Homework # 7
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The following statement is very interesting!
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‘The second consequence of comparatively weaker solvation of anions by aprotic sol-
vents is that the nucleophilicity trend observed in protic solvenis inverts. Thus, while the
reactivity of all anions increases, that of the smaller ones increases more than that of the
others. For many nucleophiles, including the halide series, base strength overrides solvation:
Back 1o our original expectation!
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Working with the Concepts: Nucleophile Competition

A solution of 1,1-dimethylethyl fert-buty) methanesulfonaie in polar aprotc solvent containing
equal amounts of sodium Muoride and sodium bromide produces 75% 2-oro-2-methylpropane
and only 25% 2 bromo-2-methylpropane. Explain. (Hint: Refer 0 Section 6-8 and Problem 58 in
Chiapter 6 for information regarding reltive nuclcophilic siengihs of the falide fons in aprotic
solvents)
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Predict the major subsittion product that would result from mixiag 2-bomo-2-methylpropane.
with conceatraed agueous ammonia. (Caution: Although ammonia n waler forms ammoium
hydroxide according 10 the equation NH, + FH,0 <= NH, " OH, the Key for thi process i very.
small, Thus the conceniration of hydroxide s quite Iow.)
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‘Would seatment of R-2.chlorobutane with aqueous ammonia be a pood syathetic method for the
preparation of R-2-butanamine, R-CH,CH,CH(NH,)CH;? Why or why ot? Can you think of &
beter route?
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Unusually Stereoselective Sy1 Displacement in Anticancer Drug Synthesis

Syl displacements nommally give mixtures o stereoisomeric
roducts. The high-energy carbocation intermediae reacts
with the firs. nuclcophilic species it encountes, rogardless of
which lobe of the carbocation p orbial the nuclcophile
approaches. The cxample shown below is a very unusual

“The structure of the relevant carbocation is shown at
the right. Approach of  nucleophile toward the top Iobe of
its p orbial is partly blocked by the cthyl group two car-
bon atoms over and to a lesser extent by the ester function
one carbon farther away (green). In addition, the hydroxy
roup on the bottom face of the ring “directs” nucicoph
‘addition of & water molecule from below by hydrogen
bonding, as shown.

“This stereochenical resull is o critcal importance.
because the product, named aklavinone, 1s a component in a
powerul anticancer drug called aclacinomycin A. This com-
pound belongs 10 a class of chemotherapeutic agents called
anthracyclines, whose clinical uiity is compromised by

exception: A secondary haloalkane, a good leaving proup
(bromide), a highly pola, proti solvent but 2 poor nucleo-
phile (waler)—ideal circumstances for an Sy reaction —and
displacemen of bromide by water occurs with over 90%
retention of configuration!
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ther toxiciy; aclacinomycin fs less cardiotoxic than other
anthracyclines and thus has been under careiul study by
medical researchers for over (wo decades.
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When 2.bromo-2-methylpropane is dissolved in aqueous ethanol at 25°C, a mixure of
(CH,),COCHCH, (30%), (CH)COH (60%), and (CHy),C—CH, (10%) s obtained. Fxplin.
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Give the products (i any) of the 12 reaction of the following substrles: CH.CH; CH;
(CH),CCL; (CH),CCHL
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Working with the Concepts: Elimination Rates and Mechanisms

The rate of elimination of cis-1-bromo-4(1,1
concentraton of bolh substrie and base, but th
concentration of the subsirate. Fxplain.

cthylethyDeyclohexane s proportionl 1 the
of the trans isomer is proportional only o the
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‘Which nucleophile in each of the followiag pairs will give a higher eliminaton:substitution prod-
et ato in reacton with 1-bromo-2-methylpropanc?
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Exercise 7-17

Il cases where substitution and climination compete, higher reaction emperaiuses lead 1o
sreate proportions of elimination products. Thu, the amount of limination accompanying hydro-
Iysis of 2-bromo-2-methylpropane doubles s (he femperature s aised from 25 1 65°C, and hat
from eacton of 2-bromopropane with ethoxide ises from 80% al 25°C 1o nearly 100% at SSC.
Explain.
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‘Wiite the structure of the major organic productof the reaction of 1-bromopropane with ) NaCN.
in acetone; (b) NaOCH; in CH{OH; (c) (CHyCOK in (CHy),COH.

‘Wrile the structure o the major organic produc of the reacton o 1-bromo-2 methylpropane it
(@) Nl in acetone; (b) NaOCH,CH in CH,CH,OH.
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Predict which reacton in each of he following pais will have a higher 2:E1 product raio and
expain why.

o, cn,
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7-23. Consider the reaction shown below. Wl it proces by substtuton or by climinaiion? Wha fctors
defermine the most kel mechanisin? Wt the expocied product and (he mocharism by whih it forms

o8

CH.CHCH;




image18.tmp
BO N RNk
% %

0 oM 0o 1
0 00sM @ 1S
I5o0sM 6 7
oM @ 2
S0 0sM @ ¢
0 oM 75
s 0xM &+
s 0soM o5 v

oo fst 10 mesre

b. The table in the margin preseats data for the reactions hat take place when the chioro compound
shown here is dissolved in acelone containing varying quaniities of waler and sodium azide, NaNe:

P e W N ey W

T the table, I1,0% s he percentage of water by volume in the solyeat, [Ny | i the iniial concentra-

tion of sodium azide, RN,% s the percentage of organic azide in the product mixture (e remainder

i the aicohol), and ke is the eltive rate consiant for the eaction, derived from the rate 3t which

he stating materal i consumed. The nital concentraton of substrte is 0.04 M in 4l experiments.

Answer the following questions.

1. Descrine and explin the effets of changing the percentage of H;0 on he rate o the reaction
and on the product istibuton.

2. Do the same forthe effects of changing [N, |. Additional information: The reaction ftes shown
ate the same when other fons—for example, B of I —are used instead of aide.





image19.tmp
25. What is the major substitution product of each of the following solvolysis reactions?
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28. Give the two major substitution products of the following feaction
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31. Rank the compounds in each of the following groups in order of decreasing rate of solvolysis in
aqueous acetone.

cH, cn, cH,

¥ !

OO O
a c

HE,

O

©

OOz




image22.tmp
32. Give the products of the following substtution reactions. Tndicate whether they arie trough the.
Sl or the $,2 process. Formulte the detaled mechanisns of thei generition.
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33. Give the product of each o the following substittion reactons. Which of these ransformations
Should proceed faster in a polar, aprotc olvent (such as aclone of DMSO) than in a polar, protic
Solvent (such as water or CHLOH)? Explain your answer on the basis of the mechanisn thl you
expect o be operaing in each case.

(@ CHCILCIL + Na! CN—» () (CHYCHCILL + Na* Ny —»
(© (CH,CBr + HSCH.CH, —> (@ (CH),CHOSO,CH, + HOCH(CH), —>
34. Propose a syathesi of (R)-CH,CHN,CH,CH,, stating from (R)2-chlorobutane

35. Two substitation reactons of ()2-bromobutane are shown here. Show ther stercochemical
oulcomes.

g
(5)CHCH.CHBCH,

]
($)-CHCH:CHBICH; L

36. Propose a sercocontroled synthesis of cis-1-aceioxy-3
from frans-1-chioro-3-methyleyclopentane.

37. The two scemingly similar reactions shown below diffe in their outcomes.

hyleyclopentane (mar

. strting
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cnenerens SO ey e cicnsi

The first proceeds in high yield The yield of the product in the second, however,is diinished
by the formalion of (CH.CH,CH,CH,)S in substantial quantiis. Disetss the [ormation of tis
y-product mechanistically, and explain why it occurs in the second case b aot in the first.
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40, Wiite the products of the following.
(1 or 2) and formulate it in detal.

ination reactions. Speciy the predomi
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41, From the Tt of reagents (a)-(r) below, choose all those tha are mosL likely (0 give primarily
() 5,2 reaction wilh primary RX; (1) 12 raction wih primary RX: (1) $2 reaction wih sec-
ondary RX:; (1) E2 reaction with secondary RX.

(@) NaSCH, in CHLOH ) (CIH),CHOLI in (CHY,CHOM
(©) NaNH, in liquid NH, (@ KCN in DMSO

;
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49. For cach of the following reactons, indicate whelher the reaction would work well, poody, or
o at al. Formulate alternaive products, f appropriat.

(@ cnencnen, SO oy oy cnen,
Be "

e e
aron o anon
® cnducna S0, cnducocn, « -
cih
@ CH—C—CHOH,CH.CHON T2 HC

cnsod ne

ne_ cm HC_ CHSCH,
© NaSCI, RO (0) CH.CH,CHBe MM TOH, ey o cp,
(@ (o1 Nt ey 01 ) CHLCH0 L, CHCH,OCH, + 1

@ cH T8 cpoch, (b (CHCH)COCH, M5, i) Che




image1.tmp
Stoanio Schoro, providing a visual
domonstraton of roalivo Sy2 roac-
vy, Tho throe test ubos contain,
from oft 10 right, solutions of
1-bromobutans, 2-bromopropans,
and 2-bromo-2-malhylpropane in
acetone,respectivaly. Addiion of
a fow drops of Nal soluton to cach
‘auses immediata formation of
NaBr (whi precipiate)from the
primary bromoakane (ef), siow
NaB precipiation only aftor varmn-
g rom the secondary subsirate
(conter), and no NaBr formation

at allfom thetertiary halido oven
after extendd heating (igh).
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Relative Reactivities of
Various Bromoalkanes

with Water
Relative

Bromoalkane  rate

cHBe 1

CHCHBe 1

(cHy.cume 12
(CH).CB 12X 10°
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HC_CHB HCBr

‘Whereas compound A (shown in the marein)is completely stable in cthanol, 1 s rapidly converted
into another compound. Explain.





image4.tmp
Sy One Step Syl Two Steps
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Figuro 7-2 Potentialcnergy digrams for () $,2 reaction of chioromethano with hyckoxide and
8) Syt hyckoiysis of 2-bromo-2-malhylpropano. Whoroas tho Sy2 procoss takos placo n a singlo
st0p, tho Sy1 mochanism consists of throo distinct ovonts: ato-dotormining dissociaion of tho-
haloalkano ino a halido ion and a carbocation, nucloophiic attack by walor on tho carbocation to
givo an alkyloxonium fon, and proton loss o furnish tho fnal product. Noto: For clarty,inorgaric
Spocios havo boon omitid from the itermdiato stages of (5.
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benzene

(R1-Phenylethanol
Racomic mixure




