2-AFLYIMRYE )V, 2-XAFAVIa~FY ) UL
R aTuFe FEDORIN

(EAN QR L IR 5 = I A S NI ¢ R

fHF1494E 9 H30H 7w

2-AFnviaXvg) v (1), 2-AFnviua~FH ) v (2) ERNVATVTE FED
BRMAIE T IC B 2 EERIRIC OO TRE L2

(1) EFRNWATNVFE FEDORIETIE, 2-TRFAFVAFV-2 X Fvsary i)
v (3) BLY, 2-AFN-5-TrrAFvAFrvravr/,yv (4) 5, %1, (2) £
RIGTH, 2-FFY AFN-2-2xFvvJa~x4¥/v [5), FOT7&F5F—+ (6), 2-AF
N=-6-TebrAFyAFrvrrantd /) v (7)), 2-(5-2FV-2,4-VFFH~FI)-2
“XFvrsa~Ey /) v(8]), 6-AFN-2, 4, 12, 14 - FTr3AFH b)Y so (8 4
0. 0% F+ 374 (9) BXY, 2, 4,8 10-F 54 FH-11-4F v Y vsn (4 4. 4.
o) -7 b7 F Ay (10) 28, ThENER L. HBORIETIE, *Fa—vTx7~ LA
CELNBI kDI LT, BHEORIETI, »Fo—-vteki, Bk —-71itésd
BELN, EX-1,3-VAFH Y (9] BERIBERYTH 7. chid, v 7aT7rvh/svo
BREERLY, BHREICXD, INSORGBRELSEEELZI T EDEELZ LN,

Eol, (2)EF/NVATAFE FEDORIETE, =/ —VvERMAESZ T ) ~ v TV
LTHEET B LI, ZORIGEICELOVHEBRED O, ©2-1,3-U4 F+4 /HOARRK
BBEMU K.

il

1. #

vraRy gy, vIanky ) v ERVATVT e FEOBRERBIBEHEARIET, €/ A F
u—MLEMB LY, L3SV FRYVEBENELN, TNOOERERNY 7 aTh s v D
BREEICEOREIBEE ST LRMICEELRLY, AT, chdORIEDE#EIC
LBERERNRDB DI, 2-AFnvraRv gy, 2-AFAyIanFS ) VvERVLT
NTFE FEZY VERBIETT, Ac0-AcOH RTRIGI ¥ 7.

IO, TNOLDORIGELERET 5w, =/ —VERBIESSFBEELLT ) — VT %
FT—brPBLY, =/ -7 dr—bERNVLATUFTE FEDORIBIKDOWT & B ICT 2
7.

* R LR R R 700 @ LR 1 —1
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1 BRLEE

2-AFwyvsaxRv iy (1), BEMBETAVATVFe FERALT, 2-TE b A
FURAFN-2-2FNnvsarv i)y (3) BLY, 2-AFN-5-TE b T FVAFNVVT
oYy &)Y (4] BERLUELORIMLT, 2-*xFrvzu~xd /v (2] EORIETR
A FYAFN-2=-XFNYTONFY /Y (5], EDTET—1F (6], 2-4FN-6-T+
PAFvAFYTaNFY )Y (7], 2-(5-FFV-2,4- VA FHFAFYN)-2- X F WY
sa~Ft/) v (8], 6 -AFN-2, 4, 12, 4-Fr5FFH V2o (8 4. 0.045) 5 b
SFEAY (9) BXY, 6-AFN-2, 4, 8 10-F+I734FH b)YV 7o (4 4. 4. 0*%) F b
F7FAY (10) ZERNTNER L. WIFhdFRIEETRIELL, EX-1,3-YVA4 9 (9]
2, *&/7 Vv RICED A Fu—v (B) RERLK.

CNSDORIGTIE, Y7aTvh/ vOBKROBERSLY, BEBRECX ST, TORGHICH
BODOXENTDON., 35, RINRE, BE MEOCEECERICK-TS, T, =/~
WVHRBEAEAZEE TS C LItk - Th, Thd DRIGHEICK & ISHEIED O,

0

0 ,
ck, CH,,0H CH,0CH,,OH
) CHy=O CHy CH,=0 CH, CHy=0
(CcH,) (CH,), (CH,)

1.n=2 3,n=2,the acetate 8,n=3,the acetate
2.n=3% S5en=3
6.n=%,the acetate l
k%c) TH 0H i 1
¢ oo o v o

HOCH,, \W:fk\T/ HE?J\\T<J
CH, 2CH,=0 CH
(cH,) (ony), 22— Lony),

,the acetate 9.n=3 -
n=3 the acetate

1%0 | 1

HOCH OCH ! OH o 0
v - s
(CH )n (CH,)n |2CH,=0 (CH, )n
2 2 2
- 10.n=3

Fig. 1. Reaction products in the acid-catalized reaction of (1) and (2] with formaldehyde

2—1. BBEOEE
vranty )V ERNVATIVFE FEORIGT, ©2-1,3-UV4F 4V BERIGERMEL
TEONEC &R, BEHELEM, (2) ORBIEBNTIE, FOERERNL S8
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7o, chid, Horic, a-No » FrEONERHEBEEICLZbDEEZONS. Hit(1) &
RWVATINTE FEDORIETIZ, a-fOAFIVEICKBIFESE, BIHTARR-BESICXE
RBHEENICIERT2b0EEZL LN, RIRT —F VMERIEBEETLIEL - 7.

2—2. RINBEO#E®

(1) &Ehwva7rie FEORIETIE, 50°C TRIGERMOERKD, 131X 1:1 TH50D
IZ, 50°C L 0EL TS, ELTH, FELTTET—+ (3) ZHERLA. KIBEENE LR
22N TT T~ (4) OEREOEINT 2EHANASH, HiCTELF—r (3] OERIZ
WA U7, 30°C KO RIBEESENERZEAERIEL 18D - 12,

100

Reaction condition :
{(a) Reactant; (1) :25m mol,
CH;=0 : 25m mol.
(b) Solvent; Acy0-AcOH (25—125m
50 1 - mol).
' (c} Catalyst; HzPOs:6.5m mol
(d) Reaction time; 25 hr.

Ratio of formation (%)

M : acetate (3)
A : acetate (4)

O L] T T T
30 50 70 90 C

Reaction temperature

Fig. 2. Temperature effects in the reaction of (1) with formaldehyde

(2) EFWATIVFE FEORIBTR, RIGEEBBENIE, AFu—-w (5), Z0OT %7
— b+ (6) DERENSHEARL, FRIGEEBIOELEE2ETE2T—F (7) OEREREL L
BiLf, ©2-1,3-U4 ¥ DHERLIZ, RIGBESELBZI2NT, W ShEDT 3
T EBbp ot Table 1. T, 77—t (8] DAERKRMM, 0%, KIEKMEZRSICD
NT, (8) BB TE7DT, RIBNBICBNTEMEDERT 2 ENTD SN, KIGH
ML, ZUSERYOERICELBTRD SNV E Uz,

Table 1. Temperature effects in the acid-catalized reaction of (2) with formaldehyde

Reactants(m mol)  Solvent Catalyst Temp. Time Peak area ratio in GLC (%)
(2) cH;=0 (m mol) (m mol) (°0) (hr) (5) (6] (1) (8) (9) (10) the others
60 100 Ac:0-AcOH(20-200) H3PO0,(12.5) 40 90 12.0 52.5 11.4 0 20.0 2.2 1.9
60 100 Acz0-AcOH(20-200) H3P04(12.5) 60 30 9.146.111.5 0 23.3 8.0 2.0

60 100  Acs0-AcOH(20-200) HsPO4(12.5) 80 16 10.1 44.219.6 0 20.4 3.4 2.3

2—38. EBER
(1) &FvaTrFe FEORE%, BtOH-Ac0 RTINS E, A Fu—LT725—1+ (3)
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& (4) oFERBIZIZIE, 1 11 THE3DIKFUT, CHeAcO RTIT, FELT (4) BBEL
h, FOoHIZIZIZ1:10TH 7. (Table 2.)

Table 2. Solvent effects in the acid-catalized reaction of (1) with formaldehyde

Reactants (m mol) Solvent Catalyst Temp. Time Peak area ratio in GLC (%)
(1) CH:=0 (m mol) (m mol) &) (hr) 8 (4)
25 75 AcOH(125) PTS(4.2) 70 10 28 72
25 75 Acz0(125) PTS(3.8) 70 10 92 8
25 75 n-Hex (125) H3;P04(9.6) 70 4 51 49
25 75 Ac,0-AcOH(25-125) PTS(2.6) 70 21.5 21 79
25 75 Ac20-n-Hex (25-125) PTS(5.2) 70 7.5 14 86
25 75 Acx0-EtOH(25-125) PTS(6.4) 70 10 47 53
25 75 Ac0-AcOEL(25-125) PTS(6.4) 70 8.5 11 89
25 75 Ac20-CeHg(25-125) PTS(4.2) 70 7 9 91

(2) &FWAaTHTFE FEORIGTIE, VvEBREMBELUTHO L &3, BREBRESRIE
HThdoiIcx LT, PTS MET Tid, CCL BREBHELLUTIERAL, EX-1,3-VAF4 (9]
IORIRIICE S NI, BMABEE LT, HCOH, AcOH, Ac0, EtCO.H ¥ K&, n-PrCOOH % %
NENAVEIGE B8R % Table 3. IC7RL 7. AcOH % & EtCOOH R Tid, € DAERKICHE
KoleZRIBOONZOY, MORTEHPZDOMHESTZD SN, Ac0 BT, #Fr—N
(5) DEBRABENEAREDVC ENEHNTHS. '

Table 8. Solvent effects by the kinds of aliphatic acid in the acid-catalized
reaction of (2) with formaldehyde

Reactants(m mol)  Solvent(ml) Catalyst(m mol) Temp. Time Peak area ratio in GLC (%)
(2) CH:=0 RCO.H H3PO4 o) (hr) (5 9 (10) Ester of(5)
10.0 30.0 R=H(10) 10.0 60 15 5.7 55.2 9.0 30.1
10.0 30.0 R=Me(10) 10.0 60 15 2.6 62.5 8.6 26.3
10.0 30.0 R=Et(10) 10.0 60 15 3.1 62.5 8.8 25.6
10.0 30.0 R=n-Pr(10) 10.0 60 15 4.6 43.0 22.5 29.9
10.0 30.0 Ac0(10) 10.0 60 15 20.6 33.5 12.0 33.9

2—4. BMEOBHIBICXIEE

(1) EFNVATHFE FEDRIBZETRE 4 DBRMETRIGEE HIc#ER% Table 4. IRU 7. Al
HEROTNOGAFEEREOIOBEZAVE. )V YBRPEREMELLTRAVEEA T - VT T
— bt (3) B, (4) DAL, FIFT1:1THI20KNLT, HEBTIZRERNIC (4] 24
L7z, 35T PIS MEOHFBBMETIE, LU T (4] 2EKT 20 LT, Lewis B,
AlCL, Tiiic (38) 2#FXELTHERT ZC B8R LN, HBEHTIE, KIGY O EENE
7L, RISERPHICSLOR ) v —BERT 20ICHLT, VyBP PTS &, M LLTH
RNTH - 7.
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Table 4. Catalytic effects in the reaction of (1) with formaldehyde

Reactants(m mol) Solvent(m mol)  Catalyst Temp. Time Peak area ratio in GLC (%)
ey CH;=0 Ac;0— AcOH (&) (hr) ) Y
25 75 25—125 H3PO, 70 29 48 52
25 75 25—125 H,S0,4 70 13 8 92
25 75 25—125 HCl 70 10.5 46 54
25 75 25—125 PTS 70 21.5 21 79
25 75 25—125 DCS* 70 4.5 35 65

25 75 25—125 AlxCl; 70 33 66 34

* DCS : d-10-camphersulfonic acid,

70 :
A
\__4{
& 50+
(@)
5 e
£
2 304
8
g
3
.§ 1Oﬂ O:05), W:063, a:(09),
o A : (10D
T 7 T T [ T
012 57 10 20 30

m mol of acid catalyst HzPOy4
Fig. 8. Influence by the amounts of acid-catalyst H3POy in the reaction of (2 with formaldehyde

(2) EHRNVLTNHNFE FEDORIETIR, MELTHV) YRROBICK - TRIGERY O
AERRIICIZ D OMEDSED S, MEELZENIETHIKEONT, A Fo—VTE7—}
(6)iLEVIc#EML, #Fr—1(5)iF, LEVIKESTIEEICHS. &5, ©2x-1,3
-~ 4y (9) 1, VYR 10mmol #EICLT, 20ERESEBOT 5 5B,

2—5. 2-FAFw-l-v7uXvFauTe7—F (11), 2-AF-1-vy7a~Fe=V7T
LT —t (12), 2-AFn-1-vy7a~Fe=rForr—bt (18) ERVATIVFE FE
D) §N

(11) Ehva7rFe FEORZ, (1) ORIBIKEBRL T, RIGEBISIKELE L
VS 2 iz EELVERRBD SRRD 1.

(12) 8L, (13) LAV ATATE FEDRIMCBOTIE, (2) ORIBEHEKELT, B2~
L3-U4 %4V HOERBSBEML, $C*Fa—vitdYOERENBD T2 EENED &
Hte, BiC (18) EFRNVAT VT e FEORIETIR, EX-1,3-Yx 34 (9) OEREDHE
MBFELL o7z, COMERR, v7u~34 /) v EORIETOAONY, €2-1,3-V4*Hy
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B, AV 74 ERNVATNTE FEOBRBBRHEARIE, Whw3 7)) v 2R BEUOBEIC
IVERTIIDLMERTE 3,

3. = B

3—1. R ¥

2-XF vy 7uay )i, von Rysserberge® DFRIC LD, 7Y/ BMSLAKL -,
bp. 138.0-138.5°C, d% 0.9127, n% 1.4330,

2-2AFyvrua~ty ) vid, TRO—-FERELZH O,

2-AFN-1-Y7aRYT=NVTET—b, 2-2FNn-1-Y70~F=VTE7T—}I,
L. Goodmann 5 DHEEY I Uch->TRERL .

2-XAFN-1-Y 7RV FT=NVT T~ ;bp 62.5-63.0°C (9mm Hg), d% 0.9864,
nZ 1.4476.

2-AFN-1-Y 7 a~F=NT T —hF; bp 67-68°C (14 mm Hg), d¥ 0.9901, nZ
1.4568,

2=-AFn-1-v7ua~Fe=vrartr— ML, 2-A2Fnvia~F¥/)vETaty
B b )V LAMET, Koty BREMBERT 5L DAKL /. bp. 73-75°C
(3mm Hg), d% 0.9649, n% 1.4539.

3—2. 2-AFwviuRkvi)v (1) EFXNVATNVFE FEDORIG

(1) 9.81g (0.100mol), +¥F kN ATILFTE F 9.48g (0.300mol), KE:ER 90ml, HME/KHEE
B 10ml BXyY, MEEEILTY VB 5.75g (0.050mol) Z=207 7 2alkAN, »EFIER
M5, 60°C T, 15 KRG ¥, RINKIIERICXOBEL 2%, BETICAHEFL .
BRESEA R/ a2 77 ATRESRL, ROZODERYZREL. 2- A FN-1-v7
ORYF=ZNTTF—bERNVATUVFE FEDORIBE L ABIKLTTAR SRR (1) o
RiE &£ A—-ERmsiohik.

2-TE hAFVRAFN-2-FF ¥ uav i)y (3]

bp. 194-196°C, d% 1.0558, n% 1.4485, MR :43.20, CoH.0; & L TODFEE 43.23,

EV : 327, FHEME 329.7.
IR : 2930, 2850, 1735, 1452, 1400, 1370, 1230, 1160, 1070, 1030 cm™I,
NMR : & 1.02(s, 3SH), 1.5-2.5(m, 6H), 2.00(s, 3H), 4.00(s, 2H).
SYHTiE : C, 63.50% ; H. 8.02%.
CsHuOs & LTOEEME : C, 63.51% ; H, 8.29%.
Q-AFN-5-TE +rAFVAFNYIuy i/ Y (4]
bp. 206-208°C, dZ® 1.1080, nZ¥ 1.4692, MR : 42.78, CoHuOs & L T D H1H 43.23,
EV : 322, FEMHE 329.7,
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IR : 2950, 2750, 1740, 1735, 1455, 1400, 1375, 1235, 1160, 1095, 1030cm™,
NMR : § 0.98(d, J=3.0Hz, 3H), 1.5-2.7(m, 6H), 1.92(s, 3H), 3.88(d, J=3.0Hz, 2H).
SyHTE 1 C, 63.48% ; H, 8.34%.

CoH1,03 & UTOEHEME: C, 63.51% ; H, 8.29%.

3—3. 2-xFnwvimu~FH sy [(2) ERNATALVFE FEORE

(2] 11.2g (0.100mol), /*F kAT IFE F 9.48g (0.300mol), JKEFER 40ml, $EKEE
R 10ml BXU, MFEELLTY VB 5.75g (0.050mol) =207 7 xaic A, HE TR
M5, 60°C T ISKRIRIG S ¥/, RIBKRBEHRICLDLEL 2%, BRETANEELL. &
WRENR 7<=t 7 ACTRESRL, KO 6 DORISBERMERBLI., 2-4FL-1-2
7TaNFLZNTET—rBXY, 2-AFn-1-VYZa~F=vrFavtr—ERVAT
WTe FEDRIEEE S RRICUTHE s 1eiR, (2) oRis&EE—ERIBES .

2-FFVAFN-2-2F v su~Fy v (5)

bp. 85.0-85.5°C (3mmHg), d¥ 1.0310, n¥ 1.4702, MR : 38.60, CeH0. & L TODE &
& 38.48,
IR : 3400, 2950, 2850, 1700, 1460, 1380, 1310, 1125, 1040cm™.
NMR : & 1.12(s, 3H), 1.5-2.7(broad, 8H), 2.86(s, 1H), 3.43(s, 2H).
MS; ™/, 142 (M*).
SYHTE 2 C, 67.23% 5 H, 9.98%.
CeH10: EUTOEEM:C, 67.57% ; H, 9.93%.

bp. 103-104°C (3 mmHg), d® 1.0600, nZ 1.4598, MR :47.59, CiHi0s & L TOEEIE
47.85, EV :304, SE{H 304.6.
TR : 2950, 2875, 1735, 1705, 1460, 1380, 1235, 1125, 1035 cm™L
NMR : ¢ 1.10(s, 3H), 1.6-2.6(broad, 8H), 1.99(s, 3H), 4.03(d, J=2.0Hz, 2H).
MS : ™/ 184(M*Y).
SHTHE : C, 64.67% 5 H, 8.93%.
C1oH160s & UCOEHME : C, 65.19% 5 H, 8.75%.

2-XFN-6-TrAFV2Frvra~ky sy (7]

IR : 2950, 2920, 2875, 2850, 1740, 1715, 1455, 1450, 1380, 1235, 1130, 1035cm~'.
NMR : 8 1.00(d, J=3.0Hz, 3H), 1.4-2.7(m, 8H), 1.98(s, 3H), 3.95(m, 2H).
4348 2 C, 65.73% ; H, 8.68%.

CioH10s & UCOEHME : C, 65.19% ; H, 8.75%.



90 rOR RO B R MR- kR —

2 AFN=2-(5-FFV24-VAFH~FIN) VIOt )y (8)

df 1.0971, n¥ 1.4661, MR :54.10, Ci1H1s0, EUTOEMEME, 54.11; EV : 252,

SHEME 262,

IR : 2930, 2850, 1735, 1710, 1460, 1370, 1230, 1155, 1120, 1030 cm=-l.

NMR : 6 1.05(s, 3H), 1.7-2.5(m, 8H), 2.10(s, 3H), 3.65(AB q centered at 6 3.65, J=
9.8Hz, -CH.0-, 2H), 5.25(s, ~OCH,0-, 2H).

3BT 1 C, 61.64% ; H, 8.38%.
CuHis0s & UTOFEIE : C, 61.66% ; H, 8.47%.

6-XFn2,41214-7 b 54 FH Y70 (8.4.0.0%) Fr55hHY (9)

bp. 104.5-105.0 (3mmHg), df 1.1464, n¥ 1.4818, MR :52.97, CyHi0: & L T D =t

FME 53.18, mp. 79-80C° (4 V7" m LT a—uh S EEEE).

IR : 2950, 2010, 2880, 2850, 1460, 1380, 1165, 1095, 985cm-!.

NMR : 0 0.84 (s, 3H), 1.1-2.7(m, TH), 3.36(d.d, J=11, 16Hz, -CH.0-, 2H), 3.55(AB q
centered at 0 3.55, J=2.6Hz, ~CH.0-, 2H), 4.78(AB q centered at 6 4.78, J=5.7Hz,
~OCH:0-, 2H), 4.81(AB q centered at & 4.81, J=5.7Hz, ~OCH;0~, 2H).

MS: "/, 214 (M*),

5yHTfE < C, 61.58% ; H, 8.53%.

CuHi0s EUTOFEME : C, 61.66% ; H, 8.47%.

24810-F FIAFHY-1-AF vtV sa (4.4.4.0%) F +5FHy (10)

df 1.1410, nf 1.4762, MR :52.90, CuHisOs & U TODEFEIE 53.18, mp. 74-75°C 4
FavrrTra—-vXDERER.

IR : 2050, 2860, 2800, 1460, 1380, 1170, 1090, 1040, 980cm=1.

NMR : 0 0.82 (d, J=6.2Hz, 3H), 1.0-2.6 (m, 7TH), 3.43 (AB q centered at & 3.43, J=11

Hz, -CH:0-, 2H), 3.67(AB q centered at & 3.67, J=11Hz, -CH,O-, 2H), 4.80(s, ~OCH,0-,

2H), 4.82(AB q centered at 0 4.82, J=5.6Hz, -OCH,0-, 2H).

SHTE 1 C, 61.73% ; H, 8.54%.
CiiH1s0s EUTODEHE : C, 61.66% ; H, 8.47%.

(9) A2/ Vv =2: (9) 25mmol, * %/~ 10ml, B2 HEAINZ T, 15 BERnE
BN SE, RIBKRTHTVva—vEERL, BHEicEDmEL - RIBER#SIZ IR, NMR
ED (5] DENEZT o2 —FK L7,
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Reactions of 2—methylcyclopentanone and of 2-methylcyclohexanone
with formaldehyde

Kazue IBUKI, Fukumi HIRANO and Shoji WAKABAYASHI

Depertment, of Chemistry, Faculty of Science, OKayama College of science,
Ridai-cho, OKayama-shi 700 Japan.

The acid-catarized reaction of 2-methyleyclopentanone [ 1) and that of 2-methyleyclohexa-
none { 2) with formaldehyde were investigated. The reaction of [ 1) with formaldehyde gave
only methylol compounds and the formation of ring-ether compounds were not recognized at all.
The reaction of { 2) with formaldehyde afforded the methylol compounds and the ring-ether
compounds. It is believed to be due to the ringstructure of cycloalkanone and the substituent
that the reaction of { 1] with formaldehyde did not give a ring-ether compund.

Moreover by fixing the enolic double bond of {2), the preparing amounts of the ring-

ether compounds were greatly increased.



