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rnteraetiom ktwccn aromatk and polar neighborin 
spaced groups in enxymes have ken rcportcd. For 
example, chemical motion of Trp 199, which is in 
the vicinity of His 46 and Ser 183, of trypsine produce 
changes in catalytic activity of these enzymes.2 Fur- 
thermore in bovine paocreatic try@ inhiitor,” it has 
been found by ‘H NMR sady at several different pH, 
that neighboriug Tyr 10 and Lys 41 deviate from simpk 
titra&behaviour.Inordertoshowtheildhlenceofan 
aromatic group on the proper& of a carboxyl1poup, we 
have synthesized and studied a series of simpk mole- 
cules of the type I. 
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It was shown previously, in the laboratory, that with 
~softhetypeIwhrreR=phenyi,tbearomatiGgroup. 
influences the carboxyl #operti~.’ The present work 
e~~s~~~sIw~~Ris~~~~~ 
indolyl group, in order to get ~0~~ on the 
influence of tryptophan upon polar groups in proteins. 

pK.‘s Values have been determined for both series 1 and 
2 of diastereoisomeric acids where the distances between 
the two functional groups are Merent. The results are 
compared to the pcs values of the (3’-~dolyl~~~ 
pionk acids 3 which we have deftrmined. In this last series 
3, the two interacting lpoups are not in a fixed orientation. 
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k 8: X=H 
b: X=Me 

3 c: X = COMe 

We have also synthesized acids 4 and 5. and deter- 
mined the PIG of their carboxylk group. In these com- 
pounds, the possible interaction will be a stic one with 
the bulky isopropy1 su~ti~o~ 

1. sy8thcsu 
We have previously reported the preparation of the 

acids la, 1~ 2a and ze;U The acids lb, 2b and 3b have 
been cbtaid *ram the acids iq 2c and 3e respectiveiy, 
usiag a new method of N-alkylation of indole descrii 
byBarcodrr16’lXsa&ylationhasbeenachkvedbythe 
reaction of ~~yk~a~ in benzene and 35% sodium 
hydroxide in the presence of a phase transfer catalyst, 
Under these comlitions lb and 3b were obtained with 
excellent yieIds from lc and 3e and it was possiile dur@ 
therea&tonotke)hejwesenficofintermediary 
zk 2 ~;scrii m the followmg scheme for the 

2369 



2370 J. Rom and M. BEUC-V- 

lb 91% 

(a) SO&H&, Bu4N+ HSO4-, CeH4, 35% NoOH 

proximatively 111 ratio. It was then possible to isolate zb fmn.3 or cis 4-methyl2-pentenoic acid. The et& acid 4 
by means of crystallisation. was separated from isomeric cxo material hfter trans- 

The acid endo tran~ 4 and undo cis 5 were prepared formation into the corresponding iodolactone which was 
by Diels-Alder reaction between cyclopentadiene and submitted to a reductive cleavage by Zn/CH~OOH to 

7b 

COOCH,\ 

CH, 
Yb 
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2b 7b 
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give 4. From the c& 4methyl2-pentenoic acid, acid 5 
wasfoundtobetheonIyproductoftheDiels-Alder 
reaction. 

The stereochemistries of all these compounds were 
determined from their ‘H NMR spectm.’ 

The pK.‘s values of the acids 1,2 and 3, measured by 
potentiometry, are given in Table 1. In Table 2, with the 
pK.‘s of 4 and 5, we have inch&d for comparison, the PK. 
of bicyclo[2.2.1.] 2-eudo carboxylic acid 6. 

In addition, the pK.9 of acids la, 2a and 3a have been 
determined at several temperatures between 10 and 35”, 
show& no appreciable variation in the pX.!s vahres of 
these representative acids of the three series. 

Table 1 indicates that the cis acids 2, where the 
aromatic group is near the carboxyhc function, are 
characterixed by h&her pK.‘s values than those of acids 
3 where indolyl and cerboxyl groups are in the rruns 
position. The lower acidity of the cis compounds 2 may 
be exphkd by a sterk hindrance of the aromatic ring 
which affects the accessibility of the carboxylate anion 
by solvent molecules? This 6rst interpretation is 
confhmed by the greater PK. value of 5 compared with 
acid 4 (Table 2). In acid 5, the bulky isopropyl group is in 
the vicinity of the polar group and renders the salvation 
of the carboxyhtte anion more dithcult. Nevertheless, 
steric hindrance is not the only effect which can exphdn 
the anomaious high pK.‘s values of cis acids 2. Accord- 

~yfromthev~ofTabie2,itcanbeseeothatthe 
isopropyl group affects the pL vahres even when it is 
truus to the COOH: ApK.(4-6) =0.21. This is not the 
case for the indolyl6roup. ApIG(la-6) = 0, ApK.(lc_i) = 
-03,andtbenifthepK.~ermcebetweenthecisaad 
fruu3 acids: ApX&-!i) =0.34 is about the same as 
ApIL@e-le) = 0.38, the ditkence ApK.(&la) = 0.50 is 
rather greater and L’BMot be explained on& by the steric 
hindrance. 

Let us now consider the effect of the substituent of the 
indolyl nitrogen on the pK.‘s values of the acids 1,2 and 
3 (Table l), we can see that the electronic properties of 
the sub&rent are better &am&ted for cis compounds 
2: APK.@R-~c~ = 0.47 then for fmru 1: ApK.(blc) = 
0.35 and than 3: ApK&-3e) = 0.27. We can say that the 
electronic effect of the substituent is transmitted through 
two sp3 carbons by an inductive effect in compouuds 3. 
In acids 1 and 2 the ekctronice&ct of the sub&tent is not 
only transmittal by the C-c bound but also through space, 
~y~~~of~c~~2forw~~no~ 
a ma&d infhrence of X. 

From the above discussioth we can state that the 
ind0lyl group modifies the chemical properties of the 
carboxyl group by at least two mechanisms. 

(a) Steric hindrance, which atfects the carbox* 
anion acces&ility to the solvent. 

@I) Specifk aromatic interaction which most lihely 
involves the electronic distribution on the aromatic ring. 

Tabk 1. pIC.‘s values of a&s I, 2 ad 3’3 

X 
cooti cy- 

X 
8: H 
b: Me 
c: COW 

6.36 6.66 
8.29 6.65’” 
6.01 6.39 

5.92 
5.91 
5.65 

Tabk 2. p%‘s values of acids 4, S and P 

w + s3 
#OH COO@+ COOH 

4 5 6 

6.52 6.84 6.31 

Y%me titioll8 a.9 above. 
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The fhst mechanism.seems to be the most important 
in the models we have chosen, the second is now under 
study by means of fluorescence. 

The through space interaction we have observed on 
small mokcuIes is of some interest when considering 
enzymatk catalysis. it would act directly, a&cting the 
propertks of the pokr group; for example it could 
explain the high pK, value (6.5) of the relatively exposed 
Glu 35 in lysozyme, which is known to lie in a pre- 
domiuantiy non-polar region in&ding the indolyl 
moiety of Trp 108.p 

We are going to extend our stiy to the interaction 
between aromatic and amino groups. Such ~~~~ 
haviug already been reported in profeins for iastance that 
one involving Lys 41 in a trypsin i&ibito? mentioned 
at the be&ning of this paper. Besides, PK. perturbations 
of ionizabie basic residues have been mentioned, in the 
alcohol deshy~o~~-N~H compkx, at&&ted to B 
screening e&et of the abode moiety of NADH.‘” 

The PK. values were deterhcd by potentiometrk titration of 
acidic soin (2 x 10-f hq in Map (60140, v/v), ionic &#lgtJt 
r=O.f (Kcl) by 0.04M NaOH at 25.0+0.1*. The t&rations 
were made using a Radiometer automatic system imhiing a 
AWturctteARU12monitor&byaTTT6OTiitorinco~ 
j~~aP~~pH_~~~~l~~.~ 
~W~o~~aP~~~~~~ 
tometer. A PerkiM?Jmer R-32 W MHZ spectrometer wm used to 
obtainNIuRspcctraexceptcdsp&llilMihthTbecbcmkai 
shiftsoftbcNMRspcctrawcrebvatlmsinppmmId~ 
constants, J, were in hertz 

3-eM,-B-IN-M~~iAddgllbicyck,[~llhcpt-S-arc 
2 - mtdo - cuber acid lb. N-am@ acid lr (0,6~0~ 
mmp), 25 mg tmabuty~ hydlvgm sulfate, 0.4all 
dimethylsulfate2ml35%NaOKapaad2mlbenz*lewenshakcb 
for48hrat4tYundcrN, 

~~~~rW~~~~~~*~~~~~ 
~w~~~e~~~~y~~~~~ 
extra&d.Tbee~layawallwaabcdWitllWatcrPlsddried 
with M&W, to give 146mg (91%) of lb after removal of ctbcr, 
Colorless crvstala m.n. 176” tsthn): IR KM em 1693cm-’ 
RMN (CD&) 6: 159‘ and 1.76 (Al&, J = 8.5. hi, i&, and H71) 
3.05 fm, 2H, Sit and &) 3.3 (m, 2H. HZ and f&) 3.7 (4 3H, NW 
6.15 (dd, Ju = 5.5 Jw = 3, lH, Hs) 6.45 (dd, Jw - 55, J&I = 3, 
1H. !&I 6.85 (s, lH, indolyl HI) 7.2 (as, 3H, indolyt I&, HS and 
H& 7.7 (m, lH, it&y1 H,). (Fhnd: C, 76.42; J, 6.47; N, 5% 0, 
11,9X CHNO requires: C, 76.38~ H, 6.41; N, 53; 0,11.97%). 

M~~3-endo-[fN-~~)inddpl-3’lblcpdo[22.1)kGpf 
-Seite-2cndocat&xyiatcXb. N-acety~acid2rfO.678mn~l; 
2aOm& 2smg te~onium hydrogmWfatc* lAmi 
dimethyl sadfate, 2nd 35% NaOHaq. 2nd bcnzc~ were c&red 
~~r~4~f~~~.~~n~l~~~~ 
~w~~~e~r.~~~ky~~w~ 
with water, drkd (hiitso4I tuMi Itave after rcmovai of the solvcllt 
183 mg (96%) of tile-aster 21, a-i colorkss cry&h, m.p. 83-W. 
lR0vco17#)cm-‘:RMNcDCh~& 1+54(m.AIv1n-4.2H. 
fh‘and -H753.OS-3.25 (it (witkb at 3.11)‘ SH, Ii,;H, iid N&&j 
3.48 (dd, Ju = 11, Jsl. = 3, lli, H2f 3.6 (a, 3H, OCH$4,12 @id, 
Ju - 11, Js. - 3, IH, HJ) 6.17 (dd, Jur = 5, JW = 3. lH, Hs) 6.60 
(ddtardsat~~~,J~=SrJ~,-3,W,~PDd~H~f.l 
(m, 3H, hdolyl ii,, HJ and &) 7.7 (in, lH, indolyf H,). (Fom& C, 
76.25; H, 6.e N. 4.87; 0,120 CHNO rquircs: C, 76.84, H, 481.81; 
N, 4.9& 411.37%). 

3-endo[OJ-Mrtk~)~~-3’1bfcKlofZRl]hrpt-S-aru 
2-elldo-cWb@icuchf2b.AsolnofPrsLiinHMP~was 
prepa~J(rcconiisgtoEartkttandJohnaoa~fromO.6gfhely 
~~~hy~~2~of~yl~~~~ 
HMPA (made oxypon-fmc by ~~. This K&D was 
immedipMy utiliad. 172 mp 10.61 mmol) of the ester tl, were 

t*np.~ve35~(21%)of2barbocisw~s~k 
eatabikhed bv NAB. colmksa crvstak m.o. 171-173’. IR fKBrI 
vc.0 17OOcm~‘; (CDiZl&OMHz &tbzkcr iV.P. 60)) II: 1.i (ddi 
J =J’= 1.8, Hh and H7,) 3.25 (m, W, HI and H3 3.53 @id, 
J2_3 = 10.5, Jh, = 3.5, lH, H3 3.65 (s, 3H, NcHj) 3.73 (k, 0.2 H, 
impurity: N-CHs of exo 7b) 4.21 (dd, Jr2 - 105. Jw = 3.5.1H. 
Hsj 6& (dd, J-=5.5, J--3.3; lH, Hs) 6.6 (dd, JM=S.S, 
J&t = 3.3.lH. Eu 6.72 (s. l&L i&M H2) ?,4 (m. 3H. hdolvi IL. 

1715cm-‘; RMN (5M&) II: 2.4&s (&vitit 8 at 2.45). 7H, 
(CH& and COC&) 6.9-7.4 (m, IH, indotyi protons) 8.15 (m, lH, 
i&iyi H,); (Pomtdz C, 67146; H, 5.65; N, 5.66; 0,20&i CHNO 
rcqtires: C, 67.52; H, 5.66; N, 6.e 0,20.7596. 

3-[~-~~-3’*~~p~~~~~~ 
(2nlmo~ 37&u& 75&l@ ~~~~ hydrogen sulfate 
2mldimethylwlfpte,Smt3596NaOHoppadSmlknzear~ 
stintdst4~~NiforIhr.200mlwatnwaaaddodtotbc 
~~~~~~~e~.~~ 
~y~w~~~wa~~~~~~~e~~ 
(99%) of 3b an c&xkss crystals. m.p. 125” (ether) @it. W-125”, 
R’ 75%‘3. RMN (CD& + DhfSChQ 6: 2.94 (III. 4H, (CH&) 3.68 
(s, 3H, N-CH>) 6.87 (I, lH, indolyl H3 7.2 (III, 3H, iudolyl &, Hs 
and I&) 7.6 (8, 1H, indolyl H,). 

E - 123-12s”~mri (tit: 113’/20 nin’~ RMN (&Clg) I: 1.07 (d, 
J = 6.5,6H, (CIi&) 2.48 (m, J - J’ = 6.5, f” = 1.5, lH, m(CH&) 

.5.711 (dd, J - 15.5, P = 1.5, lH,- Cu COOH) 7.05 (dd, J = 15.5, 
P = 6.5, IH, iP$H=). 

J.x&-A&r ~0~~~ of c~~~t~e and trans - 4 - 
~h~2-~~ocld~-4-M~~2pentenoic8dd 
@kumoi; 5.7Il) ond 8ml fnshly dktilkd cycbpcntbdim was 
dissolved in 5Omi cyclobexaw and &uxed tinder Nz for 10 



I&) 6.23 (dd, Jw- 55, Jw= 3, HI. H& (Pound: C, 7332; H. 
8.2; 0.17.44 CHO requires; C, 73.30~ H, 8.9$0,17.75%). 

cia-4-Muhyt2-pe~taoicac&i ‘Ihisacidwasprcparcdbya 
Favor&y nnangcment of 1 - 3 - dibfomo 4 - methyl 2 - 
pentanoae~5 lap. s-170 (lit. 15.5-17.59. RMN (CDCls) 8: l(d, 
J=6.1),6H,(~~k3.66,J~6-8,f=lO,~=~,lfH,~((~~1)1 
5.67@d=A~artofanABXpattern,~,,,s=11.6,J~=10,1~, 
~~~~~~ = Il part of an ABX psttun, JAB = 11.6, Jsx = 0.6, 

hdhlier cof&fau&on of C~~~~~ & cis - 4 - 
mctkrl2-~~Pcid,cLr-4-mctbyl2-pcntenoicacid 
(12.5 mmol; 1.42.5g) and 2 ml freshly distihd cyclopentadienc 
was dissolved in 8 ml cyclohcxaae and ndhxed under Nz. 1 ml 
cyclopeaadiem was added to the mixturt each day. After 10 
days 1.765 g of acidic caupor~~nts were 5cpaMcd from the 
mi%turc.Tbeiodolactohhrraction“‘fnw 1.63goftlE8ci- 
die mixture gave 2.048 of the iodolatone. Prom the 8ltmte 
4llmgofoiiy~wereisolrtedwhicb~mo~~ 
8596 of stating material (NMR spectra). Ioddadoa: m.p. 7!MP 
(cycbbcxae). IR (CHQ) vco: 1780 cm-‘: RI&l (CD&) 8: (dd, 
J = J’- 6,6H, (C&k) 1.3-19 (III, 3H. C&ZIi>k, H3 and Hd 

2.35 w, J?,,. = 11.5, J‘s 1.S. lH, H72 2.65 (m, W, Hz and I&) 
3.21 (m, J14=Ja_t==Sr JI_,~=J~_~.==J’=+ 1.5, lH, H,) 4.0.5 (6 
Jm - 2.3, 1H. Hd 5.1 (de JM = 5, lH, I&). fFour& C, 43.22; H, 
5.09; 0, 10.26 CHO rcquircs: C, 43.16; H, 4.94; 0, 10.45%). 

3-endo-isqpmp~Ir~~&[22lJhcpt-S-su2-eafo- 
cahoxyfic acid 5. Iodohtonc (5.26 mmol; 1.6s) dissolved in 
6 ml AcOH and Xl g Za dust was stirnd at 4S-= for Jhc. 
736mg (78%) of 5 were obthcd as cobtieas crystals m.p. 
119 (hexa&. IR (CHCl3) vco 170&m-‘; RMN (CDt&) d: 
0.85 fdd, J = J’ = 7,6H, (CH3k) 1.1-1.7 (m, 3H, Ha, H7, and CQ 
WSM 2.fB (m. JWC%CHJ~ = 11, Js2 = 9.5, Jw = 4.5, lH, H3) 3.0 
(m, 3H, HI, HZ and &) 6.17 (m. Aa,l;r=5, W, Hs and m 
(l’ouad: C. 73.28; H, 8.86; 0.17.48. CHO requites: C, 73.30; H, 
8.95; 0, 17.7596). 
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