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Abstmct The reaction of a bromoacetylthioester BrCH&O-S-R (R radical in the coenqme A series) with sper- 
n&line (Spd] derfvattves is investigated and it is established that the adduct SpdCOCHrS-R 1 isthe product of 
the reaction. Parallel studies with model compounds show that this is a general naction ofbromoacetylthioes- 
ters. The synthesis of analogs of 1 is described and they correspond to inhibitors of the histone acetyltransfe- 
rase. 

In 1982. ~ullts et al.1 introduced the concept of a multisubstrate-type inhibitor tnterferlng wtth two 
enzymatic activities. the acetylation of spermidine in the one hand and the acetylatlon of histones tnthe other 
hand, forwhich acetylcoenzyme A (Co&S-AC) acts asthe ace@ donor. Such an inhibitorcovalently associates 
the coenzyme A [CoA-SH) with spermidine (Spa) through a carboxymethylene bridge or ‘linker ” corresponding 
to the general formula Co&S-CH2-CO-Spd l, with no particular regioselectivity in regard to the nitrogen atom 
N1, N8 or N4 of the spenntdine molecule. 

We describe here a regioselective synthesis of the inhibitor. Co&S-CH2-CO-Spd. so that the attachment of 
the spermkline molecule to the CoA moiety is totally controlled and occurs either through its N1 (compound la) 
or its N8 atom (compound lb). 

H- 

MawmIne mdety 

Compound 1s . The CoA numerotation is conform to 7. 
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Similarly, we give here a full account of the synthesis oftwo “shortened” inhibitors inwhich coensymeAis 
replacedbyitsS-terminal ~e~einylmoiety(inhibitor~)oriteStamiaplcysteamlnyl~ (Inhibitor Sa). 
WehavenxeMyshown2 that ~khasatpo~efBcientinhmftoryeffectonthe~~acetylationdhlstones 
inchromatin. 

R~cCH&NH-NX&-I’& 
la R=CoA n=3 m=4 
lb R=Co4 n=4 m=3 
ti R I AcNH-(CH1)1CONH-(CH1)2 n-3 m=4 
sa R - AcNH-(CHh n-3 m=4 

The two-step synthesis ofcompound 1 (mixture containing presumably laand lb) starting from Co&SH. 
asproposedbyCullk3etaL1.appanntlylnvolvesthe i&xmedMe derivative 10. i.e. Mophen-ethyl- 
CokwNchIs~reactedwfththeunprotectedspermidine(Schemel).The~nofP-bromoacetylthio- 
phenolSOwithCoA-SHneeds.however. tobeumsidemdcarefkllydncetwocontradkt~reportsezdstintheli- 
terature. In their initial study, Chase and’lkbbssconcluded that the product ofthe reaction, Co&SH + SO. was 
the bromoa&ylderivattve~@cheme 1). asaneult oftheacylaUonofCoA-SH. h~contrastClementsetal.~in- 
vokedtheform&onofihetbhx&x10. obtain4 by al$ylation of CoA-SH (Scheme 1). We decided therefore to 

COASH Rai 

lnvestigatethe reactton. CoA-SH + 30, inmore detail under thecondltions usedby the d@.rent authors1*3*4by 
1H NMRAsshmvnin FY@E 1. Ulereactlonmfrrtureischaracterlzedbyamajorproduct ryleld>9096) which can 
be unambiguously assigned to the bromoacetyl derivative 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 obsemd that compound SOmust be highly purl&d for a careful control of the reaction CoASH + 
SO. Crystallization of 30 is usually can-led out in EtOH-H@nixtures3. We have observed that an additional 
product is obtained under such conditions, identified as C&-,-S-CHrCO-SC& 13. according to: 
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Figure 1.1~ NMR spectra at 360 MHz of 42 (top) and CoA-SH (hottom) in D.$ solutlon. (*I comsponds to CO-CH2-Br ln 42. 

As discussed below, the formation of 43 can be rattonaltzed by an hydrolytic step Iwtth formation of thio- 
phenol) followedby a&datton ofthe intermediate thiophenol by 30, in agreement with a previous report descrl- 
blng the formation of 42 from chloroacetylthiophenol in EtOH6. A careful control of the purity of SO can be 
conveniently can-led out by 1~ NMR since both compounds 20 and 43 display rather different spectra. By cays- 
talking 50 in benzene-hexane mixtures. a highly purlfled compound is thus obtained. 

We decided to investigate the reactton of29 with simpler thiols than CoA-SH itself, in order to characterize 
the corresponding R-S-COCH3Br derivatives (Scheme 1). Starting fromN-acetylcysteamtne 5. the acylated den- 
vat&e 2S was obtamed as practtcally the umque product of the reactton and was isolated in good yield. The 
structure ofthls bromoacetylated derlvattve tsunambfguously established by NMR, as well as by comparison 
with the product obtained by direct acylatton of 5 using bromoacetylbromfde (see Experlmental Se&or& Shnl- 
lady. starttng from N-acetyl-paletheine 20. we obtain the corresponding bromoacetylated dexivatfve 29. As 
showninTable l.verysimilar lHNMRchemtcalshiftsareobservedfortheCH3&roup incompounds and29 
(4.15 and 4.10 ppm. respecttvelyl and 42 (4.17 ppml. thus establishing that the occurrence ofatwo-proton sin- 
glet at 4.10-4.17 ppmts characteristic of the S-COCH@r methylene group. Furthermore, the downtleld shfft of 
about 0.5 ppm of the CH3cr upon formation of the thioester function in 42 (as compared to CoA-SH: 6CH3cc= 
2.60 ppm), fs also observed with compounds 28.29, as well as ~4th 4 and 16wlth no bromtne atom rable 1). 
Both S-bromoacetylthfol compounds, 29 and 29, therefore provide additional evidence that it is acylatlon and 
not alltylatton whkh occurs upon reactton of compound 90 wlth the different thiols investigated here. 

ln regard to reaction 42 + 1 ( Scheme 1). it was interesting to Investigate the reactivity of a simpler S bro- 
moacetyl derhMive. such as 29. with the N4.N%liBoc derivative I3 ofspermidlne (Scheme 3). Compound 9thus 
obtained displays a carboxymethylene bridge S-CQCO-N. binding the S atom of the cysteamine moiety to the 
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Table 1. 1H NMFkhemical shifts ( 8 in ppm) of the methylene protons in aand ~positions ofthe sulfur atom in: 

R 
R R =!P =J-%fJ solvent compound 

N-acetylcys~ Br 3.00 (1) 4.15(B) D# 28 
3.10 (I) 4.10 (r) cDc1.y 

N-acelyl-balctheinyl Br 3.10(t) 4.10(s) CDQl 20 

N-acetykya~ H 3.00(t) CDC%3 4 

N-acelyl- 8 -alethelnyl H 3.m CD& 16 

CaA-s Br 3.01 4.17(s) w 42 

6CXi2a= 2.60 ppm for CoA-SH (which corresponds to Csk, in Table 3 ). II I singleti t I triplet 

Nlatomofspermidine. Thisstructurewouldbeunarpectedifthereactionsfmp~resultedintheallrylationofthe 
free Nkmino group of6 with elimination ofthe bromine atom of26 (see below Scheme 6 for a more detailed un- 
derstandingofthe reaction26+9inScheme3). Thepresenc e of two characterlstk resonances at 2.70 ppm (S- 
CH2a: triplet) and 3.16 ppm (SCH& ; singlet I in the lH NMR spectrum of 9 (see Table 2) is in agreement with 
theproposcdstructure(Scheme3).Compound9isalsoobtaLnedby~~~nofthecomspondingthiolSinthe 
presence of N1-bromoacetyl derivative N4,N%UEoc spermidine 24 with elimination of the bromine atom of24. 

=c@P-V==H+ am 
~@%kNs=JcHg,= s 

I- 
AcNHCH@l$CH&ONHKl4&UBodC~Boc 0 

t 
&-P@==JmCYP- = 

AcNHCH&H&di 6 

Scheme 3 

Furthermcxe it is to be noted that the stability of 30 is such that, in alkaline ethanol medium, this compound 
leads instantaneously to 2-phenylthioacetic add 31 (Scheme 4). Similarly 26 leads to the thioacetic acid 6. 

l)oH-/ELoH 
D - RscH_ 

20 
2) HU 

al R-C&18inaaIpamds a0 al 

-a 0 R=ActWCH&lncmnpounds r) 6 

Scheme 4 

Itislikelytbatthen?action% 30-+91and26+6.followthesamepathwayaspostulated when3Oisreacted 
with a primary amine. under alkaline conditions (see below, Scheme 6). In contrast, Cullis et al. 1 used KHCOQ 
as abase inthe ~actionofCo&SHwith 30. Wehavenot investigatedthestabilityd30undersuchmildalkallne 
conditions, butitisprobablethat3OisnottransposedintoSl. andissubjecttoanucleophilicattackbyCoA-SH 
to yield the S-bromoacetyl dexIvaUve 42 of CoA-SH. as discussed above. It is to be noted that all compounds 
synthesized in this work, with the R’-CH2-S-CH2COR motif. display two chamcteristic resonances in their 
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iH NMR SPmw at 2.6-2.7 PPm IS-CH2 cd and at 3.2-5.3 ppm ( S-CH2 d). as presented inTable 2. 

a’ 
Table 2. ‘H NMR chemical shiffs (8in ppml of the mcthykne protons a and a’ tn: W&H,UBR 

R 

R’ R aMlp =w eolvent compound 

N-ace@kysteaminyl NW&k#=WCH~~NHBoc 2.70 (t) 3.18 (s) cDc13 8 

N-acetylcysteaminyl NWCHd3NHcCH2bMta’ 2.62 (t) 3.20(s) w 3a 

N-aceiylcyateaminyl OH 2.60 (t) 3306) w 6 

N-acetyl-~alctheinyl OH 2.70 (t) 3.326) W 11 

N-acetylcysteaminyl =H3 2.70 (t) 335(s) Da0 7 

N-acelyl-fJ-eletbeinyl 0CH3 2.73 (1) 3.20(s) cJJC13 !4a 

N-aCetyL(3aletllCtnyl NWCH&‘=odCHd 2.15 (t) 3.20 (6) cJx13 r) 

N-acetyl-(kletbeinyl NH(CH&NH(CH&NHf 2.60(t) 324I(s) D$l 2a 

CaA-S NH(CH&Woc(CH&@HBoc 2.75 (t) 3.30(s) D$D !26 

Co‘@-S NH(CH&NJ3odCHzkWBoc 257 (t) 3.15(s) w 97 

CoA-s NH(CH&#‘IH(CH&NH2* 2.64 (I) 3.2225) w la 

&A-S NH(CH&NH(CH&NHz* 2.56 (t) 3J56) w lb 

Ftadlcal N-acefylcyateeminyl: AcNH(CH&Ei. Radical N-acetyl-fkdetbelnylz AcNH(CH&f.ZONH(CH&$. 
(t) = Mplet; (s) = singlet.* obtained as a WA salt . 

Furthermore,wetriedtoobtalnananalogoftheputativederlvattve lO(seeScheme 1) intbecaseofthesim- 

pler radical N-acetylcystesminyl. ‘Ibe synthesis of such an analog 39 starting from 6 is described in Scheme 5. 

Scheme 5 

On the basis of its 1~ NMR spectrum (see Experimental Section). compound 39 unambiguously 

corresponds to the expected structure with the thioether-thioester motif R’-S-CH2-CO-S-R In this case the 

resonance ofthe S-CH2d 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 CH2 a group is practically tiected, in compartison to’com- 

pounds with Rnon-aromatic (Table 2). We confirm here that, besides the absence of aromatic resonances onthe 

1HNMRspectrumofcompound42 (FIg.l).notrlpletat2.6-2.7ppm(S-CH2dandno singletat3.2-3.3 ppm (S- 
CH2d) are observed, thus reinforcing our conclusion that no alkylation ofthe thiol function is occurrlng. as pre- 

viously assumed by Clements et al. 4. 
Inrelationto the formationof lfinm42(Scheme 1). tbereactionof the bromoacetylthiolester80 withdi!Te- 

rent simple amines. such as aniline and n-butylamine. was studied, thus confhming the formation of the S- 
CH2-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 oftbiophenol. and (ii) a nucleophilic attackof the intermediate bromoacetylsmideby thiophenolwith 

bromide formation (under alkaline conditions) with elimination ofthe bromine atom. We note that the reaction 

of28with8 (Scheme3)issign&antlyslowerthanthereactionof3O with n-butylamtne.whichproceedsinstan- 

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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Scheme6 

Muredtn~~nto~8~9O(Schrme3).~theleavfae1P‘oupo~~~m~~~tothto- 
phenate instead dan altphatic thiolate ln the csse of 22. When 20 is reacted with aniline. Instead of n-butyla- 
mtne.areductionofthekineUcsisobserved. ~duetothenducednucleopNUcityaftheamirPogroupInant- 
line. Fuxthermore. the pnsenxofabromineatolninapo~~nofthecar~groupdthethioesters~8and 
intr&ucesa&voursbkcondUonforanuckoph& attack of this carbonyl group by the prlmfny amine Ulrst 
stepinscheme6). Indeed, intheabeenctofthehalaeenatom.whensc~~henoltsnactedwithantllneun- 
der&nilarcondMons, a&aniMeonlyappearstnveryweak amountsbesides tbe unreacted acetylthiophenol. 
Ifthecarbonylfu~isdisplacedtoamaredfstant~frosnthe~atom.asin~SCO-(CHZ)Z- 
CH+, no reac&misdetectedw2haniUnefixtheperlodoftimeusedforthe ccnrespandinehigh-yieldreactions: 
ls-rO(Schane3).~W)~Oand80-r41(Schaneg).Theabavementlonedrl-b~butyricthioesterofthlophe- 
nolwasusedtoinvesUgatetheposstbilttyofacycltcin~ te(five-memberedrlng) to accountforthe’trans- 
positlon’dthemeth~~groupinthethiaaSersR-SC~CHaBrtogfveR-SCHZ_CONH-R’inthepresenceofan 
amineR-NH2underalksBne lxuMWns@utatlvethree-membered ringI.Theabf5enceofanytmnqosltionofthe 
polymethykne chain tn C&-S-CO-(CH&!H@r to gtve C&-S-(CH&CONH-R’ appears in favour ofthe two- 
stepmechanismpmposedinscheme6.Obv&usly, a~detalled~~~ofthemechanlsmofthesereac- 
tionsismxesWy beforeanyconcl~canbemmlydrawn. 

All together, these results allow us to conclude that the or@nal conditions used by Cullis et al. 1 to obtafn 
the multisubstrate inhibttor 1 (see Scheme 1) lead to the pmposed Co&SGQ-CO-Spd structure although the 

Pr--w assumed int~tc comPound 10 (CoA-thiophenylesterj apparently is not formed under the 
conditions used by the authors, but instead Cd-S-bromoa&y 142 isformed.asdemonstratedinthisworkin 
agreement with the conclusion of Chase and Tubbss. 

As noted abcnn. the reaction described in scheme 1 by Cullis et al. 1 does not allow inhibitor la or lb to be 
obtained sell. So, the main interest ofourwork consists to propose. as pnzviously reportedq a new syn- 
thetic pathway for pmparlng the inhibitor la fmm CoA-SH using the N1-bromoacetyl derivative 24 of spermi- 
dine ( !Schemc 7). Inthiswork, we show that such a two-step strategy is readily extended to the case of the posi- 
tionalfsamerlb.wfilchb~~preparedfrcnntheN8-b romoacetyl d&at& 26 (Scheme 7). Both compounds 
laandlb arethusoMainedingoodyieldsandwlthahfehdegreeofpurity.Tabk3~~theNMRcharactcrlstfcs 
of ls and lb. as compamd to those of CoA-SH itself. 

m=3.n-4 t 
m=4.n-3 lb 

Scheme 7 
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Table 3. IH NMR chemtcal shI8s for CoA-SH. la and lb in D20 solutton 

Adcnoalne motet7 Pantethetnenwkty spamldLne=tety 
Proton CoA-SH Is lb F'mtm CMSH la lb Raoa la lb 

H (1’) 6 17 6.17 6.16 H(l? 3.82 3.82 3.82 H(l+l’) 326 * 

H(27 4.87 4.85 4.85 H(1”) 3.55 3.58 3.60 H(2+2’) 1.87 207 

H(3’) 483 4.77 4.85 -1 Q88 Oam o’89 H(3+3’) 3,,1 . 
a76 0.79 0.78 

H(41 4.59 4.56 456 cH3(2’3 3.01 l 

H(3’) 400 3.97 3.% 
H(S+S’) 

H(T+5”) 423 424 4.24 
H(S+S”) 3.d6 3.44 3.43 

H(6+6’) 1.72 1.58 

H(2) 8.29 8.40 838 H(6W’) 246 2.43 243 H(7+T) 1.72 1.69 

H(8) 8.55 8.60 8.58 H(8’+8”) 3.31 331 3.28 H(8+0 3.01 3.21 

H(9’+9”) 260 264 2.56 

1 

1 

Chemical shifts In ppm US’EP (see Eqerhnental secttonl. The Proton labehng follavu mf. 7&e also fo&kc laand lb) 
‘IheltnkerCH 

teres 
methylenen%ooatesat3.22 ppmforlwnd3.25ppmforlb. (9 correqm&tooneoftheaverlappingM- 

pkts, een at 3.03.3.05 and 3.09 ppm nspecttvely, for whtch no regtosclecttve asstgnments am gtven here. 

IH NMRunambtguousIy estabhshes the nature of the substitution at the N1 atom of spermMIne tn lawlth 
the methylene protons 6 CH2 and 7 CH2 dtsplaytng equivalent chemical shf6s tn the spermkhne mote@. In 
contrast, in lb the%~2 and ‘CH2gnmp~ display distinct resonances (at 1.68and 1.69ppm1.tnagreementwtth 
the different envlronments ofN4 and N* (amine and amide. respectively). It ts to be noted that in 1s the spermi- 
dine %_JH2 group unexpectedly resonates at htgher Ileld ( 1.67 ppml than it does in lb (2.07 ppml . The former be- 
longs to the motif CO- lNIi- ICH2%&.-6CH2-4NH-8he %JH2 group therefore occupies the 8 position respecttve- 
ly to the primary amid0 group IN and the secondary ammo group 4Nl. whereas the latter belongs to the motif 
H21N-1CH.&@CH~4NH- (the 2cH2 group therefore occupies the 8 position, respecttvely to both ammo 
groups1NH2and4~.Onewouldtherrforeexpect.onthebaslsofinductlveeffects,thatthe2CH2in~wou)cire- 
sonate at lowerfleldthanthe %!H2in lb.Incontrastwtthwhat tsobservedexperimentallyf’Iable3).Asexpected. 
inductive effects are observed for both lCH2 and 8CH2whengotng from la to lb (+ 0.2 ppm for 8CH2 and -0.2 
ppmfor lCHz). Oneposstbflitywouldbethatthe Iocusoccuptedbythe2CH2tn latsatTectedbyrlngcumnt shtft 
effects origtnatmg from the remote adenostne moiety ifthe molecule adopts a folded conformation. It must be al- 
so noted that the H(2) resonance from the adentne ring has its positton signtftcantly altered in compartson to 
CoA-SH itself, whereas the H(8) resonance is practtcally not affected (see Table 3).Obvtously. 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. la and lb molecules mtght translate inter- as well as tntramolecular 
effects. A hairpin-like conformation is observed for CoA-SH itself tn the crystal of the binary complex CoA- 
SH/CAT [chloramphentcol 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 basts of NMR evidence’. It is therefore tntrlgutng 
to establtsh if such a folded conformation is also present in solution for compounds la and lb, among other pos- 
sible conformations (NMR work in progress). 

We describe now the main steps of the synthesis leading to the inhibitors la. lb, 2a and 8a ofthe histone 
acetyltransferase.The N1-bromoacetyl N4,N8-dtBoc spermtdtne 24. which ts the precursor of la. was synthesi- 
zed according to scheme 8, starting from 1.4~dtamtnobutane. ‘Ibe preparation ofthe dtBoc dertvauve Sof sper- 
midine closely follows the procedure of Humora and G)ui@. with the exception that LtAlH4 was favourably re- 
placed byH2/Nt Raney during the reduction ofthe cyano function of 12 (see ExperImental Sectton). Finally the 
acylatton of the free ‘NH2 group in 8 ts achieved tn high yield through reactton wtth bromoacettc acid in the pre- 
sence of DCC or BOP (Scheme 81. 
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SWarly,N%mmoace@lN1.N%UBoc~ 98,wNchistheprccursoroflbwaspreparedaccording 

toanovelstrategystarting~om 1.3diaminopmpane~Scheme9~ .ThepreparationofthemonoBocderivative32 

is only achievedwith a low yield (not exceeding 10%: see Experimental Section). whereas the two last steps, i.e. 
34-rsa-rse,proceeaingoodyields(about80%each).Thetransformations S2+99+24 amachievedwithan 

overall yield of ca 30%. 

Scheme 9 

The preparation of selectively protected derivatives of spermidine is crucial for canying out such regioselec- 

tive syntheses. In contrast to methods which atford amlxture ofdi!Terent E3oc derivatives of spermidine, through 

parttalderlvatizationbyEk~~@~ followedbypur&ationofthecorrespondingcompounds1*,bothschemes Band 

9 for producing N4. N%iil3ocspermidine 8 (according to Humora and Quickg) and N1, N4-diE3ocspermidine 26 

(this work) correspond to strict regioselective strategies ( the third dE%oc derivative N1, N8-dlE3oc spermidine has 
been also synthesized through a regioselective strategy~*~l 1). 

In relation to the novel synthettc pathway given in scheme 7. the “shortened “inhibitor 2a is obtained by re- 
placing&A-SHbyN-acetyl~aletheine2O(Scheme 10).Tl1ediBocderivative2Swastmatedby~~Ainaflrst time 

but subsequentlyitwastmatedbyHC1 togive 2aasanhydrochloride. forpreventingTFAeffectsduring in& in- 

hibitory studies(work in progress). The lH NMR spectrum of 2a unamb@uously establishes the validity of our 

synthetic strategy. in regard to the purity of the tlnal product. as well as to its structure (see NMR parameters in 

Experimental Section). The observation of both 6cHz and 7CH2 groups as a superimposed resonance at 
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Scheme 10 

1.62 ppm clearly establishes the substitution of the Spd Nlatom as an amide (compare with la in Table 3). We 

note here that the Spd polymethylene chain is characterked by sJ vicinal coupling constants in the 6.8-7.3 HZ 

range,thusdenottngtheoccurrcnceofttme-averagedrotamersabout thedlfferentsinglebonds.TheSJcoupling 

constantsare somewhatlowerinthe@&theine moiety, inthe6.4-6.6Hzrange. andthiswouldtranslateeither 

selective conformational effects along the chain, or inductive effects actfng on the coupling constants. In agree- 

me~~~ourob~~~~~~,C~-~i~~~ch~t~d~3J~,~~d3J~,~~about6.6~7,~ussug- 

gesting that the conformation of the baktheine moiety Is similar in both molecules, 2a and CoA-SH. 

As an altematlve way, to obtain the “shortened” inhibitors 2a and 2a. we have introduced the carboqme- 

thylenegroup. or”linker”. asthethioacetfcderivatinsofRSHc~poundsband20byamidefo~a~wlththe 

corresponding diBocspennk%ne dertvative 8 (scheme 11). 
It mustbe notedthat the pnparationof theR- S-CH2-COOHderivatIves6and 21 canbereadilycar~~edout 

R -kNHcH#q or AcNIi@x&coNH(cH& 

RSCH,CC’NWCHJs NH(CHJ,NH,, aa 2a 

Scheme 1 I 

by reacting bromoacetic acid itselfwith the corresponding thiol R-SH12. In tMs respect. 6 and 21 were conve- 
niently prepared from N-acetylcysteamine I5 and N-acetyl-paletheine 20. respectively (Scheme 11). As noted 

above bromoacetyl derivatives of a thlol such as 20 and 28 (Scheme 4). lead to the same thioacetk 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 Sa . 

Both compounds 5 and 20 were prepared according to the procedure of Baddiley and Thair~~~. We also re- 

port a novel synthesis of 20 (see Experimental Section) through the condensation ofthe anhydride of balanine 
18withcystamine.followedbyreductionoftheS-Sbond@cheme 121. Incomparlsontotheinitlalprocedureby 

BaddileyandThain13. our three-stepsynthesisstartingfromfkdanineappearstobemoreconventent. although 
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the overall yield is not improved slgnifkantly. 

Scheme 12 

CONCLUSION 
We provide here good evidence that the compound formed by reacting CoA-SH with bromoace tylthiophe- 

nol90lsSbnnnoacety~~.inalpeanentwWtheMttalreportdChaseandTubbs9. Suchaconclusionwas 
challenged by Clements et aL4,who assumed that the reaction yields instead the 2-(SCoAl acetic acid thiophe- 
@ester 1O1. These authors indeed observed by treating such a supposedly intern&late compound 10. under 
lilk&IECandttions that the product was 2-(S-COA) acetic acid 11 (Scheme 1). Such a compound CoA-S-CHz- 
COOH would then dulve in prfndple from CQA-S-CH~CO-S-C& 10. thmugh saponification of the thioester 
function. However. we demonstrate inthiswork that a simpler analog af42. I.e.R-S-CO-CH2Br 28 (including 
theS-terminalcyeteamtnylmoie@ofcoensymeAlIssensMvctoalMinecondMoM toyleldthecornsponding2- 
(Scyst~aaticadd6,R-SCH~CoOH,theanalogOt11. StarMgframthebromoac etyl derlvattve. CoA- 
S-CO-CH$r 42 (and not 10) the formation of 11 Is thus explained by a two-step reactton. i.e. saponification of 
the thloester function followed by a nucleophilic attack ofthe bromine atom by the interm- liberated thio- 
lateanion. thusaplafningthe”imnrsion’dthemotifSCO_CH2- IntoS-CH2CO-.Adetailedmechanismofthe 
reaction needs. however, to be established. Furthexmore. we unambiguously establish here that the bromoace- 
tyl derivative R-S-CO-CHrBr 28 leads, upon treatment with a monoamine derivative (diBoc derivative of Spd). 
to R-S-CH2-C0-Spd. Thisapparentlycorrespondstoageneralreactlvityofthe bromoacety~derlvativesofthiols, 
as demonstrated by the reaction of b mmoace@lthiophenol SO itselfwith Merent nucleophfles (OH; primary 
amine). Such a reaction appears to be novel. and it opens the route to the preparation of compounds R-SCH2- 
COR’ fi-om halogen0 04 acetic add tbioesters X-CHZ_CO-S-R’ 6. AU together, we suggest that the reaction, as 
can-led out by Cullis et al 1 to prepare &A-S- CH2-CO-Spd (through the reaction of &A-SH with bromoacetyl- 
thlophenol90followedbythcactionofspermidineunderallralineconditionsl.followsthepathway: CoA-SH+SO 
-+CoA-S-CO-CH$r + CoA-SCH2-C0-Spd. and not CoA-SH + SO +CoA-SCH&O-S-C&+ CoA-S-CH&O- 
Spd. as proposed by these authorsl. on the basis of the previous conclusion by Clements et al.4. We also 
conclude that the product of the overall reaction corresponds indeed to the structure 1. as initially proposed by 
Cullis et al. l.~hi~ work provides a novel and regioselecttve strategy for preparing compounds 1. Le. 1s and lb, 
from CoA-SH by using spermidine substituted by the bromoacetamide function at the N1 atom and the N*atom, 
respectively. ItistobenotedthatthisstrategydifTersfromthatusingtheS-bromoacetylCoA, asanintermediate. 
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 resemblingthemultisubstrate inhibitor Co&S-CH2-CO-Spd 1. but dlfferlngbytheircofac- 
tor moieties. As previously estabJished2.the shortening of the CoAmoiety to the level of baletheine (compound 
a9) does not affect sQ@cantly the inhibitory effect on the histone acetyRransferase. Other analogs including 
the pantotbeinyl radical have now been prepared (to be published). Work is in progress forcomparingthe lnhibi- 
tory effects of la and lb. as well as of different “shortened” analogs, on the histone and polyamine acetyltranafe- 
l-2lW.S. 



Inhibitors of histone acetyl transferase 6391 

EXPERlMENl-ALSECTION 

Commercid products: cystamme dthydm&k~rkie purum (from Fluka. Swttaerlandl: CoA-SH (from Sig- 
ma:usA) as the sodium salt: approx. 95% Co&SH: other products, reagents and soIvents of controlled pu- 
rity. The BOP reagent. i.e. -1 N-oxytrt-dimethylamino-phosphontum hexafluomphc@ate. was 
prepared as14. Elemental analyses were performed by the “Laboratoire de M~UWW&XS” (ENSCM. Mont- 
pellier). ‘H NMR spectm were measuredonaBrukerWM369WB specWn&ertimctiom&rgontheFT 
mode (NMR laboratory, C.C.I.P.E.. CNRS-INSERM. Mont@ier) using as an internal reference the nsrdual 
proton signal of the solvent. The NMR chemtcal shifts 6are given in ppm versus tetmmeth ylsllane (TMS) or 

trimethylsilylpropionate @SP). NMR ass#nnen ts are essenW@ based on emptrtcal correlattons. and in- 
volved in some cases double resonance experiments. Couphng constants J in Hz: s = singlet: t = triplet; q = 
quintuplet. After correctron for temperature effects, our NMRparameters for Co&SH (at 389=; see Fig.1 
and Table 3) are In complete agreement with those previously reported by Lee and Sarma7 (at 39.5’1: and 
referred to tetramethylammonmm chloride. or TM& as an internal reference: GfTMA) = 6 (TSP) + 3.20 ppm. 
Mass spectra (MS) were measured at the “Laboratoire de Mesures Phystques n with a spectrometer JEGL 
JMS DK396 (U.S.T.L.. Montpellied in Fast Atom Bombardment (Positive), if not stated othenvlse, with NBA 
as a solvent. Am@Ucal thin layer chromatography TLC was performed by using silica gel G66 Fwr plates 
and preparative TLC by using Merck TLC G60 Fm plates. Revelator: plates sprayed (solution H@H2_ 
SO4:SO@H&: 199 ml: 4 ml: 20 gl followed of strong heating. The nomenclature concerning the coenzyme 
A itself and its derivatives wtth spermidme is given according to xv&see also formulae la and lb). 
As noted by Roberts and Caserio (Basic Principle of Organic Chemistry, 2nd editIon). confusion is pos- 

sible with the names and formulae for the dertvattves of the coenzyme A (abbreviated &ASH to emphaskx 
the SH group, whereas the acyl derivatives most often are called acylCoA); throughout thfs work we syste- 
matically included the sulfur atom in all the formulae of the coenzyme A derivatives. Le. R-S-Co& 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’. 

NLII-(9cansyme N acetyll sparmidina amfde ditrlfhaoroacetate (14: Scheme 7. 
25 (14 mgL dissolved in CF&OOH (0.5 ml) is leg 10 mm at room temperature. After evaporation the so- 

lution affords la (quantitative yield) as a white soltd. 1~ NMR (D20): see Table 3. 

fl-[2-53coensymeAl acetyll~pennidineunideditrin~~~~te(lb):8cheme7. 

37 (23 mgl is dissolved in CF&OOH (0.5 mlbmd treated as above to yield lb (quantitative yield) as a 
white solid. lH NMR (D20): see Table 3. 

NLIZ-fS.N-acetyl5-aletheinyll acet.yU SpermRUne amide dihydrochlorSde 2afClh Scheme 10. 
23 (1 g, 1.74 mmol) is dissolved in 6 ml of MeOH to which 0.75 ml 12N HCI is added. After standing 8 h. 

0.8 ml HCI 12N are added. After 24 h. 0.75 ml 12 N HCl are added . After 48 h. the solution is evaporated. 
The product, dissolved in minimum MeOH. cristallizes. After addition of ether the product Is ftltered and 
dried. 2atCl) (695 mg. yield 96%). An analytical sample is obtained by reulstalllzatlon in MeOH-EtOH: 
m.p. 191oC; yield 89%. MS: (m/z) 376 (M+H)+ QsH93N&S, MW 375.5). pKr 8.63, pI$ 10.46 (at 25oC). 
lH NMR (D20 at 46oC) 1.62 Im, 4H. 6cH2. ‘CHZ): 1.78 (J =7.3. 2H. 2cHz): 1.83 Is. 3H. CH3CO): 2.30 (t, 
J= 6.6, 2H. @CH2); 2.58 5. J = 6.6, 2H. 9CH2): 2.85-3.0 (m. 6H. 3cH2.5CH2,8CH2): 3.16 (s. SCH2CO): 3.18 
It, J = 6.8. lCH2: 4H in total): 3.25 ft. J = 6.4, 8CHz); 3.28 5. J =6.4. 5CH2): 4H in total. lH NMR (DMSO- 
dd: 7.9 (t. 1Hl: 8.13 abroad t. 3H. 8NH3+): 8.34 It. IH. amide NH’s): 9.12 (broad s. 2H. 4NH29. Analcalcd 

for CreH35N5G#& c42.85%: H7.87%: N15.62%: 010.71%: 37.15%; c115.81%*F"und: c42.80%: H7.72%: 

N15.47%: s6.38%:c117.44% 
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N=I2+3.N-aeetyl)3-&thei~yU acetyu rpermldina amide ditrmu~ce*te 2am schema 10. 
28 (30 mg. 0.05 mmol) is dissohnd in CF$OOH (0.5 ml). Afkr l/2 h at room temperature, the solution 

is evaporated, d&solved in water and washed with CH.$l2. The aqueous layers. lyophiked. lead to 2a(F). 
The IH NMR spectrum is idenUcal to 2aEl). 

N+(S,N-aeOtyl cy~teaminy~ l eetyls me amide di~OrO8C~tate (ah 6ChWIIC 11. 
0 (73 mg) is d&so&d in minimum of CF&OOH. Asker l/2 h at room temperature. the solution is evapo- 

rated leading to & (quantitaUve yield). MS: (m/z) 305oul+H)~C~3H&4(&S. MW 304.4). lH NMR (D20) 6 
1.65 (m. 4H. 6cH2 + 7CHz): 1.80 (m. 2H. a.$: 1.80 (s. 3H. CH&Ol; 2.62 (t. 2H. Q’CH& 2.92-2.97 (m. 6H. 
*Hz. kH2, kH2): 3.20 (s. SCH$O); 3.23 (t. lCH2): 4H in total; 3.30 ( t. 2H. 8%H2). 

2-(S,N-acetyl cy#teamiuy~ acdic acid (6). 
ljjium xi-acetyl cysm Sls: Scheme Il. 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 l& 3 h at room temperature, then evaporated and washed With ace- 
tone. The residue acidified and evaporated is dissolved in water and extracted by CH&. The aqueous 
phase is evaporated under reduced pressure and dried, leading to an of16 (1.7 g. yield 71%). CI-MS WeI 
(m/z): 178 (M+H)+[ C$I1lNO& MW 177.2). 1H NMR (D20) 5 1.80 (8. 3H. CH$O): 2.60 (t. J=lO. 2H. Q’- 
CH#: 3.20 (s+t. 4H. 8’CH2N, S-C&COOH). 

2) fmn N-ace@1 S-b bmmometyD cysteamfne thioesfer 2S: 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 EXOH (423 mg 
in10 ml). The solution is evaporated and acidified by HCl and reevaporated. The residue dissolved in water 
is extracted by CH2C12. The aqueous phase ls evaporated and resuspended in acetone leading to 6 
(250 mg. yield 47%). 

2-(S.N-acetyl cymteaminyll acetic acid methyl erter 8: Scheme 11. 
6 (300 mg. 1.69 mmol). d&x&e-d in MeOH (15 ml) is treated at room temperature with an etheral solu- 

tion of CH& until the yellow colour remains persistant. A&r 1 h a drop of acetic acid is added to destroy 
the excess of CH2N2 and evaporation leads to an oil 7 (250 mg. yield 77%). MS: (m/z) 192 (M+H)+ 
QH13N03S, MW 191.3). lH NMR @20) 6 1.90 (s. 3H. CH&O); 2.70 (t. 2H. g%H2S): 3.3 (t, 2H. 8’CH2Nk 
3.35 (s. 2H. SCH2CO): 3.7 (s. 3H. OMe). 

N4#-di-tert-butyloxycarbonylmpermidine (8): Scheme 8. 
~1.~4~di-ter&-butyloxycarbonyl N4-(2’-~yanoethylll,4-diam1nobutane 12 (3.3 g. 9.66 mmok prepared ac- 

cording to9 is dissolved in absolute EtOH and stirred under atmospheric pressure of H2 during 12 days, 
with Raney Ni. After filtration and evaporation, an oily residue is obtained which is dissolved in CHC13 
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&b leads to 8 (2 g. yield 60%). MS: [m/z) 346 (M+H)+ 
(C17H~~@4S, MW 345.5). 1H NMR spectrum identical to that published by Humora and Quick Q. 

NLI2-(S.N-acetyl cyrteaminyo acetyll N4@di-tert-butyloxycarbonylspermkline amide (0). 
I)from the methyl ester7: Scheme 11. Compound 7 (100 mg. 0.52 mmol) and 8 (600mg. 1.74 mmol) are 

dissohred in MeOH. The solution is evaporated and heated at 1oooC. 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 CHCls as a sohrent. 0 (73 mg. yield 28%) is obtained as an oily residue. MS: 
(m/z) 505 (M+H)+ [ C.&-144N4C@. MW 504.7). IH NMR (CDC13) 6 1.40, 1.42 (2s. J3oc groups at 4N and 8N: 
no regioselective assignment); 1.40-1.70 (m, kH2,6cHz and 7CH2): 24H in total; 1.95 (s. 3H. CH&O); 2.70 
(t. 2H, 9’CH2S): 3.1-3.45 (m. kH2. ~CZHZ, 8cH2 and 8’CH2); 3.18 [s. SCH2CO):lOH in total; 4 7 ( broad si- 
gnals, sNHBoc): 6.8 and 7.5 (amide NH groups). 
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2Jjium N-acetyl qlstemn6le I:8cheme3.Tob(109mg.0.91mmal) diss&ed In NaOH 1N (2 ml) Is ad- 

ded a solution of 24 (464 mg, 1.0 mmol) in MeOH (10 ml). After 4 h at room temperature the sohrmt Is 

evaporated: the residue Is a&acted wtth CH2C12 and washed with water. The organic layer. dried on Na2_ 

So, leads to a mixture which is chromatographed on silIcagel (solvent MeOH-CHCls 2:ge.x~). 9 @OO mg. 
yield 65%) is obtained as an oil. IH NMR spectrum identical to that of 9 obtained according to procedu- 

re 1. 
3Jfrom N-ace@1 S-(2-bromoare@U cysteamfrk? thfoester 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 dioxane (8 ml) and secondly. NaOH 4N (0.4 ml). A&er 

15 min of stirring at room temperature, dIoxane Is evaporated. The residue is then extracted with CHCls. 

washed with KHSO4 1M. water and dried on Na2!304. leading to a residue which is dissolved In EtOAc. ffl- 

tered under vacuum on silicagel G60 Merck (7 B). followed by extensive wash@s with EtOAc. The organic 
solution after evaporation yields 460 mg of a residue showing by TLC analysis ( MeOH:EtOAc; 20~80: v:v) a 

major product (coloured wItb iodine). By preparative TLC of 80 mg from the crude product. pure 9 is ob- 

tained, as estabhshed by lH NMH (45 mg, yield 63%). 

N.N’-dtaeetyl--thina (17): Scheme 12. 

1) in heterogeruwus phase. To a solution of 18 (3 g. 12.3 mmol) in CH2% (25 ml) Is added a solution of 

cystamIne dibydmchloriae (0.5 g. 2.5 mmol) In H$ (10 ml) (pH 10 with NaOH 2N). The -iSStilTed 

overnIght and then the organic phase lo separated and washed with water. The aqueous phases are acidi- 

fled with HCl 1N to pH 2.6 and evaporated. The oily residue Is stirred with EtOAc. The precipitate thus for- 
med is crystalhzed two times In MeOH leading to 17 (200 mg. yIekl24%): m.p. 209-21OoC; [m.p.15 207.5- 

208oC. m.p.13 19OaCj. MS: [m/z) 379 (Ml+ ( CI4I-&N404$ MW 378.6). IH NMH (D201 6 1.90 (s. 2x3H. 
CH&O); 2.35 (t. 2x2H, @CH2CO): 2.75 (t. 2x2H, gCHfi): 3.40 (m, 2x4H. 5CH2 and 8’CH$ 

2J fn homogeneous phase. To 18 (120 g. 0.49 mol) Is added a solution of 20 g of cystamine (0.13 mol) In 
IO0 ml of pyridine. After one night at room temperature. a solid residue ls obtained upon IWatlon (follo- 

wed by several washings with EtOAc) and sohrent evaporatkm. Upon crystallization In MeOH. 17 (8 g. yield 

16%. m.p. 197-198C) is thus obtained Judged pure by IH NMR This product was used successful@ for 

the following synthetic steps. 

N-acetyl palany anhydrtde (18): Scheme 12. 
A suspension of palanine (2 g, 22.5 mm011 in acetic anhydride (15 ml) was stirred until it Is completely 

dIssohred and concentrated under strong heating. 18 I2.7 g. yteld 99%) Is obtained as a colourless oil. so- 
luble In CH2C12 (the corresponding acid Is totally insoluble in this solvent). 

N-acetyl wetheine (20): Scheme 12. 

17 ( I I .9 g. 3 I mmol) is dissohred in 29 mI of NaOH 0.5 N to whlich is added solution of 10.8 g of NaBHa 

in 27 ml NaOH 0.5N. The x~.sulting solution is heated on an oil bath (150°C) under nitrogen ahno- 

sphere.with magnetic stirrlng. After 15 mIn a very strong gas escape Is observed. The reaction flask Is kept 

at room temperature during 0.5 hour. After extraction wItb CHCls and evaporation of the organic phase. 

20 is obtained as a white solId (11 g. yield 92%). homogeneous by TLC (neutral alumina with 

MeOH:CH2Cl$ 5:95: v:v; coloured yellow by 12 ). MS: (m/z) 191[M+H)+ ( C7HI.+N&$S, MW 190.3). lH NMR 

(DzO) 6 1.80 (s, 3H. CH&O): 2.30 (t. 2H. @CH2CO); 2.50 It, 2H. 9’CH2S); 3.30 (m, 4H. 5%H2 and8’CHz). 

2-(S,N-acetyl petheiay) acetic acid (21): Scheme 11. 

Bromoacetlc acid (200 mg. 1.44 mm011 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 HCl and extrac- 

ted by CH~CIZ. The aqueous layer is evaporated and washed with acetone (5x30 ml). The evaporation of the 
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organic soh~tton leads to sn 08 21 (253 mg. yield 74%). MS: (m/E) 249 (M+H)+ ( C$i16N204S. MW 248.3) 
.lH NMR @JOI 6 1.90 (s. 3H. CH$Ol: 2.35 (t. 2H, B%Hz): 2.7 (t. 2H. 9kH#): 3.32 (8. SCHflO): 3.30-3.40 
(m, “CH2 and (rCH$ 6H in total. In one pmparatton. a crl&Wed product 21 was obtatned ; m.p.114- 

ll=. Anal. cw for C~Hlt+‘z(&~ C,,!XWJ: H6.4996: NI 1.28%: 025.78%: 512.91%. Found: c43.19%; He.gg%: 

N11.19%: 026.4!& Sl2.6296. 

fw3,1p3QctJ1 w acwcacldmethyie8ttr(22~&h~ll. 
AsoluUond21(253mg.l.O2mmal)inMeOH(20ml)to treatedasabove(preparattonof7)leadtng.after 

chromatography on s&age1 @&OH: CH& 1 to 11 (88 u&g. yield 93%): m.p. 80-81%. MS: (m/z) 263 
(M+H)+ ( C&i18N@4S, MU’ 262.3). lH NMR (CDCl,, 6 1.89 (s, 3H. CH&O); 2.34 (t, W, gCH& 2.73 (t. 2H. 
9%H&); 3.20 (s. SCH&O): 3.40-3.55 (m. 4H. SC% and skH.#: 3.67 (s. 3H. OMe): 8.40 (m. 2H. amide 
NH’s). And. cakd for Cl~l8Nzoqs: t&.79%: Ham: Nlo.s& 024.40%. Found: C45_81%: H7.07%: 

N10.51%i Q!z4.7f3% 

dissolved in MeOH. The solution is evaporated and heated during 24 h to 1oooC under Ar and treated as 
usually: washings wtth cttrlc actd 10%. NaHCO3 saturated solutton and water, leading to 130 mg of an oil. 
60 mg of it are chromatographed on pnparatIve TLC wtth MeOH-acetone. 694 kvl as solvent. Pure 23 
(30 mg. yield 38%) is obtatned. MS: (m/z) 576 (M+H)+( C&J.&&S MW 575.8). lH NMR (CDCld 8 1.50. 
1.52 (2s. Boc groups); 1.40-1.70 (m. k%, k% and 7CH.$ 24 H in total; 1.95 (s. 3H. CH&O): 2.40 (t. 2H, 
6’CH.& 2.75 (t. 2H. 9’CH#: 3.10-3.25 (m. 4H. *H2. and m& and 3.20 (8. SCH2CO): 6H in total: 3.50 
(m, 4H. 5’C% and skHz): 4.70.6.60.7.10.7.50 &II. 4H, NH). 

2) from IV-acetyl jklethe&xe 20 scheme 10. Compound 20 WOmg. 1.73 mmol) is dissolved in 4ml 
NaOH 0.75 N to whtch 24 (1.05 g, 2.25 mmol) tn 7 ml CH#H, is ad&d by &trrlng and kept at room tem- 
perature, ovemight. This soh~tton is evaporated and the restdue is washed wtth CHgOH and purified hy 
preparative TLC to gtve 23 (520 mg. yield 52%). In another preparattve assay with 650 mg of 20 the crude 
product 23 is chromatographed on neutral alumina ( EtOAc : hexane. followed by methanol : ethyl acetate 
mixtures). Finally the pure compound 29 is eluted with MeOH-EtOAc. 595 (vnr): 1.54 g; yield 78%. 
IHNMR is identical to procedure 1. 

NL(O-bromo~tyll Ip’. ~-tert~@=mldi~ amids (24): Scheme 8. 
To a solution of 8 (280 mg. 0.81 mmol) in CH.$& (50 ml) is added, successively: dtcyclohexylcarbodii- 

mide (165 mg). hydroxybenz&rlamle (108 mg) and bromoacetic acid (111 mg). A precipitate ls formed hn- 
mediatly and, after 24 h at room temperature. the suspension is ffltered. The restdue is resuspended In 
CH2C12 (10 ml). ?he Ntrate is chromatographed on siltcagel. The product is eluted with MeOH-CH$&. 
1: 99 (xv). 24 (340 mg. yield 89%) is obtained as a colourles oil. MS: (m/z) 466. 468 @vl+H)+ 
(BrC&I&& MW 466.4). lH NMR (CDC13) 6 1.38 and1.42 (2s. Boc groups); 1.30-1.70 (m. *Hz, 6cH2 
and7CHa): 24H in total: 3.05-3.15 (m. 4H. *% and kX-I& 3.15-3.30 (m. 4H. lCH2 and 8cHz): 3.80 (s. 2H. 
BrCH2COl. 

NL[2-(S-Coensyms A) 8catyl] N4@di-teti-butyloryearbonylspermtdtna amIds (25): Scheme 7. 
To a solution of CoA-SH (sodium salt: 15 mg. ca 18 ~01) In water (1 ml]. Is added successively: NaOH 

1N (15 pl) and a solution of24 (13.5 mg. 29 pmol) in ‘II-IF (135 mu. After 1 h at room temperature. the solu- 
tion is evaporated. diluted with water and washed several Umes with CH+&. The aqueous layer, after lyo- 
philisation, leads to 25 (14 mg ca 13 ml: yteld ca 70%) as white solid. 1~ NMR(D@) 6 1.42, 1.44 (Is, Boc 
groups): 1.30-1.80 (m. eH2, 6cH, and 7CH2): 24 H in total: 2.75 (t. 2H. 9kHfi): 3.10 (t. 2H. 8cHd: 3.25 
(m. 6H. kH2. *Hz and kH& 3.30 (s. 2H. SCH$O). 
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N-acetyl S-Wbm~~o@oa~) m-a tbioastar (28). 
l)from I with bnmwoetyEUldophend90:Schrmel.A~~nofS(90~.0.76mmd)insomeacetone 

is added to a solutton of 30 (2.6 g. 11.3 mmol) in a mfxture of acetone (49 d and IMCOg CUM (17 ml). 

After 1 h at room temperature, the solution Is actdtfied with HCl O.lN to pH 2. The acetone is evaporated 

under reduced pressure andthesuspleionactractedbyCHZCSZ.Ihe~layereare~edwfth 

KHCOs 3% solutian and evaporated. The oily residue is d&solved m CgHs and ftltemd. under vacuum. on 

silicagel G60 (Mercld(l0 g). thts one. washed several ttmes with c$r, The filtrate contatns essemklly bm- 
moacetyl thiophenol. Then, the silicagel is washed wtth MeOH-CH2C12. 20~80 mtxhn-e. The filtrate leads, 

after evaporation, to 28 (130 mg. yield 72%). MS: (m/z) 240. 242 (M+H)+ ( BIC$I~&O#. MW 240.1). lH 

NMR (CDCl,, 6 2.00 (s. 3H. CH$O): 3.10 (t, 2H. U-i&O): 3.40. (t. 2H. CHZN): 4.10 (s, 2H. COCH2Br). 

2jfrom 5 with Lwwaxo@l bmmtde. To a solution of 5 (119 mg. 1 mmol) is added, dropwk. bromoacetyl 

bromide (139 pl). The mixture Is stlrred under reduced pressure during 5 min. then added of KHCOs satu- 

rated solution and extracted wtth CH$&. 28 (130 mg. yield 54%) Is obtained by cvapmaticn cf organic 
phases. 1H NMR ls identkal to the product obtained precedently by action of bromoacetyl thiophenol. 

N-acetyl&(2bromoaoatyl) )?-alothe~ thioestar (29): Scheme 1. 
A solution of 30 (8 g. 35 mmol) in a mtxture of acetone (43 ml) and KHCOs O.lM (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 ls ffltered. evaporated and washed with CH$&. The new suspenston is mtered and eva- 

porated. The residue is crystallized in KtOAc. then C&Is. leading to 29 (80 mg. yield 27%). ‘lI.C homoge- 

neous with MeOH: CH.$l2; 8:92 (v/v): m.p. 118-1209c: MS:(m/z) 311. 313 (M+H)+ ( BrC&i~$J2~S, 

MW 3 11.2) .lH NMR (CDCQ 6 2.00 (s, 3H. CHaCO): 2.39 (t. 2H. CH$JO); 3.10 (t. 2H, CH2S): 3.50 (m, 4H. 
CH2N): 4.10 (s. 2H. SCOCH2Dr); 6.40-6.90 (broad signal, 2H. NH). Anal. calcd for BrC$11&$3S: Cs474%: 

%.86%: %.tm& 015.43% Found: %4.87%: H4.9th &.81%: 015.54~ 

Bromoecetyl thiophenol (SO) 

Although the synthests of this compound has been ckscrUxd ln the biemt~&~ we &scrfbe here ourpre- 

porotfon and emphasfae on Us pu@cotfor~ TWophenol (6 ml, 58.4 mmol) is added in several times to bro- 

moacetyl bromide (7.2 ml). The mixture is maIntaIned stirred, under reduced pressure 60 mln at room 

temperature. The solution is added to saturated solution of NaHC03 (70 ml). The suspension is extracted 

with ether. The organic layers are washed two times with diluted solution of NaHCO3. oil 30 (12 g. yield 

69%) crystalking in cold (m.p. 39aC) is obtained. The crystalhsation in C$IShexane leads, after seeding 

and cooling, in three crops. to 30 ( 11.2 g. yield 83%). (m.p. 41-42oC) homogeneous In TLC m.p. 36.3- 

37.3% (KtOH/H20. yteld3 5m m.p. 38-39% (bensene:petroleum ether), yield5 59%). lH NMR (CDC1.J 
6 4.05 (s. 2H, BrCH2CO): 7.45 (s. 5H. C&J+). 

Phenylthioacetic acid (31): Sohemc 4. 

30 (lg. 4.3 mmol) is added to a solution of KOH (600 mg) In mtntmum of absolute KtOH. A precipitate is 

formed instantaneously which. filtered and dried, leads to potassium phenylthioacetate. This salt is dissol- 

ved in water and acidified with concentrated HCl. then extracted with CH$X2. The evaporation of the orga- 

nic phase leads to 31 (670 mg, yield 93%); m.p. 63-64%: m.p. 6 64.5-65.5”c. lH NMR (CDCld 6 3.66 (s, 
2H. CHZ): 7.00-7.40 (m, 5H. C&J& 10.10 (s. lH, OH). 
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N-tert-hutyloqmhmyl l, sdlamlnopropanc (S@ Bchcme e. 
A solution of Boc20 (8.5 g. 39 mmol) in dloxane (50 ml) is added slowly to a solution of 1.3~diamInopro- 

pane (3 g. 40.5 mmol) in water (30 ml). Plrstly, there is a precipitation, then redlssohation. Aflu 24 h at 
room temperature, dioxane is evaporated and the suspension extracted by CH2Cl2. The organtc phase Is 

washed by KHS04 1N. and the aqueous phase. basified by saturated NaOH solution, is extmcted by 

CH2Cl2. The organic solution is evaporated to gtve 92 (630 mg. yield 8.9%). TLC homogeneous with N@Zt)$ 
MeOHZtOAc: 5: 20: 75(v/v/v) . 1H NMR (CDCls) 61.24 (s. 2H. NHZ): 1.41 (s. 9H. Boc): 1.59 (q, 2H. 2CH2); 

2.75 (t. 2H. CHZN): 3.19 (q. 2H. ‘CH2N); 3.68 (s. 1H. NHBoc). 

NQ.Cti-bUtJd_ ylNsys-eyau~4 1,s-dlamln0propanc (ss): Mcme a. 
To 32 (630 mg. 3.8 mmol) dissokd in n-butanol(30 ml). is added successive@: Na2COs (1.1 g). Kl(800 

mgl and 4-chlorobu@mniklk (375 fl, 3.8 mmol). After 8 h of re!lux. the mixture Is filtered and evaporated. 

The ofl ls resuspended in CHCls, washed with water, evaporated. giving crude SS (840 mg. yield 97%). 

NIJVa-dI-tert-butykycarbo nJri Ns-c3-cWoWl@) 1 ,3-d&mlnopropme (34)z Scheme 9. 
To a solution of crude 93 (840 mg. 3.5 mmol) in dioxane (20 ml) is added a solution of Boc20 ( lg) in dio- 

xane (10 ml). AfIer 12 h at room temperature. the sotit is evaporated and the resldue. taken by CHC13 is 

washed successively by KHS04 1N. a diluted NaHCO3 solution and water. The organic layers lead to an 
oily residue which is chromatc@aphed on silicagel with ethexhexane. 5050 (v:v) affording 34 (400 mg. 

yield 34%). MS: (m/z) 342 (M+H)+ ( C17e1N304, MW 341.5). lH NMR (CDCl,) 5 1.42. 1.45 (2s. 18H. Boc 

groups): 1.66 (m. 2H. 2cHz): 1.87 (m. 2H. kHz): 2.33 (t. 2H. 7CH2CN): 3.08 (q. 2H. 1CHz): 3.2-3.35 (m. 4H, 

3CH2 and ‘kH2). 

N’@-dl-tCrt4Xlt.y lcqmrbaylspen (Sal: scheme 9. 

To 34 (735 mg. 2.15 mmol). dissolved in anhydrous ether (40 ml) is added slowly at 0°C. LiAlH4 

(550 n@. 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 extra&on gives 85 as an oil (820 mg. yield 84%). MS: (m/z) 346 (M+H)+ ( C17H35N3oq. MW 

345.5). lH NMR (CDC13) 6 1.20-1.70 (2s+m. Boc groups + 2cH2. eH2 and 7CHZ):24H in total; 2.89 (t. 2H. 

8cH2): 3.00-3.40 (2m. 6H. kH2,3cH2 and *Hd. 

fi(2-bromoacetyl) N1l@-di-tert-butylaqvmrbonylsperzUidine amide (36): Scheme 9. 
To a solution of 85 (810 mg. 1.8 mmol) in CH2Cl2 (70 ml) is added successively: bromoacetic acid 

(250 mg), N-methyhnorpholine (195 M and BOP14 (780 mgl. After 24 h at room temperature, the solution 
is evaporated and extracted by EtOAc. leading to 38 (870 mg. yield 80 %). TLC homogeneous with MeOH: 

CH2Cl2; 2: 98 (v/v).lH NMR CCDCld 6 1.40. 1.42 (2s. Boc groups): 1.40-1.70 (m, 2CH2, kH2 and 7CH2, : 
24H in total: 3.10 (q. kHz): 3.15-3.25 Im. kH2 and *Hz): 3.35 (q. 2H. 8cHz): 3.75 Is. 2H. CH$r). 

#-I%(S-coenspme Al acetyll NlJ@-di-t8rt-buty loqwubonyhpermidine amide (97): Scheme 7. 
To a solution of CoA-SH (Na salt: 15 mg. ca 18 ~01) in water (0.2 ml) is added NaOH 1N (50 fl) and 

38 (30 mg. 64 ~01) &solved in MeOH (500 jil). After 4 h at room temperature, CH30H is evaporated and 

the resulting suspension is diluted with water (10 ml) and repeteadly extracted with portlons of 10 ml of 

ether. The aqueous phase is lyophilized. leading to 97, as white solid (24 mg). 1~ NMR (D20) 6 1.20-1.60 
(2s+m. 24H. Boc+ 2cH2. 6cH2 and 7CH2); 2.57 (t. 2H, 9’CH2S): 2.93 (t. 2H. 8CH2); 3.05-3.10 (m, 6H. kH2. 
3CH2 and kH2); 3.14 (s. COCH2S). 
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2-(S.N-ace@‘1 oysteuninyU l oatio add thiOphaX@ eater (39): Beh=a 6. 

6 (70 mg. 0.4 mmol) is heated 3/4 h at 1OOC wtth A@ (6 ml). The ax@&tde tn excess Js completely re- 

moved under vacuum. The residue Is dkwlved with anhydrous CH2Cl2 and 3.6 ml of thiophenol. ARer 
l/2 h , the solution is concentrated until 0.5 ml added with DMAP (10 mgl and left overn@ht at room tem- 

perature. By preparative TLC ( W revelation) the spot of Rf 0.5 (solvent MeOH:CH2Q2. 595 (v:v)) leads to 

39 as an ofl(12 mg. ykld 11%). 1~ NMR (CDCld 6 1.90 (s.3H. CH&O): 2.70 (t. 2H. g%H2S): 3.30 (m. 8cHd 

and 3.40 (s, SCH2CO):4H in total: 7.50 (s, 5H. C&S). 

2-phenylthioacetanilide (40)~ 6ohemc 6. 

To aniline (500 pl) is added, successively : dioxane (7ml). water (3 ml). NaOH 1N (1.5 ml) and bromoacetyl 
thiophenol36 (231 mg. 1 mmol). The solution is I& 10 min at room temperature, then evaporated. The re- 

sidue, taken with CH2C12. fIltered. leads to 2-phenylthioacetanikle 46 (150 mg. yield 62%): m.p. TO-71°C 
recr@allfied in CH2C12-hexane giving a pun compound; m.p. 75-76 ‘C: m.p.6 81.5-82.5@. MS: (m/z) 244 

m+H)+ ( c~~H~~NOS. Mw 243.3). lH NMR (CDC13) 63.76 (s. 2H, SCH2CO): 7.00-7.50 (m, 1OH. C&I#J and 

C&S): 8.52 (s. 1H. NH). 

zphenylthioacetylbutylamide (41): 6oheme 6. 

To butylamine (200 pl) is added successively: NaOH 4N (375 fl), dioxane (7 ml) and bromoacetyl thiophe- 

no1 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 CHC13. ffltered and evaporated giving 

2-phenylthioacetylbutylamide 41 (197 mg. yield 88%). m.p. 29-31oC nxxystallized in acetone-hexane gi- 

ving a pure compound: TLC homogeneous with AcEt: Hexane: 50: 50 (v/v). m.p. 35 Oc. lH NMR (CDClg 6 

0.82 (t, 3H. CH3): 1.20 [m, 2H. C&CH& 1.85 (m. 2H. NCH2CQ$: 3.22 (q. 2H, CHIN): 3.51 (s, 2H. SCH2_ 

CO): 7.10-7.30 (m. 5H, C&S). Anal. calcd. for C12H17NOS: Cm.=%: H7.69%; N6.27%: 07.1~: 514.35%. 

Found: k&76%; H7.67%: N6.07%: 07.42%; s14.25%. 

Co&S-(2-bromoacetyl) thioester (42): &heme 1. 

Co&SH (Na salt: 5 mg. 6 -01) is d&solved in KHC03 0. 1M solution (0.2 ml) and acetone (0.5 ml). Bro- 

moacetylthiophenol SO (0.125 g. 0.54 mmol) [recristallized four times in C&hexane (see preparation of 

So)]. dissolved in a mixture of KHCO3 O.lM (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 HCl 0.1 N to pH 2. The acetone is evaporated under reduced pressure. ?he 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 lyophllked. leading to a product characterized by NMR (D20). As shown 

in Fig. 1. The 1H NMR spectrum does not show any significant signal belonging to a phenyl group but dis- 

plays at 63.01 (t. 9’CH2S) and at 4.17 (s. CO-CH2Br). 

Phenyl phenylthiothiolacette (43) 

Bromoacetylthiopheno130 (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- 

talltition 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.83.5-65’C 6. IH NMR is according to the related structure. 
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