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Cne of the many consequances ol the concept of cardenium ior intermediztes and of the ienization
aypothesis in gemezral has besrn the estzblishmen® of the {dea thar the first atep in sueh reantions
iz ~he rate de-armnining Dne.l This didez, In ~ara, musl kave 2 cause and ellect relation wish the
‘nitial esltaslishmert of the practice of deriving wechanistis infermatior in 2o welyies from a aompa-
rison of affects e ovorall reaction rates, a8 lor exdiple In Lhe case of isotope erfects.? Chvious-
1y, LI procuct _ormetien is determined afrs» a comman and »ate detewpining step, then isotope or
cther effacts measurcd on giuch vrotes woutd rol be offecled Ly Lhe formation of dillerent products
nor by any cianpe in their relative yields. In —he reverse saze, howaver, ovarall reaaction rates
and effects on —hem aould prove te depend on Lhe differsul praoducts and —heir ylelds: hencs, unless
Liis faz-or ls —aker intc account, effects eon razee of selvolytic reactions inciuding ~F covrsce iso-
tape affestz canld prove to he ‘neenclustve er misloading.,  The Zdeas aboul golvely.ic inlermediates
have undergone developments, bul he quczptance of arvate 1imiingstep preceeding praduet deterrining ones

B . d=4 ., - - P
;oanlvelyaas Yar gurvivesd, Similerly, and zver merc 50, The practiee of deplvicg aechanis_ lc

inforuwalio, from & comparison of zilects on cverall »zaction rates has remzirsd mepe or Lessin wide
vae 1T aven though “t i3 recngnized —hat the same steps ray ho determiniag both races zod products
In many solvolyees invelving intermediatss and of course in those that de rot.

dur Zong held okiscticna o gome aspenta of tho donlzatlen hypothesis and resulling Cevelopnents

. . . E .. Ba - - .
includiag Lhe above practice lec to ie supygestisr’ ' that <he study of effects on overzll veacti-

e rates wanld banaf't If supplamented by the study of these coffoots on Whe parllal rale conglants

Lo Lhe Tormatlon ol The individuel reactlon products, k. {eg 13, This commarlcation illastrates
LD = I | pTeaus o3, K

Ea . , . - . .
the suggested approach™ as apzlied In the case oF faotepe afenta, and upecifically to f-effecls
in tic ealvolysis ol 2-oulyl Lresyléle (I i €5% aquesus ethanol.
“he pseudo first ardse» gclvalytic hehavior of the wi-7e scivolysis allows —he use of eg 1 which
leads to eg 2. In Lless equations, k is the solvelytis rate vemstient [or the sverall reastion
k, = =2, ) < VAU = e SR hL AR ?
p 2y W, eyl = Oyl [/ E0 ] (9
while ki and f. are recpectively the selvalytle par.lal rete censtent and the mole lraction fcr
- —L
+he formazion of the ith preduzz. ILquation 2 gives what wlll be referwed to as M"iizsected fantepe
gll=zects™ (DIE), {Ei:H;(ET)j’ Iram rate acd procuct data; specifically, frem the kinetic isotope =f-
Tact for <he overall wveaction, EHIEQ‘ and <“he Tnotope affect on The male Frac=ion of aack indivi-
1azl produst (B 3 AE. ).,
duzl product ki]{}(-l)h
The suggezatad <etormiration and comparizsr of asiteh i=ntnpe effects on Ei'ﬂ, ane of othar ef-
Zects un Ei valuzs 1n solvolyllc resclievus, Is a guite lag’tlumate approach walch does nos cspsnd
e ary debatable asaunptisma, The interpretation, howsver, of suek walues is arsther watter wh”nh
depsrls on the mochanism ol Lhe reaction and partioularly on the relalion betwesn rate and procuct
dezermining ztepsz. MNeverttaleas, we suggest as a "uworcing approach' tha determination apd 2ompa-
risor ol DIE's Lhe very use and vorrelation of which siould ir itsels centribute to thedr intsr-
4391
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pretation as well as to a better understanding of isotope effects.

Following these considerations, 2-octyl bresylate (T}, 1—l,l,lﬁ§3, and I*S,B—QQ were synthe-
sized, and product and rate data for their solvclysis in 65% agueous ethancl were determined (Tablel)-
QkOctanol—l,l,l—Qe was prepared by the reaction of hexanal with the Grignard reagent of iodome-

thane-l,l,l—és. Ethyl caproate was reduced with lithium aluminum deuterides to give l-hexanol-
1,,].~§'2 followed by treatment with phosphorus tribromide to yield l-bromohexane-1,1-d, which reacted

2

in turn as the Grignard reagent with acetaldehyde to glve 2—octanol—3,3-§2_ The brosylates of

these two alcchols and of 2-octancl were prepared by the usual procedure.

The kinetic isctope effects obhserved are Eﬁ/kﬁd = 1.332 for 1-3,3-d,, and EH/£8d3:
I-1,1,1-4

These effects are similar to the respéctive isotope effects in the agueous ethanoly-

1.167 for

3
ais of 2-pentyl and lsopropyl brosylates which are: EH/EBd = 1.317 for 2-pentyl brosylate in 70%

2 2,7

k-

(V/V) aqueous ethanol; and = 1.18% for Isopropyl brosylate in 50% (V/V) aqueous ethanol.

/gy ;
The similarity of the B-<isctope effects is in line with the accepted” similarity in the mechanistic
pattern of solvolysis of these compounds. Thus, the interpretation given by Shiner2’7 to the iso-
tope effects of 2-pentyl and isopropyl brosylates is obvicusly supposed te apply to our octyl sys-
tem as well. According to this interpretation, the B-isotope effect in the scolvolysis of 3-pentyl
brosylate in 70% aqueous ethanol is of hyperconjugative origin. The significantly larger effect

of the g-CD, group than of the §“CD3 one has been explained as the result of a more effective hy-

perconjugatiin of a B-methylene group than that of the methyl group. g-Isotope effects have been
discussed2 also in terms of the percent of the maximum effect of 1.u6° (per B-CD, group} expected
for limiting solvolyses. These peorcents have also been related to the limiting EE.SNQ nature of
the reaction, although not as quantitatively and strictly as for g~isotope effects.2 Additicnal-
ly, these and other deuterium isotope effects have been examined lately in relation to different
possible rate determining steps.2

We now wish to apply our aforementicned approach to the present sclvolysis, Our isctope effect
and product data allow the caleculation of the "disszected isotope effects'" (DIE's) given in Table I.
Their examination indicates that they differ from the overall reaction kinetic isoctope effect
EHlkD as well as between them. Particularly pronounced is the difference between the DIE's for
the pathways involving elimination at the position of deuterium substitution and those for the
other eliminaticn or substitution reaction pathways; 2.g., I—B,Sﬁgg gives a DIE of 2.305 for cis-
2-octene as compared to 1.177 for l-octene or 1.21C for 2-octyl ethyl ether. Substitution product
formation 1s assoclated with DIE's which differ from those of the elimination products to an extent
such as 1,134 vs. 1.193 which are the respective DIE's for 2-octyl ethyl ether and cis-2-octene
from Ifl,l,ljgg. Differences between the DIE's are observed even between the substitution products
themselves. However, the difference iz small witha slightly higher effect for the alcohol than
the ether product; e.g. I—_‘L,l,l—_@_3 gives a DIE for Z-octancl of 1.162 as compared to 1.134 for 2-
octyl ethyl ether. Even between trans~ and cis-Z-cctene formation there scems to be a slight dif-
ference in the DIE's which for I*l,l,l—g_3 are 1.170 for the trans-isomer as compared to 1.193 for
the cis-one, and 2.268 vs 2,305 respectively for I—S,SWQQ. The DIE's for the rearranged substitu-
tion products 3-octyl alcohol and ether are Important since these products must be formed by 1,2
hydride shift. However, the very small yield of these products, only 0.33 and 0.14% respectively

C e . e 9 . . . . .
(Tablie ). reduces the slgnificance of the values of their 2IE'sa. Yith this reservation in mind,

one can note that the DIE's for the formation of the two rearranged substitution products are hlgh
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TABLE I. Products and Isotope Effects in the Solvolysis of 2-Octyl Brosylate (I}, I-1,1,1-di,
and I-3,3-d; in 65% (Wt/Wt) Aqueous Ethanol at 54.0°

Product” I it ??i%i!i—dfromz 1-3,5-4 Ii%iiﬂéiigbc’q foiis 34
) 2978y 272" T
overall reaction 1.167 + 0.008% 1,332 * 0.009%
2-0ctansl 50.43 t 0,10 S0.64 £ 0.1% 55,06 + 0.16 1.162 = 0,009  1.220 + 0,010
2-0ctyl ethyl ether ©29.10 * 0.09 29,33 £ 0.17 32,01 £ 0.10 1.134 + 0,011  1.210 % G011
Trans-2-0ctens 11,03 % Q.08 11,38 + 0,08 £.79 t 0.08 1.170 + 0.014 2,288 + 0.030
cis-2-Octene 7.00 + 0.0% 6.84 * 0.06 B.04 + 0.03 1.193 + 0.014 2,305 £ 0.029
1~Octene 1.60 * 0,01 0.73 % 0.01 1.81 + 0.02 2,55 + 0,08 1.177 + 0.018
3-Oetancl 0,328+ 0.008 0,334 0,018 0.264% 0.010 1.1+ .08 1.65 + 0.07
3-Cctyl ethyl sther  0.139% 0.004  0.143t 0.003 0.106% 0,005 1.13 % 0,04 1.7% + 0.09

Products found stable to the veaction and 3C conditions. bValues given in relative mol% (absolute
recovery 100% within experimental error) represent each the average of over twenty GC determina-
tions (frem seven final runs) except for that of 3~cctanol which is based on few measurements.
“Uncertainties are standard errors for a 95% confidence intervel. 9Calculated Trom eq 2 from the
overall reaction lsotope effect ky/ky (first entry in the column% and the mole fraction (f3)y/(f1)y
obtained from the respective product yields given in the Table. “These overall reaction kinetic
isotope effects EH/ED are obtained from cur titrimetric rate constants for the sclvelysis of I,
IT-1,1,1-dpand T-3,3-dy which arve vespectively fas k ¥ 102 win™1) 5,425 + 0,023, 3.792 + 0.017,
and 3.323 ® 0.020. These rate constants represent the average values from between twelve and
eighteen rate constant determinaticns for each ester made by the pH-stat technique.

when the migrating hydrogen atom is substituted by deuterium, e.g., 1.65 and 1.75. However, they
are not as high as the DIE's involving elimination of the same hydrogen atom to give the olefins
which are of the order of 2.30. Finally, one can alsc note that the E—CD2 group glves different
DIE's than the éfCDS one; €.g., the DIE for the formation of Z-octanol from I—S,Qﬁgz is 1.220 as
compared to 1,162 from I—l,l,l-ga. The respective values for the formation of the 2-ether product
are 1.210 and 1.134.

As discussed In the introduction, the above determination and comparison of such "dissected iso-
tope effects" is free from any debatable assumptions. We could thus terminate their discussion at
this point since their interpretation would require information on the relation hetween rate and
product determining steps which is not available; inceed, although a rate determining first step

- . . 2 . . .
leading to an ion pair has been suggested,” 3z definite answer is not available.ub However, and
for the purpose of an eventual understanding of the DIE's and mechanism of this solvolysis it is
worthwhile to attempt to interpret these DIE values by applying the assumption, introduced as a
"working hypothesis and first approximation™, that "rates and products are deterpined in the same
steps"” or that "the same factors are reflected egqually or proportionally in determining rates and
products™. This assumption which alsc renders the DIE's in our system into kinetic effects as well
allows their direct comparisen with the overall reaction kinetic isotope effect EH(ED' However,
it sheould be kept in mind that the results of this comparisen can be only tentative ones (since a
hypothesis is involved) and are a stimulus, and subject to further investigation. Such a compari-
son suggests the following: (i} The cbserved kinetic isctope effect EH/ED = 1.332 for 1—3,3j§Q
(and to a smaller extent the value of 1,167 for I-l,l,lfga) dces not represent a single or single
reaction isotope effect nor just a secondary one, and is not just of hyperconiugative eriging in-
stead It is a composite effect made up of widely different Isotope effects for different veactions,

ranging from a high value of 2.305 for the formation of cis-2-ocrene down to 1.177 for l-octene,
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o innludaa tha nentribution oF primary Jsctepe effects associated with the formatien of clis- and
trans-i-octenesy (11} The sevondary @-deuleriun ilzvlops eflect of Lhe _E’;_—CD2 group, which 78 asneni-
ated {mair’y) with the formztisr of the Z-actyl alcohol and etksr, i indeed larger —han the ras-
pective ilsotcpe ellect of Lhe §~033 grodp ledading Lo Lhe same products; however, the diffocroneoe
between them far from being as large as that of the sbserved kinetic isotope effeects (1.5332 wvs
1.IB7} iz oniy e.g. 1.220 ve 1,152 {Zor Z-octancl). Tae largs diffarenca hotwean The Fovmrar wa-

lues iz due rainly to the naigh contrzibgtise from pricary izetspe sffects to the Ilsotops effect of

the B:QDZ group (1.232}; (111} Dur “irdings and sugeeation That the —run sceondary f-doutorium
isotope effects in our system ars sma’_ls> than the observed kng values introdoces sone doubts a-
bout the sacondary nature aasumed for the Tantopn affoat o 1,45 cbanvved ir the TriElnorsaceto-
lyels of isoprepyl brosylate which is used as a relerence and wasximun expsctad secondary B-deute-
riur laotope offosr (peor CD5 grnnp};2 hence, this suggesTZon may ales rodify the meaning =nd

significance o. The "percent <! the paaimun esfect ol 1.46", r terps o which -eflects are some-

timen df:(uﬂaad.z

AddiTional comments and numzoous Lopoleallons of the preszent aporoavh énd fiadicgs will Lave
ta walt artil an arawer iz affewed to the aforemerticned hypotheais. Ore of the Lines of approsch
to tais end ancunts to exiending the above dizsection ol dlsstops 2l ecls to othep psacllion condi-
tfoma ard ayatema. Tf a conaiatent and ~ansonah’c picturn omowpes “rom a0 corrcelatior of such DIE's,
this would in Ile=lf poovide & tesl ol, and evidarce lcr this hyocthesis and its significance; mowe -
over, it weuld contribute to = better understanding of isoTsps =ffects and of the mechanism of 3nl-

velvtin renations.  Werk a“ong thazsa “dnes 13 in progroas.
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