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Hydralumination of the trimethylsilyl derivative of ter- 
minal acetylenes, followed by complexation of the vinylalane 
with methyllithium and subsequent alkylation, has several 
advantages over direct reaction, as in eq 1. First  of all, no 
metalative displacement of the silicon occurs and hence no 
R-C=C-AlR2' is formed. Secondly, the silyl group activates 
t he  triple bond to  hydralumination7 and  no regioisomers are 
formed.68 Thirdly, t he  cis or t rans  nature of the adduct (5 or 
6) can be almost exclusively determined by use of a donor 
cosolvent. Fourthly, the silyl group in 7 or 8 can be quantita- 
tively and  stereospecifically removed by acid, with retention 
of configuration,g to yield 2- or E-disubsti tuted olefins, re- 
spectively, Finally, such silyl derivatives can also be stereo- 
specifically bromodesilylated10 to provide stereoregular vinylic 
bromides. T h e  latter could be alkylated, for example, with 
a-allylic nickel reagents,ll to form heterotrisubstituted olefins 
stereospecifically. 

Our present, drawback in the alkylation of the cis adduct of 
the silyl derivative is the yield: allyl iodide must be used a t  25 
OC to  avoid partial loss of configuration, bu t  the yield of 8 is 
ca. 40%. If allyl bromide is used, the mixture must  be heated. 
A yield of allyl product >80% is then obtained, but,  where R 
= C6H5, the product is an 80:20 mixture of 8:7. Further vari- 
ations in the solvent and the Lewis base may remove this 
difficulty. 

Expe r imen ta l  Sec t ion  

Procedures and techniques for conducting the following hydralu- 
minations and related organometallic reactions under a nitrogen at- 
mosphere were those described p r e v i o ~ s l y . ~ ~ ~ ~ , ~  The preparation and 
hydralumination of diphenylacetylene,38phenylethynyl(trimethyl)- 
silane? and 1- and 4-octynes7 have already been reported. All starting 
acetylenes and halides, as well as reaction solvents, were dried and 
distilled under a nitrogen atmosphere before use. 

Three typicaH experimental procedures will convey the ease of the 
transformation 

1,4(E)-Unde~adiene. A solution of 9 mmol of 1-octyne in 20 ml 
of hexane was treated with 10 mmol of (i-CdH9)zAIH in 15 ml of 
hexane over a 30-min period. After several hours 9 mmol of CH3Li in 
ethyl ether and 35 ml of THF were added, followed by 11 mmol of allyl 
bromide. After reflux overnight hydrolytic workup and distillation 
provided 68% of the olefin [bp 37-38 "C (0.2 mm)]: NMR (neat, in- 
ternal MerSi, 6 sale) 5.25-6.10 (br m, 3 H), 4.63-5.20 (m, 2 H), 2.5-2.9 
(m, 2 H), 1.75-2.25 (m, 2 H), 1.07-1.65 (br s, 6 H), and 0.6-1.0 (m, 3 
H); ir (neat) sharp bands 915 and 990 (CH=CHz) and 970 cm-l (trans 
CH=CH). 
(E)-l-Phen:yl-2-trimethylsilyl-1,4-pentadiene.*~ Treatment 

of 3 mmol of phenylethynyl(trimethy1)silane with 3 mmol of ( i -  
C4Hs)zAlH in 20 ml of hexane, stirring for 4 h, and then the successive 
addition of 3 mmol of CH3Li in ether, 15 ml of THF, and 3.5 mmol of 
allyl bromide gave a solution that was heated at reflux overnight. 
Hydrolytic workup and distillation gave 90% of the product, bp 72-73 
OC (0.2 mm). 
(Z)-l-Phen~d-2-trimethylsilyl-1,4-pentadiene.~2 As in the 

foregoing, 3 mmol of the silane was treated with 3 mmol of ( i -  
CdHg)zAlH, but here the hydride also contained 3 mmol of N- 
methylpyrrolidine. After heating at 55 "C for several hours, the flask 
was cooled and treated successively with 3 mmol of CH3Li in ether, 
30 ml of THF, and 6 mmol of allyl iodide. After standing at  room 
temperature fox 36 h a GLC analysis showed ca. 40% yield of product, 
which was separated by preparative GC. This isomer possessed an 
NMR spectrum [O.O, s, Me3Si; 3.05, m with d ( J  = 7.0 Hz), CHz; 5.1, 
m, =CHz; 5.6-6.4, m, CH=; 7.28, s, aromatic + 1 H] different from 
that of the E isomer [0.2, s, Me&; 3.05, m with d ( J  = 5.5 Hz), CH2; 
5.0, m, appearing as d (J = 13 Hz); 5.56-6.12, m, CH=; 6.85, s, vinyl 
H; 7.15, s, aromatic]. 
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Recent progress of desilylative transformation has rendered 
vinylsilanes of even more importance as a synthetic inter- 
mediate leading to ketones and olefins as well as vinyl halides 
of rigorous stere0chemistry.l We describe herein a novel 
procedure for the stereoselective synthesis of the E or 2 isomer 
of 1-alkyl-1-trialkylsilyl-1-octene which utilizes reductive 
alkylation of 1-trimethylsilyl- or 1-triethylsilyl-1-octyne. This 
unprecedented procedure is a key for the selective synthesis 
of 1,2-dialkyl~inylsilanes.~ 

Reaction of 1-trimethylsilyl-1-octyne (I) with diisobu- 
tylaluminum hydride in heptane afforded a mixture of di- 
isobutyl[l-trimethylsilyl-1-(2)-octenyl]aluminum (11) and 
the E i ~ o m e r . ~  Treatment  of the reaction mixture with 
methyllithium and then with methyl iodide a t  room temper- 
ature afforded a mixture of 2-trimethylsilyl-2(Z)-nonene (111, 
R = CH3) and the E isomer. The  isomer ratio was dependent 
upon the  hydralumination conditions and was not affected 
by the alkylation conditions. Remarkably, however, 2- 
triethylsilyl-2(E)-nonene (VI) was obtained in 68% yield (E:Z 
93:7) from the reaction of the triethylsilylacetylene IV pro- 
ceeding via V.5 These results suggest following: (1) the primary 
cis adduct6 isomerizes to give a thermally equilibrated (E,  2) 
mixture; (2) the bulky triethylsilyl group influences the 
equilibrium so as to favor the E isomer (V) as anticipated from 
the reported cases;* and (3) alkylation of the ate complex is 
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Me,Si-C=C-(CH2)iCHJ 
I 
r.Bu2A1H Me.,Si\ ,(CHJ6CH3 

/c=c 
l-Bu2A1 \H heptane- 

ether 
I1 

V 

VI 

believed to  proceed with the strict retention of configuration 
a t  the olefinic carbon.' 

In contrast to  the above described cases, hydralumination 
of I in heptane-ether (1:l) gave stereoselectively 2-trimeth- 
ylsilyl-Z(Z)-nonene (111, R = CH3) in 88%yield (purity > 99%). 
This result is explained by assuming tha t  ether oxygen coor- 
dinates aluminum of the initial product (11) to  fix the stereo- 
chemistry.6 

Allyl halides such as allyl chloride, methallyl chloride, and 
2,3-dichloropropene afforded analogous allylated products 
(111, Z > 99%: R = CHzCH=CH2, yield 77%; CH2- 
C(CH+CH2, 84; CHzCCl=CH2, 77).9 On the other hand, 
such alkyl halides as ethyl iodide and butyl iodide reacted with 
the ate complex in only poor yield. Irrespective of these limi- 
tations, the above described procedure for reductive alkylation 
of 1-trialkylsilyl-1-alkynes promises general utility for ste- 
reospecific synthesis of alkenylsilanes. 

A strictly selective synthesis of 1,4(E)-undecadienelo is il- 
lustrating the synthetic utility. The, previously reported 
procedureId for exchange of MeaSi to  H proceeded with rig- 
orous retention and therefore 4-trimethylsilyl-1,4(Z)-unde- 
cadiene (111, R = CH2CH=CH2) was converted into 1,4(E)- 
undecadiene in quantitative yield. 

Expe r imen ta l  Sec t ion  

Infrared spectra were obtained using a Shimadzu IR-27G grating 
spectrophotometer. NMR spectra were determined on a Varian As- 
sociates EM-360 or a JEOL JNM-PMX6O with Mersi as internal 
standard. Mass spectra were measured with a Hitachi RMU-6L 
spectrometet at a chamber voltage of 70 V. 

1-Trimethylsilyl-1-octyne. 1-Trimethylsilyl-1-octyne was pre- 
pared from 1-octyne (0.1 mol) by successive treatment with ethyl- 
magnesium bromide (0.11 mol) in THF (reflux for 15 min) and tri- 
methylchlorosilane (0.11 mol, reflux for 1 h) in 88% yield, bp 62-66 
"C (15 mm), l k l l  98-108 "C (26 mm). 

1-Triethylsilyl- 1-octyne. Replacement of trimethylchlorosilane 
by triethylchlorosilane in the above described procedure gave 1- 
triethylsilyl-1-octyne in 98% yield, bp 86-90 "C (3 mm), lit.12 93-94 
"C (3 mm). 
2-Trimqthylsilyl-2(Z)-nonene (111, R = CH3). A. Hydralumi- 

nation in Heptane. To a heptane solution of diisobutylaluminum 
hydride (3.3 mmol, 4.2 ml of 0.79 M solution), l-trimethylsilyl-l- 
octyne (0.55 g, 3.0 mmol) was added and the resulting mixture was 
stirred for 16 h at room temperature. The reaction mixture was added 
with an ether solution of methyllithium (3.3 mmol, 3.9 ml of 0.85 M 
solution) at  0 "C, stirred for 20 min at  0 "C, and treated with methyl 
iodide (1.46 g, 10.0 mmol) at room temperature. The whole mixture 
was stirred at  room temperature for 20 h, diluted with ether, and 
poured onto dilute HC1 and crushed ice. After washing (NaHC03 
solution, brine), drying (IVaZSOJ, and evaporation, chromatography 

of the ethereal extract on silica gel-hexane gave a mixture of silylated 
hydrocarbons. GLC analysis indicated that 2-trimethylsilyl-2-nonene 
was obtained in 70% yield ( E  isomer, 111, R = CH3, 74%; Z isomer, 
26%). 

E isomer13 exhibited ir (neat) 1621,1250,837,751,691 cm-l; NMR 
(~~~~)60.03(9H,s),0.89(3H,t,~=6Hz),1.1-1.6(8H,m),1.64(3 
H, broads), 1.8-2.3 (2 H, m), 5.63 (1 H, q-t, J = 2,6 Hz); MS m/e (re1 
intensity) 198 (M+, 2),  183 (26), 124 (15), 123 (8), 99 ( lo) ,  74 (9), 73 
(loo), 59 (30). 

Z isomer (111, R = CH3): ir (neat) 1621, 1246, 837, 754, 688, 650 
cm-l; NMR (CCld) 6 0.10 (9 H, s), 0.88 (3 H, t, J = 6 Hz), 1.1-1.6 (8  
H, m), 1.72 (3 H, broads), 1.8-2.3 (2 H, m), 5.92 (1 H, q-t, J = 2,8 Hz); 
MS m/e (re1 intensity), 198 (M+, l), 184 (4), 183 (22), 124 (15), 113 (91, 
99 (lo)., 74 (9), 73 (1001, 59 (28). Anal. Calcd for C12H26Si: C, 72.64; 
H, 13.21. Found: C, 72.49; H, 13.21. 
B. Hydralumination in Heptane-Ether. To a stirred solution 

of 3.3 mmol of diisobutylaluminum hydride in heptane (4.1 ml of 0.81 
M solution) and 2.0 ml of dry ether, 1-trimethylsilyl-1-octyne (0.55 
g, 3.0 mmol) was added at room temperature. The mixture was stirred 
for 17 h at  room temperature, treated with 4.0 ml of methyllithium 
(0.83 M ethereal solution containing 3.3 mmol of methyllithium) at 
0 'C, stirred for 20 min, and then added with 8.0 mmol of methyl io- 
dide at 0 "C. The whole mixture was stirred for 20 h at room tem- 
perature and then poured onto crushed ice (HC1). Workup gave a 
mixture of silylated hydrocarbons [0.55 g, mainly I11 (R = CHs) with 
some contamination of 1-trimethylsilyl-1-octyne, l-trimethylsilyl- 
1-octene, and E isomer of 1111, whose GLC showed that 2-trimeth- 
ylsilyl-2(Z)-nonene (111, R = CH3) was obtained in 88% (containing 
<1% E isomer). 

2(E)-Nonene. A solution of 2-trimethylsilyl-2(Z)-nonene was 
tre?ted with constant boiling hydriodic acid analogously to the re- 
ported procedure.ld 2(E)-Nonene was obtained in almost quantitative 
yield. 

2-Triethylsilyl-2( E)-nonene (VI). Hydralumination of 1- 
triethylsilyl-1-octyne (IV, 0.45 g, 2.0 mmol) was performed with 2.7 
ml of diisobutylaluminum hydride solution (0.81 M in heptane con- 
taining 2.2 mmol of diisobutylaluminum hydride) for 20 h at room 
temperature. Successive treatment with methyllithium (2.8 ml of 0.78 
M ethereal solution containing 2.2 mmol of methyllithium) at  0 "C 
and with methyl iodide (1.42 g, 10 mmol) at  0 "C was followed by 
hydrolytic workup to give 0.41 g of a mixture of silylated hydrocar- 
bone. GLC analysis of the oil showed that 2-triethylsilyl-2(E)-nonene 
(containing 7% of thelZ isomer) yas obtained in 68% yield: ir (neat) 
1618,1234, 1016,718 cm-l; NMR (CC14) 6 0.3-1.1 (18 H, m), 1.1-1.6 
(8H,m),1.64(3H,broads),1.9-2.4(2H,m),5.64(1H,q-t,J=2,7 
Hz); MS m/e (re1 intensity), 240 (M+, 2), 212 (20), 211 (loo), 184 (lo), 
183 (58), 155 (9), 141 (lo), 127 (E), 123 (17), 115 (12),  113 (251, 101 
(45), 99 (22), 87 (55), 85 (15), 83 (IO), 73 (39), 59 (13). Anal. Calcd for 
C1bH32Si: C, 74.91; H, 13.41. Fdund: C, 74.83; H, 13.64. 
4-Trimethylsilyl-l,4(Z)-un~ecadiene (111, R = CHzCH==CHz). 

Methyl iodide was replaced with allyl chloride in the prdcedure for 
the preparation of 2-trimethylsilyl-2(Z)-nonene by hydralumination 
in heptane-ether. GLC analysis of the crude prodnukt indicated that 
4-trimethylsilyl-1,4(Z)-undecadiene (111, R = CHzCH=CHz) was 
obtained in 77% yield (<1% E isomer). Distillation [Kugelrohr, 
105-110 'C (2 mm)] gave a pure sample: ir (neat) 3100, 1640,1614, 
1250, 998, 911, 836, 759, 691 cm-l; NMR (CC14) 6 0.12 (9 H, s) ,  0.91 
(3 H, t, J = 6 Hz), 1.1-1.7 (8 H, m), 1.8-2.4 (2 H, m), 2.8 (2 H, broad 
d,J=6Hz),4.74-5.18(2H,m),5.5-6.0(1H,m),5.97(1H,broadt, 
J = 8 Hz); MS m/e (re1 intensity) 224 (M+, 2), 209 (2), 150 (5), 125 (91, 
74 (lo), 73 (loo), 59 (22). Anal. Calcd for C14H28Si: C, 74.91; H, 12.57. 
Found: C, 75.09; H, 12.70. 

2-Methyl-4-trimethylsilyl-1,4(Z)-undecadiene [111, R = 
CHzC(CH3)=CHz]. Treatment of 0.55 g (3.0 mmol) of l-trimeth- 
ylsilyl-1-octyne (I) with 0.54 g (6.0 mmol) of methallyl chloride gave 
2-methyl-4-trimethylsilyl-1,4(Z)-undecadiene (containing <1% E 
isomer) in 84% yield (GLC). Preparative GLC gave a pure sample: ir 
(neat) 3100, 1650,1615,1250,891,837,758,690 cm-l; NMR (cc14) 
~0.10(9H,~),0.89(3H,t,J=6Hz),1.1-1.6(8H,m),1.68(3H,broad 
~),1.9-2.5(2H,m),2.71(2H,broads),4.67(2H,m),5.90(1H,broad 
t, J = 7 Hz); MS m/e (re1 intensity), 238 (M+, 3), 223 (31,164 (12),74 
(lo), 73 (loo), 59 (20). Anal. Calcd for CljH30Si: C, 75.54; H, 12.68. 
Found: C, 75.30; H, 12.68. 
2-Chloro-4-trimethylsilyl-1,4(Z)-undecadiene (111, R = 

CHZCCl=CHz). Reaction with 2,3-dichloropropene gave 2-chloro- 
4-trimethylsilyl-l,4(Z)-undecadiene (<1% E isomer) in 77Oh yield 
(GLC): ir (neat) 1631,1615,1250,1113,881,839,761,692 cm-l; NMR 
(CCl4) 60.14 (9H, s),0.90 (3H, t , J  = 6Hz), 1.1-1.7 (8H,m),  1.9-2.4 
(2 H, m), 3.12 (2 H, broad s), 5.03 (1 H, broads), 5.14 (1 H, broad s), 
5.99 (1 H, broad t, J = 7 Hz); MS m/e (re1 intensity), 245 (M - 15,2), 
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243 (M - 15,7), 149 (8) ,  95 (37),93 (loo), 79 (22), 73 (56). Anal. Calcd 
for C14H27ClSi: C, 64.95; H, 10.51. Found: C, 65.04; H, 10.44. 

1,4(E)-Undecadiene. A solution of 4-trimethylsilyl-l,4(Z)-un- 
decadiene (111, R = CH2CH=CH2, 0.27 g, 1.2 mmol) in 1.2 ml of 
benzene was treated with constant boiling hydriodic acid (51 ~1,0.60 
mmol) at room temperature for 1 h as previously reported proce- 
dure.ld The reaction mixture was diluted with 20 ml of pentane and 
quenched with 2 ml of saturated aqueous solution of NaHC03. The 
combined pentane extracts were washed (10% NazS203), dried 
(Na~S04),  and distilled (Kugelrohr) to afford 183 mg of 1,4(E)-un- 
decadiene (quantitative), bp (bath temperature) 120-125 "C (120 
mm). 

Acknowledgment.  The  authors wish to  thank the  Ministry 
of Education, Japan ,  for Grant-in-Aid (911506). 

Registry Na1.-I, 15719-55-8; I11 (R = CHs), 58801-94-8; 111 (R = 
CH3) E isomer, 58801-95-9; I11 (R = CHzCH=CHz), 58801-96-0; I11 
[R = CH~C(CH~)=CHZ], 58801-97-1; I11 (R = CHzCCl=CH2), 
58801-98-2; IV, 18408-64-5; VI, 58801-99-3; VI 2 isomer, 58802-00-9; 
1-octyne, 629-05-0; trimethylchlorosilane, 75-77-4; triethylchlorosi- 
lane, 994-30-9; methyl iodide, 74-88-4; allyl chloride, 107-05-1; 
methallyl chloride, 563-47-3; 2,3-dichloropropene, 78-88-6; 1,4(E)- 
undecadiene, 55976-13-1. 

Re fe rences  and Notes  

(1) (a) G. Stork and M. E. Jung, J. Am. Cbem. SOC., 96, 3682 (1974); (b) G. 
Stork, M. E. Jung, E. Colvin, and Y. Noel, ibid., 96, 3684 (1974), and ref- 
erences cited therein; (c) B. Miller and T. Reichenbach, Tetrahedron Lett., 
543 (1974); (d) K. Utimoto, M. Kitai, and H. Nozaki, ibid., 2825 (1973, and 
references cited therein. 

(2) Analogous reaction has been studied by J. J. Eisch and G. A. Damasevitz, 
J. Org. Chern., preceding paper in this  issue. We thank Professor Eisch 
for communicating his results to us in advance of publication. 

(3) The aluminum compound was neither isolated nor identified by spec- 
trometry. The reaction mixture was quenched by deuterium oxide affording 
1-deuterio-1-trimethylsilyi-I-octene. The regioselectivity is in harmony 
with the analogous reported case4 and with the consideration of electronic 
characteristiic of silicon atom. 

(4) Hydralumination of trimethylsilylphenylacetyiene was studied: (a) J. J. Eisch 
and M. W. Fixton, J. Org. Cbem. 36, 3520 (1971); (b) J. J. Eisch and S.-G. 
Rhee, J. Am. Chem. SOC., 97, 4673 (1975), and references cited therein 

(5) Quenched with water gave I-triethylsilyi-I(€)-octene (purity 94%).  
(6) Hydralumination and isomerization have reviewed: J. J .  Eisch, ind. Eng. 

Cbem., Prod. Res. Dev., 14, 11 (1975). 
(7) The hydraluniination product of trimethyisiiylphenyiacetylene was subjected 

first to treatrnent with methyilithium and then with methyl iodide affording 
(€)-l-phenyl-2-trimethylsiiylpropene (isolated yield 98%, purity >99%) 
and analogous reaction with allyl chloride gave I-phenyl-2-trimethylsilyl- 
I(€),Cpentadiene (isolated yield 98%, purity >99%). These results also 
suggested the retention of configuration during alkylation. 

(8) Lewis bases such as tertiary amines and ethers coordinate to aluminum 
and prohibit 2-E isomerization; see also ref 6. 

(9) Hydralumination and successive allylation of acetylenes via organocopper 
compounds were reported.1° 

(IO) R. A. Lynd and G. Zweifel. Synthesis, 658 (1974). 
(11) D. L. Skinner, D. J. Peterson, andT. J. Logan, J. Org. Cbem., 32, 105(1967). 
(12) A. D. Petrov, S. I .  Sadykhgade, and Yu. P. Egrov, izv. Akad. Nauk SSSR, 

Otd. Kbim. FJauk, 722 (1954); Cbem. Abstr., 49, 10838~ (1955). 
(13) Several attempts at obtaining a pure sample was fruitless. A sample ob- 

tained by preparative GLC was sufficiently pure for spectral analyses, but 
not for elemental analyses. 

Steric Effects.  7. Addi t iona l  v Constants 

Marvin Charton 

School of Science, Pratt Institute, 
Brooklyn, New York 11205 

Received November 19.1975 

We have previously definedl and  successfully a p ~ l i e d ~ - ~  
the  u steric parameters t o  a number of different reactions and 
substrates. Thus,  it seems to  us  tha t  t he  utility of t he  u pa- 
rameters has lbeen established. It therefore seemed useful to  
determine as many additional u values as possible. T o  this end, 
we have correlated 11 sets of rate constants for esterification 
and  acid-catalyzed ester hydrolysis with the  modified Ta f t  
equation. 

(1) log k x  = +ux + h 

Table  I. Data  Used in  Correlations 

29. k ,  XCOzH + EtOH in EtOH at  25 "C, catalyzed by HC1" 
i-Pr, 0.156; sec-Bu, 0.038; EtzCH, 0.0031; c-CsH11,0.081 
30. k ,  XCOzH + EtOH in EtOH a t  25 "C catalyzed by HClb 
Bu, 0.268; BuCH2, 0.267; C ~ H ~ C H Z C H ~ ,  0.274; PhCHzCHz, 0.321; 

i-Bu, 0.0518; i-BuCHz, 0.247; PrZCH, 0.00285; c -c~Hi iCH2,  
0.0809; c - C ~ H ~ ~ C H ~ C H Z ,  0.141; Et, 0.550; i-Pr, 0.156; Pr, 0.270 

31. k ,  XCO2H + MeOH in equimolar MeOH-H20 a t  15 "C cat- 
alyzed by HC1" 

H, 0,128; Me, 0.00955; Et,  0.00965; Pr,  0.00531; Bu, 0.00567; 

32. k ,  XCOzH + MeOH in equimolar MeOH + HzO at  25 "C, 

H, 0.273; Me, 0.0221; Et,  0.0221; Pr,  0.0122; Bu, 0.0133; BuCHz, 

BuCH2,0.00532; B u C H ~ C H ~ ,  0.00544; CHzOH, 0.00723 

catalyzed by HCIC 

0.0134; B u C H ~ C H ~ ,  0.0125; CHzOH, 0.0181; EtOCHz,O.O0954; 
EtSCH2,0.00872; ClCH2, 0.0101 

33. k ,  XCOzH + MeOH in equimolar MeOH-H20 a t  35 "C cat- 

H ,  0.603; Me, 0.0484; Et, 0.0493; Pr ,  0.0274; Bu, 0.0294; BuCHz, 

34. K ,  XCOzMe + H20 in equimolar MeOH-H20 at  15 "C cat- 

H,  0.0347; Me, 0.00169; Et ,  0.00167; Pr, 0.00094; Bu, 0.00106; 

35. k ,  XCOzMe + H2O in equimolar MeOH-H20 at  25 "C cata- 

H, 0.0810; Me, 0.00445; Et,  0.00423; Pr, 0.00239; Bu, 0.00254; 

alyzed by HCIC 

0.0295; BuCHzCHz, 0.0272; CHzOH, 0.0409 

alyzed by HC1' 

BuCHZ, 0.00100; B u C H ~ C H ~ ,  0.00087; CHzOH, 0.00205 

lyzed by HCIC 

BuCHZ, 0.00249; BuCHzCHz, 0.00225; CHzOH, 0.0056; 
EtOCHz,0.00302; EtSCH2,0.00228; ClCH2,0.00356 

36. k ,  XCOzMe + H20 in equimolar MeOH-H20 a t  35 "C cata- 

H, 0.193; Me, 0.0102; Et, 0.00985; Pr, 0.00563; Bu, 0.00617; BuCHz, 

37. k ,  XCO2Me + H20 in HzO at  25 "C catalyzed by HCld 
Pr,  0.00423; Bu, 0.00441; BuCH2,0.00410; BuCHzCH2,0.00412; 

38. k ,  XC02H + MeOH in MeOH at 60.0 "C catalyzed by TsOHe 
Me, 22.1; PhCH2, 9.43; PhzCH, 0.825 
39. k ,  XC02Et + H30+ in 70% MeAc-HzO (v/v) a t  25 "C f  
Me, 4.30; CH2C1, 2.65; PhCH2, 1.50 

a G. D. Advani and J. J. Sudborough, J .  Indian  Znst. Sci.,  6,41 
(1923). B. V. Bhide and J .  J .  Sudborough, J .  Indian  Znst. Sci. 
Sect .  A, 8,89 (1925). M. H. Palomaa and T. A. Siitonen, Ber., 
69B, 1338 (1936); M. H. Palomaa and K. R. Tukkimaki, ibid., 68, 
887 (1935); M. H. Palomaa and T. Kaski, Suom. Kemistil. ,  B,  19, 
85 (1946); M. H. Palomaa, ibid., 19,53 (1946). E. J. Salmi, Ann. 
Acad.  Sci. Fenn. ,  Ser .  A,  48, No. 4 (1937). e K. Bowden, N. B. 
Chapman, and J. Shorter, J.  Chem. Sac., 5239 (1963). f I. Mini- 
mida, Y. Ikada, K. Uneyama, W. Taguki, and s. Oae, Tetrahe-  
dron, 24,5293 (1968). 

lyzed by HC1' 

0.00595; BuCHzCH2, 0.00541; CHzOH, 0.0133 

i-Bu, 0.00151; sec-Bu, 0.00138; t-Bu, 0.000709 

T h e  da ta  used in the  correlations are set  forth i n  Table I. 
Results of t he  correlations are reported in Table 11. The  u 
constants required for correlation with eq 1 are taken from the  
first paper in this series1 or from this work. 

Of the  11 sets correlated with eq 1, nine gave excellent, one 
gave very good, and one gave good results. The  two sets which 
did not give excellent correlations (as determined by the  
confidence level of t he  F test) had only three points. We be- 
lieve tha t  these sets are useful for the  calculation of new u 
values. Of the  six sets, 31-36, t he  best results were obtained 
with set 35, which was therefore chosen for t he  calculation of 
new u values. In Table I11 new u values are presented, with the  
set  from which they were calculated. Se t  numbers less than  
29 refer to  the  first paper of this series.l 

It is now possible to  draw certain conclusions regarding 
structural  effects upon u values. 

A comparison of uRCHOH with uRCHMe shows (Table IV) 
t h a t  when R is alkyl there is a considerable decrease in u for 
t he  oxygen containing groups. In the  case of t he  substitution 
of OMe for Et, a comparison of vRCHOMe with uRCHEt 


