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AsuUetumilloAnUnseAuTIR ASIR 12 Wi 3

%’aa&aﬁﬁmuﬂﬁ
mmﬁmsamawaaqm%ﬂLtfﬁwaaﬁﬂ (K =186°Cm™
ApsiveaLia (gas constant, R) = 0.082 L atm mol™! K™
=8.314 J mol™ K™
AAafives3aidsn (Rydberg constant, R.) =218 x 1078
AnAsTiveandsd (Planck constant, h) =6.63 x 107" J s
mnui§wesaduusimaniniiluayannia =3.0x 105 m/s
1 atm = 760 mmHg
0°C =273K
AAsTirassund (Faraday’s constant, F) = 96,500 C mol™
1) =1CV
1 watt (W) =1J)s"
1L atm =101.4J
113 = 400 519N
= 1,600 MI59LUAT
anwazaela (solubility) U9 NaCl = 36 /100 mL 71 30 °C
K., 984 CaS0, =6.0x 107
Kip 989 AgCl =1.8x 107

ArdndlnrnIantunnsgruvasasaeadlnii (€°)

E° (V)
K"+ e — K(s) -2.93
Ca”* + 2e” — Cals) -2.87
Na* + e~ — Na(s) -2.71
Mg?* + 2™ — Mg(s) -2.36
2H,0(1) + 2e” — Hy(g) + 20H" -0.83
Zn** + 2e” — Zn(s) -0.76
2H" + 2" — Hy(g) 0.00
Oy(¢) + 4H" + de™ — 2H,0(1) +1.23
Cly(g) + 26" — 2CU +1.36
5,08 + 2" — 250, +2.01




f131981f)
1 2
H He
Hydrogen Helium
1.00794 2 4.003
3 4 Atomic number 5 6 7 8 9 10
Li Be Symbol B C N @) F Ne
Lithium Beryllium Name Boron Carbon Nitrogen Oxygen Fluorine Neon
6.941 9.012182 Atomic weight 10.811 12.0107 | 14.00674 | 15.9994 [18.9984032| 20.1797
11 12 13 14 15 16 17 18
Na | Mg Al Si P S Cl Ar
Sodium Magnesium Aluminium Silicon Phosphorus Sulfur Chlorine Argon
22.989770 | 24.3050 26.981538 | 28.0855 |30.973761| 32.066 35.4527 39.948
19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36
K Ca | Sc Ti \ Cr [Mn | Fe | Co | Ni | Cu | Zn | Ga | Ge | As | Se Br | Kr
Potassium Calcium Scandium Titanium Vanadium | Chromium | Manganese Iron Cobalt Nickel Copper Zinc Gallium | Germanium |  Arsenic Selenium Bromine Krypton
39.0983 40.078 | 44.955910 | 47.867 50.9415 51.9961 |54.938049 | 55.845 |58.933200| 58.6934 63.546 65.39 69.723 72.61 74.92160 78.96 79.904 83.80
37 38 39 40 41 42 43 44 45 46 47 48 49 50 51 52 53 54
Rb | Sr Y Zr | Nb | Mo | Tc | Ru | Rh | Pd | Ag | Cd In Sn Sb | Te I Xe
Rubidium Strontium Yttrium Zirconium Niobium |Molybdenum| Technetium | Ruthenium | Rhodium Palladium Silver Cadmium Indium Tin Antimony | Tellurium lodine Xenon
85.4678 87.62 88.90585 91.224 92.90638 95.94 (98) 101.07 [ 102.90550 | 106.42 107.8682 | 112.411 114.818 118.710 121.760 127.60 [126.90447| 131.29
55 56 57 72 73 74 75 76 7 78 79 80 81 82 83 84 85 86
Cs | Ba| La | Hf | Ta | W | Re | Os Ir Pt | Au | Hg | TI Pb Bi Po | At | Rn
cesium barium Lanthanum Hafnium Tantalum Tungsten Rhenium Osmium Iridium Platinum Gold Mercury Thallium Lead Bismuth Polonium Astatine Radon
132.90545 | 137.327 | 138.9055 178.49 180.9479 183.84 186.207 190.23 192.217 195.078 | 196.96655| 200.59 204.3833 207.2 208.98038 (209) (210) (222)
87 88 89 104 105 106 107 108 109 110 111 112 113 114
Fr | Ra | Ac | Rf | Db | Sg | Bh | Hs | Mt
Francium Radium Actinium | Rutherfordium | Dubnium | Seaborgium | Bohrium Hassium | Meitnerium
(223) (226) (227) (261) (262) (263) (262) (265) (266) (269) (272) (277)
58 59 60 61 62 63 64 65 66 67 68 69 70 71
Ce Pr | Nd | Pm | Sm | Eu | Gd | Tb | Dy | Ho | Er | Tm | Yb | Lu
Cerium | Praseodymium [ Neodymium | Promethium | Samarium Europium | Gadolinium | Terbium | Dysprosium | Holmium Erbium Thulium Ytterbium Lutetium
140.116 | 140.90765 | 144.24 (145) 150.36 151.964 157.25 |[158.92534 | 162.50 |164.93032| 167.26 |168.93421| 173.04 174.967
90 91 92 93 94 95 96 97 98 99 100 101 102 103
Th | Pa U Np | Pu | Am | Cm | Bk | Cf Es | Fm | Md | No | Lr
Thorium | Protactinium | Uranium Neptunium | Plutonium | Americium Curium Berkelium | Californium | Einsteinium | Fermium | Mendelevium | Nobelium | Lawrencium
232.0381 | 231.03588 | 238.0289 (237) (244) (243) (247) (247) (251) (252) (257) (258) (259) (262)

RRUYIrALERTIELU

REUMILE|E

n

UeEW BLANY

g

cl

L
I



mMsuvsduailedutnszdueni asedt 12 v b
Tanddafl 1 (14 azuuw)
Umzlalueminelinnuuinuu 1.020 kg/L HosAusznaundnuesiazaignsil

Chloride Sodium Sulphate | Magnesium | Calcium | Potassium
ovaylnetinvein 55.29 30.74 7.75 3.69 1.18 1.14
AMUINTY (Mmol/L) 557 478 29 54 10.5 10.4

D
o A

msvihunnde Buanmsinfudmealiundaielvasurniuasswazdnuilounnnznou 91ntuguing

Iodnduamniiieliinseinesisanuiouanuatan Wennududuvedndenawuizdwasetiilodg

Y

& S = a = a ' & | T v A
UNAD ANNLAALAUITLLNETILLAANANVDIANSLIDUUN DY INUUIIUAUYIFUIUAY AINLAARDEN

3-5 U WNADIIANKNAN

UINeLa o X LD
——> 4199 UININ U urag

o 4 [ .. 1 [ 2 o 9°, a (%

MUUALE  AULAL (salinity) = 1naulunenfuvewasdsnazatelalutimgia 1 Alansy
| < ’5 % ¥

1.1 (3 AZLUY) AWUIATAINUANYBIUINLLAYINAL

1.2 (2.5 AZLUL) D1999N15MANUTLTUYBIAaB LA epaululnealuunTalaen1snmsawuuvinled

a

ANAZNBUAIBAITALANETAIDT LUMTALIUTY 0.1 mol/L MInAe9InN1sUSUINSURINWNIURNAne R

q 9

'
= 1

Uszned 20 mL wagioansUiunansiiege 25.00 mL Agfpuiavnsimzianounisimmsadunm

1.3 (5 Azuuy) mnAnugwesimzalunduiuaunindu h deswnuanliaiuawesimeialuuiie

A & A = = a = a s A a "3
WADLUUNNITBY h @15190UUINIUANKNGN  FUNAIN u'TVWi']EJ‘lULﬂ@ﬁ]"lﬂﬂ’]iigl,ﬁﬁllmquu

14 (3.5 Azuuu) a1svauaNgauasimzaluudaniiiu 50 cm wwsazuUadinud 10 15 anuen

14
A a &,

udesEAvIngialuuUasguniiiu 1 cm agldindendu  auuddn indeiintuluinieleiey

AaalIAuntY uaveumgivesimeiawiniu 30 °C



MsutetuAiilodulnseauanf ASen 12

9 6

Tanddan 2 (7 AzwUL)

MUl H,COs 1 Ky = 4.200 x 107 wag Ky, = 5.600 x 107

Umeiadl pH Useanu 8-8.1 Fadwuaiantes nsiUsunlas pH Fuiuvanstlade wu msdansiziuas

Ya3firluLn NMsmelavesdnitn IunsUsunawian1susulneanlantuussEINANaTaNadlUNSLA

2.1 (3 Azuuy) aumzlausauuauil pH 8.0000 wazdansuaulasenladazaiseglusulalasiau

ASUBLUALazAISUBILS TaedanuduturadlalasiauaisusuawaraIsuaiunsidu 2.300 x 1073

mol/L asmanudntuveslonsunsazasinlnefioi lessusindu q lulmeziaiinase pH douuin

22 (4 eazwuy) wiaasuaulasanlanluussenianiusuiauin azazargludingaloundu vinlvd

é’ a 1 L4 e e . = 1 1
arudunsauiniu 13un71 Usingnisalvziansa (ocean acidification) & sdswansznusoanis

ANSITINVBINVLALERN TN

auyAlioiniAuInauuauiivsnauiaviingig o fAw1s9

h!

Tulnsiau

29NYLAY

915noU

Asuaulneanlyn

AU 9

SawazlagUsunng

78.05

20.90

0.92

0.12

0.01

pH vasmziafivsauarivdsuduminla d1n1savaneveauianisveulneenlesiueinielui

nuaulununguesaus (Henry’s law) fail

Cq = kP,

(%

il C, Ao AN1saraIEvadLia (mol/L)

P, A AIAURUEREYBLLNE (atm)

k AD ANPINUBLEUS = 1.6 x 1072 mol L™ atm™! dwmsuwng CO,



MsutetuAiilodulnseauanf ASen 12 w7

Tanddadi 3 (10 Azuuw)

Amuald  Umglalinunilduringu 1.020 kg/L Ysznaumelossusilasig 9 Iaeil pH 8.00

3.1

3.2

=

(3 ATLUY)  UaMzlasianieaunsnsne AU rananludan milanusueaalufn (osmotic

= o A <

pressure) Winfumeadaligadenuds —2.4 °C lalagliinsagdudioangnieuenlagisesdluda

9

a

1A 03N 15U LA v luUNNsAugdn iUl (aquarium) Aldumeialiion (artificial seawater, ASW)

a

ANuRURaaluAnvaIlIMsaieufaAvinlaNgungll 27.0 °C

Y

auyddn  indenanualudmziakazuimeiaiiieusgluguves sodium chloride wag van’t Hoff
factor () \ulunumgud]

a

(7 Azwuw) u a.a. 1973 Sdaiaualiiiselnmidndauluumaymsienwauiniininudn 2 lud gadl
ANANGININGL 300 atm Launsaaueinieaslienieliasstuls Jsidetauelvldisuenaans
Umgtanielalda (electrolysis) Faguenaasimsiaviliiauialolasiau lneussuiain desld

wAalalnsiau 7.0 x 10° mol 9 25 °C winliinLsiasudiesnaiazensalnnidndIuanuinle

Y

(771:’1/7: Journal of Chemical Education, vol. 50, p. 61, 1973)

£

3.2.1  mskenaatsimzamgidielilanialalasiaunudasnisinedldussaluiinaasul

9 Y

322 fiFewwegiinrwdn 2 lud Fediaaudu 300 atm dndlwihvihgadidedddunaaetimeia
liia H, wag O, 1uinle

323 swmndlifisan (AG, J) dideddlumssndelmmiinlasnisusnaasimziade iy
wila

324 Aldanedigavesndsaulyliinlunsudn H, Wuiile fénsrelidihdmniuAanisdingn

W 6.3434 U meeaulae (kilowatt-hour)


https://th.wikipedia.org/wiki/%E0%B8%A1%E0%B8%AB%E0%B8%B2%E0%B8%AA%E0%B8%A1%E0%B8%B8%E0%B8%97%E0%B8%A3%E0%B9%81%E0%B8%AD%E0%B8%95%E0%B9%81%E0%B8%A5%E0%B8%99%E0%B8%95%E0%B8%B4%E0%B8%81

MsutetuAiilodulnseauanf ASen 12 v 8

landdan 4 (9 Azuw)

farsandeyasaluil

ivua  Adndlii3antuninsgiu (6°) luansazarensaiiaiiusadl

4.1

4.2

4.3

4.4

4.5

(2 Azuwuy) TguaunNIshansu)iseinatulude n. 11 4 aunisvindu leglddey

a

n. 510 Q Wuvewdafigamadvies Anduduan dilwildd sgluavliiu 4 uazliiwveendindu

Y

gegawiiu +4  nswleulugeamnssuinlalae3aidansuseneuaaslsn QCl, meuuniiideud

a

gaungiiasluussenniAvasuiaensney

Y

aealsAnu 813A% QCl, redendlunsalalnsaaasnazls QCL Feansmadsoluidu Qcl, (lla

Y

519 Q) uay QCl, azgneandladnanailiu QCL; Wenislilueinie

QCl, \Huveavaniigungivies Wedudauvieanuduasiinuiisesiui wiuluaiudundaiy

1% '
o = 1 A

aunALan 9 vasansusznaveenlesniivmdned Wethasiiietuldeuliuieaslandndennd

Y

YANABULNAIEN

9. 519 R agauagnyiu Q uaziiniaezneutioandn a1susenau RCl, WuvesmaiNaamgiivios uas

Y

gnlalasladluihegnesiniindie QCl

A. 519 Z Wuvewdanlisziindie eglungu p usmesivszneuniidluddi@in  a1susznounaslse

yianilswes Z Tgns ZCL, Tuanusvesuds ndn ZCls Usznaudaglosaulsey +1 uaz -1 Loy

weiazlooaulusslariiaud Z-Cl hazlavaonTnturad Z dsuwlas

[

E° (V)
(*) Q0% + 2H' + e — Q> + H,O) 0.15
Q" +e — Q" -0.37
Q* + 2¢” — Qs) ~1.63

o

() WuresuiadesvetavoanTinduiiiioagluaisazaty

(2 azuuw)  wiala Zn/HCL Faliianunsa3nag QCl Wilusn Q eSuelagldnisaumlszneu

v 6

NYUVBITIR

o

a
MUUTINglun1519579
(2 pzlU) AN £° 909A39URNTET Q7 + 3e” — Qls)

(1 Azuuy) R mslusinesls uas 1 exmeuddidnmseudeddnuauile

[ v 4

(2 Azuuw) lossulude a. dansndiuazsunsadusgislsnundn VSEPR (neulnelddydnualves

o

516MINATTNGE)



nsuYsduaiiladndnssAusd AN 12 91 9

Tanddafl 5 (10 Azuuw)

v

3UvessImmsuaulaeviaednyJUlATIAsIU UL covalent network

Y

wnshndunazimsidu

1ASIAS 19D NS TAs9as1awnslug

asndanudundnuszneuniessuiureseznouisosiinusgradussidou wasdl pattern Faalaue
(periodic arrays) aunsavinbiAnn1sd e unYe3sId NG (X-ray diffraction) tilayui Ssdandnnnseny
FEUUWINAUYUNSEEIUY (0) WagyinIiARNITUNINABALULLETY (constructive interference) danalyt

a o =

WWedyanausaiale

UNSEUALTAMUIUNTTEENNTENINTEUIUYBIREARY (d) 1NYL O kazANEIAFUYRITERNNTENY

(A) Imeld Bragg’s Law:
2d sin @ = nA dle n Wuesuaudy

nannsIaeuNYeesIdLend (Powder X-ray Diffraction, PXRD) fignununldluinaliniiasizsiansnd

Audundn Ingliadnasudadudyaraivansanuduiiussswineu 20 wazaudy (intensity)
N1930 PXRD wesanssiognsinsldvdanilsiideygiun 27.0°

5.1 (1 AZLUYE) DIANNYIIAAUTBITIFLONTALTWNNU 1.54 x 1070 m S2Lh1958NINgSLUIUAITUDUN

Indfunigaveswnslvdduiwns

52 (3.5 Azlul) Amangisuanin1sinsssezaaululnslifgaiiuszsinn packing Uy ABABAB...

AMa1auLEns unit cell voaunsld Faduuuu hexagonal unit cell TngAu812v99 unit cell

4
[ v

LWUANY

Cl-C2=C2-C3=a uag Cl-C6=c

ezl unit cell 1wl

C2-C1-C4 = C1-C2-C5 = 90° uay C1-C2-C3 = 120°

USu1msva9 unit cell M laannauns :

V =a®x ¢ x sin 120°



nsuYsduaiiladndnssAusd AN 12 w10

53

54

c1

@

Cé

@

Asiaseznauluwnsing unit cell YaIwNS e

STUNUAIUUY STUNURIUANS

MUIUREMBU C 7a unit cell VBILNTING warUSu1mnsvas unit cell Voanstndluniieg m? Ing
LARIS AU BULATRLAU
Myuelyt  Seflvesermay C (1) 4Awwinnu 0.710 x 107°m (0.710 A)

wazldAmaunlatuds 5.1 UsenaunisAuIn

o o

(3 AZLUY)  INAMFIUAILAAS unit cell VBWNYSNTULUU cubic hazoznauNTanunan Lawn

9

'
d |

penoy C Nyuvas unit cell wavaznau C Alnafiganielu unit cell (MSooznou C ognrely

Y

1A59a374 tetrahedron Aauandluzuau)

IUINREADY C 6D unit cell VBUNYS WazU3unsuee unit cell Hluguvas r e r AesAlives

2enau C lngukanalsAullitnLau

(2.5 Azuuw) AWAITeEarUsEANSAmAITUTIYREnauly unit cell (% packing efficiency) Vel

VNS AL bNA



MsutetuAiilodulnseauanf ASen 12 win 11

Tanddafl 6 (10.5 Azuuw)

a1snquwes W3y (porphyrin) 10w conjugated heterocyclic macrocycle AiflunumaAey 1wy 1Uu

druusznavvesdlulnatuludinidonuasnvinntnfvudseandiau vsonaslsiad luNy NVt AduATIZALa

nsNeaguasidedeuvemesiiuiledldsuitumnuulaslefa

Ufnsenegsdenldlunsdunsginesiviuainieatlanuas pyrole wanslanail

[

H
N 3H,
4RCHO + 4 i\ /7 —»_4HZO
pyrrole

no5lWs18U (porphyrazine w3e tetraazaporphyrin) i usywusuilsvesneswsuiiliosnoululasiay

UNURATLNLIUDIATSUBUTLTONIZIINN pyrrole  ANEINTatUNITUNUNlElAaUULIN pyrrole U9

noslsFumeazneuvienyfandudu q ilmimesiisndululdusslevdlanateeds wu wuiwes

ansfoud Juiu  gesvesansdsfouveanesinsduienldfee Pz ununeslinsduluans

lumsfnwansuseneulaeesaiuty X vaamesingdu Y dskiiivgunuiinuin arsusenevilszneaulume

naslvs@u wan uag pyridine (py) ¥linag 1 equivalent

6.1

6.2

6.3

6.4

6.5

(1 Azuuy) Magulassasivesmaslsdu v

(5 avwuw) MagllassadalagldiSununesivsdu deuans wastedunwdingureslelyues

Adululamunvasarsusenaulaeasauiu X ngnansdrunduaisdoulvdaiau

(2 AzwuY) WINEITAZATY X 0.010 M 50.00 mL @u13aviufizeniu AgNO; Lo azfasld AgNO,
Ansuaganeluin 75.00 mL 399U fAsenduned ansazateves X darnisunlddnlndidesiu

a15laaelUNAANUTNTUNAUTEINE KNO,, KsCr(CN),, CaCl, wag glucose

(1.5 azbuy) w1nu1 X lUynsanduilaressnaunalakalbaasusznaulneasmiudy W Ailia

lapaiAlutuanas waluanaves W asildsulvegsladeiiouiu X wszwmele

(1 Azuuw) wosts1@u Z inannmsdn Y Wunuilelasiauiieny CN™ 2 nguuia pyrrole 39wile
waA8uy CHs 2 m3uude pyrrole dald  ansidisgauves Coll) AU Z aavlss wag pyridine &

uulelawasianauanlalaiwes



MsutetuAiilodulnseauanf ASen 12 v 12

Tanddafi 7 (15 Azuuw)

MUUAl  dndiuveannsusulusssuvid C-12 = 99.0 % way C-14 = 1.0 %

7.1

7.2

A1A39TIRUD9 C-14 = 5730 U

Average Bond Enthalpies (kJ/mol)

C-H 413 c-O 358 O-H 463
C-C 348 =0 799 0-0 146
C=C 614 =0 1072 0=0 495
c=C 839 C-N 293 N-H 391
C=N 615 N-N 163

C=N 891 N=N 416

N=N 941

(3 Azuuw) Usmgadunaadulossu (Ca®) uaglalasiaumsvaiunlesau (HCO,) MnuneLa
o aaa I =~ s - Y & v - I 9 1% v & =t
wiufisenduweaideuaisvaiunioldidulaseaiialdanudweslsnise  druensunils

Usznaume C-12 ag 99.9 % Uznn$aililongeeatiosit

(3.5 AzLuu) Lenuea (CHOH) Tdhduwamauariussrusynavvesialesed Inainnisduniy

fufiseweluid
C,HsOH(g) + O4(g) — CO,g) + H,0(g)  (aun13dialsing)

AAUA A

a &

nsdunUievueameeuludng q Ngamgiianeg Wwnan 10 Jundl lakadwisng

U

y AMILUNIY C,HsOH AMILLUTY O, ALY CO,
NSNAADIN L . o
LURAU (M) LuEU (M) NNAYY (M)
1 a b X
2 a 2b y
3 3a b z

7.2.1 awnduduvesUfisennisdunvesemuealusuresionys

722 3mAAmensIMsinuiten (k) veslfiseilluguvesiiudslagldteyaninnisnaaesi 1



MsutetuAiilodulnseauanf ASen 12 i 13

73 (5 Azhuw) MsduA1U eNIUea wag 1-lwswauea a1slaliaiiuseusieuvtnvesaisaeninfu
Wirle Tilaneseenan1sAmMuILINasunlnaInnIsmn lndved eniuea %3s 1-lwswiuaa nels

ANMZUTTEINTA (DONFLAUNINLAUND) U1 1 A8

7.4 (3.5 Azwuy) nWadlWinnannisdusueniueadulasdnaanarianuenauyintu 656 nm
a lej % Ya <& QAI (Y] (v [ [ o
wasdunstiaznseulvdianaseulusneulalasiaudsussiundinuansedunasule () luds

seaunaaule (ne)



MsutetuAiilodulnseauanf ASen 12 v 14

Tanddafi 8 (15 Azuuw)

8.1

8.2

8.3

io o a

(4.5 AZBUL) WUALADS 8INIALD URAILINITVDILUALADS 71 L5 U8 U L ulead i lgaandrauly

adileunazhya

Y

I v al &1 Y 1 a a a v
anAldudieendladsiudutaluilane wWu wuawmeIeinirevgiiden 14e

ee

6 o

asveulutalilihguegluasasate OH Fuluddninslad wasiinufiseveswadeail

Al(s) + Oy(g) — [Al(OH),] (ag) E°=20V
(Aun3dling)

8.1.1 Awdeulfisenntiuelun TauAlve wazUise1vesaadnaue

q
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Problem 9 (14.5 points)

Having had a very bad toothache for a week, Lily went to see a dentist. She was put under a local
anesthetic (pain killer) procaine. A decayed tooth was treated with a root canal procedure and the
dentist prescribed her with some medicine. Chloramphenicol was prescribed to prevent bacterial
infection while Naproxen sodium was for her pain. Synthetic routes for the chloroprocaine (a

derivative of procaine), chloramphenicol, and Naproxen sodium are as follows:

9.1 Synthesis of chloroprocaine

Toluene was converted to products A and B. Compound A was further treated with Reagent 1

to afford C. The rest of the scheme is shown below.

COOH
Cl
CHs Reagent 1 KMnOy4
A _— C e
conc. HNO3
> +
conc. HySO,4 NO,
B
SOCl,
SnCI2
F - E D
(C13H19N20,Cl) OH. _~
NEt,

|

/\ * Reagent?2

Scheme 1. A synthetic route for chloroprocaine (F).
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9.2 Synthesis of chloramphenicol

OH
X COZEt o G COZEt
1) OsOy, pyridine selective
+  ————
2) NaHSO3/H,0 tosylation OTs
O,N O,N
I H -
same molecular formula as G
\ K,CO3
0]
NaN reduction
K -3 -~
O3N
l PhaP 2 OH
OH OH OH OH
Reagent 3 cl
_—
NH, HN chloramphenicol
O2N O2N Cl
O
Scheme 2. A synthetic route for chloramphenicol.
9.3 Synthesis of (S)-Naproxen sodium
Br
CH3Cl, NaOH Mg, ether
L M
H3CO
1) H3CYCOZH
NaOH Br
Q -~ N  <~— 2) H,0
(S)-Naproxen sodium +

P -«

same molecular formula as N

Scheme 3. A synthetic route for Naproxen sodium.

Questions:

9.1 (6 points) From the synthetic pathway for chloroprocaine shown in Scheme 1, write structural

formula of compounds A, B, C, D, E, F and Reagents 1 and 2.

9.2 (5 points) From the synthetic pathway for chloramphenicol shown in Scheme 2, write

structural formula of compounds G, H, J, K and Reagent 3.

9.3 (3.5 points) From the synthetic pathway for (S)-Naproxen sodium shown in Scheme 3, write

structural formula of compounds L, M, N, P and Naproxen sodium (Q).
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Problem 10 (9 points)

Nucleic acids are a class of important biomolecules found in all living organisms and have an
important role of storing genetic information. They are categorized into deoxyribonucleic acids

(DNA) and ribonucleic acids (RNA), differing by the structures of the sugar units.

In essence, biomolecules like this can be considered as “biopolymers”, which are bio-synthesized
from three parts of monomer units, ribose or deoxyribose (five-carbon sugar), a nucleobase, and a
phosphate group. The structure of adenosine monophosphate (AMP), a monomer unit of RNA, is

shown below.

nucleobase

phosphate

Adenosine monophosphate (AMP)

10.1 (3 points) Suggest the major structure of AMP at pH 3 and 14 using the following pKj, data.

Group pK,
phosphate 0.9, 6.05
adenine 3.74
ribose 13.06

10.2 (1 point) From the structure given in the answer sheet, identify all stereogenic centers by

writing an asterisk (*) next to the stereogenic atoms.

10.3 (2 points) DNA usually forms a stable double helix with another DNA strand, a finding that
made James Watson and Francis Crick won the Noble Prize in medicine in 1962. The
nucleobase unit of DNA plays a critical role in maintaining this orientation as each standard
nucleobase has a specific nucleobase partner that can reproducibly form hydrogen bonds

with.
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The hydrogen bonding patterns of common partners (A-T and C-G) are shown below

adenine
-- N (A)
H- Nﬁ
thymine —H----N/ A\ N

-

M N

I

H guanine

\
N—H--Q  n_ ©

atihae
cytosine / \N---H—N/ NN

N
(©) N%\ =N y

O---H—N
H

Standard partners. A is paired with T and C is paired with G.

Inosine, a special nucleobase, can from hydrogen bonds with several standard bases. Suggest

a possible hydrogen bonding pattern between inosine and adenine in the DNA double helix

structure.
(@]
N
HN
k | \> inosine
N
N N

10.4 (1 point) Tautomerism, an isomerization process commonly found in carbonyl compound,

can also occur to the nucleobases with nitrogen replacing the a-carbon.

Suggest the structure of tautomer of inosine.

10.5 (2 points) Write the hydrogen bonding pattern between a standard base (A, T, C, or G as

shown above) and tautomeric form of inosine (structure of your answer to question 10.4).
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Problem 11 (6 points)

Based on the following scheme, write structural formula of compounds A, B, C, D, and E.

Also identify Reagents 1 and 2.

1) CH3CH,NH,

2) Hp/Pd
o)
(CH3),CulLi I5/OH" .
OCH,CHg B C + pale yellow precipitates
1) NaOCH2CH3 Reagent 1
2) H,0O
. Reagent 2
D H3CH,C———H E

(positive result with
Tollen's reagent)




