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Georges ROBLOT and Renée WYLDE*
Centre C.N.R.S.-I.N.S.E.R.M. de Pharmacologie-Endocrinologie
Faculté de Pharmacie, 15 avenue Charles Flahault, 34060 Montpellier Cedex1, France

Aimée MARTIN and Joseph PARELLO*
Unité Associée n°1111 au C.N.R.S.
Chimie des Médiateurs et Physico-chimie des Interactions biologiques,
Faculté de Pharmacie, 15, avenue Charles Flahault, 34060 Montpellier Cedex 1, France

(Received in Belgium 5 January 1993; accepted 22 April 1993)

Key words: spermidine, coenzyme A, cysteamine, f-aletheine, enzyme inhibitors.

Abstract. The reaction of a bromoacetylthioester BrCHCO-S-R (Rradical in the coenzyme A series) with sper-
midine (Spd) derivatives is investigated and it is established that the adduct SpdCOCH2-S-R 1 is the product of
the reaction. Parallel studies with model compounds show that this is a general reaction of bromoacetylthioes-
ters. The synthesis of analogs of 1 is described and they correspond to inhibitors of the histone acetyltransfe-

rase.

In 1982, Cullis et al.l introduced the concept of a multisubstrate-type inhibitor interfering with two
enzymatic activities, the acetylation of spermidine in the one hand and the acetylation of histones in the other
hand, forwhich acetylcoenzyme A (CaA-S-Ac) acts as the acetyl donor. Such an inhibitor covalently associates
the coenzyme A (CoA-SH) with spermidine (Spd) through a carboxymethylene bridge or "linker " corresponding
to the general formula CoA-S-CHg-CO-Spd 1, with no particular regioselectivity in regard to the nitrogen atom
N1, N8 or N4 of the spermidine molecule.

We describe here a regloselective synthesis of the inhibitor, CaA-S-CHy-CO-Spd, so that the attachment of

the spermidine molecule to the CoA moiety is totally controlled and occurs either through its N1 {compound 1a)
or its N8 atom (compound 1b).
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Similarly, we give here a full account of the synthesis of two "shortened” inhibitors in which coenzymeA s
replaced by its S-terminal §-aletheinyl moiety (inhibitor 3&) or its S-terminal cysteaminyl motety (inhibitor 3a).
‘We have recently shown?2 that 2a has also an efficient inhibitory effect on the enzymatic acetylation of histones
in chromatin.

R-S-CH3-CONH-{CHgr NH-(CHg)yy,-NHp

ia R=CaA n=3 m=4
1b R=CoA n=4 m=3
2a R = AcNH-(CHglg*=CONH-(CHg)p n=3 m=4
Sa R = AcNH-(CHgy n=3 m=4

The two-step synthesis of compound 1 (mixture containing presumably 1a and 1b) starting from CoA-SH,
as proposed by Cullis et al.!, apparently involves the intermediate derivative 10, 1.e. thiophenylcarboxymethyl-
CaoA, which is finally reacted with the unprotected spermidine (Scheme 1). The reaction of 2-bromoacetylthio-
phenol 30 with CoA-SH needs, however, tobe considered carefully since two contradictory reports exist in the li-
terature. In their initial study, Chase and Tubbs3 concluded that the product of the reaction, CoA-SH + 30, was
the bromoacetyl derivative 42 (Scheme 1), as a result of the acylation of CoA-SH. In contrast Clements et al.4in-
voked the formation of the thioester 10, obtained by alkylation of CoA-SH (Scheme 1). We decided therefore to

CoA-SH RSH
Sor 20

BrCH,CO8-Cjiy 80 in compounds 5.9, & 3a R « N-acetykysteamnyl
KHCO, 0.1M in compounds 20, 20 R« N-acetyl f-aletheinyl
8/2 {v/v) water-acetone

[cms-cu,-oos—c.u, or cu-s-cocu,n] R-S-CO-CH;Br 28or 20

0 L] 3
" 1) NaOH 4N, dioxane (1/20, v/v)
o NaOH pH 11 OH N*N°-diBoc spermidine 8
spermidine 2) TFA
CoA-8-CH,;-CO0H COOH
1 H R's'c:l’ R-S-CH,-CO-Spd
0A-S-CH,-COSpd S
1
Scheme 1

investigate the reaction, CoA-SH + 30, inmore detail under the conditions used by the different authors!-3:4by
I NMR. Asshown in Figure 1, the reaction mixture is characterized by a major product (yleld>90%) which can
be unambiguously assigned to the bromoacetyl dertvative 42, and not to 10. Indeed, the methylene ato the bro-
mine atom resonates at 4.17 ppm and practically no phenyl group is present (as expected for 10).

We have observed that compound 30 must be highly purified for a careful control of the reaction CoASH +
30. Crystallization of 30 is usually carried out in EtOH-H,0 mixtures3. We have observed that an additional
product is obtained under such conditions, identified as CgHg-S-CHa-CO-S-CgHg 48, according to:
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Figure 1. 1HNMR spectra at 360 MHz of 42 (top) and CoA-SH (bottom) in DO solution. (*) corresponds to CO-CHo-Brin 42.

As discussed below, the formation of 43 can be rationalized by an hydrolytic step (with formation of thio-
phenol) followed by alkylation of the intermediate thiophenol by 30, in agreement with a previous report descri-
bing the formation of 43 from chloroacetylthiophenol in EtOHS. A careful control of the purity of 30 can be
conveniently carried out by 1H NMR, since both compounds 30 and 43 display rather different spectra. By crys-
tallizing 30 in benzene-hexane mixtures, a highly purified compound is thus obtained.

We decided to investigate the reaction of 30 with simpler thiols than CoA-SH itself, in order to characterize
the corresponding R-S-COCH,Br derivatives (Scheme 1). Starting from N-acetylcysteamine B, the acylated deri-
vattve 28 was obtained as practically the unique product of the reactfon and was isolated in good yield. The
structure of this bromoacetylated derivative is unambiguously established by NMR, as well as by comparison
with the product obtained by direct acylation of 8 using bromoacetylbromide (see Experimental Section). Simi-
larly, starting from N-acetyl-B-aletheine 20, we obtain the corresponding bromoacetylated derivative 29, As
showninTable 1, verysimilar }*H NMR chemical shifts are observed forthe CHj, 8 group in compounds 28 and 29
(4.15 and 4.10 ppm, respectively) and 42 (4.17 ppm), thus establishing that the occurrence of a two-proton sin-
glet at 4.10-4.17 ppmis characteristic of the S-COCH,Br methylene group. Furthermore, the downfield shift of
about 0.5 ppm of the CHaa upon formation of the thioester function in 42 (as compared to CoA-SH: 8 CHyo=
2.60 ppm), is also observed with compounds 28 , 29, as well as with 4 and 16 with no bromine atom (Table 1).
Both S-bromoacetylthiol compounds, 28 and 29, therefore provide additional evidence that it is acylation and
not alkylation which occurs upon reaction of compound 30 with the different thiols investigated here.

In regard to reaction 42 — 1 { Scheme 1), it was Interesting to investigate the reactivity of a simpler S- bro-
moacetyl derivative, such as 28, with the N4,N8-diBoc dertvative 8 of spermidine (Scheme 3). Compound 9thus
obtained displays a carboxymethylene bridge S-CH4-CO-N, binding the S atom of the cysteamine moiety to the
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Table 1. 'H NMR chemical shifts (3 in ppm) of the methylene protons in aand ppositions of the sulfur atom in:

3 B
R R CHyo SCHoP solvent | compound
Nucomamiyt | B | 00 | 10 |00 T
N-acetyl-p-aletheinyl Br 3100 4.10(s) CDCly 20
N-acetylcysteaminyl H 3.00(1) CDClg 4
N-acetyl- § -aletheinyl H 305 €DCly 18
CoA-S Br 301 4.176) D0 43

8CHoo= 2.60 ppm for CaA-SH (which corresponds to Cg'l-lz in Table 3 ), s = singlet; t = triplet.

Nlatom of spermidine. This structure would be unexpected if the reaction simply resulted in the alkylation of the
free Nlamino group of 8 with elimination of the bromine atom of 28 (see below Scheme 6 for a more detailed un-
derstanding of the reaction 28 +91in Scheme 3). The presence of two characteristic resonances at 2.70 ppm (S-
CHo; triplet) and 3.18 ppm (SCHa¢ ; singlet ) in the 1H NMR spectrum of 9 (see Table 2) is in agreement with
the proposed structure (Scheme 3).Compound 81s also obtained by alkylation of the corresponding thiol 5inthe
presence of N1-bromoacetyl derivative N4,NB-diBoc spermidine 24 with elimination of the bromine atom of 24.

AcNHCH,CH,SCOCH,Br 2
HyN(CH))NBoc{CHy);NHBoc 8
o
AcNHCH,CH,SCH,CONH(CH)JNBoc(CHNHBoc 9
T BrCH,CONHICH,) NBociCH,) NHBoc 24
ACNHCH,CH,SH 8

Scheme 3

Furthermore it is to be noted that the stability of 30 is such that, in alkaline ethanol medium, this compound
leads instantaneously to 2-phenylthioacetic acid 31 (Scheme 4). Similarly 28 leads to the thioacetic acid 8.

1) OH/EtOH
RSCOCHBrf ———8ow———»  RSCH,000H
0 ana a R=CgHg in compounds 30 31
3 [ ] R = AcNH(CH,), in compounds 28 8

Scheme 4

Itislikely that thereactions, 30— 31 and 28 — 6, follow the same pathway as postulated when 30isreacted
with a primary amine, under alkaline conditions (see below, Scheme 6). In contrast, Cullis et al.! used KHCO3
as abase inthe reaction of CoA-SH with 30. We have not investigated the stability of 30 under such mild alkaline
conditions, but it is probable that 30 is not transposed into 31, and is subject to a nucleophilic attack by CoA-SH
to yield the S-bromoacetyl derivative 42 of CoA-SH. as discussed above. It is to be noted that all compounds
synthesized in this work, with the R'-CH5-S-CHoCOR motif, display two characteristic resonances in their
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I3 NMR spectra at 2.6-2.7 ppm {S-CHy 0) and at 3.2-3.3 ppm ( S-CHj, o), as presented in Table 2.

a o
Table 2. I1H NMR chemical shifts (3in ppm) of the methylene protons aand o’ fn: R"-CH,-S-CH,COR

R
R R SCHgp | SCHx solvent compound
N-acetylcysteaminyl | NH(CHgaNBoc(CHg)4,NHBoc 270 | 3.18¢) | cDClg o
N-acetylcysteaminyl | NH(CH2aNH(CHgNHo* 262() | 3.20(s) | DO 3a
N-acetylcysteaminyl OH 260@) | 3.20(s) | DO -]
N-acetyl-p-aletheinyl OH 2.70@® | 3.32(s) { DO 21
N-acetylcysteaminyl | OCHg 270@) | 335(s) | DO 7
N-acetyl-p-aletheinyl OCH3 273() | 3.20(s) | CDCl3 22
N-acetyl-p-aletheinyl | NH(CHJ3NBoc(CHl4NHBoc 2751 | 320(s) | CDClg 23
N-acetyl-f-aletheinyl NH(CHgaNH(CHg4NHo* 2.60(t) | 3.20(s) | DO 2a
CoA-S NH(CH9aNBoc(CH94NHBoc 275( | 330(s) | DO 25
CoA-S NH(CHg4NBoc(CHgaNHBoc 257() | 3.15() | DO 37
CoA-S NH(CHsNH(CH4NH,* 264() | 322(s) | DO 1a
CoA-S NH(CHgNH(CHg)sNH* 256(t) | 325() | DO 1b
Radical N-acetylcysteaminyl: AcNH(CHg)gS. Radical N-acetyl-f-aletheinyl: ACNH(CH9oCONH(CHgoS.
{t) = triplet; (s) = singlet.* obtained as a TFA salt .

Furthermore, we tried to obtain an analog of the putative derivative 10 (see Scheme 1) in the case of the sim-
pler radical N-acetylcysteaminyl. The synthestis of such an analog 39 starting from 6 is described in Scheme 5.

1} Ac,0
AcNH(CH,),-S-CH;-COOH ———— = ACNH(CH,),-S-CH,-CO-S-CgHy
8 2)CHy-SH P
Scheme 5

On the basis of its 1H NMR spectrum (see Experimental Section), compound 39 unambiguously
corresponds to the expected structure with the thioether-thioester motif R'-S-CHo-CO-S-R. In this case the
resonance of the S-CHpd methylene group is significantly displaced to low field, i.e. 3.40 ppm (due to substitu-
tion by a thiophenyl group), whereas that of the CHg a group is practically unaffected, in compartison to"com-
pounds with Rnon-aromatic (Table 2). We confirm here that, besides the absence of aromatic resonances on the
1y NMR spectrum of compound 42 {Fig.1), notriplet at 2.6-2.7 ppm (S-CHg 0} and no singlet at 3.2-3.3 ppm ( S-
CHq0l) are observed, thus reinforcing our conclusion that no alkylation of the thiol function is occurring, as pre-
viously assumed by Clements et al. 4.
Inrelation to the formation of 1 from 42(Scheme 1), the reaction of the bromoacetyl thiol ester 30 with diffe-
rent simple amines, such as aniline and n-butylamine, was studied, thus confirming the formation of the S-
CH,-CO "linker” in the final products (Scheme 6). Such reactions can be accounted for by a two-step pathway: (i)
a nucleophilic attack of bromoacetylthiophenol by the primary amine to yield a bromoacetylamide with
liberation of thiophenol, and (ii) a nucleophilic attack of the intermediate bromoacetylamide by thiophenol with
bromide formation (under alkaline conditions) with elimination of the bromine atom. We note that the reaction
of 28 with 8 (Scheme 3) is significantly slower than the reaction of 30 with n-butylamine, which proceeds instan-
taneously. It is likely that the nucleophilic attack of 30 by n-butylamine to give 41 (Scheme 6), is kinetically fa-
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Br-CH,-CO-8-CoHy 0
Step 1 HN-R/ OH
R’-CWJ‘R + CgHy-S-H
Step i l

ReC Hy 0
CgHly-S- CHy-CO-NHR ReCH,{CHys a1

Scheme 6

voured in comparison to 28 +8 — 8 (Scheme 3}, since the leaving group originating from 30 corresponds to thio-
phenate instead of an aliphatic thiolate in the case of 28. When 30 is reacted with aniline, instead of n-butyla-
mine.a reduction of the kinetics is observed, likely due to the reduced nucleophilicity of the amino group in ant-
line. Furthermore, the presence of a bromine atom in aposition of the carbonyl group of the thicesters 28 and 30
introduces a favourable condition for a nucleophilic attack of this carbonyl group by the primary amine (first
step in scheme 6). Indeed, in the absence of the halogen atom, when acetylthiophenol is reacted with aniline un-
der similar conditions, acetanilide only appears in very weak amounts besides the unreacted acetylthiophenol.
If the carbony! function is displaced to a more distant position from the bromine atom, as in CgHg-S-CO-(CHy),-
CHjBr, noreactionis detected with aniline for the period of time used for the corresponding high-yield reactions:
28 —+9(Scheme 3), 30 —+40and 30 — 41 (Scheme 6). The above mentioned 4-bromobutyric thicester of thiophe-
nolwas used to investigate the possiblity of acyclic intermediate (five-membered ring) to account for the "trans-
position”of the methylene group in the thioesters R-S-CO-CHgBr to give R-S-CH,o-CONH-R ' in the presence of an
amine R'-NH, under alkaline conditions (putative three-membered ring). The absence of any transposition of the
polymethylene chain in CgHs-S-CO-{CHgly-CHyBr to give CgHg-S-(CHg)g-CONH-R' appears in favour of the two-
step mechanism proposed in scheme 6. Obviously, amore detailed investigation of the mechanism of these reac-
tions is necessary before any conclusion can be firmly drawn.

All together, these results allow us to conclude that the original conditions used by Cullis et al.! to obtain
the multisubstrate inhibitor 1 (see Scheme 1) lead to the proposed CoA-S-CHy-CO-Spd structure although the
previously assumed intermediate compound 10 (CoA-thiophenylester) apparently is not formed under the
conditions used by the authors, but instead CoA-S-bromoacetyl 42 isformed, as demonstrated in this workin
agreement with the conclusion of Chase and Tubbs3,

As noted above, the reaction described in scheme 1 by Cullis et al. ! does not allow inhibitor 1a or 1bto be
obtained selecttvely. So, the main interest of our work consists to propose, as previously reported2, a new syn-
thetic pathway for preparing the inhibitor 1a from CoA-SH using the N1-bromoacetyl derivative 24 of spermi-
dine (Scheme 7). In this work, we show that such a two-step strategy is readily extended to the case of the posi-
tional isomer 1b, which is readily prepared from the N8-bromoacetyl derivative 368 (Scheme 7), Both compounds
1aand 1b are thus obtained in good yields and with a high degree of purity. Table 3 gives the NMR characteristics
of 1 and 1b, as compared to those of CoA-SH itself.

CoA-SH

m=3, n=4 »
l&cn,cMﬂCHd.NBoe(cm,NHBoc e
CoA-SCHyCONHICHg, NBoc(CHy, NHBoc me3ned 2
med, =3 87

l CF,000H
CaA-SCH,CONHICH,)_ NH(CH, NH, :::' o

Scheme 7
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Table 3. !H NMR chemical shifis for CoA-SH, 1a and 1b in D50 solution

Adenosine moiety Pantetheine moiety Spermidine moiety
Proton (CoA-SH 1a 1b Proton |CoASH | 1a 1b Proton | 1a 1b
HQ) | 617 617 6.16 H(1) 382 382 382 |H(1+1)} 326 *
H2) | 487 485 485 | HAD | 355 | 358 360 |HE+«)| 187 207
HB) | 483 | 47 aps | CH@) | 038 | 089 089 haiay]| 3m »
H@4) | 459 456 456 CHy27)| 076 079 078 H5+5) | 301 *
H(3) 400 397 396
H(5+5")| 423 424 4% | psesn| 246 344 343 |HGEHE)| 172 158
H2) | 82 840 838 | pewsny| 246 243 243 |HO#T| 172 1.69
H(8) 8.55 8.60 8.58 H@E'+8")| 331 331 328 H(8+8) 301 321
HE'+#")| 260 2.64 256

Chemical shifts in ppm vsTSP (see Experimental section). The proton labeling follows ref. 7{see also formulae 1aand 1b)
The linker CHy methyleneresonates at 3.22 ppm for 1aand 3.25 ppm for 1b. (*) corresponds toone of the overlapping tri-
plets, cen at 3.03, 3.05 and 3.09 ppm respectively, for which no regioselective assignments are given here.

1H NMR unambiguously establishes the nature of the substitution at the N1 atom of spermidine in 1a with
the methylene protons 6 CHg and 7 CH; displaying equivalent chemical shifts in the spermidine moiety. In
contrast, in 1b the 6CH2 and 7CH2 groups display distinct resonances (at 1.58 and 1.69 ppm), in agreement with
the different environments of N4 and N8 (amine and amide, respectively). It is to be noted that in 1a the spermi-
dine 2CI-12 group unexpectedly resonates at higher field (1.87 ppm) than it does in 1b(2.07 ppm). The former be-
longs to the motif CO-1NH- \CH5-2CH,-3CHo-4NH- (the 2CH, group therefore occupies the B position, respective-
ly to the primary amido group IN and the secondary amino group 4N), whereas the latter belongs to the motif
Hy!N-1CHy-2CHp-3CH,4NH- (the 2CHj group therefore occupies the B position, respectively to both amino
groups INH, and 4NH). One would therefore expect, on the basis of inductive effects, that the 2CHyin la wouldre-
sonate at lower field than the 2CH, in 1b, in contrast with what is observed experimentally (Table 3). As expected,
inductive effects are observed for both 1CH, and 8CHy when going from 1a to1b (+ 0.2 ppm for 8CH, and -0.2
ppm for 1CH,). One possibility would be that the locus occupied by the 2CHy in 1a is affected by ring current shift
effects originating from the remote adenosine moiety if the molecule adopts a folded conformation. It must be al-
so noted that the H(2) resonance from the adenine ring has its position significantly altered in comparison to
CoA-SH itself, whereas the H(8) resonance is practically not affected (see Table 3).Obviously, care needs to be
exerted since intermolecular contacts could occur at the level of the adenine ring, and the differences observed
for selective chemical shifts in the CoA-SH, 1a and 1bmolecules might translate inter- as well as intramolecular
effects. A hatrpin-like conformation is observed for CoA-SH itself in the crystal of the binary complex CoA-
SH/CAT (chloramphenicol acetyltransferase)8. A hairpin-folded conformation has also been invoked as a pos-
sible conformation in solution for CoA-SH and CoA-SAc on the basis of NMR evidence?. It is therefore Intriguing
to establish if such a folded conformation is also present in solution for compounds 1a and 1b, among other pos-
sible conformations (NMR work in progress).

We describe now the main steps of the synthestis leading to the inhibitors 1a, 1b, 2a and 8a of the histone
acetyltransferase.The N1-bromoacetyl N4,N8-diBoc spermidine 24, which is the precursor of 1a, was synthesi-
zed according to scheme 8, starting from 1.4-diaminobutane. The preparation of the diBoc derivative 8 of sper-
midine closely follows the procedure of Humora and Quick®, with the exception that LiAIH4 was favourably re-
placed by Hy/Ni Raney during the reduction of the cyano function of 12 (see Experimental Section). Finally the
acylation of the free INH, group in 8 1s achieved in high yield through reaction with bromoacetic acid in the pre-
sence of DCC or BOP (Scheme 8).
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NH,{CH,),NH, 1.4 - diaminobutane
CH=CHCN acrylonitrile
NH,{CHNH(CH),CN
Boc,0
A
BocHN(CHg) NBoc(CHZL,CN 13

Hy/Ni Rancy
or LIAIH,

BOCWCH-aLNBOdCl'hlaNH: 8

BrCH;COCH/
DCC (or BOP}

BocNH(CH,),NBoc(CH,,NHCOCH,Br 24

Scheme 8

Stmilarly, N8-bromoacetyl N!,N4-diBocspermidine 36, which is the precursor of 1b was prepared according
to anovel strategy starting from 1,3-diaminopropane ( Scheme 9) . The preparation of the monoBoc derivative 32
is only achieved with a low yield (not exceeding 10%: see Experimental Section), whereas the two last steps, i.e.
3438 386, proceed in good yields (about 80% each). The transformations 32 +33 —+34 are achieved with an
overall yield of ca 309%.

HNICHJNH, ———p BocNHCH)NH, 9
l CUCHZCN
BocNHICHJ,NHCH),CN 88

| Boc0
BocNHICHgNBoclCHCN 34
l LIAIH,
BocNH(CHpNBoolCH,NH, 38
| eci,coon/ po

BocNH(CH,);NBoc{CHJNHCOCH,Br 38
Scheme 9

The preparation of selectively protected derivatives of spermidine is crucial for carrying out such regioselec-
tive syntheses. In contrast to methods which afford a mixture of different Boc derivatives of spermidine, through
partial derivatization by BocoO, followed by purification of the corresponding compounds19,both schemes 8and
9 for producing N4, N8-diBocspermidine 8 (according to Humora and Quick®) and N1, N4-diBocspermidine 36
{this work] correspond to strict regioselective strategies ( the third diBoc derivative N!, N8-diBoc spermidine has
been also synthesized through a regioselective strategy!0-11).

In relation to the novel synthetic pathway given in scheme 7, the “shortened " inhibitor 2a is obtained by re-
placing CoA-SH by N-acetyl f-aletheine 20 (Scheme 10). The diBoc derivative 28 was treated by TFA in a first time
but subsequently it was treated by HCl to give 2a as an hydrochloride, for preventing TFA effects during in vivo in-
hibitory studies(work in progress). The !H NMR spectrum of 2a unambiguously establishes the validity of our
synthetic strategy, in regard to the purity of the final product, as well as to its structure {(see NMR parameters in
Experimental Section). The observation of both 6Cl-12 and 7CH2 groups as a superimposed resonance at
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RSH 2
l&cnncoumcwcw‘m u

R-SCH,CONHICH,J;NBoc{CH,) NHBoc 23
l CF3COOH ar HC1/MeOH
R-SCH,CONH(CH,),NH(CH,) NH, 3

R=N-acetyl- 8-aletheine
Scheme 10

1.62 ppm clearly establishes the substitution of the Spd Nlatom as an amide (compare with 1a in Table 3). We
note here that the Spd polymethylene chain is characterized by 3J vicinal coupling constants in the 6.8-7.3 Hz
range, thus denoting the occurrence of time-averaged rotamers about the different single bonds. The 3J coupling
constants are somewhat lower in the -aletheine moiety, in the 6.4-6.6 Hz range, and this would translate either
selective conformational effects along the chain, or inductive effects acting on the coupling constants. In agree-
ment with our observations with 2a, CaA-SH itselfis characterized by 3J5: ¢ and 3Jg g of about 6.6 Hz7, thus sug-
gesting that the conformation of the B-aletheine moiety is similar in both molecules, 2a and CoA-SH.

As an alternative way, to obtain the "shortened” inhibitors 2a and Sa, we have introduced the carboxyme-
thylene group, or "linker ", as the thioacetic derivatives of RSH compounds 8 and 20 by amide formation with the
corresponding diBocspermidine derivative 8 (scheme 11).

It must be noted that the preparation of the R- S-CH,-COOH derivatives 6 and 21 can be readily carried out

R =ACNHCH,CH, or AcNH(CH3;CONHICH)),

RSH 8 e
l BrCH,O00H/OH"
RSCH,C00H (] a
l CHyN,
RSCH,COOMe 7
1 -
RSCH,CONH(CH,)y NBoc{CH,),NHBoc 9 3
l CF,CO0H
RSCH,CONH(CH,); NH(CH,),NH, Sa 2a
Scheme 11

by reacting bromoacetic acid itself with the corresponding thiol R-SH12. In this respect, 8 and 21 were conve-
niently prepared from N-acetylcysteamine B and N-acetyl-f-aletheine 20, respectively (Scheme 11). As noted
above bromoacetyl derivatives of a thiol such as 80 and 28 (Scheme 4), lead to the same thioacetic acid deriva-
tives 6 and 21, but such a procedure was not further investigated here since a more direct possibility exists ac-
cording to Scheme 10 for preparing the two "shortened” inhibitors 2a and 3a .

Both compounds 8 and 20 were prepared according to the procedure of Baddiley and Thain13. We also re-
port a novel synthesis of 20 (see Experimental Section) through the condensation of the anhydride of p-alanine
18 with cystamine, followed by reduction of the S-S bond (Scheme 12). In comparison to the initial procedure by
Baddiley and Thain!3, our three-step synthess starting from p-alanine appears tobe more convenient, although
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the overall yield is not improved significantly.

NH,CH,CH,C00H B-alantne
1 AGO

(ACNHCH,CH,OOLO0 18
(NHCH,CHS)  cystamine

(ACNHCH,CH,CONHCH,CH;S), 17
NaBH,/OH"

AcNHCH,CH,CONHCH,CH,SH 20
Scheme 12

CONCLUSION

We provide here good evidence that the compound formed by reacting CoA-SH with bromoacetylthiophe-
nol 30 1s S-bromoacetylCoA 43, in agreement with the initial report of Chase and Tubbs3, Such a conclusionwas
challenged by Clements et al.4, who assumed that the reaction ylelds instead the 2-(S-CoA) acetic acid thiophe-
nylester 10 1. These authors indeed observed by treating such a supposedly intermediate compound 10, under
alkaline conditions that the product was 2-(S-CaA) acetic acid 11 (Scheme 1). Such a compound CoA-S-CHy-
COOH would then derive in principle from CoA-S-CHy-CO-S-CgHg 10, through saponification of the thioester
function. However, we demonstrate in this work that a stmpler analog of 43,1.¢.R-S-CO-CHgBr 28 (including
the S-terminal cysteaminyl molety of coenzymeA) is sensitive to alkaline conditions to yield the corresponding 2-
(S-cysteaminyl) acetic acid 6, R-S-CHo-COOH, the analog of 11. Starting from the bromoacetyl derivattve, CoA-
S-CO-CH,Br 42 (and not 10) the formation of 11 is thus explained by a two-step reaction, i.e. saponification of
the thioester function followed by a nucleophilic attack of the bromine atom by the intermediarily liberated thio-
late anion, thus explaining the "inversion"” of the motif S-CO-CHg- into S-CHy-CO-. Adetafled mechanism of the
reaction needs, however, to be established. Furthermore, we unambiguously establish here that the bromoace-
tyl derivative R-S-CO-CHg-Br 28 leads, upon treatment with a monoamine derivative (diBoc derivative of Spd),
to R-S-CH,-CO-Spd. This apparently corresponds to a general reactivity of the bromoacetyl derivatives of thiols,
as demonstrated by the reaction of bromoacetylthiophenol 30 itself with different nucleophiles (OH", primary
amine). Such a reaction appears to be novel, and it opens the route to the preparation of compounds R-S-CHy-
COR' from halogeno (X} acetic acid thicesters X-CHp-CO-S-R' 6. All together, we suggest that the reaction, as
carried out by Cullis et al! to prepare CoA-S- CHo-CO-Spd (through the reaction of CoA-SH with bromoacetyl-
thiophenol 30 followed by the action of spermidine under alkaline conditions), follows the pathway: CoA-SH + 30
—+CaA-S-CO-CHgBr —+ CoA-S-CHgp-CO-Spd, and not CoA-SH + 30 —+CoA-S-CHg-CO-S-CgHs — CoA-S-CH,-CO-
Spd, as proposed by these authors!, on the basis of the previous conclusion by Clements et al.2. We also
conclude that the product of the overall reaction corresponds indeed to the structure 1, as initially proposed by
Cullis et al. 1.This work provides a novel and regioselective strategy for preparing compounds 1, i.e. 1laand 1b,
from CoA-SH by using spermidine substituted by the bromoacetamide function at the N1 atom and the N8atom,
respectively. It is to be noted that this strategy differs from that using the S-bromoacetylCoA, as an intermediate,
in the sense that the reactive carbon atom, substituted by the halogen, is introduced on the spermidine moiety
instead of the CoA moiety.

Finally, this work establishes a versatile and convenient synthetic strategy for preparing a variety of com-
pounds, structurally resembling the multisubstrate inhibitor CoA-S-CHy-CO-Spd 1, but differing by their cofac-
tor moieties. As previously established?,the shortening of the CoA moiety to the level of B-aletheine (compound
2a) does not affect significantly the inhibitory effect on the histone acetyltransferase. Other analogs including
the pantotheinyl radical have now been prepared (to be published). Work is in progress for comparing the inhibi-
tory effects of laand 1b, as well as of different "shortened" analogs, on the histone and polyamine acetyltransfe-
rases.
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EXPERIMENTAL SECTION

Commercial products: cystamine dihydrochloride purum (from Fluka, Switzerland); CoA-SH (from Sig-
ma;USA) as the sodium salt: approx. 959% CoA-SH; other products, reagents and solvents of controlled pu-
rity. The BOP reagent, i.e benzotriazolyl N-oxytri-dimethylamino-phosphonium hexafluorophosphate, was
prepared asl4. Elemental analyses were performed by the "Laboratotre de Microanalyses” (ENSCM, Mont-
pellier). 'H NMR spectra were measured on a Bruker WM 360 WB spectrometer functionning on the FT
mode (NMR laboratory, C.C.I.P.E., CNRS-INSERM, Montpellier} using as an internal reference the residual
proton signal of the solvent. The NMR chemical shifts are given in ppm versus tetramethylsilane (TMS) or
trimethylsilylpropionate (TSP). NMR assignments are essentially based on empirical correlations, and in-
volved in some cases double resonance experiments. Coupling constants J in Hz; s = singlet; t = triplet; q =
quintuplet. After correction for temperature effects, our NMR ,parameters for CoA-SH (at 38°C; see Fig.1
and Table 3) are in complete agreement with those previously reported by Lee and Sarma? (at 30.5°C and
referred to tetramethylammonium chloride, or TMA, as an internal reference: 8{TMA) = § (TSP) + 3.20 ppm.
Mass spectra (MS) were measured at the "Laboratoire de Mesures Physiques " with a spectrometer JEOL
JMS DX300 (U.S.T.L., Montpellier) in Fast Atom Bombardment (Positive), if not stated otherwise, with NBA
as a solvent. Analytical thin layer chromatography TLC was performed by using silica gel G60 Fos4 plates
and preparative TLC by using Merck TLC G60 Fgg4 plates. Revelator: plates sprayed {solution HoO:Hg_
S04:S04(NHy)y: 100 ml: 4 ml: 20 g) followed of strong heating. The nomenclature concerning the coenzyme
A itself and its derivatives with spermidine is given according to ref?(see also formulae 1a and 1b).

As noted by Roberts and Caserio (Basic Principle of Organic Chemistry, 2nd edition), confusion is pos-
sible with the names and formulae for the derivatives of the coenzyme A (abbreviated CoASH to emphasize
the SH group, whereas the acyl derivatives most often are called acylCoA); throughout this work we syste-
matically included the sulfur atom in all the formulae of the coenzyme A derivatives, i.e. R-S-CoA. The
name thioester is systematically used for the different R-S-CO-R' derivatives, in which a thiol R-SH is acy-
lated by a carboxylic acid HOCO-R'.

N1[2-(S-coenzyme A) acetyl] spermidine amide ditriflucroacetate (1a): Scheme 7.
25 (14 mg), dissolved in CF3COOH (0.5 ml) is left 10 min at room temperature. After evaporation the so-
lution affords 1a {quantitative yield) as a white solid. 1H NMR (D50): see Table 3.

NB.[2-(8-coenzyme A) acetyl] spermidine amide ditrifluoroacetate (1b): Scheme 7.
87 (23 mg) is dissolved in CF3COOH {0.5 ml)and treated as above to yield 1b {quantitative yleld) as a
white solid. !H NMR (D40): see Table 3.

NL[2-(8,N-acetyl B-aletheinyl) acetyl] spermidine amide dihydrochloride 2a(Cl): Scheme 10.

23 (1 g. 1.74 mmol) is dissolved in 6 ml of MeOH to which 0.75 mi 12N HCl is added. After standing 8 h,
0.8 ml HCI 12N are added. After 24 h, 0.75 ml 12 N HCI are added . After 48 h, the solution is evaporated.
The product, dissolved in minimum MeOH, cristallizes. After addition of ether the product is filtered and
dried' 2a(Cl) (695 mg, yield 96%). An analytical sample is obtained by recristallization in MeOH-EtOH;
m.p. 191°C; yield 89%. MS: (m/z) 376 (M+H)* (C,gH33N505S. MW 375.5). pK; 8.63, pK, 10.40 {at 25°C).
IH NMR (D20 at 46°C) 1.62 (m, 4H, 8CHy, 7CHy); 1.78 (J =7.3, 2H, 2CHp); 1.83 (s, 3H, CH3CO); 2.30 (t.
J= 6.6, 2H, 6CHy): 2.58 (t, J = 6.6, 2H, 9CHy); 2.85-3.0 (m, 6H, 3CH,, 5CH,, 8CHy): 3.16 (s, SCH,CO); 3.18
(t. J = 6.8, 1CHg: 4H in total); 3.25 (t, J = 6.4, 8CHy); 3.28 (t, J =6.4, SCHy): 4H in total. IH NMR (DMSO-
dg): 7.9 (t, 1H); 8.13 (broad t, 3H, ®NHg"): 8.34 (t, 1H, amide NH's); 9.12 (broad s, 2H, 4NHy4. Anal.caled
for C16H3sN503SCly: Cq2.850 H7.879 Nis.e296i 010.71% S7.15% Clis.g196-Found: Cyp gose H7.7206:
N15.479 Se.38%: C117.449%
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N1[2-(8,N-acetyl f-aletheinyl) acetyl] spermidine amide ditrifluoroacetate 2a(F): Scheme 10.

23 (30 mg, 0.05 mmol) is dissolved in CF3COOH (0.5 ml). After 1/2 h at room temperature, the solution
is evaporated, dissolved in water and washed with CH,Cl,. The aqueous layers, lyophilized, lead to 2a(F}.
The IH NMR spectrum is identical to 2a(Cl).

N1[2-(8,N-acetyl cysteaminy)) acetyl] spermidine amide ditrifluoroacetate (3a): Scheme 11.

9 (73 mg) is dissolved in minimum of CF3COOH. After 1/2 h at room temperature, the solution is evapo-
rated leading to 8a (quantitative yleld). MS: (m/z) 305(M+H)*(C)3HpgN402S, MW 304.4). 1H NMR (D50) &
1.65 (m, 4H, 6CH, + 7CHy); 1.80 (m, 2H, 2CHy); 1.89 (s, 3H, CHgCO); 2.62 (t. 2H, 9'CHy): 2.92-2.97 (m, 6H,
3CH,, SCHy, 8CHy): 3.20 (s, SCHoCO); 3.23 (t, ICHy): 4H in total; 3.30 ( t, 2H, 8CHy).

2-(S,N-acetyl cysteaminyl) acetic acid (6).

1) from N-acetyl cysteamine 8!3: Scheme 11. A mixture of 5 (1.6 g, 13.4 mmol), KOH 1 N (27 ml) and bro-
moacetic acid (1.96 g, 14.1 mmol) is left 3 h at room temperature, then evaporated and washed with ace-
tone. The residue acidified and evaporated is dissolved in water and extracted by CHoCl,. The aqueous
phase is evaporated under reduced pressure and dried, leading to an ofl 8 (1.7 g, yleld 71%). CI-MS (Xe)
(m/z): 178 (M+H)*( CgH; |NO3S, MW 177.2). 1H NMR (D,0) 5 1.80 (s, 3H, CH3CO); 2.60 (t, J=10, 2H, "
CH,S); 3.20 (s+t, 4H, 8CHgN, S-CH;COOH).

2) from N-acetyl S-(2-bromoacetyl) cysteamine thioester 28: Scheme 4. To a solution of 28 (see below in
this experimental section) (725 mg, 3 mmol) in EtOH (10 ml) is added a solution of KOH in EtOH (423 mg
in10 ml). The solution is evaporated and acidified by HC] and reevaporated. The residue dissolved in water
is extracted by CHyClp. The aqueous phase is evaporated and resuspended in acetone leading to 6
(250 mg, yield 47%).

2-(S,N-acetyl cysteaminyl) acetic acid methyl ester (7): Scheme 11.

6 (300 mg, 1.69 mmol), dissolved in MeOH (15 ml) is treated at room temperature with an etheral solu-
tion of CHgN, until the yellow colour remains persistant. After 1 h a drop of acetic acid is added to destroy
the excess of CHgNy and evaporation leads to an oil 7 (250 mg, yleld 77%). MS: (m/z) 192 (M+H)*
(C7H; 3NO5S, MW 191.3). IH NMR (D50) & 1.90 (s, 3H, CH3CO); 2.70 (t, 2H, 9CH,S); 3.3 (t, 2H, 8CH,N);
3.35 (s, 2H, SCH,CO); 3.7 (s, 3H, OMe).

N%NS.di-tert-butyloxycarbonyispermidine (8): Scheme 8,

N1,N4-di-tert-butyloxycarbonyl N4-(2'-cyanoethyl)1,4-diaminobutane 12 (3.3 g, 9.66 mmol), prepared ac-
cording to® is dissolved in absolute EtOH and stirred under atmospheric pressure of Hp during 12 days,
with Raney Ni. After filtration and evaporation, an oily residue is obtained which is dissolved in CHCl3
and washed several times with a 10% citric acid solution. The aqueous layers are made basic with a satu-
rated NaOH solution. The extraction with CH,Cl, leads to 8 (2 g, yield 60%). MS: (m/z) 346 (M+H)*
(C17H35N304S, MW 345.5). IH NMR spectrum identical to that published by Humora and Quick 9.

NL[2-(S,N-acetyl cysteaminyl) acetyl] N4,NS-di-tert-butyloxycarbonylspermidine amide (9).

1) from the methyl ester 7: Scheme 11. Compound 7 (100 mg, 0.52 mmol) and 8 (600 mg, 1.74 mmol) are
dissolved in MeOH. The solution is evaporated and heated at 100°C, during 10 h, under Ar atmosphere.
The mixture treated again as above for eliminating the excess of amine, leads to an oil, which is chroma-
tographed on silica gel with CHClg as a solvent. 9 (73 mg, yield 28%) is obtained as an oily residue. MS:
(m/2) 505 (M+H)* ( Co3HggN4OgS, MW 504.7). 1H NMR (CDClg) 8 1.40, 1.42 (2s, Boc groups at 4N and &N:
no regloselective assignment); 1.40-1.70 (m, 2CHg, 6CH, and 7CHy): 24H in total; 1.95 (s, 3H, CH3CO); 2.70
(t, 2H, 9CH,S); 3.1-3.45 (m, 3CH,, 5CH,, 8CH, and #CHy); 3.18 (s, SCHyCO):10H in total; 4 7 { broad si-
gnals, 8NHBoc); 6.8 and 7.5 (amide NH groups).
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2) from N-acetyl cysteamine 8 : Scheme 3. To B (109 mg, 0.91 mmol) dissolved in NaOH 1N (2 mil) is ad-
ded a solution of 24 (464 mg, 1.0 mmol) in MeOH (10 ml). After 4 h at room temperature the solvent is
evaporated; the residue is extracted with CH,Cl, and washed with water. The organic layer, dried on Nag.
S04 leads to a mixture which is chramatographed on silicagel (solvent MeOH-CHClg3 2:98.v:v). 8 (300 mg,
yield 65%) is obtained as an oil. IH NMR spectrum identical to that of ® obtained according to procedu-
re 1.

3) from N-acetyl S-(2-bromoacetyl) cystearnine thicester 28: scheme 3. To 28 (190 mg, 0.8 mmol) is ad-
ded, first, a solution of 8 (3.6 g, 10.4 mmol) in diocxane (8 ml) and secondly, NaOH 4N (0.4 mil}. After
15 min of stirring at room temperature, dioxane is evaporated. The residue is then extracted with CHCl3,
washed with KHSO4 1M, water and dried on NagS0Oy, leading to a residue which is dissolved in EtOAc, fil-
tered under vacuum on silicagel G60 Merck (7 g, followed by extensive washings with EtOAc. The organic
solution after evaporation ylelds 460 mg of a residue showing by TLC analysis { MeOH:EtOAc; 20:80; v:v) a
major product (coloured with iodine). By preparative TLC of 80 mg from the crude product, pure 91is ob-
tained, as established by 1H NMR (45 mg, yleld 63%).

N,N'-diacetyl-f-alethine (17): Scheme 12.

1) in heterogeneous phase. To a solution of 18 (3 g, 12.3 mmol) in CH5Cl, (26 ml) is added a solution of
cystamine dihydrochloride (0.5 g, 2.5 mmol) in Ho0 (10 ml) (pH 10 with NaOH 2N). The mixture is stirred
overnight and then the organic phase is separated and washed with water. The aqueous phases are acidi-
fied with HCI IN to pH 2.6 and evaporated. The oily residue is stirred with EtOAc. The precipitate thus for-
med 1s crystallized two times in MeOH leading to 17 (200 mg, yield 24%); m.p. 209-210°C; [m.p.15 207.5-
208°C, m.p.13 190°C]. MS: (m/2z) 379 (M)* ( Cy4HygN404So. MW 378.6). IH NMR (D20) §1.90 (s, 2x3H,
CHZCO): 2.35 (t, 2x2H, SCH,CO): 2.75 {t, 2x2H, 9CH,S); 3.40 (m, 2x4H, 5CHy and ¥CH).

2) in homogeneous phase . To 18 {120 g, 0.49 mol) is added a solution of 20 g of cystamine (0.13 mol) in
100 ml of pyridine. After one night at room temperature, a solid residue is cbtained upon filtration (follo-
wed by several washings with EtOAc) and solvent evaporation. Upon crystallization in MeOH, 17 (8 g, yleld
16%, m.p. 197-198°C) is thus obtained judged pure by 1H NMR. This product was used successfully for
the following synthetic steps.

N-acetyl f-alanyl anhydride (18): Scheme 12.

A suspension of B-alanine (2 g, 22.5 mmol) in acetic anhydride (15 ml) was stirred until it is completely
dissolved and concentrated under strong heating. 18 (2.7 g, yicld 99%) is obtained as a colourless oil, so-
luble in CH4Cl, (the corresponding acid s totally insoluble in this solvent).

N-acetyl 3-aletheine (20): Scheme 12.

17 (11.9 g, 31 mmol) is dissolved in 29 ml of NaOH 0.5 N to which is added solution of 10.8 g of NaBH4
in 27 ml NaOH 0.5N. The resulting solution is heated on an oil bath (150°C) under nitrogen atmo-
sphere,with magnetic stirring. After 15 min a very strong gas escape is observed. The reaction flask is kept
at room temperature during 0.5 hour. After extraction with CHCl3 and evaporation of the organic phase,
20 is obtained as a white solid (11 g, yleld 92%), homogeneous by TLC {neutral alumina with
MeOH:CHoCly; 5:95; v:v; coloured yellow by I5 ). MS: (m/2) 181(M+H)* ( C7H 4N205S, MW 190.3). 1H NMR
(D50) 5 1.80 (s, 3H, CH3CO): 2.30 (t, 2H, ECH,CO); 2.50 (t, 2H, 9CH,S); 3.30 (m, 4H, SCHy and ECHy).

2-(8,N-acetyl f-aletheinyl) acetic acid {21): Scheme 11.

Bromoacetic acid (200 mg, 1.44 mmol) is added to a solution of 20 (260 mg, 1.38 mmol) in KOH 1 N
(3.76 ml). After 12 h at room temperature, the solution is evaporated. The residue is washed three times
with acetone and resuspended in water (30 ml). The solution is acidified by concentrated HC] and extrac-
ted by CHoCly. The aqueous layer is evaporated and washed with acetone (5x30 ml). The evaporation of the



6394 G. RoBLOT et al.

organic solution leads to an ofl 21 (253 mg, yicld 74%). MS: (m/z) 2498 (M+H)* ( CgH;gNaO4S, MW 248.3)
.JH NMR (D90) 5 1.90 (s, 3H, CH3CO): 2.35 {t, 2H, €CHy); 2.7 (t. 2H, ¥CH,S): 3.32 (s, SCH;CO); 3.30-3.40
(m, SCH; and §CH,): 6H in total. In one preparation, a cristallized product 21 was obtained ; m.p.114-
116°C. Anal. caled for CoH) gNz048: Cy3,5396 He, 499 N11.289%: 025.780%: 512919 Found: Cyg,1396: He 599
Nj1.109%: 025.499 S12.629-

2-(8,N-acetyl f-aletheinyl) acetic acid methyl ester (22): Scheme 11.

A solution of 21 (253 mg, 1.02 mmol) in MeOH (20 ml) is treated as above {preparation of 7) leading, after
chromatography on silicagel (MeOH: CHoCl, ) to 232 (88 mg, yield 33%); m.p. 80-81°C. MS: (m/z) 263
(M+H)* ( CjoH; gNg04S, MW 262.3). IH NMR (CDCly) 5 1.88 (s, 3H, CH3CO); 2.34 (t, 2H, CHy); 2.73 (t, 2H,
S'CH,S); 3.20 (s, SCHyCO); 3.40-3.56 (m, 4H, 5CH, and 8CHgN); 3.67 (s, 3H, OMe); 6.40 (m, 2H, amide
NH's). Anal. calcd for CjoHjgNgOsS: Cys.709: He.9296 N10.689% 024.40% Found: Cugsgioe H7.079¢
N10.519%: 024.76%

NL[2-(8,N-acetyl f-aletheinyl) acetyl] N4,NS.di-tert-butyloxycarbonyispermidine amide (23).

1) from methyl ester 22: Scheme 11. Compound 22 (80 mg, 0.30 mmol} and 8 (750 mg, 2.17 mmol) are
dissolved in MeOH. The solution is evaporated and heated during 24 h to 100°C under Ar and treated as
usually: washings with citric acid 10%, NaHCOg saturated solution and water, leading to 130 mg of an oil.
60 mg of it are chromatographed on preparative TLC with MeOH-acetone, 6:94 (v:v) as solvent. Pure 23
(30 mg, yleld 38%) is obtained. MS: (m/z) 576 (M+H)*( CagHsoNg07S. MW 575.8). 'H NMR (CDClg) 5 1.50,
1.52 (2s, Boc groups); 1.40-1.70 (m, 2CH,, 8CH, and 7CH,): 24 H in total; 1.95 (s, 3H, CHgCO); 2.40 (t. 2H,
§'CHy); 2.75 (t, 2H. PCH,S); 8.10-3.25 {m, 4H, 3CHj, and 5CHy); and 3.20 (s, SCH,CO): 6H in total; 3.50
{m, 4H, 5CH, and #CHy); 4.70, 6.60, 7.10, 7.50 (4m, 4H, NH).

2) from N-acetyl p-aletheine 20: Scheme 10. Compound 20 (330mg, 1.73 mmol) is dissolved in 4ml
NaOH 0.75 N to which 24 (1.05 g, 2.256 mmol) in 7 ml CH3OH, is added by stirring and kept at room tem-
perature, overnight. This solution is evaporated and the residue is washed with CHzOH and purified by
preparative TLC to give 28 (520 mg, yield 52%). In another preparative assay with 650 mg of 20 the crude
product 23 is chromatographed on neutral alumina ( EtQAc : hexane, followed by methanol : ethyl acetate
mixtures). Finally the pure compound 23 is eluted with MeOH-EtOAc, 5:95 (v:v): 1.54 g yleld 78%.

1HNMR is identical to procedure 1.

NL.(2-bromoacetyl) N4, N8.di-tert-butyloxycarbonylspermidine amide (24): Scheme 8.

To a solution of 8 (280 mg, 0.81 mmol) in CH,Cl, (50 ml) is added, successively: dicyclohexylcarbodii-
mide (165 mg), hydroxybenzotriazole (108 mg) and bromoacetic acid (111 mg). A precipitate is formed im-
mediatly and, after 24 h at room temperature, the suspension is filtered. The residue is resuspended in
CHyCly (10 ml). The filtrate is chromatographed on silicagel. The product is eluted with MeOH-CHyCly,
1:99 (viv). 24 (340 mg, yleld 89%) is obtained as a colourles oil. MS: (m/z) 466, 468 (M+H)*
(BrC;oHagN305, MW 466.4). 'H NMR (CDCly) § 1.38 and1.42 (2s, Boc groups); 1.30-1.70 (m, 2CHy, 5CH,
and 7CHy): 24H in total; 3.05-3.15 (m, 4H, 3CHy and 5CHy); 3.15-3.30 (m. 4H, 1CH; and 8CH,); 3.80 (s. 2H.
BrCH,CO).

NLl[2-(S-Coenzyme A) acetyl ]| N4NS.di-tert-butyloxycarbonylspermidine amide (25): Scheme 7.

To a solution of CoA-SH (sodium salt; 15 mg, ca 18 umol) in water (1 ml), is added successively: NaOH
1N (15 ) and a solution of 24 (13.5 mg, 29 umol) in THF (135 pl). After 1 h at room temperature, the solu-
tion is evaporated, diluted with water and washed several times with CH,Cl,. The aqueous layer, after lyo-
philisation, leads to 28 (14 mg ca 13 pmol; yield ca 70%) as white solid. 1H NMR (D30) § 1.42, 1.44 (2s, Boc
groups); 1.30-1.80 (m, 2CH,, 6CH, and 7CHg): 24 H in total: 2.75 (t. 2H. 9CH,S); 3.10 (t, 2H, 8CHy); 3.25
(m, 6H, 1CHj, 3CH3 and 5CHy); 3.30 (s, 2H. SCH,CO).
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N-acetyl 8-(2-bromoacetyl) cysteamine thioester (28).

1) from 8 with bromoacetylthiophenol 30: Schemel. A solution of § (90 mg, 0.76 mmol) in some acetone
is added to a solution of 30 (2.6 g, 11.3 mmol) in a mixture of acetone (43 ml) and KHCOg 0.1M (17 mi).
After 1 h at room temperature, the solution is acidified with HC1 0.1N to pH 2. The acetone is evaporated
under reduced pressure and the suspension extracted by CH,yCl,. The organic layers are washed with
KHCOj3 3% solution and evaporated. The oily residue is dissolved in CgHg and filtered, under vacuum, on
silicagel G60 (Merck)(10 g), this one, washed several times with CgHg. The filtrate contains essentially bro-
moacetyl thiophenol. Then, the silicagel is washed with MeOH-CHoCly, 20:80 mixture. The filtrate leads,
after evaporation, to 28 (130 mg, yleld 72%). MS: (m/z) 240, 242 (M+H)* ( BrCgH; oNO.S, MW 240.1}. 1H
NMR (CDCl3) §2.00 {s, 3H, CH3CO): 3.10 (t, 2H, CHoSCO); 3.4Q (t, 2H, CH5N); 4.10 (s, 2H, COCH4,Br).

2) from B with bromoacetyl bromide. To a solution of 8 (119 mg, 1 mmol) is added, dropwise, bromoacetyl
bromide (139 ul). The mixture is stirred under reduced pressure during 5 min, then added of KHCO3 satu-
rated solution and extracted with CHoCly. 28 (130 mg, yleld 54%) is obtained by evaporation of organic
phases. IH NMR is identical to the product obtained precedently by action of bromoacetyl thiophenol.

N-acetyl 8-(2-bromoacetyl) f-aletheine thioester (28): Scheme 1.

A solution of 30 (8 g, 35 mmol) in a mixture of acetone (43 ml) and KHCOg 0.1M (17 ml} is added to 20
(185 mg, 0.97 mmol). After 1 h at room temperature, the mixture is evaporated and washed with MeOH.
This suspension is filtered, evaporated and washed with CH4Cly. The new suspension is filtered and eva-
porated. The residue is crystallized in EtOAc, then CgHg, leading to 29 (80 mg, yield 27%). TLC homoge-
neous with MeOH: CHyCly; 8:92 (v/v); m.p. 118-120°C; MS:(m/z) 311, 313 (M+H)* ( BrCgH,gN,04S,
MW 311.2) .'H NMR (CDClg) §2.00 (s, 3H, CH3CO); 2.30 (t. 2H, CH,CO); 3.10 (t, 2H, CHS); 3.50 (m, 4H,
CHjN): 4.10 (s, 2H, SCOCH4,B1); 6.40-6.90 {broad signal, 2H, NH). Anal. caled for BrCgH) gNoO3S: Cz4.749¢:

Hy 86%: No.00%: 015.43%- Found: Ca4 g79¢: Hg 9896 Ng.8196: 015.50%-

Bromoacetyl thiophenol (30)

Although the synthesis of this compound has been described in the literature3:S we describe here our pre-
paration and emphasize on its purification. Thiophenol (6 ml, 5§8.4 mmol) is added in several times to bro-
moacetyl bromide (7.2 ml). The mixture is maintained stirred, under reduced pressure 60 min at room
temperature. The solution is added to saturated solution of NaHCOg (70 ml). The suspension is extracted
with ether. The organic layers are washed two times with diluted solution of NaHCOg3. Ofl 30 (12 g, yleld
89%) crystallizing in cold {(m.p. 39°C) is obtained. The crystallization in CgHg-hexane leads, after seeding
and cooling, in three crops. to 30 ( 11.2 g, yield 83%). (m.p. 41-42°C) homogeneous in TLC; m.p. 36.3-
37.3°C (EtOH/Hg0, yield® 57%; m.p. 38-39°C (benzene:petroleum ether}, yield® 59%). 1H NMR (CDCly
84.05 (s, 2H, BrCH,CO): 7.45 (s, 5H, CgHzS).

Phenylthioacetic acid (31): Scheme 4.

30 (1g, 4.3 mmol) is added to a solution of KOH (600 mg) in minimurm of absolute EtOH. A precipitate is
formed instantaneously which, filtered and dried, leads to potassium phenylthioacetate. This salt is dissol-
ved in water and acidified with concentrated HCI, then extracted with CH4Cly. The evaporation of the orga-
nic phase leads to 31 (670 mg, yield 93%); m.p. 63-64°C; m.p. 6 64.5-65.5°C. !H NMR (CDCly & 3.66 {s,
2H, CHy); 7.00-7.40 (m, 5H, CgHg): 10.10 (s, 1H, COOH).
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N-tert-butyloxycarbonyl 1,3-diaminopropane (32): Scheme 9,

A solutton of BocyO (8.5 g, 39 mmol) in dioxane (50 ml) is added slowly to a solution of 1,3-dtaminopro-
pane (3 g, 40.5 mmol) in water (30 mi). Firstly, there is a precipitation, then redissolution. After 24 h at
room temperature, dioxane is evaporated and the suspension extracted by CHoCly. The organic phase is
washed by KHSO,4 1N, and the aqueous phase, basified by saturated NaOH solution, is extracted by
CH,Cly. The organic solution is evaporated to give 32 (630 mg, yield 8.9%). TLC homogeneous with N(Et}):
MeOH:EtOAc; 5: 20: 75(v/v/v) . 1H NMR (CDClg) §1.24 (s, 2H, NHy): 1.41 (s, 9H, Boc); 1.59 (q, 2H, 2CHy);
2.75 (t, 2H, CHoN); 3.19 (q, 2H, ICHoN); 3.68 (s, 1H, NHBoc).

NLltert-butyloxycarbonyl N3-(3-cyanopropyl) 1,3-diaminopropane (33): Scheme 9,

To 82 (630 mg, 3.6 mmol) dissolved in n-butanol (30 ml), is added successively: NaoCO3 (1.1 @), KI (800
mg) and 4-chlorobutyronitrile (375 pl, 3.8 mmol). After 6 h of reflux, the mixture is filtered and evaporated.
The ol is resuspended in CHCl3, washed with water, evaporated, giving crude 88 (840 mg, yield 97%).

N1,N8-di-tert-butyloxycarbonyl N3-(3-cyanopropyl) 1,3-diaminopropane (34): Scheme 9.

To a solution of crude 338 (840 mg, 3.5 mmol) in dioxane (20 mi) is added a solution of BocgO (1g) in dio-
xane (10 ml). After 12 h at room temperature, the solvent is evaporated and the residue, taken by CHCl3 is
washed successively by: KHSO4 1N, a diluted NaHCOg solution and water. The organic layers lead to an
oily residue which is chromatographed on silicagel with ether:hexane, 50:50 (v:v) affording 34 (400 mg,
yield 34%). MS: (m/z} 342 (M+H)* ( C;7H31 N3Oz, MW 341.5). H NMR (CDClg) § 1.42, 1.45 (2s, 18H, Boc
groups); 1.66 (m, 2H, 2CHy); 1.87 (m, 2H, 8CHy); 2.33 (t, 2H, 7CH,CN); 3.08 (q, 2H, ICHy); 3.2-3.35 (m, 4H,
3CH, and 5CH,).

N1,N%di-tert-butyloxycarbonylspermidine (35): Scheme 9.

To 34 (735 mg, 2.15 mmol), dissolved in anhydrous ether (40 ml) i1s added slowly at 0°C, LiAlH,
(550 mg). After 12 h at 0°C, 1 ml of a 15% NaOH solution is added to the suspension and finally 10 ml of
water. The extraction gives 35 as an ofl (620 mg, yleld 84%). MS: (m/z) 346 (M+H)* ( C;7Hg5N30q MW
345.5). IH NMR (CDClg) & 1.20-1.70 (2s+m, Boc groups + 2CH,, 8CH, and 7CHg):24H in total; 2.69 (t, 2H,
8CH,); 3.00-3.40 (2m, 6H, 1CH, , 3CH, and 5CHy).

NB-(2-bromoacetyl) NIN%di-tert-butyloxycarbonylspermidine amide (36): Scheme 9.

To a solution of 38 (610 mg, 1.8 mmol) in CHCl; (70 ml) is added successively: bromoacetic acid
{250 mg), N-methylmorpholine (195 pl) and BOP!4 (780 mg). After 24 h at room temperature, the solution
is evaporated and extracted by EtOAc, leading to 38 (670 mg, yield 80 %). TLC homogeneous with MeOH:
CHyCly; 2: 98 (v/v).1H NMR (CDCly) § 1.40, 1.42 (2s, Boc groups); 1.40-1.70 (m, 2CHy, 6CHj and 7CHy):
24H in total; 3.10 (q, 1CHy); 3.15-3.25 (m, 3CH, and 5CH,): 3.35 (q, 2H, &CH,); 3.75 (s, 2H, CHgBr).

NB.[2-(S-coenzyme A) acetyl] NLN4-di-tert-butyloxycarbonylspermidine amide (37): Scheme 7.

To a solution of CoA-SH (Na salt; 15 mg, ca 18 umol} in water (0.2 ml) is added NaOH 1N (50 pi) and
36 (30 mg, 64 pmol) dissolved in MeOH (500 ). After 4 h at room temperature, CH3OH is evaporated and
the resulting suspension is diluted with water (10 mi) and repeteadly extracted with portions of 10 ml of
ether. The aqueous phase is lyophilized, leading to 87, as white solid (24 mg). 1H NMR (D50) § 1.20-1.60
(2s+m, 24H, Boc+ 2CH,, SCHg and 7CHo); 2.57 (t. 2H, 9CH,S): 2.93 (t, 2H, 8CHy); 3.05-3.10 (m, 6H, 1CH,,
3CH, and 5CHy); 3.14 (s, COCH4S).
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2-(8,N-acetyl cysteaminyl) acetic acid thiophenyl ester (39): Scheme 5.

6 (70 mg, 0.4 mmol) is heated 3/4 h at 100°C with Aco0 (6 mli). The anhydride in excess is completely re-
moved under vacuum. The residue is dissolved with anhydrous CH,Cl; and 3.6 ml of thiophenol. After
1/2 h, the solution is concentrated until 0.5 ml added with DMAP (10 mg) and left overnight at room tem-
perature. By preparative TLC ( UV revelation) the spot of Rf 0.5 {solvent McOH:CHqoCly, 5:95 (v:v)) leads to
89 as an ol (12 mg, yield 11%). 'H NMR (CDClg) 3 1.90 (s, 3H, CH3CO); 2.70 (t, 2H. 9CH,S); 3.30 (m, 8CHy)
and 3.40 (s, SCH5CO):4H in total; 7.50 (s, 5H, CgHsS).

2-phenylthioacetanilide (40): Scheme 6.

To aniline (500 pl) is added, successively : dioxane (7ml), water (3 ml), NaOH 1N (1.5 ml) and bromoacetyl
thiophenol 30 {231 mg, 1 mmol). The solution is left 10 min at room temperature, then evaporated. The re-
sidue, taken with CHoCly, filtered, leads to 2-phenylthioacetanilide 40 (150 mg, yield 62%): m.p. 70-71°C
recrystallized in CHoCly-hexane giving a pure compound; m.p. 75-76 °C; m.p.681.5-82.5°C. MS: (m/z) 244
(M+H)* ( C4H;3NOS, MW 243.3). 1H NMR (CDClg) §3.76 (s, 2H, SCHCO): 7.00-7.50 (m, 10H, CgHgN and
CgHsS); 8.52 (s, 1H, NH).

2-phenylthioacetylbutylamide (41): Scheme 6.

To butylamine (200 pl) is added successively: NaOH 4N (375 ), dioxane (7 ml) and bromoacetyl thiophe-
nol 30 (231 mg, 1 mmol). TLC analysis shows that the reaction is instantaneous. After 10 min at room
temperature, the solution is evaporated and the residue taken with CHCl3, filtered and evaporated giving
2-phenylthioacetylbutylamide 41 (197 mg, yield 88%), m.p. 29-31°C recrystallized in acetone-hexane gi-
ving a pure compound; TLC homogeneous with AcEt: Hexane; 50: 50 (v/v). m.p. 35 °C. IH NMR (CDClg) &
0.82 (t, 3H, CHg); 1.20 (m, 2H, CHyCHjy): 1.85 (m, 2H, NCH,CHy): 3.22 (q, 2H, CHgN); 3.51 (s, 2H, SCHy_
CO}); 7.10-7.30 (m, 5H, CBHSS)~ Anal. caled. for C|2H17NOSZ 064.53%: H7 6996: N6.279: 07.16%: 514_35%.
Found: Cgq 769 H7.67% N 6.070' O7.4206* S14.25%

CoA-8-(2-bromoacetyl) thioester (42): Scheme 1.

CoA-SH (Na salt; 5 mg, 6 umol) is dissolved in KHCOj3 0.1M solution (0.2 ml) and acetone (0.5 ml}. Bro-
moacetylthiophenol 30 (0.125 g, 0.54 mmol) {recristallized four times in CgHg:hexane (see preparation of
30)]. dissolved in a mixture of KHCO3 0.1M (0.2 ml) and acetone (0.5 ml)) is added to CoA-SH solution.
Some additional acetone is added for solubilization. The solution, left at room temperature, 45 min, is aci-
dified with HC1 0.1 N to pH 2. The acetone is evaporated under reduced pressure. The suspension obtai-
ned is repeteadly extracted with 10 portions of 10 ml of ether, each organic layer being washed with 5 ml
of water. The aqueous layers are lyophilized, leading to a product characterized by NMR (D;0). As shown
in Fig.1. The 1H NMR spectrum does not show any significant signal belonging to a phenyl group but dis-
plays at $3.01 (t, 9CH,8) and at 4.17 (s, CO-CHBr).

Phenyl phenylthiothiolacetate (43)

Bromoacetylthiophenol 30 (1 g, 4.3 mmol) is refluxed with 35 ml ethanol. Water is added until clouding.
Reflux is maintened during 5 h. The solution is concentrated until clouding. At room temperature the cris-
tallization is completed by addition of water. The filtration gives 43 ( 300 mg, yield 31%) as white crystal-
line material; m.p.66-67°C;m.p.63.5-65°C®. !H NMR is according to the related structure.
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