
STUDIESONREACTIVITYOFFU~ARA~DEHYD~~ 
AFACILESYNTHESISOFFUNCTIONALISEDFURANS 

2, MIihydro-2, Sdirntthaxy-funn 1 (DHDMF) is a prc- 
cursor of makaldchydc 2; 1 is stable u&r both alkaline 
and neutral conditions. but in acidic mcdu the ring 13 
opened and the di~d~hydc 2 is formed. This compound 1% 
particuhriy Irbik: until now tkrc arc no otkr data on 
its syntksis, isolation and puriJic.ation. As a ruk. tk I, 
Caicarbonyl compound is not isolated, but the aqueous 
solution containing 2 is directly used for fur&r syn. 

theses. conrtsttng of lntr~o~ecul~ or lntermol~cul~ 
condcnutrons.’ 

In rctdic media 2 can be partly Isomer&d to fumaric 
aldchyck. yielding a cis-rran~ equilibrium. in which tk 
rraRJdiafdchyde S is nearly 27%. u reported by 
Hufford. ti al.’ 

The rcactmn of 1 with active mcthyknt compounds of 
type 4 In acrdrc media allowed tk syntksis of a new 
class of furan dtrivativts S in hi& yields,’ These corn- 
pounds have shown to be cddcicnt and ver~tik prr- 
cursors of tk cyclopcntenono.‘ Up till now. the WC- 
tlonr observed have ken rttnburcd to the cirdialdc- 
hydc; tk reactivity of tk rra~Aialdthy& 3 is uta- 
known. 

In this paper WC wish to dcscribc a novel cychution 
reaction which afIords functionaliscd furans by a simple 
procedure, by reaction of 3 with active mtthyknc corn- 
punds in aqueous media. 

Eficicnt mcthcxls for prcpanng 3 have not ken found in 
tk Irtctrture; a very few patented syntheses arc reported. 
based on tk same procedure; the acid<atalyud 
Isomcrisation of 2 (obtained by hydrolysis of DHDMF) lo 
3. and 1s following laborious isolation.’ 
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WC have found it more convenient rsd cheaper to 
prepare 3 trr ritu and use it without furtkt pwibution 
Tkdditioa of an utivt mcchyklIt compound {e.g. acety- 
ltcetaatl to an 4ucow solut&~ of 3lprparcd by bydrolysls 
of 1 ia rcidk media for 24 hr at room tcmperrturc) furnish 
a new wu~pound 1, whose structure was compktely in 
4peemcat with tbc aa8lytid ad spectroscopic data. In 
p&&r, tJu doubk bmd wy1s mm-IR: PStcm ‘; ‘H- 



NMR 6.75 6 td. I H. J = 17 Hz).6 I4 4 td. I H. J = 17 Hz). 
6 ~leuly come\ from the rrans-aldchydc 3. by inter- 
molecular condensation with two mokcuks of acctyl- 
acetone and subsequent. acidcatalysed cyclisrtion. Both 
aIdehyde\ ucrc present tn the acidrc media. the obrcr- 
ved high reaction rate with 4. prcvcntintt a possible. slow 
mtcrconvc&n.” kd to the compound 5 (R-H; 
X=Y=-CHr), berIder 6. tn the ratio 2 5-3: 1, Further- 
more. we can exclude an rcidcatalysed cil-rrdaas 
rsomcritition after the condensation of 2 with 1. because 
the pure cir-aldchydc gave only S. also long reactton tlmc 
for’ 
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The reaction mechanism was explained by the rnrtial 
formation of the t&e 7; its ring closure to funn 6 was 
rttrtbuted to the formation of an extensively dtlocrlised 
carbonturn ion 1. which could be intercepted in a 
geometrically favorable manner by the oxygen of the 
proximate ketone group (Scheme I) 

In this case we never isolated the tricnc 7; on the 
contnry the employment of both &ktto cstcr$ and 
jtdicrtcrs allowed to obtain only the tricnc 9 The 
rra#s-stcrcochcmlstry of the tnencs 9 was deduced only 
from IR data (950cm ‘) 
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S~dlcs on nrctivrty of funturkkbydc 

a: Q:Mc 

b: Q=Et 

OEt 

k and %, in mart drrstir conditions by t~atment with 
an ethereal sol&ton of HCI, ~mmcdtatcly and quan- 
titatlvcty were cychwd to fumns 10. in agreement with 
the above proposed mechanism. 6, 1h and Ifi arc 
completely tnoliscd (cnolic protons respectively at 17.05. 
I&MI and 13.40 8). on tk pound of ‘H-NMR data. 

T?w tticne k did not undergo ring closure. even under 
more drastic conditions. This result can be attributed to 
the lower n~~oph~l~ character of an ester group tn 
comp~~n with a keto group. hind~n~ both the pro- 
tonation and the folbwiv cyclisatlon 6chcmt I). 

The yields of 6 and h-c, based upon the DHDMF. 
were between 2&M%. 

II II noteworthy that tht)(t compounds can undergo 
easily an acid-catalystd @diketonic fission, directly to 
It in high yields 
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ik showed the int~r~stl~ capability to form an won 
cubonyl complex. In fact. by rtactton wtth Fc#IXIh, tt 
gave almost quantitatively a mononucku complex; from 
the spcctnl evidence. this seemed to have the structure 
II. There arc three tr?nds In the region Y,, 2OOOcm -’ 
IFCCCCO~J. while the NMR spectra showed “inner and 
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outer” protons, according with the proposed st~ctur~. 
7.1 6 fm, I H). U-5.3 b &+ m. 2 h), 0.98 6 (m. I H). The 
isomcrisatton of the oltfinic doubk bonds tn polyun- 
saturated compounds has been described.’ 

12 was stable under rcid~ condition (ethereal hydra. 
chlonc acid, room tcmp for UI h). while It gave back 
the startiM material k for treatment with ttimethylammc 
Nqxidc. We art studying now the synthetic applications 
of this compkx. 

‘H-NWR spectra rere taken wtth I Ptin-Elmer R-32 rpec- 
t.rometcr. vrltb TMS u lnlcrrul rt.aadard. IR rptcvr were taken 
oath a PcrhbElmer 37 I&sard rpcctromctcr MM rpcctrr 
were obtained ti 111 AEI MS-12 rqrctrornctcr at 7OcV. by 
urtn~ duect ulKItioa at ~0wc.c lcmpcnturr of I W Co~mcrcul 
Wcrck SJu #I ~8% used for cohunn chromtt~hy Ctio 
E&a pztcrlrtcd S&x gel pIattr rut used UI TLC Tk chromt~ 
togunt wetc detected by spa)nal vlth 5 N H$Xl, Md hc*tm 
It I IC? for 10 mm I.5D~utxayi compounds atl iommctctall~ 
rvulabk, were utthud directly rtthout &tlon DHDUF 
tprrprcd through tk procedure by Hufford rr al ‘) *as tmplu)td 
WOlboM p&M&M 

A ~otut~~n of DHDYF (6)Omg. I mmol) In AcOH I13 ml). 
13Qmrthoxyrt~ (15 ml) md H&l (1 rrtll was rtvrtd for 24 b 
at ~OOQI ttmpmrurt l’hm tk rcriut@on WM ttrrtcd *Ith &Cl: 
(3s. 22 mmol! and tMtc&onyl compound (~rnrnd~ After 
24 h tk mt~ture W&J pond Into water rnd extncted uv~rrj 
ttmcs wtth Et:0 7%~ combined extracts were rukd with 
uturrtcd rqurcws NaHCO,. water rnd drtrd over rnhyd Na,$O, 
The lolvtnl Wll removed In vKW Tk C&C product 015 
chromatgnpbcd on SrO, & ttutcd *ah benzene-Et,0 9 I to 
gvc 6 and h-c -furan 4.24%. aetdks from bcrane. m p WI’. 
‘H-NUR tCDCi,, 4) I7 05 1%. I HI. 6 76 (d, I H. J = I? Hzt. 6 14 
td. I H, f = I? Hz). 6 48 4%. I HI. 2 63 (,. 3 Ht. 2 18 (t. f HI. 2 22 
II, 6 HI. IR fl96. CHCI,. *_J6IlO. IW. tLo0. 1378. 1170. 1091. 
9!?irn ‘, MS m/r 24$ (~‘1 CHIC for r‘,,H,Jj, C. 6: ‘3. H. h $0. 
found C, 67 II. H 6 4% )r. Yrld 24% Ncedkr from Et@, m p 
143-14)‘; ‘H-NUR KD,COCD,. 61 7 2.8 (n. 4H,. 4 31 (q. 4 HI, 
2 33 (I, PHI. I 13 0. 6H). IR (IQ. CCL, r,,l 1720. 1680. 16#. 
1391. ll7R IW. I,%. 1440. 9#Ocm MS m!r Mu (V’I. (‘AC 
for C,,H&; C 62 33. H 6 54. found C. 62 Xl. H 6 64% s. VI&! 
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30% N&k% from kun. m.p. IOI-lO2’C ‘H.NYR (Ccl,. 8) 
7 23 (m. 4HI. 4 39 (q. 4 HI. 2.60 (q. 4 HI. 142 (t. 6H). 1 12 (I. 
6Hl. IR (1%. Ccl,. p,,) ITEO. IW. 1195. 1120.978cm ‘* MS 
rrJt 336 (M’l: Cabc for C,rHUO,: C. 64 27. H. 7 19; found C. 
64 II; H. 7tB% k Yuld W Ntddkr from kuac, PI p 
81-d? ‘H.NMR (Ccl.. 8) 7 I5 (m. 4H). 4.26 (q. 4H) 4.22 tq. 
4 H). 1 34 (I. 6 Hl. I.31 (t. 6 H); IR (1%. CCL. r-1 1720, Ia. 
1627. 1392. 13&X l3OS. 1150, 1061. 1030.~cm ‘; MS lrJ~ )41 
(M’). Cak for C,,H& C. 18.69. H. 6 57; louad C. 58.63; H 
6399 

T?tc mews h4 were dbolvcd unto HCI-saturated &O 
After l-2 ma tk ~lvent was removed II vuuo T’k pure furans 
Ic) were obtaaal l)?rld IoD$). fir Needks frwa krrrw. 
m 0 51-11’ ‘H-NMR (CDAOCD,. 81 I4 20 (1. 1 Hl. 6 Jj ld. 1 H. 
I q I7 Hz). 6 WI (d. I H. I q 17Hr). 6 54 (1, I H). 4.33 (q. 2 H). 
4 24 (q. 2 H). 2 II (8. 3 Hl 2 10 (1. 3 HI. 1 30 (m. 6 HI; IR (II), 
CCL. *u. I 1710. 1670. 1630. 1260. 1243. 1100.978cm”: MS llJt 
U (II’; Cak for C,,H&; C, 62 33. H. 6.54; found C. 62 Xl; H 
6.61% I@ 011 ‘HeNMR (Ccl,. 8 113.Y) (s. I H). 6.rO ld. 1 H. 
J l I4Hrl. 6 32 (d. I H. J = IIHz). 6 34 (1. I Hl. 4.25 (q. 2H), 
4 21 tq. ,* HI. 103 tq . ! H). 2 5: (q. ? HI. 1 3OO(m. I! HI. IR (VX. 
Ccl,. bc,, 11~1~. 1641. I!9K 1220. 96!cm”. MS m/r 336 tM’1. 
CJC for C,,H,O, C. 64 27, H. 7.19; found C. b( 12; H, 7 27%. 
IIb Co~cnmtcd H,SO, (I 8 ml1 was added to L sturcd solubon 
of 1L (15Sng. 0.3 mm011 in IJmt of (4.1) ~tcxx-~~lcr The 
mxtun was SIrned at 70’ for 24 h ud tkn gourcd IWO watti 
ud crtractcd ~vml timer with EtP Tk canW catncls 
were rr+d with water until mutity ud dried OVQ Nam,. 
After tk rcmovJ of tk solvent u cuta. tk cndc product was 
c~omrtog+cd on 50,. Tk clution wth kaza-Et,0 9-I 
pvc W ~D’I of pure I lb u OJ (ywld 76%). ‘H-NMR (Ccl, 816 33 
(I. I HI. 6 I2 (m. 2 H). 4.21 (q. 2 HI. 3.18 (m. 2 HI. 2 54 (s. 3 HI. 
2 IO ($6 3 H). 1.32 (I. 3 Hl, IR (1%. CCI,. I,,) 17?.S (‘by!). 1610. 
1410, lnrcl. 1228. IOB5. %5cm”. MS mlt 236 (M’); Cti for 
C,,H,,O, C. bb 09; H. 6 83. found C. 66 21; H 6.m tlr wu 
pewed under tk -me coed~tlonr II 11). from 6 Iy~ld 81%) 
‘H.NMR (Ccl,. d) 6 33 0.1 HI. 6 I4 (m. 2 HI. 3 I9 In. 2 HI. 2 54 
(s. 3 HI. 2 27 (1. 3H). 2 II (1. 3H). IR (1%. Ccl,, r..,.) 1730. 

lb10. 1582. 1550, 1405. 1366. 1220. IIW 915ca”; MS mlr m 
lM’lS& for CIIH,,O,. C. 69.m; H, 6.84; found C. 69.81. H 
669% 

Fe&Oh 17SO w 2 oncAl was &td. under pi-. to e 
~ohnroo a( k (bQb mg I e63 armal) tn knzenc (3 ml), PC- 
treated with slttopr Tbt suurpcasion ru stirred for 36h at 
room tcapcrrlurc The dvcal was removed km wcw md tbr oil 
cndc pm&xl w4s chrosrloqrp&d on FlmsJ ud clutcd with 
kwmEt,O 1:I. trtrted with orlrgn Tk punka~~~ 
rdordcd to 290~~8 of y&w oil aatpkx I2 (y&d 95.4%). 
‘H-NMR (CDCI,. 81 7.1 (mp, I H). 6.2-5.71 (b.m. 2 HI. 0% (m. 
1 Hl. 4.15 (2q. 8 HI. I 25 (2t. I2 H); IR (1%. CHCI,. I_,) 2’W. 
1050. 1970. lfojcm”; MS ~JI W (M’); C3c for CI,HUO,,Fe: 
C. 89 60. H. 4 t2,fo& C. 49.69; H 4 78% 

slabirirg OJ rk compkr 12 
I M Hydrochloric acid (I mI) was Aed to I woktion of tk 

coslpk~ 12 (10 a@ to Et,0 (IO d) Tbc muturt was sturtd for 
48 h at rim lcqcralw. rk campkr was coaplctcty rccovtrtd 
after tk wotiw up 

Tnwthylamrnr Nor& (3oomgl was ddcd to I soolu~o of 
tk trknc coarokx 12 (SO m& in kntcoc (IO ml) ud tk miztw 
w&s rtfluwd foe I I h Tht UWJ wvort up afforded quantltat,vtly 
tht st&rt1y VKfu * 
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