Grignard Reagent

Lf? Level -1

O (1) CHBMgBr OH
1. (b) 3/72) T CHE—CHB

(Less steric hindered carbon will attack) ‘Me’ attacl{ at less hindered ‘C’ atom

o—1r}

less steric hindered ester will be attacked.
3. (b) Reaction (1) x=6
2 mole of CH ;MgBr act as a base 4 mole of CH;MgBr act as a nucleophile
Reaction (2) y =3
3 mole of CH ;MgBr act as a nucleophile.

4. (d) (a), (b) are example of nucleophilic addition reaction of GR on aldehyde while in (c¢) GR
adds on ketone.

O O OH
de (” ﬂ' PhMgB | PhMgBr/H™*
5. (¢) PhMgBr\ + CH;,—O—C CH, 5T y Ph—C—Ph &2/ y Ph—C—Ph
A
Ph

6. (d) In (i), (i1) and (iii), nucleophilic - addition take place to form compound

B g

OH
N—MegBr
o N I
7. (¢) CH,MgBr + CH,—CH,—CH,—C==N —» CH,—CH,—CH,—C—CH,
H,0"
0

|
CH;—CH,—CH,—C—CH,
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0
[ OH
C=OCH; M
5. (O "
C—OCH3
| OH
O
o @
(‘ﬁ OMgBr ?H
S
9. (b) EtMgB\ + Ph—C—CH, -2 ph_¢cH, 24, pp ? CH,
Et Et

o
o

<

e | I
10. (¢) CH,MgBN\+ Et—0—C (Y Ft - CH,—C—O—FEt 388, cH,—C—CH,

OH
CH,—C—CH,
CH,
0O
F ;
0 ”
11 O"GO  phmgsr & & L
. (b) |\) > BrMgO—CH,—CH,—CH,—0—C—Ph
lPhMgBr
OH 0° 'ﬁ)
Ph—C—Ph < Ph—C—Ph <?"M8Br py_ . ph
Ph Ph

o @
ﬁi O OMgBr OH

CH;MgB CH,MgB @
a5y Ph——C—CHpy——2"" 5 P C—CH, 55 P C—CH,

12. (b) Ph—C—N—O—CH,4

|
CH, CH, CHs,

excess of CH ;MgBr is used to maximise the yield.
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Br MgBr (‘\
Mg Intram-::rlecular -
13. (b) (j/ : (j/ Acid-Base O + Ph—CH=0
N N -

reacrion

H H MgBr

|

CH—O® CH—OH
| |
Ph Ph
O O
I »/N;ﬁéé, | oo 14
14. (¢) CH,—C—O—H 25 CH;—C—ONa + CO, (A)
O O
CH,—S ﬂ'r\ H 2% 5 ¢cH,—S—ONa + CO, (C)
O O
I ]
5 TN NN © @ &
PhMgBr + O C O — Ph C—OMgBr 2 5 Ph C—0 H (B)
O Li
O
D<O—H Mgﬂ]gﬁr D<(E\}G C P
> >
15 (b) O — Et (. 20—Et +
(Unstable)
v
o @
’ OH e O MgBr
| ] < 1 | ] <
OH cH, s ol

(1) EEBMgBr
16. (b) (2) NH,CI/H,0” i
CH, CH, CH,

Diastereomers

17. (d) All reactions are between Girgnard reagent and the reagents having ‘H’ or ‘D’
all are acid-base reactions.
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O % I\EflgBr
18. ( d)m PhMgBr @:?@)-kph PhMgBr @f\kg}?
% O 1r’%MgBr %MgBr
lHe OH
O — O™ Q>
O™ “Ph O—H O—H

(B)
] ]
e @ @
19. (d) EtMgBr + —Q)—C O—Ph— Ph—é\—C—[E)@MgBr—:- O=C=0 + Ph—OMgBr

20. (d) Benzene will not react with Grignard reagent.

'ﬁ’ oy H Q

=
| [ 7T e
21. (¢) CH;—O C@)\/N—t-ﬁu sovgnr CHi—0 CI@H\/N—I}BH
HO 6

(3 mole of PhMgBr act as a base)

2PhMgBr as Nucleophile

b

OH OH Q° 0°

Ph Ph s
&
Phy\IA/C)j/l\I*l-.I—t-Bu ? H,0 Phiﬁ@/KN—t-Bu
HO H O
Br MgBr S
Mg niramoiecular . e
22. (b] (j/ ’ (\/r Acid-Base £ O + Ph—CH O
T ) va—_J

reaction

| H MgBr
O ®
N N
CH—O® CH—OH




PhMgBr y

23. (b)

(Geometrical 1somers)

Me Me
H CH H
24. (c) \éb: MevgB: | 3
Ph HO H " OH
P
RMgBr
25. (¢) /\ oy jeMgBr—’rR—H

o// Y o//\\o

(Acid -base reaction)

CH,
| | .
26. (b) HO — CH, — CH, —CH —CH, —CH, — C— Q0 —H—3—
(Acid-base reaction)
CH, 0
| |
HO — CH, — CH, —CH —CH, — CH, — C— 0O°Li®
CH, O
CEll | . vinids r_‘l ~ (I,Ll T EEIE—Li
2 1{°0°—CH,—CH,—CH—CH,—CH,—C—O°Li ,
(|2H3 0°Li® (|:H3 ”
0°—CH,—CH,—CH—CH,—CH,—C—0°Li® 4%, HO—CH,—CH,—CH—CH,—CH,—C—CH,
CH,
T OH
27.(d) R — C— Cl + R;MgBr yR—C —R;
(2)H®
Rl

at least two like group are attached with 3° alcohol then that alcohol can be prepared.
(d) has three unlike group : it cannot be prepared.
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il CHE CH, @
28. (d) ﬂ&ﬁf&ﬁ ’ } @“
!

H
8~ N\ X -
29. (a) RMgBr + S ——> R—SMgBr » R—S—H
w <
30. (b) \y A + BrMg—(CH,);—MgBr —> O—(CHy);—C CH,—CH,—CH,y—CH,—MgBr
-

OH OMgBr
CI—(CHEJS—OH g TS CI—(CHE)B—OMgBr
]
€l . 4CH,MgB
31'(b)@|: [}{2);“’
c—cl
| OH
0O

O
Mgcl 0 CH,—OH

33. (d) In non-polar solvent solution of Grignard reagent is possible.

34. (b)
M be-’/—_— \ ﬁ Sn2
H,C=CH—CH,—Br —2— H,C=CH—CH,—MgBr + H,C=CH—CH,—Br > NN
CH
CH H,0% ’
35. (c) CH MgBr\+ CH,—C—CH,—— CH,—C—OH
CH,
N—MgBr O

5~ [V n ]
36. (¢) CH;MgBr + CH;—C=N —— CH;—C—CH,4 L /C\

CH, CHj
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(O ) (l)H

=
37. (b) CH;—C—H | — £ CH;—CH—Ph

(+) (racemic)

38. (b)

C? oo (lzl)j

CH,—C Et +/BrMg—(CH,).—MgBr—CH,—C—CH,—CH,—CH,—CH,—CH,—MgBr
0

o N S

(2) H

'

OH

Yo
39. (b) In presence of copper salt 1, 4-addition take place.

07 O
= /__\q dg ]:-‘:’hJ (2) Ht h
PhMgBr + Cu—Cl——> Ph—Cu  \ + , P
soft Nu® Ph
OCH,

CH,0 CH,0

OCH,4
40. (a) \@ — \©/
M

SGNCHZ_BI' CH,—n-Bu
(n-Bu),Culi

Gillman reagent

I
O
L A I C—O0—Me
41.(b)@&ﬂ/c 0—Me — ED/
1 |
e
42. (¢) CH,—C—CH,—C—O0—Ft —2Y8%", cH,— C—CH—CO,FEt
P?IgBr
(because of active methylene group acid-base take place).
O C.O
5| — A
43. (b) CHMgBr+EtQ-C—OEt » CH,—C-OFt
\ ,/ ae'/
l CH;MgBr(SNAE)
OH

/)\ - j.li
(1)CH;MgBr
5O

(2) H®
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44. (c)
‘ﬁ‘ OMgl OH
&
CHi — GG TS/ CHET & opg, e oM. B o o o
A
(4) Et CH,—CH,
(B)
3° pentyl alcohol
I
ﬁe/\ ®
45. (¢) PhMgBr + CH—c=LN @5 oy ¢ cH,
(1)
0 0 OLi OH 0
1
H /_EE‘-' ‘ ” © D cH._1i | S @ H,0 | H
Ph—C ('{/I-I+CH3—L1~>Ph C—OLi——> Ph 'J'Tr OLi—=— Ph (|: OH —» Ph—C—CHj,
CH, CH,

46. (d) The Grignard reagent is a very powerful base ; in effect it contains a carbanion. Thus, it is

not possible to prepare a Grignard reagent from an organic group that contains an acidic
hydrogen ; by an acidic hydrogen, we mean any hydrogen more acidic than the hydrogen
atoms of an alkane or alkene. We cannot, for example, prepare a Grignard reagent from a
compound containing an — OH group, an — NH - group, an — SH group, a — CO,H
group, or an — SO 5H group. If we were to attempt to prepare a Grignard reagent from an
organic halide containing any of these groups, the formation of the Grignard reagent
would simply fail to take place. (Even if a Grignard reagent were to form, it would
immediately react with the acidic group.)

Since Grignard reagents are powerful nucleophiles, we cannot prepare a Grignard reagent
from any organic halide that contains a carbonyl, epoxy, nitro, or cyano (— CN) group. If
we were to attempt to carry out this kind of reaction, any Grignard reagent that formed
would only react with the unreacted starting material :

—OH,—NH,,—NHR,—CO,H,—S0,H,—SH,—C=C—H
| | \ containing these

O O O O
|| H || ” groups cannot
_CH:_CR:_COR:_CNHB:_Noz:C:N: C\ /C be prepared.
O J

This means that when we prepare Grignard reagents, we are effectively limited to alkyl
halides or to analogous organic halides containing carbon - carbon double bonds, internal
triple bonds, ether linkages, and —NR , groups.

Grignard reagents

47. (b) Copper (I) salts have a remarkable effect on organometallic reagents.

Grignard reagents add directly to the carbonyl group of o ,3-unsaturated aldehydes and
ketones to give allylic alcohols : you have seen several examples of this, and you can now
explain it by saying that the hard Grignard reagent prefers to attack the harder C=0
rather than the softer C — C electrophilic centre. Here is a further example - the addition
of MeMgBr to a cyclic ketone to give an allylic alcohol, plus, as it happens, some of a diene
that arises from this alcohol by loss of water (dehydration). Below this example is the
same reaction to which a very small amount (just 0.01 equivalents, that is 1%) of
copper(I) chloride has been added. The effect of the copper is dramatic : it makes the
Grignard reagent undergo conjugate addition, with only a trace of the diene.
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O HO Me
MeMgBr
Et;0
=
O O
MeMgBr
CuCl(0.01eq)
Et,0

W

Me

Organocopper reagents undergo conjugate addition:

The copper works by transmetallating the Grignard reagent to give an organocopper
reagent. Organocoppers are softer than Grignard reagents, and add in a conjugate fashion
to the softer C = C double bond. Once the organocopper had added, the copper salt is
available to transmetallate some more Grignard, and only a catalytic amount is required.

(s

conjugate
addition of
Me-MgBr transmetallation S“Me Cu organocopper OB MgBI‘@M 0
Cu(l
A + MgBrCl + CuCl
Me | Me
copper(I) recycled : only a catalytic quantity is required
OH
|
48. (d) Compound (A) isCH; —C —CH 4, (b) & (c) give (A)
CH,
Cﬁ) (ﬁ OH
s =
CH,MgB CH,MgB
®) s C@ —— CHy C’&J o> CH;—C—CH,
’ |
CH,
(O OH
” EHBMgBr |

() CH—C—CH;) =325 CH;—C—CH;

CH,
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1 I

| |
49. (b) CH,—CH,—CH,—C—0—CH, —2"8%, cH,—CH,—CH,—C—CH,

(1) CH;MgBr
(2) H,0°

OH

CH,—CH,—CH,—C—CH,

CH,

50. (a) CH,;—CH, C‘}q H + R—MgBr > R—H + Et—0O—MgBr

(Acid - base reaction)

Mgbr
NN

51.(3))\/
(2} HEDB CHB

In basic medium less sterichindered carbon will be attacked.

O OH
H (2) H+
52. (a) CH,CH,MgBr + Ph—C—CHj > Ph—C—CHj;
CH,—CH,

O
CH MgBI‘ ” —0+0
53. (¢) 2 > CH;—C—CH,—CH,—CH,—CH,—OMgBr
0”0

(1) CH;MgBr
(2) HY

OH

CH,—C—CH,—CH,—CH,—CH,—OH

CH,

O

54(b)|)>t<13h Ph—C=C—CH,—CH MB+H*’UHH+

5 —> = Lily— — I L >
de~MgBr % 5{ 8 R

Ph—C=C—CH,—CH,—CH,—OH

(Strain in the ring)

55. (b) (a) Gives 1-Butanol as the product
(c) Gives 2-methyl-2-hexanol as the product
(d) Gives 2-propyl-1-pentanol as the product
only (b) gives 4-heptanol as the product.
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56. (a) attack of Nucleophilic on sp* carbon.

\,é I\/ (1) MEMSBI' X\\/
(2) NH,CI
g™

Me

Two chiral carbons in the product. Configuration of one carbon is fixed.

Attack on the carbonyl carbon can be from two sides. Hence products obtained will be
diastereomers.

57. (¢) Because 3 acidic H are present.

58.(c) mol. massof A=12x5+8+16=84¢
0.40¢g

moles of A= =0.005 moles
84¢g
moles of gas released at STP = 222;;1';L =0.01 moles

0.005 moles of A release 0.01 moles of gas.
i.e.,ratioof 1 : 2.

Hence there must be two acidic H in the compound A. One acidic H is from alcohol the
other must be terminal alkyne as only the H attached to terminal alkynes are acidic.

A~ TR o pentan-1-ol
Hence option (d) is incorrect.
59. (b) 3° alcohol undergoes dehydration on heating with acid.

o8
CH,—CH=CH, EE > Br—CH,—CH=—=CH,, Drifher BrMg—CH,—CH=—=CH,
0O
G
CH,;—C—CHj,
?H ?Mg Br
T CH, ':.“r CH,—CH=CH, < CH, (ll CH,—CH=CH,
CH, CH,
CHyo ¥
~C=—CH—CH=CH,
CH,
Resonance

stabilized product

60. (¢) CH,—CH—CH,—Br — 8 __, CH,—CH-Y.CH,—MgBr » CH,—CH=CH,

Dry ether Intramolecular
\O/ \OF) (A) acid base ‘
OMgBr
b@l
CHSL‘I

CH,—CH—CH,—0—CH,
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61. (d) POCl;/Pyridine is dehydrating agent. It will cause elimination of H,O to give alkene.

0
S G
62. (a) Y = CH,=—CH—CH,£.C=N =805 CH, = CH—CH,—C—CgHs
(Z2)
\ d—0+
d 0 OMgBr

63. (d) CHMgBr__ ._/ a O +Mg(Br)Cl

Cl Cl (Chiral)

MgBr o OH

Attack on less steric site

0— OH
O

S fs@ S
587
/ Q‘J\RMQX i / Internal / \

Z N ¢ N\

Ring containing sulphur is more strained.



88 ‘ Solution Manual Advanced Problems in Organic Chemistry

\ HBC . H3c
Cl>_\6:(\ EI—ISMgBr }CH3>L<:><O H,0 H3C>L<:><OH
>
O (Excess) Neutrali
oG CHB eutralise HO CH3




Grignard Reagent 89

v

X

-

1.

o on

2.

Level - Z

Grignard reagents are usually prepared by the reaction of an organic halide and
magnesium metal (turnings) in an ether solvent.

RX + Mg —=2£ 3 RMgX
ArX + Mg —£ 5 ArMgX

The order of reactivity of halides with magnesium is also RI > RBr > RCI. Very few
organomagnesium fluorides have been prepared. Aryl Grignard reagents are more easily
prepared from aryl bromides and aryl iodides than from aryl chlorides, which react very
sluggishly.

Grignard reagents are seldom isolated but are used for further reactions in ether solution.
The ether solutions can be analyzed for the content of the Grignard reagent, however, and

the yields of Grignard reagents are almost always very high (85-95%). Two examples are
shown here :

> Grignard reagents

CH,l+Mg——2 5  CH,Mgl

R Methylmagnesium iodide
(95%)
Et;0
CeHsBr + Mg ——— CeH:MgBr

Phenylmagnesium bromide
(95%)

Reaction of Grignard reagent with aldehyde or ketone is an example of nucleophilic
addition.

a-r;b-q;c—-p;d-s

Reaction of Grignard reagent with aldehyde or ketone is an example of nucleophilic
addition.

a-s;b-r;c—-q;d-p

a-r;b-q;c—-p;d-s

Number of active hydrogen present in organic compound will be four based on mole
concept calculation so the answer will be (a) and (b).

T OO

f—I—I\ i N H
Excess

OH OMgBr

O OMgBr
H+
OH
OH
(1) CH;MgBr

» 2° alcohol

(a) CH3 — CH, — CH,CHO ———22
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(b) CH4 —CH — CHO — ﬁﬁgﬂr » 2° alcohol
11

3. Esters and nitrile will consume 2 moles RMgX each.
Ketone will consume only one mole.
?H
4. (@AdC—C—C—C—OH (b)C—C—C—C
(li C
() C—C—C—OH (d) C—C —C

OH

All these alcohol have active hydrogen so these are capable to react with CH ;MgBr to
evolve CH, gas.

Carbonyl isomers of C cH 40 that will give racemic mixture when react with PhMgBr are :
CHO

/\/\ /\//'\/CHO)Q j\/\/‘\(

Acid-base reaction = 2
6. Moles consumed in

N N©

Addition reaction = 6
Total = 8



