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Jan 2010 EAQ 1

The 1D {H, **C) and 2D NMR {H-'H COSY,*H-*C HMBC) data for the marine
invertebrate compound ascididemin are given below.
a.) Use the'H-'H COSY data to construct three spin systems. Iitelica the
structure of ascididemin where these belong. (4)
b.) Explain the multiplicities (coupling patterns) obgsd for each proton in the
three spin systems. (4)
c.) Assign all theH and**C NMR chemical shifts to the structure of ascidiitem
using the data provided. Explain your reasonin@ there any chemical shifts
that cannot be assigned using the data given? (10)
d.) Give an additional 2D NMR experiment that couldyide additional data to
confirm you assignment and explain how it wouldph€2)

Ascididemin

1D and 2D NMR data of ascididemin in CR@t 400 MHz

Atom No & ““C/ppm 3 'H/ppm  multd/Hz 'H-'"H cosy HMBC
H-H C-H
1 181.9 C C1-H9
2 155.7 CH 9.11 dd, 4.8,1.8 H2-H9, H2-H14 C2-H9, C2-H14
3 152.5 C C3-H2, C3-H9
4 149.9 CH 9.22 d, 5.6 H4-H18 C4-H18
5 149.8 C C5-H4, C5-H18
6 146.1 C C6-H11, C6-H16
7 145.9 C
8 138.2 C C8-H4, C8-H16
9 136.8 CH 8.70 dd, 8.0, 1.8 H9-H14 C9-H2
10 133.2 CH 852 dd, 7.7, 1.3 H10-H11 C10-H12
11 132.1 CH 7.94 ddd, 8.2,7.7,1.3 H11-H10, H11-H12 C11-H16
12 131.1 CH 7.89 ddd, 8.2,7.7,1.3 H12-H11, H12-H16 C12-H10
13 129.2 C C13-H14
14 125.8 CH 7.60 dd, 8.0, 4.8 H14-H7, H14-H9  C14-H2
15 123.7 C C15-H18
16 123.2 CH 8.63 dd, 7.7,1.3 H16-H12 C16-H10
17 118.2 C C17-H18

18 117.1 CH 8.48 d, 5.6 H18-H4 C18-H4




Jan 2010 EAQ2

A marine invertebrate derived compound containsl (), N and I. The MS, 1D and
2D NMR data is given below.

a.) Use the data to calculate the molecular formulgp. (4
b.) Use the COSY data to construct 2 spin systems. (6)
c.) Using the remaining atoms construct a final spsteay, taking account of the

symmetry and crucial HMBC correlations. (5)

d.) Using the remaining HMBC correlations, proposeracstire that is consistent
with all the data. (5)

MS (M") 506.9192Wz
IR 1660, 1630 ci

Atom label & (ppm) 3y (ppm) 'H-'H cosy 'H-"C HMBC
mult, int correlations correlations

A 167.7C - A-h, A-k

B 157.7C - B-c, B-j

C 140.2 2CH 7.76 s, 2H C-c, CH

D 138.9C - D-k

E 1346 C - E-g

F 131.8 CH 7.52t, 1H f-g F-h

G 128.7 2CH 7.46 t. 2H g-f, g-h G-g

H 126.9 2CH 7.73d, 2H h-g H-f, H-h

I 90.6 2C - I-c

J 60.7 CH 3.86 s, 3H

K 41.0 CH 3.67q, 2H k-1, k-NH K-l

L 34.0 CH 2.841t, 2H I-k L-c

NH - 6.14 bs NH-k

H=1.0078; C =12.0000; N = 14.0031; O = 15.9949]126.9045



Jan 2009 EAQ1
The structure of pinanediol is given below togethi#h 1D and 2D NMR data.
Use this data to:

a.) Assign all theH and**C chemical shifts. Show how you have used the tadierive
your conclusions. (12)

b.) Draw a clear conformational drawing of pinanediudi andicate how you can use the
NOESY data to confirm your assignments in paraagd use this data to determine
the orientation of Mel and MeJ. Also determine riblative stereochemistry of
protons f/f’ and h/h’. (8)
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Pinanediol

Atom label &c(ppm), & (ppm) H-HCOSY ‘'H-"Clong  'H-'H NOESY

mult mult,JJHz  correlations range correlations

correlations

A 73.9s - A-f, A-h’, A-g

B 69.2d 3.96 dd 5.1, b-f/f’ B-f', B-g b-f/f', b-g, b-j

9.4

C 54.0d 1.99t5.7 c-d, c-h C-i, CHj

D 40.6d 1.90m d-c, d-h D-i, D+j d-f/f

E 39.0d - E-f', E-h’, E-i,
E-j

F 38.1t 2.43 m f-b, f-f F-h’ f-b, f-d, f+j

F 1.62m f-b, f-f f'-b, f'-d

G 29.7¢ 1.28s g-b

H 28.2 t 2.17m h-c, h-d, h-h*  H-f/f’ h-h’, h-i

H’ 1.35d5.0 h’-h h’-h

I 27.9q 1.25s i-j i-h

J 24.2 q 091s j-i J-i j-b, j-f




Jan 2009 EAQ?2

a.) Describe how proton-proton coupling constants a@ENata can be used to
determine the relative stereochemistry of cyclidenoles. Use a specific example to
illustrate your answer and give details of the pescthat needs to be carried out. (8)

b.) Hamigeran B, isolated from a sponge has the planetsre given below. ThiH
NMR data with coupling constants as well as setebBl®E data has been given in the
table below.

i.  Use the NOE data to determine the relative steexoiiry around the five
membered ring. Draw a clear conformational draveind explain your
reasoning. (7)

ii.  The coupling constant data for H5 and H8a are ginehe table. Use the
Karplus curve below and your answer to (b)(i) tplak the size of the H5
coupling constant and assign the coupling consfantd8a to specific
coupling partners. (5)

Me
14
Hamigeran B
Atom  d, (ppm, mult,J/Hz) NOE correlations
5 3.39,d,9.3 H6, H7a, H8a, Mel5
6 2.31, m
7a 1.81, m
7b 1.69, m 8b, H12, Me14
8a 2.63, ddd, 13.0,9.6, 5.4
8b 1.56, m
9 -
12 121, m
13 0.53,d, 6.5
14 0.45,d, 6.5
15 1.29,s




Jan 2008 EAQ1

Capnellene

Capnellene was isolated from the Indonesian soél @apnellaimbricata. The'H NMR
data has been provided below.

NMR datafor capnelleneat 400 MHzin CDCl;

O'H (mult, JHz) NOE data
H2 151 m H2-H3b
H3a 2.09m
H3b 1.45m H3b-Mel5, H3b-H2
H5a 1.79dd 13.8,8.4
H5b 1.51dd 13.8,4.6 H5b-H6, H5b-Mel15
H6 2.22 dddd 11.6, 8.4, 4.6, 3.5 H6-H5b
H7a 2.13ddd 14.2, 8.4, 3.5 H7a-H11
H7b 1.39dd 14.2, 4.2
H8 4,74 dd 8.4, 4.2
H10 2.36dd 11.6, 3.3
H11 1.75d 3.3 H11-Mel4, H11-H12a, H11-H7a, H11-Blel
H12a 5.05d 2.5 H12a-H11,
H12b 496d 25
Mel3 1.24s Mel3-H11,
Mel4 1.02s Mel4-Mel5, Mel4-H11
Mel5 0.82s Mel5-Mel4, Mel5-H5b, Mel5-H3b

a.) Draw the structure, labelling protons on carborg, 5, 8, 10, 11. Use the data table
above to indicate the coupling constants betweesetiprotons. Explain why one of
the expected couplings between H6 and H7b is ngsé®)

b.) Use the information from part a. to propose twaosjiae relative stereochemistries
between protons H6, H10, H11. A Karplus curve i&gibelow. (6)

c.) Use the NOE data given to confirm the relativeesiehemistry determined in part b.
and the relative stereochemistry of Mel13, Mel4, Bl&¥hat is the stereochemistry
of the ring junctions? Draw a clear stereochentcaram to explain your answer.

(8)



2007 EAQ1

The alkaloid tambjamine F was isolated from theingainvertebrat&gillina signifera. The
'H, 3C, HSQC, COSY and HMBC data are given in TableldweUse this information to:
a.) Assign all'H NMR shifts explaining your reasoning. (6)
b.) Assign all**C NMR shifts explaining your reasoning. (8)
c.) Indicate how the COSY data are consistent with y@signments. (2)
d.) Indicate how the HMBC data are consistent with yagsignments. (4)

7\ S
\
N N

HN\/\©
Tambjamine F

Table 1. 1D and 2D NMR spectral data for tambjamine F atadiin CDC} at 400/100 MHz
(3 in ppm).

Atom  3C/ppm mult  &H/ppm, integral, 'H-'HCcosYy  “C-HHMBC
mult, J/Hz (H - H) (C - H)
C1 164.5 C H-14
C2 143.7 C H-10
C3 140.3  CH 7.07 (1H, d, 14.7) NH2 H-15
ca 137.4 C H-15, H-16, H-6
C5 129.1  CH 7.18 (2H, m) H-6, H-7 H-6, H-7
(2C)
C6 129.0 CH 7.26 (2H, m) H-5 H-16, H-5, H-7
(2C)
C7 1271  CH 7.19 (1H, m) H-5 H-5
cs8 124.8  CH 7.07 (1H, bs) H-12
C9 1225 C H-8
C10 1141  CH 6.72 (1H, bs) H-12 H-8
Ccl1 110.9 C H-13, H-3
C12 1109 CH 6.30 (1H, m) H-10, H-8 H-8
C13 918 CH 5.92 (1H, d, 1.2)
Cl4 585 CH 3.85 (3H, s)
C15 527 CH 3.66 (2H, m) NH2, H-16 H-16
C16 36.7 CH 2.98 (2H, 1, 7.2) H-15 H-15
NH1 11.60 (1H, bs)
NH2 9.80 (1H, bs) H-3, H-15




2007 EAQ?2

Latrunculin A is a complex metabolite isolated fridm spongéatrunculia and the seaslugs
that feed on it. There are 5 stereocentres imtioiecule and different approaches need to be
employed to determine their relative stereochegnigtor the A ring théH NMR data and
coupling constants are given in the extract ofdia table below.

a.) In some conformationally constrained systems, ebgplecouplings may be missing.
Using the Karplus curve below explain why thishs tase. (3)

b.) Draw a diagram of ring A in your answer book andidate the couplings between
the protons. (4)

c.) Use the information from part a.) in conjunctioritwihe Karplus curve to assign the
correct relative stereochemistry at C-13 and Cabl, assign the diastereotopic
protons at C-14 and C-16. Draw a clear conformatidiagram to explain your
answer. (8)

d.) An NOE correlation is observed between H16’ and .Hise this information to
suggest the relative stereochemistry at C17. (3)

e.) Suggest how you might determine the relative stremistry at C-11. (2)

Latrunculin A

Table 1.SelectedH NMR and coupling data
for latrunculin A obtained in DMS@g at 400 MHz.

No On/ppm
' (integral, mult. JJHZz)
12 1.22 (2H, m)
13 4.28 (1H, t, 11.0)
14 1.42 (1H, d, 14.4)
14 1.32 (1H, ddd, 3.2, 11.0,
14.4)
15 4.99 (1H, dd, 3.2, 4.8)
16 1.97 (1H, d, 14.8)

16 1.53 (1H, dd, 4.8, 14.8)



2006 EAQ1

Spectroscopic data is given below for a potentiajanolecule. The molecule contains two
amides and a phenol-OH.

Use this information:

a.) To determine the molecular formula (4)

b.) Determine the correct structure of the moleculegighe 1D and 2D NMR data.
Draw structures indicating the COSY and HMBC catiehs to confirm your
conclusions. (10)

c.) Assign all theH and**C NMR data. (6)

MS data: M at 250.1317n/z
(C =12.0000, H=1.0078, N = 14.0031; O = 15.9949)

The IR spectrum shows major bands at 3630, 3315,3692, 1608 cth

3C/ppm, mult &H/ppm, multd  'H-'H COSY data HMBC data

C-H
1 1765s C1-H7,11, 14
2 17205 C2-H8, 10, 13
3 15295 C3-H5, 6
4 13345 C4-H5, 6, 13
5  121.8d(2C) 7.47 2H d 8 Hz H5-H6 C5-H6, 13
6 115.9d(2C) 6.71 2H d 8 Hz H6-H5 C6-H5
7 36.5t 2.18 2Ht 7 Hz H7-H11 C7-H9, 11, 14
8 33.9t 2.23 2H t 7Hz H8-H10 C8-H9, 10, 13
9 28.31 1.29 2H quint 7 HzH9-H10, H9-H11  C9-H7, 8, 10, 11
10  25.3t 1.67 2H quint 7 HzH10-H8, H10-H9  C10-H8, 9, 11
11  25.0t 1.57 2H quint 7 HzH11-H7, H11-H9  C11-H7, 9, 10
12 11.01Hs
13 8.0 1H bs

14 6.0 2H bs




2006 EAQ?2

The'H NMR spectrum of the compound below has been aadland selectéél-'H
coupling data has been reported.

CCl,

mult J/Hz

dddd 12.3,12.3,3.3, 3.2

dddd 14.5, 4.6, 3.6, 3.3

dddd 14.5,12.3, 10.6, 3.3

dddd 15.1,12.4,10.6, 3.6

dddd 15.1,4.6,4.3,3.3

ddd 12.4,10.4, 3.3 HO

ddd 11.3,10.4, 4.3

ddd 14.1,12.3,11.3

OlOIN|O|O|A~|WIN|F- T

ddd 14.1,4.3,3.2

Me Cl Me

a.) Copy the structure into your answer book and irtdiedl the mutual coupling
constants. (6)

b.) Use the information from part a.) together with ieeplus curve given below to
assign the stereochemistry of-He. Draw a conformational diagram to explain your
reasoning and indicate the stereochemistry ofitteegroups. (10)

c.) NOE data shows enhancements for: H1-H4, H1-H-7HE83H4-H7, H6-H8, H8-H3.
rationalise this information using the conformataerived in part b.).



2006 EAQ 3

Hederacine B is a compound isolated from ground@hgchoma hederaceag). The'H, °C

and HMBC NMR data are given below. Using this infation:

a.) Assign the'H and™*C NMR data to the structure indicating your reasgnDraw a
structure indicating the HMBC correlations to comfiyour conclusions. (14)

b.) Selected NOE correlations are given below. Useitiiigmation to assign the
relative stereochemistry in the lower five-membetiad in hederacine B. (6)

NOE data: 3.11 — 1.40; 2.88 — 1.49; 2.13 - 1.249 +.2.13; 1.29 - 1.40; 1.40 — 2.88

(0]
Me
[ Y
NMe
Me Me
NH»

Hederacine B

Atom No & "H/ppm, mult  *C/ppm, mult HMBC
H-C

1 - 1705s -

2 - 130.5s -

3 - 156.0 s -

4 2.82m, 1H 225t C-2,C-12
2.37m, 1H

5 3.37m, 1H 59.0d C-12

6 - 46.5s

7 213 m, 1H 35.1t C-9, C-10
1.26 m, 1H

8 201 m,1H 245t C-6, C-10
1.49m, 1H

9 2.88m, 1H 67.5d C-6,C-11,C-14

10 - 555s -

11 2.85m, 1H 48.2 t C-6, C-9
1.30 m, 1H

12 - 110.0s -

13 3.11s, 3H 49.5 q C-12

14 140s, 3H 17.0q C-6,C-9, C-11

15 1.29s, 3H 15.0¢ C-5, C-7

16 1.90s, 3H 750 C-1, C-3

NH, data not shown



2006 EAQ4

A water-soluble compound containing an guanidingnoup (HN-(C=NH)-NH, &c ~157
ppm) was isolated from a New Zealand hydroid.

The 1D and 2D NMR data is given below. The accursdes measurement obtained by ESI-
MS is [M+H]" =279.1452/z

(C =12.0000, H=1.0078, N = 14.0031; O = 15.9949)
Use this information:

d.) To determine the molecular formula (4)

e.) To determine the correct structure of the moleasiag the 1D and 2D NMR data
and assign all thtH and**C NMR data. Draw structures indicating the COSY and
HMBC correlations to confirm your conclusions.(12)

f.) To explain the NOESY correlations observed for daispound. (4)

Ou/ppm I HMBC NOESY

Oc/ppm mult (H, mult, J/Hz) H-"H COSY (C—H)
1 189.4 s H-9
2 166.2 s H-7, H-11
3 164.1s H-9, H-10
4 157.3s H-6
5 125.0s H-10
6 41.0t 3.06 (2H, d, 6.0) H-8, H-12 H-8, H-12
7 38,5t 3.17 (2H, d, 6.0) H-8, H-11 H-8, H-11 H-811
8 26.6 t (2C) 1.40 (4H, t, 2.8) H-7, H-6 H-7, H-6 -MH-6, H-9
9 133.2d(2C) 7.80(2H,d, 8.8) H-10
10 116.3d(2C) 6.80(2H,d, 8.8) -9 H-9 H-9, H-13
11 8.70 (1H, t, 5.6) H-7 H-7, H-9
12 7.40 (1H, t, 5.6) H-6 H-6
13 10.80 (1H, bs) H-10

Note: 3 additional exchangable H are not visibléhetH NMR



2005 EAQ1

The Antarctic alg&@antoneura plocamioides produces an interesting monobrominated
monoterpene called pantoisofuranoid A. The masstgpeetric and 1D and 2D NMR data
are given below. To simplify your workings, you magsume that C3 and C6 are linked by an
ether bridge.

MS data: M at 264.0366vz

(C =12.0000, H = 1.0078, O = 15.994%r = 78.9180)

Label §13¢ 5 1H (ppm), multd (Hz) ~ COSY HMBC data

(ppm)’ mult data (H to C)

(H-H)
1 105.9d 6.31d 13.6 H1-H2 H1-C2, H1-C3
2 141.3d 6.17d 13.6 H2-H1 H2-C1
3 88.3s
4 75.4d 3.84m H4-H5 H4-C3, H4-C6
5 34.7t 2.30m H5-H4, H5-C3, H5-C6
1.94 dd 14.0, 3.1 H5-H6

6 83.4d 3.84m H6-H5 H6-C3
7 71.7s
8 26.4q 1.09s H8-C6, H8-C7, H8-C9
9 27.6q 0.78 s H9-C6, H9-C7, H9-C8
10 21.0¢ 1.32s H10-C2, H10-C3, H10-C4

a.) Determine the molecular formula of pantoisofuran®id4)

b.) Calculate the number of double bond equivalenis. (2

c.) What are the functional groups present in pantarsmioid A? Present your evidence
for each one. (4)

d.) Using the 1D and 2D NMR data determine the strectdipantoisofuranoid A.
Explain your reasoning at all stages. (10)



2005 EAQ?2

Massarinolin A, a sesquiterpene isolated from araiq fungudMassarina tunicata, is
shown below’H NMR data and selective NOEs are given in theetaielow.

13

Position  'H NMR data §/ppm, mult,J/Hz) NOE correlations

3
5
7
8
9
11
12

13
14

15

6.95,q,1.3 4.22

4.22, broad s 2.27,3.14,6.95
2.63, m

2.27,ddd, 10.0, 5.7, 5.7 4.22

1.57,d, 10.0 1.64

3.14,d,5.7 4.22,4.87

2.58, m 4.84

2.22,ddd, 17.0,9.4,1.2 4.84

1.98, dddd, 12.0,9.4,4.2,2.4

1.64, m 3.93

1.94,d,1.5

3.99,d,9.6 1.98, 2.58, 3.14, 4.84, 4.87
3.93,d,9.6 2.63,1.64

487, m 3.14, 3.99

4.84, m 2.22, 3.99

a.) Using the Karplus curve below, assign the diastepo chemical shifts for positions
11 and 12 to equatorial and axial protons. Inditdaechemical shifts and all the
coupling constants you can assign on a clear cordonal drawing of the relevant
part of the molecule. (5)

b.) Confirm your answer to part a.) using the NOE infation provided. Indicate the
relevant NOE correlations on a separate clear comational drawing. (3)

c.) Using the coupling constant information, assigndizstereotopic protons at position
8. Explain why why the signal &t1.57 ppm is only a doublet. Rationalise your
assignments using the NOE information. (5)

d.) Use the NOE information provided to assign thetdi@®topic protons at position 14.
(4)

e.) Use the NOE information provided to determine tieeeochemistry at position 5. (3)



2004 EAQ1

A natural product containing a chlorinated douldedbshows a molecular ion clustemalz
188/190 in its mass spectrum. THeand**C NMR data are given in the table below, as well
as the'H-'H COSY and HMBC (C- H, 2 and 3 bonds only) data.

(Hint — there are two isotopes of €iCl and®*'Cl)

*C NMR @/ppm, multiplicity) at 100MHz andH NMR (&/ppm, proton count, multiplicity,
J/Hz) at 400 MHz andH-'H COSY and HMBC data in CDgI

¥c H COSY HMBC
H-H C-H
A 139.2d 5.76 IHm d/d’, f f, h
B 133.0s c,e]j
C 127.6d 5.751Hm e, j e
D 114.1t 494dq17.11.8 a, f a,f
4.88 dquint 10.3 1.0

E 66.9t 412 1H s ¢, OH c
F 33.7t 2002Hq 7.1 a, d/d, h a, d/d’
G 29.2t 1.272H m i j i
H 28.7t 1.332Hm f,i
I 28.4t 1.36 2Hm g, h h
J 28.1t 2162Hq 7.2 , 0 c

a. The accurate mass of the molecule is 188.0968 gubmNMR data and the accurate
mass, calculate the molecular formula. (4)

(*H = 1.0078,°C = 12.0000°0 = 15.9949%°CI = 34.9689)

b. Calculate the double bond equivalents. (2)

c. Besides the chlorinated double bond, what are tiher dunctional groups present?
2

d. Generate a list of substructures consistent witlr ymswer to c.) and the molecular
formula. (4)

e. Propose a structure for the natural product thedmsistent with all the 1D and 2D
NMR data given. Show how you used the 2D NMR datgenerate your final
structure. (8)



2004 EAQ?2

a. Explain the effect of chemical equivalence/magnetio equivalence. Use chemical
structures and draw spectra to illustrate your ans(@)
b. SelectedH NMR data is given for the structure below. Deterrthe relative
stereochemistry of the OH and the Me groups. Asttigrdiastereotopic protons at C
to the equatorial or axial position. (8)
c. In addition, NOE spectra showed the following erdesmnents:
Irradiation at 1.43 ppm enhanced a peak at 2.70 ppm
Irradiation at 4.10 ppm enhance peaks at 3.94 é&8®igpm
Rationalise this information with respect to yonswaer to part b.)

HO O
Ab
B
OH
C
OH
Ou/ppm mult  J/Hz
A 394 dq 4.0,6.8
B 4.10 ddd 10.3,6.2,4.0
C 270 dd 12.5,10.3
2.32 dd 12.6,6.2
D 1.43 d 6.8




2003 EAQ1

'H, C, '"H-'H COSY NMR, IR and MS data for an unknown compoisnsummarised
below. Using this information:

a Determine the molecular formula of the unknowmpound. 3
b Determine the plane structure of the molecules Way wish to use thi#l-'H COSY 7
data to construct a spin system. Is there moredharpossible structure that is

consistent with the data given?

c Assign théH and™C chemical shifts to the structure. 4
d Given that there is a strong NOE detectable tvpeaks in thtH NMR spectrum 3

at 4.6 and 4.2 ppm, use this information to deteentihe relative stereochemistry of

the compound in question.
e Explain the formation of the/z 86 fragment in the MS and explain the 3

fragmentation.

Spectroscopic data:

IR: 3400 crit (broad); 1620 cih(strong)

MS: 131, 861z

accurate mass: 131.0582

(C =12.0000; H=1.0078; O =15.9949; N = 14.0031)

*C NMR data §/ppm, mult): 175 (s); 69 (d); 60 (d); 53 (t); 3% (t

'H NMR data §/ppm, integral, mult)/Hz)
4.55, H,m

4.18, H, dd, 10.6, 3.8

3.43,H,dm, 12.4

3.34, H, dd, 12.6, 3.8

2.47,ddd, H, 14.4, 10.2, 4.7

2.22,dm, H, 14.6

(dm = double multiplet, coupling constant given doublet)
'H-'H COSY data. There are correlations between pezke dollowing chemical

shifts:
4.55-3.43; 4.55-3.34; 4.55-2.47; 4.55-2.22; 4. 1B£24.18-2.22; 3.43-3.34; 2.47-2.22



2003 EAQ?2

Many natural compounds contain chiral centres,thisdcomplicates the interpretation’ef
NMR spectra as CHyroups become diastereotopic.

a Using illustrative examples, briefly explain teems homotopic, enantiotopic and 4
diastereotopic.
b For the three structures given below, indicatetivbr the Chlis homotopic, 8

enantiotopic or diastereotopic. Draw the expectagpling pattern for the CHn an
achiral and in a chiral solvent.

Me cl cl YYCI
m m cl cl

1 2 3

c The general structure of a sugar molecule wigwveat coupling constants is given 8
below. Using you knowledge of axial-axial, axiabatprial and equatorial-equatorial
coupling constants for six membered rings, deteerttie relative stereochemistry of
the sugar molecule and produce a clear conformeltanawing.

OH
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a. Give a brief qualitative description of the amigf the NOE effect between two protons |
and S. Diagrams should form a large part of yosmen. (8).

b. Non-stereospecific assignments for camphor i@engn the structure below. Data
acquired from a difference NOE spectrum is tabdléglow. Using this data assign, Hl,
Hg, He, Hi, Hg, Me and Mg stereospecifically. Give your reasoning. (12)

Mei, Mek
f_%

Camphor
Irradiate Enhancement
Ha Hp, Hy, Mex
H. Hp, He, Hi, Hg
Mei Hb, HC, He

Mek Ha, Hb
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a. Which of the following nuclei is the most regeptin NMR at natural abundance? (4)

Nucleus Natural abundance Gyromagnetic ratio

Bc 1.1% 6.76
BN 0.4% 2.70
F 100% 25.1
3p 100% 10.8

b. Using your knowledge dfC NMR chemical shifts draw the expecté@ NMR spectrum
of the compound below. (8)

[
)J\/ T\O/\
O\/

c. The'H NMR data for a compound;B,,05P is given below. Determine the structure of
the compound, and explain the coupling patternsrvisl. (8)

oy (ppm)  multiplicity (J, Hz) No. of H

6.8 d, 692 1
4.2 dg,9.1,7.0 4
1.4 t, 7.0 6
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a

Briefly describe how the Karplus curve can bedu®s determine relative
stereochemistry for rigid cyclic systems.

=

Hg

O O

Hg Meg
Med Mef

Hy He

For protons H H, and H in the molecule above the coupling constants are:

H, dd,J=14.0,4.5Hz

Hp, dd,J =15.0, 4.5 Hz

H¢, dd,J=15.0, 14.0 Hz

Copy the structure into your answer book andciate indicate the magnitude of
the couplings between,H, and H.

Use the Karplus curve below to determine thegtlde values for the two relevant
dihedral angles.

Draw the above molecule in the chair conforimatand indicate the relative
stereochemistry of f1H, and H.

NOE difference experiments were performed. WHgwas irradiated, thiH

NMR signals for Hand Mg were enhanced. In addition, irradiatingddve
enhancements at,HMe; and Mg. Use this information to determine the relative
stereochemistry of MgMe,, M& and H,
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A compound has the following IR, MS and NMR sp&ct

IR:

2900-3000 cm (s)
1600 cn* (s)
1200 cnit (s)

MS:

Low resolution electron impact m/z 100, 85, 56, 44
High resolution electron impact m/z 100.0888
(H=1.0078; C =12.0000; N = 14.0031; O = 15.9949)

'H NMR:

6.44 ppm, 1H, dd = 14.0, 7.0 Hz
4.18 ppm, 1H, dd = 14.0, 1.5 Hz
3.94 ppm, 1H,dd =7.0, 1.5 Hz
3.61 ppm, 2H,8=7.0 Hz

1.63 ppm, 2H, quintefl= 7.0 Hz
1.41 ppm, 2H, sexted,= 7.0 Hz
0.97 ppm, 3H, triplet)=7.0 Hz

“C NMR:
152 ppm CH
87 ppm CH
68 ppm CH
32 ppm CH
20 ppm CH
15 ppm CH

Use this information to:

Determine the molecular formula of the compound
Find the two functional groups present in thelecule
Elucidate the structure of the molecule

Assign all théH and**C NMR data to the structure, and explain the low

resolution mass spectral fragmentations.



Oneextra question:

The incomplete structure of ganomycin isolated ftbmbasidiomycete fung@anoderma
pfeifferi is given below. The side chain contains and aoldti three double bonds and groups
R:-Rs. Use thetH, °C, *H-'H COSY and HMBC data, acquired in @ID, to place the three
double bonds and groups RR, in their correct positions and fully assign theand™*C

NMR data to this structure.

OH
/OZ/YW R
R
HO R4 R; — Me, OH, COOH, Me

Rq R, Rs R,
Ganomycin

1D and 2D NMR spectral data for ganomycin obtained in CDCl; at 400/100 MHz (din
ppm)

Atom °C H 'H-"H HMBC

(&/ppm, mult) (&/ppm, COsY (C-H, 2-3 bonds)
mult, JJHz)

A 173 s p

B 151s I

C 149 s k,m, q

D 141d 5.9817.8 q p

E 137 s t

F 136 s u

G 133 s p, q

H 128 s d

I 127d 5.39t7.1 S n,u

J 125d 5.14t7.3 r o,t

K 118 d 6.61d2.8 m q

L 117d 6.64d 8.5 m

M 115d 6.52dd 8.52.8 K, |

N 69 t 3.94s i,u

O 40t 2.00t7.8 s j, t

P 36t 2.33t7.2 r d

Q 32t 3.69d7.7 d k

R 28t 2.1997.2 ip

S 27t 210975 i, O

T 16 g 1.61s j, 0

U 14 q 1.66s i, N




