroscopy shows
the initial formation of the kinetically controlled 2-bromo derivatives (1863

L ) Q0
X=Br) which slowly (3 days) revert to the 3-substituted compounds””. Although

~isolation of these reactive o(~halo amides is not practical, hydroxy—loz,

102 97,103

alkoxy— » and mercapto- derivatives are readily prepared by the

addition of the corresponding nucleophile. In an exactly analogous manner

dehydro-dioxopiperazines have been ring substituted with sulphur nucleophiles

in the presence of acid catalystslo4’lo5.

A seemingly exceptional case is the reaction of the oxoisoindole (188)

6

o Hemere of the reaction mixture did not show the

— )

with conc. sulphuric acidlo

“oR
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expected acyliminium ion (189) but whet is formulated as the sulphonic acid
(190; R=H). Although only sitarting material was isolated on workup, heating
(188) with dimethyl sulphate (1900, 10 mins.) afforded the sulphonate (1903
R=te) (550) presumebly via the same kind of intermediate (191).

) The above reection ana all the acid catalysed reactions are just particular
cases of vhat is a general reaction of enamides. Enemides, like enamines, will
seek out any electron deficient centre and attack it with concommitant form-

ation of the acyliminium intermediate (192). Subsequent elimination of a proton

O .
)j\:'fl N\ A — @_9\
R

(122) nath b

Y

(path a), vhere possible, gives the substituted enamide (193) whereas attack
by the liberated nucleophile D~ {path b) gives the ©X ég—dlfunctloﬁallﬂed
amide (194).

100, 107—110 For

The reactions of enamides with halogens are well known
ezample, the dehydro-amido acid (195) repidly forms the dibromide (196) at 0°

with bromine. Refluxing in benzene effects elimination to the bromoenamide

¢ocH ' By o . CooU
I~ |- COOH Cil v
‘_—_\/ __)gs T2 1 &5, mrw ‘—<
ESCC?h OO h I'\TCOPh 800 JCOPh
g . Pl 7
(195) (136) (137)
(197)100. Similarly, I-vinyl ohthalimide (181) and chlorine at a°% sives a

) - . 0%
mixture of the dichloro and monochloro compounds, (198) and (199) respectlve}y7.

(181) —
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Treztment of 6—aéa—4—cholesten—7-one (200) with H-bromosuccinimide affords

111

85% yield of the bromoenamide (201)”~~. The dehydro-zmido esters (202) also

H‘.Bo e
_.________)
oTeh]
(200) SN e, ey (201)
H i T r X
- Lr If

give good yields of the bromoenamides (203) with N-bromosuccinimde in carbon

tetrachloridellz. The initial product from the reaction is an oil, postulated

: : CCOt-Bu
C0Ct-Bu C00t-Bu RCH:::1< .
t>cv::::< o RUELEIN RBrczzzi Nicoie (204)
NUCOe - 1TICOLe Br
' B COCt-Bu
(202) R= e, Bf (203) rbT——l {2¢5)

Nucore

to be the W-bromo amide (204), which on standing rearranges to (203). The only
reported evidence for (204) is the infra red spectrunm (vmax 1740, 1720, 16800m?19
.which is far more compatible with expected acylimine (205) than an‘><”3>—unsatu-
rated ester such as (204). ‘
Oxidations of cnamides have been reported with thiocyanogen chloride

(206)5(207)99, (208)(209) Y2 and with sulphur chloride (206)-(210)77.

coore | . 00%ie - cClie
S ﬂ“::ZK< 501, ¢l-5eu HCS~CTT
—.. & i~ [ ; o s

HIICC e Nmcore TIGCle
2
(210) 63 (206) (207) 57
0
-1 C1-50 Beet BeH
____._.___% I
(208) . \14>\ ]
07 "L ch\‘ﬂ (203) 6
1co-—k:,(3 sely o
ACL Che del Che

In all three cases dehydrochlorination occurred in situ.
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Various enamides e.g. N-vinyl phthalimidell4 and 2-acylamino acrylic
acidslls, can be mercurated in the/g ~position with mercury (II) acetate. With

methanol a2s solvent the methoxy derivatives (211) are isolated. Subsequent

ny ———> ) R (212)
- FelH Oife TeRH,
' R fe
(211) ~cozr-——'<R
ne
(213)

114

demercuration with potassium bromide/bromine affords (212) or with boro-

nydride gives (213)%17.

. . . L 116,11
Condensation reactions of enamides:zhave been reported ? 7. For example

the oxoisoindole (214) is readily formylated with dimethylformamide/phosgene

117

to give (215) in 965 yield ~'. A similar reaction is the addition of«,ﬁ-

. CcIro
| AN k - (1) p.m.p./eoc1,/encl, | NS
(214) . T > | (215)
| d N
) {ii) 20 N

unsaturated carbonyl compounds to N-vinyl carbamates and ureas (216). Good

. . 118
yields of the dihydropyranyl derivatives (217) are obtained 1 .
R'= Hy Ue F;;; R= Omzllkyl, .
N +t I l _‘%
RV Np e o NUCOR ii-aliyl
(216) (217)

. X : : = - 112,120
Pew base induced rezctions of enamides are known. Zschenmoser et al.

heve used the methylene pyrrolidone (218) as a building block in the synthesis

of Corrins. Treatment with nitromethane and votassium t-butoxide afferds the

e A D ]
e k¥ t-suo” e
J —_— \ + ¥ Tenno
N LelTo, AN A a2
Y 0 2 e Ii ¢
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alkylated derivative (219%).

In absolute ethanol in thé presence of sodium ethoxide, N-vinyl benzamide
and N-(l-propenyl)benzanides add ethznol in the 1-position to give the ethoxy
compounds {220) and in the presence of scodium hydride in boiling benzene both

H—(l—propenyl)benzamides and N—ﬁg—styryl benzanides undergo cis-irans

¢

RCKé—-?H——§HCO?h {(220) n= 1, e
At
. P~ . . . A
isomerigation 7. These results must implicate the formation of an acylimine

intermediate.

The thermal isomerisations of N-zlkenyl carbamates and ureas have already

59 :

been mentioned” .
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ACYLININES AlD DIHYDROPIPTIDES

PART 2
laturally—occurring dehydreneptides.

The majority of microbial peptide metobolites zre relatively small
| Lia . . .o121
compounds comvared to normal peptide derivatives e.g. profeins » Many of
these compounds poussess some form of biological activity and the majority
of them are characiterised by their unusually modified amino-acid residues.
Heny contain 'unnatural'! D-amino-acids, dehydroamino acid and K -functionalised
cmino acid units arranged in rings of varying size and complexity. A proposal
0y 122 X . . . .

made by Bycrofi which explains the formation of D-amino acid and dehydro-
anino acid residues is readily extended to include A-funciionalised peptides
and involves the intermediacy of an acylimine (221) orvr acyliminium (222)

species (scheme 3).

C X
/lL‘ //[:V/ czldation /J\\ __//Hh reductionA‘Jlﬁ
V] i e if

for l-substituition

0 I—~X 0 X
C. )J\EI /“\"T
Jl\ sr—X 4 A o scheme 3
. I ! Y - C
y .
‘——RTT/ A-frnectionalised nentide dehydropentide

C
rd)
This review will cover naturally-occurring dehydropeptides and K-function-
alised peptides but will not include fg—functionalised peptides e.z. serine
and cysteine residues. The reactivity of acylimines and their related deriv-
atives have been fully detailed in Paxrt 1 and 211 that remains is to exemplify

how nature has utilised this versatile functionality.

2,5-Dioxopiperazines are, without doubt, the most abundant source of
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dehydro— and A -functionalised veptides produced in nature. Although the
majority of these compounds are derived from simple omino-acids their complexity
aries from the sublime to the ridiculous. The benzylidene compounds (223)123

(224)123 and (225)124 represent the simplest of the nafurally-occurring

dehydropeptides. They are readily prepared by condensation of the corresponding

Ph T

-~ 0
~ (225)
G
Ph
(223)
“— Clle
glycine derivative with the aromatic aldehyde, a reaction which has received
& 4
nuch attention in the literature123’125’123’128. Albonoursin (226) was isolated
from culture vreparations of the antibiotics albofungin and nystatin127. Its
. / . 128 '

total synthesis has been achieved .

1 Ph .

ﬁ 0 'y

1eQ . © — N
i OH
o x 0 ]
H 2
Ph Ph
(226) (227) (228)

Picrorocellin (“27), a lichen vroduct, iloses water and methanol on pyrolysis
to form the bls—enumlde (228), behaviour associated with X-functionalised
amides129. Ite structure was assigned on’chemlcal evidence only and due to
doubt about its source the isolation has not been repsated since.

BEchinulin (229), although itself not 2 dehydropeptide, is the first in a
series of diaxopiperazines which contain an isoprenylated tryptophen unit13o,

Worthy of note is the inverted 65—unit at the 2-pogition of the indole ring

which is common to this femily of compounds. The structure was proposed
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131,132

independently by two groups and its total synthesis has also been

1 . . . . ..
effected 33. Isolated along with echinulin from Aspergillus cmstelodani ig the
. . . . 1 . . R
simple derivative (230) 34 znd the orange-red dehydrotrioxopiperzzine named
135,136

neoechinulin (231) « The latter metabolite possesses two unusuzl features.

0

NT_TT
=il

(223)

The extra carbonyl group in the dipeptide ring could be formed by an oxidative
. . . . . . . 1

cleavage of =z dehydroalanine residue, a facile in vitro reaction 37. The

vogition of the second isopentenyl unit is, unique in that no other indole

alkaloid hes an alkyl substituent in the 6-position. It is interesting to

speculate on the biosynthetic relationship between (229), (230) and (231).

A number of metaboiites isclated from Asverzillus ustus ond Penicillium

brevicomnactum are derived from L-proline end L-iryptophan. The simpler

compounds from A. ustus are (232), analogous to the alanine derivative (230),

8
)13

end the dehydfopeptide (233 . Oxidative coupling of the direthyl 2llyl

group to the free nitrogen of the dioxopiperazine ring is a feature of three
. 138
other alkeloids, (234), (235) and (236), isolated from A. ustus 3. 1In the

case of (235) and (236) further oxidation of the indole ring to the corresponding

139

t# —-indoxyl system has a2lso occurred. This oxidation is common both in vivo

140

and in vitro and is readily reversed in the latter, by treaiment with
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(e33) - (234)

sodium borohydride followed by acid. The toxic principle of the fungus has

x : O-?/ﬁr—\’f\
§ ~ N

0

7 e
\ /
(235) . (226) aunstanide

been identified as austcomide (236)141 and its structure has been confirmed by
X—ray studiesl42.

Derived from the same amino-acidg are the brevianamides A to F, isolated
143,144,145

from P. brevicomrpactum . Apart from brevianamide F (237) which is

cyclo L—prolyl—L—tryptophan145, the simplest of these metabolites is (238),

brevianamide E143’144.‘0xidation of the indole ring has only proceeded {0 the
hydroxyindolenine stage in this compound, the oxidation being followed by an
intremclecular cddition of the amide N-H group across the imine (239). The
other brevianamides are ¢ -indoxyl derivatives where the double bond of the

dimethyl 2llyl group is missing. The diestereomeric structures of brevianamides
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A (240)144 and B (4/1)145 are based on chemiczl, spectral and biosynthetic

/ '
N
(270) Brevianamide A
(239) (241) Breviunamnide B

enimers zbout nosition 2.

considerations. The formztion of the bridged biecyeclic system will be exemined
at length in the discussion {p.79 ). Brevianamides C (242) and D (243) have

been showm to be photochemical artefacts from brevianamides A 2nd B and nct

0
/
NS ~ 1
H
(242)

(243)

true metabolites of enzymatic origin145

*

Lanosulin, a fungal meiabolite isvlated from Penicillium 1anosum146, uos

4 <
originally assigned structure (244)1‘6. However, parallel studies on
AN
0] C 0
I:GC'/K/ \”)\/
i 0

\Y

(244) (245)

Lspergillus fumigotus 4! naove produced tio tremcrgens (so named because of their
tremor inducing effect in test animals), fumitremorgens 4 and B (245), the
latter of which has been showm to be identical with 1anosu1in148. The sitructure

of fumitremorgen 4 is not fully known but the melecular formula, C

234173079



suggests the incorporation of a further C5—unit. The revised formulation of
lenosulin (245) bears a very strong resemblance to the naturally-occurring
peroxide verruculogen (246), anothex tremorgen isolated from Penicillium

verrucuiosum, the structure and relative sterepchemistry of which have also

149

been confirmed by an X-roy cnalysis™ 7.

el
0
/l’.\ O
J’L" \F
I C
(2£6) T (247)
The hydroxamic acid aspergillic zc¢id, isolated from Aspergillus flavusl5o,
151

has powerful antibiotic properties. The structure (247) is well established
. - . . 152 . . s ca s
and a total synthesis has been achieved . Biosynthetic studies on aspergillic
acid and related compounds tend to cxclude the corresponding dioxopiperazines
. : ..153 ; ; _
a8 bicsynthetic precursors . In contraest, ¢vclo L~leu-~L-leu, acts as an
.. 154 . . . 1 s R
efficient precursor tc another pyrazine derivative, pulcherrinminic acid,
. . . . . .1 . .
via an in vivo szerial oxidation 55. This ccmpound, produced by Candids
_— . 156 . . 157
vulcherrima » hes the structure (248) on the basis of its n.m.r. spectrum .

However, the sample originally isolated via the ferric complexy pulcherrinin

~

0 ¢ —7¥e ot
G s j
| |
N =
Y ORI
0 Fo, &0
&

=
(249), exhibited different properiics to (248)1/
explzined by the isomeric dehydro-dihydroxamic =zcid (250) which mey have
been formed under the conditions recuired to free the acid from its metal

complex. A total synthesis of pulcherrimin has been claimed159,



Unlike pulcherrininic acid, mycelianomide isolated from Penicillium

criseocfulvun Dierckx 0? ccecurs in the dehydro-dihydroxamic acid form (251)161.
. ]
o (251) »= ¢
-C (252) R= T
el =T T

This structure has been confirmed by = totzl synthesis of racemic deoxy-

mycelianamide (252)162ﬁ The chemistry of this unusual metebolite has been

. 16
reviewed 3.

A review on pyrazines, many of which may be derived from dehydropeptides,

hes recently been published164.

One of the most interesting classes of peptide derivatives is the epipoly-
thiodioxopiperazines which are characterisced by their sulphur bridges. A
comprehensive list of these metabolites, their structures.and their sources
is given in tables 1, 2 and 3.

Gliotexin (253) was first isoleted in 1936 from a species of Trichoderma

165 166—170.

viride and subsecuently from a variety of other micro-orgonisms

It is highly antifungal, bacteriostatic and antiviral but its toxicity has

mede its use prohibitive., Its structure, first proposed on the basis of

171, has been confirmed, and i%s absolute configuration

172 ]

. Reaction of glictoxin with quinone oxidants

chemical degradation
deternined, by X-roy a2nalysis
£.8. o-chloranil, affords dehydroglictoxin (255), alsc a natural préduct173,

in vhich the cyclohexazdiencl is converted‘into the much more stable ph§n01173.
Congequently, reactions can now be carried ocut at the disulphide bridge without
interference from the dienocl group174. It is of interest to note thét the
entiviral and ontibacterial activity is absent in related compounds without

the strained peolysulpnide bridgel71’l75.

In a search for zossible biogsynthetic precursors of glictoxin, three
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Table 1

Epipolythiodioxopiperazines belonging to the gliotoxin type.

=
O

Structure Source

Trichocderns viride

Gliotoxin Gliocladiun fimbriatumléé

167
168

Aspergillus fumigatus

(253)

Penicillium terlikowrski

169

Aswergilluas tcrrous

170

Penicilliium son.

168

Glictoxin acetate (254) Penicillium terlikowski

Dehydroglictoxin P. terlilk ovsk1l73
(255)
\ranotin Arechniotus o T
Aranotix O"T§§? rachniotus zureus
R= H (256)
Acetyl aranotin A, aureusl77
R= ic (260)
[
(LL-588+¢) Aspergillu s terreus 0>
Big~fethiodi- Arochniotus aureusl77

(methylihio)

. 169
uxﬁ5 Asnergilius terreus -
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Table 1 contd,

178

Avocrocnotin

(262)

Arachniotus aureus

P PRI
Bis-detniodi 178

A. oureus
(methylthio)

cecetyl opoarcnotin
J o

(263) o
CH,Ph
Evolodendrin 2 unidentif iedl83
(264) 1lel 5 —~0 Hyalodendron sp}84
s
[
cﬁi\iﬁ//NKe Penicillinn turbatum'o)
- CHQOH
CH.Ph
| 2 183

("6“) unidentified
Z05 0
1ie™ o 1
f/\lf Penicillium 'turba-l;um‘”85
e ~g L.

(266) 2 85

P. turbatum’

(267) 183

unidentified

185

Penicillium turbatum
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dethiodioxopiperazines have been isolated (256), (257) and (258)176.

Comparison of (257) and (258) with neoechinulin (231) shows the same level

(256)

of oxidation present in all thresc metabolites i.e. the dehydrotrioxopiperazine
system,

he mould Arachnictus sureus produces five metabolites closely related

to gliotoxin., Three of these compounds, aranotin (259)? acetyl aranoctin {(260)

and bis-dethiocdi(methylithio)acetyl aranoctin (261)177, are characterised by

their two dihydrooxepin rings, where as the other metabolites, apoarznotin

(262) and bis-dethiodi(methylihio)acetyl apoaranotin (263) contain one seven-
178

membered ring and a cyclohexadienol unit like that found in gliotoxin .

The antibiotics LL-S88xX and LL—SBSX; isolated from Aspergillus terreuslég,

were shown to be identical to acetyl aranotin (260) and the thiomethyl

179

derivative*(26l) regpeciively o« L—rzy znalyses have confirmed the structures

of acetyl aranotin 179, and the thiomethyl derivetive (261)180 and c.d.
studiesl81 identify the configuration at the asymmetric centres in this group

of metabolites with that of gliotoxin. Some chemical reactions carried out on

the disulphide bridge of acetyl aranotin have been describedlgz.

Recently, another femily of comvounds which appears 1o belong to the

gliotoxin type, has been independently isolated by three groupsl83’184’185.

The structures of the disulphide (264), trisulphide (265), teirasulphide (266)

and the bis-dethiodi{methylthio) analogue (267) have been proposed on the

183,184,185 184 185

basis of specitral data y chemical degradation and X-ray studies™

It should be noted that the c.d. spectrum of the disulphide (264) indicates

that the compound isolated from Hyalodendron.§2%84, hyalodendrin, has the

oppocite configuration to gliotoxin, where as the disulphide isolated from
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185 186

Penicillium turbotfum has the same configurestion as gliotoxin i.e. the

two disulphides are, in feact, enantiomers. The opticzl rotations as expected
have oprposite signs and there are small differences in the i,r. and r.m.r.

spectra. Whether these 110 isomers will give rise to different biological

-

activity will be very interesting to observe.
The elucideation of the biosynthesis of this range of compounds has been
the subject of considerzble effort. Labelling studies have shown that the

hydroxy methyl residue in gliotoxin is derived from serine or glycine with

187,188

N-methyletion by methionine » The other pazrt of the ring in both

191

. . .. 189,190 . . . .
gliotoxin™ 7?7“" and the aranotins is derived from phenylalanine and not

.
as earlier suggested*88 m~tyrosine, tryptophan or acetatel92. DS—Phenylalanine

is incorporated into acetyl aranotin in Asnergillus terreus with retention of

1Q
all the benzylic deu%eronslfl. Thus, the possibility of a bis-dehydro sysiem
(268) acting as o precursor is excluded. 4 report that dehydrogliotoxin can

. 190
also act as 2 precursor hes been contradicted ? .

I (268) -
B ijl\\r[:j;:)

The most likely proposa1178 for the formation of the cyclohexadienol and

133

« This

the dihydrooxepin systems involves the intermediacy of benzene oxides

idea is shown in scheme 4.
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194

The simthesis of enipolythiodioxopiperazines has attracted a great

deal of attention. The most versatile zpvroach so far involves the protected

195, s

disulphide develioped by Kishi et z2l. most elegont synthesis of dehydro-

196

gliotoxin (255) has been eochieved using this method (scheme 5) 7.

(i)n-3uLi
—_—

(ﬁ}ClCH?OKe

Ar = Clie

o=

The fungus Pithomyces chortarum first attracted attention because it

caused facial eczema in sheev. The toxic metebolite, sporidesmin (269), was

a
igsolated and characterisedl“7’l98 and

proved t0 be the first of seven related
compounds, sporidesmins B to G (Table 2) all produced by the same fungus.

The structures of sporidesmin (263) and sporidesmin B (270) were
determined by chemical and spectroscopic methods 7 . Subsequent confirmation
by an X-ray analysisl94 2lso showed that the configuration of the disulphide
bridge is the same zs in gliotoxin, as predicted prior to the X-ray by c.d.
studiessz. It is interesting to nofe that the -S-S- dihedral angle in these
compounds is not the usual value of ca. 100° but ratkher 10-20°, The X-ray
gtudies also show that the sulphur atoms are spatially nearer fto the carbonyl
groups than they are to the nitrogen atoms of the ring. In this éontext,

there is some evidence from n.m.r. that the sulphur bridge in the trisulphide,

sporidesmin B (273), cen exist in two reletively stable conformations (276)

200 201

. The reduction of (273) to sporidesmin with triphenylphosphine

. . . . 200
occurs rmuch faster with one conformer than with the other .

and (277)
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Cl
Swnoricdegmin
I:e0
(26°)
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Snoridesmin B
el
(270) ey
c1
Sporidesmin G
el
(271)
Snoridecrin D l
) Eed” N
(272) ol

Toble 2

The sporidesmins

Structurs
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Table 2 contd.

o 201

P, chartazrun”

Sporidesmin 3

(273)

]
(e

205

O

eani

8]

el
3
v

Svori P, chrrtorun

(274)

bt
A e

202

&
P. chortarum

(275)




51—

The structure of the tetrasulphide, sporidesmin G {275), was established

by synthesis from sporidesmin202 and subsequently confirmed by an X-ray

. 203 R . . . .
anclysis + The chemical interconversions beitween the sporidesmins are shoun

in scheme 6.

achene 6

~ (273)

The exceptional structure of svoridesmin ¢ (271) demands careful scrutiny.
The only evidence204 for its natural occurrence is provided by two wesk peaks
at nfe 505, 507 (018H2001H306$3) in the mass specirum of crude sporldesqln

(in addition peaks were vregent ai m/e 537, 539 (018H2061H106S4))' Subsequently,
the crude sporidesmin was refluxed writh acetic anhydride and pyridine and

sporidesmin ¢ dizcetate (278) isolated in 0.2 yield from the main product,

anhydrodethiosporidesnin (279) (scheme 7). This work was carried out before

(262) + AC,Of P
—“JL—qu.{jjj\\\

C. ol C11,0,8 G~
187207 3Y67 3 reflux

- \
wr
..Cu

el
cchieme T
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the isolation of sporidesmins E201 and G202 and it is possible that the minor

ccheme €

compenenis in the mass spectrum in fact, belong to these compounds. The

formation of (278) is readily explained (scheme 8) by initial sulphur

)

elimination from the normal epitrithio compound, followed by readdition in the

4

ﬁZ-position (see p. 32 and refs. 101,104 and 255 for literature precedents).

Very 1little work has been carried out on the biosynthesis of the

o7

. . . . . 206 . . 2
gporidesmins but total syntheses of both sporidesmin and sporidesmin B
have been completed in a manner similar to that employed for dehydrogliotoxin.

A detailed discussion on the occurrence of the sporidesmins and related

compounds has been publishedzOB.

Several dimeric metabolites related to the sporidesmins have recently

been characterised (Table 3). Chaetocin (280), isolated from Choetomium

. R . . . X . 20
minutun, was assigned its structure on the basis of chemical degradation 9.

Subsequent X-ray analysis confirmed the structure and established the absolute

210

configuration of the molecule . Recently, 1l ,11 X'-dihydroxy chaetocin

{281) has been isolated from Verticillium tenerum21l. Verticillium sp.
212 213

produces the antibiotics verticillin A (282) and B (283) differing from

the chaetocins only in their number of hydroxy groups. It is thought that

verticillin ¢ (284) which accompanies A and B is a trisulphide anzlogue of the

1atﬁer metabolite213

» Cod. studies indicate that 21l the dimeric alkaloids
are antipodal 1o the gliotoxins, sporidesmins and aranotins, with respect to
the configuration of the disulphide bridges, a2lthough direct use of c.d.

186

curves in this manner must be treated with caution « Whether their lack of

antivirel activity is related to this structural feature remains to be seen.



Teble 3

Iligcellaneous epipolythiocdioxopiperazines

Nanme Structure Source

Chaetocin

.l

\\] X
I P Cheoetoniun minutumzo

(280)

o L4
“ ke -
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~
. . . 212
Verticillium sv.
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e s 21
Verticillivm son.

' 211
Dihylroxy choetocin V. tenerum
1 2
(281) R™= R= CH
s
- . s - 215
Verticillin C not fully moim Jerticillium sns

Gheetonmivrn cochlicdcen™
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217

Orro-ochloride” unlmown

- ... 218 . .

Liclinneiding I, IT 2nd IIT uniknoum
212

Sirocesning
(286) 4, n=2
(287) By n=3
(

288) ¢, n=4
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Chetomin was originally isolated in 1944 from a strain of Chzetomium

214

cochliodes“ ". A tentative structure (285) has been proposed for this compou%%s.

It should be noted that the c.d. curve is almost identicel to that of chzetocin

but chetomin has been showm 1o inhibit specifically viral ribonucleic acid

-

synthesis in a2 number of cell line5216. Other compounds which may be related

17 218

10 the sporidesmins are oryzachloride2 and the melinacidins but their

structures are azs yet unsolved.

219

A new group of epipolythiodioxopiperazines has recently been discovered

220

Named sirodesmin A (286), B (287) and ¢ (288) they are derived from

tyrosine rather than phenylalanine but extensive oxidation of the zromatic ring

has occurred.

Unlike =21l previous dioxopiperazines is the antibiotic ticyclomycin (289),
221

isolated from Streptomyces saopporonensis™ . Its structure was fully deter-
mined by X-ray analysi5222 but its biosynthetic origin is unknown. The

unusual dehydroreptide, dibromophokellin (250), has been isolated from the

. 223
marine sponge, Phakellia flabellata .

T ym— "NOH

IICmm—iic

0

(289) (2°0)

The ergot alkaloid, ergotamine (291)224 has o side chein tripeptide (292)
formally derived from phenylalanine, proline and 2-hydroxy alanine. The

conformation of the tripeptide is such that the cyclol form (292) is preferred
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over the isomeric dioxopiperazine (223) or the ester (294).

E .
e ] =
. T‘\\\
wart N\ > i
5O NN
0 A 2
v - “pU_Ph
g
(232) (224)

Cyclopenin (295) and cyclopenol {276) are cX—epoxy peptides '5, isolated

R, . e 26
from Penicilliun cyclovium znd P, viridicaotun . Both compounds have been

T

AN
AoH

I

(27) R= X
(2°8) R= CH

. . 222 : . . . . . 226,222 |
synihesiced 7 cnd ore converted either in vivo or in vitro =7 into

viridicatin (297) and viridicatol {298) respectively, also isolated from the

same Penicillia225’226.

Both penicillins {299) and cephalosvorins (300) are formally derived from

bis-dehydro aecyl cysteinyl valine precursors and are rightly considered as

4
b
ey £
i
b

o

ROCTaL § T4 H T
TIX =
O&H———“ E r%,———..:' / ~7 i
oL )
2 e PRA
(232) (300) 2

Y
dehydropeptide derivatives. 4 comprehencive review of their chemistry has been

;
publishedZBO, The discoveryzs"’232 of the naturzlly-occcurring TeX —methoxy

cephalosporins {(301) has added 2 new dimension %o f%-—lactam antibiotics due
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to their biological activity. These compounds, and the penicillin analogues

v Olie o o
5 ~ 1 Lie
RZO -—'_]/ ;7(“3:‘,’—5 3
L l
. ¢ / nn o/‘l’ ___\><
CC_ R - =
2 - Q.Rt
(301) €0, (302)

66-68,233

(302), have been the subject of considerable synthetic effort
Baldwin234 has proposed that penicillins and cephalosporins are biosynthesised
by the intramolecular cyclisations of acylimine thioaldehydes e.g. (303) and

r

H /,:y g4 e 3
RCC? 4\._/ Lgcgﬁ —l/ﬁﬁ 200 ‘""“"//gﬂ' (300)
N J !
r‘r\>j /7——-I \/lJ\R"

A
\L COER‘ Coit!
(304)

(304), although this has, so far, only limited in vitro precedent235 1236

The 1ntermed1acy of dehydropeptide derivatives in the biosynthesis of
’ . 237

the chemiluminescent luciferin (305), isolated from Cyvridina hilgendorfi ’

has been suggested and a model luciferin (306) has been synthesised from such

238 .
e
: e

2 derivative (307)
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¥any larger vpeptides ccntein dehyéroamino acids and o< ~functionalised
amino acids as siructural units. The compounds below, although not rigorously
up to date, exemplify the tyves encountered.

. . . . A 239 .
Tentoxin, 2 phytotoxic metabolite of Altsrncria fenuis Tees. 3’, is a

cyclic fetrapeptide containing an N-methyl dehydrophenylalanine unit. Its

{308)

structure (308) has finally been solved by an X-ray analysis of the dihydro-~
; 20

2
derivative .

The peptide-lactone antibiotic telomycin, isolated from the culture

241 242

broth of an unidentified 8treptomyces™ ', has the structure (309) . A dehydro-

tryptophen unit is responsible for the telomycin chromophore (339 nm.) and
the bis-dshydrodioxopiperazine (310) was cobtained as an artefact on alkaline

kydrolysis.

Chemical degradation243 gives support to the structures (311) and (312)
for the antibiotics A-128-0P and A-128-P respectively. Also containing a
dehydrotryptophan unit, these compounds differ from te%pmycin only in the

choice of threonine residue used 1o make up the ring, Kild alkaline hydrolysis
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of (311) converts the O-substituted threonine into dehydrobutyrine (313)244.
D—Asp-D—Sernbnghr—L—Thr-L—Ala—Gly——X-—L—B—HyL:i]

T—‘L—S-H:;Pro--ATr;:>-—3-—LIeTI'p

(211) X= trans-3-HyPro (312) %= Pro
CHlle
~CONHemG e CON H- (313)

Another series of antibiotic peptide-lactones is the pristinamycins.
The structures of pristinamyein II, (314) and II, (315) have been shown®4?
AT

to be identical tc the previously determired ostreogrycin A246 and G24‘

respectively. Both compounds contain an oxazole unit but only (314) hes +the

243—dehydroproline residue.

%N i€ (314) X= —CO N
CH_?H-CH-CH:CH-CONH-CHQ-ﬁﬂ = /
ci{ 0O ‘ H ‘
” T . C=le (315) X= GO N

X—COTIT——N ?H
—CO—CH —CH~
OJ—CHz CO~CH,,~CH~0H

The structure (316) of the antitubercular Streptomvces antibiotic,

248

viomyecin, has finally been dectermined by an X-ray anzlysis s and has proved

249

to be very similar to the structures of the related tuberactinomycins

250

which were also sclved by X-roy siudies . The chromophore in all these.

metabolites is the dehydroscrine ureide moiety (317) which, together with

the guenidine corbhinol system, is responsible for the complex chenistry of

251,252

the peptides . The capreomycins are most prohably pzrit of the same

253

cyclopentapeptide fomily .
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PPN v

CH OH OH
A
H~CH-COVH~CI-CONH~CIL 2—C Gl G

CH0E 00 ammr a1a Cly trems- Jo PH /1,
HCCC~CH~CH, ~CONH-CH~CONE~CH . CH—CH~—CH
| 2 3-HyPro | \cH
NHZ ‘ ]CD 3
CH,-C~0C0 5000 ———ITIC0——CH-H  e~3-HyLeu
Asp Ser T_H ]
G CH 2
Thr HO | (l} ' ‘
1 2N
¢cis-3-HyPre & f{
.M ~Iiaf
(309) Telomycin A-Trp 2-lleTrp
D-2Thr D-Val L-Val
CHlle CHleRt - e CHle CHlle CHHe
2 2 2

| {
CH 2—-0 CHE-CH-CORI-CH~CONHE~CH-C OHH—!Q! -C GIIH—-(')H—C ONH-CH~CONH~CHE~CONH

| {
NH Gly D-Val D-zlle D-Ala A-But ?HMe (‘%H—CHOH-Me
(i)O N 0 ¢0  D-aThr
?H«CHOH~E-§e H~Me-L~Thy OC-(IIH-NHC0—('3H—‘£'IHCO-(')H-NH
N-Me R CHHeEt CH,OH
GO
--\ . LPro D-_gIle LSer
CO-—(CHE)IOCHMeE CH—CH

/72N

R = —CH NE (319)
Mr—o¢ -
s ANTRR

(318) Stendomycin

Ile-A2lMeAla~Alza~Tle-AAla-Leu-Ala~Abu-Pro~-Gly-Ala~Lys—

S |

~Abu~Gly-ila~-Leu-iet-Gly-Ala—An~let-Lys—

: S l

—-Abu-Alo~Abu-Ala-His-Ala-Ser-Ile-His-Val-&Ala-Lys.

3

(220) Nisin



o

B
N\
C/"Hz
o
<\
ol
ki~
T Mg CH
\0}12
/
0'—‘0\ Rl - ~CH,CT
g
0 !:H o] p— c{{Oh
e e 2 /72N
C \*2 R® = -OF 1
WIT my 0 \IT_____ /
il — o= H \\‘
=
R v GH Rl 0F —
AN /
L= pr g v e—e—N
¢ o=
H e Ny ‘
\\CH”’ﬁ ﬁ (316) viomycin
e (
R m O
O~
g’ O
2

Stendomycin is the name given to a closely related mixture of peptide-
lactones which are antifungal antibiotics. To date,the mixture has proved
impossible to separate but 2 structure (318) has been proposed for the
dominant member of this fami1y254. Degrzdative studies have shown that the
chromophore in siendomycin is due to the dehydrobutyrine unit (313). Also
proposed is an l-methylated guanidine system (319) similar to that found in
viomyein.

A siructure has been reported for the antibictic nisin (320)255. This
conmpound contains severai lanthionine residues and is the first discovered
example of o pentacyclic heterodectic tyve peptide containirg sulphide

bridges. From a biosynthetic point of view, the presence of a number of



62—

dehydropeptide units e.g., dehvdroalanine and dehydrobutyrine, is not surprisipg

. . 256 . A . . .
since it has been shown“’" thot in addition to serine and threonine, cysteine

also tzkes part in the biosynthesis of lanthionine (scheme 9).

- e N l— TG0 - - - -'T——-?*———cc --
[y o T
Va Aol LY Ny
. 7o
cchene 10t |
l’ 3?:
e T AL R ----CC CH — I---

The cuinoxaline antibiotics, isolated from various straing related to

Streptomyces aurcus, are cyclo-octevepiide-lactones linked across the main

ring by =2 sulphur bridge. Two structural types prevail differing cnly in the
nature of the sulphur bridge. The triostins (321) are characterised by a
disulphide link formed from twe cysieine residues 57. Of greater interest are
the quincemycins (322) in vhich the sulphur atoms are bonded to the &-carbons

no-oc¢id residues formlng a dithione ring system 57’298.

¢t the om
‘@ I |
T e Y _[‘ e JE—
CCOIH CH CCONT H—COJ~EH He! % (321)

H 0
T s8-8 "2 I
CiL,

Y——FO~HA~NCO—CH-”FCO-—CP-NﬂC
[::::::[:: j:] He Ne
T~ CONH~CH~-CONE~C

H-COE-G-C0— X —O0-CH,
7N\

s 0l (322)
R 2
gH,, $ ‘
o ¥ A o V2 -IJ. .L.L—T :‘T
CF2 0 Y —=C0~C-ICO-LCH-NHCO~ HCO -
.

X, Y = I-He valine, N-He or N-diMe allo isoleucine

253

Thiostrepton, first isolated from Strevtomyces azureus , has a complex

structure difficult to elucidate by chemical means. Houever, {-ray analysis



has established the major featurcs of the molecule and 2 basic structure

260 . . . . ps
(323) hes been proposed « The peptide units have been voriously modified;
cysteine residues azppear os thiczoline znd thiazole rings, hydroxylation has
produced a dihydroxy isoleucine while dehydrogenation has given rise to a
dehydrobutyrine, o dehydroalonine end an X -amino acrylamide group. The latter
has been tentatively sssigned as derminating the side chaoin since thiostrepton

. 6 ca s s . .

contains no free carboxyl groupsz 1, bui it is in this region of the molecule

vhere the X-roy dats is inconclusivezéo.

} Thiostrepton

s - i-;
- g A
50 ' P
/ "_ .

o mention has been mode in this review of the role played by/@-—function—
alised peptides or peptides derived from pyruvate precursors in the formation
of dehydro- ond X -functionzlised residues but these two routes cannot, alone,

be responsible for the wide variety found in nmicrobizl peptides.
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CEENICAL STUDIZ3 ON DEHYDRCCYCLODIPEPTIDES

Introduction

The aim of this research project has been to investigate the chemistry
bf dehydro-2,5-dioxopiperazines in order both to gain insight into their
chemical properties and to furnish the chemical knowledge reguired for the
total synthesis of several naturally occurring dioxopiperazines. Furthermore,
where possible, the approaches adopted have been aimed at setting in vivo
precedents fer proposed biosynthetic pathways to these metabolites.

Dehydro-dioxcpiperazines are dehydrocyclodipeptides and therefore should
exhibit all the chemiczl properties associated with enamides as described

in Part 1. {scheme 1}. In addition, the cyclic nature of these compounds

v
7?‘\0

12’§;£; v 5 €::::3 ﬂx\T;;
N =z

?’ i:I::J O C
. o i
schenme 1 o ;;:]fif: 1

enables the double bond in one amino zcid residue to be transferred to the

bep et
L
5
bod
i

other amino acid residue via a pyragine interrmediate (scheme 2)
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These properties should be borne in mind since the mzjority of the chemistry

described in this thesis iz a consequence of them.

A, Breviasnamides A and B.

The breviansmides and the austamides (see page 39) isolated from

s aaas . 1 . 2 .
Penicillium brevicompactum™ and Asvergillus austus™, respectively, are closely

related fungal metzbolites derived from L-tryptophen, L-proline and mevalonate3.

Their biosynthesis is not completely understood but a common progenitor (1)

has been proposed3, although it has only been isolated from A. zustus.

Scheme 3 shows some, but not necessarily all of the possible relationshipé,

precursors and intermediates involved in the biosynthesis of these metabolites.
The principle reaction of current interest is the §§clisation of the

dimethylallyl group onto the pyrazinone ring which results in formation of

brevianamides A and B (3), isomeric about the spirc position 2 (scheme 4).

(4) {5)
Aithough radical processes are conceivable an atiractive mechanism would
involve a Diels-Alder cycloaddition [%s shown (2)4(3§1 of the olefin with
the diene system of the pyrazinone for which there was no literature precedent.
Initially, Porter4 showed that dihydroxypyrazines will undérgo cyclo-

addition reaction with electron deficient dienophiles and strained olefins.
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Thus, the dihydroxypyrazine (6) gives the adduct (7) with dimethyl acetylene-
dicarboxylate (A.D.E.), which readily undergoes a retro Diels-Alder reaction

with elimination of cyanic acid and formetion of the substituted pyridone (8).

. Ph
N0 ‘,3023"‘3
\ l + ,, D.::.Fo
EC W I | 50° Led
Fh CQ.lle C

Likewise, (6) reacts with norbornadiene to give, after zcetylation, the exo-exo
adduct (9). One driving force for these reactions is the stabilisation gained

by formation of the amide bonds from the initial adduct (10). However, when

Ph
i 04 i I o
'\/ (i) D.15.7./100
~ ' ¥ 7
j2(8; o4 (ii) Lo 0

FPh

(6) ()

'

the reaction wag attempted with the uncctivated olefin cyclopentene, no

CH

jl:jrjij:’cg U:- I;*\\/// f//‘ ?-%::fi\ﬁ
+ _— ..
; élo) <<;H (l <g’

y -
-

adduct was formed. Consequently, it was lhcught necessary to prepare a closer

analogue %o the proposed biosynthetic intermediate in the form of a l-alkyl-

5]

pyrazin-2-one e.f. (11). Dihydoxypyrazines can be

sy
o

<«

prepared 5 from dixopiperazines by alkylation to the

P (11)
oe 5 bis-imidate, oxidation to the dialkoxypyrazine

followed by dealkylation to the desired compounds
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(scheme 5). It was hoped that this scheme could be extended to the hydroxy-

=7

ite te i e
AN 0 N O NG,
at.0%3r, T D07 e
N . U~
N e e N N 2N N o NET Ne
(12) (13) (14) (15)

cchere 6

6). Tne storting material, 1,3-dimethyl-2,5-dioxopiperazine (12) was prepared

by reaction of alanine with chloroacetyl chloride in the presence of agueous
sodium hydroxide at OO, followed by amination with agueous methylamine. The
resultant dipeptide wes esterified by the Fischer method and the amino ester

hydrochloride cyclised by passage dowmn a basic ion-exchenge columné. (scheme T)

0% v OH
a1 O 0 o] :‘ C
[ P s 1 Basg
\// '-'mC,TT o , O o Folind
+ b 255: ati. o
OO beto ]
el , - . Cl
0 e wt Tie T Yy M2 € L ie -
2 ,'r T o e
c1”
6 Amperlaite
{12% Z
(12) 5 . ¢
C'/\I IR 45 o

Alkylation of dioxopiperazzines with Meerwein salts leads to O- rather than
N—alkylationS. The dioxopiperazine €12) was reacted with triethyl oxonium

fluoroborate7 in anhydrous dichloromethane for 3 hours. After workup, the oil
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slowly crystallised and subsequent high vacuum sublimetion (250, 0.05 Torr)
gave large colourless chunks which exhibited the spectral and analytical

data expected for the S5-ethoxydihydropyrazinone (13). Oxidation of (13) with
activated manganese dioxide or lead dioxide gave only starting material.
kowever, if the imidate was allowed to stand in = benzene solution of dichloro-

dicyanobenzoguinone (D.D.Q.), at room temperature, reaction did occur.
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(13) (14) 87,
Following the reaction by tlc showed complete disappe"réﬁce of the starting
material with concomitant appearance of a new fluorescent spot. The precipitated
guinol was filtered off and the product was isolated by column chromatography
on alumina as pale yellow needles.(25ﬁ); The spectral data was as expected

for the ethoxypyrazinone (14). The n.m.r. spectrum showed a rather large long—
range coupling (J, 1 Hz.) betueen the vinylic proton and the methyl group in

the 3-position. The conjugated nature of the l-amide nitrogen resulted in =

downfield shift of the N-methyl resonance by 0.5 ppm from its position in the

dioxopiperazine {12) and the imidate (13). Its i.r. spectrum showed a sharp

1

vinylie C-H sitreich at 3100 cmwl, the amide carbonyl stretch at 1660 cm - and

the double bond stretching absprpiions a2t 1600 cm_l. The material ran as a
single compound in a veriety of tlc systems and gave a parent ion at ﬂég 168
in its mass spectrum, corresponding to the required species, C8H12N202'
However, satisfactory analyticgl figures could not be obitained and attempts
at purification by recrystallication or sublimation were abortive. This
behaviour is attributed to the considerable reactivity of the compound. For
_ example, slow evaporation of & chloroform solution of the diencne in an open
vessel gave not the expected yellow crystals but a colourless oil which

partially crystallised after a few hours. Recrystallisation from acetone/
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petroleun ether 40-60°(petrol) afforded colourless plates m.p. 83-84°.
Ficroanalysis and mass spectral data indicated the molecular formulza 68H12N204
which corresponds to the addition of molecular oxygen. The i.r. specirum
showed strong hydroxyl and carvonyl absorptions whilst the n.m.r. spectrum

displayed a one proton 'hump' exchangeable with D 0, 25 well as 2 three proton

2
singlet at /L 8.35 consistent with a methyl group on a tetrasubstituted carbon.

Thus, the new compound wes assigned the hydroxy imide structure (16). The

T"a
-
i

0 7 0
lle
.- I\‘v
T4 . o
(15) A (17)

reaction was repeated by bubbling air through a solution of the dienone for 4

deys, by which time all the starting material had reacted {tlc). The crude
reaction mixture gave a positive starch-icdide test and the n.m.r. spectrum of
+he crude product showed a sharp singlet at 7.6.65 as well as the resonances

‘ due to (16). However, crystallisation afforded only the hydroxy imide and the
mother liquors no longer gave a pogitive starch-iodide test. On the basis of
these observetions, the initial product is probably the endoperoxide (17)

which would give a‘positive starch~iodide test and would alsc exhibit a singlet

methine, ¥,, cround X6.5. Rearrangement to the hydroxy imide as showm, would
£

" A e
1T i © v Kﬂ\o/o "‘T O

I ﬁ\\{,o 0 1 C U
al / N
0 — e ~ Ye
N "y
2 N1 e TN B0 o 0//0\[;9
(18) :

be expected for a2 cyclic peroxide of this natureg. An alternative polymeric
peroxide (18) would also give the starch-iodide test but whether the polymer
methines would resonate as a sharp singlet is unlikely. The mechanism of the
addition is of interest. That it is not photochemical was confirmed by

successfully carrying out the reaction in the dark. Since a direct addition
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of iriplet oxygen to the dienone substrete is improbable, the autoxidation is

9. Due 1o the reactivity of the

likely preceded by an electron-transfer process
dienone towards oxygen, 2ll subsequent preparations were carried out under
nitrogen and marginal yield increases were obtained, although the yields in
general were greatly variable (15;39%).

The reactivity cf the pyrazinone towards dienophiles was investigated.
The dienone was reacted with A.D.E. in reflgxing dichloromethane under nitrogen.
Tlc showed the formation of a new product and the reaction was complete after
20 hours. Workup by preparative layer chromatography (ple) afforded the adduct
as a crystalline solid in 60% yield. After recrystallisation the white clusters
gave analytical and spectral data consistent with the cycloaddition product
(19). Unlike the dihydroxyoyrazine adduct (7), this comp;ﬁnd showed no +tendency

CC e
2

* 0 0,72 .
e
+ Y
- ,l > ) (1)
ery o—
Bt 3 e
CCZIC
=

o
&

-

to eliminatc the bridging amide group (as methyl isccyanate)'eveﬁ up %o 200°.

In fact, the mass spectrum indicated that the loss of the ethoxy imine bridge

occurred more readily than loss of the zamide bridge[}f—?Z (100%); ¥ -57 (IS%i].
The lability of the ethoxy imine tovards acid was tested, with a view to

isolating the free amide (20). Phe adduct was dissolved in maueous tetrahydro-

furan (T.H.P.) containing 2N HC1 and after 10 minuies at 250, tlc showed a one-—
spot reaction with complete disappearance of the starting material. Workup by

neutralisation and extraction gave an 0il which crystallised on stending. The
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n.m.r. spectrum of this material showed, most interestingly, that the ethoxy
group had been retained, thus the bis—amide (20) had not been formed. The i.r.
spectrum showed four strong carbonyl absorptioas at 1740, 1732, 1725 and

1, i.e. three esters »nd an amide. The pyridone triester (21) is

1662 em
consistent with these facts and the structural assignment was confirmed by the

mass spectral, u.v. and analyticzal data. Presumably protonation of the imine

is followed by opening of the bridge %o give an intermediate (22), whichiis
immediately hydrolysed to the corresponding ester (21).

As anticipated, the pyrazinone (14) reacted with an isolated double bond.
Cyclopentene was chosen as dienophile and solvent although o few drops of
efhyl acetate were added %o facilitate dicsolution of the dienone. The reaction
wes carried out in a sezled tube, wrépped in foil, in a'closed steam bath
(1000) for four days. After opening the $ube, tlc showed compleie consumption
of the dienone,'a.new spot corresvonding to the hydroxy imide (16) and a streak J
near thé origin usually associated with product decomposition. However, the
presence of a broad multiplet between 777 and Z 9 in the n.m.r. spectrum of
the crude material indicated incorporation of cyclopentene into the product.
Careful analysis of this spectrum showed three major pezks in the N-methyl
region (gg; 72 T) one of which, together with other corresponding resonances,
was assigned to the hydroxy imide. The remaining resonances were consistent
With a 121 mixture of the two expected syn— (23) and anti- (24) cyclopentene
a2dducts. (The syn—~ configuration is arbitrarily taken as that with the cyclo-
ventane ring syn to the H-methyl amide bond). All attempts to resolve the
mixture into discre%e spots, using différeﬁt tlc systems, faileds nevertheless

the product was apvlied to plc and afforded 27% of the hydroxy imide (16).
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The streak near the origin was eluted from the silica and its n.m.r. spectrum
recorded. Surprisingly, it consisted of only two products of which one was

present in the original mixture. Tlc now showed two discrete speis and separa-
tion was effected by plec. The less polar product, an oil which crystallised on

sublimation (25°, 0.1 Torr), showed the presence of ethoxyl, methyl, N-methyl,

{23) (24) L (25)

methine and cyclopentane protons in its n.m.r. spectrum, as'well as the expecied
parent ion at E[g 236 in the mass spectrum. This data is consistent with the
primary adduct (24) and = satisfactory analysis was obtained. The more polar
product, colourless prisms from adetone, had lost its ethoxy group and the

i.r. spectum showed absorptions typical of o dioxopiperazine ¥N-H group. The

nass spectirum gave the parent ion atlgég 208 and the anélytical figures also
corresponded to the hydrolysed structure (25). The stable primary isomer is

assigned as the anti- a2dduct (24) since in this specias the formation of an

0t
ile
(24) %—) Sp
| 7. / _ -
.
7 yre "
(26)

sp3—hybridised intermediate (26), required for hydrolysis of the iﬁidate,
would be inhibited by sseric hindrance from the nearby cyclopentane ring. No
such inhibition would be experienced in the formation of the intermediate (27)
from the syn- adduct (23) and collapse to the amide (25) could readily occur,
as indeed was observed. The sg}ective hydrolysis of the unstable primary

adduet on the gilica plate was confirmed in a second experiment by stirring
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the initial reaction mixture, cdntaining only the primary imidate adducts,
with a little silica gel in wet chloroform. Hydrolysis of the syn—- adduct was
observed whilst the other isomer was stzble to these conditions.

On the basis of the foregoing cyclozddition reactions the biosynthetic
'scheme proposed for brevianamides A and B appears rezsonable, especially when
it is considered that a free hydroxypyrazinone, as oprosed to the alkoxy
derivative described above, would be even more reactive due to the stabilisation
gained from formation of the amide group. No attempt to dezlkylate the ethoxy
pyrazinone (14) was made, but later work (p.157 ) indicated that the free
hydroxy~dienones are extremely reactive indeed.

All attempts to increase the yield of the dienone from the oxidation failed
The dienone is stzble in solution under anaerobic COndit;ons and does not
appear to react with itself in the manner of, for example, cyclopentadienelo.
The precursor imidate (13) does not behave as a dienophile towards the dienone
since a mixiure of the two compouﬁds remeined unchanged after several weeks.
However, it was possible that the D.D.Q. was acting as a dilenophile giving rise
to four possible cycloaddition products. An attempt to prevent this side reac-
tion by 2dding the oxidant over a period of time had no effect on the yield
of the dienone. In addition, since very little stariing material remained most
of the D.D.Q. must have been reduced and therefore could not participate in
cycloaddition reactions. As described earlier carrying out the oxidation and
subseguent manipulations under nifrogen did increase the yield to a small
extent.

It wes decided to prepare some 3,6-disubstituted analogues of the pyrazin-
one, in order to test the generality of the synthesis and reactivit& of the
system. The 1,3,6-trimethyl (28; cis and trens) and 1,6~-dimethyl-3-benzyl
dioxopirerazines (41;_gi§ and_igggg) were prepared by a modification of the
route used for the 1,3-dimethyl compound (12) (scheme 8). It was found essential

to prevent the temperature of the initial acylation of the amino acid from

rising above Oo, otherwise hydrolysis of the 2-chlorcpropionyl chloride
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became significant. The amination of the chloro amido acids with agueous
methylamine was straightforward. The resultant dipeptides, N-methyl alany}
alanine and W-methyl alanyl phenylalanine, were cyclised without further
purification by thermal dehydration in refluxing ethylene glyoolll. The glycol
solution was exiracted with dichloromethene which was then thoroughly‘dried
with powdered anhydrous calcium chloride by stirring the suspension vigorously
until the 'stickyness'! disappeared and the solids became finely divided (30 min.)
If this drying proceedure was omitted or curtailed, contamination with ethyl-
ene glycol comsiderably hindered the eventual isolation of pure product. The
crude mixture of isomers readily crystallised from T.H.F. and aoetone/petrol
affording large prisms of (28) =nd small prisms of (41), respectively. The
isomers ran differently on tlc and a small sample of each pair was separated,

recrystallised and satisfactory analyses obitained. For the trimethyl compounds

Ie e

R FN T M Nz
cis He - ,/p “"\T//“ 0 trens
more (dS) less

0] n e C ‘f “
pPIar I % polar

(28) specific assignments for the cis— and trens-isomers could not be deter-

mined spectrally and were made by analogy to other cis-trans pairs on the basis
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of tlc pols rltylz. Thus, the less polar isomer was assigned the trans config-

uration. The phenylalanine derivatives (41) were readily differentiated by

their n.m.r. spectra due to the shielding effects caused by the benzyl
13

substitvent™. In both isomers the folded conformation is adopted, bui only

{412) (411v) .

in the gis-isomer (412) is the methyl group affected. As expected the Irans-
isomer was the less polar compound.

The cis-trans mixtures of the dioxopiperazines were used for the next

14

step. Trimethyl oxonium fluoroborate was preferred to the triefhyl salt
because of the simﬁlified n.m.r. spectra of the productis. The alkylations
were carried out in anhydrous dichloromethane at 25o using 1.5 equivalents of
- the reagent. In the case of the trimethyl derivatives (28) the reaction was
over after 4 hours (tlc) and workup afforded o colourless mobile oil in 80%

yield. The -product was shown by tlc and n.m.r. to consist of two compounds

only, corresponding to the cis end treons imidates (29). Methylation of the

-

Fe (?..) 9 58 e ZS Ny I‘LG
e Ilr 0 -2 te 3T 0 e//// il
; cis +
el A e broas leO CH,Ph I CH,Ph
e e v
(422) (42b)

methyl-benzyl derivatives (41) was complete in 3 hours and workup afforded a
erystallising oil in 99% yield. Tle and n.m.r. verified that the product
consisted of only two compounds, a 1l:l mixture of the isomeric imidates (42).
The benzyl substituent effect, alluded to previously, was even more pronounced
in these compounds. A& small sample was separated by ple. The more polar cis—
compound is a crystalline solid, m.p. 92—940, where as the less polar irans-

isomer remained as an oil. The mixiures of isomers of both (29) and (42) were
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used for subsequent oxidations with D.D.Q.

In contrast to the ethoxy imidate (13), the trimethyl isomers (29)
remained inert o D.D.Q. at room temperature. However, after 24 hours in
refluxing benzene no further change was observed by tlc and only a small
amount of stariing material could be detected. Tlc also showed two new spots,
less polar than startiné material, which were readily wisualised by u.v. light
but were not fluorescent in the menner associaled with the pyrazinone system.
The precipitaled quinol was filtered off and the crude product subjected to
nem.r., study. The vinylic methyl and N-methyl resonances expected for the
dienone (30) were absent and the spectrum showed six low-field doublets
characteristic of vinylic methylene groups. Therefore, oxidation had occurred,
but in the sﬁbstituent methyl groups and not in the riﬁé: The major product

exhibited two one-proton doublets at 774.78 and 5.35 znd a three-proton doublet,v

Jy T Hz. at L.8.59. Two structures, (31) and (32), could be assigned to this

e o Ye ve ie m lLe
l 3 N H/, \]:
. _'/ N \ He B.- ’ \ I.I
et W Mo ye0” Nu Horeo” S STV
. il H
(30) ' (31) (32) (23)

compound. The minor product exhibited four one-proton doublets at 7 3.88, 4.41,
4.65 and 5.20, and was assigned the bisémethylene structure {33). The higher
field pair of vinylic protons obviously corresponded 1o the resonances in the
major product and on the baszis of chemical shifts were considered to belong

to the methylene group o4 to the imidate oxygen rather than X {0 the carbonyl
oxygen. Thus, the major'product was the 6-methylene compound (31) as opposed

tc the 3-methylene compound (32). Golumn chromatography (alumina, dichloypo-
methane) afforded (31) as a pale yellow oil in 22% yield but no sign of the
less polar compound (33) could be found. Although the methylene imidate- (31)

was distilled (25°, 0.1 Torr) a satisfactory anelysis could not be obiained

and consequently the compound wag fully characterised by hydrolysis fo the
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methylene dioxopiperazine (34). This wuas readily accomplished by stirring
with aguecus T.H.F. containing 24 HC1l at room temperature for 16 hours.

Neutralisation, extraction and recrystallisation

*
‘ ﬁe s gave the dioxopiverazine as colourless prisms in
) o 805 yield. The n.m.r. spectrum of this compound
g bt ‘ showed the vinylic resonances at 7Z 4.20 znd 5.05
(32) confirming the assignment of the methylene group in
S

(31) to the 6-position, since the lower field
proton, the one neares*t the oxygen function, is the one which experiences the
greater shift upon hydrolysis ( Z 4.78 to X 4.20).

The oxidation was repeated on the same scale (1 mmole) and the n.m.r.
spectrum of the crude product showed the same distribution of products as
before. Instead of column chromatography, the mixture was subjected to ple
(Sioz, 1219 MeOH:CHCl3). Although the mono~-methylene compound could be isolated
in this way, the band corresponding to the bis-methylene compound afforded 6%,
by weight, of yellow amorphous solid insoluble in %he common solvents. This
material streaked from the origin on tlc and displayed ﬁroad bands in its i.r.
spectrim consistent with polymer. At this stage it was felt that the bis-~methyl-

ene imidate might be susceptible to acid catalysed polymerisation (scheme 9}.

H‘fq e  FeAS

el 17 f/.r
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. -
schone 3
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Thus, plc on silica or column chromatography using dichloromethane, which often
contains small guantities of hydrogen chloride, could initiate polymerisation.
Agein the oxidation was repeated.but on a larger, 7.5 mmole, scale and the
crude separated by chromatography on alumina using benzene and acetone:benzene

(1:9) as eluents. The first fractions off the column afforded pale yellow
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erystals of the bis-methylene compound in 1.5% yield. A conclusive n.m.r.
spectrum was obtained but an amorphous precipitate ra apidly appeared in the
deuteriochloroform solution. An attempt was made, in a subsequent preparation,
to hydrolyse the imidate (33) to the bis-methylene dioxopiperazine (35) but

-

the hydrolysis could not compete with the polymer-

»

% 0 isation; further characterisation of (33) was
abondoned. The second band off the columm gave
0] o 7 . .
¥ 15% of the methylene imidate (31). The third
band off the column was not a discrete compound
(35)

but a mixture of (31), starting material (29),

a new compound (36) and a fourth compound whose n.m.r. resonances were most
consistent with the pyrazinone (30), The mixture was séggected to ple which
unfortunately effected decomposition/polymerisation of the pyrazinone. However, -
the new compound (36) was isolated, in 0.8% yield, as a crystalline solid. The
R.M.T. spectrum‘of the compound wes as followss 2:4.62(1H,d, J 2 Hz.), 5.18

' (1H,d, J 28z.), 6.12(3H,s), 6.77(3H,=s), 6.78(1H,s) and 8.47(34,s). The methoxy
signal at 7 6.12 showed that the imidate functioﬁ was sfill intact and
consequently the two vinylic protons were zssigned to 2 methylene group in

the 6-position. The C-methyl singlet a2t 2 8.47 indicated that the 3-position
was tetrasubstitulted and the remaining proton was presumably attached to the
fourth substituent at this position. The i.r. specirum showed a broad hydroxyl
absorption at 2300 cm-l, a carbonyl stretch at 16865 cm_l and the double bond
absorption at 1615 cm_lg -0 stretches, also present in the hydroxy imide (16),
appezred at 1120 and 1150 cm_l. Although a satisfactory microanalysis was noi

obtained, the mass spectrum showed a very weak parent ion at m/e 200 and a

metastable peak at 162.3 corresponded to a2 fragmentztion from mZe 200 to m/e

ie

O +
O\U’ ’ \ u O\T.T
e
Ie -; /'\\V —0
Te 00H el : sied :z de0 T
(36) nfe 200 mfe 200 n/e 184

scheme 10
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184 (scheme 10), Thus, the new compound (36) is the hydroperoxy methylene
imidate. The possible significance of this result will be discussed later.
Another unusual compgund has been isolated from = D.D.Q. oxidation of
the imidate (29). An old sample of (29), containing some of the dioxopiperszine
(28) produced by hydrolysis, was used and the products isolated by chromato-—
grephy. The bis-methylens imidate (33) was isolated in greatly improved yield,
12, omiy to polymerise, a3 before, within minutes of evaporaition of the eluent.
However, none of the expected methylene imidate (31) was produced but an
orenge crystalline solid (37) (7%) and the trans-dioxopiperazine (28) (11%)
werc igolated instead. Recrysialliisation of the new compound afforded orange
neeiles which gave a parent ion'gig 316 in the mass spectrum. The molecular
formula 015316N404 was confirmed by the microanalysis rééults. The N.m.T.
spectrum of this dimeric materiél showed two N-methyl groups bui only cne
meihoxy group. The shifts of the two sets of vinylic methylene protons
indicated that one methylene group was K to a carbonyl whilst the other was
cAto the imidate oxygen. The remaining vinylic proton a2t X 3.73, a triplet
J 3 Hz., was shown by decoupling experiments {to be coupled to a two proton
double AB guartet centred at K 6.95. This latter system is similar to that cf
a 243-dehydroproline residue. The i.r. spectrum displayed a sharp vinyiic
0-H siretch at 3100 cm.—1 as well as carbonyl and double bond absorptionss
absorptions due to an N-H group were absent. Consideration of the zbove data
lead to the formulation of structure (37).
.HA‘t 2.73, 1H, t, J 3 Hz.
HB T 4.25, 1H, &, J 2 Nz,
HC T 4,52, 14, 4, J 2 Hz.

I, 7T 5.08, 2H, 4, J 2 ¥z, (coincidental)
O-lc L 6.22, 32, s.
I:—I:G r 6-73‘, 32{, S’ 6.75’ 31{, S

1, 7 6,62, 7.22, 2, &iBo, J 3, 18 Hz.

[NV I AS B AV ]
o
1

The?%echanism for the formation of this compound is no¥ at 211 clear, but

presumably involves radical coupling of a dicxopiperazine and imidate molecule
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at an intermediate level of oxidation followed by further dehydrogenation. It
should be noted that the dioxopiperazines alone are completely inert to D.D.Q.
oxidation. The oxidative coupling of a free amide group in the zbove manner
may have significance for the oxidative cyclisation of the free amide group
onto the dimethylallyl unit found in the austamides (see scheme 3).

Finally, the D.D.Q. oxidation was repeated on a lzrge scazle using freshly
prepared material and the products carefully separated by column chromatography.
Elution with benzene gave 4% of the bis-methylene imidate and 12% of the mono-
methylene imidate. Further elution with acetonetbenzene (1:20) gave 1i5% of
the pyrazinone (30) followed by 28% of the starting material contaminated
with dienone. The pyrazinone, a pale yellow oil, exhibited the expected n.m.r.

specirum and was characterised by reaction with A.D.E. in refluxing dichloro-

methane. After 40 hours the cycloadduct {38) was isolated by plc. The dienone

7.60, 31, s.
7.72, 32, s.
6.47, 3H, s. ‘
6.17, 3H, s.

wag also found, as expected, to be very reactive towards oxygen. Exposure to
air lead to rapid consumption of the compound, but the endoperoxide (39) wes
not produced. Instead an intractible multicomponent 0il was isolated. A
rlausible explanation is that the initially formed endoperoxide is in équil»
ibrium with the hydroperoxy acyliminium species (40). In the case of the
unsubstituted peroxide (17) such an equilibrium would not interfer with the

observed rearrangement to .the hydroxy imide (16). However, with the substituted

)
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peroxide (39) elimination of = proton from the 6-methyl substituent could

give rise to the methylene hydroperoxide (36) a compound already isolated
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from one preparation of the pyrazinone, Blimination of hydrogen peroxide
would give the bis-methylene compound and thence polymer. Alternatively, the

hydroperoxide could add to the methylene group in the /Q-position affording

ile
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a polyméric peroxide incapable of‘elimination back to a monomer, Other
possibilities include oxidation of the imidate funciion by the hydroveroxide
. or oxidative cleavage of the methylene functions (see pagel57 ). In reality,
probably all of these reactions occur which results in the formation of a
multicomponent mixture, as observed.

Oxidation of the 3-benzyl-6-methyl imidates (42) with D.D.Q. required
24 hours in refluxing benzene and two products were observed by tlc. The n.m.r,
spectrum of the céude materizl showed no new C-methyl resonances indicating
that neither the 6-methyl-3-benzylidene imidate (43) nor the pyraszinone (44)

were products. The spectrum did show four vinylic resonances, two major and

,}Te ) e
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two minor, corresponding to the methylene imidate (45) and the bis-dehydro

-

pe e Ye
' 70 i 0 O
. et R; SZ,Ph el K CONY > _Ph
b1 z
(45) (26) (27

imidate-(46). Purification by column chromatography (alumina, dichloromethane)
gave (46) as an orenge solid in 7.5% yield. Recrystellisation from petrol
afforded orange-red needles of analyiical purity, m.p. 103-1050. Unlike the

bis~methylene imidate (33) this compound showed no tendency to polymerise.

The major product (45) was isolated from the column in 36% yield but was
contaminated with a deep yellow colouration. Further purification could be
effected by either plec or distillation (700, 1 Torr) but the pale yellow oil
r;fused to crystallise nor could a satisfactory anelysis be obtained. Further
characterisation was achieved by acié hydrolysis to the dioxopiperazine (47),
(aqu. T.H.F., 2 HCl, yield 100%), and after recrystallisation, the colourless
prisms gave satisfactory analytical and spectral data. The shielding effect
of‘the phenyl riﬁg is still apparent in the compounds (45) and (47) since the
vinylic protons resonate at higher field (33. 0.3 ppm) than in the other
6-methylene derivatives.

The oxidation was repeated on a 10 mmole scale and the products subjected
to column chromatography as before. Besides (45) and (46), some 10-15% of
yellow polymeric Qaterial was obtained. A further band was eluted from the
column composed of (45}, jgggg.starting material and a third compound, ca. 30%

of the mixture, whose resonances were most consistent with the dienone (44).

Ye g-He ‘X 7.78, 3, s.

e B g ¥-¥e I 6.55, 3H, .
S, (44) O-lle 2 6.20, 3, s.

he@ =4 CE PR PR-Z, K 5.°0, 2H, s.
( Ph % 2.73, 54, s.
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The mixture was stored under nitrogen overnight with the intention io separate
the dienone by plc. However, during this period the dienone decomposed to
polymeric material similar to that previously isolated from the column.
Obviously, the dienone is too reactive to be siored for any length of time.

In a subsequent oxidation, a sample of the dienone was immediately reacted
with A.D.E. in refluxing dichloromethane for 40 hours. The resultant a2dduct

(48) was isolated by ple and fully characterised.

(48)

Ph

In analogy with the dimethyl pyrazinone (30), reaction of (44) with
oxygen gave a complex mixture. Reduction with sodium borohydride failed to
simplify the mixture, eliminating the possibility of a polymeric peroxide
which would form 2 monomeric diol on reduction. An attempt was made to prepare
the dienone from the methylene imidate (45). Thus, (45)—was refluxed in benzene

containing diisopropyl ethylamine in the presence of excess A.D.E. (scheme 11).

r

However, after 4 days the mixture was unchanged and neither the isomeric
berzylidene imidate (43) nor the dienone-A.D.E. adduct (48) had been formed.
An unusual feature of these oxidations is the configuration of the
benzylidene bond in the imidate (46). At first, it was assumed that the mole-

cule possessed the more stable Z—configurationlé, as in (49), but subsequent



experiments shoued the contrary to be the case, as in (46). Acid hydrolysis
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(aqu. T.H.F, 21 HC1l) gave, after 5 days, a2 quantitative yield of the dioxopip-
erazine (50). Recrystallisation (acefone) afforded yellow prisms, m.p. 145-154°,
possessing satisfacfory analytical figures. The dioxopiperazine was not very
soluble in non-polar solvents, 2 property usually essociated with E-benzylidene
dioxopiperazine36 (see page 132) and consequently the n.m.r. spectrum could
not be recorded in deuteriochloroform., Brief treatment with trifluorocacetic acid
(T.F.A.) effected isomerisation to a less polar compound, colourless needles
(ethanol) m.p. 115—1176, which gave the same molecular formula on microanalysis.i
This compound was freely soluble in non-polar solvents and the n.m.r. spectrum
was wholly consistent with the Z-benzylidene dioxopiperazine (51). Thus, the
'initially formed E-compound (50) isomerised in the sirong 2cid %o the more

stable Z-isomer (51) presumebly via an acylimirium intermediate (scheme 12).

+ r‘ ¥e ]
(46) —= i 0 —
TQ}I.F&I'
& 0 i 1 _Ph
O :g. g CAIQ -
(50) 5o
A 232, 236, 316 nm. (51)
/\m“_ 231, 235, 312 nm. G ar

scheme 12 Lo ¥ 1
H Pn

The u.v. spectra of the two isomers, although similar, were consistent with
the stereochemical formulation since the Z-isomers absorb at slightly shorier
, . R . 15
wavelength. than the corresponding E-isomers™-,.
The mechanism of the D.D.Q. oxidation is of great interest. Both isomers
were oxidised to the same products, although at slightly differing rates as

Judged by tlc, so sterecchemistry cannot be very important. If a hydride
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transfer process is considered then the observed products are in =zccord with
the formation of the more stable carbonium ion i.e. in the 6-position.
Subsecuent loss of a proton from the 3-position gives the pyrazinone siructure
vhere as loss of a proton from the 6-substituent, where possible, gives the

-

6-methylene structure (scheme 13). Uhere there is no 6-substituent e.g. (13)

0 I'e on
§
C s + - O fal =
“ 1 C-T (v C“I
-
+ , | _ e +
R N S
Cx Ccii Tl = Ck i
i had
7 Ii
0 o~
i IiTO e
P I's -
. ' i lic i 0
ilc :
\ " I
el P s

el 4 R

ek

he sole product is the pyrezinone, =25 observed i.e. (13)»(14).

However, if oxygen was bubbled through the oxidatién mixture the reaction
was completely inhibited; on removal of the gas inlet, the oxidation resumed
iys normal course, This kind of behavibur ig charzacteristic of a2 radical
mechanismlT, rather than an ionic hydride transfer. A possible mechanism
would involve initial electron transfer from the imidate nitrogen to the
guinone followed by prgton loss from the 6-position. A similar proton loss
from the 3-position is not possible as there are no available orbitals on the
nitrogen atom. The intermediate radiczal cen then collapse by elimination of
2 hydrogén radical to give the two observed products, where possible (scheme 14).
The formation of the bis-dehydro imidates probably arises by further oxidation
of the 6-methylene compounds. This is possible since a sample of the imidate
(45) wes converted to the methylene benzylidene compound (46) by reaction with

D.D.Q. in refluxing benzene. In addition, it was noticed that the highest
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yields of the bis-dehydro compounds coincided with the lowest yields of the
mono-dehydro compounds.

The significance of these oxidations to the biosynthesis of the fungal
metabolites‘may be conside}able. It is interesting to note that the in vitro
'unspécifio' oxidation produces both the natural featurés,_i;gL the proposed
pyrazinone‘-precursor, for the brevianamides and the dehydro-residues found in

5

the austamides.
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B, Gliotoxing the sulvhur problen.

The naturally occurring epipolythiodiozopiperazines (see page 43 ) present
a very interesting problem to the natural projuct chemist in so far as it is
not yet knowm how and when naiure incorpcrates the sulphur into the dipeptide
ring. Feeding experimentsl8 with Ds~phenyla1anine have shown that a bis-dehydro
system, i.e. (52), is not involved in the biosynthesis of acetylaranotin.
This observation con probably be extended to include all the cther metaboliteé
since a common mechanism for the incorporation of sulphur secms most likely,
although bis-dehydro metabolites have been isolated and postulated as

19

biosynthetic precursors—.

The mechanism may involve oxidation of the dioxopiperazine ring to the
corresponding acyliminium intermediate (53) which can then be quenched by 2
sulphur nucleophile before proton loss converts the intermediate to the dehydrd-

3

compound.
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Interest in this class of metabolites has stimulated considerable
synthetic effort in the area. However, at the outset of this work, in 1371,
only two synthetic methods for epidithiodioxopiperazines had been published.
Trown20 achieved the first success vwhich involved bromination of sarcosine
énhydride to obtain the dibromide (54). Subsequent reaction with potassium
thiolacetate, follcwed by hydrolysis and oxidation gavz the disulphide (55)
(scheme 15). The W,N'—-diphenyl derivetive has been prepared by a similar
route21. Alternatively, the %etrasulphide (56) has been formed22 from the
dibromide (54) with sodium tetrasulphide. Reduciion with borohydride followed

by oxidation gave the disulphide. Unfortunately this method is not general,
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dehydrobromination occurring with 3,6-disubstituted dioxopiperazines. In the
Q « >
second methodg’, the activated dioxopiperazine (57) afforded the dianion (58)

on treatment with sodium hydride in dioxan. Reaction of (58) with sulphur
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(58) - (59)

chloride gave the disulphide (59) in 17% yield. Neither method offers a

general route to the desired disulphides and it was felt that 2 totally
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different aprroach was required.

(j) Reactions with elemental sulphur., The cycloaddition reactions of dihydroxy-

pyrazines and alkoxypyrazinones described earlier presented z very attractive

roate if a siutable sulphurfdienophile! could be found. The formation of

cyclic sulphides from olefins and elemental sulphur, in the presence of tertiary

24

base, hag literature precedent and this opprozch was aldopted. The mechanism
of such 2 reaction presumably involves rupture of the S8~rings to give 2

dipolar linear species which can then be attacked by the diene (scheme 16).
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achens 16

3,6-Dibenzyl-2,5-dihydroxypyrazine (6) was used as the diene and its

. preparation accomplished by the published route4 (scheme 17). The sulphurisation
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conditions involved heating the pyrazine with sulphur in dimethylformamide
(D.K.F.), conteining triethylamine, at 60°. After two hours all the solids
had dissolved and the nixture had turned from yellow through red and purple

to 2 very dark brown. Heating wes discontinued and the solution stirred at 250
overnight whereupon & yellow precipitate appeared. The susvension was cooled

in ice and the yellow solids isolated. A somple was recrystallised f?om D.M.F.
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and the &ellow needles exhibited m.p. 294—2970. Its i.r. spectrum displayed
N-H absorptions and morexinformatively, a very sitrong double bond stretching
absorption at 1435 cm_l. The n.m.r. spectrum, recorded in T.F.A.,.showed only
a large meltiplet around L 3. The datz compares well with that of the knox-m25
bis-benzylidene dioxopiverazine (60) znd the assignment was confirmed by the

mass and u.v. spectra. Control experiments showed that, without the sulphur,
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isomerisation to the mono-benzylidene comnound (61) was the only reaction.

scheme 18

However, the latter derivative was not oxidised in the éresence of the sulphur
reagent. These findings were encouraging and it seemed possible that an
initial sulphur Eridged product was undergoing base catalysed elimination to
the isolated bis—enamide (scheme 18). It was considered that the elimination
could be prevented by blocking the nitrogen atoms with a suitable group. Since
this was not possible with the dihydroxypyrazine (dialkoxypyrazines do not
undergo cycloaddi%ionsé) the reactions of the ethoxy pyrazinone (14) were
investigated. However,all attempts to persuade this highly reactive dienone

to react with the sulphur reagent failed. In view

N © of the lack of success with the dienone (14)
F10° IT/’ re alternative mechanisms for the formation of (60),
not invelving thiobridged intermediates, were
(14) considered. One such mechanism is shown in scheme

19, Initial attack on the sulphur reagent by the
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carbanion (62) gives the ring substituted acylimine which might rapidly
isomerise to the cnamide before attack by the sulphur chain could occur,
Subsequent elimination gives the bis-enamide (60). The ethoxy pyrazinone (14)
cannct participzte by this mechanism and no reaction would be expected as was
observed. The carbanion (62) bears some resemblance to the bis-anion (58)

and it was felt that, by careful choice of a dioxopiperazine derivative, the

direct iniroduction of sulphur could be obtained by anion formation on the

ring (scheme 20). \ RﬂgzlS——Z——S——S— g—S~g
b) n /xJn e ™
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The condensation of aldehydes with glycine derived dioxopiperazinesg6 (see

also scheme 17) is facilitated by the formation of the N,N'-diacetyl derivatives
énd so it was decided to use these compounds for the sulphur/base reactions.
Thus, 3,6-dibenzyl-2,5-dioxopiperazine, prepared by dehydrative dimerisation

of phenylalanine in refluxing ethylene glycol~(82% yield), wes diacetylated
with acetic acid/acetic anhydride (reflux, 5 hours, 72%). The diacetyl

compound (63) was reacted with sulphur/?.1.F./triethylamine by heating at 60°
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for 2 hours followed by stirring at 250 overnight. The brown solution was
evaporated and the n.m.r. spectrum of the crude oily product recorded.

27

Comparison with the authentic spectra™’ of N-monoacetyl and ¥,N'-diacetyl
benzyl-benzylidene dioxopiperazines (64) showed that the crude product

‘consisted mostly of these compounds. Subsequent hydrolysis cf the o0il with

: Ph I i T
Ph Ac ke Pn Py 7
i C s/n..m f] ¢ TS s o w0
K e__.el e . 70T
> + —
Ac v } 1A 1
Ph ’ “¢  Ph “° pn Ph
(63) cis + trens — (6£) _ (61)

methanolic potassium hydroxide at 25°, afforded 48% of the benzyl-benzylidene
compound (61). Other products of the reaction were riné;;pened linear dipeptidé
derivatives and were not of any interest.

Then 1,4—diacetyl—3-benzy1-diox0piperazine (65), prepared from the non-
acetylated compound (see scheme 17) with acetic anhydride, was reacted with
- the sulphur reagent under identiéal conditions, a bright yellow, highly
insoluble compound precipitated out of the reaction mixture in 25% yield.
The n.m.r. spectrum of this material, recorded in T.F.A., showed only an
aromatic resonance and the compound rapidly crystallised out of the T.F.A.
solution in long needles. The i.r. specirum was very similar to that of the
bis-ﬁenzylidene compound (60) and the mass spectrum gave 2 parent ion #ife 400,
Analysis of the yellow crystals from the T.F.A. solution gave figures
consistent with the formuls 022H16N404.CF3600H. On the basis of these facts
the dimeric structure (66) was assigned to the new cpmpound. Bxamination of

has

E Ac
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the mother liguors from this rezction showed 2 multicomponent mixture which
was abandoned.

Reaction of the cis-irans-N,N'-diacetyl derivative (67) of zlanine
anhydride with the sulphur reagent failed to produce any reaction other than
épimerisation to the more stable cis-isomer. Such epimerisation could als&

be effected by treatment with triethylamine zalone.

i
I'e ):_‘i;'c 8] (6?) nELm Tle f;c o)
eis+  __° |
NG N e LEEnS 0Ny e
[!lc LC

Although these recctions did not succeed with respect to the synthesis
of thiobridged compounds, oxidation of the dipertide ring had certainly
ceccurred in the formation of the dimer (66) and it was felt that the correct
choice of reaction conditions, i.e. solvent and base, would lead to the desired
incorporation of sulphur. At this point, however, .a synthesis of the proline
anhydride disulphide (68) was published28. This compound and similar derivatives
were prepared by metallation of proline anhydride with-sodamide in liguid
ammonia. Stepwise treaiment with sodamide,sulphur, sodamide and more sulphur

afforded the cpipolysulphide, which on reduction (borohydride) and oxidation

(iodine) gave the crude disulphide in 40% yield, (scheme 21).
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In essence the above synthesis was identical to the first approach of
our group. It warranted at this stage, therefore, to zpproach the synthesis

in yet another way.

(i1) Reactions with oxidising agents. The possible intermediacy of an
;cyliminium species in the biosynthetic incorporation of sulphur into
gliotoxin etc., prompted us to carry ovt several experiments tordetermine
the behaviour of dioxopiverazines and various derivetives towards oxidation.

At that point in time there was little literzture precedent for such oxidations

20,21
a.

besides the brominatiog of N,N'-disubstituted glycine anhydrides nd

the halogenation of proline anhydride, which leads to dehydrohalogenation

29

. Recently, however, the halogenation

30

of several dioxopiperazines has been reported .

and the formation of complex mixtures

Initially, the reactions of some N,N'-disubstituted dioxbpiperazines
with D.D.Q. were investigated. Thus, proline anhydride and D.D.Q. in benzene
_were heated under reflux for 5 days, by which time all the oxidant had been
converted to quinci. Tlc of the reaction mixture showed_starting material
end a new non-polar compound, readily visuzlised ¥y u.v. light. After removal
of the insoluble guinol, the filtrates were evarorated and the residue
triturated with the minimum amount of dichloromethane. This removed the
starting material and left 2 quaniity, 25% by weight, of highly coloured
crystals. Recrystallisetion from benzene afforded pale yellow plates m.p. 2720.
ts i.r. spectrum showed strong vinylic sireiches at 3130 cm—l, a carbonyl
stretch at 1705 em~t and double bond absorptions at 1560 cm™T. These absorptions
are more comnpatible with an aromatic ketone than a cyclic dipeptide. The n.m.r.
spectrum showed nothing but three lew-field mmitltiplets., The only possible
structure consistent with the spectral data is the cyclic bis-lactem (69) of
pyrrole-2-carboxylic acid. This unusual derivative is a known compound, trivial

31

name pyrocoll” ™, first isolated from the pyrolysis of gelatin. Comparison

with the published m.p. and u.v. spectrum confirmed the structural assignment.
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Considering the quantitative yield obiained when calculated on the amount

of oxidant used, such an oxidation was encouraging and extension of the reaction
to other dioxopiperazines was rapidly sought. Methylation of cis-irans

a2lanine anhydride, with dimethyl sulphate in aqueéus potassium hydroxide,

gave the cis-irens-tetramethyl derivetive (70), albeit in low yield (40%),

but of excellent purity. Although the isomers were not separzted the mixture

was recrystellised and analysed correctly. €The compounds have recently been

T.I 1R )
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e
cis + trons (70) cis + trons

prepared by dehydfative dimerisation of N-methylolanine in refluxing ethylene
glycolSO). Refluxing (70) with 2 eguivalents of D.D.Q. in benzene for one week
failed to produce any reaction wvhatsocever. Similarly, the N,N'-diacetyl
derivative (67) was completely inert to D.D.Q. in refluxing benzene. In order

to facilitate the oxidation the dibenzyl derivative (71)32 was used as substrate.
With this compound dehydrcgenation might be expected to occur readily affording

Ve

st

(71) cis + trons

e ross

the extensively conjugated dibenzylidene dioxopiperazine (72). The preparation
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of (71) merits further discussion. Phenylalanine anhydride was easily
methylated with sodium hydride and methyl iodide in D.}.F., a standerd reagent

33

for the N-methylation of peptides. Horkup afier 3 hours reaction time
afforaed (71) as a cis-trens mixture in 705 yield. Configurational assignments
‘could be made by comparison of the n.m.r. spectrum with those aof the known
bis-imidates (73)5’6 which were found to be very similar, However, if the
reaction mixiture was left for 20 hours, further alkylation occurred.
nystallisaﬁion of the crude product gave needles of the trans-isomer in

38% yield but crystalligation of the residue from the mother liguors did not
furnish the cis-isomer. Instead prisms of a new compound were deposited, whose

L3

spectral and analytical data were consistent with the frimethyl compound (74).

The complicated n.m.r. spectrum cen be explained in terms of the preferred

conformation shewm in (75). Similar C-alkylation reactions have recently been
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reﬁorted.29 Refluxing the dibenzyl compound (71) with D.D.Q. in benzene for 7
days failed to produce any of the bis-benzylidene comround (72) contrary to
expectations. Thus, it must be concluded that, in general, oxidation of N,N'-
disubstituted dioxopviperczines witk D.D.Q. is not a favourzble reaction.
As described earlier (p. 95 ) N-monosubstituted dioxapiperazines are inert to
D.D.Q. oxidaticn.

% -Acetoxylation of amides with lead tetraacetate (L.T.A.) has literature

preoedenf34. Attack by the amide on the lead salt can lead to formation of an
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acylimine or acyliminium ion which is rapidly quenched by the liberated

acetate ion (scheme 22). However, before this reaction could be extended to

scheme 22
Olc

dioxopiperazines, Schmidt et al.

with L.T.A. in benzene at 50~70
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reported that proline anhydride reacts

to give the diacetate (76) in 32% yield.

The diacetate behaves like a normal &X-functionalised cmide (see Part 1) and

(76)

351

can be readily converted to either the bis-dehydro derivative (77), by acid

treatment a2lone, or to other functionalised derivatives e.g. (78), by acid

catalysed substitution. In view of the importance of the L.T.A. oxidation,

especially as it may well mimic

an investigation of its general

the biosynthetic pathway, it was felt that

S

ity was warranted. The susceptibility of

proline anhydride towards oxidation was demonstrated by its reaction with

D.D.Q.. Likewise, the ezs
had also proved to be somewhat

L.T.A, oxidation of the te

e of oxidation of this dioxopiperazine with L.T.A.

exceptional.

tramethyl compound (70) required 20 hours in
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refluxing benzene before a2ll the oxidant had been consumed. Vorkup afforded

a crystallising oil which, on trituration with ether, gave vhite crystals (185

yield). Howvever, n.m.r. and ilc showed that this meierial was a mixture of iwo

compounds which were subsequently separated by plc. The less polar band afforded

¢olourless needles of the triacetate (79) whereas the more polar band constituted

the diacetate (80). Both compounds were fully characterised by their spectral

and analytical datz. The single spot behaviour on tlc and the n.m.r. specira

of these acetates indicated that they were single compounds aznd not mixiures

of isomers. Their formation can be explained in terms of schemes

. -Me
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(79) (80)
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of the diacetate (81) was present. The facile

ox:datlon of dehydro-dioxopiperazines with L.T.A. will be described later (p136).

Attempts to influence the oxidation by changing the solvent (to acetic acid)

or by using acid scavengers such as anhydrous calcium carbonate or pyridine

resulted in reduced yields or even complete luck of reaction.

Oxidation of 3,6-dibenzyl-1,4-dimethyl-dioxopiperazine (71) with L.T.4.

was even less rewarding than in the case of the tetramethyl derivative.
D

Prolonged reaction (4 days) at 80° failed %o produce any significant oxidation
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of the substrate.

Several N monosubstituted dioxopiperazines were treated with L.T.A. in

benzene at 80°. In the cases of the 3-methyl derivatives (12) and (28)

2

:_.e I‘ e I‘{c E'Ie
. s 0 Ke\{/’H C s B 0 Iie\\ i 0
‘L‘ ’ - ; : - I: - . T / b3
7y e o \i_‘, e 0)\2,; CE Ph g 1[‘;
i1 Ii I'.
(12) (28) . (41) (82)

extensive decomposition occurred znd no discrete compounds hesides starting
material could be isolated. In contrast, the 6-methyl derivatives (41) and (82)
were unaffected by the oxidant.
The abhove results indicate that L.T.A. oxidation of dioxopiperazines is
not generzl and each reaction must be taken on its own merits. Nevertheless,
it was considered that suitable modificaticn of the dioxopiperazine ring could
1ead to activation towards oxidation. For example, on the basis of the mechan-
ism in scheme 22, dihydropyrazinones e.g. (83), should readily oxidise in the
-6-position because the neighbouring S5~carbonyl group has been converted tfo
the relatively =lectron ricﬁ imidate which would

I
}e

R N o help to stabilise any adjacent, intermediate

2 acyliminium species. Oxidation in the 3-position
should be completely inﬁibited since formation of
(82) the acyliminium species is not possible.
Alternatively, 2 radical mechanism might also
favour oxidation in the 6—positio; cn the grounds used to explain the producis
in the analogous D.D.Q. oxidations (see 2.1C0). The imidate chosen to tesi
thege arguments was the 1,6-dimethyl derivative (84), Prepared from glycine
and. 2-chloropropionyl chloride via the dioxopiperazine (82) (scheme 24), this
compound was unusually acid sensitive, readily undergoing hydrolysis to ring
opened products. The cyclisation of the dipeptide to the dioxopiperazine (82)
was corried out by esterification, followed by base catalysed ring closure

rather than by the more usual ethylene glycol dehydration, since the former
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gave a much higher yield (93% compared to 40%). Oxidation of the imidate (84)
with L.T.A,., inbenzene cccurred smoothly at 806. Workup afforded the crystalline
dizcetate (85) as the major product which, after recrystallisation, exhibited

the expectied spectral and analytical data. Spectral examination of the reaction

mixture showed no evidence for the monoacetate (86) nor for zcetoxylation in
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(85) H (86)

the 2-position. Workup of a subsequent experiment béfore oxidation was complete
gave star“;ing material and the diacetate as the only products. The presence

of the amide function is implicit'in the mechanisms depicted in schemes 22

and 23, but this need not necessdx:ily be the case. lleglecting radical pathways,
an alternative ionic meckanism directly involving the imidate function may be

operative (scheme 25). Were this the case, L.T.A. oxidation of bis-imidates
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should be possible. Thus, the bis-ethoxy dihydropyrazine (87), prepared from
alanine anhydride and triethyl oxcnium fluoroborate in 645 yields s Was reacted
with L.T.A. in benzene at 800. Workup after 20 hours gave a crystzlline product
in excellent wvield (@. 100%). The n.m.r. spectrum of this material indicated
that it was a 4:1 mixture of the 3,6—&iace‘boxy bis-imidate (88) and the

36

known”  diethoxypyrazine (83). One recrystallisation from n-hexane afforded
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(87) cis + troms (&8) (87)

colourliess needles of pure bis-imidate, which appeared (tlc, n.m.r.) 1o be a

ck

single compound, although the siarting materizl was a cis-trans mixture. The

mechanism in scheme 25 can be easily modified for the bis-imidate oxidation
(scheme 26). AcO"'\/ e -

e 3~ - e
T C’Et 1.g il on
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scheme 26

(iii) Reactions at the sulphur bridge. Although most of the reactions used in

thz degradetive sftudies on the natura 1 products have involved destruction of
the disulphide bridge, operations can be carried out on this function without
its inevitable 10«337 38 . It was considered thot the experitise gained in the
preparation and subsequent manipulation of a known epidithiodioxopiperaszine

night be invaluable to' the development of a general route to these compounds.
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At this point in time the easiest disulphide to prepare was the sarcosine
anhydride compound (55) and even then, the published routel required
modification (scheme 27). Sarcosine anhydride, prepared by dimerisation of
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(20) (55)

sarcosine in refluxing ethylene glycol, was readily dibrominated at 160°
o-dichlorobenzene. However, treaiment of this highly reactive dibromide with
potassium thiolécetate in ethanol, zs reported, gave only 20% of the dithiol-
acetate. The major product was the diethoxy derivative (90) of unknown
configuration, a result of solvolysis. Changing the solvent'to D.M.F, eliminated
the latter problem but, initially, cis-trans mixtures of the dithiolacetates
were obtained. Siﬁce only the cis compound can be readily converted into the
epidisulphide this reduced the possible yield considerably. Howevery careful
workup of the reaction, avoiding temperatures above 400, enabled a product to
be obtained in 81% yield which was 9:l iﬁ favour of the cis-cdithiclacetate.
Subseauent hydrolysis with ¥ .ethanolic hydrogen chloride was siraightforward
and the resultant cis-dithiol was oxidised in 96% yield to the disulphide with
iodine in agueous potassium iodide solution. Conditions of high dilution were
required for the latter reaction otherwise considerable amounts of polysulphide
were produced.

The disulphide, obtained as yellow prisms from acetonitrile, has low
solubility in common organic solvents. The compound runs on tlc as a colourless

spot which rapidly becomes yellow, on standing, presumably due to loss of
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sulphur. Treatment with triethylamine gave a2 reddish-purple solution of a
complex mixture (tlc); but from which a white solid slowly precipitated. This
was identified as the known°c tetrasulphide (56) and was also produced, in 80%

37

yield, by reaction of the disulphide with sulphur in pyridine”'., With pyridine

alone partial polymerisation occurred. These reactions can be explained by

initial rupture of the S-8 link (scheme 28). The ready formation of the

ie t {} e i nolymer
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schene 28

(56)

tetrasulphide is 2 consequence of its stability since it is the simplest
epipoly thic compound capable of achieving the normal ~S8-S- dihedral angle of

ca. 1005
The conversion of.dehydrogliotoxin to its monosulphide with thiophiles

such as triphenylphosphiné’has been reported39 and, gimilarly, the disulphide
(55) readily afforded the colourless,crystalline monosulphide (91) with
triphenylphosphine or trimethylphosphite in 89 and 98% yields, respectively.

This compound, although destroyed by strong base, is remarkably stable to acid.

e 0 lie
P 760 Y ¢
(1) /Es I (52)
'
] 0 Nw” Nsm
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For example, treatment with methanol in dichloromethane containing boron
trifluoride etherate failed to give the methoxy thiol (22) and the monosulphide
wes recovered unchanged. The methoxy thiols (koth isomers) were produced by
the reaction of the disulphide with triphenylphosphine in methanol. Presumably,
élimination of the triphenylphosphire sulphide occurs before methanol attack
and hence both isomers can be formed from the azcyliminium ion, as was indeed

observed; the alternative 3,2 attack would only give rise to the irans~isomer
EL

:

(scheme 29). The two isomers were unstzble to plec but a successful separation
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was effected by fractional crystallisation and thg compdunds were fully
cheracterised by their spectral and analytical data. The monosulphide was
converted into the sulphoxide (93) by reacfion with ome equivalent of m~chloro~
verbenzoic acid at Oo, ané the asymmetry of the molecule was reflected by the
different shifts of the N-methyl resonances in the n.m.Tr. spect:um. Two
equivalenfs of oxidant produced a complex
mixture and did not yielévthe expected sulphone.
Reaction of the disulphide with peracid also

produced a complex mixture from which only the

tetrasulphide (58) could be isolated.

The recently reported?® method for protecting the disulphide bridge
deserves mention here. Treatment of the dithiol (94) with anisaldehyde and
boron trifluoride etherate gives the dithioacetal (95) which is stable under

acidic, basic or reductive conditions. With one equivalent of n-butyl lithium
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a monocarbanion on the dipeptide ring is formed. However, workup with deuter—
ium chloride gives starting material with only one position specifically
deuterated (96). Thus, the chiral nature of the acetal carbon endows selectivity
on the anion formation, enabling selective alkylations 4o be carried out in

a stepwise feshion. The disulphide bridge can be reformed by oxidation with

m-chloroperbenzoic acid followed by acid treztment (scheme 30). The use of this
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versatile yrotecting group has been exerplified in the total syntheses of

41 43

. - . . 4
dehydrogliotoxin™™ aond sporidesmins A‘2 and B

(iv) Reactions with dehvéro-dioxovniperazines. As already described feeding

experiments have indicated that dehydro derivatives are not biosynthetic
precursors to gliotoxin, aranotin, eic., but one of the'easiest ways to
generate the\proposed acyliminiumlintermediates is by treating such dehydro
compounds with zcid. This method has many precedents, both in amide chemisiry
and simple peptide chemistry (see Part l), but has never been applied to dehydro-
dioxopiperazines. Conseqguently, as a number of dehydro compounds were available
to us, we decided to use these derivatives to find a mild and general method
for the introduction of sulphﬁr.

The reaction of the methylene dioxopiperazine (34) with thiolacetic acid

was carried out in deuteriochloroform and monitored by n.m.r. spectroscopy.
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(34)

e

+
voong

After 4 days at 25O tisappearance of the vinylic resonances was complete and
the fact that K&-addition had occurred was readily ascertained from the new
resonances. Besides new N-methyl and acetyl singlets, a2 multiplet 2t 7 6.4
(-S—EEQ—CH ) had appeared and no G-methyl singlcts were in evidence. Both
possible isomers were férmed, as inferred from the two new C-methyl doublets
at A 8.39 and 8.51, due to the methyl substituent in the 3-position, and this
was confirmed by two new spots on tlc. The yield of the isomers was quantit-
ative (ca. 1:1) and their separation was effected by plc. Configurational
assignments could not be made on the basis of the spectrzl data but és before
it was assumed that the more polar’ocmpound, a crystalline solid, was the cis-—
isomer. The less polar thiolacetate remained an o0il despite extensive attempis
at crystallisation. /g~—Addition éf this sort is to be éxpeoted since thiol-
acetic acid is not a strong enough acid to promote the acyliminium eguilibrium
and the /G—adduct is the thermodynamically-controlled product (see p..32).
Treatment of (34) with hydrogen chloride in deuteriochloroform effected,
after 30 minutes, a 20% conversion to a new compound. The appearance of a new
C-metnyl doublet at L 8.39, a2 C-methyl sihglet at % 7.87 and an N-methyl
singlet at 2’6.90 was consistent with the formation of the X ~-chloro compound

(98). After 24 hours and further passage of hydrogen chloride the quantity
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of (98) had still not increased zbove 207, i.c.equilibrium had been established.
However, on addition of thiolacetic zacid to the mixiure a rapid reaction
occurred and within one hour both the methylene compcund znd the chloro
compound had discppeared. The new resonances were consistent with 2 mixture

of the isomeric K-thiolacetates (99) as scle products. Furthermore, resonances
due to j@«eﬁdition were completely absent. The yield of the thiolaceiates was
apparently quantitative. Separation ¢f the isomers by plc afforded both
compounds 2s crysialline solids but the isolated yields were considerably
lower than expected. The explanation for the low yields, 49% combined, most
probebly lies in decomposition upon chromatography. Reaction of the methylene
dioxopiperazine with thiolacetic acid in the presence of a catalytic amount

of hydrogen chloride afforded the same X -thiolacetates confirming that prior

44

formation of the d~chloro compound was not essential’ . As long as the acyl-

iminium intermediate (100) is produced, o{-addition of the nucleophile will
occur and the nature of the a2cid catalyst iz not important. Thus, in the

43 the addition of hydrogen

‘recent total syntheses of sporidesmin A42 and B
sulphide to a dehydro-dioxopiperazine was catalysed with'boron trifiueride
etherate. -

An identica1~reaction occurred with the methylene benzyl dioxopiperazine

(47) and thiolacetic acid in the presence of hydrogen chloride. Monitoring

the reaction by n.m.r. showed that all the starting material had been consumed
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after one hour at 250giving a2 121 mixture of the o -thiolacetates (101). The
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two isomers were readily distinguished by their n.m.r. spectra as before (p. 90 )
due to the shielding effect of the phenyl ring.on the 6-methyl substituent.
However, the reaction was not worked up immediately as it was noticed that

the ratio of the isomers was slowly changing. After 20 hours, eguilibrium had
been reached with a 3:1 ratio in favour of the cis-isomer (10la). This
observation again empnasises the reversibility~of these addition reactions
involving acyliminium intermediates e.g. {(100) and (102). lorkup, by plec,
afforded the more polar cis-isomer as colourless needle3~(49ﬁ) and the less
volar trans-isomer as prisms (23%). If the reaction mixture was left for
several days a complex mixture was formed due to competing ﬁg-addition; in
fact, 2 small quantity of material (8 mg.), isolated by plc from such a mixture,
showed n.m.r. resonances consigtent with the/g-dﬂﬁolacetéte (103). However,

this.compound was not characterised any further.

e
heseH, M 0 o 0
Shc
SR R Hy
i
(r03) . () (104)

To test the generality of these OX-addition reactions it was of interest
to use bis-dehydro proline anhydride- (77) since previous attempts at the O%-
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addition of nuclcophiles to this compound had failed . The bis-dehydro

compound was reacted.with thiolacetic acid in deuteriochleroform con%aining
hydrogen chloride. After 4 hours at 250, n.m.r. showed that most of the starting
material vinylic triplet (HA) had disappeared and a naw vinylic triplet was
present. Evaporation of the solution gave z semi-crystalline oil. Houwever, plc
of the crude product resulted in extensive decomposition and no single compounds
were isolated. The reaction was repeated and after 4 hours some remaining

starting material wae filtered off. The filtrates were evaporated and the

residue dissolved in hot ethyl acetate which on cooling deposited yellow crystals
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(15%). The n.m.r. spectrum of this material showed that it was basically

the same as the crude product from the first reaction. All the spectral data
was consistent with the monothiolacetate (104) and, after recrystallisation,
the colourless prisms gave confirmatory znalytical figures. If the reaction
Eime was increased beyond 4 hours the yield of (104) began to diminish and a
very ccmplex mixture was formed. It was considered tha% with prolonged
reaction times, ﬁg-eddition was competing successfully and that the quantity
of bis— cX~thiolacetates (105) formed wes too small to enable separation froﬁ
the large number of‘/@-—adducts. An attempt wes pade to hydrolyse the crude
mixture after 4 days reaction with a view to oxidising the subseguent thiols.
The gig— X -dithicl (106) would give the monomeric cyclic disulphide (68)
where as all the other thiols would give polymeric disuléﬁides facilitating

separation considerably (scheme 21). The hydrolysis, in refluxing methanolic

/ \ + other
(:>//,T o thiolacetotec

:’l CS
,/l\ Shc el
Y I 17e0H :

(105) cis (68)

gchene 31
hydrogen chloride, was ezsily accomplished as was the oxidation with iodine/
potassium iodide, but none of the disulphide (68) could be isolated.

Consideration of the problem led to the conclusion that a good nucleophile

”‘

with poor leaving group properties iras recuired. Rapid formation of the hig—X
-a2dducts would be promoted by = good nuclieophile, where as the back reaction
through the intermediate acyliminium cations to the dehydro compounds and
thence ﬁg—addition, would be inhibited by a poor leaving group (scheme 32).
The nucleophile chosen was ethanethiol. Tlc of the reaction mixiure after

20 hours at 250 showed two new spots, besides 2 small amount of the bis~

dehydro sierting materizl, and the products were separated by plc. The less
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polar band gave a crystalline solid readily identified as the knownzs cis-
di{ethylthio) adduct (107) (30%) by comperison of its mem.r. spectrum with
the published data. Recrystallisation from n-hexane afforded clusters of
prisms m.p. 98-100° (11%.35 m.p. 98-103°), The more polar band gave a non-
crystalline foam whose n.m;r. gpectrum showed 2 vinylic triplet as well as a
thioethyl group. Its i.r. spectrum was very similar to éhat of the mono-
thiolacetate {104), apart from the acetyl carbonyl stretch at 1620 em L in

the latters' spectrum, and conseguently the new compound was assigned the

mono-ethylthio structure (108). The mass spectrum showed a weak parent ion at

701 o
R 248
BESH + aRd
c
(17 , (107) 303 (108) 44

- nfe 252 (2%) as expected. All attempts to purify this meterial further led to
its partial decomposition and hence a satifactory analysis could not be
obtained. No sign of the trans-di(ethylthio) derivative could be found, which

is in accord with the known28 preference of proline anhydride derivatives for
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the cis-configuration.

The generality of the method was further tested with a conjugated
dehydro sysiem. For example, the sparingly soluble mono-benzylidene
dioxopiverazine (61) was stirred with ethanethiol in D.M.F. saturated with
hydrogen chloride, for a week., Filtration of the heterogeneous nmixture gave
unreacted starting meterial in 80% yield. Evaporation of the filtrates
afforded 2 yellow 0il which, when dissolved in chloroform, rapidly precipitated
out the insoluble benzylidene compound with concomitant liberation of ethane-

thiol. Presumably, the insolubility of (61) in non-polar solvents forces the

equilibria (scheme 33) completely over to the left resulting in total
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(61) scheme 33 (102)

decomposition of the ethylthio adduct (109). To avoid these solubility effects
{unsubstituted dioxopiperazines are notoriously insoluble in non-polar
solvents) l-methyl-3-benzylidene dioxopiperazine (110) was used. The compound

46

was prepared from the azlactone (111) by the published route™ .
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This dioxopiperazine is freely soluble in non-polar solvents and undergoes
oxidation reactions typical of enamides (see part C). The compound was treated
with ethancthiol in deuteriochloroform saturated with hydrogen chloride.

Following the reaction by n.nm.r. initially showed little change but, after a
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week, a new compound was obser%ed (c2.15%). The solution was left at 25° for

a further three weeks by which time the mixture had reached ecuilibrium 2t

35% conversion. The new resonances were consistent uith the K ~ethylthio
compound (112). The two protons in the 6-position resonated as an ABg (J 18 Hz)
as did the two benzylic protons (J 14'Hz), a consequence of the folded

conformztion (113) encountered earlier in other benzyl substituted compounds.

=, K 6.87,
} J 18 Hz.

I{B T’O’.ls,

. UL 6,37,
Q ¥ T 7 }- J 14 Hz.
g CHPh H, T 6.07
(112) (113) ~X-ile KT.10

ﬁ%-ﬁAddition,would lead to resonances between X5 and 6 due to the »ing

proton in position 3 and the remaining benzyiic methine, but no such evidence
excluded the formation of the /g-adduct (114). The mixture was evaporated and
subjected to ple. The major band afforded starting material (50%) whilst the
ethylthio compound ran slightly higher and was isolated.in 25¢% yield. The
compound was a colourless crystalline solid and was fully characterised after
recrystallisation. With much weaker nucleophiles €e.g. methanol, no addition
to (110) was observed, using either T.F.A. or boron trifluoride as catalyst,
over a short period of time (1-2 weeks). Thus, the conjugated nature of the
dehydro double bond in (110) does inhibit its protonation to the acyliminium
cation but with a strong nucleophile and adequate reaction times, addition
will occur to an appreciable extent. Where the electrophilic species is more
electron deficient than a proton, reaction becomes far more favourable as
witnessed by the rapid, high~yield oxidations of (110) (see p.129).

The benzylidene bond in (110) apvears to be inert to ﬁgnaddition since -
the expectmiﬁg-ethylthio adduct (114) was not formed with sodium ethane-
thiolate in D.M.F. 0ddly enough, if the sodium thiolate was prepared.from

ethanethiol and sodium hydride in the presence of the dioxopiperazine, an
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(112)

47

efficient reduction of the compound was observed. Workup afforded the known
benzyl dioxopiperazine (115) in 61¢ yield. Diethyl disulphide was not produced

in this reaction and it must be concluded that the reduction was effected by

the hydrogen from the thiol-hydride mixture.
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C. Gliotoxini the oxygen problem.

Arene oxides have been postulated as intermediates in the oxidative
metabolism of aromatic substrates48. In vivo these epoxides underéo49 the
'"N.I.H.! shiftSO in rearranging into phenols and, in one instance, an arene
oxide has in fact been isolated from a biological systemsl. Molloy'gi‘glzg
proposed that phenylalanine epoxide is involved in the biosynthesis of the
cyclohexadienol and dihydrooxepin rings found in gliotoxin and aranotin,

18,53

respectively, (see p. 47) and feeding experiments support the proposal

(scheme 34). To mimic such an oxidation in vitro is very difficult and is

scheme 34

attracting the attention of many chemists at the present time. The following
chapter describes our attempts a2t this process. Although we have so far failed
in our objective, the chemistry has proved iv be of considerable intrinsic
interest.

-~

(i) Resctions with singlet oxygen. The common methods for oxidation of

54

55

aromatic compounds include the use of peracids and metzl salt oxidants”,
Cefe Pd(OAc)2, but a large excess of substrate is required to prevent over-

oxidetion. A: reogent for which a large excess of substrate is not necessary
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and where overoxidation can be controlled can be found in singlet oxygen.

This excited state molecule has been showm to react with styrene derivatives

56

in a 1l,4~-cycloadditive nenner”’” involving the aromatic ring (scheme 35).

o

zcheme 15

Such a rsaction may mimic the behaviour of the dioxygenases. For example, 2
similar process may be of importance in the biosynthetic incorporation57 of
molecular oxygen into the fungal metabolite cyclopenol (116), which is formed

from phenylalanine and not m-tyrosine or L-D0pa58 (scheme 36).

50

(@]

1
Oxidation of the benzylidene dioxOpiberazine (110) with singlet OX'gén
cccurred smoothly at 250. The reaction was carried out in dichloromethane
containing methylene blue (1-2 mg.) as sensitiser. The blue solution was
irradiated with a 350 Watt tungsten filament buldb whilst a stream of dry
oxygen was passed through the solution. External cooling of the flask with

welter maintained the temperature at 32.250. All subsequent singlet oxygen

recactions were performed in like manner. Thus, after 60 hours reaction, tlc
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showed none of the benzylidene derivative, 2 non-polzr, volatile spot and a
polar strezk nezar the corigin which gave a2 weak blue colourction on spraying
with the starch-iodide rcagent. The reaction mixiure itself smelt strongly
of benzaldehyde and a crystalline solid had been depocited round the sides
of the flask. The colourleés crystals were filtered off oné their i.r.
spectrum recorded. This wzs dominated by itwo strong carbonyl zbsorptions at
1725 and 1690 cm—l and N-H stretches were also present. Insolubility in
deuteriocﬁoroform precluded an n.m.r. in this solvent, but in T.F.A. the

spectrum showed an N-methyl singlet, a -CH.- singlet and a broad N-H singlet;

2
aromatic resonances were ccmpletely absent and it was obvious that the
molecule no longer possessed the benzyl substituent. *hgmcompound proved to
be the trioxopiperazine (117), obtzined in 765% yield. After evaporation of the
reaction mother ligquors, the resultant oil was triturated several times with

petrol to remove the benzaldehyde (identified by its spectral datz). The

E, T 7.48,
* iBc, J 19 Iz,

< = 2 o
0 -'-d-c‘ réoc'o, e

; _ Pr L 2.60, s.
(1) o (138 w-H 7% 3.00, bs.
residue, vhich geve a positive starch-iodide test, was examined by n.m.r.
spectroscopy. The observed resonances were somewhat broadenéd due to the
ensuing decomposition of the substance which was indicated by the appearance
éf benzaldehyde resonances and formation of a precipitate of (117) in the

deuteriochoroform solution. Nevertheless, resonances consistent with the
intermedizte dioxetene (118) reprresented the major pecks in the spectrum.
As expected, the two protons in the 6-position resonated as an AB quartet
(J 19 Hz), due to the preferred folded conformation cf.(113). The unusually

high-field position of the N-methyl resonance at J. 7.30 may also be associated
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with the near-by aromatic ring and was later found to be characieristic of the
oKy /5 —~difunctionalised siructural itype (119). On standing for several days
at 250 decomposition was complete ond the tot2l yield of the trioxopiperazine

was 100%.

(112)

The reactions of olefins with singlet oxygen via a 1,2-cycloaddition are

59

well decumented”” and the subseguent chemiluminescent cleavage of the
dioxetane product mny have importance with respect to chemiluminescence in

59

natureéo. The addition is stereospecific”’” znd therefore it was of interest to
react the E-benzylidene dioxopiperazine with singlet oxygen to test if an

isomeric dioxetane was produced (scheme 37). The E-isomer was prepared as
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follows. Photolysis of the Z-isomer in methanol at 250 under nitrogen in a .
quartz . vessel with a 125 Watt medium pressure mercury lamp gave a photo-
eouilibrium mixture of the twe isomers46. Sgpara'bion by plc afforded the
E-~isomer as the more polar compound, far less soluble in the common solventis
than its Z-isomer. At the same concentration, the B-isomer reacted with

singlet oxygen at least twice as fast as the Z-isomer, the reaction being

complete within 24 hours. The trioxopiperazine (117) was filtered off, in T4%
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yield, and the filtrates treated as before 1o rem&ve the benzzldehyde. The
n.m.r. spectrum of the intermediate dioxetane was identical to that of (118)
leading to the conclusion that the reaction iz probebly not stereosvecific.
The susceptibility of enamides to electrophilic attack (see Part 1) prompted
us to consider aliernative mechanisms. The most likely possibility, involving
an acyliminium intermediate, is shown in scheme 38. The peroxy-acyliminium

ye
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species would be expected to undergo rapid internal addition affording the
observed dioxetane. Conversion of the amide into an imidate function would
prevent the enamide reaction and hence night be expected to zlter the course

of the oxygenation reaction (donation by the lone pair on the imidate oxygen

' P
ke © A)\ AR AP

would involve a greater charge separation compared to the amide system).
Consequently, the methoxy imidate (121) was prepared by alkylation of the
dioxopiperazgine with methyl jodide and freshly prepared silver carbonate in
benzene61. The two products of the reaction were readily separated by column

chromatography and the less polar imidate isolated in 63% yield. The other
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product (37%) was the M,N'~dimethyl derivetive (122). Both comp5unds were
highly crystalline and exhibited the expected spectral and analytical data.
The imidate proved to be completely inert to singlet oxygen and the starting
material was recovered unchanged cven after seven days reaction. In contrast,
the W,N*-dimethyl derivative (122) did react with singlet oxygen (scheme 38).
Tlc of the crude product showed the presence of benzaldehyde and this was

confirmed by n.m.r., which a2lso showed resonances compatible with the trioxo

gc 'O compound (123). Other products were 21so present
) and an attempt to purify (123) by plec resulted in

c i Ne . its decomposition. The reaction was much slower
e than that with the unsubstituted dioxopiperazine
(123) (110). This may be due either to the sieric

inflvuence of the extra methyl group or, that, in the latter case, the possible
formation of an acylimine instead of the acyliminium ion is an imporiant rate

factor (scheme 39).
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The generzlity of the oxidation was tested with the 1,6-dimethyl Z-
benzylidene derivative (124). The recction with singlet oxygen required 24
hours for completion and the n.m.r. spectrum of the crude product showed

benzzldehyde -and resoncnces consistent with the trioxopiperaszine (125) and
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the dioxetane (126). Agein the H-methyl resonance of the dioxetane appeared
at higher field then normal, but the shift of the C-methyl group at I 8.52
indicated that this methyl group was irans to the benzyl group. High field
( I:9.0—10.0) resonances consistent with the cis-iscmer were absent. The
benzylic methine resonated at c2.7 4.8 as in the dioxetane (118). The trioxo
compound was separated in 68% yield by plc and characterised by its spectral
properties (H+; EﬁE 156) since all attempts %o crystallise the oil failed.

The benszylidene dioxopiperazine used in the last reaction was prepared
by condensation of the glycine derived dioxopiperazine (82) with benzaldehyde,
a reaction vhich proved 1o be more difficult than expected. The usual method26

involves heating the dioxopiperazine with the aldehyde.and sodium acetate in

acetic anhydride at 130° (scheme 40). This reaction nroduced only the N-acetyl
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derivative (127). Treatment of (127) with benzaldchyde and triethylamine in
.2.7.52 potn at 25° and 130° also failed to effect ihe condensation. A
successful preparation was accomplished as follows. A solution of (127) in
D.M.F. was cooled to 0° and 0.1 X potassium t-butoxide in t—butanol62 was
added over 45 minutes; Acueous workup, follovwed by column chromatography
afforded the benzylidene c?mpound (124) in 40% yield. Recrystallisation gave
colourless needles of analytical purity.

No evidence whatsoever has been found in any of these singlet oxygen

reactions for 1,4-additions, involving the aromatic ring, and this must mean
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56

that the 'subtle electronic interactions' guoted by Foote” are absent in our

compounds.

‘s . . 3
(ii) Reactions with lead tetrcacetate. A recent reporté‘ on the oxidation

of an amide with L.T.A./iodine (scheme 41) prompted us to try 2 similar

scheme 41

reaction with dioxopiperazine derivatives (scheme 42). Treatment of the benzyl

svbstituted compound (41) with L.T.A. and iodine in refluxing benzene failed

to produce any reaction. However when the benzylidene dioxopiperazine (110)
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was reacted in like manné;, both oxidant and substrate were consumed within
one hour and a complex nmixture was formed., At 250 a smooth oxidation occurred
and workup afforded a foam vhich gave colourless prisms from ether. The n.m.r.
spectrum showed the {wo protons in the 6-position as an AZ quartet (J 19 Hz)
and, together with the high field N-methyl resonance at K T7.38, this indicated
a structure of type (119). The presence of two acetate groups ( 7 7.83 and
7.88) and the benzylic methine at I 3.65 suggested the diacetate (128). The
5-proton singlet at 7:2.67 verified that the aromatic ring had remained
untouched by the reaction. The crystals gave i.r. and analytical data expected

for the diacetate (128). The mass spectrum of the compound did not show a

Ph

molecular ion at mfe 3343 the highest . pezk zppeared at g[g 274 which corre~-
sponds to the unusual acylimine (12%). This latter oﬁsefvation is not really
\surprising’considering that the pyrolysis of X -functionalised amides hos
been used for thé preparation of acylimines (see Parit 1). The diacetate was
not stable to tlc giving a strezk which was fluorescent vhen visualised with
u.ve light. This streak was thought to be the acylimine (129) formed by
silica {acid) catalysed elimination of acetic acid and an attempt to isolate
the compound was made. & sample of the diacetate was run up a preparztive
plate with MeOH:CHC13 (1:19) and the fluorescent band removed. However, the
crystalline solid obiained in this way was fully characterised as the methoxy
acetate (130). Elution with non-protic solvents e.g. benzene-ethyl acetate,
afforded another crystzlline solid, characterised as the hydroxy acetate (131).
Both compounds showed the AB quartets and high ficld N-methyl resonances
associated with the<X.,f3-éifunctionalised structure (119). The compounds

could also be prepared, in quantitative yields, by reaction of the diacetate

/
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with the corresponding nucleophile in dichloromethane contzining an acid

catzlyst e.g. T.F.A. or boron trifluoride etherzte (scheme 43), This
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schene 42

behaviour is in full accord with the properties of K —functionalised amides.,
However, atitempts to trap the acyliminium ion (132) with butadiene or 2,3~

dimethylbutadiene (scheme 44) were complete fzilures and afier several days
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reaction in refluxing benzene the only discrete product isolated was the
hydroxy acetate (131). The reason for the failure of the cycloaddition is
most probably steric‘crowding around the 3-position rather than lack of
rezctivity of (132); Surprisingly, neither the above reaction nor ireatment of
the dizcetate with acid alone gave either of the benzylidene derivatives (133).
It may be concluded} therefore, that steric crowding also inhibits the,
normelly very favourable, enamide formation. A similar case of sieric control
has been described in Part 1 (p.19).

Simple control experiments spowed that the iodine was not necessary for

the oxidations in fact, the dipeptide did not react with iodine at all.
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However, with one eguivalent of L.T.A. alone, the compound was completely
oxidised within one hour at 250. Exemination of the product by n.m.r. showed
that the product consisted of 85% diazcehate (128) and 15% of another compound
whose resonances were compatible with the acylimine (123). Based on these
products the isolated yield was ca.100%.

The mechanism of the oxidation was of great interest in view of the
formation of X , f?-—&iacetates in the previously described L.T.A. oxidations.
" The mechanism proposed earlier (p. 113, scheme 23) is an example of the
general reaction of enamides towards electrophiles (p. 33) and would lead to

the observed products {scheme 45). Other mechanisms have been considered, but

~
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none.oompare favoﬁrably with the proposal described and the isolation - of a
ﬁg—organo mercury derivative (134) from a similar oxidation of a dehydro--
amido acid with mercury (II) acetate in methanol (see p. 35) lends weight to

~ the enamide type of mechanism shown in scheme 45. Nucleophilic attack is
required for formaztion of both zacetate groups and therefore, the inclusion in
the reaction of =z nucleophile better than“acetatefghould lezd %0 non-acetoxy
bearing products. Thus, the oxidation was carried out in benzene containing
5% methanol. Tlc indicated thet the reaction was complete within 15 minutes,
a remarkable rate enhancement, but the only product formed was the methoxy
acetate (130). The reaction was repeated in methenol alone and on addition of:

the L.T.A. a deep yellow colouration was produced. Within 5 minutes the colour

had faded and the reaction was complete. Workup afforded a 1l:1 mixture (n.m.r.)



of (130) and a nev compound not previously observed. The products were
separated by plc and the new compound fully characterised as the crystalline
dimethoxy derivative (135). Confirmation of the interrediacy of the acylimine
(122) or the ion (132) is given by the facile formation of the X -methoxy
derivetive in the methanol-benzene solvent. However, the partial formation of
the methoxy acetate in methanol alone would indiczte that the normal SN2

displacement of the lead-carbon bond is in competition with 2 more favourable,

intromolecular substitution involving acetate (scheme 46).

:c
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o O ohc
C 13
. Ph
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- scheme A6
(130)

The stereospecificity of this oxidation, the earliér singlet‘oxygen
reactiions dnd the i-butyl hypochlorite oxidations described in the neit section,
is guite pronounced. All the compounds isclated cppezr to be single isomers
and not erythro =nd threo mixtures (n.m.r. and tle). Initial attack by the
oxidant, XiY_, at either Tace of the double bond gives rise to two different
relative configurations. Rotation about the benzylic—~dipeptide ring bond’
occurs in the dirgction required to reduce steric interactions between the
two large groups i.e.Ph and X, and the carbonyl oxygen in the 2-position.
Subseguent attack by the nucleophile Y is governed by product development
control and therefore, the atitack occurs specificzlly from the face opposiie
the phenyl ring in order to afford the preferred folded ‘conformation directly
without further bond rotation, Consequently, the products obtzined are optical,

not configurational isomers and represent the erythro form (sheme 47). The

proposal is in accord with the n.m.r. spectra of the derivatives. As already
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o enantiomers

described, the N-methyl resonance in (119) appezrs at higher field (by ca.0.2-

0.4 p.p.m.} thon in simple benzyl derivatives e.g. (112) and (115). Such an

observation can be explained by shiélding of the N-methyl group by the aromatic

ring, but obviously requires the ring to be closer to the l-amide group than

in the simple examples. This might well be expected, since the rotation

required to bring the phenyl ring nearer is in the correct sense for reducing

the steric repulsions between the functionalities X and Y. Were the threo

configuration adopted,.the reguired rotaticn would increase the steric

repulsions between X and ¥, a much more unfavourable situztion.
b

eryithro.

Y
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The rate increase odserved in the presence of methanol cannot be eiplained
in electronic terms since species of the type Pb(OAc)3OMe and Pb(OAc)z(OMe)
would make the lead ztom less electron deficient than in the tetrazcetate due
to differences in the electron-withdrawing properties of nethoxy and acetoxy
groups. However, the importance of steric crowding around the 3-position of
the dioxopiperazine has already been noted and it may well be that a more
favourable overlap of the benzylidene bond prbitals with the empty orbitals
on the 1ead atom can be achieved when the lead aton is surrounded .by methoxy
groups rather than the larger acetoxy vrdﬁns.

In v1ew of the ease of formation of the diacetate (128) and its subsequent
substitufion, several interestingrderivatives were prepared and their reactions
investigated. Por example, treatment of the dizcetate with hydrogén sulphide
in dichloromethane containing boron trifluoride etherate afforded a quantit-
ative yield of the érystalline X =thiol (136). Reaction of the thiol with
sodium hydride under nitrogen initially preduced a brighf yellow solution,
presumably due to the thiolate anion. Horever, the colour gradually turned o
the deep red characteristic of elemental sulphur in ba51c solution (p. 104),
and tlc confirmed the presence of sulphur in the reaction mixture. Workup,
after 20 hours, éfforded the benzylidene compound (110) in 100% yield., This
reacticn involves an internal reduction and‘may be of relevance to the
. desulphurisation of dehy&rogliotoxin acetote with triethylamin864 commencing

with nucleophilic attack by the base on the sensitive disulphide bridge

(scher;;e 48). };e . o
- rex g NG
Q. (110)
- 1‘ Clec . o
j s ¢
H Ph i Ph schene A8
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In contrast, the thiol group of (136) was readily methylated with methyl
iodide and anhydrous potassium carbonate in zcetone. Tlc of the mixture
showed a 'one-spci' reaction which was complete within 2 hours. Workup gave

the crystalline methylthio derivative (137) in quantitative yield. The reaction
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(137) (138) (133)

of singlet oxygen with sulphides produces sulphoxides gg@ sulphones via an
oxidative intermediate of the type (138)65. With such.a derivative of the
methylthio acetate (137) it was hoped that oxidation of the benzene ring
might occur (scheme 49). Before attempting this reaction the susceptibility
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of the sulphide %o peracid oxidation was tested. The reaction of (137) with
m—-chloroperbenzoic acid at 0° in dichloromethane was virtﬁally spontaneous,
but the corresponding sulphoxide (139) was not isolated. The n.m.r. spectrum
of the crude product bhefore agueous bicarbonate workup had removed the m—
chlorobenzoic acid did show antx,ﬁp~difunctionalised dioxopiperazine, but the
new S-methyl singlet at 7. 7.0 was too low-field for the S-methyl of the

sulphoxide group (the sulphide methyl resonated at T 7.70). After basic
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workup the singlet at 7.0 had disappeared but aromatic resonances due to 2
m—-chlorobenzoyl unit were still present; the product was 2 mixture of two
compounds, one of which was the hydroxy zcetate (131). The remaining resonances
were consistent with the m~chlorcbenzoate (14C) which was even more reactive
than the diacetate and 2ll attempts to isolaite the compound in a pure state,
failed. These observations can be rationalised in terms of the initial
sulphoxide (132) undergoing rapid elimination of methyl sulphenic acid (17.0)
to the acylimine which is then aﬁtacke& by the aromatic acid. The resultant
diester undergoes partial conversion to the hydroxy ester on agueous workup

(scheme 50). The same results were obtained with singlet oxygen. Although no .
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schere 50

(1
internal nucleophile, besides the sulphenic acid; was presept a quantitative
yield of the hydroxy zcetate was formed, vresumably by reaction of the acyl-
imine with weter from the surroundings. If solvent contaiping 5% methanol was
uged & mirture of the methoxy aéetate and the hydroxy acetzate was producéd
(scheme 50). No oxidation of the aromatic ring was observed.

A more favourable oxidation of the aromatic ring was envisaged with the
hydroperoxy scetate (141) under either acidic (scheme 51) or basic conditions
(scheme 52). The hydroperoxide was prepared from the discetate with anhydrous

66

hydrogen peroxide in ethe:/dichloromethane containing boron trifluoride
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etherate. This unusual derivative was isolated in 25§ yield as soft uhite

LN

. o : schere 51

needles from dichlofomethane. Satisfacteory i.r. and'anaiytical data were
obtained - but the lovw solubility of the compound precluded an n.m.r. sfgectrum
in deuteriochio?éform. The acid catalysed reaction wes carried out in T.F.A.
solution and followed by n.m.r. spectroscopy. The initial spectrum was fully
consistent with the hydroperoxy acetate but the spectrum slowly changed.
Oxidation of the aromztic ring was not occurring, however, since the new
resonances resembled the trioxopiperazine (117), 5enzaldehyde and acetic acid.
After 24 hours all the hydroperoxide had reacted and evaporation ofAthe
solution followed by trituration with ether to remove the aldehyde, afforded

a quantitative yield of (117). Such a recction can be accommodcted by the

e Le
e 0 L
't RS + PhCIC +
/p — PO
(141) 7 5 & f "0Ac
U 17 O xo—H o/’ﬁr 0
i o) s T

scheme 53 Ph (117)



-146—-

mechanism shown in scheme 53. The reaction under basic conditions was carried
out by treatment of the hydroperoxide with sodium hydride in T.H.F. It
required 20 hours for>the substrate to be consumed (negative starch—iodide
test) and then the mirture was neutralised and partitioned beiween water end
dichloromethane. The agueous phase gave the trioxo derivative (117), which is
extremely water-soluble, in 75% yield, whils%i the orgenic phase gave a mixture
(n.m.r.) of benzoic acid, benzaldehyde and the hydroxy acetate (131).
Trituration with ether removed the benzoyl compounds end afforded a 23¢ yield
of (131). The results can be explained by a slow cleavage reaction which
allows oxidation of the aldehyde by remaining hydroperoxide 1o occur (scheme
54). No oxidation of the aromatic ring was observed in»g;ther the acid or
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An 2lternative approach to the oxidation of the aromatic ring via an

acylimine is shown in scheme 55. The acylimine (129) i.e. X=Oic, is ainrably
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suited to this reaction since, &t mentioned previously (p. 138), the altern-

ative isomerisation to the benzylidene compound does not occur with this

compound. A methed was reauired for the synthesis of the acylimine as opposed

to itc acyliminium ion (132), which cannot undergo the desired reaction. An

attempt to pyrolyse the methoxy acetate (130) at 200° under high vacuum

resulted in its toial decompogition. Examination of the residue showed no

evidence for the required acylimine. Reaction of the methoxy acetate (130)

with triethylamine in dichloromethane did not effect elimination to an

observable extent, although a yellow colouration was produced on addition of

the base. Whether any elimination was occurring at all was checked as follous.

The methoxy acetate was stirred in ethanol containing triethylamine (scheme 56).
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scheme 56

Evaporation of the solution afier several days afforded a solid residue only
partially soluble in dichloromethane. Trituration with this solvent gave a
white solid whose i.r. specirum showed a2 strong hydroxyl absorption_at 34é0 cm"]
and the acetate carbonyl sitretch was no longer present. The n.m.r. spectrum of
the compound confirmed the conversion of the zcetoxy group into a hydroxy
group by the lack of acetyl methjl singlet and the up-field shift of the
benzylic methire from ]:3.78 in the methoxy acetate to P 4.77 in the new
compound, The singiet at 76.63 confirmed the presence of the methoxy group.
Obviously, 2 base catalysed solvolysis of the acetate had occurred (50¢ yield)
and recrystallisation of the compound afforded prisms of the methoxzy alcohol
(142) of analyticel purity. Exemination of the dichloromethane triturate

showed only starting material and none of the expected ethoxy acetate (143).

For elimination to occur a better leaving group was recuired and by analogy
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with the preparation of simpler zeylimines-(part 1) the X -chloro derivative
(144) wes the logical choice. The hydroxy acetate (131) was suspended in
deuteriochlorofor:, an excess of thionyl chloride added, 2nd the resction
fnllowed by nem.r. Tithin 15 nminutes complete solution was attzined and after
20 minutes at 250 all thé starting mzterizl had rezcted giving a2 mixture of
two compounds in the ratio of ca. 8:5. The major compound was assigned the

K ~-chloro siructure (144) (later work proved this compound was the chloro-

.

derivative and not the chlorosulphinate). The minor compound was considered

to be the acylimine (122) and the resononces were the same as those found in
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the diccetoate preparation rezciion mixiture (see p. 139). The spectrum of this

Q

compound was unusual compared to similer acylimines (see later) in that the
N-methyl group was relatively deshielded at T 6.87 and the two protons in the
6~position appeared as an AB guartet (J 18 Hz.). These effects must be due to
the acetate group at the chiral atom. Evaporation of the solvent and the
excess thionyl chloride did no% unduly change the ratio of the two compounds.
A similer eguilibrium mixture of the chloro acetate and acylimine was prepared
by oxidation of %he methylthio derivative (137) uith t-butyl hypochlorite,

via the sulphornium chloride {145). The t-butanol is too bulky to add to the
zeylimine itself (see p.152 ) but rezcts with the methyl sulphenyl chloride
liberating hydrogen chloride, which can 2dd to the zcylimine (scheme 57).

The rccoctions of this twe comround mixture were investigated. For example,
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treatment with methanol afforded, as expected, 2 quentitative yield of the
methoxy acetate (150). Reaction of the mixture with vyridine, in order to
effect complete elimination of the chloro acetzte %o thq~acyliminé gave,
instead, an intractible mulﬁicompqpent mixture (see p.158 ). Treatment with
boron trifluoride etherate failed to produce any significant reaction; agueous
workup afier =z week at 250 afforded the hydroxy acetate (131) as the sole
product. On the other haond, reaction with aluminium chloride in'anhydrous
nitromethane did yield a product besides the hydroxy acetate. The new compound
isolated by plc in 10% yield, showed O-H znd N-H absorptions but n§ ester
cerbonyl in its i.r. spectrum; a ci:c absorption at 1625 c:m-1 inferred the
presence cf a beﬁzylidene substituent. This was confirmed in the n.m.r.
spectrum by the olefinic proton at ¥ 2.88 (compared to T 2.20 in (110)).

A broad two-proton singlet at T 4.80 reduéed to a sharp one-proton singlet on

shaking with D,0 and combined with the N-methyl group at 776.85 this data

2

pointed to a 6-hydroxy substituent. Thus, the new compound was assigned the
structure (146). A satisfactory mass spectrum (Y3 m/e 232) was obtained from
the colourless prisms. The formation of this unusual compound must involve

the intermedizcy of a pyrazinone species (scheme 58).
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In all of the reactions investigated no products were observed where bonding
to the sromaiic ring had occurred.
The benzoyl acylimine (148) was also considered as a possible precursor

for the desired reaction {scheme 55). The methoxy alcohol (142) was prepared
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in 50% yield as described earlier by base catalysed solvolysis of the methoxy
acetate (130) with triethylamine in ethanol. The compound could also be
prepared in T0% ﬁield by an acid catalysed solvolysis of (130) with 3% HC1 in
nethanol. An interesting side product was formed in the latier reaction. By
analogy with the base catalysed solvolysis, the major product was isolated by
trituration of the crude product with dichloromethane; however, the triturate
did not give unreacted starting material but 2 new compound which was

subsequently purified by plc. Its spectral data closely resembled that of the
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6-hydroxy-3-benzylidene dioxopiperazine (146) except for the lack of hydroxyl
absorption in the i.r, and the presence of 2 new nethoxy resonznce in the

+ . .
n.m.r. spectrum. The mess spectrum (17 3 m/e 246) confirmed the 6-methoxy
structure (149) for the new cowpound. Again a pyrazinone intermediate must

be involved in the formation of (149) (scheme 60). Cxidation of the alcohol
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(142) was accomplished with activated manganese dioxide in acetone. This
reaction was not very efficient, requiring 2 days to produce a 20% yield of
_ the ketone (147). Longer reaction times did not improve the yield and
benzaldehyde was detected in the crude productj(n.m.r. and tlc) indicating
that oxidetive cleavage of the benzyl substituent was also occurring. The
n.m.r. spectrum of the ketone was mosé.informative. The N-methyl éroup
resonated at T 6.97 and thg two protons in the 6-position appeared as a2 singlet ‘
at 1 5.20, as opposed to the AB quartet found in all the other °(,ﬁ3~—difunc~
tionalised benzyl dérivatives. The spectrum gives direct proof for the
shielding effects described several times earlier. The sp2~benzylic carbon in
the ketone prevents the aromatic ring from zdopting the preferred folded
conformation ng. (119i] , hence the shielding effects are completely absent.
It should be noted ﬁh;t asymmetry glone at the 3—poéiticn is not always‘
sufficient to rgnder the two protons in the 6-position non-eguivalent.

The reaction of the methoxy kétone with boron trifluoride etherate failed
to produce z2ny significant change and worlup after 5 days at 420 afforded
only the starting meterial. With aluminium chloride reaction did occur bui

z multicomwonent mixture was formed from which no discrete products were
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igolated. This approach was abandoned as no evidence for involvement of the

aromatic riang was ever found.

(iii) Rezctions with t-butyl hrmochlorite. Whilst the L.T.A. oxidation and

subsecuent recctions described in the previous section were being carried out

& similar cporoach using an alternative oxidant was investigated (scheme 61).
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Although N-chlorination of amides with t-butyl hypochlorite is a reported1y67
facile procesé, no reaétiOn occurred with the benzyl-methyl-dioxopiperazine

- (41) even iﬁ the presence of triethylamine. In conirast, the benzylidene
compouﬁd (110) reacted rapidl& with the hypochlorite in dichloromethane at 25°
and within one hour all the dioxqpiperazine«h&d been consumed. Although tlec
indicated 2 decomposing complex mixture, the n.m.é. spectrum of the yellow,
non~crystalline glass obiained by evaporation of the reaction mixture showed

a single compound whose resonznces were consistent with either the chloro

acylimine (150) cr the N-chlorozmide (151). The chemical shift of the benzylic
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proton H, is very similar to that found in the acetoxy acylimine (129) (T 3.47)

but is higher by ca. 0.6 p.p.m. than expected for the benzylidene proton in



(151) if analogy to other benzylidene compounds is close. The i.r. spectrun
showed three bands at 1620 (weak), 1680 (strong) and 1745(weak)cm~1 which is
more consistent with the.acylimine than the chlorocamide. Reaction of the
yellow material with agueous sodium sulphite scluiion failed to produce any
of the benzylidene starting material (110) which is evidence against the
N-chloroamide (151). On the other hand, the compound did not form the expected
cycloaddition adduct with 2,3-dimethylbutadiene in refluxing benzene, probably
due to steric inhibition'(compare the acetoxy acylimine (122)). An attempt %o
prepare analy%icélly pure material by using pure (110), purified solvent and
freshly distilled oxidant, failed. Despite precautions to keep the material
dry, the figures obtzined were wholly consistent with thg hydroxy chloride
(154). The mechanism of the reaction is most probably a further example of the
general enamide reaction with electrophiles (see p.33). By analogy with the
singlet oxygen oxidation of (110) a cyclic transition state may be of import-

ance (scheme 62). Steric crowding around the 3-position prevents the addition
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scheme 62 »
of the bulky t-butanol and so the %-butoxy chloride {152) is not formed.
However, when the oxidation was carried out in methanol a gquantitative yield

of the methoxy chloride {153) was produced. A similar yield of (153) was also

o (154)
0O~ c1

(153)




-154~

obtained by direct reaction of the acylimine with methanol. This compound ,
which gave correct anzalytical figures, wos insoluble in chloroform but
exhibited the expected resonances, including the high field N-methyl singlet
and the AB quertet, in T.F.A. solution. Its mass spectrunm, like that of the
discetate (128), showed the highest pezk at mfe 251 (C1=35)corresponding to

the parent zcylimimium ion, rather than the methoxy derivative itself. Reaction
of the 2cylimine with agueous zcetone afforded z guantitative yield of the

.

hydroxy chloride (154). Satisfactory spectral and analytical data were
30

obtained. A recent publication”  reports that reaction of the tetrabromo
compound. (155) with sulphur nucleophiles led to the formation of the dehydro

compound (156) and elemental sulphur via the mechanism showm (scheme 63).
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By analogy, reaction of the acylimine with ethenethicl should give either (110)
and sulphur, or in view of the lability of sulphonium substituents e.g. (139)

and (145), the di(ethylthio) derivative (158) (scheme 64). However, when the
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reaction was carried‘out the ethylthio chloride {157) proved to be 2 stable
crystalline solid and was isolated in 68 yield. The compound was fully
characterised by its spectral and =nalytical data. A second minor product was
formed, but-its n.m.r. was not that of (2110) nor was it consistent with the
di(ethylthio) derivative (158). Unfortunateiy, the compound decomposed upon
attempted isolation and was not investigated Ffurther.

Iﬁ contrast to the acetoxy acylimine (129), which remained inert to
enamide formation, the chloro acylimine (150) slowly rearranged to the chloro-
benzylidene compound (159) with Lewis acids. Thus, after 3 days at 25° with
boron trifluoride etherate, the dehydro derivative was isolated in greater
than 90% yield. The Z—cénfiguration about the benzylidene double bond was
assigned by comparison of the n.n.r. spectrﬁm with those of similar compounds.,
In general, the aromatic frotons in the Z~-isomer resonate as a broadened
singlet, where as in the E-isomer, interaction beiween the benzene ring and
the 2-cz rbonyl oxygen causes these.protons to appear as a broad maliiplet.
Attempts to prepore the E-isomer by photolysis, cf. (110) and (120), resulted
in slow decompcosition of the substrate and none of the fequired product was

formed. ilith aluminium chloride in nitromethanc the chloro acylimine gave quite

I A
(152). li (146)
0N v;
bad "

a mixture of products. Plc afforded (159) in 20% yield and also the 6-hydroxy
benzylidene derivative (146) in 17% yisld. As described earlier, the latter
compound vas also formed by treatment of the acetoxy acylimine {129) with
aluminium chloride {sece scheme 58). Wo cyclisation of the amide nitrogen onto
the aromatic ring was cbserved. 3

The dichloro acylimine (160) was prepared from the chlorobenzylidene

compound. (159) with t-butyl hypochlorite in dichloromethane, The oxidation was



gsomevhat slower than that of (110) requiring 24 heours for comnletion., The

g1 U-lle L7.00, s
c1 c el
Ph L 2.1-2.7, n. a1
Ph
(160) (161)

formed in 66% yield by treatment of the crude acylinine with agqueous acetone.
Reaction of the ocylimine with Lewis acids led tc the formetion of complex
mixtures but no involvement of the aromatic ring was observed.

I4 was considered that the peracid oxidation of the chloro acylimine
(150) would give an acyl oxzazirane or acylimine N-oxide which, under suitoble

conditiong, could effect oxidation of the zromatic ring (schene 65). Thus,

ie e Ie
N © (<] 0 a0
Cl:j |
cl
¢
h - -
Ph Ph j;e 5 [¢] Ph
e
r c1l
scheme 65 0 -\\

710
(150) was recected with m-chloroverbenszoic acid in dichloromethane. The yellow
colour was discharged within 15 minutes but the solution still gave a positive
starch~iodide test. After 20 hours at 250 the solution was extracited uith ’
water vhich gave the trioxo compound (117) in 33% yield. The orgesnic phase wes
washed vith bicarbonate solution 4o remove the m-chlcrobenzoic acid but the
n.m.r. spectrum of the crude nroduct still showed recsonances due to such an

aromatic unit as well as those of benzaldehyde and benzoic acid. After scveral

deys standing open to the atmogvhere the product decomposed o the hydroxy
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chloride (154) which was separated from the other materizl (mostly m~chloro-
benzoic acid) in 58% yield by trituration with ether. Presumably, nucleophilic
attack by the peracid gives a perester which can rearrange to the trioxo
compound (117). Cxidation of the liberated benzaldehyde gives the benzoic acids
which czn displace the perester and themselves be subsequently displaced by

water on workup, giving the products obscrved (scheme 66). ¥o evidence of
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oxygenation on nitrogen was forthcoming.

In view of the formation of 6-~substituted benzylidene compounds under
acidic conditions, it was considered that the same type of pyrazinone
intermediate should be formed from the acylimine under basic conditions. Thus,
a solution of the acylimine in anhydrous T.H.F. wes treated with one equivalent
of sodium methoxide. The solution turned from pale yellow to a deep orange
colour which did not disappear on workup. The n.m.r. spectrum of the crude
product showed one major compound besides broad humps cheracteristic of
polymeric material. The mixture was subjected to plc and the major product,
isolated in 38% yield, was shown %o be the 6-methoxy derivative (149),
previously isolated from the acid cetalysed hydrolysis of the methoxy acetate
(130). Several attempts to trap the pyrazinone intermediate were mede (scheme

67). For example, the ccylimine in T.H.P. contzining excess A.D.I. vas treated
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with one eguivalent of sodium hydride. A dark orange colour soon developed
end tlc showed a very complex mixture. Trituration of the crude product with
ether, after agueous workup, removed the dienophile. The yellow intractible
g01id thus obizained was polymeric in nature (n.m.r. and(i.r.) and was very
similar to the polymers producced in the D.D.Q. oxidations of dihydropyrozinones,
None of the A.D,B. 2dduct (162) was observed. 4 similar result was obtained
by stirring the acylimine and the dienophile with one equivalent of triethyl-
amine in dichloromethane. A deep red solution was rapidly formed and workup
gave ‘the same yellow polyme?. An attempt to stabilise the pyrazinone by
formation of the methoxy derivative (163) via reaction of the acylimine and
methyl icdide with triethylamine; also produced the polymeric material as the
sole product.

The above behaviour explains the formation of a complex mixture when the
acetoxy acylimine/chloro acetate was treated with pyridine (p. 149). Another
reacticn that may also £all into this class is the reduction of the c¢hloro
acylimine with sodium borohydride. By anclogy with simple acylimines (part 1)
the chloro benzyl dioxopiperazine (164) or possibly fhe fully reduced benzyl

derivative (115) would be expected from such a reaction. However, the major
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product, isolated by plc in 41¢ yieiﬁ, vas the benzylidene compound (110).

(164) (115)
.Considering the zcidity of the 6-proton in the acylimine, it is possible that
the borohydride first acts as a base and then reduces the intermediate
pyrazinone to the observed product. A second product decomposed on chromatog-

raphy but its crude n.m.r. svectrum indicated that reduction of the S5-zmide

— - e
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N {110)

function had occurred.

(iv) Recctions with other oxidants. The benzylidene dioxopiperazine (110) is

only suscegtible to oxidation by highly electrophilic species. For example,
no reaction occurred with I-bromosuccinimide (¥.B.S.) nor with t-butyl hydro-
peroxide. ith peracids ond hydrogen peroxide cleavage of the double bond wes
alweys the major reaction afforéing the trioxopipergzine (117) as the mzin

product (scheme 68).
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(v) Conclusions. Although oxidation of the aromatic ring has not been
achieved the chemistry described in the preceding seciions may have biosynthetic

ignificance. For example, the relative ease of conversion of the dehydro-unit

0n

into an.a(,/g ~difunctionalised resicdue mzsy be of importance in the biosynthesis
of several fungel metzbclites e.g. lanosulin, verruculogen and the quinomycins,
in which this disubstitution patiern is a structural feature. The acylinines
described above are the first examples of a new class of compounds, the
dihydrodioxopyrazines. They are also the first stable acylimines derived from
gimple peptide derivatives although it is probable that the recently described

intermediates in the 1.B.S. oxidation of zcrylamido esters are in fact the

o s - . 68
corresponding bromo acylimines and not the N-bromoamides as reporited .
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A1l melting points were determined on & XKofler hot stage and are uncorr-
ected.

(Infra—red (i.r.) specira were recorded on a Perkin-Elmer 157G
spectrophotometer for nujol mulls, unless otherwise stated, e.g. film or CHCl3
solutions.

Nem.r. specirz were recorded, subject o certain stated exceptions, for
solutions in deuteriochloroform, with tetramethylsilane as internal reference,
using a Verion T80 instrument. The following abbreviztions are used in

connection with the n.m.r. specira

g = singlet g = guartet
d = doublet . m = multiplet
1t = triplet b~ = brozdened

d—- = double

The chemical shifts of AB quartets are ouoted as the weighted mid-points
of each doublet. Coupling constants are qucted as J values (Hz).

¥ess spectra were recorded on either an ARI ﬁ39 or Perkin-Elmer PI2T70
mass specirometer.

Where rceections were corried out in deuteriochloroform they were followed
by n.m.r. spgctréscopy; otherwise thin layer chromatography (t1c) wes routinely
used for following reactions. Preperative layer chrometography (plc) was
carried out on silica plates (Merck Kieselgel GF254) of lmm thickness. Solvent
mixtures are described in ratiocs of volumes.

Ultra—-vioclet {u.v.) spectra were recorded on a Pye-Unicam SP80O
spectrophotometer for ethanolic solutions, unless stated to the conirary.

Dichloronethane was dried over phosphorous pentoxide before distillation.
D.IL.F. was dried over snhydrous barium oxide before distillation. T.H.F. was
dricd over lithiws aluminium hydride before distillation. Boron trifluoride
etherate and cpichlorohydrin were dried and distilled directly before use in
the preparation of trizlkyloxonium fluorcborates. Ether and benzene were dried

over sodium wire, whilst acetone ('Analar! grade) was stored over 4A sieves.
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'"Petrel! refers to petroleum ether of boiling range 40—600.

All orgonic solvent extracts were dried over anhydrous sodium sulphate
before evoporation, unless stated to the countrary.

Singlet oxygen photooxygenations were performed in a 25 ml 3-knecked
pear—-shaped flagk fitted with a ges-inlet tube znd cglcium chloride drying
tubes. 4 slow sirecam of oxygen was passed through the dichloromethane solution
whilst irradizsting vith visible light from a 350 Watt tungsten filament hulb.
The flask wzs kept at room tempersture by = stream of cold water directed on
its outsides. Methylene blue, 1-2 ng, was used as sencitiser.

Thiolacetic_acié was distilled directly before use.

Sodiun hydride, stored as zn oil dispersion, was triturzied with dry

hexane before use.
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1,3-Dimethyli-2,5-dioxoniperaszine (12).

Alanine (17.8 g.) was dissolved in N NaOH (200 ml.) a2nd the solution
cooled to Oo..Chlcroacety chloride (20 ml.,) aznd ¥ NaOH (250 ml.) were added
dropuise and simulteneously to the stirred solution over 30 minutes., After
stirring for a further hour 2t 0°, § HC1 (210 ml.) was added in one portion
and the solution evaporated to dryness. The residue was extracted with hot
acetone (4x200 ml.) which was filtered, dried aqd evaporated to yield 26.5 g.

3485, 3200-

80%, of the chloroamido acid as a white crystalline solid, Vinax
2400, 1730, 1635, 1555 cm—l. This material (16.6 g.) in agueous methylamine
(130 ml. 253) was stirred at 25° for 2 deys. The solution was evaporated,
triturated with ethanol, evaporated and the proceedure repeated until the
dipeptide crystallised. Filtration gave 12.1 g. T5%, of W-sarcosyl alanine.

The crude dipeptide (10.1 g.) was suspended in methanol (90 ml.) and the
mixture saturated with hydrogen chloride until complete solution was effected.
After stirring for 20 hours at 250 the pale yellow solution was evaporated and
the oily residue thoroughly degassed cn the oil pump. This product, the amino
ester hydrochloride, was dissolved in methanol (40 m1.); applied to an ion
exchenge column (50 g. Amberlite IR 45) and left overnight to effect cyclisatior
The columm was elﬁted with methanol and the eluate evaporated to yield pale
yellow solids (9.2 g.). Recrystallisation from ethanol afforded colourless
needles of the title compound, 6.35 g. 664, m.p.135° (1it.69m.p-l35°), Viax
3225, 3090, 1700, 1670, 1470, 1430, 1370, 1330, 1265, 1170 and 840 cm

T 2.30(1H,bs), 5.88(1H,n), 5.98(2H,s), 6.98(3H,s) and 8.49(3H,d, J 7 Hz.).

5~Etho,f—1,3—dimethyl~3,6—dihydronyrazin~2(1H)-one (13).
X

1,3-Dimethyl-2,5~-dioxopiperazine (2.0 g.) and triethyloxonium fluoro-
borete (10.8 g.) in dichlorcmethane (60 ml.) were stirred at room temperature
under nitrogen for 3 h. during which time 2 white solid appeared. The mixture

was poured into cold, satursted NaHCO, solution (40 ml.) before separation

3

and extraction of the agueous phase uith more dichloromethone., Bvaporation of
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the dried organic extracts gave an oil which on sublimation (0,05 Torr, 25°)
afforded chunky crystals of the dihydropyrazinone (1.5 g. 64%), m.p. 58—590,
v 1710, 1650, 1520, 1465, 1415, 1380, 1275, 1237, 1160, 1053, 900 and 790 ci:

5.6-6.1(5H,m), 7.02(3H,s), 8.56(34,d, J 7 Hz.), and 8.70(23H,t, J 7 Hz.)

(Found: €,56.75 E,8.43 W,16.45. CoH requires €,56.45; H,8.3; ¥,16.5%).

T
14“202

5=Ethoxy=1,3~dinethyloyrazin-2(1H)-one (14).

5-Bthoxy-1,3~-dimethyl-3,6-dihydropyrazin-2(12)-one (0.40g.) and dichlore~
dicyanobenzoguinone (D.D.Q. 0.53 g.) in dry benzene (20 ml.) under nitrogen,

were aliowved to stand at room temperature for 50 minutes. The precipitated

quinol was filtered off, the benzene cvoporated and the crude product

chromatographed through alumina {grade III, 15 g.) with dichloromethane as
J

eluant, Evaporation of the eluate afforded the dienone (14) (0.152 g, 38%) as

pale yellow needles, m.p. 61-75°, Vons 5100, 1660, 1600, 1420, 1370, 1340,

PSR,

1328, 1257, 1120, 1100, 1050, 895, 860, 810 and 758 cm‘l,-z:2.4o(1ﬂ,q, J 1 Hz),

5.89(2H,q0, J 7 Hz), 6.48(3H,s), 7.53(3H,d, J 1 Hz) end 8.63(2H,t, J 7 Hz) and

mt 168,

Reactions of the Pyrazinone (14).

(1) with dimethyl acetylene dicerboxylate (A.D.B.)— The pyrazinone (0.11 g)
and the dienophile (0.09 g) in dichloromethane (15 ml) were heated at reflux
under nitrogen for 20 h. The products were separated by preparative layer

chrometography (vic) {19:1 CHCL,-MeCH) to give as the major band a slowly

3

crystallising oil. Recrystallisation from acetone/petrol afforded white

clusters of dimethyl 3—ethcxy—l15—dimethyl—6—oxo—2,S—diazabicyclo[é.E.é]oct—E,

T-diene-7,8-dicorboxylate (19)(0.118 &, 59%), m.p. 92-94°, v___ 1740, 1728,

Q.

1705, 1637, 1460, 1390, 1370, 1325, 1270, 1200, 1145, 1050, 1C10, 815, 780 and
737 o, L 4.87(1H,s), 5.78(2,q, J T Hz), 6.10(3H,s), 6.15(3H,s), 7.05(3H,s)

8.22(3H,s) and 8.6T(3H,t, J 7 Hz), )\ 264.5 an( & 2400) (Found: €,54.2; H,5.8;

max

§,8.9. 014H18N206 requirgs C,54.25 Hy5.93 ¥,9.0%).
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Hydrolysis of the adduct {0.034 g) in 60% aqueous T.H.F. (4 ml) containing
211 501 (0.5 m1) at room temﬁerature for 10 nin, followed by neutralisation
with 28 NaCH (0.5 ml) and extraction with dichloromethane, afforded 2-cthyl

3,4-Cimethyl 1,6-3ihyvdro—l-nethyl~b-0xonyridine—~2,3,4-tricarborylate (21) as

colourless needles from acctone/petroil, (0.029 g, 85%), m.p. 68—6, Voox
1740, 1732, 1725, 1662, 1£05, 1545, 1443, 1400, 1378, 1265, 1255, 1205, 1178,
1108, 880, 795, 718 and 670 om *, T 5.53(2H,d, J 7 Hz), 6.07(3H,s), 6.20(3H,s),
6.45(3H,s), 7.87(3H,s) and 8.60(3H,t, J 7 Hz),)\max 270 and 2306 nm(12,000 and
6500) (Found: C,54.2; 1I,5.55; M,4.35. 014 17“07 requires €,54.03 H,5.5; Ny4.55)
(ii) with molecular oxygen -— Passing air through a solution of the pyrazinone
(0.114 g) in dichloromethane (20 wl) Ffor 4 days, replenishing solvent as
required, followed by evenoration, afforded a gummy solid which gave a positive
peroxide test (starch-iodide). Its n.m.r. spectrum showed a methine proton
signol ot L 6.65. The gummy solid crystallised from aceitone/petrol to give

colourless plates of S—ethory—3-hydroxy-l,3-dimethyloyrazine-2{31),5(10)-dione

(16), (0.114 g, 84%), m.p. 83-84°, v 3340, 1740, 1695, 1670, 1520, 1462,
joe!

ax
1410, 1370, 1360, 1335, 1300, 1280, 1200, 1155, 1100, 1080, 1032, 1000, 988,
930, 867, 818, 79»5 and 760 cm L, T 5.61(2Hsq, J T Hz), 6.55(1H, s, exchangeals)
6.72(3i,s), 8.35(3H,s) and 8.58(3H,t, J T Hz), A\ oy 218 n(€& 12,000) (Found:
C,48.03 H,6.15 M,13.7. Cgily 0, Tequires C,48.05 H,6.0; ,14.0%).

(1ii) with cyclopentene — The pyraszinone (0.088 g) was completely dissolved

$n redistilled cyclopentene {4 ml), by the addition of a few drops of ethyl
acetalte, in a snell cariuas tube. The tube was sealed, covered in aluminiun

foil and heated inasiezm bath for 4 days. The solution was evaporated and

the resultant yellow oil subjected 1o plc (1:1 E$0Ac:C 6H6’ which gave the ' .
hydroxy imide (16) (28 ng, 27%) as the only discrete band, The silica from

the origin to Rf 0.25 was scraped off and from it a colourless oil (0.061 g)

was igolated. After n.m.r. examination the o0il was chromatocgraphed (utOAC)
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affording two discrete boands. The less polar of these proved $o be 1l-ethoxy-

1,8—éimethyl—8,1O—diazatricyclo[5.2.2.02’é] undec-10-en-G—one (24) vhich after

crystallisation {vetrol} =nd sublimetion(x2, 750, 0.1 Torr) (0.021 g, 17%)

film

exhibited m.p. 36-43°, v L 3000-2870, 1675, 1640, 1445, 1410, 1375, 1348,

na.

1315, 1260, 1205, 1188, 1070, 1030, 887, 815 and 772 cm‘l,‘1;5.72(23,q, J 7 Hz),
6.21(1H,d, J 3 Hz), 7.07(3H,s), 7.28-8.83(8H,n), 8.45{3%,s) and 8.63(3H,s),
nfe 236(1",221), 179(80), 168(65), 164(54), 150(100), 122(60) and 42(70),

(Found: €,66.3; H,8.45; 1,11.9. ¢ requires C,66.1; H,8.5; W,11.85%).

¥
137207 2%
The more polar band gave colourless prisms from acetone (0.018 g, 17%) of

;L,-dimethyl-a,1owdiazatricyclo[5.2.2.02’5] undecone~3,11-dione (25), m.p. 211-

212°, v___ 3170, 3080, 1700, 1680, 1455, 1375, 1385, 1233, 1068, 762 end 720 ee

T 3.30(1H,bs), 6.25(1ﬁ,m), 6.92(3H,s), 7.2-8.8(8H,n) ond 8.57(2H,s), nfe 208
(x%,808), 165(30), 140(100), 137(60), 123(35), 108(80), 23(55), T1(40) and

requires €,63.4; H,T.T3 N,

42(25) (Founda €,63.3; H,7.6;_N,13i45. € 15,4150,

13.45%).

saction mixture showed no peaks due +to

+

Hemer. examincation of the initial
the hydrolysed adduct (25). However, after treatment of the mixture with a
little silica gel in wet chloroform, the hydrolysed adduct was shoun to be

formed. The ratio ¢f the adducts (24) and (25) was cz. 1l:l.

1,3,6-Trinethyl-2,5~dioxoninerazine (28)

Alenine (17.8 g) was dissolved in N NaOH (200 ml) end the solution
ireated at QO with 2-chloropropionyl chloride (25 ml) and more ¥ HNaOH (250 ml)
similtaneously over 30 min. The stirred solution wes rigorously maintained
below 0° for a further S0 min. and then acidified with ¥ HC1 (210 ml). The
solution was evaporated tc drymess and left on the oil pump overnight to
remove traces of water. The sticky vhite solid was extracted with acetone
(3x200 m1), filtered, dricd and evaporated to give a white solid, the chloro-

amido acid, 25 g, Viox 3350, 3310, 3000-2400, 1710, 1665, 1565. The crude

o

product was stirred with agueous methylamine (250 mi, 25%) at room temperature
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for 5 days. After evaporztion of the water, drying was completed by repeated
triturction with acetone and evaporafion followed by drying on the oil pump.
Subsequent trituration with methanol afforded the crude diveptide (10 g) as
white crystals, Viox 3375, 3240, 3200~220Q, 1670, 1610, 1530 cm—l. The
dipeptide was suspended in ethylene glycol and heated at reflux for 16 h.
After cooling, the solution was extracted with dichloromethane (3x100 nl) and

thoroughly dried with powdered znhydrous calcium chloride by stirring the

pension vigorously until the solids became finely divided (ca. 30 min).

=3

veporation gave a colourless oil (6.7 g, 79%) which rapidly crystallised.
A sample was separated by ple (9:1 CH013~%00H). The least polar isomer was

aseigned ag trans-1,3,0-trimethyl-2,5-dioxopinerazine (28), colourless necedles

from acetorc/petrol, m.p. $6-97 , v .y 3120, 3050, 1675, 1635, 1365, 1325,
1300, 1250, 1160, 840 and 770 cm ",’z 2.78(1H,bs), 5.93(1H,a, J 7 Hz), 6.11
(18,0, J 7 #Hz), 7.02(3H,s) and 8.51(6H,d, J 7 Hz) (Fourd: €,53.95 H,7.7; N,18.2
c7H12N202 requires €,53.8; H,7.7; ¥,17.9%).

The more poler material wos recrysiallised from acei e/pe+rcl toc give
the ois-isomer, vhite clusters, m.p. 132°, v___ 3170, 3080, 1680, 1660, 1375,
1370, 1320, 1250, 1150, 1030, 1050, 835, 820 and 770 e Y, T 2.68(1H,bs), 5.89
(18,d0, J 2,7 Hz), 6.09(1H,q, J 7 ¥z), 7.02(3H,s), 8.44(3H,d, T 7 Hz) and 8.49
(38,4, J 7 Hz) (Found: C,53.7: H,7.7; ,18.1%).

The crude mixture of isomers was recrystallised from T.H.F. to give a ca.

1:1 mixture as large prisms,

5-Hethoxy-1,3,6~trinethyi-3,6-dibvdropyrazin-2(1H)-one (29)

The mixture of cis~ and irans—dioxopiperazines (28) (3.6 g) was treated
with trimethyloxonium fluorcborate (4.5 g) in dichloromethane (60 ml) at room
temperature for 4 h uith vigorous stirring. The resulting solution was poured
onto cold, saturated NaHCO3 gsolution (25 ml) and the organic laycr separated.
The aqueous phase was re-extracted with dichloromethane (40 ml) and the

combined organic phase washed with vater (30 ml), dried and evaporated to
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yield a colourless mobile o0il (2.63 g, 81<). Mlc examination indiczted the
presence of only two compounds, in similer proportions, corresponding tc the
c¢is— cnd trzns- isomers of the title compound. The mixture exhibited Vioax 1695,

. -
1050, 1 |"O’ }.“r_/’ 1350, 1315 60, 1OG5, OQO, 960 and. ?55 cn -L, L_ 5 ‘:‘O“' . 2

(28,m), 6.27{3H,s), 7.03(31,s) znd 8.40-8, 65(6H,m)

Oxidetion of the 1,3,6-trinethyl imidate y;ith D.D.2.

These oxidations offered little consistency with respect to yields and
product distribution,

A sample (0,78 g) of the imidate was oxidised uith D.D.Q. (1.05 g) in
refluxing benzene (100 ml) with stirring for 24 h. The mixture wes cooled,
precipitated quinol was filtered off and the filtretes evaporated. The residue
was chromatographed through alumina (100 g, grade III), eluting with benszene

and then with 1:12 acetone-benzene. Three fractions were obtzined. The Tirst

product was yellow needles (28 mg, 1.5%) of the utnstazble bismethvlenenvrazinone

(33), vhich had T 3.85(1H,6, J 1.5 Hz), 4.38(1H,d, J 1.5 Hz), 4.62(1H,d, J 2
Hz), 5.20(15,&, J 2 Hz), 6.08(34,s) and 6.75(3H,s). This compound rapidly
polymerised precluding further characterisation.

The second compound eluied from the column uas S-methoxy~1,3~dimethyl—6--

nethylene-3,6-2ihydropyrazin-2(1d)-one (31) (98 nmg, 12:} isolated as a pale

yellow oil, V£;1" 30002840, 1680, 1615, 1355, 1278, 1180, 1110, 1030, 980 and

51

865»cm”1,7: 4.78(14,d4, J 2 Hz), 5.35(1H,38, J 2 Hz), 5.71(1H,a, J 7 Hz), 6.28
(3H,s), 6.88(3H,s) and 8.55(3H,3, I 7 Hz). Hydrolysis of the imidate (31) was
accomplished as follows. The imidate (182 mg) wes stirred with 60% agueous
T.H.F. (10 m1) containing 27 HC1 (1 ml) a2t room temperature for 16 h. The
solution was basified with zqueous NaHC0, and extracted with dichloromethane.

3

After drying the organic extract gave 1,3-dimethyl-6-methylene-2,5-dioxopip-

erazine (34) (134 mg, 80%) 2s colourless needles from acetone/petrol, m.p. 117-
1197, v, 3190, 3040, 1690, 1610, 1455, 1428, 1382, 1374, 1365, 1340, 1295,

1150, 1025, 875, 855 and 755 cm™ ', T 2.43(1H,bs), 4.20(1H,d, J 1.5 Hz), 5.05
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(14,8, J 1.5 ¥z), 5.73(18,da, J 2,7 Hz), 6.78(3H,s) and 8.44(2H,d, J 7 Hz),
Amax 227 (& 14,500) (Found: €,54.7s 1,6.63 ¥,18.0, C.H, 1,0, requires

C,54.5; H,6.55 11,18.2%).

The final product from the oxidation , eluted from the celurm 25 an oil,
using the zcetone-~benzene cluwnt, was assigned as the pyrazinone (30) (120 mg,
165%) and exhibited T 6.17(3H,s), 6.47(3%,s) 2nd 7.60 2nd 7.70(6H,s). This
naterizl was acutely unsitzble to storage even under zn inert aimosphere. It
was further characterised by refluxing with A.D.EZ. (200 mg) in dichloromethane
(10 ml) for 40 h. Purification by vplec gave the cycloaddition adduct (38) as
2 colourless oil (76 mg), L 6.17(6H,s), 6.20(3H,s), 7.13(3H,s), 8.10(3H,s),

and 8.15(3H,s).

Twe other products have been isolated from similor oxidations after
extensive chromatography. The crystalline derivative assigned as S5-methoxy-l,

3-6imethvl—?—hydroneroxv~6~methvleﬂe—? 6—cinydropyrazin=-2{ 1) -one (36) showed

Voo 3300, 1685, 1615, 1468, 13ﬂo 1370, 1360, 128C, 1210, 1150, 1120, 1060,

900 and 825 om T, L 4.62(1H,4, J 2 Hz), 5.18(1H,d, J 2 Ha), 6.12(32,s), 6.77
(3H,8), 6.78(1H,s) and 8.47(3H,s), n/e 200(x*,0.1%), 109(1 3), 198(12), 184
(9), 183(100); 169.3(1*), 167(12), 155(11), 141{6)and 139(12). The dimeric
material (37) afforded orange ncedles upon recrystallisation from acetone/

petrol, m.p. 175-178°%, v___ 3100, 1685, 1645, 1605, 1465, 1420, 1405, 1380,

max
1362, 1352, 1335, 1293, 1280, 1233, 1220, 1200, 1180, 1160, 1108, 1060, 1038,

1002, 200, 774, 255, 825, 880, 830, 802, 773, 155, 740, 730 and 670 o~

C3.73(1,%, J 3 Hz), 4.25{(1,d, J 2 Hz), 4.52(1H,d, J 2 Hz), 5.08(2H,d, J 2
Hz), 6.22(3H,s), 6.73(3H,s), 6.75(3H,s), 6.62 and 7.22(2H,dABqg, J 3,18 Hz),

r/e 316 (%) (Founa: ¢,56. 8; H,5.0; ¥,17.7. € requires €,57.03 H,5.13

15H163§404
0,17 '7/3) .

1,6-Dimethyl-3-benzyl-2,5=diozopinerazine (41)

Phenylalanine {33.2 g) wos dissolved in N NaOH (200 ml) and the solution

treated at 0° with 2-chloropropionyl chloride (25 ml) and more N NaOH (250 ml)
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simultaﬁeously over 30 min. The stirred solution was rigorously maintained
below 0° for a further 90 min and then acidified with I HC1 (210 ml). The
solution uas evaporated to dryness and left on the oil pump overnight o
renove traces of water. The residue wes extracted with acetone (3x200 ml),
filtered, dried and evaporated to yield an o0il which rapidly crystallised.
Trituration with ether afforded wﬁite crystals of the chloroemido acid (22.4 g

445) v 3230, 3200-2400, 1720, 1645, 1555.cm—1. This product was stirred

max
with aqueous methylemine (250 ml, 25%) at room temperature for 5 days. The
solution was evarporated and dried thoroughly on the o0il pump and the resultant
solids triturated with methancl. The crude dipeptide thus obtained (19.4 g,
8oty , Voax 3300, 3200-2200, 1675, 1630, 1540 cm"l, was suspended in ethylene
glycol (60 ml) anéd heated ot reflux for 16 h. After cooling the dark brown
solution was extracted with dichloromethane (3x200 ml), dried thoroughly with
anhydrous calcium chloride and eveporated to yield 13.1 g, 774 of a pale

browvn gum which crystallised on prolonged scretching. A sample was separated

by ple (19:1 CHC1,-MeOH). The least polar isomer was recrystallised (acetone/

3

petrol) to give long colourless needles of trans-1,6-dimethyl-3-benzyl—2,5-

dioxopinerazine (41b), m.p. 132-133°, Voox 3190, 3060, 1675, 1665, 1400, 1370,

1340, 1310, 1205,A1180, 1078, 1040, 868, 86C, 760, T4T and TOO cmfl, T 2.68
(5H,bs), 3.32(1H,bs), 5.70(1H,m), 6.28-7.20(3H,m), 7.07(3H,s) and 8.56(3H,d,
J 7 Hz) (Found: ¢,67.13 H,6.8; N,12.0. €, 3H, 1,0, requires €,67.2; H,6.9; N,
12.1%).

The more polar compound crystallised from acetone/petrol as colourless
needles of the cis-isomer, m.p. 161-162°, Voax 3230, 3080, 1680, 1640, 1400,
1340, 1330, 1320, 1300, 1205, 1084, 1070, 1045, 745 and TOO cm“l, X 2.70(6H,
bs), 5.67(1H,n), 6.24(18,q, J 7 Hz), 6.82(2H,dABg), T.12(3H,s) and 9.18(5&,&,
J T Hz) (Found: C,67.05; H,6.8; N,12.0%).

The crude mixiure of isomers was recrystallised from acetone/petrol to

give a co. 1l:1 mixture as prisms.
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3-Benzyl-5-methoxy-1,6~dimethyl-3,6-dihydrooyrazin-2(13)-one (42).

The mixture of cis- and irens-dioxcpipercszines (41) (5.8 g) was stirred
vigorously witlh trimethyloxonium fluovoboratn (5.2 g) in dichloromethane
(100 m1) at room temperature for 3 h. The resultln solution was poured onto

cold, saturated MNeHC gsolution (40 ml) and the organic layer separated. The

3
agueous phase was re-extracted with dichloromethane (60 ml) and the combined
organic phase washed with water (40 ml), dried and evaporated to yield a
slightly discoloured oil. This was dissolved in hot petrol.and the coloured
solid impurity removed by filtration. Evaporation of the petrol gave 2
crystallising oil (6.1 g, 93%%). Plc examination of the product indicated the

presence of {wo compounds only. A sample was gepal ed by ple (1 1 aceione~-

n-hexane)., The more poler product was identified aos ¢ig~3-benzyl-5-methoxy-1,

6-dimethyl-3,6-dihydronyrazin-2(1H)-one (422), isclated as white clusters from

petrol, m.p. 92-94°, Vo.y 1700, 1630, 1490, 1445, 1310, 1265, 1240, 1090,
1000, 850, 745 and 695 cm"l, 17 2.80(54,s), 5.52(1H,m), 6.27(3H,s), 6.33-7.10
(3H,m),.7.20(3H,s) and 9.58(3H,d, J 7 Hz) (Found: C 6u.ﬁ, H,7.4; ¥,11.6,
G14}18M O requires €,68.3; H,T7.4; N,11.4%).

The less polar material was the corresponding trans-isomer (42b), igolated
o5 en oil, v-Il" 3080, 1695, 1645, 1495, 1450, 1430, 1260, 1235, 1020, 745 and
700 cm_l, T 2.80(5H,s), 5.72(1H,mn), 6.20(3H,s), 6.47-6.93(3H,n), 7.17(3°,s)

end 8.64(3H,d4, J T Hz), nfe 246(1",100%), 231(20), 189(5.5), 174(6.5), 155(44),

127(73) and 91(40).

Oxidation of the 2-benzyl-l,6~dimethyl imidote with D.D.Q.

Agein these oxidations offered litile consistency with respect to yields
and product distribution.

The c¢is- ond trans-imidete mixture (2.0 g) wes oxidised with D.D.Q. (1.0
g) in refluxing benzene (100 ml) with stirring fér 24 h. After cooling, the
precivitated quinol was filtered off, the filtrates evaporated to small bulk

and then chromatographed through alumina (150 g, grade III), using benzene as
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eluent. The separated products, in order of elution, were as follows.

3,1'-E-3-Benzylidene-5-methoxy—l-necthyl-b6-nethylene—3,6-3ihydropyras zin-2{ 1H)-

one (46}, (336 ng, 17%), as orenge needles from petrol, m.p. 103-105°,

. 3050, 1673, 1630, 1592, 1492, 1460 1445, 1430, 1340, 1272, 1175, 1123,
1063, 990, 835, 768, 755, 740 and 620 om™, Moy 231, 236, 244, 322, 335 and
348 nm(e 6800, 7200, 7300, 21,000, 25,000, and 23,000), T 1.85(21,n), 2.60(4H,
m), 4.65(1H,d, J 2 Hz), 5.20(1H,d, J 2 Hz), 5.98(3H,s) =nd 6.70(3H,s) (Found:
¢,69.2; H,5.8; 1,11.6. C]4 14 H,0, requires G ,6%.45 H,5.8; 1M,11.6%).

There followed 3-benzyl-S5-methoxy-l-methyl-6-nethylene-3,6-dihydropyrazin-

2(af)-one (45) (264 mg, 13), as o yellow oil, v;;im 3080-2840, 1685, 1609,
1450, 1430, 1350, 1270, 1150, 1030, 985, 852, 747 and 695 om ™t % 2.8(5H,s),
5.05(1H,d, J 2 Hz), 5.62(1H,d, J 2 Hz), 5.32(1H,t, J 5 Hz), 6.20(3H,s), 6.77
(en,d, J 5 Hz) and 7.00(3H,s). Eydrolysis of the imidate (45) was accomplished
as follows. The imidate (264 mg) was stirred with 60% agueous T.H.F. (30 ml)
containing 20 HC1 (5 ml) at room temperature for 4 h. The solution wos basified

with agueous NzHCO, and extracted with dichloromethane. After drying the

3
organic extract gave 3-benzyl-l-methyl-6-methylene-2,5-dioxoviverazine (47)

(251 mg, 100%), as white clusters from acetone/petrol, m.p. 133-137°, Voax

3130, 3060, 1650, 1608, 1425, 1380, 1340, 1155, 875 and 658 cm-l, ,qux 233 nm
(& 14,000), T 2.20(1H,bs), 2.80(5H,n), 4.50(1H,d, J 1.5 Hz), 5.38(1H,d, J 1.5
Hz), 5.67(1H,dt, J 2,5 Hz), 6.27(2H,d, J 5 Hz) and 6.98(3H,s). (Founds C,67.T;
H,6.13 W,12.2, C,4fl, 1,0, requires C,67.83 H,6.13 W,12.2%).
3-Bengyl-S5-methoxy-1,6-dimethylovrazin-2{1H)~one (44) (305 mg, 155), was

obtained finally as an oil, contaminated with starting material. It exhibited
L 2.73(5H,s), 5.90(2H,s), 6.20(3H,s), 6.55(34,s) and 7.78(3H,s). The dienone
wes characterisad'by reaction of the freshly obfained naterial (150 mg) with
A.D.B. (200 mgz) in dichloromethane (20 ml) at reflux for 40 h. The solvent was
removed and the residue purified by ple (1:9 acetone-benzene) to give dimethyl

5,T-dizza~4-henzy —6—met1OVV—1,7—dimethy1~8—oxobicyclo[§.2.é10ct3-2,5—diene~

i

2,3-dicarboxylate (48) (150 mg), as colourless prisms from acetone/petrol
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mep. 131-132°, Voo 1742, 1725, 1672, 1638, 1620, 1500, 1450, 1435, 1420, 1330,

nax
1368, 1320, 1275, 1230, 1105, 1037, 1010, 570, 730, 742 and 640 cm T, L 2.43
(2H,ym), 2.73(23,n), 6.15(3%,s), 6.28(3H,s), 6.20(24,s), 6.50(3H,s), 7.18(3H,s)
and 8.17(3H,s) (Found: €,62.5; 2,5.7; U,7.2. Cooiooli 0 Teauires €,62.25 H,5.7;

T,7.25%).

Hydrolysis of the 3-benzrlidene~b-methylene iridate (46)

The imidate (52 mg) in 605 cauneous T.H.F. (2 m1) containing 2 HC1 (0.5 md)
wes stirred at room temperature for 5 deys. Workup of the mixture in the

usuzal manner gave 3,1'-T-3-benzylidene~l-methyl-b-nethvlene—~2,5-dioxoniperazir

(50) (50 mg, 1008}, as yellow rrisms from acctone, m.p. 145-154° (decomp.),
Vo 3290, 3200, 1680, 1625, 1605, 1500, 1450, 1370, 1230, 1185, 1140 and
305 cm_l, )\mqt 232, 236 and 316 nm( & 8400, 8200 and 23,000) (Found: C,68.25;

H,5.55 §¥,12.0, C requires €,68.4; H,5.33 §,12.3%). The material was

13H12§2C2
. too insoluble in deuteriochloroform to record an n.m.r. spectrum. The compound
was dissolved in trifluorocacetic acid and then recavered by cvaporation o
give a colourless substonce, which was isomeric to the starting compound (1less
polar on tic vith 1:19 MeGH—CHCl3). The new compound was recrysiallised from

ethanol to give colourless necedles of the 3,1'-Z-isomer (51) m.p. 115-117°,

Vox 3260, 1600, 1625, 1605, 1480, 1430, 1400, 1320, 1255, 1200, 1140 and
505 om T, M., 231, 235, and 313 nn(& 30,000, 13,000 and 13,000), K1.80(1,
bs), 2.53(5H,s), 2.83(1H,s), 4.12(1H,d, J 1.5 Hz), 4.97(1H,&, J 1.5 Hz) and
6.65(3H,s) (Found: €,68.3; H,5.3;5 I,12.2%).

Reaction of 2,6-dibenzyl-2,5-dihydroxynyrazine with sulphur,

-

3,6—Dibenzyl~2,5~dihydroxypyrazine4 (1.0 g)‘and elemental sulphur (0.22 g)
were suspended in dimethyl formamide-(D.M.F.) (40 ml1). On addition of triethyl-
amine (10 ml) the yellow suspension turned through red and purple to dark
brown. The mixture was stirred vigorously, whilst heating at 60° for 2 h and

then at room tcmperature overnight. After cooling in ice, the yellow precipitate
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wes filtered off, washed well with water and dried in vacuo to yield 3,6-bis-
benzylidene-2,5-dioxopiperazine (60) (0.59 g, 60%). Recrystallisation from
D.l.F. afforded pale yellow needles which had m.v. 294—2}70 (lit.25 m.p. 258~

300%), v

max

3220, 1694, 1635, 1495, 1465, 1410, 1360, 855, 780, 735, 720 and

234 and 338 nm( &€ 8000, =nd 30,000),

e
Lne

680 on™t, X (T.P.A.) 2.7-3.25(m), Ao
nfe 290(x%100£), 118(87), 117(43), 116(13), 51(27), 90(28) ana 82(20).

The reaction was repeated without the sulghur and the product isolated
in the same manner was shown to be 3—benzylidene—6—benzyl-2,5—dioxopiperazine25
(61) identical in all respects with an authentic sample of this compound,

4

vhich wes used in the preparation of the dihydroxypyrazine”.

cig-3,6-Dibensyl-2,5~dioxopiperazine.

L-Phenylalanine {10 g) was suspended in ethylene glycol (20 ml) and
heated under refiﬁx for 24 h. The mixture wes cooled in ice, filtered and
_ the colourless needles washed well with methanol, then ether and dried to
yield 7.3 g, 82.. Its proverties were identical %o those of an authentic

27

sarnple™ .

Cis—trans-1,4-discetyl~3,6-dibenzyl-2,5-dioxoninerazine (63)

Cis-3,6~dibenzyl-2,5-dioxopiperazine (2.g) was suspended in acetic acid
(10 m1) and =zcetic anhydride (20 ml) and heated at reflux for 5 h. The yellow
solution was poured onto ice (100 g) and kept at 0° overnight. The precipitate
was filtered znd dried. Recrystzllisation from ether afforded a mixture of
the cigs- and trans-isomers of the title compound as white crystals (1.8 g, 72)
which had m.p. 145—1510, Voo 17124 1460, 1380, 1222, 1140, 752, 736 and 694 &t
U 2.60-2.93(208,m), 4.65(20,m), T.20-T.45(4H,m) and T.48(6H,s). .

\

Reaction of the diacetvl derivative (63) with sulphur.

The 1,4-diacetyl dioxopiperazines (0.57 g) and elemental sulphur (0.09 g)

in DJM.F. (4 ml) and triethylemine (1-ml) were stirred at 60° for 2 h and then
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at room temperzture overnight. The derk broun solution wuzs evaporated to
dryness under reduced pressure (o0il pump)affording a brown gum. Hydrolysis
of thig product was accomplished by stirring with N asethenolic K0Z (25 ml)
for 2 h 2t room tempersture. The suspension was acidified with 2 H2304, the
solids filtered, washed thoroughly with water and methanol and dried to

yield 3-benzylidene-6-benzyl-2,5-dioxopiperazine (61) (0.21 g, 48%) identical

to an autheniic sample.

1,4-Diacetyl-3-henzyl-2,5-dioxcninerazine (65)

3~Benzyl—2,5—dioxopiperazine4 (16.4 g) was suspended in acetic anhydride
(100 m1) 2nd heated at reflux for 2 h. The cooled, yellow solution was poured
onto ice and kept at 0° for 4 h. The crude product was filtered off,. treated
with decolourising charcoal and recrystallised from aqueous ethanol (l:l)
affording white crystals of the title compound {65) (17.7 g, T7%), m.p. 857,

v .. 1725, 1465, 1405, 1385, 1372, 1310, 1255, 1230, 1200, 1140, 1050, 760 and
1

LS

710 ox —, K 2.50-3.00(51,m), 4.52(1H,%t, J 5 Ez), 5.46 and T.46 (2H,ABq, J 19

HZ), 6.?3(2H’m), 7:40(3}{;3) and 7:42(31‘1,5).

Rezcection of the diacetyl derivative (65) uith sulphur.

The 1,4~dizcetyl dioxopiperazine (1.73 g) and sulphur (0.38 g) in D.M.F.
(14 m1) and triethylamine (4 ml) were stirred at 60° for 4 h. The resultant
yellow precipitate was filtered off from the dark brown nixture, washed with
methanol and chloroform to yield a bright yellou solid (0.3 g, 25%) which
showed m.p. »320°, v__. 3285, 3160, 1660, 1625, 1465, 1390, 985, 760 and
690 cm‘l, m/e 400(x",26%), 399(100), 371(10), 345(m*), 228(12), 227(10), 118
(40), 117(28), 21(24), 90(14) and 89(10), X (T.F.A.) 2.93-3.21(m), yellow
needles readily crystalliised out of the n.m.r. sclution and their microanalysis
was most consisitent with the dimeric structure (66) + one mole of T.F.A.:

Found: $,56.2; H,3.8; ¥,11.3. C N,04F, requires €,56.03 H,3.3; N,10.9%.

247177 4%



-177- \

Cis-trens-3,6—-dimethyl-2,5-dioxonineranine.

D,L-Alznine (10 g) wes suspended in ethylene glycol (20 ml) and heated
under reflux for 24 h. The mixturs was cooled in ice, filtered and the
colourless plates washed well with methanol, ithen ether ond dried to yield

27

5.3 g, 68.. Its properties were identical to those of an authentic sample®!.

Cis-trons-1,4-diacetyl-2,6-dinethyl-2,5~dioxoniperazine (67).

Cis-trans-3,6-dimethyl~2,5~dioxopiperazine (2.8 g) was suspended in
acetic anhydride (15 ml) and heated at reflux for 4 h. The yellow éolution
was poured onto ice and after 30 min the white crystals were filtered, washed
with water and dried to yieid a mixture of the cis- an@ jrans~isomers of the

title compound (3.5 g, TT%), V... 1720, 1470, 1400, 1380, 1302, 1240, 1150,

ax
1110, 1020, and G68 cm—l, the n.m.r. spectrum clearly showed both isomers and
the cig~isomer was assigned K 4.75(2H,q, J 7 Hz), 7.43(6l,s) and 8.38(6H,d,
J 7 Hz). The trons-isomer had lfB.OB(QH,q,.J 7 Hz), 7.50{6H,s) =2nd 8.41{6H,4,
J'7 Hz).

Reaction of these derivatives with sulphur and triethylamine in D.H.PF.

gave isomerisztion to the more stable cis-~isomer as the sole reaction. This

epimerisation wos also effected by triethylamine alone.

Reaction of proline anhvdride with D.D.Q.

Cis—trans-proline anhydride29 (194 mg) and D.D.Q. (227 mg) in benzene
(20 ml) were heated at reflux for 5 days. The precipitated guinol was filtered
off and the filirates eveporasted. The residue wes triturated with dichloro—
methane (5 ml) and the coloured crystels filtered off (46 mg, 100%).
Recrystallisation from benzene gave pale yellow plates of pyr0001131 (62),
mep. 272° (13450 mop. 272.5%) v___ 3130, 1705, 1560, 1460, 1430, 1415, 1330,
1224, 1155, 1150, 1072, 780, 770, 765 and T40 cm"l, P 2.18(2H,dd, J 1.3,3.0

HZO

Hz), 2.55(22,dd, J 1.3,3.0 Ez) and 3.45(2H,t, J 3.0 Hz) A 2.

235.5, 276.5,

308 and 322 nm(€ 26,000, 16,000, 14,000 and 15,000).
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Cis-trans-1,3,4,.6-tetramethvli~2,5~dioxoniperazine (70)

Cis-trons-3,6~-dimethyl-2,5-dioxoviperazine (12 g) and di@ethyl sulphate
(50 m1) were stirred vigorously in water (500 ml) containing KOY (20 g) for
16 h. The solution was extrscted with dichloromethane (3x300 ml), dried and
evaporated to yield a white crystalline solid (5.76 g, 40%). The mixture of
isomers wes recrysiallised from acetone/pe%rol ag large prisms, m.p. 116°
v__. 1650, 1490, 1455, 1415, 1408, 1370, 1362, 1330, 1305, 1258, 1173, 1033,

mait
-1
’

1062, 1040, 835, 750, 740 and T10 cm T 6.07(2H,q, J 7 Hz), 7.02(6H,s),
8.48(6H,d, J T Hz) and 6.02(2H,q, J T Hz), 7.02(6H,s), 8.44(6H,d, J T Hz)

(Fomld.: C’560?§ H,8055; 15’3.6-4‘ 08H14IT202 I‘equlI‘OS u,56 45, ,B.J, 43 ,16./, )o

Hethylotion of 2,6~dibenzyl-2,5-dioxcninerazine.

is-trans-3,6-dibenzyl-2,5-dioxopiperazine (0.88 g) and NaH (0.28 g, 504

-y

0oil dispersion)uwere stirred together in D.M.F. (5 ml) at room temperature for
15 min. The suspension was cooled 4o 0° and methyl icdide (2 ml) was slowly
added whilst vigorous stirring was maintained. The viscous solution was stirred
for 3 h at room temperature *then vourcd inio water (50 ml), extracted with
dichloromethane (2x50 ml), dried and evaporated tc yield white crystals of
015122;;5—1,4—A1rethJ1—3 6~dibenzyl-2,5-dioxopinerazine (71) (0.72 g, 75%).

The ratio of the isomers was 2:1 in favour of the irans-compound which showed
T 2.75(10H,m), 5.93(2H,dd, J 4.5,6 Hz), 7.07(2H,dd, J 4.5,15 Hz), 7.25(6H,s),
7.76(2H,dd, J 6,15 Hz). The less polar cis-isomer showed K 2.75(10H,n), 6.60
(2H,m), 6.20(4H,n) and T.15(61,s).

A similar large scale reaction using 5.9 g of the diovopiperazine was
stirred for 20 h after the addition of the methyl iodide. Workup afforded the
crude product (5.0 g) uwhich on recrystnllisaiion from acetone/petrol gave
colourless needles of the traong-isomer (71) (2.4 g,38%) (one spot on tlc),

L2
mep. 161° , v 1645, 1610, 1500, 1460, 1400, 1355, 1340, 1265, 1255, 1050,

~
158

-1
230, 762, 750, 740 and 700 cm ~, n.m.r. as above.

Zvaporation of the mother liguors and recrystallisation of the residue
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from acetone/petrol gave colourless prisms of cis-3,6-dibenzyl-1,3,4-trinethyl-

2,5-dioxopiperazine (14) (1.5 g, 24%), m.o. 163°, V.. 1645, 1630, 1605, 1500,

a.
1455, 1395, 1375, 1340, 1230, 1285, 1240, 1140, 1075, 765, 750, 730, 695 and
655 cm"l, T 2.50-3.12(10H8,m), 6.05(1H,4d, J 4,8 Hz), 6.92(3H,s), 6.86 and

7.07(21,48g, J 14 Hz), T7.48(3H,s), 7.52(1H,dd, J 4,14.5 Hz), 8.32(3H,s) end

8.78(18,dd, J 8,14.5 Hz) (Found: C,74.85; H,7.15; N,8.1. C 1,0, reguires

2104505
C’TSOO; H,T.Z; 21,803,0/40)0

Oxidotions with lead tetrcecetate (L.T.A.)

(i)With cis—-trans-1,3,4,6-tetramethyl-2,5-dioxopiperazine — The dioxopiperaz—
ine (0.72 g) 2nd L.T.A.(3.78 g) were stirred together in dry benzene (50 m1)
under reflux for 20 h. The cooled nmixture was filtered, the lead diacetate
washed well with benzene and the filtrates washed with water (25 ml). After
drying and evaporation the resultant oily crystals were triturated with ether
to give a white solid (0.2 g). This-proved to be two compounds (tlc) which were
geparated by ple (1:19 MeOH—CHCls). The less polar band crystzllised from

carbon tetrachloride as needles of 1,4,6-trimethyl-3-acetoxymethyl-3,6-

diacetoxy-2,5~dioroniverazine (79) (95 mg, 9%) m.v. 163°, V.. 1768, 1747,

1690, 1452, 1428, 1390, 1372, 1325, 1285, 1230, 1218, 1130, 1095, 1076, 992
and 776 cm"l, X 5.10 and 5.50(2H,ABq, J 12 Hz), 6.95(3H,s), 7.02(3H,s), 7.88
(6H,s), 7.90(3H,s) and 8.15(3%,s) (Found: ¢,2£8.8; 1,5.8; N,8.1. € ¥ 508
requires €,48.8; H,5.9; N,8.1%).

The more poler bond geve 1,4,6-trimethyl-3-acetoxymethyl-3-acetoxy—~2,5-

] o
dioxopiperazine (80) (80 mg, <%) as needles from acetone/petrol, m.p. 166-16T ,

v 1740, 1680, 1460, 1395, 1375, 1335, 1315, 1262, 1225, 1155, 1059, 1012,

870 and 778 cm"l, Y. 5.32 and 5.63(24,ABq, J 12 Hz), 5.91(1H,q, J 7 Hz), 6.97
(3H,s), 7.10(3H,s), 7.88(2H,s), T.33(3H,s) and 8.35(34,d, J 7 Hz) (Found:

€,50.55; ,6.4; N,2.8. & requires €,50.35; H,6.3; N,9.7%).

12M1672%
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(i1) With 1,6-dimethyl-5-methoxy-3,6-dihydropyrazin-2(1H)-one (84) (see p.1L1)
The iridate (0.32 g) and L.T.A. (2.66 g) in éry benzene (15 ml) were heated
under reflux for 20 h. The lead diacetate was filtered off, washed well with
benzene and the filtrates waghed with water (25 ml), dried and evaporated to
give a colourless, crystallising oil (310 mg). Trituration with ether afforded

vhite crystels of l-methyl-G-acetoxymethyl-b~accetoxy~5—methoxy—3,6-dihydro~

vyrazin-2(1H)~one (85) (134 mg, 25!), m.p. 146-147° (prisms from acetone/

petrol), v___1760, 1745, 1715, 1670, 1470, 1450, 1380, 1280, 1225, 1140, 1030,
1060, 1040, 300, 853, 832 and 750 em™ >, ¥ 5.52 and 5.60(2H,4Bs, J 11 Hz),
5.73(2H,s), 6.28(2H,s), 7.12(3H,s), 7.91(3H,s), and 7.98(3H,s) (Found: ¢,48.8;

H,5.8; 11,10.7. ¢ . Tequires C,48.5; H,5.9; ¥,10.3%).

1“16 2
=

(iii) With 3,6-dimethyl-2,5-diethoxy-3,6~dihydronyrazine” (87)— The bis-

inidate (0.2 g) and L.T.A. (5.6 g) in dry benzene (30 ml) were heated under

reflux for 20 h. Workup as chbove gave a crystalline solid (1.22 g) which was

shown by n.m.r. to be a 1l:4 mixture of the known 3,6-dimethyl-2,5-diethoxy-

.36 ) ..
pyr321ne3 (89) and a new diacetote. One recrystallisation from n-hexane

gave colourless needles of 3,6-dimethyl-3,6-diacetory—~2,5~dicthoxy—3,6~

dihydronyrazine (88) (0.7 g 507), m.p. 136-137°, Voo 1750, 1620, 1460, 1378,

1320, 1265, 1215, 1190, 1090, 1030, 960, 920 and 840 em™*, L 5.83(4H,a, J T
Hz), 7.98(6H,s), 8.33(6H,s) and 8.77(6H,t, J 7 Hz) (Found: €,53.43 H,6.9;

N,8.8. ¢, BN O requires €,53.55 H,7.15 ¥,8.9%).

1,6-Dimethyl-2,5-dioxopiperazine (82)

The dipeptide, H-methylalanyl glycine, was prepared from glycine and
2—chloropropionyl chloride followed by amination with methylamine by the
prbceedure described earlier. The divpeptide (33.0 g) was esterified with
methanolic hydrogen chloride (250 ml) over 16 h., The free amino ester was

liberated from its hydrochloride by treatment with ammonia in dichloromethane.

The WH C1 was removed, the solvent eveporated and the amino ester cyclised

4



by stirring overnight in methanolic zmmoniz. Eveporation of the solvent gave
the dioxopiperazine as & white crystalline solid {26.7 g, 23%), m.p. 102°
(1it.7° m.p. 105°) v__. 3200, 3070, 1685, 1660, 1480, 1465, 1408, 1375, 1330,
1305, 1138, 1050, 1037 end 735 om *, % 2.08(1%,bs), 5.98(24,s), 6.03(1H,q,

Hz), 6.98(3H,s) and 8.48(3H,d, J 7 Hz).

1,6-Dimethyl-5—methoxy--3,6~dihydronyrezin-2(18)-one {84)

1,6-Dimethyl-2,5~dioxopiperazine (4.26 g) and trimethyloxonium fluoro-
borate (6.66 g) were stirred together in dichloromethane (100 ml) at room

temperature for 20 h., Workup in the usual manner gave the imidate as a mobile,

I 30002820, 1700, 1690, 1650, 1500, 1450,

1405, 1355, 1325, 1275, 1240, 1025, 1075, 1035, 995, 760 and 720 cm T,

colourless oil (2.74 g, 59%%), Vo

“.5.85(2H,s), 6.09(1H,q, J 7 Hz), 6.28(3H,s), 7.02(3H,s) cnd 8,58(3H,d, J 7

Hz).

1l,4-Direthyl~2,5~dioxoniperazine

Sarcosine (40 g) was suspended in ethylene glycoly(40 ml) and heated
under reflux for 20 h. The yellow solution was zllowed to cool and extracted
with dichloromethane (4x100 ml). The extracts were ireated with charcoal, dried
over CuClZ and. evaporated to yield a crystalline solid (13.8 g, 43%).
Recrystallisation from T.H.F. affordsd colourless prisms of the title compound

m.p. 148° (1it.7* m.p. 148°) v . 1660, 1500, 1450, 1400, 1340, 1250, 1008,

980, 828, 725 and 723 cm ', L 6.02(4H,s) and 7.02(6H,s).

3,6--Dibromo-1,4-dimethyl-2,5-d10x0opirerazine

1,4-Dimethyl-2,5-dicxopiperazine (6.0 g) was dissolved in o-dichloro-
benzene (90 ml) and 2 solution of bromine (4.65 ml) in o-dichlorobenzene (90
ml) zdded to the vigorously stirred solution at room temperature over 1 h.
The rcsultant yellow su penéion was hected at 170O for 3.5 h, cooled, filtered

to remove a small quantity of black material and the filtrates poured into
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petrol (1000 ml). After 2 days at 0° the pale yellow crystals of the 2,6~
dibromo derivative (10.6 g, 84%) were isolated, V.., 1700, 1460, 1393, 1317,

1252, 1010, 730 end 660 om *, T'3.92(2H,s) and 6.88(6H,s).

Reactions of the dibromide with potassium thiolacetate.

(1) Totassium thioincetete (3.12 g) in ethenol (60 xl) was added dropwise
over 20 min to 3,6-dibromo-1,4-dinethyl-2,5-dioxopiperazine (2.73 g) in
chloroform (75 ml) 2t 0°. The mixture wes stirred for 45 min =zt Oo, the KBr
filtered off eand the filtrates evaporated to give =z yellow solid. Trituration
with water afforded the crystalline 3,6-dithiolacetate (200 mg). The aqueous
triturate was extracted with chloroform (3x50 ml), dried and evaporated to
yield a yellow oil (1.68 g, 80¢). Crystallisation from ether afforded colour—

< . . . . 0
less cubes of 3,6-diethoxy-1,4-dimethyl-2,5~-dioxopiperazine (90), m.p. 397,

Voax 1675 1460, 1400, 1354, 1312, 1306, 1250, 1165, 1115, 1070, 1028, 900, 852
and 835 cm‘l, T 5.08(24,s), 5.92-6.55(4H,n), 6.97(6H,s) and 8.75(6H,t, J T Hz)

(Founds C,52.45 H,7.8; ¥,12.4. C requires ©,52.2; H,7.9; N,12.2%).

10H18§204
(ii) Potassium thioslacetate (10.28 g) in D.K.F. (50 nml) was =dded dropwise

over 45 min to a étirred soluticn of the dibromide {9.39 g) in dichloromethane
(120 m1) at 0°. Stirring was continued ait 0° for 30 min and the reaction

nixture poured onto ice. The mixture wes extracted with dichloromethane (2x100
ml), washed with water (50 ml), dried and evaporsted under reduced pressure at

a temperature not excecding 400. The residue was triturated with ether to give
fine white needles of 3s6--difacetylthio)-1 ,4-dimethyl-2,5~dioxopiperazine

(7.34 g, 81%). This product was shown to be a 521 cissirans mixture (n.m.r.).

L sample of the pure cis-isomer, recrystallised from ethanol showed m.p. 204~
205° (1it.72 m.p. 2050)’Vmax 1630, 1460, 1400, 1296, 1254, 1128, 1021, 950, 800,
759, 632, 640 and 620 om™ >, L 4.20(2H,s), 7.03(6éH,s) and 7.50(6H,s).

The trans-isomer hed L 4.33(2H,s), 7.00(6H,s) and 7.57(6H,s).
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Cig=3,6-dithiol-1,4A~dincthyl-2,5-dioxoniverazine.

The cig-di{acetylthio)-dioxopiperazine (6.0 g) was hydrolysed in refluxing
N ethanolic hydrogen chloride (250 ml) for 20 min. The solution was evaporated
and the residue triturcted with z small volume of methanol to give the title

20

compound as vhite crystals {(3.33 g, 79%), m.p. 110-112° (1it.%° m.p. 111-114°),

V.. 2560, 1680, 1475, 1408, 1300, 1255, 1200, 1165, 1024, 798, 767, 742, 715

and 630 cm—l, KT 4.94(211,3, I 7 Hz, collapses to a singlet on exchange), 6.89

(eH,d, J 7 Hz, exchangeable) and 6.90(6H,s).

3,6-Epidithio-1,4-dimethvl-2,5-~dioxoninerazine (55)

The cis-dithiol-dioxopiperazine (2.54 g) was dissolved in chloroform (600
ml) in a separatory funnel. Water (150 nl) was added and a solution of iodine
(3.13 g) and potassium iodide (9.25 g) in water (60 ml) =added dropwise. The
oxidation wos followed visibly as the colour of the iodine was dicherged on
vigorous mixing of the two phases.iﬂhen further oddition of iodine produced
vermanent colouration, a few drops of sodium thicsulphate solution were added
to remove the excess iodine. The chloroform phase was séparated, dried and
evaporated to give the disulphide (2.42 g, 26%). Recrystallisation from
scetonitrile afforded pele yellow prisms, T.D. 184-185° (11%.72 MeDe 1850),
Voo 1620, 1460, 1443, 1390, 1295, 1260, 1238, 1225, 1150, 1000, 848, 788, 664

ma.:
1

and 615 em —, L 4.TT(2H,s) and 6.88(6H,s).

Reastions of 3,6-epidithio-l,d~dinethyl~2,5~-dioxopinerazine.

(i) with triethylamine — The disulphide (51 mg) was cuspended in chloroform
(1 m1) and triethylemine (25 mg) added. The suspension became very derk afterm
2 few minutes and a white so0lid was Jeposited. This was filtered off¥to ;ﬁeia
finely crystalline 3,6-cpitetrathio-1,4-dimethyl-2,5-dioxopiperazine (56) (18
ngs 557, mep. 194-205° (1it.7% mop. 195-205°), v___ 1675, 1660, 1463, 1440,
1408, 1305, 1255, 1208, 780, 744 =nd 690 cm *, L (T.F.A.) 4.37(2H,s) an

6.75(6H,s), mnfe 268(1%,8%), 236(1.1), 204(3.2), 172{39) and 140(100).
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(ii) With pyridine and sulphur — the disulphide (51 mg) end sulphur (32 ng)
were stirred together in dry pyridine (5 ml) at room temperature for 3 h.
The precinitate wos f11tered off end washed with dichloromethane to yield
the tetraosulphide (50 mg, 80%) identical in 21l respects to the material

isolated in (i).

(1iii) With triphenylphosphine in T.H.F. — the disulphide (1.02 g) and
triphenylphosphine (1.31 g) were suspended in anhydrous T.H.F. (50 ml) and
stirred, under nitrogen, at room tempcrature for 20 h. The solution was
evaporeted and the residue chromatographed through silica. The flrst band,

trinhenylphosphine sulvhide, was eluted from the column with benzene ond the

second band, the desulphurised product, cluted with dichloromethane. The

P

solid (0.77 g, 8%%) was recrystallised from acetone/petrol to give colourless

needles of 3,6-evimonothic-1,4-dimethyl-2,5~dioroninerazine (91), m.p. 124-130°

(decomp.), v .. 1706, 1455, 1432, i378, 1240, 1203, 1086, 972, 848, 810, T80,
752 and 669 en T, X 5.27( 2H,s) and T.02(6H,s), nfc 172(1",0.7%), 140(4.4) and
115(100), (Found: ¢,41.63 H,4.75 4,16.55 S,18.5. CgHgll, 0 ;S requires C »41.853

Hy4.75 W,16.33 5,18.6%).

(iv) With trimethylphosphite —— the disulphide (102 nmg) was suspen&ed in dry
T.H.F. (10 ml) under nitrogen and a2 solution of trimethylprhosphite (62 mg) in
dry T.H.P. (10 ml) added to the stirred suspension. A colourless solution was
repidly attsined and reaction was complete within 5 min. The solution was
evaporated and the residue triturated with petrol,to remove the trimethyl-

thiophosphate, yielding the monosulphide (31) (84 mg, 98%) identical to the

material isolated in (iii).

(v) With triphenylphosphine in methanol — the disulohide (102 mg) and
triphenylphosphine (131 mg) were stirred together, under nitrogen, in dry

methanol (10 ml) . During 30 min the pale yellow colour was discharged and a
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white precipitate, of triphenylphosphine sulphide, was deposited. After
filtration the sclution was evaporated znd the residue tritursted with ice-
cold methanol (5 ml), filtered and the filtrates evaporated to yield a
crystelline solid {97 mg, 950). This was shown to be a cig-trans mixture of

3—methoxy—6-thiol~l,d-dimethyl-2,5~dioxopiperazine (92). The major isomer

2485,

crystallised out of acetOne/petrol in white clusters, n.o. 103—1060, Voox
1680, 1440, 1435, 1410, 1305, 1240, 1164, 1092, 1024, 1015, 506, 877, 767 and
630 cm_l, K 4.87(12,d, J 6 Hz, collapses to 2 singlet on exchange), 5.03(1H,s),
6.55(3H,s), 6.88(3H,s), 6.53(3H,s) and 7.05(1H,4, J 6 Hz, exchangeable),

nfe 204 (), (Founds €,41.45 H,5.9; ¥,13.6; $,15.65. C.H, I 0,5 requires

C,41.2; H,5.9; N,13.7; $,15.7%).

The mother liguors were evaporated and, by repcated recrystallisation, the ,
other isomer was obtained as colourless prisms fronm acetone/petrol, m.,p. 120~

121°%, v

max 2990, 1675, 1450, 1407, 1303, 1259, 1164, 1065, 1024, 955, 87T,

775 and 745 cm‘l, T 5.22(1H,d, J 6 Hz), 5.33(1H,s), 6.40(3H,s), 6.87(1%,d, J

6 Hz), 6.88(3H,s) and 6.93(31,s), m/e 204 (11"), (Found: C,41.05 H,6.1; ¥,13.8%)

3,6-Episulvhoxide-1,4-dinethyl-2,5-dioxoniperazine (93)
2 ha 1

3,6-Epimonothio-1,4-dinethyl-2,5-dioxopiperazine (86 mg) and m-chloroper—
benzoic acid (90 mg) in dichloromethene (20 ml) were kept at 0° for 20 h.
The solution was washed with dilute Na2003 gsolution, dried andé eveporated to
yield crude (92) (47 mg, 50%). Recrystallisation from dichloromethane/ether

gave soft white ncedles of 3,8-ecpisul-hoxide-l,4-dinethyl-2,5~dioxopiverazine,

m.p. 128-129°, v 3050, 1702, 1455, 1440, 1380, 1218, 1120, 1077, 977, 753 and

655 cm“l, % 5.37(2H,bs), 6.80(3H,s) and 6.91(3H,s), nfe 188(x*,9.570), 172(1.2),
and 40(100) {(Pound: €¢,38.25; H,4.3; §,14.8; S,16.7. CsHgll /0,8 requires C,38.3;

H,4.33 17,14.93 S,17.0%).

Reaction of 1,3-dimethyl-6-riethylenc—2,5~dioxopinerazine (34) with thiolacetis

acid.



~186-

(i) Absence of zcid catalyst. The dioxopviverazine (50 mg) and thiolacetic
acid (30 rg) dissolved in deuteriochloroforn (1.0 ml) in 2 stoppered n.m.r.
tube were kept at room temperzture for 4 days, after which no storting material
renained (n.m.r.). The two products were separated by »lc (1:19 ﬁeOH—CHGl3) to

afford cis— ond trons—6-ccetylihionsthyl-l,3-direthyl-2,5-dioxoninerazine (97).

The more volar cis-isomer crystellised from acetone/oetrol 28 prisms (29 mg,
384), m.p. 163-165°, v 3310, 1620, 1640, 1470, 1460, 1420, 1330, 1320,
1300, 1165, 1135, 9260, 765, 695 and 640 cm—l, T 2.40(1H,bs), 5.80(2H,m), 6.42
(2H,dy J 4 Hz), 6.98(3H,s), 7.63(3H,s) ard 8.39(3H,d, J 7 Hz) (Found: C,47.1;
H,6.2; W,12.155 $,14.2. C of H, ;0.8 requires C,46.95 H,6.15 W,12.2; S,13.9%).
The 1essupolar_jzgg§~1somer was isolated as an oil (24 mgy 320), L 2.67

(1H,vs), 5.80{22,n), 6.43(2H,nm), 6.98(31,s), 7. 63(3q,s) and 8.51(3H,d, J T Hz).

(ii) With acid catalyst. The dioxopiperazine (60 mg) end thiolacetic acid
(100 ng) were added to deuteriochloroform (1.0 ml) to which had been added
several drops of solvent saturated with anhydrous hydrogen chloride. After 3
h at room temperature the reaétion was complete (n.m.r.j and the solvent was
evaporated: The residue was separated by plc {(1:19 MeOH«CHCl3) to give cis-

and trans—6-zcetylihio-~1,3,6-trimethy1-2,5~dioxoniperazine (92). The more polar

cis-isomer afforded prisms from acetone/petrol (17 mg, 12%), me.Dp. 140-143°,
v___ 3200, 3080, 1685, 1655, 1500, 1460, 1432, 1384, 1370, 1330, 1278, 1270,
1178, 1120, 1100, 1070, 990, 954, 842, 790, 755 and 630 cm”l, X 3.55(1H,bs),
5.72(1H,q, J 6 Uz), 6.98(3H,s), 7.72(3H,s), 8.18(3H,s) and 8.35(3H,d, J 6 Hz)

(Found: ¢,47.1; H,6.2; §,12.3. ¢ ‘14H203S requires €,46.9; H,6.13 N,12.2; S,

13.9%).
The less polar trons—isomer gave prisms from ethyl aceta te/netrol (28 mg,

30%), m.p. 114-115°, 2200, 3080, 1685, 1665, 1455, 1420, 1390, 1375, 1330,

max
1320, 1265, 1170, 1160, 1125, 1100, 845 and 640 cm-l, T 3.45(1H,bs), 5.41(1H,
ay, J T Hz),6.98(3H,5), T.72{3H,s), 8.12(2H,s) end 8.48(3H,d, J 7 Hz) (Founds

£,46.8; H,6.25; N,12.13 3,13.99).
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Reaction of 3-benzyl-l-methyl-G-methylene-2,5-dioxoniverazine (47) with

thiolacetic acid.

The dicxoviperazine (58 ng) and thiclacetic acid (100 mg) in deuteriochlo-
rofora (1.0 ml) contzining dry hydrogen chloride were left at 25° for 1 h,
after vhich time no starting material remained (n.m.r.). After & further 20 h
the ratio of the two isomeric products hzd chonged from La. 121 to 3:1 and at
this point tended to remain constant.'The products were separated by plc (1229

MeOH—CHCl3) tc give, =s the more polar band, cis—6—ccetylthio~3-benzyl-1,6—

dimethyl-2,5-dioxopiverazine (1012)(37 mg, 49%), colourless needles from

acetone/petrol, m.p. 181-182°, Voo 3190; 3060, 1695, 1685, 1665, 1500, 1460,

1390, 1370, 1270, 1245, 1215, 1120, 1035, 260, 868, 850, 792, 760, 720, 700
and 630 cm“l, 2.67(5H,s), 2.83(14,bs), 5.28(1H,a%, J 2,5 Hz), 6.78(2H,d,
J 5 Hz), 7.10(3H,s), 7.75(3H,s) and 8.70(3i,s) (Found: C¢,58.6; H,5.7; ¥,9.1;

$,10.3. ¢, .H gl ;0,5 requires ¢,538.8; H,5.%; H,2.1; 8,10.5%).

1571 .
The less polar band afforded the trons—isomer (101b)(18 mg, 23%), colour—

less prisms from ethyl acetate/petrol, m.z. 124-126°, Vo, 3120, 3060, 1695,

) Py
1685, 1655, 1500, 1450, 1380, 1270, 1120, 1095, 955, 742, 700 and 630 cm —,
L 2.60(54ys), 3.17(14,bs), 5.67(1H,n), 6.30(24,n), 6.22(3H,s), T7.67(3H,s) and

8.20(34,s), nfe 306(ﬁ+,lop), 305(82), 263(100), 231{58), 203(40) and 137(38).

Addition recctions of 2,3,7 8—teureh:droﬂlvvrrolo(;,_ua:l',2'—;]nyrazine-5310—

dione QTTZ

(i) With thiolzcetic acid. Bis-dehydroproline anhydride45 (190 mg) and

thiolacetic acid (200 mg), in deuteriochloroform (2 ml) coniaining hydrogen
chloride, were stirred at room temperature for 4 h. Unchanged starting material
vas filtered off, the filtrates evaporated and the residue recrystallised

from ethyl acetate to give the major reaction product, Se—ncetylihio-2,3,52,6,

7,8—hexahydrodinyrrolo(i,Q—a:l',2'—& nyrezin-5,l0-dione (104) {23 mg, 15%),

28 colourlegss prisms, mep. 138-141° (decomp.), Voax 1520, 1670, 1655, 1460,

1430, 1375, 1358, 1338, 1200, 1115, 1090, 1010, 958, 915, 725 and 630 cm‘l,
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© 3.72(1H,t, J 3 Hz), 5.93(24,t, I 7 Hz), 5.68-6.55(22,xn), 7.18(2H,dt, J 3,9
Hz), T.46-8,04(4%,m) and 7.73(3H,s) (Found: C,54.43 H,5.5; ¥,10.4; S,11.7.

Cy 1 4700,8 requizes €,54.15 H,5.3; 1,10.5; S,12.0%).

(ii) With ethanethiol. The dioxopiverazine (55 mg) and ethenethiol (0.1 ml)
in dichloromethene (25 ml) contezining dry hydrogen chloride were left at room
temperature for 20 h., Afier evaporation of the solvent the residue was
separated by ple (1219 ¥eOH-CHCL ). The less polar band wes identified as the
known cig-5a,10a~diethylthio-derivative (107) (39 nmg, 30%). Recrystzllisation

35

from hexene afforded clusters of prisms, m.p. 98—1000 (1it. MeDe 98—1030),

v .. 1660, 1460, 1445, 1400, 1378, 1340, 1195, 1168, 1147, 1033, 1055, 1018,
-1

2719, 240, 200, 820, 775, 695 and 670 cm —, T 6.11-6.52(4H,m), 7.23(4H,a, J T
Hz), 7.43-8.18(8H,m) and 8.77(6H,t, J T Hz), n/e 314(1).

The more polar band gave the monoethylthio-adduct (108) (47 mg, 44%) as

an unstsble, non-crystalline foam, viilm 30002860, 1670, 1642, 1420, 1370,

1205, 1010, 915, 735 and 675 on *, L 3.77(1H,%, J 3 Ha), 5.67-6.40(4H,n),
T.17{2H,dt, J 3,9 Hz), T.41(2H,a, J 7 Hz), 7.50-8.20(4H,m) and 8.80(3H,t, J

7 Hz), nfe 252(i",2%) and 191(100).

Recction of 3,1'~Z-~3-bernzylidens—-l-methyl-2,5-diloxopiperazine (110) with

ethanethiol,

The benzylidene dioxopiperazine4§ (54 mg) and ethanethiol (0.1 ml) in
deuteriochloroform (1.0'm1) containing dry hydrogen chloride were left at
room temperature for 4 wesks. After this time the slow addition reaction had
attained equilibrium at 35% conversion. The solvent was eveporated and the

esidue separated by plc (1:2 acetone—hexane). The more polar band gave

H

starting meterial (25 mg, 50%) whilst the less polar band afforded 3—ethylthio-

3-benzvl-l-methyl-2,5-dioxopiverazine (112) (17 mg, 25%), as colourless

needles from acetone/hexane, m.p.149-152°, Voax 31905 3085, 1690, 1675, 1640,

1455, 1440, 1420, 1380, 1325, 1275, 1230, 1120, 1050, 968, 898, 765 and 715 o
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2.68(5H,s), 3.20(1H,bs), 6.13 2nd 6.87(2H,ABg, J 18 Hz), 6.37 =nd 6.97(2H,
ABq, J 14 Hz), T7.10(3H,s), T7.28(2H,0, J 7 Hz) and 8.75(3H,%t, J T Hz)

(Pound: 8,11.5. C S reouires 5,11.6%).

14H18N202

Reaction of the benzylidene dioxoviverazine (110) with sodium ethanethiolate.

The dioxopiperazine (216 mg) and sodium hydride (40 mg) in dry D.M.F.
(2 ml) were treated with ethanethiol (1 ml). After the evolution of gas had
subsided the solution wes heated at 60° for 3 days. The dark yellow solution
was taken up in dichloromethane (40 ml) and washed with 24 HC1 {20 ml). The
agueous phase was back-extracted with dichloromethane (40 ml), the combined
extracts washed with water (20 ml), dried and evaporated to yield a yellow 0il.
The n.m.r. sgpectrum of this proﬁuct showed<(5% of diethyl disulphide., Drying on
‘ the oil pump overnight removed reéidual D.}.P. whereupon the oil crysiallised,
The crystals were triturated with ether and filiered off (135 mg, 61%) . The
filtrates were evaporated to give starting material (40-mg, 20%) . After further
purification by ple (1:19 HeOH—CHb13) the product was recrystallised from
ethyl acetzte to yiéld soft white needles of 3~benzyl-l-methyl-2,5~dioxopip-~
erazine (115), m.p. 180° (11+.47 n.p. 180-181°), v___ 3270, 1650, 1460, 1450,
1430, 1410, 1375, 1332, 1320, 1200, 1182, 1i02, 1025, 870, 750 and TO05 cm_l,
T 2.42(1H,bs), 2.70(5H,m), 5.67(12,m), 6.45 and T.18(2H,ABo, J 18 Hz), 6.85
(2Hym) and 7.18(3H,s).

If the ethanethiolate was prepafed prior to the addition of dioxopiperaszin
no reaction occurred and after 7 days at 60° a quentitative yield of starting

material was isolated.

Recction of the benzylidene dioxopiperazine (110) with singlet oxygen.
The dioxoviperazine (0.43 g) in dichloromethane (15 ml) containing
methylene blue (2 mg) as sensitiser was photooxygenated at room temperature
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for 60 h, after which time no starting materizl remained (t1lc). The precivitate
vas fildered off, washed well with dichloromethane and dried to yield 1-methyl—

2,3,5=trioxopiperazine {117) (0.21 g, 76%), colourless prisms from acetone,

m.p. 201-202°, v___ 3170, 3030, 1725, 1630, 1505, 1450, 1410, 1380, 1340, 1295,
1225, 295, 840, 815, 730 znd 675 cr ), L (T.F.4.) 2.57(1H,bs), 5.80(2H,s) and

7.18(34,s) (Found: C,42.1; H,4.4; ¥,19.9. € Hel

5 rccuires €,42.35 Hy4.33

203
N,19.7%) .

The filtrates were evaporated and the resultant oil triturated with peirol
(5x10 m1). The triturate was evaporated to give benzaldehyde (spectral data)
wnilst the residue, vhich gave a positive starch-iodidc test, was shown to
consist of the intermediate dioxetcone (118), T 2.60(5H,s), 3.00(1H,bs), 4.80
(1H,s), 6.44 and 7.48(2H,4Bq, J 19 Hz) and 7.30(3H,s). This product was slowly

cecomposing into the trioxo compound and benzeldehyde.

Rezction of 3,1'-E-3-benzylidene~l-nethyl-2,5-dioxoviverazine (120) with

singlet oxyeen.

The E-benzylidene dioxopiperazine was prepared from its Z-isomer (110)

46

by photcequilibration followed by plc” . The dioxopiperazine (96 mg) in
dichloromethane (10 ml) containing methylene blue (1 mg) was photooxygenated
at room iemperature for 24 h. Workup as above gave the crystalline trioxo-

piperazine (117) (46 mg s 7&%) and & residue containing benzaldehyde and the

cecomposing dioxetane (118).

liethylation of 3,1l'-Z-henzylidene~l-methyl-2,5~dioxoniperazine (110).

The dioxopiperazine (432 mg) in benzene (40 ml) was stirred with freshly
prepared silver carbonate (700 mg) =nd methyl iodide (5 ml) for 7 days in a
flask protected from the light. The mixture was filtered through celite which
was washed well with tenzene and the filirates evaporated. The crystalline
residue was chromatographed through silica (70 g) eluting with 1:4 acetone-

hexone. The first bend was 3,1'-Z-benzylidene—l-methyl-5-methoxy-3,6-dihydro—

/
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pyrazin-2(1H)-one (121) (193 mg, 63%), colourless plates from hexene, m.p. 145°

V.. 1665, 1610, 1595, 1500, 1440, 1400, 1378, 1275, 1250, 1210, 1015, 930,
840, 775, 770, 720, 703, 627 and 665 cm'l, v 1.95(2H,n), 2.63{3H,mn), 2.68(1H,
s), 5.90(2H,s), 6.08(2H,s) and 6.07(31,s), A may 220, 224, 231, 235, 307 and
320 nm(e 11,500, 13,500, 12,000, 27,000, 32,500, znd 23,000) (Found: C,67.65;
H,6.3; N,12.1. Cy 41, N1,0, requires €,67.8; H,6.135 W,12.2),

The second band was 3,1'-Z-benzylidene-l,4~cimethyl-~2,5—~dioxopinerazine

(122) (113 mg, 37%), colourless prisms from hexane, m.p. 1220, Veax 1685,
1665, 1625, 1450, 1425, 1370, 1315, 1295, 1240, 1225, 1210, 988, 948, 770, 750
and 705 em“l, T 2.60(5H,s), 2.67(14,s), 5.87(2H,s), 6.90(3H,s) and 7.10(3H,=),

A oy 224 and 289 na( & 21,000 and 22,000) (Found: €,68.03 H,5.95; W,12.4%).

1,6-Dimethyl-A-ncetrl-2,5~dioxoninerazine (127)

1,6-Dimethyl-2,5~dioxopiperazine (82) (5.2 g) and fused sedium acetate

(3.8 g) in acetic anhydride (15 mi) tere heated at 100° for 90 min. The cooled
mixture was poured into water {100 ml) and stirred until homogenecous. The
solution was extracted with dichloromethane (2x100 ml) énd the extracts treated
vith weter (50 ml) and solid sodium carbonate until all the zceiic =zcid was
neutralised. (If ﬁeu%ralisation was attempted before extraction into the
orgenic solvent the product was completely hydrolysed to ring opened compounds).

rying and eveporation geve crystalline solid (6.32 g, 95¢). Recrystallisation

from ether afforded colourless prisms of 1,6-dimethyl-4—ccetyl-2,5-dioxopip—

crazine (127), m.p. 78-79°, v___ 1720, 1700, 1665, 1505, 1465, 1442, 1400,
1385, 13585, 1333, 1270, 1230, 1020, 1065, 1045, 990, 810, 740 and 620 cm_l,
Y 5.17 and 5.08(2H,ABq, J 18 Hz), 5.23(1H,q, J 7 Hz}, 6.98(3H,s), 7.41(3H,s)
and 8.44(34,d, J 7 Hz) (Found: €¢,52.0; H,6.45; ¥,15.1. CgH, N 05 Tequires

¢,52.23 H,6.65 17,15.2%).

3,1'-Z-Benzylidene—1,6-dinethyl-2,5-dioxopiperazine {124)

The ¥-acetyl dioxopiverazine (127) (0.92 g) was dissolved in dry D.XK.F.
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(10 m1) and an atmoschere of dry nitrogen established. After the addition of
benzaldehyde (1.1 ml) the stirred solution was cooled to 0% and pciagsiunm
t-butozide (0.56 z) in $-butonol (10 ml) added dropwise over 45 min. The pcle
yellow solution was stirred ot room temperature for o further 6 h, then
neutralised with acetic zcid (0.5 ml) and poured into weter (100 ml)f The
solution was washed with petrol (50 ml) and extracted with ethyl acetate (2x
100 ml) which ues then washed with dilute sodiwn bisulphite solution (2x50 ml),
seturated HaHCOs solution (50 ml) and water (50 ml). After drying and evapor-
ation, the residue w2s chromatographed through silica eluting with benzene to

give 3,1'-Z-benzylidene-1,6~dimethyl-2,5-dioxoninperazine (124) (0.45 g, 40%),

colourless needles from ethyl acetate/petrol, m.p. 1060? Voox 3170, 3080,
1620, 1668, 1630, 1500, 1460, 1450, 1400, 1372, 1365, 1265, 1030, 880, 765
ond 692 cn T, I 1.95(1H,bs), 2.60(5H,s), 2.95(18,5), 5.94(1H,q, J T Hz),
6.92(3H,s) and 8.42(3H,d, J T Ez), )\max 224 =nd 296.5 nm{e 16,000 and 24,000)

N0, requires C,67.8; H,6.15 K,12.2%).

(Found: €¢,68.05; H,6.13 N,12.4. 013 1455

Reaction of the bhenzylidene dioxopiperczine (124) 17ith s1nglet OXYyEen.

The dioxopiperazine (100 mg) in dicnloromethane (10 ml) containing
methylene blue(l ng) was photooxygenated at room temperature for 24 h. The
solution was evoporated and thg residue triturated with petrol (5x10 ml) to
remove the benzaldehyde. The n.m.r. spectrum of the crude product showed the
trioxopiperazine (125) and the intermediate dioxetzne (126), T.2.73(5H,s),
3.00(14, bu) 4.82(14,s), 6.83(1H,q, J T Hz), 7.20(3d,s) and 8.52(3H,d, J T Hz).

Purificztion by pic (1219 heOH-ChCl3) gave 1,6-dinethyl-2,3,5-trioxooinerazine

film

3195, 3095, 3000-2820, 1720, 1680, 1450,

-1
1410, 1330, 1290, 1230, 1095, 912, 780 and T35 cm

(125) (43 mg, 68&) as an oil, v
, T 2.68(1H,s), 5.71(1H,

¢y J T BEz), 6.90(21,s) and 8.31(3H,d, J 7 Hz), mfc 156 (M.
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Reaction of 3,1'-Z-3-benzylidene—l-nethyl-2,5~dioxoviperazine (110) with

lezad ftetrzaacetate.

(i) Tre dioxmopiperzzine (1.08 g) and L.T.4. {2.22 g) in dry btenzene (80 ml)
were stirred vigorously at rcom temperature for 1 h, after vhich time no
starting material remzined (%lc). The lead diacetate was filtered off, washed
well with benzene zand the filtrates evaporated. The residue was teken up in
dichloromethane (100 ml) washed with water (20 ml), dried and evaporated to
yield 2 non~crystzlline foam (1.59 g, 100%). Crystallisation from ether gave

colourless prismg of 3-acetoxy-i-zcetorxybengyl-i-methyl-2,5~-dioxoninerazine

(128), m.p. 140-144°(decomp.), v 5190, 3080, 1755, 1690, 1460, 1425, 1380,
1335, 1230, 1198, 1030, 1045, 1015, 270, 945, 755 and T10 em™Y, T 2.38(1H,bs),
2.6T(5H,8), 3.65(1H,s), 6.10 and 6.77(2H,4Bq, J 19 Hz), 7.38(3H,s), 7.83(3H,s)
and T7.88(3H,s) (Found: €,57.4; H,5.5; N,8.2. C,cHq g o0¢ Tequires €,57.5; H,5.43

W,8.48%).

(ii) fThe dioxopiperazine (0.22 g) and L.T.A. (0.56 g) in 1:19 methanol-
benzene (20 ml) were stirred at room temperature for 15‘min. A thick solution
was rapidly formed and after this time the reaciion was complete (tlc). The
soluticn wos decénted from the sticky lead diacetate which was washed well

with dichloromethane and the combined 1iqu5rs were evaporated to 'dryness.,

The residue’was dissolved in dichloromethene (50 ml), washed with water (20 ml),
saturated I-I:zHCO3 solution {20 ml), dried and evaporated to yield a crystalline

solid (C.28 g, 92%). Recrystallisation from acetone/petrol afforded cclourless

prigsms of 3-methoxy-3—ccetoxybennyl-l-methyl-2,5-dioopiperazine (130),

3180, 2050, 1745, 1680, 1455, 1430, 1420, 1405,

. -1
1370, 1320, 1230, 110, 1100, 1045, 1000, $40, 850, 820, 795, 750 and 705 em

m.p. 198-202°(decorp.), v___

~ 2.43(12,bs), 2.68(5H,s), 3.78(1H,s), 6.38 and T7.37(2H,ABq, J 18 Hz), 6.68
(3H,s), 7.32(3H,s) and T7.83(3H,s) (Found: ¢,58.7; H,5.8; 11,9.05. 015H18N205

requires C,58.8; H,5.9; N,9.15%).



(i1i) The dioxopiperczine {108 mg) was dissolved in methanol (5 ml) and
L.T.A. (225 ng) added. The solution immedintely became deep yellow but the
colour foded over 5 min by vhich time the reaction was complete {tlc). The
solution was poured into dichloromethene (40 ml), washed with water (15 ml),
dried ond evaporated to yield o yellow foam (160 =g). The n.nm.r. spectrum of
this produé% showed it %0 be a 1:1 mixture of the methoxy zacetate (130) and a
new compound. The products were separated by ple {1219 ﬁeOH—CHC13) and the
band éorresponding to the new ccmpound, slightly less polar than (130), zave

3-methoxy-3-nethoxybenzyl-l-methyl-2,5-dioxovinerazine (135) (42 ng, 30%),

'Tj

risms from acetcne/petrol, m.p. 200-202°(decomn.), v_.. 3230, 3100, 1670,
1460, 1440, 1410, 1320, 1275, 1185, 1100, 990, 848, 750, 712 =nd 645 cm >,

* 2.58{5H,s), 3.32(1H,bs), 5.23(1H,s), 6.40 and T.37(2H,ABq, J 18 Hz), 6.57
(3,8), 6.65(31,8) and 7.37(3H,s) (Found: C,60.45 H,6.4; N,10.0. G, ,H N 0,

requires C,60.4; H,6.5; 1,10.1%).

Acid catal

vsed resctions of d-acetoxy-2-acetoxvbenzyl-l-rethyl-2,5-dioxopip-

erazine (128).

(i) The dimcetatc (0.33 g) was stirred in dichloromethene (20 ml) containing
boron trifluoridé etherate (0.5 ml) and methenol (3 ml) at room temperature
for 30 min. The solution was washed with water (10 ml), dried and evaporated
to vield a crystalline solid (0.30 g, 100%). Recrystallisation from acétone/

petrol gave colourless prisms of the methoxy acetate (130) described above.

(1i) The diacotate (0.23 g) was stirred vigorously in dichloromethane (20 ml)
containing boron trifluoride etherzte (0.5 ml) and water (5 ml) at room
terperature for 1 h. The organic phase was separated, dried and evevorated

to yicld a crystalline solid (0.29 g, 100%). Recrystellisation from acetone/

petrol afforded colourless prisms of 3—hydrox*—3—acetoxybenzyl—l—meﬁhyl-z,5—

3190, 3090, 1745, 1665,

. . . oy ,
dioxopiperazine (131), m.p. 158-161 (decomp.), Voox

1460, 1375, 1325, 1230, 1125, 1060, 1045, 825, 795, 750 and 710 e Y,
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T2.57(54,s), 3.25{1H,bs), 3.80(1H,s), 5.58(1H,bs), 6.44 and T.31(2H,iBq, J
19 Hz), 7.22(3H,s) and 7.77(3H,s) (Found: €,57.8; H,5.75; N,3.7. Cy 516705

requires €,57.5; K,5.5; ¥,9.6%).

(iii) The diacetete (1.67 g) was stirred in dichlorcmethane (40 ml) containing
boron trifluoride stherate (0.3 ml) whilst 2 slow stream of hydrogen sulphide
was passed through the solution for 1 h. The gas-saturcied solvent was
evaporated and the residue redissolved in dichloromethane (50 ml), washed with
water (20 ml), dried and evaporated to yield a foam (1.54 g, 100%). Crystall-
isation was induced by trituration with ether and recrystallisation from

acetone/petrol afforded white rosettes of 2-thiocl-3-acetoxybenzyl-l-methyl-2,

S-dioxoninerazine (136), m.p. 170-173°, v___ 3195, 3080, 2510, 1745, 1680,

1460, 1415, 1375, 1320, 1238, 1050, 940, 810, 720, 710 and 625 em ™t

] I: 2.38
(1H,bs, exchangeable), 2.60(5H,s), 3.63(1H,s), 6.23 and T.05(2H,ABq, J 18 Hz),
6.62(18,8, exchangecble), T.25(3H,s) end T.77(3H,s) (Found: C,54.T; H,5.5; N

8.9. C 14516808 requires ¢ ,54.53 H,5.23 ¥,2.1%).

(iv) The diacetate (167 mg) wes dissolved in 1:1 ether-dichloromethane (15 ml)
_conteining boron trifluoride etherate (0.1 ml). Anhydrous ethereal hydrogen
peroxide (5 ml, ca. 10%) was added and the solution stirred at room temperature
for 1 h. The solvents were evaporated, the residue taken up in dichloromethane
(20 ml) and weshed with water (10 ml). The agueous phase was extracted with
more dichlorémethaﬂe (20 m1), the combined extracts dried end evaporated to -
small volume whereupon o mass of soft, white needles crystallised out of the

solution. Filtration afforded 3—hydrqperoxv—B—gcetoxvoen v1l-1-riethyl-2,5=

dioxopiperozine (141) (146 mg, 95%), m.p. 135-137°, v___ 3190, 3110, 1760,

1675, 1460, 1378, 1342, 1220, 1082, 1050, 1035 and $50 om ¥, K (T.F.A.) 2.70
(58,s), 3.73(1H,s), 6.10 and 7.00(2H,ABg, J 20 Hz), T.30(3H,s) and 7.80(3H,s)

(Found: €,54.55; H,5.25 N,9.0. C; 1,0, requires C,54.5; H,5.2; N,9.1%).

14 16 2

The compound gave a very strongly positive starch-iodide test as expecied.



-196-

Desulphurisction of 3-thiol-3-ncetoxybenzyl-i—nethyl-2,5-dioxopiverazine {136)

The dioxopiperazine (154 mg) in dry T.H.F. (5 ml) was stirred with
sodium hydride (20 mg) under nitrogen. The initial relezse of gas geve rise to
2 yellow solution which graduslly, over 2 h, turned deep red. After stirring
for a further 10 h the solution was poured into dichloromethane (20 ml) and
waghed with water {not =cid) which removed most of the colour. Drying and
eveporation afforded a crystalline solid (110 mg, 100%) identified as the

3-benzylidene dioxopiperazine (110), by comparison with an authentic sample.

Hethylation of 3-thiol-3-scetoxybensyl-l-methyl-2,5~dioxopiverazine (136)

The dioxopiperazine (1.54 g) in Analar acetone (50 ml) was stirred with
anhydrous potassium carbonate (2.50 g) and methyl icdide (25 ml). After 2 h
no starting material remained (tlc) and the solids were filtered off, washed
well with acetone and the filtrates evaporated. The residue was digested with
dichloromethane (70 ml), washed with water (30 m1), dried and evaporated to
yield a foam{1.61 g, 100%). Crystallisation was induced by trituration with
ether and reccrystallisation from 9cetone/petrol afforded colourless prismg of

3-nethylthio-2-acetoxybenzyl-l-riethyl-2,5-dioxopiverazine (137), m.p. 176-178° ’

v__. 3190, 3100, 1755, 1620, 1666, 1495, 1455, 1405, 1372, 1313, 1225, 1172,

1047, 930, 810, 770, 711 and 625 om = % 1.98(1H,bs), 2.57(5H,s), 3.55(1H,s),
6.13 and 6.92(2H,ABq, J 18 Hz), 7.23(3H,s), 7.70(3H,s) and 7.78(3H,s)

(Fourd: ¢,55.93 H,5.8; ¥,8.7; 8,10.0. C B, g ;0,8 requires ¢,55.9; H,5.63 N,

15
8~75 3’9-95%)- - >

Cxidations of 3—nethvlth10-3—wceto"ybﬁnzvl—1~metbyl 2,5-dioxopiverazine {137) -

(1) The dioxopiperazine (161 mg) was dissolved in dichloromethene (6 ml)
and m-chloroperbenzoic acid (123 mg, 70%) was added in portions. After all
the oxidant had been added no sterting material remained (tlc). The solution
was poured into more dichloromethane (15 ml), washed with saturated NaHCO3

solution (10 ml), dried and evaporated and the residue crystallised from ether



to give the hydroxy acetate (131) {61 mg, 40%). Plc (1:19 MeOH-CHC1.) of the

3)

crystallisation mother liguors gave (131) and the methoxy aceiate (130) as the

" only products.

(ii) The dioxogiperaziﬁe (80 rg) in dichloromethane {10 ml) containing

methylene blue {1 mg) wes photooxygenated for‘18 h, after which time the

starting material had been consumed. The solvent was evaporated and the

residue triturated with ether to give the hydroxy acetate (131) (74 mg, 100%).
The reaction was repeated in solveni containing 5% methanol. H.m.r.

examination of the product showed 2 ca. 4:1 mixture of the methoxy acetate (130

and the hydroxy acetate (131).

Reactions of 3-hydroperoxy-3-acetoxybenzyl-l-methvl-2,5-dioxopiperazine (141).

(1) With 2cid. The dioxopiperazine (23 mg) wes dissolved in T.F.A. (0.7 ml)
in a stoppered n.m.r. tube and the reaction followed by n.m.r. After 4 h
resonances dve to starting material (43%) and the trioxcpiperaszine (117) (57%)
as well as benzaldehyde and acetic acid could be discerﬁed. The solution was
left at room temperature for 20 h and the solvent evaporated. Trituration with
ether to remove the henzaldehyde gave the crysitalline l-methyl-2,3,5-~trioxo-

piperazine (117) (10.6 ng, 100%).

(ii) Yith base. The dioxopiperazine (77 mg) in dry T.H.F. (2 ml) was treated
with sodium hydride (6 mg). The suspension was stirred at room temperature for
20 h after which time it gave 2 negative starch-iodide test. The mixture

was poured into dichloromethane (20 ml), neutralised with ¥ HC1 (0.25 ml) in
water (5 ml) and the agueous phase back—extrazcted with more dichloromethane
(10 ml). The combined extracts were dried, evaporated and the residue trit-—
urated with ether, to remove the henzoyl compoundé, affording the hydroxy
acetate (131) (17 mg, 23%) as colourless prisms. The agueous phase was

evaporated to dryaess and the residue triturated with hot acetone. Filtration
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removed the inorgenic material and the ccetone wes evaporated to give the

trioxopiverazine (117)(27 mg, 75%) as white crystals.,

Preporetion ond recctiong of 3~chloro-3»wcetox”bcnzrl—l-methyl—E,S—dioxogin—

-

crazine and 3-acetoin bnazv1—x-*euF"1~J,6—d1hvdr0ﬂ'rﬁzln—215-d10ne nixture.

3-Hydroxy-3-acetoxybenzyl-l-methyl-2,5-dioxopiperazine (26 mg) was
suspended in deuteriochloroform (1 ml) in an n.m.r. tube and thionyl chloride
(0.2 ml) zdded. Complete solution was attzined after 15 min end within 90 min
all the starting alcohol had reacted. Evaporation of the solvent and excess

reagent gave o mixture (8:5) of the 3-chloro-dioxopiperazine (144), T 1.70

(11,bs), 2.63(5H,s), ,.JB(LH,s) 5.8% and 6.48(2H,ABq, J 12 Hz), 7.12(3H,s)

and 7.72{3H,s) and the 3-cceloxybenzyl-pyragindione (122), T 2.45(5H,s), 3.47

(14,8), 5.78 and 5.98(2H,ABq, J 18 Hz), 6.87(3H,s) and 7.20(34,s) as an oil.

A sinmilar mixture of (144) and (129) was 2150 prepared by reaction of
3-methylthio-3-acetoxybenzyl —1~met 1y1-2,5~-dioxopiperazine {137) {100 mg) in
dichloromethane (5 ml) with t-butyl hypochlorite (0.2 nl) at room temperature
for 30 min. -

Rezctions of tle mixture were investigated as follows.
(i) Treatment #ith rmethanol for 10 min at room temperature gave, after
eveporation, a quantitative yield of the methoxy acetate (130).
(ii) Treatment with pyridine at room temperafure rapidly produced a deeply
coloured solution which on evaporation gave zn intractible yellow foam.
(iii) The mixture (from 146 ng of hydroxy acetate) in dichloromethane (10 ml)
containing boron trifluoride etherate (0.1 ml) was stirred at room temperature
for 1 week. Aqueous workup gave the hydroxy acetate (90 mg, 63%) as the sole
product.
(iv) The mixture (from 146 mg of hydroxy acetate) in dry nitromethane (8 ml)
wes treatéd with anhydrous aluminium chloride (100 mg) and the solution stirred
at room temverature for 5 days. The solution was poured into dichloromethane

(20 m1), veshed with water (10 ml), dried and eveporated to give a multi-

/
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component oil (77 mg). The mixture was separated by ple (1:19 HeOH—CHCl3).
The major component was the hydroxy acetate (131) {23 =g, 16%). Only one other
single compound wzs isolated,as colourless prisms from ether, 3,1'-Z-3—

benzylidene—b-hvdroxy-~l-nethyl-2,5~dioxopiverczine (146) (12 ng, 10%), m.p.148-

o 3225, 1710, 1680,1625, 1452, 1395, 1360, 1235, 1262, 1212, 1030,
855, 765 and 692 om Y, Y 1.90(1H,bs), 2.62(5H,s), 2.88(1H,s), 4.78(2H,bs,
collapses to a sharp singlet, 1H, on exchange) and 6.85(3H,s), /e 232(i",100%)
216(6), 215(4), 187(14), 143(8), 112(22), 118(14), 117(41), 116(8), 91(8), 90

(14) and 89(11).

Solvolysis of 3-methoxy-3-ncetoxybenzyl-l-methyl-2,5-dioxoniperazine (130).

(i) Bese induced. The methoxy acetate (100 mg) wes stirred in . ethanol (4 ml)
oontéining triethylamine (0.25 ml) for 2 days at room temperature. By this
time the initial yellow colouration had faded. The solution was evaporated to
dryness znd the crystalline residue triturated with dichloromethane {5 ml).
The solids were filtered off znd dried to yield 3—methoxy;3»hydroxybenzy1-

1-netbyl-2,5-dioxopiperazine (142) (39 mg, 45%), as colourless prisms from

acetone, m.p. 215-218%°(decomp.), v 3420, 3200, 3070, 169C, 1660, 1455, 1435,
1415, 1380, 1335, 1328, 1270, 1205, 1185, 1110, 1095, 1075, 1060, 990, 838,
787, 742, 710 and 642 cm“l, % 2.78(5H,s), 3.40(1¥,bs), 4.67(1H,s), 4.77(1H,s),
6.45 and T.48(2H,4Bq, J 19 Hz), 6.63(34,s) and 7.27(3H,s) (Found: c,5é.2; H,

5.85; 1,10.6. C, 1%, M0, requires €¢,59.1; H,6.1; ¥,10.6%).

13"
The triturate afforded crystalline starting material (50 mg, 5064) .

(ii) Acid induced. The methoxy =zcetate (306 mg) was stirred with 3% hydrogen

chloride in methanol (15 ml) for 2 days at room temperature. The solution was

eveporated and the residue triturated with dichloromethane (2x5 ml). Filtration

afforded the methoxy aleohol (142) (202 mg, TO%).

The triturate was evopornted and the residue separated by ple (1:19 HeOH-

CHCl3). The most intense band gave 3,1'-F-3-benzrlidene—l-nethyl-2,5-dioxo~

pinerczine (149) (15 ng, 6%), as an oil, viiim 3220, 3000-2840, 1710, 1680,
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1450, 1405, 1350, 1220, 1255, 1200, 1020, 858, 765 and 690 cm_l, T 2.03(1H,
vs), 2.57(59,s), 2.85(1i,s), 5.25(1H,s), 6.47(3H,s) and 6.83(3H,s), nfe 246
(1,1008), 215(8), 188(11), 187(78), 160(11), 149(23), 113(s), 118(25), 117

(13), 21(9), 0{32) ana 83(25).

3-Methoxy-3-benzoyl-l-methyl-2,5-dicvopiverazine (147)

3~Hethoxy-3-hycroxybensyl-l-methyl-2,5-dioxopiperzzine {230 mg) was
stirred with activated manganese dioxide (5 g) in acetone (30 ml) at room
temperature for 2 days. The mixture was filtered through celite, washed well
with acetone a2nd the filiraztes eveporated +to dryness. The residue was tritur-
ated with hot ether (3x10 ml), unrcacted starting material filtered off and

the triturote evaporated %o give 3-methoxy-3-benzoyl-l-nethyl-2,5-dioxo-—

ziperazine (147) (46 mg, 2), colourless plates from ether, m.p. 160-162°,

Voox 3190, 2070, 1635, 1600, 1580, 1465, 1450, 1420, 1380, 1320, 1250, 1240,

1205, 1175, 1165, 1150, 1105, 1052, 1005, 1000, 885, 792, 745, 655 and 652 cm
K 1.65(2H,m), 2.50(3H,m), 2.85(1H,bs), 5.30(2H,s), 6.53(3H,s) and 6.97(3H,s)

N0, requires €,59.5; H,5.43 N,10.7%).

{(Founda: €,59.5; H,5.4; N,10.6. Cp4Hy 410,

Reaction of 3,1'-Z-3-benzylidene~l-methyl-2,5-dioxopinerazine (110) with

t-butyl hypochlorite.

The dioxopiperazine (0.54 g) in dichloromethane (25 ml) was trea&ed with
t-butyl hypochlorite (2 ml) and allowed to stand at room temperature for 1 h.
After this time all the ctarting meterial hod reacted (tle) end the yellow
solution was evaporated. Thorough drying on the oil pump, to remove residual

t-butanol, afforded 2-chlorobenzyl-l-methyl-5,6-—dihvdrcoyrazin-2,5-dione (150),

(0.63 g, 1004}, as a yellow, non-crystalline glass, vmax(CHCl3) 1745, 1680,
1620, 1455, 1410, 1320, 1260, 1155 and 695 cm“l, T 2.5(5H,n), 3.45(1H,s),

5.70(2H,s) a2nd 7.00(3H,s), Afﬁii 232, 250(sh), 274 and 378 nm(qualitative).
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Reactions of the 3-chlorobensyl-zcylinmine {150) tith nucleophiles.,

(i) The acylimine (125 mg) was treated with methanol {2 ml) at room temperature
for 15 min. The yellow colour was cuickly discharged and eveporation of the
solvent gave a white crystalline solid {140 mg, 100%). Recrystallisation fron

methanol gave clusters of 3J-methoxy-3~-chlorobenzyl-l-rethyl-2,5~dioropicerazine

(153), m.p. 159-202°(decomp. ) V... 3190, 3080, 1680, 1445, 1415, 1380, 1324,
1275, 1205, 1180, 1100, 1065, 1000, 285, 854, 780, 735, 710, 668 =nd 635 cm T,
L(T.F.A.) 1.90(1H,bs), 2.78(5H,s), 4.70(1H,s), 6.36 and 7.54(2H,ABq, J 19 Hz),
6.78(3H,s) and 7.45(3H,s) (Found: C,55.3; H,5.4; ¥,10.03 C1, 12.7. Cy3H, 51,0561
requires C,55.2; ¥,5.35; W,9.9; €1,12.5%).

The same derivative was also prepared by oxidation of the benzylidene

diovopiperzzine (110) with $-butyl hyvochlorite in methanol for 1 h at room

temperature. The yield wos quantitative.

(ii) The acylimine (125 mg) vas tfeatcd with acetone (2 ml) containing water
(0.1 ml). The yellow colour was immediaztely discharged and = white precipitate
formed. The solvent wes evaporated and the product drieé on the pump (132 g,
100%) . Recrystallisation from acetone afforded colourless prisms of J-hydroxy—~

: ‘ . o
3-chlorcbenzyl--l-methyl-2,5-dioxoninerazine (154), m.p. 207-208 (decomp.),

v .. 3330, 3240, 3080, 1630, 1670, 1452, 1415, 1380, 1330, 1270, 1238, 1132,
1125, 1100, 1040, 935, 865, 830, 808, 772, 705 and 672 cm_l, T (T.F.A.) 2.78
(54,s), 4.73(1H,s), 6.53 and 7.48(2H,ABq, J 19 Hz), and 7.38(3H,s) (Found:

0.C1 requires C,53.65 H,4.9; N,10.4;

€,53.5;5 Hy4.95 1,10.45 €1,13.2. C M, 7,0,

€1,13.2%).

(iii) The acylimine (250 cg) was treated with ethanethiol (1 ml) in dickloro-
methane (5 ml). After 20 h. at room temperature the solution was evaporated
and the resultant oil triturated with ether to induce crystallisation.

Filtration gave 3-ethylthio-—23-chlorobenzyl-l-methyl-2,5-dioxoviperazine (157)

(210 mg, 68%), colourless chunks from ether, m.p. 140-142°, Voox

3180, 3060,
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1688, 1665, 1460, 1430, 1408, 1380, 1324, 1276, 1038, 833, 795, 772, 706, 658
and 625 o, L 2.57(5H,s), 2.90(1E,bs), 4.37(1E,s), 6.29 and 7.20(2H,ABq,

J 18 Hz), 7.23(2H,0, J 7 Ez), 7.32(3H,s) and &.72(3H,%t, J 7 Hz) (Found: ¢,53.8;
H,5.33 1,8.95; §,10.1. €, #, 77 0,C1$ recuires C,53.75; H,5.5; ¥,9.0; $,10.25%).
N.m.r. exenmination of the ether triturate excluded the presence of the

benzylidene dioxopiperazine (110), but did show another product besides the

ethylthio chloride (157). However, decomposition occurred upon attempted

purification by ple.

Reactions of the 3-chlorobenzyl-acylimine (150) with Lewis acids.

(i) The acylimine (1.25 g) in dichloromethane (30 ml) containing boron
trifluoride etherate (0.5 ml) was a2llowed %o stond at room temperature for 3
days. The solution was washed with water (15 ml), dried and evaporated to
vield a pale yellow crystalline solid (1.25 g, 100%). Recrystallisation from

ccetone/petrol afforded white clusters of 3,1'-B-3(1'~chloro)benzylidenc—1-—

methyl-2,5-dioxoniverszine (153), m.p. 179-180°, v__. 3220, 1705, 1675, 1610,
1598, 1465, 1435, 1385, 1323, 1307, 1225, 962, 885, 830, 765, 740 and 695 cu -,
T 1.80(1H,bs), 2.60(5H,s), 5.83(2H,s) znd 7.05(3H,s) Ay 22345 2nd 259 un
(& 29,000 end 28,000) (Found: C,57.5; H,4.6; W,11.45 C1,14.1. ¢, 0, 1,001

requires C,57.5; Hy4.4; ¥,11.2; €1,14.1%).

(ii) Tne acylimine (125 mg) in dry nitromethane (3 ml) was treated with
anhydrous aluminivm chleride (40 mg) and the soluticn stirred at room temp-
erature for 3 doys. The thick solution was diluted with dichloromethane (20 ml)
washed with saturated NeflCO, solution (lb m1), water(10 ml), dried and
evaporated to give a yellow oily solid (94 mgj. The products were separated

by ple (1:19 EeOH—CHCl3, two elutions) to yield the chlorobenzylidene
dicxopiverazine (15%) (24 mg, 20%), the 6-hydroxy-3-benzylidene dioxopiperazine

(146) (21 mg, 17%) ond the hydroxy chlorobenszyl dioxcpiverazine (154) (16 rg,

12¢) in order of increasing polarity.
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xidation of 3,1'-Z-3(1'-chloro)benzylidenc—l-nethyl-2,5-dioxoninerazine (159)

with $-butrl hypochlorite, .

The chlorobenzylidene compound (125 mg) in dichloromethane (5 ml) was
stirred with t-butyl hypochlorite (0.5 ml) at room temperature for 20 h by
which time 2ll the sterting meterial had reccted (tle). The solution wa

evaporzcted to dryness to give & yellow foam of crude 2-~dichlorobenzyl—l-methyl-—

5,6—dihydronyrazin—2;5—dione (160), T 2.1-2.7(5H,m), 5.58(2H,s) and T7.00{2H,s).

This dichlorobenzyl-ccylimine was characterised by rezction with acetone (3 m1)
containing water (1 ml). The decolourised solution was evaporated to dryness,
after 20 min, and the residue triturated with ether—-dichloromethzne (10:1) to

give 3-hydroxy-3—Gichlorobenszyl- l—ﬂethv7-2,1 dioxopiperazine (161) (98 ng, 66%),

colourless prisms from acetone, x.p. 210~"13 (decomn.), Voax 3270, 1670, 1455,
1382, 1330, 1260, 1190, 1143, 1124, 829, 804, 750, 705, and 670 cm”l,
T 2.17(28,m), 2.50(3H,n), 3.30(1H,bs), 4.95(1H,bs), 6.38 and 7.03(2H,ABg, J

0,01

18 Hz) and 7.08(34,s) (Found: C,47.5; H,4.13; ¥,9.13 C1,23.5. €, 11 H50461,

requires C,47.55; H,4.03 1¥,9.2; C1,23.4%).

Peracid oxidation of the 3-chlorobenzyl-—ceylinine (150).

The acylimine (125 mg) in dichloromethane (7 ml) was treated dropwise
with 2 solution of m—chloroverbenzoic acid (123 mg, T0%) in dichloromethane
(5 m1) at room temperature. The yellow colour disappeared over 10 min, but
the solution still gave 2 positive starch-iodide test so stirring was continued
overnight. The solution was diluted with dichloromethane (20 nml) and washed
with water. The =zcueous phase, upon evaporzation, afforded l-methyl-2,3,5-
trioxopiperazine (117) (24 ng, 33%). The orgenic phese was washed with
saturated U:HCOz solution (10 ml), dried and evaporated to yield an oil {135 mg
This product was allowed to stand ppeﬁ to the atmosphere for 4 days and was

then triturated with ether to remove benzoyl compounds. There remained the

hydroxy chlorobenzyl dioxopiperazine (154) (77 mg, 5&%).
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Recction of the 3-chlorobenzyl-neylimine (150) with sodium nmethoxide.

The acylinine (250 mg) in dry T.H.P. (10 m1) was stirred with sodium
methozxide (54 mg) at room temperature. The solution rapidly became a deep
orange colour and after 2 h was poured into water {20 m1) containing 21 HC1
(0.5 ml1), extracted with dichloromethane (2x30 ml), dried and evaporated to
vield an orznge oil. The nmixture was separated by ple (1:19 KeOH~CHCl3) to
give 3,1'-Z-3-benzylidene~§-methoxy-1-nethyl-2,5-dioxopiperazine {143) (93 ng,

38%) as the only isolable product.

Recction of the 2—chlorobenzyl-scoylimine {150) with sodium borohydride.

The acylimine (250 mg) in dry D.K.F. {2 ml) was reacted with sodium
borohydride (11 mg). The mixture hecame warm and most of the colour was dis-
charged. Stirring was continued for 24 h and the mixture poured into dichloro-
methane (25 ml) and washed with 2N EC1 (10 m1). The agueous phese was back-
_extracted with dichloromethane (20 ml) and the combined extracts dried and
evaporated to yield a yellow oil. Overnight drying on tge 0il pump removed
residual D.M.F. and the tuo major products were separated by plc (1:19 MeCH-
CHGIB). The 1ess‘p01ar bend afforded crystals of the 3,1'-Z-3-benzylidene-l-
methyl-2,5-dioxopiperazire (110) (88 mg, 41%). The more polar band gave an oil
(60 mg) whose n.m.r. spectrum could only be explained by a.mixture of at least
two compounds. Further purification (plc) led to more decomposition and the

attenpt wes abendoned.
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