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N AT NFNEF FITATIVIAFY R F U
ATV—=IAFY FRTIVa—IUVBEHTRIGE ¥, BRERY
L LTI —F %85kt Williamson &5 & LTE BV
LNTWAS. EZORIGOER L L TNOF ALE=RT V+
VERWSE, BROI—FViiBohY, REREICE 54V
T4 VBIREAEEENCEBONSZ L I <ALATY
61)~3)-

R-T, FIZEE-TFNT 2 ZNVI—FIVIRET 2 2T ER
YULTOR FE-TFIVBREERY, 70EXv¥/EAY
DAET REYVEY, I—-FRVUEVERHET YV FO, RU
T/ =NWE2-AFNTaXVIhLERIN, WThidNg
P ACEERT VFENERWEWAHESREINTWA.

AP CIHEBEBE(NFY VRUNTZ V) #RAVTTRS
—RTNOTFACE=RTINVFNVEEBT =/ FV FRUET IV
FYFLORIEETTD &, REBBRERW L L THILT 5E=K
I—FNWBp)DRETRBLNBEI L ERWE LK.

2 2 &

TIWVAVEET =/ F ¥ FRU7 )V aF ¥ F40 mmol F7/-id
TIWVAVEEEE 7 =/ ¥ FRU 73+ F20 mmol O
Kic, NOF ALE=/T VF )20 mmol R URILK K20~
0cm* 2z THREIE, EXFHKT THrEEEL. RIGER
EHINFY U/ THEL, KRUEUIFLVVZY a—ITHEL,
SFELTHNEBHOE=ZM I —T IV EEEL. COB=RT
— 7 Vit IR, 'H-NMR RUBESHICEVRE LA, T/, C
ORI PBEEYZAWTHAZO TS T7ICE DG L, &
BHE L TBONE=R/I—-—FTNVONEF VT4 VRUTT7 2
J =k 7 va—IV(E) #EE L. GLPCiI&E GC-
8A B # BT 5% Silicone OV-17R& U 2% Silicone GE-SE-30D 7
EHSL(NZLAR3mm, B33m) #EHEL, F+UY¥—
#H A (He) Difii#40-100 cm3/min, & <5 ARE40-130 'CTH#HT
L7z. IR AXRZ MU BASF KX FT-IR-3 %, 'H-NMR iZ B X
EF JEOL-PS-100#3:8, BES I —EBER GC BEESHEt
R U H I M-80BI%E & Fi\VCRIE L7,

SRAFTFHTWEMFETLFEH, 920 LRM/PIEF 2-
40-20

3 BRRUEE

RIRURR1ICREB 7 = /F v Fenar U/ fbe=7 I+
WV BB OF CTRIG IR ER LA

2EEENVEDVFILT 2/ FV RERILETFIVEEAFY
VT CLBWTHEKE»&EEED L, #RAZORMTST
ST E DA D t-TF IV T £ Z)VI—F )V (SN) &55% D 2-
AFNTaXVRUT7 2/ —V(E) BERTHI EHhbhosi.
%k, RIEEWEEERICE> TAETS L, 1.292g(43%) O
BRI —FIVBEEIN, TEOLDCRAEIN/A (Run 1).

Table 1 Reaction of metal phenoxides with #-alkyl halides
in nonpolar solvents?

Yield of
products?

Sn/% E/%

Substrate Temp Time
t-RX °C h

Run Nucleophile

1 PhO-Lit t-BuBr 60 4 43(45) (55)
2 PhOH t-BuBr 60 4 00 (O
3 PhOH t-Bul 60 2 0 (0) 0)
4 PhO-Lit t-Bul 60 2 52(55) (45)
5 PhO-Nat t-BuBr 60 2 45(49) (51)
6 PhO-Na* t-Bul 60 15 52(59) (41)
79 (PhO~),Mg?* t-BuBr 70 4 55(60) (40)
8  (PhO~—),Ca?* t-BuBr 60 8 49(56) (44)
9  (PhO~),Ca%+ t-Bul 60 6 53(57) (43)
10 (PhO~),Sr2+ t-BuBr 60 5 50(54) (46)
11  (PhO—);Ba?* t-BuBr 60 3 50(56) (44)
12 (PhO‘)gCaZ* t—CsHuBl’ 60 2 22 (29) (71)
13 (PhO~).Ca2+ t-CsHyil 60 15 29(35) (65)

a) PhOH (phenol) or PhO-M+ (alkali metal phenoxide) 40
mmol or (PhO~);M?2* (alkaline earth metal phenoxide) 20 mmol,
t-RX (t-alkyl halide) 20 mmol, and hexane 20 cm3 used unless
otherwise noted.

b) Isolated yields of t-alkyl phenyl ether (Sy) based on #~-RX.
Figures in parentheses show the glpc yields of -~ROPh (Sy), and
olefin or phenol (E).

¢) Heptane 20 cm3 used.

(PhO-),Mr+ + ¢(-RX—>
PhOR-#(SN) + Olefins(E) + PhOH(E)
Scheme 1.
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=-T7FIT £ =TI —F)V : bp 193 °C;

IR (neat) 1390, 1366(¢-Bu), and 1235, 1161(C-0-C)cm™1;
IH-NMR (CDCl;3)6=1.32(9H, s, +~-Bu) and 6.9—7.3(5H, m, aro-
matic);

MS (70 eV)m/z 150(M+).

COBE, VFILT 2/ FYFORDLOIK2EEIVEDT =
J=IVERWT, CThiIZRBt-7FVXiEIvbe=7F v %&m
Z, "NFH VR, BAULFHET CTHBERESE LB KIGLE»-
7-(Run 2, 3).

DEDERIY, TRV ILT7 2/ FYFERIETFNET
FseFa7SY, TR P VRUENN-DAFVTE TR Fix
OB OF TL0-60 CICTRIG S ¥ 5 &, BEEERY O %
BPEOLNDERDOFER LB TH 5.

KIC, COFERHICLHEZR[T—7IVEROB AR TN
LI EBT « / FV FRUT IV aFy Finayrviehpotd
BxE 2 TEORIGHZF~NI:

ATEt-TFINEVFILT 2/ F Y FEORBIIR T
FIVDOFBEITHNTELSEAR, SNERYO RSV LK Ui
BEOHRA RO (Run 4).

FTRUTLT 2/ FY FOBESRKRBERICHE 55, UF
TALT 2/ FYFICHRTEER, SNORELHEL, KB
REOR AF A+ VOIEALBRD LN/ (Run 5, 6).

RIZCTIVAYLEEE T = / F¥ F[(PhO~) M2+, M=
Mg?*, Ca2+, Sr2+, Baz+] oy Ak -7 F )V & ORI % B
DE&HETCRA(Run 7-11). &BEHEOEEMICHB L TK
ISR KR E KB L7, TOSNDOREKRIFITIWVAVEET =
JFVFOBELIDLEILICHRTHEMSR LN, 54-60%1iC
#EL.

NaF AL t=-RYFINVEANYT LT £/ FY FEDORIGIE
NP A E-T F VOB EITH TSN DRESEZELISFA L,
HEHOT7 WF)NEDOIGEEHR SN/ (Run 12, 13).

R2RURR2ICHEB 7 Vasy Fenar Uik t-7F)
LEANTEVOFTCRIEI R IERER L.
FT3MEDTIVAVEBNVIINEAFY RERILETFIVE
ERIGSE 5 L RZBBEBY(ON) 32 BONT, BEEAR
WE) OABBEHIN, EB7 2/ ¥V FOBELIEIRE -
BRESLEBONZ(Run 14-16). LA L7V A Y LEEERETS
HZARBVYFTALARUTNY T LRV EFY FINasr ik
=7 F ) £80-85 CTRIG L, t=7F IRV V)T —F)L(SN)
$19-50% DINETH SN 7= (Run 17-20). KICA rOavF 7 A
BUNY G EANTFIAFY oy Abi-TF I & RIGS
¥eH, BTV =/ FY FRURVIINEFY FOBEITHN
TRIGEEIZ/PNE L, SN%I315-40% 1 = THA L7 (Run 21-
23). SN/E OBIRMIIE L TA bO vF 7 ASEEDOF B/
LSEHEOBELIOKREL, I t-TFIVOFHBRLE-T

Table 2 Reaction of metal alkoxides with #~butyl halides in
heptane?
. Yield of
Run Nucleophile Substrate Temp Time products?
(RO™) Mr+ t+-BuX °C h Sx/% E/%

14 PhCH,O-Li* t-BuBr 80 10 0 (0) (100)
15 PhCH;O~Na* t-BuBr 80 8 0 (0) (100)
16 PhCH,O-K* -BuBr 80 7 0 (0) (100)
17 (PhCH207),Sr2+ t-BuBr 8 14 21(24) (76)
18 (PhCHz07);Ba?*  t-BuBr 80 8 16(19) (81)

19 (PhCH;07);Sr?+  ¢-Bul 8 14 43(50) (50)
20 (PhCH;0-),;Ba?2+  #-Bul 80 8 36(40) (60)
21  (n-C;Hy50-),;Ba%* t-BuBr 90 18 12(15) (85)
22  (n-C;H;507);Ba?* ¢-Bul 90 18 31(33) (67)
23 (n-C;H;s07),Sr2+  ¢-Bul 95 20 36(42) (58)

a) RO~-M+ (alkali metal alkoxide) 40 mmol or (RO~),M?2* (alka-
line earth metal alkoxide) 20 mmol, ~BuX (#-butyl halide) 20
mmol, and heptane 40 cm3 used.

b) Isolated yields of alkyl #~butyl ether (Sy) based on #~BuX.
Figures in parentheses show the glpc yields of ~~BuOR (Sy), and 2-
methylpropene or alcohol (E).

(RO-) M+ + (~BuX—>
ROBu-£(SN) + (CH,),C=CH,(E) + ROH(E)
Scheme 2.

FIVDHBE LYK E .

DEDRERSL, RICKEBREXR WS Ny ME=KT
WV CBBERY (SN) THLE=RIT—FILHEHEH DI
RTHONLT Lhbholc. —HRIC SN/E OFBRBITREAE
DT ZF Ve XxDORAFH YV, EEOT VFIVE L ZOEBEER
UBEORDORFIZL > TREIhS. BEBREOREBILAR
WA, ARIGD & S ICEBEBEOTHPEBERE L D A REER
EREAICT ARG ETII LA YASLN TV RV, KRIGTIRZE
DA —PEICHR LSRRI RIGEAC & ) BRRIGAEFIICE
LrE2ONS. ThYZ, EOH—RTOI—FILERKEIT
R OHRTERZE=ZRI T IVERELEZ5.
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A New Method for the Williamson Ether Synthesis Using
t—Alkyl Halides in Nonpolar Solvents

Hiromitsu MASADA*, Fumio MIKUCHI, Yasuo DoI, and Akira HAYASHI

Department of Chemistry and Chemical Engineering, Faculty of Technology,
Kanazawa University; Kanazawa-shi 920 Japan

It is a well-known result that the reactions of #-alkyl halides with alkali metal aryl oxides and
alkoxides in protic solvents give olefins (E) almost exclusively. By contrast, we found a new method for
the Williamson ether synthesis in the reactions of #-alkyl halides with alkali and alkaline earth metal
phenoxides and alkoxides at 60-90 °C in nonpolar solvents (hexane and heptane). The yields of #-alkyl
phenyl ethers and #-butyl alkyl ethers (SN) were moderate. The selectivity of SN/E was governed by sol-
vent, metal cation (Lit, Na*, K+, Mg2+, Ca2+, Sr2+, and Ba2*), nucleophile, and substrate. The nonpo-
lar solvents were much more effective for the SN reaction than polar solvents.






