14C synthesis strategies, Chem 315/316 / Beauchamp 1
Reactions Worksheet 1

Supply acceptable reagents for each synthetic step. Each worksheet will have its own key. The keys are based
on the list of functional groups (by number) and their reactions (by letter) that follow the reactions worksheets.
Self grade yourself with 10 = 0-4 errors, 9 = 5-8 errors and 8 = 9 or more errors. Turn in your “self-grade”
score on a sheet of paper with your name in the assigned lecture. Worksheets and answers are available on my
“Courses” web page at: http://www.csupomona.edu/~psbeauchamp/courses.html

* = 14C labelled carbon atom

*
HaC—Br —
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14C synthesis strategies, Chem 315/316 / Beauchamp 2
Reactions Worksheet 2

Supply acceptable reagents for each synthetic step. Each worksheet will have its own key. The keys are based
on the list of functional groups (by number) and their reactions (by letter) that follow the reactions worksheets.
Self grade yourself with 10 = 0-4 errors, 9 = 5-8 errors and 8 = 9 or more errors. Turn in your “self-grade”
score on a sheet of paper with your name in the assigned lecture. Worksheets and answers are available on my
“Courses” web page at: http://www.csupomona.edu/~psbeauchamp/courses.html
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14C synthesis strategies,

Chem 315/316 / Beauchamp

Reactions Worksheet 3 — Sy2/E2 conditions

Supply acceptable reagents for each synthetic step. Each worksheet will have its own key. The keys are based
on the list of functional groups (by number) and their reactions (by letter) that follow the reactions worksheets.

Self grade yourself with 10 = 0-4 errors, 9 = 5-8 errors and 8 = 9 or more errors. Turn in your “self-grade”

score on a sheet of paper with your name in the assigned lecture. Worksheets and answers are available on my

“Courses” web page at: http://www.csupomona.edu/~psbeauchamp/courses.html
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14C synthesis strategies, Chem 315/316 / Beauchamp 4

Functional Group Reaction Summaries — Usually interpret the following by: 1. using a starting material
similar to the section title, 2. Using the given reaction conditions and 3. Predicting possible product(s).
Sometimes the correct answer is “No Reaction = NR”.

1. Sn2 conditions (RX compounds — RCI, RBr, RI, ROTs and R = Me, 1°, 2°(sometimes), allyl, benzyl)

o
f i
b . . L g 4@ h PR L®) ompon
o S ﬁ N ° N_g '\? o o Na° ﬂ o
— R—O R——: = AlH 2 | RCH,-OH
H—o0—H | R—o—mn P N) - . ® > N2 _4> ﬂ R CH, | 25
R o N® Na enolates H-Br
2. NaOH o
2. E2 conditions (RX compounds, R =3°> 2° >> 1° (only with t-butoxide) 3. Alkane reaction
)
a b R—N Na®
)
[S] R—N Na® l a
° | Br,
® R LDA alkanes 1,
K —_— (with epoxides, makes (sp% C-H)
0 10 20 > (makes alkynes allylic alcohols, also -
(1°,2°,3° RX) with dibromides) makes enolates) DBN - not emphasized
4. Syl conditions (RX compounds R =3°>2°>>1° (no Me, 1° RX for us) 5. E1 conditions
a b Q
I d 2
HX + ROH
H—O0—H R—O—H / HX + ROR
T’ —_— (X =CIBr,l) R o y
20,3° allylic, 020 Allyli —»_ = —— — >
E)enzyliac RX) @8 (2°3° allylic, (2°3° allylic, H,S0,/ A
enzylic RX) benzylic RX) benzylic RX)

6. Additional RX reactions (See other Sy and E chemistry above, we usually use RBr in our course)

cuprate reactions

8 b ¢ d e f g ’h i i
1. MgorLi % Mg or Li ; Mg or Li L. MgorLi |1.MgorLi |1.MgorLi |21 onlyLi(notMg) | 1. Mgor Li 1. Mg or Li
2. . .

o o o 2.5 2. 2. 2. o :2:, Culgr 1. Mg or Li g CuBr o

| | | 0==C==0| R—C=N I ‘ i 2. CuBr ‘

C R 3. R—
R/C\H R/C\R R/ \O/ 3. workup 3. workup AN Py R AN
- - R o

3. workup 3. workup 3. workup 3. workup 3. workup R cl 4. workup

7. Alcohol reactions (ROH, can be Me, 1°, 2°, 3°, allylic, benzylic)

a b c d e f g h 0 i ) “ ' m
cl ‘
socl, s Cro; Cro, cl o Ts-Cl | 1. Ts-Cl/ py TSROCHO(Z&)
H——Cl | H—8r | H—1 | thionyl 3| pyridine | H,0 acid (cat) | PYMidine | 2 NaBr (Sy2) (-H,0) NaH
> | /| —| chloride (PCC) | (Jones) 0 (CH3CH,)3N protection makes ester:
— - | —> DMSO of ROH as

(Swern Oxid.) acetal

n 0
q r p, g, I are not
emphasized
1. NaH 1. NaH HIO, RCN / H,S0, in our course.
2.RX (Sn2) | 2. RX (E2) periodate | Ritter reaction
—_— [

periodinane
(Dess-Martin) ©
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14C synthesis strategies, Chem 315/316 / Beauchamp 5
8. Alkene reactions (C=C, mono, cis-di, trans-di, germinal-di, tri, tetra, conjugated” substitution patterns)

a b c d e f g h i J k Cl I mMCPBA
H30"| ROH," | 1. H(OAC), / H,0 |1. Hg(OAc), / ROH 1.BH 1.BH 0
: B 1.Bry / H,0 3 |l BH; °
H,0 | ROH |2 NaBH, 2. NaBH, H—8r | 212 | Br/H0 |, A0 77| Bra/ ROH 2.H,0,/HO | 2. Br, | CH;0
| .
O—OH
o
m n 0 p a r 1 fn Na
0504 |1.0,/78°C [1.05/-78°C |1 Os/T8C| Br, i
2.CHsSCHy [2.NaBH, |2 H0,/HO | 27 o
KMnO, Pl S A 2. workup
> (makes alkynes with dibromides)
9. Alkyne reactions
R f
—_ o g . h i j K | 0
1. 1. @ S
R——= R—=—— R R—l|\l Na rR—n Na [V 5 N1 R_(Z N2Z|  excess
(€]
R FL FL | L N N&| H/Pd
a b c d 2 o 2 9 2 R quinoline Na | 1. R,BH
o e . ” . |C|> "0 PN ! (Lindlar's Cat.)| NHg| 2. H,0,/HO
3 R Br -
H,O H—-Br |H—sr | Br2 | Bn /C\ /C\ N\ 3. workup M,
e — || | R H R R —  » | (zipper rxn)
Hg" (cat)| (Leq) | (2eq) |(teq)|(2eq)| 3WOKUP |3 workup | 3 workup
—_—
10. Epoxide reactions
a b ¢
© d e f
IR g h [ j k [
1 e e o @ ®
L R 1.6 oL O ol g R
R————: N:@C: 'thLDA . H0* ROH,* 1 H—Oe L (€] R : (MgBr) R: Li || (€] =) Nae
Na@ Na (Vr\gak:spgl)ﬂ/lfc’ HO | ROH | —— =2 » | _R—O_ Grignard Organo- /C\ © | AlH, BH,
— | — |p—o0—n - o0— reagents lithium | R CHyl o | 25
2. workup 2. workup 2 atl)iﬁhgls) R o enolates 2. workup | 2. workup
— | ——» [ 4 WOIkU 2. worku 2.workup ———> : :
> 2. workup p 2. workup p 2. workup
11. Aldehyde, Ketone reactions
a b c d e f g h i - k
o o ® ] OH
i Li o ®| ©
] — o | o N | R:(MgBr) | R: Li® LLDA |1.1DA LLDA
—— — C . . = 2. i
— | e AlMe | BHi g \0?4 G“gnatrd |thg'an°_ 3. workup § \/Cvoﬁggem 3 S\Poor)lilugs TsoH
® I Rl 2 | reagents Ithium | enolates) | (e enolates) | (-Hz0)
Na Na enolates - (—>) (enolates) ( ) protection as
2. workup 2.workup 2. workup 2. workup 2. workup 2.workup 2. workup acetals/ketals
| m n 0 p q r S
o RNH; , RN H,NNH, CrO;
1°amines | 2° amines hydrazine Zn/HCI/ A H,0 1. NH; 1. RNH, 1. R,NH
TsOH TsOH NaOH /A Clemmenson|  (Jones) NaH;BCN | NaH3BCN NaH3;BCN
(-H,0) (-H20) | Wolff-Kishner| _ reduction Im 2.workup | 2. workup 2. workup
imines enamines | reaction aldehydes —_—
LT N il - only
12. Nitrile reactions (RCN)
a b c d e f g h i i k
5 Lo to LP
R:MgBn’| R Li®| AH: |1 NaoHH,0 LRAI (DIBAH) L LDA | 2508 | 3 L sl .50,/ RoH
2. workup | 2. workup | 2. workup | 2- workup HCI/H0/A HpSO4/H,0 /A -78°C 3 workup | 3-workup | 3. workup (Rzitte?reaction)
(makes ki (makes 1° (makes amides) (makes amides) | - (makes acids) % (énolates? (enolates) (enolates) | ————>
(makes E—— (makes aldehydes) | —— | —————> | ————| (we didn'tdo)

ketones) ketones) | amines)
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14C synthesis strategies, Chem 315/316 / Beauchamp

6

13. Ester reactions (RCO2R’)
a b c d e f g9 h i i
J e O e Ip
R:(MgBr) | R: Li e

. 1. R,AIH (DIBAH),| 1.LDA 1 LDA 1. LDA
Grignard | Organo- | AlH, ;'Naol':'/HZo’A H,S0, 1 H0 /A |~ g0 ( 1D 2.C=0 chem | 2. epoxides | NH3RNH,,R,NH
reagents lithium | 'Wlfr UP.d (makes acids) |, 3. workup | 3 workup | 3. workup
—>(makes _>(makes (makes (makes acids) sy . workup

(makes 1°,2°,3° amides)

—_

— - WP, | (enolates) | (enolates) enolates
30 ROH) 30 ROH) 1° ROH) (makes aldehydes) (—J ( )

14. Carboxylic acid reactions (RCO,H)
a b c d e

f
1.@ 2eqs
L R: Li@
Organo- | 1.2¢egs. LDA
1.NaOH H,S0, / ROH le ks (diar|1ion) socl,
2. RX (S\2) (-H,0) 4 2. workup enolates (makes
(makes esters) | (makes esters) | ——> | 2.RX acid-Cl)
7| ——— | (makes (makes | 3.workup fnaing
1°ROH) | ketones) >
15. Acid chloride reactions (RCOCI)
a b c d e f 9 h i j k
1. 2egs 1. 2eqgs
o Li® 2] e © o
RNH . R:(MgBr) | R: Li
RCOH | ROH | RSH | ael | HO | Roculi | LRAMDIBARL o g | am, |,
(makes (makes | (makes amides) (makes | cuprates -78°C ketenes . | —— = -workup | 2. workup
anhydrides) | esters) | thioesters)l _—_—37| acids) | (makes | 2.workup o | — |(makes (makes (makes
- > | (1°,2°3%) Ketones) | (makes aldehydes) 1° ROH) 3° ROH) 39ROH)

16. Anhydride reactions (RCO,COR”)

a b c d e f g
1. 2egs 1. 2egs
Li® S) ®| © q@
RNH, Ho © R:(MgBr) | R: Li
ROH RSH (makes 2 AlH, 2. worku
(makes | (makes amides) (makes £. Workup_ 2. workup
esters) | thioesters)| "7 acids) | (makes (makes (makes
> (1°,2°39) 1° ROH) 3° ROH) 3° ROH)

17. Amide reactions (RCONRy’)
a

e
L® _
€] only 3° argudes only 1° amides

1.NaOH H,S04 / ROH AlH, 1 1eq R:(MgBr)| SOCI,
(ks eoa 2._workup (makes
(makes acids) | (makes acids) |(makes 1°,20,3° | “———» ma

nitriles)

amines) (makes ketones)

18. Enolates, Dicarbonyl and Dianion reactions

19. Aromatic reactions (Ar-H)
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14C synthesis strategies, Chem 315/316 / Beauchamp 7

Possible Answers (These were created quickly. If you think there are errors, you may be correct. Ask me.
The first arrow is the number associated with the arrow in the worksheet. In parentheses are listed a number for
the functional group section (above), and a letter for the reaction conditions in that section.

Worksheet 1

1(3a) 2(la) 3(1f) 4(lb) 5(6a) 6(6a) 7(6e) 8(1c) 9(le) 10(1gor1h) 11(7f) 12(7g) 13(Lj) 14(70)
15(11cord), 16(11p) 17(14aof 1c) 18(13c) 19(1)) 20(5a) 21(7f) 22(7g) 23(7forg) 24(4d) 25(5a)
26(8k) 27(8j) 28(8f), 29(8lorh) 30(8f) 31(8lorh) 32(2b) 33(9f) 34(9i) 35(%h) 36(9g) 37(14a)

38(7f) 39(7g) 40(9f) 41(9i) 42(9h) 43(9g)

Worksheet 2

1(8aand 8¢c) 2(8band 8d) 3(8e) 4(8f) 5(8g) 6(8hand8l) 7(8i) 8(8j) 9(8k) 10(8m) 11(8n) 12(8m)

13(80) 14(8q) 15(8r)

Worksheet 3

1(1a) 2(1b) 3(lc) 4(1d) 5(le) 6(1f) 7(lgorh) 8(lgorh) 9(Li) 10(1j)
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