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ABSTRACT 

l~mKabsorpUons~~for~~nyHccubonatomsInl5~~~of~~rrg~k 

substituents The data am used to establish the best slnglaparameter substituent constant% a’s for the Various 

heterocycles as replacements for ~seubstttuted benzenw Also reported am replacement dual substbwti wnstan& 

Includi~qand~vuiarsuR~~~dinTTdtDSPtreat~rrtudthosoforFandR~in~~~Lupton 

treatmsnt. Vakes of cs13, F. I?, q. and cr~o, mspedMy, for the varkus hekmcycks as replacements for pan+ 

substltuted benzenes are as folkws: 2-furyl, -1.01, 0.99. -2.51,0.65,0.60; 2qyrryl. -2.53,0.52, -5.09, -0.16.0.62; 

P-thlenyl, 0.79. 2.49, 5.60, 1.62, -1.08; 3-thlenyl, 0.40, 1.04, -1.57,OSQ. Xl.3Q; P-pyridyl, 0.66, 2.09.0.24. 1.55, 

6.45 3-pyridyl. 0.60,0.57.0.63.0.35,0.04; and 4-pyridyt, 1.16.1.22,l.OQ. 0.92. -0.01. The DSPNLR method of 

analysis is explored using ekctron demand paramsters, E, as determlnsd for the vtnylic side chains in pemeubstttubd 

styrenes. 

1 NTRODUCTION 

The effect of substituents attached to heterocydes can normally be correlated well by means of standard Hammett- 

type substituent constan& although it is clear that the transmkskn of ekctronk effects through heterocydk rings is 

scakddKfemnttythan tratrsmbsiontkoughabenzensnucteus Consequentiy.hetemcydkdatanwstbetreated 

Independently from anakgow data for sub&Wed be- JaffesuggeeMinlQ53thattheheteroatomlna 

ps8udoaromrrtiErlnQcank~asa~ foratltwraCH-Ct+or*ur&lnabenzenering.2InInway, 

replacement subsWent oonstants can be defined kr hetwqdk dwsandauch rxMMtsshouldpwmittheaMlyskof 

heterocyclk effects to be Incorporated Into that for sub&Wed benmnea Stncethen,a sub&ntlalamountdworkhas 

been directed toward defining Hemmstt-type replacement &&itueticon&anw forheterocydkringsandmarqvaluesof 

u and d, constants have been reported. Perhaps unfortunately, ths Hteratum. which was revkwed by ChaRon in IQ763 

zluggeststhatarchwnstantsforsimpbheter~~~of~utillty~d~~varl~bionrrk~valws 

obtained when dlfferent methods of evaluation are employed. Thus, replacement u vatues determined for some of 
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the systems eurveyed by Cherton have ehown the following ranges Z#wyi. (xl0 to 1.08: 2pyrryl. -0.15 to -0.58; 

2-thbnyl. -O.lSto 0.71; 3-thlwlyl. -0.01 to 0.12; 2pyridyl. 0.37 to 1.1; spyrldyl. O.lOto 1.9 and 4-pyrldyl. 0.6 to 1.6. 

Sit’nihriy broad ranges haw been mpofted for u+ valuea Because of theee variation& Charton suggested that the dual 

eubeUtueMparameter(D6P)treatmentofTa&4the2qammeter treatment of Yukawa and Teut~$ hb own LD 

treatmm&60rother2-parameter~ migM repwent man, promkIng patlwayefor handling hacwocyclk data At 

preser& however, there lo a paucity of I nfomwlon concerning replacement subetttuent constants for use In 2parameter 

tnratmcn8. Tupltsyn, Zateepina, Kdodi~, and Kamkskli reported ~1 values of 0.7.0.6,O.g. and 0.4 for the 2-futyi, 

Sfuryl. and 3-tibrryl group& mly. baeed on an analyek of C-H ebetchlng fmquendee In eubstttuted furans and 

thbphenee.7 Kamlnslde calculated values of al and UBO as follows (heteroaromatic group, Ul. c#ROk 2-furyl, 053, 

0.07; 3-furyk 0.44, -0.28; 2-thlsnyi. 0.63. -0.03; 3-thienyl. 0.43, -0.14; 2-pyrryl. 0.22,Q.l7; and Bpyrtyl. 0.22, -0.66. 

slmilprty. Angelelll, Katrkky, Plnzelll, and Topsom M frequencies and lntensltles of various ring vibraional modes 

to find CQo values of -0.14 and -0.13 for the thienyi and furyi groups. reepecUwly.g In these latter cases, a distInction 

between positions of attachment could not be made. 
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databyapplkaUonofavatietyofD6Ptwtmen& aewellaeananalyeb utUklngthe6eldandmeonanm~ 

appropriate for the 6watwispton equatlon.1~11 We have now extended meny of theee eerbe to Indude the 2-fury& 

2-pynyl, 2-thienyk 3-thlenyl. 2pyrldyl. 3-pyridyl. and 4-pyrldyi groups ae replacemente for the subetkted 
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benzenemobtbs. 6yuUllzlngthepresentdatrinwnluwUw vdlhthoaepreviouelympcrted.wareabbtod~a 

vatietyofreplacenlenteu- cowalatorihesa7common -k vow= 

_-~r.~~ . 

mef&andpara-su~benzelle~ 11 Condertsatkn typkalty procieded In routine faehlon by the methods 
previously deecrlbod.lO althcugh for some aerke the best e&ent/c&Uyet comblnaticn had to be selected from 8 wide 
variety of opUona~2 In a few caeee, indicated by omleeions In Table I, the de&red reaction could not be WmMleIItly 
effected. In all. 100 compounds ue included In thie study and 64 of theee ham been described In the literature. For 
the remaining 16, the method of eyntheeis and the spectral characterizations served ae poeitke Mentlfication of 
structure. Inill ktanwe, the 13~ nmr spectra accorded completely with etructure. These epectra were recorded by 
meane of a Varlan CFT-20 eoectrometer. CCC13 was ueed ae tint and eolutione typlcally contained 0.5 g solute In 
1.5 mL In a few cases of iower solubllity, mok dilute solutione were ueed. Chemical shlfte are repotted ae ppm 
dcwnfleld from the intemal reference, TMS. Peak usignmente wen made from coupled and decoupled spectm on the 
basis of ehifte and relathm peak helghte In the spectra of known compounds. In come cases, off-resonance decoupled 
spectra were also ueeful. The chemical shift of the vinyllc carbon atom fltc the heteroaromatic ring In each compound 
studied is gtven in Tabb I. 

Results and Discussion 
al3 Constants. The beet eet of single replacement eubdltuent constants for the heterocyclee can be 

calculated In the same manner employed for the met& and pan-substituted benzene series previoueiy reported.10g11 
This method utilkee eq 2. for which the 8 velue is dellned In eq 3. In this latter equation, u13 for the p-NMe2 subetituent 

Table I. 13~ chemical shlfte for vlnytlc poarbon atoms-a 

Series 
Heteroaromatic SubstHuent 

2pynyl &Thlenyl ~Thienyl 2-PyrMyi 3-Pylldyl 4-pyridyl 

3 93.23 

4 77.31 

6 107.54 

7 98.73 

6 105.41 

9 95.26 

10 136.34 

11 130.26 

12 122.25 

13 

14 124.34 

15 Qt.16 

16 129.62 

17 116.44 

19 119.26 

20 116.06 

22 127.46 

70.01 

101.44 

91.93 

99.07 

65.59 

135.92 

121.43 

113.61 

94.44 95.45 

75.92 80.53 

106.30 109.73 

Qg.42 101.37 

106.16 106.19 

9792 

139.10 140.73 

130.47 132.74 

122.60 124.41 

121.77 

125.69 126.96 

91.79 93.14 

129.54 132.01 

119.76 120.53 

120.91 121.64 

117.07 117.96 

126.46b 129.56 

114.66 

106.66 

98.66 101.5 

65.44 66.50 

114.23 116.64 

105.66 106.40 

120.79 

144.50 

136.55 

129.23 

_ 

130.29 

119.66 

114.46 

115.29 

_ 

120.56 

137.06 

124.56 

125.53 

122.45 

134.66 

144.64 

136.44 

129.06 

_ 

126.64 

g7.6Q 

136.44 

122.71 

123.73 

120.50 

134.07 

146.06 

136.25 

130.66 

130.76 

100.36 

137.99 

124.66 

126.17 

123.00 

136.19 
@3pectra wufu recorded on CDC13 eoktione typically containlng 0.5 Q sobto h 1.5 mL Shifls are ppm downfield from 
TMS ae Internal reference. kseigmnt unceitain 

wasarbltattly setat-l.76toscalethevalusstothsu+scela Thbbdtoo130cmbnts thatwrevslycksetod 
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-2.27 -0.84 -0.43 

-2.37 - -0.44 

-2.33 -1.28 -0.73 

-2.32 -1.32 0.83 

-3.42 -1.07 -0.57 

_ 0.87 

-2.23 -0.49 -0.04 

_ -0.79 0.47 

-3.98 -1.31 0.82 

-2.18 -0.38 -0.09 

-2.21 -0.38 0.08 

_ -0.41 0.14 

-2.97 -0.82 -0.52 

-2.53 -0.79 -0.40 

0.57 0.33 0.22 

_ 

0.75 

0.71 
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0.52 

0.53 

0.71 
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_ 
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0.27 

0.83 

0.44 

0.81 
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0.50 0.97 

0.87 1.09 

_ _ 
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0.93 
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theuat~+~~uecomplbdi~~l~III. Goodtoewlbntcomldionwr.obtainedforallmax@10,for~hthr 

correlation Is sl%wuMy. I_, ~~6,7,~l4ghnrlghtly~loOR2vrkwuddg~kltwF 

valueswRhtheaa&ng~substibrsrrt cu&antsthanwtthany conwwbnofdualsubstihwnt~ dutwdfrom 

replacement of pwbdbdd bnzenm Clwtorfarewkwarmmutad ealibrreqxwtsofa+8nduvahKlBforthaso 

he#erocyclw and a wmpahon of thvw wtth a~%/aluas remala mxpochd dmilatitiea For the ebctronduMng 2-ik~ryl. 

2-pyrtyl. 2-thlenyl, 8nd 3Men$l group& the comparwn b u foHvw8 (aubstltwnt mean a* value, no. ol cbtwminatio~ 

u’3k 2-futyl. -0.79. Q, -1.01; 2-pyTryl. -1.66.4. -2.e 2-thienyl. ~.76.12.0.79; and 3-w. -0.42,10, -0.40. The 

u’3valwafor~urd34hknyl~wrywdl~~a*vrlu~*~for2-furylud2pyrryl~~ 

negative. Thecomparkonforths ~mrvlngpyrldylglw~b~foll~~~~u~,no.ot 

% - ml3 + c (41 

determinations, u13k 2-pyrMyl. O.TI 7,0.8& 3-pyridyl, 0.63.6,0.60; and 4-pyrldyl. 1.14,6,1.18. Thus, the u13 

vahlesforthesamfAmmmt gmupraccordwywellwithmean~vrlwa Inthkmspeck013valua8forth0 

heterocycles resew 013 values for pw8wbatitured knzenea Nonathel~ in vbw of the limitaUona of 

Interpretation Imposed by singb parameter corr&tiohs, Uw determination of replacemant substituent constants for the 

various dual pammeter treabnentsbofi~ 

Dual Substltuent Constants. The present data can ba combined with previously reported rasuk to establish 

appropriate dual substtiuent coMantsforusaIneq5-Q.Wahavaalreadydetermineda, flandh(orf,r.andh)vaiues 

Table III. Single parameter correlations according to eq 4. 

titles r C lOO# F n Ea 

3 3.649 97.02 

4 5.075 82.11 

6 4.057 111.59 

7 4.423 103.10 

8 4.216 109.69 

10 2.889 142.21 

11 4.355 133.60 

12 4.466 125.90 

‘+) 14 2.717 127.61 

15 4.308 95.24 

16 4.807 133.24 

17 2.818 121.59 

1g 2.QOO 122.68 

20 3.104 119.27 

22 4.148 131.36 

~SaatextckicribingDSpNLRcMnhtknr 

99.40 487.4 5 -0.58 

97.43 149.7 6 -1.13 

99.83 2971.1 7 0.86 

99.97 14737.6 7 416 

QQB3 1204.7 4 -1.07 

95.70 111.2 7 -0.99 

97.74 216.5 7 -1.06 

98.64 424.6 7 0.96 

98.98 496.1 7 _ 

99.64 829.5 5 -0.70 

97.87 229.8 7 -1.00 

98.99 488.3 7 -0.48 

98.65 364.2 7 -0.58 

98.36 243.6 6 -0.62 

QQ.71 1691.0 7 _ 
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substlturrrtoomtanm foraQhmtlhete~entalbpwlomJngacormb6onanalysbbetweenlhe~valweforthmp 

vlnyllccarbona~ot~~llccompoundud~~~a,aurdh~tor~~~~ffl. IntHe 

% - =al,x + f%x + h (5) 

6x - =q,x + BaRo#x + h (6) 

6x - ==ls( + @JR0 + h (7) 

% - =9,X + BURfx + h (8) 

% - 6% + rRx + h (9) 

~~~~otaurdguequrduR(orFculdR),~. TolnsurethatthehebmcyeUcd~fltthe 

sameurleaslhatfortor- bewnw,~-hwascormlatadbybastequamsanalyslswithaand~uslnQa 

zero-lntercapt modal. Accordlrgly. the chemical shifts for each ofti 7 heterocyclk QrOUpS wwe used with each of the 5 

rquatlons. The mplacement substltuent cowtants of the varkus types thus detwmlned are collecW ln Tabb IV. It 

shouldbenotedthatbecause q~~kr4ot~~ations,~qvl*rwdKmn\kr~~bl~a~ndur 

averaQevaluaforthe4sapamtedeterWMlons Aslngbvakebobtalnadforrachoftheothwconsbw& 

[ as reDlacemant for Dar&substltuted 

brnzenep, 

constant 

Substltuent 

2-Fulyl 

P-Thlenyl 

3-Thlenyl 

2-pyrldyl 

spyridyl 

4-Pyridyl 

q UR+ URo UR(BA) =a F R 

0.54 -1.44 -0.60 a.91 -1.46 0.99 -2.51 

-0.10 -2.30 0.62 -1.31 -2.49 0.52 -5.09 

1.81 -2.41 -1.06 -1.a -2.32 2.49 -3.60 

0.59 -0.97 -0.39 -0.55 0.90 1.04 -1.57 

1.65 0.84 -0.45 -0.6!j -0.60 2.09 -0.24 

0.35 0.10 0.04 0.13 0.24 0.57 0.63 

0.92 0.07 -0.01 0.03 0.31 1.22 1.09 

To test the validity of ths dual substlhrent ~thusobW~,~data~r~lyEedcdl~lywithsach 

equatkn. Thmsultsoftheseana@asareshovmlnTabl~V. ThbtpbkQ~~100FP2ValW(i006nvs~co~dent 

ofdetermlnatlon)andFvlrlw(~squ~ot~modddM~by~~squaretortheenor)foraachrodelwltheach 

SOricw. The aVeragO 100 R2valws for Oadl mahod UO = fdkWSZ Ul + UR+, 86.e UI + URO, Q8.m UI + UR(m) 

99.17; q + am QQ.17; and F + R, QQ24. Interestingly, q + UR+ Qave the best results for series 1S; ul + URo were best 

forserleP8,10,14,17,19,urd20;ul+UR(~)~r~b~strw~11,12and18;andF+Rwcwetu~lorfor~rles 

3.4,6,7, and 22. Based on UIO swan values CM above, howwer. F + R provldd tlm best overall comlatlons with both 

types of taplacermnt constants. A~aln, this accords with our prwkus finding that F and R Qavr, sll~htly superior corrwlatkw 

for both par, and mofi+substltuted benzenes 

The use of the UR+ for dectron donors and OR- for dectrorwithdrawing ~muw was omployad lnltlally because lt 

seemed to ghm full wqwwskn to resonance effects regardless of ths demand at the reaction (obsetvatkn) site. lts use 

~prom~by~~~nndkrgof ~oR14thatQoodcomktknsof~~icalshMof~pvlnyllcwbon 

atom In fi pdlchkmstym~~ wtUlclubstituentc~raqulr~~uwofbfor~nitroQroup~a+for~r 
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Method 
Aa eb CC od E' 

series lOOR F 1OOFP F lOOR* F lOOR* F lOO# F 

3 99.82 598.0 99.97 3355.2 99.98 2330.8 99.93 1442.5 99.96 2449.4 

4 99.52 308.8 99.28 202.3 99.53 358.4 99.85 424.4 QQ.85 429.8 

8 84.73 11.1 99.50 3987 99.47 377.8 99.80 493.9 QQ.77 888.7 

7 88.14 12.4 99.48 388.3 99.72 700.4 99.79 940.8 9Q.m 2933.1 

8 QQ.07 53.0 99.98 2031.4 99.88 158.2 99.45 90.7 9Q.84 140.3 

10 84.01 10.5 98.94 185.8 98.03 48.4 98.25 51.3 965758.2 

11 80.28 al 95.39 41.4 99.13 228.8 98.92 184-o 98.44 128.3 

12 82.74 9.8 97.01 84.8 99.88 582.5 99.59 483.0 QQ.31 28al 

14 87.48 14.0 99.04 207.0 98.51 132.1 98.43 125.3 Q8.87 174.7 

18 99.93 1383.8 99.75 3Q3.2 99.81 257.1 99.83 591.8 9Qso 499.2 

18 83.53 10.1 95.89 44.4 99.18 238.7 99.04 208.8 Q8.50 140.4 

17 89.28 18.8 99.72 721.4 98.91 180.7 98.98 189.8 9Q.43 350.4 

19 87.05 13.4 99.27 270.3 98.89 150.7 98.85 148.2 99.13 227.3 

20 82.75 7.2 99.77 852.4 99.72 538.1 99.89 478.3 QQ.72 533.3 

22 84.05 10.5 98.77 180.2 99.77 871.0 99.82 1082.9 99.82 1088.1 

aq+ qq+. hq+qp. =ai+aR(W dq+qc& 'F+R 
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Non~~ItwrsdI~to~ply~DSPNLRmahodto~p~nt~to~~Ifkn~in~o~~ 

conellatlo~couldkobtnlmd. Such~~nt~~In~~~~~Efor~vpriolavinyllc 

sIdechaIns CM be calculated using the suggested procedure and the pmvbusly obtalmd 1%~ abeorption data for 

p-substkutad stymnea” These I&MS, ukulated to the nearest 0.01, am lnduded ln Tabb II. Mewstingly, 

application oftha DSP-NLR method to the hetarocycllc data using the ~vaiws obtained In this manner permits the 

separateandyslsof8lldat8foreachhubmqda ThlscouldnotkdoneuslngotharDSP8pproachasbecause0ftha 

w~~ofqMdCIR~(orF~R)for~~~throughout~~~ Tt~DSP-NLRmsulbam 

collected ln Table VI. The 2-furyl data glvu an axcdbnt cormlatbn and thosa for 2-pynyil. 3pyrldyl. and Qpyridyi glva 

good cormlatlona Perhaps not swprlslngly In light of the fomgolng, 2-thlenyl, 3-thienyl, and 2-pyMyl give dlstlnctiy 

Jable VI. DSP--8 
Substltur~ 3OQXR2 _E 

2-M QQ.11 610.8 

2+wYl 97.00 129.6 

2-Thlanyl 82.73 26.3 

3-Thlsnyl g4.48 102.7 

2-qnldyl 96.02 845 

3-qrrldyl 97.37 184.8 

eqrriw 97.02 162.9 
a&hwasaUovmdtomglassonq+uRd(leqp). lIwvaluesofhwamobtalmdfromthelntwcepBoftha 

mgr&sdo~ofq(onq+qbr&w#siibstkwd~e!’ws. eti=wmobtainedudescribedkrthetiti. 

poorermsutts. Thlsapproachcouldbadto ewomous resutts through swaral posdbla scurcos of war which cannot 

atpresentbedlstlnguWmd. ~pmvbussu@clonthmtu~forthelatbrthmoheWocyclesmay wtmfiect8 

compbta separation of msonanca effects Is one possibb aourca. Unappmclated ring anisotropks ar other geomatrlcai 

aflkcts could ba dgdficant Finally, It may not be appropriate to utillzo the same E values for the skIa chains when they 



Ethylenes bearing heterocyclic substituents 4111 

AsM~~d~probl~uidngtrom~~dmrltlpbuR~In~DSP -wevhae 

proposed that the defkbnclee are dmply rooted In errore In the eubew&constmla2’-24 liowww8mawyeleof 

thepfwa&&wbenzened8ta@Jnltheprrvkrarrepolt”uelnghledandqgeveoorrda- --to 

thoseofDSPtreatmenteudngTaftecew%xtheSwalwptolltrwment using the updated F end R velueal5 Again, 

this reinforces the vkw that no elngle eet of DSP con&ntecanbedevlaedthatwlllbeu~lyepplkabb. 

Go~~26hsr~~~~rpr~ndwhy~du~p~r~af~ effectefails, 

but the epplkation of hb interpretation to replacement eubeUtwnt con&ante is not obvious 

Conclusions 

The 13C nmr method for delifining eubetiluent con&ante b applkable to replacement co&ante for heterocycllc rings. 

For the 7 heterocydk replacements con&bred In thle report, the beet set of slngb eubetituent constants bone in whkh 

constants for dectrondonatlng groups reeembb u+ vaiuee and those for dectron-wlthdrawing groups reeemble fl 

values Valu~srqand~MriwauRscalesfor~TaffDSP~~ntscM~~~l~by~13Cmahod. 

ul and URO valuee found by the present method do not In the main, agree with elmlIar values prevkuely reported from the 

analysis of Infrared adsorptkna Swain-Lupton constants F and R. provide ellghtty arperior mu correlationr compamd to 

thoseofanysingleDSPtreatment. ThoDSPNLRmethodcanbeappliedtothopresentresults~EvalueshaM 

been determined for the elde-chalns from correepondlng eubetlMed styrenes The reeulte are poeelbly lndkatlve that a 

separation of fleldlinductlve effects from resonance effects hae not been achieved for *-thlenyi, 3thlenyl. and 2plrrklyl. 

The other four heterocycllc attachments ara unexceptknal. Afanae’ev co&ant& d and a, do not lmprow correlations 

of t3C nmr data over those of approprinte Taft con&ante In DSP twtmen& Desplteappamntinternallnconsletenclesin 

the values of F and R con&ante. the SwaitvLupton treatment of heterocyclk replacement cot&ants seems to be the beet 

overall method for correlating 13C data. 

1. 

2 

3. 

4. 

5. 

6. 

7. 

8. 

g. 

10. 
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