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Studies on the Ring Transformation Reactions of Heterocyclic 3 -Enaminonitriles
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Abstract

The ring transformation reactions of heterocyclic [-enaminonitriles are described. The treatment of
4-amino-2,5-dihydro-3-thiophenecarbonitriles with a-diazocarbonyl compounds in the presence of rhodium(Il) acetate
resulted ring expansion reaction leading to the 4-cyano-2H-thiopyrans (C,-S insertion). The insertion reaction of dialkyl
diazomalonate into 2-amino-4,5-dihydro-3-furancarbonitriles at 4 position generated dialkyl
(5-amino-4-cyano-3-furanyl)propanedioates. A efficient one pot synthesis of cyclopropane derivatives were developed
through base-induced recyclization of ring-opening products, which was prepared by ring cleavage of
2-amino-4,5-dihydro-3-furancarbonitriles with acetyl chloride. The ring switching transformation was applied to
2-amino-4,5-dihydro-3-furancarbonitriles with dichloroacetyl chloride in the presence of sodium carbonate to produce
2-dichloromethylidenetetrahydrofurans. y-Lactam derivatives was prepared by ring transformation reactions of

2-acylamino-4,5-dihydro-3-furancarbonitriles with sodium iodide.

Keywords: heterocyclic B-enaminonitriles, ring transformation reaction, o-diazocarbonyl compounds, acetyl chloride,

dichloroacetyl chloride, sodium iodide
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2. 4-Amino-2,5-dihydro-3-thiophenecarbonitrile 2D o~ 7 Y W NVR = WALEMIZ L D F AT iFEEA~
DERPLRIIES

2-Amino-4,5-dihydro-3-thiophenecarbonitrile JHIZFENE = 2 7 L (1) f71E T ethyl diazoacetoacetate & 7 /LA 1
PERCPT LIRS 2 &L ANR =0 LA U FaiET 8 BE{LEM D 1,4-oxathiocine FA~BRILRN T2 Z &
Z ZIZH%72 1,4-oxathiocine 4 140 ‘CIZNENT 5 & A IZBRMa/ NS Z U 3,4-dihydro-2H-thiopyran $HIZ
FETEXLZL LW HNC LTS D, 2 2 CEFIT L0 FERAE R & ik 5725, 2-amino-4,5-dihydro-3-
thiophenecarbonitrile D BIERTH D 3 (L L 4 frlcmF 2/ = kU EREZ FFD 4-amino-2,5-dihydro-3-thio-
phenecarbonitrile ¥8 1a-¢ & a =27 Y W ILAR = JUALEW & DEIGIZOW TR L=,

Fefe 0 L) ZffiEE LT, laec & a-TT7 VWA= LAY (dimethyl diazomalonate' |, methyl
diazoacetoacetate'”, ethyl diazobenzoylacetate®) % kL v 2 BERLEF T2 &, Co-S FRALUGNAER L,
i % 5-amino-4-cyano-2H-thiopyran-2,2-dicarbonyl 2 2a-i MG HN7-(AF—24 1), ZZ TRHLZ C-SHEA
BOSIE, MESERAICHEIT L, B2 1E, 1a & dimethyl diazomalonate O (i Tld, Co-S (TR ASUG M4 L
2a DHBEFLIL, Cs-S FHALUGIZ & 0 #FE S5 dimethyl 5-cyano-2H-thiopyran-2,2-dicarboxylate 2a’ (34 <
RN oTo, (LAY 2a DTEFHHERS LOMS A7 AT —2 %, K C 1 HgN,0sS (2—F L,
ZOMDEFEANLY MTF—HFF AT L2 LFF LTS

T, ZOBIEKNCBITS 2,5-Ve FuF 47 2 VRO 2ALE 21X 5 MO A FILEDO B OV TR
I 5728, 4-amino-2,5-dihydro-2-(or-5-) methyl-3-thiophenecarbonitrile #8 1d-i & a =27 Y B /LR = ALAY)
DRISZAT 2T,

L& 1f & dimethyl diazomalonate % ~ /L2 H1C 2 BRI 5 & 1f O A FVIEDNFEA L SLREE
DREV2ALDORFM (Co-S) ~OFFASIERAR L, FAE T 2 21 5 65% DUETHRL LTz, RRGIZH
WTH, Co-SHTHARIGICEVAERT 2T AT 0 220X LNR o7, {LEY 20 D&, THh
Wil L OEREA Y hVT — & O X 0 #EE LTz,
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Scheme 1
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Bl F3k~7=BELT . 4-amino-2,5-dihydro-3-thiophenecarbonitrile 2 & a7 Y H AR = LAY OIS T,
RIS AR Ag ) FAARH L Stevens BETIC & 0 BHEAT B = & VI L. 54 E 5 kiR
TLZENHLMNE Rl FTEED 2L ET21E 5 ALD A FNEOFEIZ AR  BIRAYZR Co-S FALUG
(ZE->T. INETHRNERPNETH S TLLEREEZAT LT AT VHEZDNRISERTE L2 LN
HENERoT,

3. 2-Amino-4,5-dihydro-3-furancarbonitrile ¥5D a7 Y WV R = ALEMIZ LD 4 AL (T U VAL ~D
T IVF w1 = L EAE A

2-Amino-4,5-dihydro-3-furancarbonitrile (3) & « -diazo- 3 -ketoester i & ONIZ LD\ AF Y =T ALY K&
BHELYE Fr 7T ORILK L7z methyl 2-acetyl-4-cyanotetrahydro-3-imino-2H-pyran-2-carboxylate 2545 5
NHZEEWLNMILTND M, FRELEEREEZBEX T a- VT INR=MEEYO~T R B -=
T = FUVHICHT 2582 S HICH 5002 T 5729, a-diazo-B-ketoester FH % dimethyl diazomalonate (Z
RxTye ke 77 3 LOGERRF LT,

Fefig o 2 A1) filiE T, 12-Y 7 oo X o 3 & dimethyl diazomalonate 2 1 FFEEIE L7-& Z A, T
T LT N-HFFEASIEDEIT L, ALEW S D3 75% DIERTH LA, #IfF L7 C-0 Ff AR 4 13ffite 4
HZEINTERDSTE (AF—203), (LAWY 5 1T TIKSET D L. 5 a-cyano- vy -lactone 6 22 |25
79252 &00, SIEN-HFAMRSNZEVGONDILEMTHD Z EBHERTE T,

Scheme 3 CN oN
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F9 B0 U AN Z il & LC 7a & dimethyl diazomalonate % 7 /LA 1 XV U HREERGE R 70 C
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R = AF IR S LTALEY) 8a DY 41% DR TH L2, AMEAEWIE, TTHRIIE L MS 2A~<7 |
L E 0 FARRES CHgNyOs 12 —E L, F£72 IR A7 b —2 TiE, %= b Vb, BLR =)L ORIE S
. 'THANMR 2227 hLTld, Yk Fu 75 VBRO 3-HICRHET 52 7 F A8 3.83 ppm 12, 2-H DL 7 F /L
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2N 438 BL1N452 ppm (B HiL, BC-NMR A7 hMLTF—HTHYE Kr 77 VBO 3O 3 RIREN
42.9 ppm (2, CH DRFEN 55.4 ppm, 2 LD 2 #kfkFEHS 73.6ppm % LT 168.0, 168.3 ppm (ZH /L 7R = /LR 5E D
W 3BlEL S5 Z L5 | dimethyl  (4-cyano-2,3-dihydro-5-pyrrolidino-furan-3-yl)propanedioate CTdh» % Z & %
XFRLTWND

[AERD C-H i ALSE2S Tb-h & dimethyl diazomalonate DS THHET L, A FXF T ANAR= VA F ¥
D ANCIZ C-HFEA LT2bAW 8b-h SZnE G bifz, £72. 7d-f & diethyl diazomalonate *V& DT
%595 C-H AR 8i-k DAL L72(AF— 4 4),
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bz e Xv, Hifger oo A1) ST, H—%7T I 2 A2 [IEHIZFF> 2-amino-4,5-dihydro-3-furancarb-
onitrile & dialkyl diazomalonate DSt Cl, TAEL7=ZAF Y =7 A4 U RERET 5 E T VERA~ORILKILE
ZHF. N-H FARISOHNER LTc, —F7, 2 (DB 7T I /7 Eaen v/ exXY Y/ AR
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4. 2-Amino-4,5-dihydro-3-furancarbonitrile D¥ELT & T /W K B BRI L BIREOEKIC L D71
7 a R AR A~ O PR SOG

vruZaNEE, RRICBEZ S REENTEY ., 6 b & OBERAEEERZ RT O bHA B
TV 2, Zokw, L0 fiE» > KNRT 7 a7 a U FEROGRIEORENS LR LN TND,
Z ZTEHIL. v n T u R FERONRN IR EBIEORICETF Lic, kT vF ke 7
DYe Fa 77 UEROBEKIE, WWTHEREROHEEIZL 57 a7 a U8R ~OARLISIZ OV TR
LT (AF—L5),
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U LA REFY FBLLTHEL (B2 v 7 a8 K 10d-f DZ) 88-95% TR ONT- (AF—L7T), ¥ 7
17 r R R 10a-¢ 36 KON 10d-f DOREIE L, STRIITESS K OBRFEARY b7 — 2 Ot L0 —Is o
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Scheme 7
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PLERARTZRRIC, ALEW 7 ORBEA, i BHARKSEZR Ty 7 a7 a RV FER 10 PICRREL LD
ZERHBMNERoTe, FITEEIL, AEEZSIDICIERRWVEKIEE T A DI, PRICERT 2 BHBRIK
ZHHEEFICZDOE EFROLONTHET D, 10 @ one-pot kA A, FERIZEIRTHEOLND Z L Z2H]H )
Iz L7,

5. [REET1 Y 7 AAFE T, 2-amino-4,5-dihydro-3-furancarbonitrile 350> 7 v 7t F vl KL%
2-dichloromethylidenetetrahydrofuran 8-~ B A4 2 SOt

AIEICIB W T 2L DE— kT X 7 FE2 5 =k 7 I 7 FIZ L7z 2-amino-4,5-dihydro-3-furancarbonitrile %5 7 %
WALT B F NV ERIES T, RIED ) U ATUET 5222k v u o U F RnEohs 2 &%
oo L, 220, b7 eFricftzcyrzanrteFrrzal REAW, HENSKGRPICHEEL
e OGS K D BREMIEORGT 21T 7o, RBEAI Y U LT, ke 7 v /mar7wFrranl K
DRt =BSH LT,

CEWTc T h=rUnth, raar7tvFrrul RERED D U LFEEF 70 CT 3 BT 5
& . 4-[3-(2-dichloromethylidene-3-cyanotetrahydrofuranyl)carbonylJmorpholine (11¢) 7% 50% UL T 5 7=
(A F— 2L 8) (LAWY e DHEEIL, TR IWTHERB LOBFEALT VT — X DTN D — IS HEE TE 503,

BT HITITES R oT,
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Scheme 8
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W L2y -5 27 b2 33 bhre, 2 2T 1243, AFET B U U AFFE R, a-cyano-y -lactone 6 2
& 4-morpholinecarbonyl chloride O it & 0 72420 & DHEIZ LD, F-—ALEHTHDH Z L &2MER LIz (A
F—2A409), E-T, e DMEEIX, AR LIZEY THLZ EBH LN EloT,
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L& Na-c DERBERETAF—L 10 DEHITRIND, TRDOL, (LG Ta-e D 3(LRT BF /LS
T, ETAI=T2MEEM A DBAER L, RNVTHALA A3 A D C-5 REZREHETHZLICk->TT
FZ7E FR 7T VRN LGB &2 5, SHIC, MIKIZE>TBDOAF T r b ringl &k v
RT =4 E &2V BRI A A DNtz - THER L Na-e NEKT D EEALND,
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Scheme 10
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U bk L, RBEBIITLAGFET., 2 MICE=HKT I/ E2H7T 5
2-amino-4,5-dihydro-3-furancarbonitrile ¥ & 7 mu 7 F L7 ) REDORIGTIE, PHIL7Ty 7m0 &)
VRBERIIEOINT, BRI Z SKSIZ & D 2-dichloromethylidenetetrahydrofuran $H23 %75 = & 3H 52>
Llgoie,

6.  2-Acylamino-4,5-dihydro-3-furancarbonitrile 31> = 7{bF N U 7 AT KD vy =T 7 X AFFERA~DOER A
O

INETICy—T 7 X LFHEEIRO@E 2 AR E & LT 2-Benzamido-4,5-dihydro-3-furancarbonitrile & = 771k~
FU Y ADKINZ L 5T, BRAEBBISHAAR L, 1-benzoyl-2-0x0-3-pyrrolidinecarbonitrile % 5-% % Z & 3515
NTNWD 19 Z2ZTHEHIL, ZORIGO—RIEZFASNCT 570, fix O 2-acylamino-4,5-dihydro-3-furan-
carbonitrile 1 & I 7 LT N U T ADFUNMI DWW THRET L7,

{b&¥13a & 3 (k) U U A% DMF H 150°CC 1 KEEINEAT 5 & | 1-acetyl-2-ox0-3-pyrrolidinecarbonitrile
(14a) 7% 84% DFEPEETH LN (AF—2L411),

Scheme 11
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FE—FE T, 13b-j £ I VLT N T LADOKIEND G, WREBLS G T D vy -F 7 ¥ LAFHEK 14b-j 5
B/oniz, ZOBE. TNy 77 a XV Eey /a7 X VRO L) ROTHAERT DENPGFELTH,
ZOBRMMILEBEZITHZ Ll BILETHHIET Dy -7 7 # LMRCBITT 52 B0 h o,

FTTIZWLEBIE, 47 =2=VT e Fa7 T U Krbb, 557 2= P RR7 7 K168 ST ==
NEERT DR —T 7 Z LFEEENERT 2200, ZORNTRPICT 7 1 7 r R fFE Rz gl LT
HITLTND EBRLTND ',

FZTWIC, ERSOFRKEEZEZ bNDL Y7 a X u U HEROARICET Lz, SCEROWLTT 21
WU N-TI VT 2 R 13b-j 27 vV AL T 2 > EABR L C, EiE 7' b RREE S Y T A
ERIGSHE, BIIE T 57 a7 m /R 15b-j IZFFE LT,

2T/ 7 v T R R 15b-) OREIEIX, JCE TR b NCKFEARA XY hLT — X OFENTIZ K
DPTE LTz, T TICHE STV 5 N-acetyl-1-cyclopropanecarboxamide (15a) *¥ & Z Z12457- 15b-j Z DMF 1,
ST R UL EIMEAT S L G5 y—TF 7 X LAHEEAK 14a NEIERTHE LN, TOEENS, L
R0 L7 14a-j OERBERE O Z YN E T B e (A F—2412),

Scheme 12
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a | Me 87 f O 89
b | D> 84 g | PhCH, 89
C M32CH 87 h 4-F-C6H4 86
a| <o 83 i |[4acLcH, 84
e | O 87 j |4-MeO-C4H, 88

VL Eo3EERESE XV | 2-acylamino-4,5-dihydro-3-furancarbonitrile 28 13 & 2 7{bF b U 7 A DG 6 1-acyl-
2-ox0-3-pyrrolidinecarbonitrile 5 14 23 £ T DL, AF—A BITR LI LI ICHERET 22 LN TE 5,

FT. BRIV A Ko T m 7 a8 15 ~BfE/N T2, IRWT, 15 D7 m7mss
VIR I AUIA F L DBEEZ, WART =4 A BRTA I FA A B LR, &BIC, 42 RA
v BinG I UALMA A ORilEE 5 5 FHNHBRIC L - T 14 BAEKT 5,
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Scheme 13
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WHETH S &b, & 5T N-acyl-1-cyanocyclopropanecarboxamide 8 & = 7{bF U 7 AD KGNS 1-
acyl-2-oxo0-3-pyrrolidinecarbonitrile FH2NMHE L < RS HFEIL, U D HERE L 7o ROSHRE 2 3R %,

7. F LD

HElg 2 27 (1) {F(E T 4-amino-2,5-dihydro-3-thiophenecarbonitrile (%, a—27 Y WA= LEW E D
BOGIZ & - T, Stevens Bafiz Z 2 & L T Cp-S ~DILARER 22585 A SUG 23T L 4-cyano-2H-thiopyran 812 B
FERTHZ MBI LT, R ZORIETIE, KEHD 2 ALRIIE S A~ AFNVREREZFEAL TS AF VI
DINEHI D 2 T E AR BT 2RO bR 7z,

FElg o 2 A1) {F1E T 2-amino-4,5-dihydro-3-furancarbonitrile %8 & dialkyl diazomalonate & DSt Cldk, ¥
E Re 7T RO AN (T U D) IZ C-HIFAIZ X 2 IRFE-IRFBFESTERS D ETT L dialkyl (5-amino-4-cyano-
2,3-dihydro-3-furanyl)propanedioate JH3 495 Z & & RLH L7z,

2-amino-4,5-dihydro-3-furancarbonitrile ¥ X35/t 7 & F /L DIYERIZ & - T, BHER{A 2-acetyl-4-chlorobutanenitrile
FUCRATT 52 &, BROZOBRBRERAERLRNLES 5 & o FHNARKS2ER LT 1-cyanocyclopropane-
carboxamide B ~FHE XD Z LAV L 72, ARG T one-pot TINR B FETE L ELHALMNE 2o 77,

[REET U T AFFE R 2-amino-4,5-dihydro-3-furancarbonitrile & 7 na 7 F 7 v U KOG Tk,
2-dichloromethylidenetetrahydrofuran #535 (R ~DERFL AL 2 SOSBAR T 5 Z L &2 R L7,

2-acylamino-4,5-dihydro-3-furancarbonitrile $i& 3 V{bF R U AL DORISTIX, vy-T7 7 Z LEEZ AT 5
1-acyl-2-oxo-3-pyrrolidinecarbonitrile $i% 52 2 Z L DB Lo oTc, ELEARRISOFRAELEEZE X HND
N-acyl-1-cyanocyclopropanecarboxamide 8 & 3 U b7 U 7 AD KL 5 B 1-acyl-2-oxo-3-pyrrolidinecarb-
onitrile ZAM E IR TH H 7,
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E i3

AR OME 7 5 2 DL, KAGHIRE R 5 TR SR Z 15 0 F U 7o B [ K 738750 g s 4 &
gz U C BRI L T R R BIR IS E L L B OB AR LET, T, ARt SR T SIS
HI-V ., HEERDHIE B LOERHEZE Y £ L eIES S, MR REEE 22 b ONT )| 3R
CROLEVEHRHOBZLXLET, ELANRICE L, EE0E &S 2THE £ LI MR R b TN
UL FERE AT 8 < G B U 4, FefR (S ARBIFIE IS A 5 /) 3800 72 @ Bl R 7 B AL =R O e I SR AR o
T2 LR L B ET
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