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I — WA Che %
Synthesis of bromocyclohaxane from cyclohexene

Preview

In this reaction, we will be adding a concentrated HBr solution to an alkene to
produce an alkyl halide. This reaction proceeds by an acid-base reaction between the
alkene and HBr to produce a carbocation, followed by an association reaction
between the carbocation and bromide ion. Before coming to lab, please read all of the
procedures given below. Write an introduction in your lab notebook. Fill out the
following table and include it in your introduction.

HBr Bre

——

Then review the following techniques: "Refluxing a Reaction." "Extraction and washing."

reagent volume density mass MW mmoles eq
cyclohexene 1.5 ml 1.0
AR 5 ml. ) soln:
HBr 48% 1.490 g/ml HBr-
bromocyclohexane X X

Chemicals

Cyclohexene, 48% HBr

Procedure

Set-up and run the reaction:

* Add the cyclohexene to a round-bottom flask using a graduated

pipette.

» Add the HBr solution to the reaction using a graduated cylinder.

* Add a spin vane.




* Add a reflux condenser, clamping the condenser in place, and set up the tubing.

* Turn on the water, then turn the stirring up until the two phases mix as much as
possible without causing the spin vane to just vibrate (it will help if you are careful to
center the conical vial on the stirrer-hot plate).

* Slowly heat the reaction until you can see it begin to reflux.

* Heat at reflux for 1 hour (starting from the time you see it begin to reflux). (You are

ok as long as the bubbles don't get out of the top of the condenser.)

Isolation of the product:

» Allow the reaction to cool. When it nears room temperature, remove it from the
reflux condenser, and remove the spin vane with forceps.

* Cool the vial for a minute in an ice bath (don't put a hot vial in the ice bath or it will
crack!). You should be able to see a small layer of clear liquid on the top (density of
pure bromohexane: 1.349 g/cm’) — this is the product, together with any unreacted
cyclohexene.

» Add some diethyl ether to dissolve the organic compounds - mix it up by drawing it
in and out of a plastic pipette a few times — two layers should form.

» With a pipette, carefully suck the aqueous layer (the bottom phase) out of the vial
and into a separatory funnel (stopcock closed with beaker underneath!). Set the vial
containing the top layer aside where it won’t get spilled.

* Extract out any product that might remain in the water layer by adding several ml of
fresh ether to the separatory funnel and shaking carefully. Allow the layers to separate.
Then drain off the water layer (bottom) into a beaker and set it aside for later disposal.

* Now add the ether layer from the reaction to the separatory funnel, combining it
with the ether layer already there. This should contain the entire product.

» Wash the ether layers to removing any remaining acid by adding a layer of saturated
NaHCO; to the ether solution. Add it slowly, as there will be a lot of bubbling as the
bicarbonate reacts with the acid. When the bubbling dies down, put in the stopper and
shake it carefully, venting frequently. Drain off the aqueous (bottom) layer.

» Add fresh bicarbonate solution and repeat.



* Drain the ether layer into a 50 ml beaker and dry the solution over sodium sulfate. If
the ether has evaporated so that you only have a small amount of solution, add more
ether — if there is too little ether, it can be very hard to tell if it is free-flowing.

* Pour the dried ether solution into a clean, tared conical vial. Prepare a hot water bath
in a small beaker at around 60°C. Evaporate the ether by setting the conical vial in the
bath, with one end of your forceps inside to keep it from bumping. Don't fill it too full
or it may boil over. If you have too much to fit in the conical vial, add some, boil it off,
then add some more. When no more bubbles form and the level of liquid doesn't seem

to be going down, all of the solvent should be gone.

Characterize the product:

* Note the appearance of your product; pure, authentic bromocyclohexane is a clear,
colorless liquid.
* Once it is cool, obtain its mass and calculate the % yield.

« Measure its refractive index and compare it with literature value (nf 1.495).

Notes

Concentrated hydrogen bromide is corrosive and toxic; please do not remove from the fume

hood, and use care not to come in contact with the chemical.

Questions

(1) Draw the mechanism for this reaction. Is the addition regioselective in this
case? Why or why not?

(2) Why was it necessary to reflux this reaction?

(3) Why did the reaction have two layers?

(4) What is the purpose of extracting the water layer with ether?

(5) What is the purpose of washing the ether layer with sodium bicarbonate?

(6) Write the reaction that takes place when sodium bicarbonate reacts with HBr.
What causes the bubbling?

(7) What bands on the IR tell you if the product was formed? How would you

know if there was any starting material contaminating the product?
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REJEmn BRI R G, ARG YT HI  —I8ZRARR RO R i
LB IS AR L, W BEE T LU B T AS AR R o X0 R T LA AR AR A
Ko BORAZLHM, HEMAZR, &7 BRey iR g 0 & A g B2k,
S FLIEAR AN, H AN, 55— SR L) vy (V0B i SE A 1 I ek AN IR s 7
iR BEAS IR VI I S KA, A AR S, XA SR P A RO A IR 732 4
B AR, AT LRI R P AE N . TR B IR R RS, T
BUEME IR Z AR s (0Bl “ 107 AME, IR O R T U S8 1A=
A O T IR SRR 1. KPR I8 7R PSRRI LGRS+,
FEIXANSER S I BH B 1 AC B IR &7 (SOsHAE, I Holilid 282K £ IR H2S 04
IR ] H R4 . B (COOHKEERPOHAE R BH B T A Hb it v LR o LA AT Hik
I — AT PR (N(CHI) ClLe 75 SES P8 H AU i LARSOsH k. A E
A R IR B X B 8 7 B P AT SR B P e [ I AR B B s P 1 ks 2 5K sl
ANREFEMUEIH T, UK, R AT R P

RSO;H +M"— —RSO;M+-+H"

X TR 4 MM, XA AR PP B (e e R A 1, JF A
BRI IR T I P M TN 28 1 AR B o AV P H 1 AR AR
M B 723 5 SOMREA A ik B R FL L, FH A IH B 59K J3E 1) 75V MR fi v 5 45 Hh 3l
B ATREN, X FRAOR I B, MURIM®, AR AT SR A B e M
TAEBARH B PR R R AR IR, T TR 4t B 45 19 S 24 (M 0 2K B e 1
MR

—. sy

1. A A

DE-T

BASHAE =, 723 B — & BERE (50mD —HR
5wl

HC104(3M, 1M,0.1M.0.002M)HCI(2M) CrC13.H20(CP)
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2. SERVIR:

(1) B FACHAE M %%% . F AT AE n] A3 AR IX A SE30 o FH 28 1R /K 231X
AMERI Sy 2 =, AR B R i 4 — /N IR B A B RS, B e I T o
KIS H 2MHCT b3 QR — KRG, MK e, #2723 BRH &
T REFK — BN AES, e &5 & BTl 30cm, hKmEH i, H2
H IR TE . AR FRAR K T & 5 W T P T — B0 B oK i B 2R IR BL R
SPEAREIE, AR PR ARV TE B R IR B AR B R, I LIRS SR VPRI TR

HE£ 200ml0. 1M F1 3.0M [#] HCIO4 %53, AIEE T E MRS .

HifiECrCl;.6H,0F 100ml10.002M [FTHCIOLF W H, LAHl4 100ml 0.35M CrCly(OH,), " 2
T, X O L T AN SIS . PRV RN AE 53 25 CrClo(OHa)a 25 1B I B 1)
o

(2) g — PR AER D ET (A —CrClL(0Hy)s D. B 5ml 0.35M
CrClay(OHa)s & FHRE N TS & AP R PH & FAc#ept A, HEH i, S w i
ACEHEAIE, 0 0.1MIFTHCIOA ¥ T-FE, YERCrCly(OH,), B 1, L)kt
Fb— o il e Rl WOk, KAFE Sml CrClL(OHy)y & TR T SRV B Fi )
DAREDEIE . T XA RN, OB B A AR I — 3 /- e 3 .l Wk
J&E VIl st 1) R 3K — CrClay(OHy)s B T3 1) ' 0 (1) 98 K 2 350 3 650nm. Al
2 lemB K BRI 5T S50 5 N fs S AT R I S BR R 3% A0 i e 1 A
e FLAT () SE i ), EEMERS AT AL T S

(3) B —HIKEE (1D B TFCrCl(OHy)s™ . M#E 4 CrCl(OHy), 5 1 17K v
W, AT LM HHEAS A CrCl(OHy)s™ B 1o 75 50°C ] 60°CHIZKB T, iAok Ji Sk N4
&—A%EA 10ml 0.35M CrCly(OHy), 3 T HE LIS — 238 o SLETIN 10mIZ%1#
K AEATRER BN AN B, OB , BRI R A AR RS . 0.1M
[FTHCIOZE ML XA, HRIWA SN (ICrCL(OHy), B ¥ LA e T4, T It
KT A 1. R IMAIHCIO4 YR BT E AL A WICICI(O )™ B 1, W84 5ml
Bie A4 h B SR ) — 343 o DR IR AN T WG . XA AR, WS —ANH
Fis

(4) PBEANFIKER (D B FCr(OHy)s ' H 10mIZE1E/KFi%é 10ml 0.35M
CrCly(OHy)y &5 ¥, & Smin, H R AL HCr(OHy)e B L I 10mlZk
SRIGVR B, O TR RN SR A, e AT P B ORI A Bk 2 [R]—
Pl SeH 1L.OMTHCIO4 PG IX N A ek DL R 22T AT K W [ CrCl(OHy)s 55 1
i CrCI(OHy)s™ B T X5, H SMAIHCIONIRIL A HICH(O )™ B8 T Wit K% Sml
VAR B BRI Cr(OH,)e B ¥, e AR B I al Wi

(5) MWIEAYH 4 BCrCly(OHy)s « CrCl(OHy)s™ FICH(OH,)e ' 5 1« AT iR sa v,
T AE AT &R DR A KA, T EL T B A0 ) 1R e T V30 B
R, X BN o JL/N, R EEBRCE — 3, AU ), T sise H
(R i D H ATAEE & . e —ANBTAE, H, 2K MR I LA G, F
FIAFET, EE VTR B — 28 51, OB sk I — B 20 DG o), 2
H D T — MR B, YECisSn. Ba Fmseie &+, e L,
TERATIR GRS B IN, — 8 EHUAT— R B Uit T, 255 BIPEH il i i 2R 1)
WA . AR LE k. )E, BRERIRIE TR e, XA Rtk
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IE=RE T s a, ABRETIL RN WK, EERRE, Bosha
B LG R T T D S AN S H PR S SR A T BRIl SR H AT AE
e, JERLISAL VI BC S P K e/ R

=. BEE

L. AE TR, HPETEOREGNE T, 8 TIERGESR, BIE R B ]
JEE RS A IR R NI B 7 AT, SR R R B K 2 1, A
Brib s AR TR TR 2200

2. UBIMT b o) 8
3. MATARTEWUERE, AR ?
4. At AR A WG S E RS S, AN ZLA 61 ?

LN WAL S PR

1\ 5’3%55‘]
(DA ASLE, 2 IR A HLA AL 2 1 ok S AN R & 4

Q)R A SCER, R, X, BRI BT SERTTE

2. KIANA:

VA DA IR0 Y B S AR5, JF 4 AR GE T (0 5 SR SR IR 2
N7 FE

WA 2K IRK. AgNOsE W R MRETVA ML . TS . NaHCO% i
NaHSO;% i« NaOHA K -

REIYD: O 1R ke 1-TRE. TR TR, IETIR. KM

21



LR LB RBRIHIE S 0=

1L HK
(1) i BRI B, 2 SR RO %
(2) 2] 2 €0 BRI 7 i 0 1) 7 VR RVRE 68105 43 B A
(3) JLIE R 25 AL
(4) o FHLL AN ST 0] P AT AT

2 LB R

TR R e M, IR R S KA SR AR S Y, 6]
Fridel-Crafts [ )V :

e @ COCH; @ COCH;,
(CH3C0),0 (CH3C0O)0
© —_— N _ = N

kR VAN S L1'— Z LW — %k
3 5L FH &
4 g %k, 40 ml SRR, WEIR, TRIREEN, Al (60-90C),
methyl tert-butyl ether (MTBE), Rk ALES . #:

[FJRKE, Bepf, TERA, (ildt, RERRHR
4 ST IR N

(1) ZBEZ R E L

7E 50 mIFRSEH T, I 2 g REBA 10 mILIRET, ERT T yom
RS2 2.5 ml 85%MMEIR . BoRTEHE, HI%ef KIS
(TR SEAE T, K Bk 5-10 min, FFESINARG . KONk
HPENEEAT 50 gk K 300 mikedtrf, 35 5 mIAKBIEBE,
KeMIBER I NG . FEBRE T, M AR B ER AU, IV S M o 1 (22
kS R R BRI VBN ) o K ORI 1) SR N A A BT UK A ) 15 min,
FUECEERT R84, AR 75 mIsKoaKPEPI IR, T JE 7828 b T4
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Rl . GAK G5 AT DL CHCOOCHS AR U A0

(2) HREy B LB %k

M By 791

%i#]: CHCOOC,Hs

Pelis: A B/ CHCOOC Hs IR A7 (40:1)

HI 10 ml CHCOOC, Hs Z Mt — /S BRA dhigd i, NN 1ghEfi S 445), 1525
£ CHCOOGC,Hs, FAE,

TORBRIE . BN . AR TR LB BREE R [F) 23 Sl
2. GRPEGECHE B 5 1 BAR S DB

(1) With a long wire (a straightened coat hanger works well), tamp a small wad of
glass wool into the bottom of the column. Gently pour a layer of sand over the glass
wool, remove the wire, and tap the column to settle the sand. The sand retains fine
particles and also provides a flat horizontal base for the adsorbent column.

(i1) Add the weighed amount of dry silica gel in a fine stream. Tap the tube gently
to dislodge air bubbles and to level the top of the silica gel.

(i11) Dissolve your sample in diethyl ether and add the resulting solution to the top
of the silica gel in your column.

(iv) Add a layer of sand (both the top and the bottom sand layers should be about
0.5 cm thick) to prevent disturbance of the surface when solvent is added. Tap again
to settle the new layer.

(v) Add solvent, gently at first, so as to not disturb the sand on top of the column.
When the solvent starts to drip out of the bottom of the column, begin collecting
fractions - test tubes in a test tube rack work well. Keep adding solvent to the top of
the column so it does not go dry. If the column runs slowly, gentle air pressure (5 ~ 15
psi) may be applied.

(vi) Check each fraction by thin layer chromatography (TLC). Note that more
than one fraction can be spotted on a plate. Combine in a tared flask the fractions that

contain only pure product, then evaporate the solvent.

(3) Bl
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KR O 2 1 ST KBk, BEAT 28 TR 4 Mt CHCOOC, Hs £ 1l
Bk, SR RS EARIERAT
5 7 i 45 P Ao P A SR AE

(1) LA 40: 1 FA3ll/CHCOOC HsWR & ¥ 70 R 171, FH = itk (TLC)
KA = i 5 PR RS R TT

(2) P5E LT — BRI R, 5 SCIRME L AL

(3) I KBr F vkl e LMt — S8k ML st 5 Sk brvt B R k4T L
B, JER R IE S I U )

(1) AN N — & BRI N 22 A

(2) POMEAWE, SN R, B IR BB o

(3) HBRIRZ AN AR =4iF, N /NCHRAE, By b DI o A=A dde i

(4) 7EFeht. PR RE D, JRAORIFA RIS s Al — M ailr 55—
AN RDE R R AN 2248 X
BER

(1) (=S itk Ay - B2 FH R 250 2

(2) LWk R At A T2 B AR (s 2 n] DU &5 kg 2 e fi1 4%
A AL ?
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