Chemistry 4000/5000
Midterm Examination #3 (December 8, 2021)

1. a) Given that [MesPt(p3-I)]s is highly symmetrical (only 1 resonance in the 'H NMR
spectrum) and obeys the 18-electron rule, draw a suitable structure. (4 points)
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b) Assuming no coupling is observed between nuclei that are more than 3 bonds away from
one another, predict the "H NMR spectrum of the compound you drew in part (a) using a
tree diagram ('*°Pt natural abundance = 33.8%, I = %). Be sure to indicate the relative
intensity of each line in the spectrum. (6 points)
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2. Use DGM rules to predict the products of the following reactions. Very briefly explain your
reasoning. (8 points)
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3. UNDERGRADUATE STUDENTS ONLY
a) Draw and label the d-orbitals on the provided axes. (10 points)
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4. Grubbs’ catalyst is best known for what type of reactions? (6 points)
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5. The XeFs" cation formed from the reaction between XeFs and a strong Lewis acid exhibits
a static square pyramidal structure:

®
Fosal F  natural abundance = 100%, I= %
Fllm, | w\Feguatoria i?Xe natural abundance = 26.44%, I ="
Xe. Xe natural abundance =21.18%, /= 3/2
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(ASSUME THERE IS NO COUPLING TO 3'Xe)

a) What would you predict the ’F NMR spectrum of XeFs" to look like? (How many

signals and what multiplicity would those s1gnals have?) Explain in words what you

expect to see and 81mu1ate the spectrum using a tree diagram. Be sure to indicate the

relative intensity of each line in the spectrum. (8 points) Sl
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b) Predict the 12Xe NMR spectrum éf Xer usmg a tree diag Sgn{ Be sure to indicate the
relative intensity of each line in the spectrum. (8 points) :
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6. a) Schwartz’s Reagent is prepared by the reaction of zirconocene dichloride and one
equivalent of ‘BuLi, as outlined below. Identify the three products of this reaction and
briefly explain how they form. (8 points)

[(n°-Cp*)2ZrCl2] + BuLi (at 25 °C) > Schwartz’s Reagent + white solid + colourless gas
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b) Schwartz’s Reagent is valuable for participating in hydrozirconation reactions. Draw the
product of a reaction between Schwartz’s Reagent and 1-hexene. No explanation is
required. (Hint: Hydrozirconation reactions proceed in a regiospecific fashion wherein the
Zr ends up on the less substituted carbon.) (4 points)
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7. Graduate Students Only (Undergraduate students may attempt for bonus marks).
The following transformation is catalyzed by the yttrium (III) d° complex shown below.
Note that the active catalyst is generated in one step from this complex during which one
equivalent of SiMey is released. Propose a catalytlc cycle based on the fundamental
reaction types you have learned. Note that it is not necessary to indicate electron
movement, but the structure of every intermediate is required. Indicate in words (5 or
less/reaction) what kind of fundamental organometallic reaction(s) are taking place in each
step of the catalytic cycle. (10 points)
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8. At room temperature, the [Ti(nBu)2(OCHMe,)2] decomposes to the unusual Ti(II) species
[Ti(OCHMe,):], releasing 1-butene, followed by n-butane. Provide a mechanism for this
reaction. Note that it is not necessary to indicate electron movement, but the structure of
every intermediate is required. Indicate in words (5 or less/reaction) what kind of
fundamental organometallic reaction(s) are taking place in each step of the mechanism. (12

points) : 4
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9.  Answer part a and any two of b-e.
For the reactions below, provide the correct products (both inorganic and organic). None of
the reactants or starting materials are present in excess of the amount shown in the
equations. No additional reagents can be added. No explanation is required. (14 points)
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10. After activation with [CPh3]"[B(C¢Fs)4]", would you expect the following complex to form
atactic, isotactic, syndiotactic or hemiisotactic polypropylene? Draw a short sequence for
this type of polypropylene, and explain how such a microstructure arises. (12 points)
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BONUS:

.The periodic table provided on the last page of this exam paper has 5 missing elements. Add in
the symbol and name of the missing elements. (5 points)



(5741 11> R4 PO'LED [L<>4 Lzl

BE) lese s [e5el [I34] |Fiz4] Lol [evel
ON [P |wd(s3 [JO )9 (wo|wy | nd |[dN| N |ed |YL |9V | spouwe,
0k (%18 001 66 g6 6 98 G 6 €6 6 23 08 68
WN|[EqoU  [WIRASIRPUSWS | WNJRUS; | LUNASISUR | WEUOHER | wmgssieq g wmopsws | wnpcqnid | wnjumdae wnpein  (wnpgesiend | wnpog umpge
POELL £8'89t 9T iol €891 052791 EE85k STIS1 21818 QE05L [ors] vl [0 ZLori LE'gEL
QA (Wl |43 |oH |AQ | gl |pO | N3 |wS|wd PN | id |99 | BT | spoueyue,
oL 69 89 9 99 S5 L] £9 9 I3 09 6% 85 it
wmgepA NI winegse wnjunoy | wnjsoxdsip WjSH wmupopst | wmdouns wmgewes | wopgswox | wnjwiposu pmupoesmid|  wnsso WNUBYRIE]
leszl le2zl | 7% | (%] [aaz] |GEE Iraz] lagzl [zezl (5] lzag] leez] [zl
bnn|  gnannnunn| 3N |SH |ug |BS (aa | S |47 | 4 (BY |44
vik Zik 173 g1k _-| 601 803 108 903 1112 14113 (] 8 col-68 g8 i
wnipRnburen wmgunun | wnpnunen | wmguudun | wnpsugsw | wnsssy wnpyog | wniflogess | wnugnp  (wngsopeng | Winpusume] Lrpe wnpues
|E£ 4] | 7] 96802 ZA0T 8E'POT 85002 L6981 20's8L el EZ051 1288l roesl LR B¥RLL LEPLL EELEL LBZEL
UM | Jv |od | !9 |dd | IL (BH [NV |3d | 4l SO |@4 | M |BL [JH [N | . |eg|sD
98 8 8 £g z8 154 1} &6 8l &L 8L 174 i €L cL FL 02-LS a5 SS
uops: supIiEe wnjuoied Ypmusig pas] fErnct] Arosw pioB wnupsid n|py| WNEUSo NSy uszsung Wn[EguE) wnugey T wmiey UMsRed
BT IEL 06'sZi 09°4Z1L ETRYA) [F%-111 ZPLL 1zl 48401 [44 11 18201 ) L0101 [s8] ¥6'58 806'2e LA AL 20688 ] BIN'SE
X | | (@L|qs (us | u] (PO |Bv Pd Yy |NY |OL [ON|GAN |J4Z | A 1S | qH
¥ £8 4] 5] 05 &F ey id 9 Sr L 4 (44 54 or 62 8t it
uousX PO wnunji=s fuoumue up unjpu) WNUEED 1Bdgs wnjpe|jed unjpowy WS | WARSuYRs] |Wnuspahiow | wmgou WNRIOEZ ik wnguosns wnipigry
08eR P08°8L 95RL ceB L ISTL LGS 62759 ors'es o rEos L99°Ly 9567 8L0°0F BBO'ET
1y |19 (88 |sy (89 e9 uz \nQ| '~ | Uiz | VN O] A | 1L |98 e | M
cﬂwamk m:w_mm._n E:ﬂm_mm nEMME cnimm.:mm E_ﬂ_nmw uﬂ_nm ._wmoo _ i _Z .I J O,U CO&H w&&ﬁmﬂ_ s t —S.gtok d E%.? n-.m._Nm_u E:_wmﬂa E_ﬁﬁa E:vaﬂon_
Y68t ESK'SE 5902 PLGOE 980°8Z Z86'ST - SOE'YT 066'ZZ
W 1D|S |d|IS|IV B | eN
8L a3 91 41 1 4] £l (4} b
uobus BUPOLR myns sruoydsoyd [T WNWnE wnssuliow wn|pas
0aLae 26683 BB6'5E 4008 LI0ZL LESGL A k]
°SN| 4 |O| N | O | 9 °g | N
0L 6 8 2 9 ] Jsquine Juoge L £
uosU supony ustiho usbonu unquEs Umog BUIBY JSWS|S wnjjpeg LR
9%00° Y shay 64001
94 H
4 2
wn(ey uaboupiy




