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Physical Constants

SI Unit Prefixes

P

pico-

Avogadro constant, Ny, = 6.02 x 10 mol™ Faraday’s constant, F = 96,485 C mol™
atomic mass unit, amu = 1.66 x 107" kg mass of electron, m, = 9.11x 107 kg
charge of electron, e = 1.60 x 107 C Planck constant, h = 6.626x 107 Js
gas constant, R = 0.0821 L atm K mol™  speed of light in vacuum,c = 3.00 x 108 m 5™
= 8314 JK' mol™
n il m C d K M G
nano- micro- milli- centi- deci- kilo- mega- gica-
107 107 107 107 107" 10° 10° 10°

10—12

Conversions and Relationships

Length (SI unit: m)

1 inch
1A

2.54 cm (exactly)

1079 m

Pressure (SI unit: Pa)

1 Pa

1 atm

1 bar

INm™
1kgm™s™?

101.325 kPa

760 mmHg = 760 torr 1eV

10° Pa

Formulae and Equations

RT
Nernst’s equation: E = £° - — InQ=F -
n

Volume (Sl unit: m°)

1L 1dm?

ImL = 1cm’

Energy (Sl unit: J)
1) = 1kgm?s™

1 N-m
lcal = 4.184 )
1.60 x 1077 J

0.0592

log Q i 25°C

Gibbs Free energy: AG®° = -nFE° = -RT In K

h
Heisenberg’s uncertainty principle: (Ax)Ap) 2 .
T

Mass (SI unit: kg)
1000 kg
453.59237 ¢ = 16 oz

1 ton

1l

Temperature (SI unit: K)

T/K = T/C+273.15
T/°C T/°F = 32
5 9

Arrhenius’s equation: k = Ae™%7

Heat transfer: g = mcAT

Amino acid abbreviation side chain R pK, pl

alanine A Ala -CH, 2.35,9.87 6.11
aspartic acid D Asp -CH,COOH 1.88, 3.65, 9.60 2,77
glutamic acid E Glu -CH,CH,COOH | 2.10, 4.07, 9.47 3.08
phenylalanine F Phe -CH,CeHs 1.83,9.13 5.48
glycine G Gly -H 2.35,9.78 6.06
leucine L Leu -CH,CH(CH3), | 2.36, 9.60 5.98
serine S Ser -CH,OH 2.21,9.15 5.68
valine v Val -CH(CH3), 2.32,9.62 5.96
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Periodic Table of the Elements

Yaaaunanguy-4

1 18
1 atomic number 2
H Symbol He
1.0 2 atomic weight 13 14 15 16 17 4.0
3 4 5 6 7 8 9 10
Li Be B C N @) F Ne
6.9 9.0 10.8 12.0 14.0 16.0 19.0 20.2
11 12 13 14 15 16 17 18
Na Mg Al Si P S Cl Ar
23.0 24.3 3 4 5 6 7 8 9 10 11 12 27.0 28.1 31.0 32.1 355 40.0
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
39.1 40.1 45.0 47.9 50.9 52.0 54.9 55.8 58.9 58.7 63.5 65.4 69.7 72.6 74.9 79.0 79.9 83.8
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
85.5 87.6 88.9 91.2 92.9 96.0 (98) 101.1 | 1029 | 106.4 | 107.9 | 112.4 | 1148 | 118.7 | 121.8 | 1276 | 126.9 | 131.3
55 56 57-71 72 73 74 75 76 77 78 79 80 81 82 83 84 85 86
Cs Ba * Hf Ta w Re Os Ir Pt Au Hg Tl Pb Bi Po At Rn
132.9 | 137.3 1785 | 181.0 | 183.8 | 186.2 | 190.2 | 192.2 | 195.1 | 197.0 | 200.6 | 204.4 | 207.2 | 209.0 | (209) | (210) | (222)
87 88 89-103 | 104 105 106 107 108 109 110 111 112 113 114 115 116 117 118
Fr Ra *x Rf Db Sg Bh Hs Mt Ds Rg Cn Nh Fl Mc Lv Ts Og
(223) | (226) (265) | (268) | (271) | (270) | (277) | (276) | (281) | (280) | (285) | (286) | (289) | (289) | (293) | (294) | (294)
57 58 59 60 61 62 63 64 65 66 67 68 69 70 71
Lanthanoids*| La Ce Pr Nd Pm Sm Eu Gd Tb Dy Ho Er Tm Yb Lu
138.9 | 140.1 | 140.9 | 144.2 | (145) | 150.4 | 152.0 | 157.3 | 158.9 | 1625 | 164.9 | 167.3 | 168.9 | 173.0 | 175.0
89 90 91 92 93 94 95 96 97 98 99 100 101 102 103
Actinoids**| Ac Th Pa U Np Pu Am Cm Bk Cf Es Fm Md No Lr
(227) | 232.0 | 231.0 | 238.0 | (237) | (244) | (243) | (247) | (247) | (251) | (252) | (257) | (258) | (259) | (262)
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Tandvan 1 (9 AZWUY)

#915041 519 M, D, R, T, X uag Z sialuil

M | Huvesudefignmniivies vhufasenduiilduta idethsig M 1.752 ¢ wwinufisentuuia
Aaesusniue éansusynaumaslse 3.172 ¢ dsavaneiild
D | eguajifinaitu M usfinaesnoutiosiian uarlivhuAserdui
R | fiauduiusniuuuinuesy (diagonal relationship) fiu D
T | aginiusig R Tum1s19e9 dasmiennn ansuseneveenlenlduselevinnluauneaing
Z | eginifusig R lunns1esnn datuludeuy gavaeuvanvesasusznovlelelndues Z wii
49.9 °C
X | Siavezmoutosnit M og 3 Tiaveesndnduldvatsel wavund species inUfisen
disproportionation ¢
11 (2 azuuw) @ouaunisleseingnifiiAnnnnswauaiseeludl nfeuna warssyaniug 41l
AU Asenlvssuvane
1.1.1  wawasaranglufedaminivansazarvnaslinves M
1.1.2 wanasazangladeulansenleniiaaisuin (0.01 molL) Auasazaneraslsnves M
1.1.3  wanasazangledeulansonlenduduliunand (2.0 molL) fuansazanenaslinves M
1.1.4 duhadluasusznevlelelasves z
fviualdt  ansazansaaslssves M filddannududu = 0.50 molL
K., vadlansonlenves M = 3.2 x 107
1.2 (2 Azuuy) mvuae £° 903 X fiflaveaniindusing qiumaazmammﬁuﬁ’wiaiﬂﬁ
0.915 V 0.54 V —0.45 V 1.07 V
X0, ————> X0, ———> XO~ > X, > X
species lawinujisen disproportionation lates Weuaun1slessiingns wiouna svyaniue uaz
yen £° vesUfAseTiAnty
13 (1 Azuuy) Weugeslassaieesansuseneulslasdves T i T 3 sxmesiluluiana
14 (1 azuuy) Wousuunulassairsanuiiivesansuszneusenludves T luanuzundiuansgusisny
wan VSEPR seuazmouyntlinunaiiila
1.5 (1 Aghuw) 8nfpgeAUEUTUSAILLLINKENITENINGE19 D Wag R 11 1 fieg
1.6 (1 pzuuw) WGeumsdnedidnaseulussnauvesin M
1.7 (1 Azuuy) BesaauaBianinsunifinuessis D, M, X, Z a1nteeliuin



nsuatuaiiledudnsziumd a3 17 UVoaounN1ANg -6

Tanddafl 2 (10 Azuuw)

foyalasaadramdnvesnasuazsaiaeiu (Co) Fadusyzuvaseivou iudsdl

(@ wsiimideiwad (unit cel) iunuy face-centered cubic (FCC) Ingaznanasuousgfignuaniis
(lattice point) uazanatorneuaivsuagludotnszdnsavesniiswadlarme inliaunuiiuy
younsiiFnegsening 3.01-3.52 g/cm’ Ineflianumnuvusnniigailosymenmsusustludeanmss

FnsauuuYeniue fagy

(b) wawaaIu (Cg) Inrsiwadlavianuy FCC way body-centered cubic (BCC) lngluianavenaiaasuos
iyauaniiy  duAunselaulansuearlavisyia wu K adlulumbewadveaameIuasyili alkali-

doped fullerene audRduansinieands (superconductor)

-

~
@  J

@ luana Cyo

TAs9ds 19Uy FCC TAs9ds19UU BCC

2.1 (175 Azuun)  lunsaifwesianuvuiwiugedn nuiueznauasustlumhugaiuazaNg1Ives
wihewadduitle
2.2 (1.25 aziuw)  Tunsdlfinysilinnuvuisiuingn wasaAueIveIntlsigas lillduuwlas 91uiu

I3 1 6 1
armauAsUaulumgwadiduminle


http://www.chm.bris.ac.uk/motm/diamond/diamond.pdb
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2.3

2.4

2.5

2.6

2 Azwuw) lave K Aldlavdnluegniludeavmsednsasazvotoannydniavadasiasiawuy FCC
ATUNNTRY  1NFRFenuIdiwmis @-t) anuunu z Al dumidatiaduteannszdasawazves
panardnsa 1uiusraauTINYeY K luresiimsassrlalumiiowad wardnsndiuegedgves

K : Cgo AAnla

ab ¢ —— g h i A—o—p—
d j r
e k 5
f m t
z=Y Z=% z=1

(1.5 Azlul)  01ANETRIMNEIaEa K-doped Cgo UL FCC WAL 1425.3 pm A UAUILULTDY
waniiduwila

(2.25 pzuun) lunsdifl alkali-doped Cy, SlAsaadnawuy BCC Tanzuaanilasindu (M) filavasiy
o1ainlueglureseenmednialdnsuyntes MasUuanwiuvisres M Aszozens q auunu z lng
19 ® wnu M PuINernaNsINYes M Tunmiiswad Lardns1d@1ueegn1991898s M : Cy, davinle
(1.25 Axuul) 81 Cyo T15eT van der Waals wirffu 355 pm wa alkali-doped Cy, 7ifllAsa5 10U
BCC flanzuoanila M aglutatoannzdnsanndos wuin Cy wazlane M fUsunssiundu 83.58 %
9USHNTVRMLILWAS  §1ANEveMEwadwInAU 1184.5 pm Salevneuvedlany M 1Tu

Winle
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Tanddafi 3 (10 Azuuw)

arsidadoufianiiinainnsneriluhuselovlldnatseda 1wy Wuesmsiasudiessneunaraduy
wunidey wdn dened uenanddaldifusaidenlasa (chiral selector) lumswendaelasunlnnsii
Fdenlasadiurauleridanieie a1suszneudsdouretnedilesiu L-phenylalanine 3sa1unsauen
d1598a8HEN D- LAz L-isomers vadnsaLean1avilunie 9 sanaindulasntunaln chiral ligand

exchange

noumauselUllaeeuteasaiiefsnyssingy lunsiagulasaidiiansaweslewmindaau wagld

dydnwal R wag R wnu side chain YeanInoziily

3.1 (3 Azduw) 33‘146;{613LLﬁ%%@ﬁiSQ‘Uﬁﬂ%@ﬂl@Imm@% (613) vesansUsenaupanaannednsa magnesium
amino acid fwdeuannsnueanfnluasazaneiva pH 10 Adululéioun  MeagUuandaseasig
Tneuans donor atoms Wiy el anunsaldiduansduiifufianls

32 (1 ;Azwww) lunswdeuansazatedadenlasail pH 6 Usuias 450 mL winldaedivesinueding
1.25 mM @l L-phenylalanine Ansu

33 (2 azuun) Nagulassaiveansdedoudianlude 3.2 iuans diastereomer wiouszyviinveadleluies
Tilassaidaelsidondoutoans

3.4 (2 Azuu) Wudidnmseu wazlouwiinues d-orbital TULKHUAMLAAITEAUNAIIY WiaNTEYTUIS
vadlaseaialude 3.3

3.5 (1 azuuw) winldansavanedldenlasailudivsaisnanves aspartic acid, serine, leucine way
valine ifi¥s - ua L-isomers fewadinneduillasininns @l lneusu pH vesfvgligedu wui
aspartic acid LﬁuaﬂsﬁﬁmLLiﬂﬁaaﬂmﬂﬂaﬁmﬁ Lag leucine a@ﬂm%ﬂuﬁ’aqmﬁw a8 D-isomer A%
9oNuTNBY L-isomer lawe  IFsddunuamsavesnedudlunIgaduasidsdouiiinainnnsg
uandsudunudvesiadonladatunsnesfiluia 4 wdedarnunludes o 1 Ao wniian uas
4 e voudian

3.6 (1 Azuuw) 3193UlAT39a919904 heterochiral ¥09d15UsENBY ternary ¥aaaaUiUeasiu

L-phenylalanine Wag D-serine 91U 1 1ATIAT9
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Tanddafi 4 (10 Azuuw)

aaa 1

n1snaaeuIRnileledu (iodine clock experiment) WgtaaiuUisenseninslalasiaueseanladuas

lolalanluansazalensnnaaunns
H,Ox(aq) + 3 (aq) + 2H"(ag) — 157 (ag) + 2H,0()

nsfnwInseaunamansvesufizentissuvinlalasfnniunisuasuilasanududuedlalasiaules
panlen  lun1meass 3 ¥a wnazyaianaduduisuduvaslalalan [, wansneiu nedl [H,0.), =

5.00 x 10 M wag [H], = 4.00 x 1072 M lansmaaians

'74 T T T | | |
76 | . -
[ _ n y =-0.1204x - 7.599
78} 2 m . ) -
80 _ | e u -
—, 82 o y=-0.3612x-7.602 A
O, - A e
I -84} g ' -
£ - . s
8.6 |- A " .
L ] [
88l ™ [I,=0.1000 M “a i
- e [I7.=0.3000 M - 1
9.0} 0 y =-0.4816x - 7.600 - J
A [I],=0.4000 M A |
_92 L | " | L 1 1 | L | 1 | 1
0.0 0.5 1.0 1.5 2.0 25 3.0 3.5

Time (min)

4.1 (2.5 asuw) Mousuveslfisenilillafisuiu [H,0,] wae [I7]
4.2 (2 A¥lUN) AUINAIAINBNTIAINNNTNAABITNRU Sryriielagldanududulumite M wagian

Tumineg min
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N NAaewRLdn 3 Ya uiazyadianududusuduvadlalasaulasau [H'], unneeiu Tnedl [H,0.)

= 5.00 x 10" M waz [I', = 8.00 x 1072 M lansnsauana

4.3

4.4

In[H,0,]

1 I I I I I
. m .
A R _
e ® " y=-0.08096x-7.599
A R 1
.y =-0.12704x - 7.602]
= [H],=0.0200 M A ]
A [H],=0.1600 M I
L 1 L | 1 1 L | 1 1 L 1

0.5 1.0 1.5 2.0
Time (min)

2.5 3.0

3.5

(3.5 AzUUL) WABANIINITWING —slope waz [H'], wazloungdnslaeuanseasiiduiasnioy

mie seymbelagldaududuluniig M waziaanluniie min

(2 AzlUL)  B5UIBANNNNNEVRINYBNTIIUTD 4.3 NaaAARBINUNANITNAABIIINUALUTINALNTY

Uinsen
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Tanddafi 5 (4.5 Azuuw)

N913UIN15L39UHAT81N1588188U83 hydrogen peroxide (H,0,) 918 iodide ion (N Faintusunaln

el
Fudi 1 H,05(aq) + Mag) — 107(aq) + H,0() (Andh)
Fuit 2 H,0,(aq) + 107(aq) — Iaq) + H,0 + O,(e) (Fnidn)

MvuatoyanIgunamans

NAIUNUSE / k) mol™? -0 | H-0 | O-0 | 0=0

201 459 142 494

UaYNINTEIUNISAR / k) mol™ I"(ag) | 107(aq) [H,0.(aq)| H,O) | O,(g)

wazeUlnsUNInsgIu / J mol™ K |AH® / k) mol™ | -55.19 | -107.5 | -191.17 |-285.83| —

i 25 °C S°/JmoltK?!| 1113 | -544 143.9 69.91 | 205.14

51 (L5 azuuy) suaieuialvesufiseluudaziudeslaeld (@) ndsusiuse uay (b) leusiad
1IRTFIUNNTNIA 5zqa1mmadmmLmﬂ@iwuaqﬁi’]ﬁﬁm’gmlﬁmﬂﬁgmaﬁ%'

52 (2 Azluu) ﬁﬁuamﬂwsLﬂﬁauLLﬂaqmaaLauﬁaﬂmmgm (AH°) wazteulnsUunsgiu (ASY) voq
Ujisensaanedives H,0, fisefae - By (w) wazmsiasunlamdsnunisly (AU) il
Aaufasiueay 1.00 Tua

53 (1 azuuy) ndeyaiiivun aunseasdifeddusaunamansuazaunainiddmsvujiseints

ganesived H,0, 4 leassiuteninulating
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Tanddafl 6 (11 Azuuw)

wagulasnseu fe wasignUanlasueenunaindianaseuiiaeilasweaumsilndanuiues Ianudy
a9 wazdAnasnuseiiainsounguYInasnunIeduat s sddunssnauiadadiend vinlanunsaldilu

wraaniawasvaanadansalninsalnllanainvane

Avuald nsausseunasadianasouliiaiuiuniadu 2.70 x 10" m/s wagndsauaadiaewdy

S NN N e

6.1 (225 Axuuu) N1THARTIENTAIN819AEY 1.000 x 10° A 9zdesvlididnaseutd oalaudail
< ] A4 aa 1 v a v = A ¢ '
ANUSIVle wazlloBlanaseulanlaesiidnan aziinnuennauvesneusesailuiile
6.2 (2.3 Azuun) OuadulaInTOUNAATNIINTD 6.1 YuiuRilansvlanidingldannzayyinie
iAalnladdnaseuniinanmss 1.73 x 10° m/s dlifinsgaydendsnuluduneuil
6.2.1 electron binding energy vatlangviiailiidwinlalumiega

[y '

6.2.2 NAS1LERIAT electron binding energy vaslanzuiinfie q langisnanmsdulanela

(%
(%

6.2.3 winlledianasoudilatiunandidnaseutuuengn wumrsudunedndululdvimunves

a g & |
@Lﬁﬂmi@UULﬂULVI{LW

electron binding energy ¥adlanzvinng 9 (eV)

Se 5.90 Pb 4.25 Th 3.40 Sm 2.70
Te 4.95 Mn 4.10 Lu 3.30 Yb 2.60
Ru 471 Zr 4.05 Nd 3.20 Ba 252
Cr 4.50 Hf 3.90 Y 3.10 Na 2.36
Sn 4.42 As 3.75 Tb 3.00 Rb 2.26
Ti 4.33 Mg 3.66 Ca 2.87 Cs 1.95

Y a & A v < v oa & a %
6.3 (245 Azuuu) daneseuluszaeuveslalasiauaiauiinenUTIIAUBANATOUNNLT I
a \ a | | 2 VA
LASEUTIBUNIA LazdnduliuiueuYeIrIITIog 0.10 %
6.3.1 anuldudusuvssdiunusdianasaulduwinle wazAndusg1aiosfvinvaIruInaynay
(Amualidusiugudnaavesesneulalasiay wiriu 106 pm)

6.3.2 tdesnsiianulindusuresiunusdianaseuluezaeulalasiauluiiu 1.00 pm agviild

6§ @ 3

[ Y = % oy o
Anuliuiveuvaamsinanusididnaseuluegatasiosigud
6.4 (6 Azuuw) MNNsiduasdulasnseudng) CN (cyanide ion) wuin figidnaseuussqeglu highest

occupied molecular orbital (HOMO) §1uau 2 Bianaseu

fa o a

6.4.1 Wauwnunmeasiviagaluana (MO diagram) N1a0AAR N UNANITNAGBIRINATY tAETEY

fa o a

duanuvaluessng dydnveluanuinveseesivadluana wazussadianaseaurvun

[

6.4.2 mndidnnseusdand slu HOMO gansesulufl lowest unoccupied molecular orbital

9

(LUMO) dustuiuszuas CN luaauznszauluwinle
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Tanddafi 7 (5.5 azuuw)

wasgulasnseunndnlatundnsrunulasiasiendnuuulnives Ltyrosine ethyl ester (L-TEE) siemailn

M3LaEUUYRLSEend (X-ray Diffraction, XRD) Inewiudeyanisideauu (diffraction pattern) finaudu

Lzl (1) #13 9 wud laseasneveseuds LTEE wWasuwladdlomnudwiindu ladgaialvd

38031 “NEW” Tagminunuagnainn1snaaodigalaiiin NEW (P, WagANauaIgnInn1svaasaid

Wige NEW Wit (P,,,) WUunsil

7.1

7.2

7.3

7.4

(%
v

T/K 250 294 303 323 337
Phigh / GPa 0.19 0.27 0.15 0.35 0.40

Piow / GPa 0.30 0.45 0.44 0.58 0.50

(1 Azuun) nuanIsnAaes aunslauanaduaunaszvinawesudstiaesigniadldfidan anidu
fidenndeussvyinnafiafosluuinasiig 4 asuuunudeigaaddmueld Tnsauduleves
L-TEE Tutisgaumgi 100-500 K dA1laiAin 0.01 MPa
(1 AzUUL) ATIMEN (triple point) ATy iz‘mfwuaqLL%qﬁ’jqaaﬁQmﬂﬁ’ULLﬁa (Tos) HAZIENIN
vowdstigesinnaturesnan (7.9 wulsiianiidla
(2 Azuuy) vnduaunatgniafianntusrlwiduluaaeuduius Clausius—Clapeyron fiuan
nswasunlawesaulnsl (AS) uastousial (AH) wle L-TEE LU?{sui’gmﬂﬁumwmaaqﬁ 294 K
fvualdf nilmthowadusznoude 4 luiana uagilu3ines 1114 A% uay 1050 A> aaidneiu

daP AS

Clausius—Clapeyron Relation: - =

dr AV
(1.5 azuuw)  nveswdslunaiaiiu (S) vasuwmand 376.42 K shenisiasunlatouviall 31.846
kK mol™  Muiaeuvialn1smasumaivesigna NEW (Aey_ H) finnnufuund wagdszanme
mmeNwIdnaun

ANEW—>SH o A|_—>SH
TNEw—L = A

NEW—S H AL—>S H

7-N EW—S 7—L—>S
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Tanddafi 8 (10 Azuuw)

Longifolene is a tricyclic sesquiterpene, found primarily in the high-boiling fraction of certain pine
resins. Due to its compact structure and lack of functional groups, longifolene becomes a challenging
target for synthetic methodology research.

The following is the total synthesis of dl-longifolene published by Corey, et al.

(@]
HJ\ 0
/\/OH ©) €)
iy e
KOH, MeOH (0] TsOH n-BuLi

C7H1002 heat C15H220;
0304
o _ [
1. CaCO3/LIiClO,4 o_0
(Pinacol rearrangement) TsCl
0] - D
2. HCI pyridine
Y OH x
OTs C15H2404
NEt3, ethylene glycol
(Michael addition)
s 1
S
H .
. 1. base, Mel LiAIH, . Na, NHoNH-»
2. HS\/\SH or Raney Ni
0O C16H260S;
BF3 OEt,
Z
C16H240S; CrO;
H 1. MeLi
H
2. SOCly, pyridine
C14H220

dl-longifolene

8.1 (8 points) Draw the structures of compounds A - H.

8.2 (1 point) Place an asterisk (*) on a carbon in compounds Y and Z that is derived from the
carbon marked with * in compound X.

8.3 (1 point) Draw an arrow starting from a potential nucleophilic site to a potential electrophilic
site to show the C-C bond formation in the Michael addition step in the conversion of

compound Y to E.
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Tanddafl 0 (10 Azuuw)

Favipiravir is one of the antiviral medicines being used with COVID-19 patients. Among various

preparation methods available, some routes starting from different starting materials are outlined

below.
N. _CO-H N-bromosuccinimide 1) reagent and/or Br N._CO,CHg3
[ \I 2 HSO4 (NBS) -~ B conditon W \[ \I
> - > =
NZ > NH CH3OH CH3CN 2) reagent and/or N~ ~OCHj
2 condition X
K*"NH,,
NH3
1) reagent and/or condition Y NH,OH
E - — D - C
2) reagent and/or condition Z A
CeHgN4O2
HI, A
P Ny - CONH2 Cl<__N.__CONH,
\[ I POCI3, DIEA | =
7 . e— F - _
Favipiravir
J Sn/conc. HCI y HNO3 H;SOs 1) SOCI, CHgOH, A [NICOZH
-~ - -

9.1 (8 points) Draw correct structures of Compounds A-J.

9.2 (2 points) What are the reagents and/or conditions W-Z?
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Tanddafl 10 (10 Azuuw)

Tentoxin is a metabolite that is synthesized from the pathogenic fungus Alternaria tenuis Ness.

Tentoxin is unique in its cyclic structure (see the structure in the answer sheet) with an unnatural

amino acid.

10.1
10.2

10.3

10.4

(1 point) Locate the peptide bond(s) by drawing an arrow pointing to each.

(1 point) Determine the absolute configuration of all stereogenic center(s) by writing R or S
nearby each center.

(2 points) Jimenez and coworkers reported a synthesis of tentoxin by solid phase peptide
synthesis. During the synthesis, there is a step that adds a methyl group selectively to the
target nitrogen atom. Explain, with drawings, why the methyl group was added to only this

nitrogen, but not on other nitrogen atoms.

(o] Mel H
—_—
o J\ \)L \)I\O—O K,CO4 ‘ Bu‘OJ\ . §

N o '
Me O Me O \ Me;
| why added

here?
o is polymeric resin.

(2 points) Epimerization is a stereoisomerization that is caused by the conversion of a
stereogenic center to the opposite configuration. This is commonly found at the stereogenic
centers that contain an acidic proton such as that at the Ol-position of amino acids. Therefore,
epimerization can be found in peptide synthesis where either bases or acids are present.

However, it was found that oxazolone, a side product formed during peptide synthesis, is more
likely to epimerize than normal amino acids. Explain, with drawings, why it is easier for

epimerization to occur in oxazolone.

H
O HR! =R’
7 side reaction N
PN - o
H oo ig\o
peptide chain during oxazolone

peptide synthesis
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10.5 (2 points) Another known side product is called diketopiperazine (DKP). Write a mechanism

to show how the starting molecule is changed to the product.

:
l%
6

O is polymeric resin.

10.6 (2 points) Rank the order of R; values of tentoxin, Derivative A, and Derivative B if all of them
are analyzed by paper chromatography with 9:1 acetone : water as a mobile phase. Also
explain your reason.

Derivative A = tentoxin with glutamic acid as a peptide unit instead of glycine

Derivative B = tentoxin with leucine instead of glycine.
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Tanddafl 11 (10 Azuuw)

a [ 3

Tl w.a. 2558 WawmunUssUivuilauluiowdu S5ETunY ansgowsng INNITARUEIUNUIN TEUY

Uszhludlnatlldviensny vliinu)isewilsiddayde

o

Pb(s) + O4(g) + H,O) = Pb(OH)(s) (aunseialying)

aunaNT1Iaza1eYINaNTMe Pb(OH), vilviiia Pb? Yuleuluin laglunydrunianuainududuves

nemludUssU1geanInnaeiunnsgIud LU

fauslss 71 25 °C K, 199 = 1.00 x 1071
Ky, 984 lead(l) phosphate = 9.90 x 10~
Ksp 983 lead(ll) hydroxide = 1.40 x 107
K vaeUf)i3e15813e Pb” iU dithizone (L) = 7.00 x 107
O,(g) + 4H*(ag) + de” = 2H,00)  E° = +1.23 V
Pb**(aqg) + 2™ = Pb(s) E°=-0.13V

11.1 (4 azuun) MutnrAsiaunadl 25 °C vesuFAsentnasiu andeyaifmunly

11.2 (2.25 azuun) wildludsdostunsazarevemeialussuuUssriinenisiiunoamslosoy Faily
\Ain lead(ll) phosphate adpufiavioUszln Auruaaduduves Pb? luaisazaiedusives
lead(ll) phosphate luniig ppb vinlifiansanufisenlalasladaveineannlosau

113 (05 AzUuUY) wn pH v83uanas axvldarududuses Pb? aannisazateves lead(l

phosphate wWagulUagals

ASLAUALNUANAIUITALNAANTITITOUNU Pb? wakenadnsidatauaan @1u1snanusunameiiaindudela
fin1san dithizone (IAssasnedsgl) Fadu bidentate ligand i pK, = 4.7 wazanunsaiinaisiedouindu

ANABULUUIIU (square planar) fu Pb?* alungiua

S

H
N\H)J\N/,N

dithizone

11.4 (0.75 AzuuY) WeugnsiAlveasiiegausening Pb* qu dithizone laglddydnual L unu
dithizone Tianuamzgasiuana lidaumansgnsliaseas

11.5 (2.5 Azuuw) Hufegade 10.0 L 9nnunasiuianis 398 Po? Wudu 10 pM funinasdios
i dithizone Wt 0.10 M USinasiinla ielifiaunadl Pb>* IAeiduasidouniomils aufls

USumssiuvesideliiasuwlas
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Tanddafi 12 (9 Azuuw)

Alnalasndududndauinanssuiiidunidnedaunsvasvesdminuassvdun dsieiyuszddmin
71 “dowgsnan dnlund willasy Usamitu Auaunlsu”
Methyl orange {uBuRiAmasnIn-wua (pK,, = 3.47) Fagunsatduns druglivaiidviios anunsalddourn

Tnilvsiduaeslalaeusu pH Timungau welndendlafanuuiu

methyl orange luguindeluiden (naluiana 327.3)

[

AuA9a9a (color wheel) tussdl

700 nm {400 nm

LT

590 nm

560 nm

12.1 (1 avuuy) seyaUnasun1sganauLaIres methyl orange Tugunsauarsuiua andudensdaluil

A A
A B
A (nm) A (nm)
300 400 500 600 700 300 400 500 600 700
A A
C D
A (nm) A (nm)

300 400 500 600 700 300 400 500 600 700
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122 (2.25 Azuu) lassadrmaaiivendulnududulusiufivssnovannedmulng Ala-Gly-Ser-Gly-
Ala-Gly szqﬂﬁzqmaawa&wﬂlwéﬁﬁ pH 2.0, pH 5.0 uag pH 10.0 3nUuUden pH ﬁLumzamﬁqﬂu

nsdeudnlvalvisidmaes nfeueSuremana

nsuenaatenagliin (electrolysis) @msandn methyl orange Awasluundyla feaunis

?_
\ NH, 0=8=0
N@N\\ 9 electrolysis ©
N@ﬁ—O' - = +
0]
N NH,

I methyl orange 1 lua iansangleudidnnseu 4 lua

12.3 (275 Azluy) n1suenaatsalulnifives methyl orange TiluufAsensnnduns ooandindu
pzpouladanuzesnBintuludountas wazldvunuaseengls

124 (3 Avuuw) e ndefdl methyl orange LWt 0.797 mM Usu1as 10.0 L dnwengaeniglnin
Ingldndanuliihanuunnes wdrianssualihiihueadanunantangy mnnssualihluead

AnaInAsuenaans methyl orange mglwinviniu Seeazues methyl orange Nanasduwinla

current (mA)

300

5 time (min)
25 90
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Tanddafl 13 (11 Azuuw)

g1uUTTmeInIsUInAsuzkarluinsy Jdiuusenaunan 3 sila Ae aspirin, caffeine way paracetamol

1ASIAS IR ILER

aspirin caffeine paracetamol

Os__OH o ; H
Sv  oxx LOX
o) o) r? N

P lUAmseiUsunuvesdIulsenounan 1nevinnisveasesadl

f2U A

- Fahwinensau 10 uia 16 6.7600 ¢ Uunenviaviun

|

N

=
fa\}

Wapdounduan

RNy

Tvaziden

- wtsendiuawdiundnies azanelu ethyl acetate
TAT1EYBIAUTENBUTRIYIRAE TLC (thin layer
chromatography) fiflilansiviaddn1iaa (silica
gel) wavwlawedoudiiu hexane : ethyl acetate :
acetic acid (15:9:1) Wuqmmiﬁﬁ%mm X, Y, Z
UULHY TLC wanansouananagy Tnedl aspirin 3

A1 R 1NNT1ER waz caffeine Ten Ry Woehian

N
mnmnnnmnnmnmnm

® O
< <

A15639879

13.1 (0.5 AYLUL) AUIMA R; Y93ansTisuALs Z
13.2 (0.5 Avuuy) winidsunandeuiiviu hexane : ethyl acetate : acetic acid (37:11:2) @1 R; U84

a1 Y azidusgsls msuenserineasneiumie X uaz Y aziduegnals
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mou B

- Fegniiunwda 1.5022 ¢ azatelu ethyl acetate 25 mL w§nansazate amunaslunsionen
(separatory funnel) t@Aua1sazatatdies pH 6.50 USuns 25 mL 1gn Wt (aql) @8nuAU
TuwaafmuaUsinaswn 250 mL duhauiedausuns @ B1) uazlddu ethyl acetate T5lunse
WenLA

- \fiwensaras 1 M NaOH 25 mL aslunsieusndiida ethyl acetate we wonduin (ag2) wavdu
ethyl acetate 91U thansavansusazduluusungldmnsauuasiiniwhazarseen wuin 1d

vasudelmin 0.5511 ¢ 31Nt wag 0.1356 ¢ 3NTU ethyl acetate

(%
o

13.3 (0.25 Azwul) @1savane aql egtuuuvisetua1slunslendagy

13.4 (0.25 Azuuy) Aoudiy NaOH aslunsieusn mnthdu ethyl acetate 1itas1eviaae TLC axlany
f\;mmiﬁﬁ%mﬁﬂmﬁw

135 (3.5 Avwun) fsunanswadllised  H,PO, (98.0 o/mol, 85% w/w, density 1.69 o/mL);
NaH,PO,4-H,0 (138.0 ¢/mol); Na,HPO,-7H,0 (268.0 ¢/mol); NazPO, (164.0 ¢/mol)
FonansiungauuazszyUTnaild WewIeuasazareveamlndies pH 6.50 wWudu 0.10 M
U31195 500 mL

Armsfinmsuansavesnsaneanadn: Ky, = 7.11 x 107 K,y = 6.31 x 1078 K3 = 4.2 x 1072

Ao C

- diarsazargluvin Bl lWesigianawadansauningalnl laediunasazargainuin B1 Usuns
4.00 mL ldadluviafmuausinns 100 mL (Wan B2) @ reagent USunmvlimnzan uasidiy 1
nduALATAUSIRS thansavatevan B2 lUinAn absorbance ¢ 0.720

- inf1 absorbance vasa1sHIMIFIUAIAUIUTIIAUTNTY 1.40 x 107 B3 7.00 x 107 M laaunis

YBININUINIFIW AB y = 1535.7x - 0.017

13.6 (1 AZWUY) ANUDLTUYDIENSIUYIA BT wag B2 Tunuie M uwinle
13.7 (5 Azwuu) A1uIUIUNN aspirin, caffeine thay paracetamolﬁﬁmiwﬁié’tﬂu me #iogn 1 Wi

(mautdulavrInuIuLiL)




