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3-(2-bromoethoxy)-benzaldehyde.

O BrCH,CH,Br, BuNBr O

K2CO3, CH3CN

H ~"p,

1ld 3-laasendiuuaiadilad (0.200 mol, 24.40 g) lwina@uuarfusiua (0.210 mol,
29.00 g), inntziiifawaulufisnluslud (20 mmol, 0.65 g.) uaz a:dInlulnsd (500 mL) aviu
saafunaNIwIa 1 L Adwvidutimdnauuasdanuiwdndnawanmas auvasnaulisiine 30
w1 ﬁqmnqﬁﬁ’aq uaa@nlaluslutaniou (105 mL 1.60 mol) ataTiaiTr IHanTuasuauiiy
e 48 T2Tu9 udraane i idurauntasaznauasn lasdeacnaudowuniuass IUTWET
aranufinTod s dadariiasarulagmsTsredimeias rota-vap  aranpwadudefimiadioi
n3aunaalsd (150 mL) udanadmeasazanlndoylaasantad @ M, 2 x 150 mL) wuntum
vnaasaodunddunidadeandatlodoudaina  stwodiaraolvnuaswldndaiueiiiu
PaamnaIniiafifosdon %oﬁwlﬁu‘%qn%ﬂlmﬂm:mw‘i“jﬁmmaﬂaé’mfehyﬁvﬁwa:muuamaﬂ%aa:

Snmagniaw  (20/80)  ferdaaararaisudibindad el duresnaidiniessen (1528
mmol, 35.00 g, 76%). 'H NMR (200 MHz, CDCly) O : 3.65 (t, 2H, J = 6.0 Hz), 4.33 (t, 2H, J =

6.0 Hz), 7.13-7.47 (m, 4H), 9.95 (s, 1H); C NMR (50 MHz, CDCly) O : 28.9, 68.0, 112.9,
122.0, 124.1, 130.3, 137.8, 158.7, 191.9; IR (neat, cm’) 3070, 2925, 2853 (aldehydic C-H
stretching), 2735 (aldehydic C-H stretching), 1696 (aldehydic C=O stretching), 1609, 1588,
1491, 1450.

- o & - & <t
nasastasievaastsenay dJwiuneadladaiand4iass (1)

? )
H H © H
H O O
6 09 ¢ [95$9]

~ " Br

w CH,CN .ng-iﬁb

N waT-mefiFes-Dafiaan@nd4]ioiu (7.80 mmol, 5.00 g) ua: IwunaGon A1suaue (57.9
mmol, 8.00 g) AIKVIATUNANTDINBTUIG 1 'ﬁm‘s*?'iﬁuﬁmmmuunmﬁna;}imu'lﬁm‘smn'm
Tulasion W@uazdlnlulngd (300 mL) Adsmaninasly ﬂuﬁQmuqﬁﬁauﬂunma‘?ofﬂm
Wu @-lusluansandyruuaiadlad (17.50 mmol, 4.00 g) Wwasdinlulnsd (10 mL) asludia:
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wun IWandvasnauiidedniiiuiat 60 2w ué’dﬂéaaulﬁﬁuaoequuqﬁﬁaa IR TS
arnaudtardInu  ua: wniduaaslss MimsasaufildnnisnTesnsneeviaratLoan
a:mum'sﬁmﬁaagﬁwmn'ﬁﬁuﬂaahﬁ LAIENANILAIALANONIALBLATARDIN (2 M) wunuas
IWTURISREATEDUNIS Maaihaansnesatanndaslmdoudaiadivraainiy LRITELBAN
vazatsaennulagyInie N'ﬁmﬁmfﬁﬁ'lﬁmm'mﬁwlﬁu‘%qn‘ﬁﬁlﬁﬁaumwnw‘énhﬁdﬁﬂa:mu
nEnURRUAaa LsENUNTIUeR tevasudsFrnilunianuyl o-1 (12.89 mmol, 12.18 g, 71%):
"H-NMR (200 MHz, CDCly) O 0.99 (s. 18 C(CH3)y). 1.23 (s. 18 C(CHs)a). 3.28 (d, 4 Ar,CH,, J =
13.0), 4.28 (d, 4 Ar,CH,, J = 13.0), 4.38 (m, 8 OCH,), 6.84 (s, 4 ManT-ArH), 6.99 (s, 4 AAND-
ArH), 6.98-6.93 (m, 4 LUWDIAFL8A-ArH), 7.44 (s, 2 OH), 7.49-7.53 (m, 2 \UUT A& laa-ArH),
7.81 (d, 2 \Wumadlad-ArH, J = 7.5), 10.47 (s, 2 upadlas-H), C-NMR (50 MHz, CDCly) &
31.1 (C(CHj)s). 31.7(C(CH3)s. 31.8 (AIANG-CH,), 33.8 (C(CHa)s), 34.0 (C(CHa)a), 67.5 (OCH,),
73.6 (OCH,), 112.4 (C3 U Ar-CHO), 121.0 (C5 UW Ar-CHO), 125.2 (C3 Uu mAND-OR), 125.8
(C3 LU ANANG-OH), 127.7 (C2 UU MANT-OR), 128.2 (C6 UL Ar-CHO), 132.6 (C2 U ANANTD-
OH). 135.8 (C4 UU Ar-CHO), 141.7 (C4 Uy AIANG-OR), 147.3 (C4 UK ANANRD-OH), 149.8 (C1
Ut ARNG-OH), 150.3 (C1 Un MANT-OR), 160.8 (C2 UK Ar-CHO), 190.2 (Laadlaq); FAB m/z
944.5 (M"): @17 1891NN1IF1UINL CoHy,05 CH,OH: C, 77.42; H, 7.83; sniiale: C, 77.54: H,
7.79

m-1 (442 g, 4.70 mmol, 60%). IANRDNINAT = 184.8-185.3 °C; 'H-NMR (200 MHz, CDCly) &
1.00 (s, 18 C(CHs)s). 1.27 (s, 18 C{CHa)3), 3.32 (d. 4 Ar,CH,, J = 13.0), 4.31 (broad, 8 OCH),),
4.39 (d, 4 Ar,CH,, J = 13.0), 6.85 (s, 4 ANANT-ArH), 7.04 (s, 4 ANANTG-ArH), 7.20-7.45 (m, 2
WUTadlad-AH), 9.93 (s, 2 waadlad-H): | C-NMR (50 MHz, CDCly) O 31.1 (C(CHy)s), 31.7
(C(CH3); WAz ANAND-CH,), 33.8 (C(CHa)s). 34.0 (C(CH,)3), 66.9 (OCH,). 73.7 (OCH,), 113.4
(C2 Un Ar-CHO), 122.4 (C4 UW Ar-CHO), 123.6 (C6 LW Ar-CHO), 125.2 (C3 uu A1ANS-OR),
125.7 (C3 U AANT-OH), 127.8 (C2 U4 ANANDG-OR), 130.2 (C5 UK Ar-CHO), 132.8 (C2 U1 &~
And-OH), 137.8 (C1 UM Ar-CHO), 141.5 (C4 UU ARND-OR), 147.1 (C4 Uu AIANTG-OH), 149.7
(C1 VU fNAND-OH), 150.5 (C1 UL AEANT-OR), 159.2 (C3 UU Ar-CHO), 192 1 (uaadlae); IR
(neat) 3336 (ABND ArO-H stretching), 3050, 2958, 2869 (LOa# La® C-H stretching), 2731 (Wa>
#la¢ C-H stretching), 1697 (upadlas C=0 stretching). 1597. 1485, 1450, 1265 cm ; 71l
PINNITAMI CoyHppOp: C. 78.78: H, 7.68; infita'le” C, 76.80; H, 7.95

p-1 (9.69 mmol, 9.16 g, 54%): H-NMR (200 MHz, CDCl3) O 1.17 (s, 18 C(CHa)3). 1.47 (s, 18 C
(CHa)s). 3.49 (d, 4 Ar,CH,, J = 13.0) , 4.48 (m, 4 OCH,), 4.51 (m, 4 OCH,), 4 54 (d, 4 Ar,CH,, J
= 13.0). 7.01 (s. 4 AAND-ArH), 7.02 (s, 4 MAND-ArH), 7.19 (d, 4 (UMTIRF LTG-ATH, J = 8.5),
7.41 (s, OH), 7.98 (d, 4 (UMTAALIF-ArH, J = 8.5). 10.06 (s, 2 UBadlad-H), C-NMR (50
MHz, CDCly) & 31.1 (C(CHs)s), 31.5 (C(CHs)s) 31.7 (MANG-CH,), 33.8 (C(CH3)s), 34.0 (C(CH,)
3). 66.9 (OCH,), 73.0 (OCH,). 115.1 (C3 Uu Ar-CHO) 125.2, (C3 UR MANT-OR), 125.7 (C3 Uw
AVANG-OH), 127.8 (C2 Uu AMAND-OR), 131.9 (C2 U Ar-CHO), 130.2 (C2 Uu AENT-OH),
132.6 (C1 L Ar-CHO), 141.6 (C4 U% MANT-OR), 147.2 (C4 UU AANG-OH), 149.6 (C1 LU A"
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And-OH), 150.4 (C1 UW AAND-OR), 190.8 (LoadLad);, FAB m/z 9442 (M) f1fildainnag
fIUITY CgoH7,04: C, 78.78; H, 7.68: eintidale: C. 78.25: H, 8.05.

2 ' o ) <t -y P
n1sdsiasisHarsdsznay adaiinuAsTiIKdIsaTAIANT[4)taT (2)

V@ TiCly (3.17 mmol, 0.60 g} asluvianunaugatnanioldustoinealulasiau (dy THE
(30 mL) Aumeenitaslulagniivos LdNANLIFINEFETINIzdUUE (6.35 mmol, 041 g) avly
atinaszdassmasanviansiWangly 1 33lusfday dawusadlad (1.06 mmol, 1 g) lu THF
(10 mL) aslufiasvue IWandrasnauiiaaludn 15 T2l wiUsagliibuasdgunniivies (Gu
gvazanulwunadoy afuae  (15% wiv) asluiRarinaty TiCl, ?imﬁaag n3aIRsnovann
Taplsdlad udrdrede 2:81nu wer wnunaalsd vimsasaroflduisziavdiriazaivaan
a:mum:ﬁmﬁaat{@humﬂiﬁuﬂaahﬁuaﬁar’r’mddUmfﬂ ﬁw'ﬁu‘um'sa_:mu'ﬁuﬂ‘%m"f:ﬁuw”oﬁ'w‘['mﬁuu
FRHATUTIAINEY  UR Tz MEAIazATLaan TﬁLﬂuuﬁmﬁm‘ﬁﬁJﬂnu‘%qﬂ% Foaasovinlw
u?qnﬂd’ﬁ’:Uimuﬂmnﬂwﬂuuuaaﬁuﬁ a1t 5% onaacfianluaniouiiluans: lalowad
Fa uar nud szugneananiuld (lelowed Fa e:lidn R §9n7) cis-0-2 - 'H-NMR (200
MHz, CDCl;) & 1.03 (s, 18 C(CH,)s). 1.22 (s, 18 C(CHy)s), 3.25 (d, 4 Ar,CH-. J = 13.0), 4.1¢
(broad, 4 OCH,). 4.26 (broad, 4 OCH,). 4.35 (d, 4 Ar,CH,, J = 13.0), 6.83 (t, 2 @Raliu-ArH, J =
7.5), 6.88 (d, 2 a@aliu-ArH, J = 7.5). 6.90 (s. 4 AMANG-ArH), 6.97 (s. 4 AIRNT-ArH), 7.17 (t, 2
§AROU-ArH, J = 7.5), 7.25 (s, 2 CH=CH), 7.29 (d, 2 adafiu-ArH. J = 7.5), 7.70 (s, 2 OH) : 7
1HINNNTAIUITL CepHy,06 CH,Cly: C, 75.88; H, 7.38; sinfiialel: C. 76.12; H, 7.25 trans-0-2 -
"H-NMR (200 MHz, CDCly) 81.06 (s, 18 C(CH5)s), 1.18 (s, 18 C(CHs)a). 3.2% (d, 4 Ar,CHa, J =
12.5). 4.23 (d, 4 Ar,CH,, J = 12.5), 4.51 (broad. 4 OCH,), 4.68 (broad, 4 OCH,), 6.82 (d. 2 ¥@a
Ju-ArH, J = 8.0), 6.93 (m, 4 Pand-ArH & 2 &&ailu-ArH), 6.97 (s, 4 AI8nD-ArH), 7.15 (t, 2
8AaTU-ArH, J = 8.0), 7.50 (d, 2 8AaTU-ArH, J = 8.0), 7.74 (s, 2 CH=CH), 8.43 (s, 2 OH) ; i
1T nMIAIuI L CoHpuOe: C. 81.54; H, 7.95; drfidale: C, 81.41; H, 7.94
cis-m-2 : 'H-NMR (200 MHz, CDCl3) & 1.09 (s, 18 C(CHa)s), 1.25 (s. 18 C(CHy)s). 3.32 (d. 4
Ar,CH,, J = 12.5), 3.94 (broad, 4 OCH,), 4.12 (broad. 4 OCH,), 4.38 (d, 4 Ar,CH,, J = 12.5),
6.69 (broad, 2 &#alu-ArH), 6.71 (s, 2 CH=CH), 6.89 (m, 4 &Aailu-ArH), 6.97 (s, 4 A &nd-
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ArH). 7.02 (s, 4 ANAND-ArH), 7.24 (t, 2 &dafiu-ArH, J = 8.5), 8.08 (s, 2 OH) ; A7 ldaInMs
AU CepHyy0g: C. 81.54; H, 7.95; afdale: C, 81.48; H, 7.92. frans-m-2 . 'H-NMR (200
MHz, CDCls) & 0.83 (s, 18 C(CHy)s), 1.31 (s, 18 C(CH,)a), 3.29 (d, 4 Ar,CH,, J = 13.5), 4.25 (t,
4 OCH,, J = 5.0), 441 (d, 4 Ar,CH,, J = 13.5), 4.57 (t, 4 OCH,, J = 5.0), 5.84 (s, 2 OH). 6.60
(s, 4 MIRND-ArH), 6.87 (. 2 RARLUU-ArH, J = 8.5), 7.06 (s, 4 ANAND-ArH), 7.14 (d, 2 FARDIU-
ArH, J = 7.5), 7.24 (s, 2 CH=CH), 7.25 (t, 2 30TIW-ArH, J = 7.5), 7.74 (s, 2 @8aiiu-ArH) ; Fif
1HIINNITEIUITE CeatHraOg: C, 81.54: H, 7.95: finfiale: C. 81.59: H, 8.00

cis-p-2 . 'H-NMR (200 MHz, COCly) O 0.85 (s. 18 C(CHa)s), 1.31 (s, 18 C(CHay)y). 3.28 (d, 4
Ar,CHo, J = 13.5), 4.17 (t, 4 OCH,, J = 4.0), 4.38 (d, 4 Ar,CH,, J = 13.5), 4.45 (t, 4 OCH,, J =
4.0). 6.29 (s. 2 OH), 6.66 (s, 4 AANG-ArH), 6.68 (s, 2 CH=CH). 6.85 (d, 4 &ARiJW-ArH, J = 9.0
Hz), 6.93 (d. 4 Faalu-ArH, J =9.0), 7.06 (5. 4-ArH) : 7 lAINNNTAIMUITL CeoHrOg: C. 81.54;
H, 7.95; d1fidale: C, 81.57: H. 8.14

nsdnwinisidassudaslalowasdrvuas

arauFaatuAIBITasIANG[4aTu (2) RanATImRle (3 umol, 2.7 mg) war CDCly
05 mL) adlunraadniuhasd NMR unuiionmeanioluvaaadty ulasiou el
uai ldasuss v lavlsvasalWusan Adpuia 450 Tee WHuszoznatdrag fu udnih
ARy H-NMR n‘*'iaﬂﬁ’ryqnmi’iLﬂ?iuu'lﬂ'uaﬂﬂ'mawum:ﬁ"ﬂnﬁqmauqa AIUIHEATIRIU
WD cisltrans AINAUALTAY YN

[ o ~ L= & Pad
sanSiasuarsysenaudaiune1adlanmdnd4nasu

H @ H H © ‘OR

O O 0
H (o)
[QS?(PJ KCN / ROH 0099
(E :?)4 (? ii)4
m-1 m-3 R = Et
m-4 R = i-Pr

W Da wwar-ussdlad (0.60 mmol, 0.50 g) uazlwunadoy loonlud (0.15 mmol, 0.01 g) aslu
PIRfuNaNIUWIR 100 mL Alwvsauunuwiminagmolaussmmaiulasiau Gy 95% tanmiue
8 win loloIwiwmen 20 mi) ash) wiseniWanduasnanii 24 Falas Ydenbitfussg
pwnniivias ihamsssaufildunsnmadaiazaivean a:mum‘sﬁmﬁaa;jﬁmmn%ﬁuﬂaa%ﬁ
wdEnadsaTarannielalasnasin (2 M) vtumsazsodurishiuisdslodoudainai
Usiaania ud2szmpalvinararpsanmeldayginia ua61ﬁmfﬁmd’mmmﬁﬂﬁ’u"’sqﬂ‘ﬁﬁ@hu
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nsanudntufiduasalsd waz wniues Tdvasdofvrilundasiue m-3 (0.30 mmol, 0.25 g
50%): NROUMAT (RA10A7) = 133-134 °C; 'H-NMR (200 MHz, CDCl3) & 1.03 (s, 18 C(CHa)y).
1.30 (s, 18 C(CHs)3). 1.40 (t, 3 CO,CH,CHs, J = 8.0 Hz), 3.34 (d, 4 Ar,CH,. J = 12.0), 4.34-4.43
(m, 8 OCH, WAt 2 CO,CH,CH,), 4.42 (d, 4 Ar,CH,, J = 13.0), 6.88 (s, 4 A1AnTG-ArH), 7.07 (s, 4
ANAND-ArH), 7.18 (d, 1 C4-H 183 Ar-CO,R, J = 8.0 Hz), 7.25 (d, 1 C4-H 183 Ar-CHO, J = 8.0
Hz), 7.35 (t, 1 C5-H 183 Ar-CO,R, J = 8.0 Hz), 7.43-7.50 (m, 3 LUUTIQG La6-H), 7.61-7.67 (m,
2 H-Ar-CO,R), 9.92 (s, 1 uaa@lad-H); C-NMR (50 MHz, CDCly) & 14.2 (CO,CH,CHa), 31.0 (C
(CHa)s), 31.6 (C(CHa)s). 31.7 (MANT CH,), 33.8 (C(CHa)s), 34.0 (C(CH3)3), 53.2 (COLCHLCH,),
61.0 (OCH,), 66.8 (OCH,), 66.9(QCH,), 73.7 (OCH,), 113.7 (C2 % Ar-CHO), 114.8 (C2 1w Ar-
CO,R), 120.3 (C4 1u Ar-CO;R), 122.2 (C4 lu Ar-CHO), 122.3 (C6 lu Ar-CO,R), 123.3 (C6 1u
Ar-CHO), 125.1 (C3 lu ANANT-OR), 125.7 (C3 lu AAnD-OH), 127.7 (C2 Tu MEANT-OR), 129.4
(5 Tu Ar-CO,R), 130.1 (C5 lu Ar-CHO), 131.7 (C1 lu Ar-CO,R), 132.8 (C2 Tu an@nd-OH),
137.7 (C1 14 Ar-CHO), 141.4 (C4 lu a&nD-OR), 147.1 (C4 lu mANT-OH), 149.7 (C1 lu an
and-OH), 150.4 (C1 lu ANANG-OR), 158.5 (C3 1u Ar-CO,R), 159.1 (C3 11 Ar-CHO), 166.4 (Ar-
CO,R), 192.1 (Ar-CHO); IR (KBr pellet) 3363 (f18NnT O-H), 3047, 2958, 2870 (Laad las C-H
stretching), 2727 (Weadlad C-H stretching), 1716 (ladnas C=0 stretching). 1701 (Waad las
C=0 stretching), 1589, 1485, 1446, 1277, 1200 cm " §17 1631NN1TAIUITE CaukireOq: C, 77.70;
H, 7.74; snfidale: C. 77.80; H, 7.77

m-4 (0.10 mmol, 0.09 g, 15%): H-NMR (200 MHz, CDCl3) O 1.00 (s, 18 C(CHs)s), 1.25 (s, 18 C
(CHs)s), 1.33 (d, 6 CO,CH(CHs),, J = 6.0 Hz), 3.29 (d, 4 Ar,CH,, J = 13.0), 4.09-4.41 (m, 8
OCH, URE 4 Ar,CH,). 5.20 (m, 1 CO,CH(CHs),). 6.84 (s, 4 A1&NTG-ArH), 7.02 (s, 4 AANT-ArH)
7.20-7.43 (m, 8H), 7.55 (s, 1H), 7.62 (d, 1H, J = 7.5 Hz), 9.92 (s, 1 uaadlad-H); "C-NMR (50
MHz, CDCl) & 21.9 (CO,CH(CHa),), 31.1 (C(CHa)s). 31.7 (C(CHa)y), 31.3 (AIAND CH,), 33.8 (C
(CHs)3), 34.0 (C(CHa)s). 68.5 (CO,CH(CHg),), 66.8 (OCH,), 73.8 (OCH,), 113.8 (C2 lu Ar-CHO),
114.9 (C2 4 Ar-CO,R), 120.2 (C4 lu Ar-CO,R), 122.2 (C4 lu Ar-CHO), 122.3 (C6 lu Ar-
CO,R), 123.3 (C6 11 Ar-CHO), 125.2 (C3 lu a1@nd-OR), 125.7 (C3 lu A1&n<G-OH), 127.8 (C:
U AENT-OR), 129.4 (C5 lu Ar-CO,R), 130.1 (C5 lu Ar-CHO), 132.2 (C1 lu Ar-CO,R), 132.3
(€2 lu @anand-0OH), 137.7 (C1 1 Ar-CHO), 141.5 (C4 lu A18nT-OR), 147.1 (C4 lu a1dnd-
OHM), 149.7 (C1 14 MEANT-OH), 150.6 (C1 lu AANT-OR), 158.5 (C3 lu Ar-CO,R), 159.2 (C4
14 Ar-CHO), 165.9 (Ar-CO,R), 192.1 (Ar-CHO); f1fildainnisdiuins CesHzeOg CHLCly: C,
72.84; H, 7.41; anfiale: C, 73.25; H, 7.55.
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Ugasurwanavilsvay dauneiadlad

[ y TR H“
0699 KOH | EtOH ?(P‘?? . ?o?? . ?Q‘i"?
-

m-1 m-5 m-6 ?

Wy Jsiuuead (a6 m-1 (0.60 mmol, 0.50 g) uazlwunafuu laasanlad (3.60 mmol,
0.20 g) adlupr@iUNaNLIUIA 100 mL ﬁﬁuﬁmuuuuuﬂmﬁnatimu"lﬁu*nmmﬂ'lﬂmmu Py
95% (anTIUaa (15 mL) asly wmmmwanwamauu 24 -m‘[m dassliliuasggmnniiva
WE TR mun'lmms-mumma tRUBAN AT mummmaaaumu CH,Cl, udagnasuaIsazany
ninlalasnaadn (2 M) viduaisas muaumtﬂmmamn‘[‘muwnmwﬂ'nﬂﬂﬂmnm URITTINY
diazaweanmuldgyninig  wdadusifldmusoibivignildlaslasunlasnmwiluuy
naaud Faltiandaesdinnionar 20 lwaniruiduerr: Wndadusiiwvosudduin 2 via -
m-5 (0.09 mmol, 0.08 g, 16%): H-NMR (200 MHz, CDCl3) & 1.00 (s, 18 C(CHs)s), 1.25 (s, 18 C
(CH3)3). 3.29 (d, 4 Ar,CH,. J = 13.0), 4.27-4.30 (broad, 8 OCH,). 4.38 (d, 4 ArCH,, J = 13.0),
4.60 (s, 4 CH,-OH), 6.87 (s, 4 ANAND-H), 6.90-6.97 (m, 6 H-Ar-CH,OH), 7.02 (s, 4 A1And-H),
7.18-7.26 (m, 2 H-Ar-CH,OH): C-NMR (50 MHz, CDCly) 8 30.9 (AEND-CH,), 31.1 (C(CHa)a),
31.7 (C(CHa)3). 33.8 (C(CHy)s). 34.0 (C(CH3)s). 64.9 (s, 4 CH,-OH), 66.6 (OCH,), 74.0 (OCH,),
112.7 (€2 Wwawudsueanssad). 114.6 (C4 lwrauudauaanasad), 119.4 (C6 lwrnuuda
LBRNDBAR), 125.2 (C3 luAANS-OR), 125.7 (C3 luam@nd-OH), 127.9 (€2 lua&nd-OR),
129.5 (C5 luuudauaanssad), 132.9 (C2 luamAnd-OH), 141.5 (C4 lua&nd-OR), 142.7
(€1 lwrsiuuFauaanasad), 147.1 (C4 luaand-OH), 149.9 (C2 Tua1&nd-OH), 150.5 (C2 luan
AnG-OR), 158.8 (C3 lursiuudauasnagad)
m-6 (0.02 mmol, 0.02 g, 4%): H-NMR (200 MHz, CDCl;) & 1.08 (s, 18 C(CHs),), 1.34 (s, 18 C
(CHa)s), 3.29 (dd, 4 Ar,CH,, J = 13.0, 6.5 Hz), 4.30-4.40 (m, 4 Ar,CH, Uax 8 OCH,), 4.67 (s, 4
CH,-OH), 6.84-7.29 (m, 18 Ar-H); ' C-NMR (50 MHz, CDCly) O 31.1 (C(CH,)s). 31.7 (C(CHa)y),
31.8 (MAND-CH,), 33.8 (C(CHa)s), 34.0 (C(CHa)). 65.1 (OCH,), 66.6 (OCH,), 67.0 (OCH,),
74.1 (OCH,), 74.2 (OCH,), 112.8 (C2 lwavudsusanasad), 114.4 (C2 luavuuledn), 114.8
(€4 Wrauudansanassd), 119.6 (C6 lwrnuudauoanaaad), 121.9 (C4 lwaawulodn), 122.9
€6 Turaiwuledn), 125.1 (€3 lua@nd-OR), 1257 (C3 lumdng-OH), 127.9 (c2 luaand-
OR), 129.5 (C5 luanuuGausanadad), 130.9 (C2 lursuuledn), 132.8 (C2 lumdnd-OR),
141.5 (C4 lua3nd-OR), 142.2 (C1 lwniundaueanasar), 147.1 (C4 luamand-OR), 150.0
(€1 luaBnd-oH), 150.5 (C1 lumand-0OR), 158.7 (C3 Turnuulwdn), 158.8 (3 lurauuds
LaRNBADA), 170.0 (COOH)
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Benzoin coupling of 3-hydroxybenzaldehyde

K
MeO —....CN

EtOH, H.O

OH

OMe

ldwnsonGiunasiadlad (7.3 mmol, 1.00 g) Iwunadunloorlud (1.6 mmol, 0.10 q)
waz 11 (0.75 mU) luwaesunsauruie 50 mL fiduvswdindneulasdanyiWandsauawsas 3w
andvasnauua 6 T2lue udsouiduasgaunnivas SHMURIYETRIDAILLATDY rota-
vap araiuvadundsfindslulaaaslsiion (10 mL) udsiadioasazaiy NaOH (4 M, 2 x 10
mL) WoNTuiIrnarasdunidoanuazrinsmihdinlndoudane  stmpivnazameanlinue
Lm:ﬁﬂﬂ'ﬁaﬁmm‘lﬁu%qﬂ“ﬁp[mU'n:ao'\.u“ﬁ%‘:mmaﬂaé’uﬂmu‘l'ﬁmsa:muuﬁmaﬂ%aa:%mn/xam-nvo
(30/70) Lﬂm:muﬁdﬁﬁa:muaanmmLLEYﬂGTN'émﬁmfrTmuT-ﬁﬁuu?qniﬁﬂwuaommuﬁm‘a‘rmﬁaa
80u (1.6 mmol, 0.42 g, 42%). 'H NMR (200 MHz, COCls) & : 3.73 (s, 3H), 3.77 (s, 3H), 4.52 (d,
1H, J = 5.5 Hz), 5.87 (d. 1H. J = 5.0 Hz), 6.75-7.48 (m, 8H): 'C NMR (5¢ MHz, CDCly) & :
55.2, 55.4, 76.2, 113.4, 113.3, 114.1, 120.1, 120.5, 121.7, 1296, 130.2, 134.7. 140.4, 159.7,
160.1, 198.7 &I B-umﬁanf‘fimqun“amtaf‘ﬁmmmmﬁﬂﬁu‘%qﬂﬁﬂ@um-nhisu’miﬁmﬁmnms
aiadausnsuilidunsaudanadrouniaduasslsd uuntuamtazateiunideanuainda

Wdnlo@sudaina udvzngsavinasaueanvnualinandadlundnen (1.47 mmol, 0.22

g., 20%), mp. = 118-119 °C. 'H NMR (200 MHz, CDCly) O : 3.82 (s, 3H), 7.14 (dd, 1H, J = 8.5,

2.0 Hz), 7.36 (t, 1H, J = 8.0 Hz), 7.61 (m, tH), 7.71 (d. 1H, J = 6.5 Hz), 11.17 (br. 1H), C

NMR (50 MHz, COCL,) O : 55.4, 114.4, 120.4, 122.7, 129.5, 130.6, 159.6, 172.2: IR (neat) 3433
-1
(acidic O-H stretching), 2935, 2885, 1682, 1593, 1311, 1246, 1026 cm
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Abstract—Photo-switchable calixarene crown ether derivatives were synthesized in order to control the ring sizes and shapes of
ionophores by isomerization between two different geometrical isomers. Five stilbcne crown ether calix[4]arenes were prepared via
McMurry coupling of the cormesponding bisbenzaldehyde—calix{4jarene derivatives. The coupling reactions yiclded both cis- and
frans-stilbenes from o- and m-bisbenzaldehydes while only cis-isomer was obtained from the reaction of the p-isomer. Unlike
diazobenzene analogues, the stilbene crown ether calix[d]arene derivatives did not undergo thermal isomerization. Nevertheless,
the isomerization of all synthesized stiibene crown ether calix[4)arenes can be photochemically induced. © 2001 Elsevier Science

Ltd. All rights reserved.

Recently, supramolecular chemistry has become one of
the most dynamic fields in chemistry. The molecular
architecture required for selective recognition of
molecules or ions by shape and size is one of the key
points of interest in this subject.! The crown ether
family is well known as ionophores.? In 1980, Shinkai
and his colleges synthesized an azobenzene containing
crown cther to be used as a switchable alkali ion
receptor.’ The azobenzene moiety isomerized from the
trans- to the cis-isomer upon irradiation, while the
more sterically hindered cis-isomer converted.back to
the frans-isomer in the dark. The cis-isomer suitably
bound K*, Rb*, and Cs* but the trans-isomer preferred
to bind Li* and Na*. An azobenzene-containing
cryptand was also later synthesized by this group.® The
switching of this cryptand from the trans- to the cis-iso-
mer resulted in ring expansion. that altered its binding
prefereace from Na* to K*. .

Owing to its pre-organized structure, calix{4larene is
currently a popular molecular platform for designing
highly selective receptors.’ Several isomerizable azoben-
zene crown ether calix[4)arenes have been prepared and
studied *® Although the cis- and rrans-isomers of these
azobenzene - derivatives display different selectivity in
binding alkali .metal ions, their thermal isomerization
has prevented them from being good candidates for
controllable molecular photo-switches. Unlike azoben-

* Comresponding author,

zenes, the stilbene analogues have been found not to
undergo thermal isomerization® and thus are more
promising as switching units for molecular photo-
switches.

The p-tert-butylcalix[4]arene derivatives containing
multiple benzaldehyde groups have been demonstrated

‘o o

pHa T

2 1
Scheme 1.

Table 1. Yields and c¢is:trans ratios of the products from
the coupling reactions

Compound Yicld (%) cisifrans ratio
cis trans

o-1 57 10 85:15

m-1 20 8 73:27

p-1l 51 0 100:0

0040-4039/01/S - sec front matter © 2001 Elsevier Science Lid. All rights rescrved.

PIL: $0040-4039(01)00945-5
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to be useful for syntheses of several selective host
molecules.'®!" We report herein syntheses of stilbene
crown ether p-teri-butylealix[4]arenes from p-rers-
butylcalix[4]arene derivatives containing two benzalde-
hyde groups.

Three regioisomers, o-, m- and p-stilbene crown ether
p-tert-butylcalix{4larenes (1) were synthesized from
McMuity coupling'®'?* of the corresponding bisben-
zaldehydes (2) (Scheme 1). The bisbenzaldehydes were
prepared by nucleophilic substitution reactions between
p-tert-butylcalix{4]arene and the corresponding (2-
bromoethoxy)benzaldehydes.'o!!

The m-stilbene derivatives were prepared under
modified McMurry conditions.!>!? The m-bisbenzalde-
hyde reaction yielded 28% of the stilbene (m-1) and
20% of the corresponding pinacol by-product. The

Table 2. Chemical shifts of the vinylic protons of the stil-
bene products and stilbene in (CDCL,)

Compound 'H NMR (ppm)
cis-isomer Irans-isomer

o-1 7.25 7.74

m-1 6.71 7.24

p-1 6.68 -

Stiibene” 6.57 7.15

* Measured in methanol.

Table 3. 4., and extinction coefficient (&) of the stilbene
products and stilbene (in CH,Cl,)

Compound cis-isomer frans-1somer
Amax (RTD) £ (em™! Aax (NM) & (cm™!
MY M-H
o-1 292 19321 291 30106
333 28492
m-1 286 20955 291 27438
308 24866
320 24629
p-1 283 16632 na. n.a.
Sulbene® 223 20600 227 21000
276 10900 294 33200
. 307 32100
* Mcasured in methanol.
H
R R
erythro threc

Figure 1. Proposed orientations of the two benzaldehyde
groups that would lead to the formation of cis- and trans-
products.

reaction of the o- and p-bisbenzaldehydes gave higher
yields of stilbenes {o-1 and p-1), 67% and S1%, respec-
tively, and no pinacol by-product. Both cis- and irans-
stilbenes were obtained from the coupling reaction of o-
and m-bisbenzaldehydes but only the cis-stilbene was
obtained from the p-isomer (Table 1). The assignment
of cis- and trans-geometries was based on 'H NMR
and UV-vis spectra. The cis-geometry was assigned 1o
the isomer possessing lower chemical shift values for
the vinylic protons relative to the chemical shifts
observed for unsubstituted stilbene (Table 2). This
assignment is consistent with the data from UV-wis
spectra that showed shorter /., and lower extinction
coefficients for all cis-isomers {(Table 3).

The predominant formation of the c¢is- over (rans-prod-
ucts in this coupling reaction suggests that the pre-orga-
nized structure of the starting bisbenzaldehyde
p-teri-butylcalix{4]arene may play an important role in
controlling the geometry of the product. The shorter
ethylene glycol linkages over the small and rigid lower
rim of the p-rerr-butylcalix[4]arene are less likely to
allow the threo orientation of the two benzaldehyde
moieties {Fig. 1) resulung in less trans-product. The
situation becomes more obvious for the coupling of the
p-bisbenzaldehyde in which the threo-like orientation
would be most difficult to form and no trans-isomer
was observed.

As predicted, all the stilbene crown ether p-rers-butyl-
calix[4]arenes synthesized did not isomerize under room
light but readily isomerized under UV light. The photo-
stationary states were observed for all isomers. We are
currently studying the photo-switchable properties of
these stitbene crown ether p-rert-butylcalix[4)arenes and
their metal ions binding properties and will report the
results in due course.
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TiCl, (3.17 mmol, 0.60 g) was charged into a two-necked,
round-bottomed flask under a nitrogen atmosphere.
Anhydrous THF (30 mL) was added dropwise and acti-
vated Zn powder (6.35 mmol, 0.41 g) was added cau-
tiously. After | h reflux, the bisbenzaldehyde (1.06 mmol.
1.00 g) in THF (10 mL) was added dropwise. The mix-
ture was refluxed for additional 15 h and it was allowed
to cool to room temperature. A solution of K,CO, (15%
w/v) was added to quench the excess TiCl,. The precipi-
tate was filtered off over Celite and washed with acetone
and CH,Cl,. The filtrate was evaporated and the residue
was dissolved in CH,C!, and then extracted with water.
The organic phase was dried over anhydrous Na,SO, and
the solvent was removed to give the crude product, which
was purified by column chromatography using 5% ethyl
acetate in hexane as eluent. The cis- and trans-isomers
can be separated (cis-isomers have a higher R, value).
cis-o-1: 'H NMR (200 MHz, CDCl,): 6 1.03 (s, 18
C(CH,),), 1.22 (s, 18 C(CH,),), 3.25 (d, 4 Ar,CH,, J=
13.0}, 4.16 (broad, 4 OCH,), 4.26 (broad, 4 OCH,). 4.35
(d, 4 Ar,CH,, J=13.0), 6.83 (1, 2 stilbene-ArH, J=7.5),
6.88 (d, 2 stilbene-ArH, J=17.5), 6.90 (s, 4 calix-ArH),
6.97 (s. 4 calix-ArH), 7.17 (t, 2 stilbene-ArH, J=7.5),

7.25 (s, 2 CH=CH), 7.29 (d. 2 stilbene-ArH, J=7.5). 7.70
(s, 2 OH). Anal. caled for C,;H,.0,CH,Cl,: C. 75.88; H.
7.38. Found: C, 76.12; H, 7.25.

trans-o-1: 'H NMR (200 MHz, CDCL). & 1.06 (s. 1§
C(CH,),y), 1.18 (s, 18 C(CH,)y). 3.21 (d, 4 Ar,CH,, J=
12.5), 4.23 (d. 4 Ar,CH,, J=12.5), 4.5] (broad, 4 OCH.).
4.68 (broad, 4 OCH.), 6.82 (d, 2 stilbene-ArH. J=8.0),
6.93 (m, 4 calix-ArH and 2 stilbene-ArH). 697 (5. 4
calix-ArH), 7.15 (t, 2 stilbene-ArH. J=8.0), 7.50 (d. 2
stilbene-ArH, /=8.0), 7.74 (s, 2 CH=CH). 8.43 (s, 2 OH)
Anal. caled for C,.H; .0, C. 81.54; H, 7.95. Found: C,
81.41; H, 7.94.

¢is.m-1: '"H NMR (200 MHz, CDCl,): 5§ 1.09 (s. I8
C(CH,)y). 1.25 (s, 18 C(CH,),), 3.32 (d, 4 Ar.CH., J=
12.5), 3.94 (broad, 4 OCH,), 4.12 (broad, 4 OCH.). 4.38
(d, 4 Ar,CH.. J=12.5), 6.69 (broad, 2 stilbene-ArH),
6.71 (s. 2 CH=CH), 6.89 (m. 4 stilbene-ArH). 6.97 (s. 4
calix-ArHy, 7.02 (s, 4 calix-ArH), 7.24 (t, 2 stilbene-ArH,
J=8.5), 8.08 (s, 2 OH). Anal. caled for C..H,.0,: C,
81.54; H, 7.95. Found: C, 81.48; H, 7.92.

trans-m-1: '"H NMR (200 MHz, CDCL): 6 0.83 (s, 18
C(CH;),). 1.31 (s. 18 C{CH;),), 3.29 (d, 4 Ar,CH., J=
13.5), 425 (t. 4 OCH,, J=35.0). 441 (d, 4 Ar.CH..
J=13.5), 4.57 (1, 4 OCH,, J=5.0). 5.84 (s, 2 OH), 6.60 (s,
4 calix-ArH), 6.87 (t, 2 stilbene-ArH, J=8.5), 7.06 (s, 4
calix-ArH), 7.14 (d. 2 stilbene-ArH, J=7.5), 7.24 (s, 2
CH=CH), 7.25 (t, 2 stilbene-ArH, J=7.5), 7.74 (s, 2
stilbene-ArH). Anal. caled for CH,,O, C. 81.54; H,
7.95. Found: C, 81.59; H, 8.00.

cis-p-1; '"H NMR (200 MHz, CDCl,): & 0.85 (s. I8
C(CH,),), 1.31 (s, 18 C(CH;),). 3.28 (d, 4 Ar.CH,, J=
13.5), 4.17 (t, 4 OCH,, J=4.0). 4.38 (d, 4 Ar,CH.,.
J=13.5),4.45 (t, 4 OCH,, J=4.0), 6,29 (s, 2 OH), 6.66 (s.
4 calix-ArH). 6.68 (s, 2 CH=CH}, 6.85 (d, 4 stilbene-AtH,
J=9.0 Hz), 6.93 (d, 4 stilbene-ArH, J=9.0), 7.06 (s, 4
calix-ArH). Anal. caled for C,.H,.0, C, 81.54; H, 7.95.
Found: C, 81.57; H. 8.14.
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ABSTRACT The reaction of 25,27-bis-(3'-formylphenoxyethoxy)-p-zert-butylcalix
[4]arene (1) with 20% mole of KCN in ethanol and i-propanol yielded
monoethylester (2) (50%) and monoisopropylester (3) (15%). Compound 1 was
not oxidized by air in the absence of KCN under reflux. The Cannizzaro reaction
of 1 in ethanol using KOH gave bis-alcohol (4). acid-alcohol (5).

KEYWORDS: calix, oxidation, aldehyde, ester, cyanide.

INTRODUCTION

Owing to its pre-organized structure, calix[4)arene has become one of the most
popular molecular platforms for synthesis of highly selective receptors for molecular
and ionic guests.' A simplicity of structural modification on the lower rim of calix[4]
arene has furnished a variety of calix[4]arene derivatives.” Recently the derivatives
containing multiple benzaldehyde groups have been demonstrated to be useful for
syntheses of several host molecules with selective binding properties.”

We are currently interested in preparation of functional supermolecules from the
bisaldehyde derivatives. Along this way a serendipitously selective oxidztion reaction
of calix[4]arene containing two aromatic aldehydic functional groups was encountered.
This reaction presents an unprecedented cyanide-catalyzed autoxidation of aldehyde and
a new convenient route to unsymmetrical substituted calix[4]arenes. We report here a
study of this selective oxidation and full characterization of its product.

The simple calixarene derivatization using the template method always vields 1,3-
alternate or tri-substituted calixarenes. Syntheses of mono substituted or different
substituted calixarenes is a drawback of this template method. Using this oxidation we
can destroy the symmetry of the molecule easier. This is an alternative route to
successive preparation of unsymmetrical calixarene derivatives, which can be further
functionalized to chiral host molecules. From an unsymmetrical di-substituted
calixarenes, we can simply methylate a phenolic group on the lower rim to form
unsymmetrical tri-substituted calixarenes, which are chiral molecules. These chiral
molecules tend to be used as chiral hosts for some chiral recognition. Therefore, this
oxidation will be a useful technique for synthesizing this type of chiral calixarenes.

RESULTS AND DISCUSSION

During our attempt to prepare benzoin derivative of calix[4]arene from the reaction
of 25,27-bis-(3-formylphenoxyethoxy)-p-tert-butylcalix[4]arene 1, which was
synthesized according to the literature procedure (eq. 1),4 with 20% mole of KCN in



ethanol, we observed a single product on TLC (eq. 2). The product was isolated by
recrystallization in methanol/CH,Cl; to give a white crystalline material. The 'H NMR
and *C NMR spectra of the isolated material suggested that it was not the expected
benzoin but the monoethyl ester 2 (50%). All the signals in '"H NMR and *C NMR can
be assigned corresponding to the proposed structure of the product with the aids of 2-D
NMR spectra, COSY, NOESY and HMBC.

EQQH$(PJ (1)

3.
KCN /EOH [Q g $ QJ (2)

Cos s

(1) (2. 50%)

The mono-i-propyl ester 3 was synthesized through the reaction of KCN and
aldehyde 1 in i-propanol (eq. 3). As the product is unpredicted and the reaction showed
rather unusual selectivity, we decided to investigate this reaction in further details.

0 o] , O
o @ 9/““ H @ gkomr
0 KCN / i-PrOH % n (3)
88 s Ly
(f)c; (),
(1) (3. 15%)

Two mechanistically different types of reactions, Cannizzaro reaction and
autoxidation, may be responsible for the formation of the observed product. The



autoxidation reaction of 1 was performed in the present of air but without KCN. TLC
trace did not show any product but only the unreacted starting material after 5 days of
reflux. The results indicated that the autoxidation of 1 did not proceed without KCN.
The Cannizzaro reaction of bisaldehyde 1 was performed in ethanol using KOH
yielding two products as white solids (eq. 4). The first product is the bisalcohol 4 and
the second 1solated product is the alcohol-acid 5. The observation of the bisalcohol 4
suggested that there should be another product, the biscarboxylic acid 6. However, our
attempt in i1solation of 6 was not successful. As this reaction did not produce the
aldehyde-ester 2, the Cannizzaro reaction should thus not be accounted for the
formation of the product 2 and 3 from 1.

@ © : Ho’? qOH no’\@ OH HO on
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(1) (4, 16%) (5, 4%) (6)

As the experiments described previously did not provide any positive evidence
supporting for either autoxidation or Cannizzaro reaction, a study of the raodel
compound, m-anisaldehyde was initiated to acquire more information.

The reaction of m-anisaldehyde with 20% mole of KCN in ethanol, using the same
reaction condition as the oxidation of the bisaldehyde 1 gave the corresponding benzoin
7 as a major product along with a minor oxidation product, m-methoxybe1zoic acid 8
(eq. 5). In the presence of KCN, the autoxidation is therefore a competiti~e reaction of
benzoin formation. Interestingly, esterification of the autoxidation product 8 was not

observed in this reaction.
H COOCH
S« S
Me

(8]
E}f& KCN/EIOH
Me

According to the results described above, we proposed a mechanism of the formation
of product 2 from 1 as a result of esterification of the autoxidation product of 1. The
oxidation was catalyzed by cyanide anion and the esterification was presumably
catalyzed by an acidic proton on the lower rim of p-rert-butylcalix[4]arene. The most
intriguing point of this reaction is the selectivity of the autoxidation step. in which only
one of the two aldehyde groups was oxidized. The reason for this selectivity remains
elusive to us. We however suspect that it had something to do with the phenolic OH

Me
(7. 42%) (8. 20%)



groups of the lower rim of p-rert-butylcalix[4]arene. These phenolic OH groups can act
as intramolecular hydrogen bond donors to induce some sorts of geometry that has one
of the aldehyde groups being protected from the attack of the cyanide anion. This
unique geometry of bisaldehyde calixarene 1 may also prevent the formation of the
corresponding benzoin from the reaction of 1.

It is important to point out that this autoxidation reaction differs significantly from
the similar oxidation reported in literatures. Corey and coworkers used 5 equivalents of
NaCN and 10-15 equivalents of oxidizing agent, Ag,O, to synthesize carboxylic acids
from the corresponding conjugated aldehydes.5 Castells and his colleagues reported
ester formation by using thiazolium salt or cyanide ion as a catalyst with nitrobenzene
as an oxidizing agent.® In our reaction, however, no external oxidizing agent besides
oxygen from air was required. We are now working toward a synthesis of chiral
calixarenes using this selective autoxidation reaction.
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EXPERIMENT

All reagents were purchased from Fluka® and Merck®. Solvents such as acetonitrile,
methylene chloride and alcohols were reagent grade stored over molecular sieves. In
anhydrous reactions, solvents were dried by standard procedures and distilled before
use.” For extraction and chromatography, solvents were commercial grad: and were
distilled prior to use.

The melting points were determined using Electrothermal 900. Elemental analyses
were performed on Perkin-Elmer PE 2400 Series 1. FT-IR photometry expeniments
were operated on Nicolet Impact 410 using thin film samples prepared from solutions in
methylene chloride on KBr windows. Mass analyses were carried out on a FISONS VG

TRIO 2000. The NMR spectra were acquired on a Bruker ACF 200 using CDCl; as a
solvent.

Bisaldehyde (1). Ina 1 L 2 necked round bottom flask equipped with a magnetic
stirring bar and a reflux condenser, p-tert-butylcalix[4]arene (7.8 mmol, 5.00 g) and
K>CO;5 (57.9 mmol, 8.00 g) were suspended in CH3CN (300 mL). The mixture was
stirred for 30 minutes at ambient temperature and 3-(2-bromoecthoxy)-benzaldehyde
(17.5 mmol, 4.00 g) was then added dropwise. The mixture was refluxed for 60 hours
and then allowed to cool to ambient temperature. The mixture was filtered and washed
with acetone and CH,Cl,. The filtrate was combined and the solvent was evaporated
under reduced pressure. The resulting residue was dissolved in CH-C!, and then
extracted with aqueous HCI| (2 M). The organic phase was separated and dried over
anhydrous Na,SO4. The solvent was removed under reduced pressure. The residue was
crystallized in CH,Cl,/CH3OH yielding the desired product as a white solid (4.7 mmol,
4.42 g., 60%): mp (decompose) = 184.8-185.3°C; '"H NMR (200 MHz, CDCl3) § 1.00
(s, 18H), 1.27 (s, 18H), 3.32(d, 4H,J=13.0 Hz), 4.3-4.4 (m, 12H), 6.85 (s, 4H), 7.04
(s, 4H) 7.20-7.45 (m, 8H), 9.93 (s, 1H); >’C NMR (200 MHz, CDCls) & 31.1, 31.7,



33.8,34.0,66.9,73.7,113.4,122.4,123.6, 125.2, 1257, 127.8, 130.2, 132.8, 137.8,
141.5,147.1, 149.7, 150.5, 159.2, 192.1; IR (neat) vpa 3336 (phenolic O-H stretching),
3050, 2958, 2869 (aldehydic C-H stretching), 2731 (aldehydic C-H stretching), 1697

(aldehydic C=0 stretching), 1597, 1485, 1450, 1265 cm™'; Anal. Caled for Ce2H7;04: C,
78.78; H, 7.68; Found: C, 76.80; H, 7.95.

Ethylester-aldehyde (2). In a 100 mL round bottom flask equipped with a magnetic
stirring bar and a reflux condenser, 1 (0.6 mmol, 0.50 g) and KCN (0.15 mmoil, 0.01 g)
were dissolved in 95% ethanol (20 mL). The mixture was refluxed for 24 hours and
then allowed to cool to ambient temperature. The solvent was evaporated under
reduced pressure. The resulting residue was dissolved in CH,Cly and then extracted
with aqueous HCI (2 M). The organic phase was separated and dried over anhydrous
Na;S0O4. The solvent was removed under reduced pressure. The residue was
crystallized in CH,Cl,/CH;0OH yielding the product 2 as a white solid (0.3 mmol, 0.25
g., 50%): mp(decompose) = 133-134°C; '"H NMR (200 MHz, CDCI3) & 1.03 (s, 18H),
1.30 (s, 18H), 1.40 (t, 3H, J = 8.0 Hz), 3.34 (d, 4H, J = 12.0 Hz), 4.34-4.43 (m, 14H),
6.88 (s, 4H), 7.07 (s, 4H), 7.18 (d, 1H.J = 8.0 Hz), 7.25 (d, 1H, J = 8.0 Hz), 7.35 (t, 1H,
J = 8.0 Hz), 7.43-7.50 (m, SH), 7.61 (d, tH, ] = 4.0 Hz), 7.67 (s, 1H), 9.92 (s. 1H); '*C
NMR (200 MHz, CDCl;3) 8 14.2,31.0, 31.6, 31.7, 33.8, 34.0, 53.2, 61.0. 66.8. 66.9,
73.7,113.7,114.8, 120.3, 122.2,122.3, 123.3, 125.1, 125.7, 127.7, 129.4, 130.1, 131.7,
132.8,137.7, 141.4, 147.1, 149.7, 150.4, 158.5, 159.1, 166.4, 192.1; IR (KBr pellet)
Vmax 3363 (Ar-OH), 3047, 2958, 2870 (aldehydic C-H stretching). 2727 (aldehydic C-H
stretching), 1716 (carboxylate C=0 stretching), 1701 (aldehydic C=0 stretching), 1589,
1485, 1446, 1277, 1200 cm™; Anal. Calcd for CesH7609: C, 77.70; H, 7.74: Found: C,
77.80; H, 7.77.

i-Propylester-aldehyde (3). In a 100 mL round bottom flask equipped with a magnetic
stirring bar and a reflux condenser, 1 (0.6 mmol, 0.50 g) and KCN (0.15 mmol, 0.01 g)
were dissolved in 95% i-propanol (20 mL}. The mixture was refluxed for 24 hours and
then allowed to cool to ambient temperature. The solvent was evaporated under
reduced pressure. The resulting residue was dissolved in CH;Cl; and then extracted
with aqueous HCI1 (2 M). The organic phase was separated and dried over anhydrous
Na;SO4. The solvent was removed under reduced pressure. The residue was
crystallized in CH,Cl,/CH;OH yielding the product 3 as a white solid (0.1 mmol, 0.09
g., 15%): '"H NMR (200 MHz, CDCl3) & 1.00 (s, 18H), 1.25 (s, 18H), 1.33 (d. 6H. J =
6.0 Hz), 3.29 (d, 4H, J = 13.0 Hz), 4.09-4.41 (m, 14H), 6.84 (s, 4H), 7.02 (s, 4H), 7.20-
7.43 (m, 8H), 7.55 (s, 1H), 7.62 (d, 1H, J = 7.5 Hz), 9.92 (s, 1H); *C NMR (200 MHz,
CDCl3) §21.9, 31.1, 31.3,31.7,33.8, 34.0, 66.8, 68.5, 73.7,113.7, 114.9, 120.2, 122 .2,
122.3,123.3,125.2,125.7, 127.8,129.4, 130.1, 132.2, 137.7, 141 .4, 147.1, 149.7,
150.6, 158.5, 159.2, 165.9, 192.1; Anal. Caled for CesH709.CH,Cl: C, 72.84; H, 7.41;
Found: C, 73.25; H, 7.55.

Cannizzaro reaction of the bisaldehyde (1). In a 100 mL round bottom flask
equipped with a magnetic stirring bar and a reflux condenser, 1 (0.6 mmol, 0.50 g) and
KOH (3.6 mmol, 0.20 g) were dissolved in 95% ethanol (15 mL). The mixture was
refluxed for 24 hours and then allowed to cool to ambient temperature. The solvent was



evaporated under reduced pressure. The resulting residue was dissolved in CH»Cl, and
then extracted with aqueous HCI (2 M). The organic phase was separated and dried
over anhydrous Na;SO4. The solvent was removed under reduced pressure. The
products were isolated by column chromatography using EtOAc/CH,Cl; (20/80) as an
eluent yielding two products as white solids. The first product is the bisalcohol (4)
(0.09 mmol, 0.08 g., 16%): '"H NMR (200 MHz, CDCl;) 8 1.00 (s, 18H), 1.25 (s, 18H),
3.29 (d, 4H,J = 13.0 Hz), 4.30-4.40 (m, 12H), 4.60 (s, 4H), 6.84-7.02 (m, 16H), 7.20-
7.29 (m, 2H); *C NMR (200 MHz, CDCl;) § 30.9, 31.1, 31.7, 33.8, 34.0, 64.9, 66.6,
74.0,112.7,114.6,119.4, 125.2, 125.7,129.5, 132.9, 141.5, 142.7, 147.1, 149.9, 150.5,
158.8. The other product is the alcohol-acid (5) (0.02 mmol, 0.02 g., 4%): 'H NMR
(400 MHz, CDCl3) 6 1.02 (s, 18H), 1.03 (s, 18H), 1.24 (s, 36),3.30(dd, 4H, 1= 13,6.5
Hz), 4.20 — 4.42 (m, 14H), 4.66 (s, 1H), 7.05-7.11 (m, 4H), 9.88 (s, 1H); >C NMR (200
MHz, CDCl3) 6 31.1, 31.7, 33.8, 34.0, 65.1, 66.6,67.0, 74.1, 74.1, 112.8, 114.4, 114.8,
119.6, 121.9,122.9, 125.1, 125.7, 127.9, 129.5, 130.9, 132 .8, 141.5, 142.2, 147.0,
147.0, 150.0, 150.0, 150.5, 158.7, 158.6, 170.0.
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