REACTION OF 2-SUBSTITUTED 4,4—DIMETHYL—5—METHYLENE—1,3—
DIOXOLANES WITH DICHLOROCCARBENE AND CERTAIN TRANSFORMATIONS
OF ADDUCTS OBTAINED

P. I. Kazaryan, S. V. Avakyan, UDC 547.729.7'512'642.07:541.621.2:543.422.25
A. A. Gevorkyan, R. G. Kulinkovich,
and G. A. Panosyan

A series of derivatives of 4,4-dimethyl-5-methylene-1,3~dioxolane has been synthe-
sized, and their reaction with dichlorocarbene, obtained under interphase catalysis
conditions, has been studied. The adducts obtained undergo thermal isomerization
into dichloroethylidene derivatives.

In reaction with acid reagents, unsaturated dioxolanes undergo recyclization into furan
derivatives [1], enter addition reactions at the double bond [2], or are fragmented into
acyclic compounds [3].

It was interesting to recyclize 2-substituted 4,4-dimethyl-5-methylene-1,3-dioxolanes
IT (Table 1), synthesized from the corresponding 5-(bromomethyl)dioxolanes I (Table 2),
which is readily obtained from the available l-bromo-3-methyl-2,3-epoxybutanes [4] and car-
bonyl compounds. The structure of dioxolanes I and II was confirmed by PMR spectroscopy
(Tables 1 and 2). These data show that in the case of asymmetric carbonyl compounds, two

isomeric diolanes I are formed, as shown by the presence of two sets of certain signals in
the PMR spectra of compounds Ib, e-h.

Studies carried out showed that under the conditions described in [1], compounds IT do
not recyclize. It was interesting to clarify whether this is due to a higher tendency of
dioxolanes II to undergo other types of reactions [2, 3] than recyclization.
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We found that, in fact, the hydrolysis of dioxolane IIa leads to a ketoalcohol TIT (GLC)
and in . the reaction of dioxolanes IIa-h with dichlorocarbene, obtained under interphase
catalysis conditions [5], 5-(2,2-dichlorocyclopropyl)-1,3-dioxolanes IVa-h are formed (Table
3). The structure of these compounds is confirmed by the presence of signals in the region
of § 1.5-1.7 ppm in the PMR spectrum, which are characteristic of an AB type spin system with
JAB = 9.3 Hz (the dichlorocyclopropane fragment). It should also be noted that dichlorides
IVb, e~h are formed in the form of a mixture of two isomers (Table 3).

Institute of Organic Chemistry, Academy of Sciences of the Armenian SSR, Erevan 357094.
Translated from Khimiya Geterotsiklicheskikh Soedinenii, No. 12, pp. 1607-1613, December,
1983. Original article submitted March 16, 1983.

0009-3122/83/1912-1267$07.50 @ 1984 Plenum Publishing Corporation 1267



um T u<@ *%LL PTOTL 9pIIOTYD woijp -ontea du ur jeymowos sI9IJTp 3Ing ‘[¢] ur peqtiosep Omﬂ<n *ZH G*'7 = XVpy
65 | ¥L | 8'GL | COYHED | 0L | ¥l §'L—2L 90'9 22y 9.'¢ A V2 . eZF0'T | 0809'1 piI—¥IL | ul
(HD) w 05—t
%8 | ¢'ot | 269 *O%TH®D 101 | ¥'89 | (8'0 *HD) p¥6'0| (1'7) P 6% 80F $9'¢ 68T 1 1ET 66060 | S93¥'1 381—081 811
(EHDPHD) US g1 ~
a8 | €01 | 369 2Q%HD 101 { 169 { {32 *HD) g60] (0F) 1 21'q)  $0% 29'c 181 °83'1 3806'0 | 09%%'l Sh1—gv1 31
19 | ¥'6 | 9'a9 TOFHID | 36 | 8'69 91! (2'y) bpg'el ROV 99'e 0¥F'1 ¢0€‘1 ¥216°0 | 08131 601—901 | 211
1L | 6%6 | ¢3L | EOYH"D | 16 | 23 $(*HD) US 09°1 e1'y 89'¢ 181 16160 | <99¥'1 €61—061 | PII
g8 | §6 | ¥IL| QYH"D | ¥6 | V'L "(FHD) UsSLT 107 29' 9e'1 8126'0 | 08SY'l | €LI—ILI {goll
(*H4D) b oo )
8L | €01 | 3'69 2O HED 101 | g'69 | (3’2 ®HD) 160 %1 ¥y 69'¢ 8e‘1 2v06'0 | 09Z¥'1 0v1—8el | qII
28 | 6'6 | 929 OVIHED 6 | ¥'19 Ge'l Sl 10'% ¥9'¢ 881 6868°0 | 0S1¥1 PIT—CIl [qelI
% H , o) BTOULIO) H _ o) A _ ] Xy e'H ‘ HO-¥ , a (ww 9g9) punod
“PIo1 X (% poremmoren [BOWMWE |~ ef *puniog (2 7 tdd ® wP oTu o *dg | won

11 S®UBTOXOTP-¢ ¢ T-2U3TAYUIBW-C

°T J719VL

1268



*hpgn) 15ATB1IB)D, conyea (u ut jeymewos sa9IJTP 3Ing *[¢] ur OST® peqravseqq ‘2H 0°9 = Xp 9/ = XVp ‘¢-o7 = 9y

£6's [86'¢l68°c] ga'e| 9v1 811 Sy
Sk g6 | S'¢ | 1'ee | ‘OIENHPD|T63| 9°G {9'ES W GL—TL b 08°s | 16'¢| 9¢'e| zg'e] ¥E'T BI'T ¢g 89VE 1 2¥es' | (2) 931—¥gl| UI
(S'7) P ¥8'7|96'¢| L'€—1€ | 6€T 61 b
zq 8'¢e | &L | 9'6¥ | COIgH'H®D |9'¢e| 'L €SP Am@iv P 360 | (S¥) p vL¥|G8'E] L'e~—1'e | €8T1611 99 £162'1| 0¥9%'1] (¥1) 201—001] 9]
'HD) 1860
‘(FHD) ussT | (8'F) 190'¢|zselbe'e|6ze| OVT 61 0y
6¥ g'ee | TL | 9'¢h | FOIgUHED[g'ee] eL [6'sk (CHDY 1860 | (') 1€6'F s8¢yl va'e] GE1 61°1 09 6¥%21{029%‘1| (€1) e6—16 | JI
(8'1) p 621 b 12'S [18'¢|05'¢|95'e| 681181 Ge
¥ €'8e | z'0 | 1'0¥ | *OI1g¥H:D|0'8¢| 3’0 |6'%6e| (8%) P 131 b 80'c |88'¢|6¥'c{68'e| PE1 ‘611 69 98FE 1{969%°1| (81 ¢.—0L | @1
¥ ¥0e | gL | zog | t01@H"D (V0E[ 1'2]S%0¢ 4s ¢¢‘1 86'¢)6£'¢| 8¢l SE'l ‘€Il - 299%°'1|016%°11(€1) Ze1—081] PI
LS 128 | 89 | z'sy | COIGMHYD |0 8'9|¥8Y 4s 041 18'ejorel 23| ¥E1 Il — |szzeirieeeyi{ (g1) 2l1—601| 91
14
Eo,mmww 62'1 {90V{9g'g| L&'e| Le°T Q11 0¢g
209 %G| 8CC | 3L | 9'cy | *OIgHHED |96 o'z |2'¢y] (HD) 1 680 sg'1|g6'e|9gelL3'e] SeT Il 0g 2095'1]029%'1] (31) ¢8—g8 | 4dI
06869 | 6GE | L9 | 1'ey | *OIgYHED|L'SE| L'916'TY 981 08'1 | 26'€jSb'e|08'e] ¥ET BT — 6982°1[009% 1 q(€1) ¥.—3L | el
I
v } 0
% - _ ! _ ° enouroy | ® Tm ~u A N PH || T Ho .ﬂo%oﬂ | .Efcmm%mv unod
. Tecumdmg woomy} «'P | v od P!
PISIA ¢, ‘po1eIndTE sy = 9, ‘punog (zyg ‘D wdd ‘¢ -3¢ oney 3 dd -moyn
"H *q
>0 Co 8
“ fV\ /7m
“HD Ty

¢ AT9VL

1269



"0,86-6S dilq "ZH £°6 =

Ve

: w §'L s $I'9 | 9971 ‘681 $9°1 101 0¢
gL |09z ere | 128 | POBDMHED | 192 1'G | 6'99 w gL §8LG | TYTLET | 9518 0s q(2) eg1—611} UAI
16°0 80°¢ | 09'T ‘991 98°1 '9%'1 0S
ar | 262| 9'9| 305 *QMDTHYD | 663 ¥'9 | 009 (1°2) p160 | (%) P 1LY | 2S'1:8¥F'I 61321 0¢ 2e61°1|089%'1| (31) 901—¢01] S AI
13'6 | 09'1:9G°1 6G'1 1931 0%
L | 262| 29| 208 FOUDNHYD | 663 F9 | P0G (CHD) wge'0 | (8%) 1967 | 091 9S8 8%'1 '03'1 0S 10GT 11 0€9% 1] (31) 101—66 | F-AI
p ge'l |(6%) bO¥'s | 197181 95°[ ‘€¥'1 0¥
69 |2'ec| L'¢|g'ev| *OMDFHED |¥ee| 9°G | ¥'Gb p eet 1(6%) DbPI'G [ 197:87 081 '03°1 09 €L0%°1|0%9%' 1| (31) 08—SL | @Al
29 |89z | 89 ¢%g | QUDNHYD | §9%| ¥'9 | &S S(°HD) us 9'T~ 99'1 *65°1 €471 '€l — pe8I°T|e88Y |  (2) 06—88 | PAI
08 le6z| v9l9cs|0¥0"H"D |0'6z| 19 |48 Y(EHD) W 6 —ET GaT 191 £6'1 1631 — 9z0z'1|088% 1|  (3) 8—9L | 9AI
(PHD) w G )
“(*HD) w 660 V1 | 29°1 1291 ¥l 08
 (FHD) wm §') L
78 1268 2'9|z0s|t0uD"HYD | v'63| 9 | ¢0s| (*HD) wr 680 1€7 1 961 “08'1 Gq'1 g3l 0% S091°1{099%'1] (01) 96—¥6 | GAI
88 |9'1¢| z'9| 08y | *OFIDYHED | g1e| G'9 | LY 3ol ‘eel 891 '66°1 61 931 — 96.1°1|G09% 11 (21) £€8—28 | BAI
to) H o} ) H o} Sy ¥ o % (ww
% _ BInULIO) _ s g o Vi HO-¥ .Emw%,m n “armssad) punod
R - 2P U P -
PIOT| 9 ‘poremoren | IPOMIdWE % *pumog (zH ‘D wdd *¢ -aq oney| ' q ‘dg | -WOO
¢ HI9VL

1270



*sTe1s4A10 oTdoosoa84Ly JuTwio] qmmmﬂﬂﬁmumhho@ "ZH 0°71

= 9Vp ‘woqshs gy o2dLIe

0L |0'9g| V'S | TS| SOUDMHYD| 6'98| €'g | ¥'Lg 8L S 119 82y 291 q (@) cer—rer} 1A
o | . ) (HD)W 1'g—¥'] 3
88 | L'6g| L9 | 809 |20fI0HYD | G463 9°9 | 66F| (59 *HD) P 860 (L'P) P VI'S 189 €91 6¥'1 - 69V1°1]08L¥°1] (€1) 931—¢21| ° A
o | ) (*HOPHD) w g1 ~ :
¥8 | 2'6g| L9 | 09| POFDMHYD | L'6T| 8'9 | 6'6F CCHOIW Z6'0f (1'%) 1 08'G | €'Y 'e0S'P | 0911 - 80%1°1|89LV 1| (21) LIT—€TI| I A
(cv) p L¥1 b 8¥'S| 85'F ‘elo'¥ | goT Lh1 S
28 l9'gel 29 | g'eh| OYUDIHD | P'EE| 9'C | #'gh (g'%) pSb'l D iv'g] 18% w63 | 297 L1 gL L661° 1106251 (B1) L6—¥%6 [P A
¥8 | g9z | 89 | €78 | FOIDYHED | 69T PO | 1%G $(*HD) ys go'1 ¥e'y 167 — jzss1°1{01061] (3) 201—001{ P A
88 | e6g| €9 |9%s| Fou0H"D | 1'62| g9 | 2G5 V(SHD) s £8'1 8¢'Y 9g°1 - PP61°1|086%° 1| (1) 9¢T—¢gI| 2 A
(FHD) W gL' SHl 7'V 651 ge
18 | 2'6g] 29| z'og] 203D HYD | ¥'6g | 29 | 1'0s| (32 “°HD) 1 €6 A 9¢'y 8G°1 59 Z9%1'1|68LF 1] (91) 021—LIT} 4A
16 | 99¢| 39| 08%| QO IDVHD| 61| 10 | g'8Y 8%l 8p'l sy 8S'1 — 1391°7|99.%'1| (31) 86—56 | BA
14 3 o\= . wod B0
% 12 H o) enuzoy 12 H o} RS a2 1D%HD HO-¥ wwwmmwm a .8:%2& mm
t 'p g W [=%
PIOIA| o eporemoren | FFORHWE |y oy (zH *f) wdd * ¢ ‘onea| | 3, ‘dg ~
A SRUBTOXOTP-¢ ‘[~ (SUPTTAYIL0IOTYITA~Z ‘T)~G ¥ HIAVL

1271



On transition to higher dioxolanes I1I, not only dichlorocyclopropane derivatives are
formed, but also the isomeric compounds V. An analysis of the IR and PMR spectra indicates
that compounds Va-h are products of thermal isomerization of dichlorocyclopropyl derivatives.
Further studies showed that compounds IV can isomerize completely into dichlorides V (Table
4) when heated to 80-90°C.

The allyl chlorine atom in dichlorides V has an appreciable reactivity, and is readily
replaced by secondary amines. According to the PMR data, the amino derivatives VIa, b consist
of a mixture of cis,trans—-isomers in a ratio of 1:5. It should be noted that in the PMR
spectra of the initial chloride Va, the second isomer is not observed.

EXPERIMENTAL

The PMR spectra were obtained on the Perkin-Elmer R-12B spectrometer (60 MHz) in CCly,
with HMDS as internal standard. The purity and identity of the products synthesized were
determined by the GLC method on the LKhM-8MD apparatus on a column (200 X 3 mm and 300 x 3 mm)
with 57 SE-30 on N-AW-HMDS Chromaton; the flow rate of the carrier gas (helium) was 40-60
ml/min; temperature 120-180°C.

S5-Bromomethyl-1,3-dioxolanes I (Table 2). A. A mixture of 100 mmoles of l-bromo(chloro)-
3-methyl-2,3-epoxybutane, 300 mmoles of a ketone, and 107 (with respect to the weight of the
halide) of boron trifluoride ethereate was boiled for 8-12 h. It was then treated by a so-
lution of sodium carbonate and extracted with ether; the extract was dried over magnesium sul-
fate and distilled in vacuo.

For compounds ITe-h, 120 mmoles of aldehyde are used.

5-Chloromethyl-2,2,4,4-tetramethyl-1,3-dioxolane was obtained by the same procedure.
Yield 80%Z. Bp 55-57°C (12 mm); np*°® 1.4395; dy*°® 1.0443. Found, %Z: C 53.65 H 8.7; Cl 19.5.
CgH15C10,. Calculated, %: C 53.8; H 8.4; Cl1 19.9.

B. A mixture of 50 mmoles of 1—bromo(chloro)-3—methyl—2,3—epoxybutane, 60 ml of a
ketone, and 4.1 g of anhydrous copper sulfate is stirred for 3 h at 55-60°C. The reaction
mixture is filtered and distilled in vacuo. Dioxolanes Ia, b were obtained by this method.

4,4~Dimethyl-5-methylene-1,3~dioxolanes Ila-h (Table 1). A 50 mmole-portion of bromide
I is added dropwise in the course of 30 min, with stirring, at 60-70°C, to an alcoholate ob-
tained from 125 mmoles of diethylene glycol and 100 mmoles of sodium. The mixture is then
stirred for another 3 h, and the dehydrobromination product is distilled from the reaction
mixture. IR spectra: 1675-1682 (C=C); 3128-3132 em~! (=CH,).

1, 3-Dioxolane~4-spirocyclopropanes IV (Table 3). A 100-mmole portion of chloroform is
added dropwise, with stirring, to a mixture of 50 mmoles of of dioxolanes II, 24 ml of a 507
solution of sodium hydroxide, and catalytic amounts of TEBA, while the reaction temperature
of the mixture is maintained at 30-35°C. The mixture is stirred at room temperature for
another 2-3 h and extracted with ether; the extract is dried over magnesium sulfate, and
distilled.

5-(1,2-Dichloroethylidene)~1,3~-dioxolanes (Va-h). Compounds IVa-h are boiled for 1 h in
an equal volume of benzene, and then benzene is distilled off, and the dichlorides Va-h are
isolated by distillation (Table 4). IR spectra: 1662-1669 em™t (C=C).

2,2,4,4-Tetramethyl-5-(1-chloro-2-piperidinoethylidene)-1,3-dioxolane (VIb). An l1.3-g
(50 mmoles) portion of dichloride Va is added dropwise and slowly, at room temperature, to
8.5 g (100 mmoles) of piperidine in 30 ml of dry benzene. The mixture is stirred for another
5-6 h at 75-80°C, the salt that precipitates is filtered, and the filtrate is distilled in
vacuo. Yield 10.9 g (80%) of amine VIb, bp 146-147°C (13 mm); np?? 1.4810, d,*°1.0520. PMR
spectrum: 1.39 (s, 2-CH3); 1.54 (s, 4~CH3); 2.28-2.48 (4H, m); 1.43-1.49 (6H, m); 3.15 ppm
(s, CHp). IR spectrum: 1676 cm-* (C=C). Found, %: 61.2; H 8.8; N 5.5. Ci4H24CINOp. Cal-
culated, %: C 61.4; H 8.8; N 5.1.

2,2,4,4—Tetramethyl—5—(l—chloro—2—dimethylaminoethylidene)—l;3—dioxolane (VIa) is ob-
tained by passing dry dimethylamine at —30°C into an ethereal solution of chloride Va. Yield
847, bp 101-104°C (13 mm); np®° 1.4608, du”® 1.0269; PMR spectrum: 1.41 (s, 2-CHsz), 1.55
(s, 4-CH3); 2.20 [8, N(CH3)2]; 3.13 ppm (s, CH2); IR spectrum: 1670 cm—?t (C=C). Found, %:
C 56.5; H 8.4; CL 15.5; N 5.6. C11HpoCINO,. Calculated, %: C 56.5; H 8.6; C1 15.2; N 6.0.
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THE LIQUID-PHASE FREE RADICAL ISOMERIZATION OF CYCLIC
DIMETHYLFORMAMIDE ACETALS

E. V. Pastushenko, D. Kurbanov, UDC 547.787'841:541.515:542.952.1
S. S. Zlotskii, and D. L. Rakhmankulov

In the presence of tert-butyl peroxide, 2-dimethylamino-1,3-~dioxacyclanes are con-
verted to esters of dimethylcarbamic acid. The reaction is described by a kinetic
equation for an unbranched chain reaction with quadratic chain termination. The
five-membered heterocycle is more reactive than the six-membered heterocycle. The
predominant site for free radical attack is the methine group adjacent to the three
heteroatoms.

In our previous work [1-3], we showed that cyclic acetals of aliphatic aldehydes are
converted in the presence of free radical donors to the isomer esters. Under analogous
conditions, the corresponding carbonates and their derivatives are formed from 2-alkoxy-
1,3-dioxacyclanes and their analogs [4, 5]. 1In order to investigate the effect of ring size
and the nature of substituents on this reaction, we studied the kinetics of the liquid-phase
radical isomerization of cyclic acetals of dimethylformamide induced by tert-butyl peroxide
(TBP).

2-Dimethylamino~-1,3-dioxacyclanes I and II are converted to the isomeric dimethylcarba-
mate esters IIT and IV with an initial rate Vef. The Vef/VVypa (Vrps is the rate of formation
of tert-butyl alcohol in the system which reflects the initiation rate) remains satisfactorily
invariant in the PTB concentration range from 0.05 to 0.5 mole/liter (Table 1). Hence,
esters III and IV are formed by an unbranched radical chain mechanism with quadratic chain
termination

(CH,),

Oy ,
(I) ! ——=  (CH,),N-COCH,—CH,}~CH,
L, 1v

N(CH,),
Lo LIl n=0; I, IV o= 1

The value for Vof increases linearly with increasing substrate concentration, while the
rate of formation of tert-butyl alcohol (Vppa) remains constant (Fig. 1). This linear in-
crease indicates the participation of one acetal molecule in the rate-limiting step of the
isomerization. The invariance of Vpga indicates that all the tert-butoxyl radicals are
completely consumed in the hydrogen abstraction step at acetal concentrations greater than
2.0 mole/liter. The lines giving the dependence of Vgof on the substrate concentration
passes through the origin. Thus the rearrangement of the cyclic radical to a linear radical
is not the slow step in the ester formation. These experimental results and our previous
data [1, 4] indicate that acetals T and II isomerize according to our previously proposed
mechanism [1]:

Ufa Petroleum Institute, Ufa 450062, Translated from Khimiya Geterotsiklicheskikh
Soedinenii, No. 12, pp. 1614-1617, December, 1983. Original article submitted January 3,
1983.
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