110 Vol. 88 (1968)

[%AKU(:‘?AKU KZASS!—%] UDC 547.721.07
88 (1) 110 — 115 (1968)

V7 - FBGEOESRILHITR (F35]|Y)  Wittig RG(CHITDLEREICONT

IR R, RS
T K F I

Synthesis of the Furan Derivatives. XXXV.1 Stereo-
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The Wittig reaction was carried out on cyanomethylenetriphenylphosphorane (I) and
a-bromocyanomethylenetriphenylphosphorane (IV) as the phosphoranes and 5-nitro-
furfural (ITa) as the aldehyde, and also the reaction of I with furfural (TIb), 5-methyl-
furfural (IIc), and 5-bromofurfural (IId). Examinations were also made on the solvent
effect and the salt effect of Lewis bases on the formation ratio of ¢is and trans compounds.
Identification of the components was made through elemental analyses and the infrared
and NMR spectra, and the formation ratio of cis— and frans—olefins was determined by gas
chromatography. It was thereby found that the cis compound was formed in larger
amounts in benzene solvent.

—#ic Wittig reagent % F\ T olefination (1 cis % X ¥ trans DREFI R L R AR T 29 25, B
ITDLLD, TOMMT % WEM Lewis base 19 DFEDHES X U D i 0 [R5 4 0 HEE - B 4k
DEBREC LR Y 52 50X BIHEC STy 7oL Shemyakin %7 i3 alkylidene 35 J ¢ aralkylidenetri-
phenylphoshporane & £f&® aldehyde ¥i. O KIS\ TiT, BEDCEZ Fhh, Wit Xt Lewis base ¥H
DEFED 5 WVX LD DFELEOE ENFR EOER Hick< B B L, % benzylidenetriphenylphosphorane
& propionaldehyde & DS Tl = — FA #+ v O ff# T N,N-dimethylformamide %% I3 8% (1 909%,) 1=

Chart 1.
(Phy)P-CHCN  + ‘ H SN “ + (Ph)P=0
R-{ 0 J~CHO R-{ 0 -CH=CHCN
I ] IIa ;: R=NO, la : R=NO,
Ib: R=H b : R=H
IIc : R=CH; ic : R=CH;
IId : R=Br Id : R=Br
“ “ CN H
R‘\Q/\C=C/ R‘\O/\C:C/
/ AN 7 AN
H H H CN
cts form trans form
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cis hD R A DT %, Lh L House %8 (34:% o Shemyakin SOHEXBRHBERLHER, Thidb
Do TEERICHE LT 5. & 2 CEE %3 cyanomethylenetriphenylphosphorane (1)» & 45& D 5F # furfural
¥ (lla~d) L DFIGERDIcE 25, BER LU Lewis base ﬁ@ﬁé@ Iz X % “Stereospecific olefination” 3§
L CHBkD 5 EERER A B O THET S (Chart 1), :

FFILL Ila bh=g/ —ABRHCTRIEI RS S, HBOKERR (mp 63-105°) 2R kA
FEE R LT REA RS (mp 110 -112°) ¥ 7 ) X A (mp T4—T77°) LICHRET B2 LR TER. WHHIS
FEB LOTERSWER—FK L1z2s IR A=z b (Fig la) 0R785 2 &0 Dk HREITEK 17T SR 4 D B R
BB EHEELL. SLCHEOMRIT, S XCHEEE NI L - TRKS i trans-3—(5-nitro-2-furyl)
acrylonitrile & BEERBROMER, 2 —FKT 2z Lhb, mp 110—112° %555kt trans (6T, mp 74—77°
BTSRRI cis hTH H T E VB L.

X Bic 6 ORI L O T FD Lewis base Sx ALy, IDIsDICOWTRBA T/ - o (Table I).

Tase . Reaction of Cyanomethylenetriphenylphosphorane and 5-Nitrofurfural

|| + (Ph)P-CHCN —— “ + (Ph)P=0
OzN~\O ,-CHO OzN--\O 7-CH=CHCN
Prod}lct Prod}lct
Solvent Additive (ratio) Solvent Additive (ratio)
cis trans cis trans
Benzene — 83 17 EtOH piperidine 78 22
" KI 85 15 N,N-dimethyl-
" o 63 37
" KBr 83 13 aniline
" aniline 93 7 ether - 72 28
" n-hexylamine 92 8 THF® — 83 17
" piperidine 98 2 DMF®! — 72 28
EtOH — 73 27 N,N-dimethyl- — 73 27
" NaBr 75 25 amine
a) THF : tetrahydrofuran ) DMF : dimethylformamide
Condition of gas chromatogram : 20% SE-30 on chromsorb W. 2m ¢ 5mm copper column. temp. column 208°
Hgz 30 ml/min

% feds DI DI DT cis 35 L8 trans thdAER Ak % HHT gas chromotography 12 X » THMEER%
K2 7o, W3 X 5T gas chromatography JlEs O RUALO R 2 EREHHDT, HOD Cobrhi i
5 feddI, 4-[5-nitro-2-furyllacrylonitrile OFfRM: A% gas chromatography TR L, £DORDOE
ORBEOREE LCeL A—&ETREBY 177 - iR, SORDO—D2DE— 27 DAL @D bAL o1 T
DEFZPIEL &b BEEDFTIL - T gas chromatography D&HETILIZE A ERMIERIGO H-D Iew 2 E &R
FTLDOTH 5. FHERBCEL ULEEIC X - THEIE X BIXOfEYAY, DO UDHTELIBDORODOERE
REHC D CTOBRBBYER L, £OEEELHA LK. Table InSH L2 L5, WThoBHA S cs Dk
ﬁiﬁWWwﬁo%th%<,fh@ﬂ@%%m%ﬁmﬁbf@ﬁ@¢§b<yﬁv%m@ﬁﬂxﬂ/—w%
Werh I 0 cis hDERBENS R R . B v v BT piperidine OFFFET TIL cis ADAEE D 98
%K%LTwé:&@%b&fﬂ%@%%:&f%é-k%n%wwwmwﬁlﬁaMMEﬁE??%ﬁﬁm
cis BhD RS 0% M ECE LTS, oFic & IIb =5/ — A CRRRGEHETRIEZITRY, R
Wik % 81 = hA gas chromatography THEEKEHWE (mp 31°) LEEHMRWEL O 2ZRGLLThLhT
B L7 BiEOkSYE Gilman £ O/ BIKIC Lt » T 3-(furyl)acrylic acid D BHEEH L o trans-3 (furyl

8) H. O. House, ¢t al., J. Org. Chem., 29, 3327 (1964).

9) G. Wittig, Ger, pat., 943, 648 [C.4., 52, 16292d (1958)]

10) mERERE, IR, EHE, 31, 86(MMd44E); HAKEXAMIMAILRR(BEMM).
11) H, Gilman, Towa State Coll. J. Sci., 4, 27.
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acrylonitrile & IRA~7 b [Fig. 1b] % X OREMEBROMELIIIC—BT 5 = &b frans BTHHo LhHk
# L 7. E BT gas chromatography THRLIcBDBDODYHICOWT IR 227 b [Fig. 1b] 3 L 08 NMR
x&ﬁbwUMUVW@W%%%,%ﬁﬁﬁ%#%%%éi5ﬁ,%%@%K%Eﬁﬂvﬁﬁﬁﬁ@%ﬁ%ﬁﬁ
trans K TH D EHHB L7 X513 L o8 Lewis base BoMAbR OB X B cis fhis LU trans th
DERKILIC & JFTHE % kb & Ak gas chromatography C#2 1 7- (Table 1I).

TasLe II. Reaction of Cyanomethylenetriphenylphosphorane with Furfural

” + (Ph)P=CHCN " + (Ph)P=0
R0 -CHO 0 /~CH=CHCN
Prod_uct Prod}xct
Solvent Additive (ratio) Solvent Addition (ratio)
cis trans cis trans
Benzene — 29 71 EtOH KI 65 35
" KI 32 68 " Et;N 57 43
" NaBr 26 74 " aniline 61 39
" EtsN 36 64 " n-hexylamine 57 43
" aniline 36 64 " piperidine 56 44
" n~hexylamine 46 54 Lther — 19 81
" piperidine 59 41 THL'® — 24 76
LEtOH — 54 46

a) THF : tetrahydrofuran

Condition of gas chromatogram : 20% SE-30 on chromsolb W 2m ¢ 5min copper column temp. column 150°

Hz 30 ml/min

Table IT 22 BB LA R X 510, =%/ — AYHETE cis ROEREM trans RICEK~TSL, FRICKLT=
;»;_7»§tm&yﬁyﬁﬁ¢fmﬂms@@i&imgb.~ﬁLw®b%e%&%mLt%ﬁmucuﬁ
DERELEFHEMT 2 Ehbhs. oFicl & e th=x) ~ VAR TR X TEOHRY % 157
T OiRY % gas chromatography ¢ 2 oMM BEIC 4B L, FhZzh IR 27 o [Fig. 1c] & X 8 NMR
A7 bov [Table V] #JIE L. 5 EEROKIGIC I\ T Lewis base ks JOBBoOBEY B LI &

TasLe III. Reaction of Cyanomethylenetriphenylphosphorane and 5-Methylfurfural

" + (Ph)P=CHCN + (Ph)P=0
CHs-{ o J-CHO CHs—\O J-CH=CHCN
Prod_uct Prod_uct
Solvent Additive (ratio) Solvent Additive (ratio)
‘ cis trans cis trans
Benzene — 33 67 EtOH aniline 61 39
1 KI 35 65 " n-hexylamine 71 29
" NaBr 35 65 " piperidine 60 40
" Et;N 35 65 " 'N,.N.—dimcthyl- 52 48
" aniline 37 63 aniline
EtOH _ 56 44 Ether —_— 25 75
I KI 57 43 THF® — 35 65
" NaBr 57 43 DMFE® KI 48 52
" Et;N 56 44

a) THF : tetrahydrofuran

b) DMF : dimethylformamide

Condition of gas chromatogram : 20% SE-30 on chromsolb W, 2m ¢ 5mm copper column. temp. column 163°

Hg 30 ml/min
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X o Teis LU trans (hDOERBEOEIL A BIR & FEEIC gas chromatography TREE L /- (Table III).

Table III 2B 62 7c X 512 I & 1Ib & ORIG & [FERIC cis ADERKE 3= & 7 — L ERHB TS, H
< v¥ vRTIL trans @FQ&E?E:O%’DHZJ‘S%E& bhi. oFK 1L Ild & =27 - AVBRFTRIGETIRVIR
wWeksdh w87, T h gas chromatography TR L, 2EOERYHE B, IR A2 b [Fig. 1d] 225
X X ORERHEK L [FFRIC retention time DA cis kTR Fdl trans (5 TH 5 EHEE L. X LIBER
X O Lewis base D ZLiC L 3 1 B A O AR OZL% gas chromatography TR L 7z (Table IV).

TasLe IV. Reaction of Cyanomethylenetriphenylphosphorane and 5-Bromofurfural

H ” + (Ph)P=CHCN —— “ “ + (Ph)P=0
Br—\o J-CHO Br—\o J-CH=CHCN
Prod}lct ‘ Prod.uct
Solvent Additive (ratio) Solvent Additive (ratio)
cis trans cis trans
Benzene —_ 30 70 EtOH aniline 58 42
7 K1 37 63 7 n-hexylamine 54 55
" NaBr 29 71 " piperidine 56 44
" Et;N 47 53 " N,N_—dimethyl— 55 45
" aniline 44 56 aniline
n n~hexylamine 53 47 ether - 34 66
EtOH — 51 49 THF® - 47 53
" KI 61 39 DME® - 52 48
" NaBr 57 43 " KI 54 46
n EtaN 58 42
a) THF : tetrahydrofuran b) DMF : dimethylformamide
- Condition of gas chromatogram : 20% SE-30 on chromsolb W, 2m ¢ 5mm copper column, temp. column 184°
Hg 30 ml/min

Table IV OrT X 5 1C= &/ — VB TIL cis (ADEREMN trans kX v %<, KR v v Tk trans
ROEREDS . Fc Lewis base FHFAET TIXET cis SOEREBAEML TS, IHLEFEFX I Da
MOKBREFYRFETTERL, N5T % phosphorane [IV] &L, Zh#x Ila LGS THESRE
(mp 123°) %#B7. Zhix IR 227 b AR LOTESHTH B 2-bromo-3—(5-nitro-2-furyl)acrylonitrile T & %
LB L. - ORIGT Lewis base AR L T cis &8 X 5 L RA LRI Lisd » /o (Chart 2).

Chart 2.
(1) Brz /Br
(Ph);P<CHCN ~ —— > (Ph)sP=C
(2) EtONa \CN
I v
vV + Ia —— . ” O
0N 0~y

IR Z~A%47 MLICPT 2R  furan BORIUT ven 3100—3170cm™?, ve.c 1550~1590cm=1 3s X O° vsyn-c-0-c
1020cm—! ZEEBH SN B AL, IOEY 3H|EL T 5 X 5 eFRBIN (870—880cm ) 1238» bhicl. ¥ _"HE
%é}o cis 33 L OF trans (KO RWIUL cis 6T 730cm™?, trans £ TiL 970cm~? L#{E® ST 5. I1Ib—d
TREREFRZh O DBRBIULERD bh 528 (Fig. I b-d), La L 1lla OBEIIWHEEGEOHH ORI Z TS
LB LEETHS. R I VROSHO =t r XOBTRFIENEG D, 2HOUHO_EFE DO

12) W IE#, S e, 7, 210 (1958).
13) N. D. Sheppard, G.B.B.M. Sutherland, Proc, Roy. Soc., 1949 (A) 196.
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BT 0T % furan BiciR < pull over T T, HRMAKDOENBRECE LRI 1D EHEEINS.

(Fig. 1 a-d).

cis form
in Nujol

trans form
in Nujol

1 ! i I 1 1. ! [

7 8 9 10 11 12 13 14 15p
Fig. la. Infrared Spectra of c¢is- and #rans-
3-(5-Nitro-2-furyl)acrylonitrile

Neis

cis form
Liquid film

trans form
Liquid film
1 L 1 1 ! ! 1 I It
7 8 9 10 11 12 13 14 154
Fig. 1c. Infrared Spectra of cis- and #rans-
3—-(5-Methyl-2-furyl)acrylonitrile

cis form

Liquid film

=

Ccls

trans form

=

in KBr :
{ L 1 1 tT‘anS ! H 1
7 8 9 10 11 12 13 14 15z
Fig. 1b. Infrared Spectra of c¢is- and trans-

3-(2-Furyl)acrylonitrile

cis form
in KBr

=

crs

trans form

e

in KBr . Lrans
| 1 I ! 1 | 1 Il |
7 8 9 10 11 12 13 14 154
Fig. 1d. Infrared Spectra of c¢is- and trans-

3-(5-Bromo-2-furyl)acrylonitrile

TasLe V. Nuclear Magnetic Resonance Spectra of cis and trans isomer on

3-(2-Furylacrylonitrile and 3—~(5-Methyl-2-furyl)acrylonitrile

cis isomer

trans isomer

IITb Jeis=12.2 cps

0H'=—5.60 ppm (ref. CeHis)
dH®=—3.90 ppm (ref. C¢Hia)

IITc Jei8=12.2 cps

SHl=_547 ppm (ref. CoHua)
O0H?=—3.77 ppm (ref. CoHja)

Jérans=16.2 cps
0H= —5,69 ppm (ref. CeHja)
0H?= —4.33 ppm (ref. CsHis)

Jirans=16.0 cps
0H'= —5.51 ppm (ref. CeHio)
dH?= —4.01 ppm (ref. CoHis)

opperating at 40 Mcps
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NMR Z~4% MLICMT 2R Wittig KIGCH K L 7= olefine @ cis 3 X U trans k% X LICHERRT 57
@iz, IIb & IIlc ® NMR 2~2 F A ORER T »7c. X Fic Banwellld %43 ABC Type i1+ T Jas ¥
IO Jac HRDTERERIIT Jre™ 12—18 cps > Ji% 4—12 cps » JE¢ -3.5—2cps DfHERL E HIT Jackmann®
sy ] offiy JUe 11—18 cps >Jik 6—1deps TH 5 L WME L T 5. EH %A gas chromatography THRS
B L7 I1Tb & ITIc o cis %6 X O trans > NMR 27 } L OIERIZS>ED X 5 TH 5 (Table V).

Table V 2s5 B 577 X 5 i@ gas chromatography T retention time D523 cis (AT, RFHs trans g

ThAHIEEILICHEERDIDODCTHI ENTEL.
KIZIE 0D stereospecific olefination DEEREIZ ST, SH O I LIEERERICE Hicu.

£ B o #

(1) Cyanomethylenetriphenylphosphorane (I) & 5-Nitrofurfural (Ila) &DRIG I 6g (0.02mole) %
EtOH 50ml i |81, Ila 2.8g (0.02mole) %0 %, #720° ¢ 2lhr HE#, WMECHEHEER, BRELV I L2
mw b /57 4 CHAER (mp 63—110°) R EE LA, zho EtOH Rz ERCHRACHETHEERR,
RhHBENMTHECRFRLEND, BohkREABOMKREHK (mp 110-112°) &, SHKBRMLT
BrEe sy XA mp78—80°) L HHRRLL. CoMGERYERLIELD IR A<7 FARRL, §
ERTERAFOKERS L B4 D trans-3-(5-nitro-2-furyl)acrylonitrile & BREMRBROMER, MRETLRIT,
trans R Ch B - L RBER L. trans (AR LU cis ko BINE 3g (92%).

trans t& (mp 110—112°) Anal. Calcd. C,;H,03N,: C, 51.22; H, 2.46; N, 17.07. Found: C, 51.50; H, 2.52; N,
16.79.
cis tk (mp 71—77°) Anal. Caled. C;H,O,N,: C, 51.22; H, 2.46; N, 17.07. Found: C, 51.27; H, 2.67; N, 16.94.

(2) 1 & Furfural (IIb) EQRRS 1 3g (0.0lmole) % EtOH 50ml iz i€ F1, IIb 0.96g % hnx T 15° @ik c2
HRKE, RECHEEEE, BEYXV VI IFALIe< 757 s THEWRYLHEE ChrBERILLE,
gas chromatography T cis %L 0% tarns OXAOBAEYTHD L HHER, SHLRRV ORI EHE gas
chromatography &SR (mp31°) L HRHELCHRL, ThEh NMR A<7 t A s L0 IR Ax2
ProP B L.

i ae FRAGRAWO TR Nk Tt o5, GHON L&l —FH L. BIXE 909% Anal. Caled.
C,H,ON: C, 70.58; H, 4.23; N, 11.76. Found: C, 70.30; H, 4.20; N, 11.55.

(3) I & 5-Methylfurfural (IL) & DR (2) LA LTERYTR- . BIER 95% Anal. Calcd.
CgH,ON: C, 72.16; H, 5.30; N, 10.52. Found: C, 72.30; H, 5.49; N, 10.30.

(4) 1 & 5-Bromofurfural (IId) & DR @) LA LTERY TR -7, BILEIX 90%. Anal. Caled.
C,H,ONBr: C, 42.45; H, 2.03; N, 7.07. Found: C, 42.96; H, 2.05; N, 7.02.

(5) a-Bromocyanomethylenetriphenylphosphorane (IV) D&k I 10g (0.033mole) #* & s CH,Cl, 420ml
T B % 6.9g (0.04mole) # ¥ p Lz CCl, 50ml % x —71——65° Tl F L. RIEKTHEHE TR
3+, EtONa (Na lg &4) Mz HH, XbrBEMlM=—FA%2Mx % & &% NaBr 2357, zh®FxL, b
CRM=—F A RBMT 5 & HERE RS L (6.1g 53.5%). = 0¥ EiEkst a-bromocyanomethylenetri-
phenylphosphorane (IV) 5%z &% IR A=7 bATHERLLOD, HHhRORGHELL. ZoEAYE
AEBTERFTRELKHML, triphenylphosphine oxide & B MUY E (METI) LR EBD .

(6) IV & 5-Nitrofurfural (Ila) &EDRIS IV o 3.3g (0.009 mole) » EtOH 14 L IIa 1.2g (0.009
mole) #M%, 7hr KB L TR, BEFERBRELV VAV A 270~ b/ 57 ¢ THEE, EtOH 25 FH&AL
THEE SV X A5 (mp 122—123°) # B8 (1.4g 63%). Anal. Caled. C,H;O,N,Br: C, 34.59; H, 1.54; N, 11.53.
Found: C, 34.89; H, 1.52; N, 11.40.

B AWECEREREMLRHEIALELFUEGRSE BREBLc ZH T 2. ki NMR o lECHF

FEFRENLAABSEEEHN BEEBERIOCTRSNZES I WA AREEROBEN B X OH EomMKIc R
SHELXERTS. APRRCH I EhEMETSIOCH EBRFOWMBCRHMLET. ,

14) C.N. Banwell, Mol. Phys., 3, 351 (1960).
15) L.M. Jackmann, “Application of NMR Spectroscopy in Org. Chem.” (1959).
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