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Abstract - Relative rates k, and keq of addition reactions to title ccmpo~& 
have been measured in eight different reaction conditions. The effect of chan- 
ging the axial substitint in the positicn 3 and 4to the carbcnyl group frun 
-H to -Me and -C02R is described. Data show that stereochemical pet ratios 
(kax/keq) changes originate sanetimes frun uneven increase (or decrease) of 
bothkaxsndkeq and sccetimes from their divergent change. 'lhis lastcasepoin- 
ts to a differentnucleophylicvs. electrophylic character of the axial and 
equatorial attack. 

Inspite of the large experimentation devoted to the effects of substituents on reactivity s~oh 

remainstobe under&o&about theirbehaviourin the cyclohexane systemand abouttheww they 

transmit their influence to the reacting site'. In factmostof the reearlts thatappearedin the 

literature c‘ea: with the ax/eq attack ratio changes with changing the substituent. 

Few kinetic data allow to distinguie'? the effects a substituent change p-es on the axial and 

on the equatorial side of the ring. And, what is more, the flexibility of the system se1dr.n gives 

firm groti about the equatorial or the axial ccnfonnation of the substituent itself in the reac- 

tion transition state; the choice of the particular reaction condition can be crucial with this 

respect, mainly so when the substituent is a polar cne. 

duction and addition reactions3 on cyclohe 

Fxarples of this kind relative to NaE!H4 re- 

xancnes are linom. 

Tn the present paper we describe the results we ~Mainer! for naacticns of: 

1) ?WgI in Et20 and 2) in C6H6; 3) Me3Al in C6H6 in the ratio 1:l to the ketone and 4) in the ra- 

tio 3:l to the ketone; 5) MeLi in Et20 at 20°C and 6) at -78OC; 7) Me2CuLi/lleLi in Et20; 8) Me2Zn/ 

21Q12 in Et20, with: 

i) trans decalone- (1); ii) trans lO-nethyl decalone- (2); iii) trans lo-carbethoxy decalcx-~s-2 (2) 

and iiii) trans lO-carbceethoxy decalone- (2). 

RESULTS 

Reaction pmc&ts 

The pnxiucts of the addition reactions are invariably: 

fra ketone 1. alcohols 1' and 1" already ~wM~; frunketale~alcohols~' and2"alreadykrKM5, 

frcm ketoester 2, alcohols 3' and 3" and 1actcn-s 5 (see experimental for their identification and - 

spectral characteristics); fran ketoester 4, lactone 2 (see experimental for its identification 

5 A discussion, based cn orbital control, of the effects a substituent in the 4 position exerts on 
the reactivity of a cyclohexanone can be fti in a recent paper by Cieplak'. 
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and spectral characteristics). 
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Reaction orders 

In all the above mentioned reaction cmditicns (except Me3Al 3:l') we &tem.l.ned whether caqmm- 

ds 1 aold have the saw rezticm order. lheir relative reactivities have been determined at 20% in 

carpetltlve re&.Aions on equimlecular ammts of them (total ketcmlc comzntratim .2 M) using thxm 

differentc omentratiom of the added reactmt. Forreactla~withGrignard reactmtthe ccncmtra- 

tscms were .3; -03 and .006M. lhe resultshave been&tainedbyGI.C determination of the reaction 

yields (vi& infra). 'lhe relative reaztlm rates kl/k,, carputedhypothesizing thatreactlcns are 

first order In ketone both for 1 and 2 wzre .9; 1.0; 1.3 for reactions In Et20 and .9, 1.1 and 2.7 

for reactions In CSHS. Similarexperlmntswith alunlniunmdlithiun reactants shzwedrm sigrdfican 

changes In the kl/k3 ratios. lhis beim-iour is analogous to that of 4-cartxmethoxy cyclohexanme and 

mans thatreacticnswlth ketoester3canpmceed (mainly inCSHS) with anhigherorderln reactant. 

thsn reactions ofsinple ketones. Since for reacticnswith&MgI the stereo&end cal pro&& ratios 

(3"+5)/3 &es not change (see Table 1 for the actual values) with varying the concentration of the --- 

addedreactantme mstconclude that both the axial and the equatorial attack reactions onzhave 

the same reaction order. As in the already mticned case of 4-carbcmst.hoxy cyclohemme w prqm- 

se that (in CSHS) a Grignard reagent molecule is ccnplexed by the ester grcup in an unpmductlve fas 

equilibriun having a large K and preceeding the reaction at the ketcmic group as deoicted In the fol 

lowing eplation (pertinent to the 4-cartxmtho~ cycltiximom): 

OMgX 

H3Cb ..o. 
PQ. c 

X ‘0’ 
‘CH3 

CH3+ H3C\Mg,0*c&M*19x -products 

x’ “0; 

CH3 

5 For a dlscusslcn about the feasibility of carpetition experiments with Mz3~ see'. 
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the above results indicate that the 4-carWmethoxygroup, evenwhen forced in the axial ccnforma- 

tim ismt able to acccnpap-ur the ca@exedGrlgoamd reactentto the ketcmic group asitdoes in 

the case of open chain, more flexible B-ketoesters7. For these last ones we proposed7 (reactions 

in C6H6) a cyclic trmsitlon state ccntainlng a single Grigmrd molecule which works as alkylati@! 

agent too. ‘IhIs is not the case for caqmu~I3whose alkylatim, both in the axial md equatorial 

side, necessitates of mother molecule of Grignard reactant thus making it inpossible to change 

reaztim steremhemistrybyvarying the added reactant concentration. 

Relative axial ahd equatorial reactlvities 

a) In the above mentioned reaction cmditions (l-7) we performed carpetitive reactions cm eouhmle- 

cularmmts ofL,2and3. Reactionmixtureswere exminedby CLCmasuring the areas of thepeaks 

corresponding to caqxnx~ds 1, 1'. 1”; 2, z’, g’; 3, 3’. 2’ and 5. Each area was divided by the cor- 

reqxmdlngrmlecularweightand the obtainedvalueswere used for calculating the yields of each 

carpeting reaction. Reacticmyieldsvaried fmn nmto nmsndcnly data frm reacticnswithyields 

rmglng frun 20to SO%wre used to carpute relative rates. these were calculated assuning thatreac- 

ticns are first order in ketone for allketonesg. 

b) Analogous ccqetitive experiments were performed on equimlecular amounts of 1 and 3. Areas of 

peaks correspmdimgto conpomds~, L', 1”; 4ahdcwer-e measured this time. Datawere handled as 

above'. 

Fxperlmental data are collected in Table 1 as a mean of at least three sepa?ate experiments. Re- 

lative rates k mdk =ofTable lwere computed taking as cm k 
eq 

ax of cw 1. 

Table 1: Stereochemical product ratios and axial and equatorial relative rates of addition 
reaztions to decalcoes (1 -A) 

~1UlIl.S 1 2 3 4 5 6 7 8 9 10 11 12 

LSIXS Seactant Stermckemical pm&& Overall rates Relative rates 
ratios (k /k ) ratios k k 

ax eo eq ax 

, I L 
l"/l' 2"/2' (3'1+5)/3' kl/k2/k3 -- -- --- kl/k4 11 2 f! 123 

1 &MRI .44 .% 1.0 l/.73/1.10 111.03 2.3 1.5 1.8 3.4 1 .9 1.8 

2 @%I .40 .51 .97 l/.70/1.14 l/2.5 2.5 1.6 2.0 0.7 1 .8 2.0 

3 Me3Al(l)a .27 .33 .X3 l/.38/.56 l/.44 3.7 1.3 2.0 2.1 1 .4 .7 

4 lule3Al(3)a 2.60 4.40 2.60 1/.8f/1.04 l/.24 .z: .2 .4 .3 1 .9 l.oE 

5 MeL.ib .44 .57 2.56 l/.94/.98 l/.78 2.3 1.9 .9 2.6 1 1.1 2.3 

6 MeLi' .33 .36 2.43 l/.97/1.03 l/.85 3.3 3.1 1.3 3.6 1 1.2 3.2 

7 Me2CuLi .12 .16 .68 l/.68/.67 l/.58 8.3 5.4 3.7 5.4 1 .9 2.5 

8 
Me2zn 

.97 l/3.55 1 7.2 1 

&Xtions of liner 1, 5, 6, 7 ark' 8 were perfomd in Et20; reactions of lines 2, 3 and 4 in C6H6 
a) Patio Me3Al to ketone 
b) Reactions performed at 20°C 
c) Reactions performed at -78V 

5 Preliminary single ketone experiments cmtited in presence of GIG stmdards showed that material 

balance (1 .e. the sun Of starting pmduAs and final pro&&s) was always mater &m 90% of the 
starting mterial with the exception of ketosster3 in re~tlm cmditicn 6. For this reasm Table 1 
lacks values of colums 2, 3, 4, 7, 8, 11 and 12, line 8. 
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DISCUSSION 

A number of observations can be done about data of Table 1: 

a) Changes in the stereochemical product ratios mng columns 1, 2 and 3 may have different cau- 

ses. Sanetimes they originate from uneven increases (or decreases) of both k and k 
eq ax’ and sc+ 

metimes fmm divergent changes of them. For instance, increases in lines 1 and 2 between CO~~JIU-IS 

2 and 3 are due to uneven (mostly axial 1 increases of k 
eq 

and kax (compare changes between c* 

lumns 7 and 8 to those between calms 11 and 12, lines 1 and 2). On the other hand the increa- 

se 2.6G-4.40 between colunms 1 and 2, line 4, is mostly due to a decrease in k 
eq 

for cmmd 

2. On the contrary, one can easily see that increases frwn column 2 to column 3, lines 5 (and 6) - 

is due to divergent changes in kax (increase) and k eq (decrease ) ( ccmpare changes between columns 

7 and 8 to those between columns 11 and 12), and that an analogous divergence causes the increase 

from column 1 to column 3, line 7 ( decrease in k 
eq’ 

increase in kax 1. We shall discuss later the- 

se divergences in more detail. Other similar examples can be easily found in Table 1. On the whc+ 

le they suggest that sare care must be used in handling sterecchemical product ratios in mechani- 

stic discussion and that whenever possible k and k 
eq 

ax should be separately measured. 

b) Changes of values from columns 6 to columns 7 and 8 represent the effects produced by a -H 

-Me---C02R (all axial) change in the ring position 4 to the ketonic group on k 
eq’ 

that is on 

the reactivity of the molecule on the same side of the substituent. Figures show that always the 

bulkier axial methyl group decreases k 
eq 

with respect to the hydrogen substituent. The 11y)re elec- 

tronegative ester group increases again k 
eq 

values with the noticeable exception of reactionswith 

lithiated reactants which show a further decrease of k eq (lines 5, 6 and 7). Ab initio calcula- 

tions8 showed that 0-Li bond is well developed in the TS of MeLi addition to CH20 whereas the sa- 

me is not true for the new C-C bond. This suggested that MeLi addition to carbonyl group is an 

electrophylic attack in nature. This is in agreenen t with the lower k for 3 in lines 5, 6 and 7 
eq - 

but is contrasted by the increase in reactivity on the other face of the molecule (see changes 

from column 11 to column 12, lines 5, 6 and 7), which suggests, on the contrary, a nucleoohylic 

attack to the carbonyl group. This means that, inspite of the higher steric hindrance of the ax- 

ial attack, the new C-C bond is more developed in the TS on the axial side than the &Li one. 

Actually it is already kna*m that k and k 

2,3 
eq 

ax may have very different e values in free energy re- 

lationships . m present could be the first case in which equatorial and axial reactivity have 

different electrophylic vs. nucleophylic character. 

c) kax always increase with the change -!&a -a2.? on the other face of the molecule (columns 

11 +12) as one would expect for a nucleophylic attack to the carbonyl group. Smaller and see- 

mingly random changes of kax are produced by the changes -H b-Me (columns 10411). One ex- 

ception is found for reactions with Me3Al 1 :l (line 3) for which kax for ccsnpound 3 is smaller _ 

than for ccgnpound 1 (columns 1 - -3). This is the only reaction condition in Table 1 whose rate 

determining step is the dissociation, inside the solvent cage, of the adduct ketone - Me Al. 
3 

In 

all the other reaction conditions the slow step is represented by an attack of the reactant either 

to tne ketone molecule or to the ketone-reactant complex. 

d) The substitution -Ha- -C02Meax in position 3 to the ketonic group has most randczn effects 

resulting son&.mes in an increased keq (compare columns 6 and 9 in lines 1, 2, 5 and 6 1 and so- 

metimes in a decrease of k eq (canpare lines 3 and 8 with respect to the reference rate, k of 
ax 

compound I ). The rate change is the maxirrmm observed in the present paper ranging frun .3 to 8.7 - 

that is a factor 29. 
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FXP-AL 

Mps vex-e taken on a Kofler apparatus and are uncorrected. IR spectrawere recorded using a Perkin 
Elmer 457 spectmneter. lH and% m spectrawere recorded cn a WP-80-SY Bruker spectrometer. 
MS were recorded on a p,sHR Kratos MS-80 spectmmeter. lhe relative intensities of the peaks (in 
parenthesis)are referred to the most intense cne taken as KC%. GLC analyseswere carried out on 
aCar ErbaFKXCMsgaSeries 5300apparatususinga ZEm, .40 mn i.d. fused silica capillary cc- 
lum (stationary phase Cai%wax 20 M); H2 flow: .5 ml/min. We report, in sequence, the eluticn or- 
der of conpomds and the most suitable tenperature conditions (in parenthesis To-, TinJ=Tdet r-e- 
spectively): 1, i', 1" (85, 22OOC); 2, z', 2" (85, 2.%X); 2, z', 2, 3" (130, 22OOC); 6, 2 (130, 
220°C). ?he following program was used forCLC examina tion of caqxetition reactions between 1, 2 
and 2 and 1 and 4: Tinitial oven= 85OC for 5 min.; Tfinal oven= 130°C (heating rate 25'C/min.).- 
HPLC separations were carried out on a Violet apparatus equipped with a RI Jobin Yvon iota detec- 
tor using a 30 cm, 7.9 mn i.d. p Porasil colum. 
Starting materials 
CarpoundLwas synthesized according to described methcdsg. 
the methods of Dreiding and c0~rkers1~ andtoMonsong. 

carpoUnd2was synthesizedaccordlng to 

methods of Dreiding and coworkerslo. 
carpoUnd3was synthesized according to the 

mmd 4 was synthesized according to the methods of Stork 
and coworkers1'and to Haw~rth'~. 'Ihe purityofeach ccnpotmdwas checkedby GLC. 
Preparation of reagents 
Solns. of Grignard reagents were prepared by known methcds13, then diluted tc the desired cm. and 
kept mder dry N2. Just before use they were titrated14 by sampling the supematant clear soln. 
thrc.qh a rubber septun. lhe trimethylaluniniun (Fluka) was used without further purification. The 
ccnc. of the Me3Al solns. (in C6H6) was determined by titraticn14. 
was employed as received after titration15. 

Methyllithium in Et20 (Aldrich) 
Dimethylzinc in Et20 was prepared according to Jcnes 

and c0workers1~, kept under dry N2 and titrated before use14. 
Reactions 
All the reactionswere carried outunderapure dry nitrogen atmosphere and the glassware was ca- 
refully flamed and flushed with dry nitrogen before use. Tipically: a 2.3 ml of standard benzene 
soln. of Me3Al (.596 M, 1.37 nnkoles) was added via a syringe into a flask containing either 68 mg 
(.447 mrroles) of c-d 1 in 4 ml of anhydrous benzene, or the equimolecular amounts of cchnpounds 
2, 3 or 4 (with n-eicosane as GU: standard). Reactions lasted 1 hour. After this time, the reaction 
mix--s-were cooled (ice bath), slowly hydrolized with N&$1 S.S. and extrzted five tines with 
Et20. lhe ethereal solns., washed with water were ccebined, dried over Na2SO4, filtered and evapo- 
rated. Analyses of reaction mixtures by GlC were carried cut as described. The sane procedure was 
adopted for reactions of Ms3A.l (1:l) in C6H6. Reactions lasted 1 hour also in this case. Reactions 
with MeLl snd methylmagnesiun carpounds were carried cut in a similar fashion and lasted 10 min., 
whereas reactions with dimethylzinc 1ez:ed 3 hours. lhe yields in isomeric alcohols are invariably 
very high for reactions with Me& (3:1', andvaried frcm run to run in other cases. 
Ccqetition experiments 
'Ruee flasks (10, 50 and 103 ml) were equipped with wetic stirrer and connected by neti~ of a 
three-point star-rotating receiver to a graduated burette, gas-inlet and &Cl2 tube. 'me apparatus 
was carefully dried by flting it mder a nitrogen flow. each flask contained an equimolecular mix- 
ture of 1, 2 and 2 (.3 rmPles in all) dissolved in 3 ml of anhydrous ?&Vent (c&j or Et20). ‘he 
graduated burette was filled via a syringewiththe suitable, conveniently diluted reactant, and the 
stoichiceetric mt of it was added, under vigorous stirring to the substrates mixture. Reaction 
mixtures were then hydrolized and worked up as described, and finally exanined by GU in order to 
measure the relative areas of pro&cts and starting materials. In the c&w of ccrrpetl,.ive experimen- 
tsperfonnedoncanpcundsLand 4we used the same procedure. 
Isolation and characterization of caqomds z', 2’ and 2 

A reaction was performed using standard procedure adding the alkylating agent (i.e. MeMgI in Et20) 
to carpound 3 (403 mg) mtil almost complete disappearence of the starting conpomd (revealed by 
GlC). After&-kingup, the mixture of reaction products was chrcmatographedbyHPI.C uSing&Xane/ 
EtOAc 70/30 as eluant (Ip=7.0 ml/min.). We obtained, in the Order, the residual portion of starting 
material together with lactone 5 (70 mg), 18C mg of 3' and 90 mg of 3". The purity of 3'and 3" was 
tested by GLC. la&one 5 was subsequently separated frun compound 3by HPLc using Hexane/EtOAc 85/ 
15 as eluant, obtaini& mg of 2. Also the purity of 2 was tested by GLC. 
For c-und 3: m.p. 37-38OC; MS m/e: 53(19%), 55(23), 67(33), 77(1S), 79(34), 81(36), 91(25), 93 
(23), 95(18),-105(17), 107(19), 108(16), X9(18), 148(37), 149(103), 15X16),151(44), 155(26), 166 
(13), 170(20), 194(12), .225(21), 240(21), 241(4). IR spectra showed%'% an-': 3500_3XKbr, 294Os, 
286~s, 1730s, 1715sh, 146&h, 1455s, 137%. 132an, 126Cw, 1195s, 1175w, 1153w, 1125w, 1075w, 10%, 
102!%, 9%. 97Cm, 95cxy, 94Ow, 92&, 9G%. k m shoved the fOllowing peaks 8(0X4): 1.23 S, 3H; 
4.14 q, 2H (J=4.37 Hz). 13C rzil~ in cDc13 appm fm ?F1s: 14.5, 23.6, 26.6, 28.9, 31.8 (equatorial Me 
33.6, 36.1, 38.0, 40.1 (-CH), 42.5, 47.9, 59.6, 70.1 (ester Me group), 175.4. 
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For md 2': b.p. 114-116°C/5 mn Hg; m m/e: 53(28%), 55(33), 67(54), 77(24), 79(54), 81(50), 
91(32), 93(40), Q4(32), 95(40), 105(20), 107(28), 108(36), X9(33), 127(17), 135(42), 148(81), 149 
(loo), 150(50), 151(46), 155&4), 16;(16f, 170(64), 194(27), 195(X3), 222(12), 225(10), 240(15), 
241(4). IR spectra showed Y-4 an : 350Cr=r, 294Os, 286011, 1730s. 172&h, 146Qsh, 145&, 
137(kn, 131Cm, 1195s, ll&ow, ll!Xw, 112Ss, 108&, 105ow, 104Ckn, 1025n, loooW, 985w, 96cm, 9#, 90%. 
lH NMR spectra showed the following peaks a(CCl4): 1.25 s, .?+I; 4.15 q, W (J=4.37 Hz). 
13c NMR spectra in CCC13 (and in c6D6) appm from RIE;: 14.3c14.41, 23.4(24.0), 26.4c26.8) (axial t&j, 
26.4(26.9), 29.1(29.6), 36.0(36.5), 38.Oc38.4, 38.5), 43.0(43.4)(-cH), 4&2(44.7), 488.2c48.51, 59.7 
(59.71, 71.2t70.7) (ester m grcup), 175.1(174.6). 'Rx? 13C assi@wk?nts were made with the help of 
Dept ti?chniques for both cal@nwis 3' and $9. 
For ccmpomd _5: b.p. 67-69OC/5 mn Hg; MS m/e: 53(21%), 55(26), 67(36), 7X(21), 79(34), 81(273. 91 
(231, 93(34), 94(44), 95(54), 1076231, 1@3(36), 109(18), 135(lcO), 155(91), 194(18), 195(3.5). 
IRspectra showed vs4 cm-l: 297Osh, 29205, 286ow, 375Os,174&h, 145Csh.l44&t, 138Qn. 13&&, 
133&, 124011, 121chu, 110, llCXk, lOti, 106Cm, 104ow, 9Xw, 92Cw. 'HFBrIRin CDC13 showed a peak 

at al.38 s, 3H. 
Isolation and characterization of cm 5 

We perfomd a reaction on cwund 2 (1cO mg) using Me+ (3:l) until carplete disappeawxe of 
starting material. Afterusual wxkingupwe obtained 80mgofcanpound~vrhose purity was checked 
by GLC. 
For c-2: m.p. 60-61°C; MS m/e: 53f18%), 55(31), 57(45). 58(39), 67(29), 77(18), 78(31), 81 
(29), 91(25), 93(35), 94(27), 95(33), 107(23), 108(35), 109(18), l35(69), 137(s), 149(21), l50(1cO) 
151(82), 194(10), 195(3). IR spectra showedVz4 an-l: 2945s. 286&h, 178&h, 177os, 173Osh. 1455s, 
1450&x, 1385a, 136cw, 135&, 129fm, 128o*r, 126on, 1245w, 12X& IxCm, 1179, 1155m, 114Os, 113Csh, 
ll;?os, lOws, 10%. 1035m, 99cm, 975w, 96os, 94#n, 920s. 'HNrlR inCXL3 showedapeakat al.43 
s, 2i.i. 
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