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abgtract - Lata about 1,3-dioxacyclane reactions with water,al-

oochols , thiols, H_5, esters, amines, phenols are given. for

2
the first time results obtained from reactions of reacetalizat-
ion, exchange and recyclization of 1,3-dioxacyclanes have been
sumnerized. RKeactions mechanisms and kinetics have been inves-

tigated.

In recent years, there has been observed in our country and abroad & trend to-
wards increased industrial produ¢tion of 4,4-dimethyl-1,3-dioxan, which is inter-
mediate in the aynthesis of high-purity iBOprene1. Theoretical fundamentals have
been developed and methods for mamfacturing a whole series of other alkyl-,
aryl-, halide- and polyoyslic 1,3—dioxacycloalkanesz'9 have been introduced in-
dustrially. Ready availability of raw materials and easy manufacturing techni -
ques on the one hand, and simplicity of transition to a wide spectrum of organic

compound of various alasses on the other handa, underlie the unremitting interest
expressed by investigatore in tnhe cnemistry anc the technology of oyclic acetals.
Generalizations of the achievements in the field of mamufacture and study of the
chemical and physical properties, stereocnemistry and some agpectis of practical
utilization of 1,3~dioxacyclanes, puolished up to 147p, are contained in a num-
ber of reviews and momnographies t0-22

In subsequent yeare, inere were conducted detailed investigations of homolytical
liquid-phase reactions and new heterolytical transformations of 1,3-dioxacycla-
nes under the aciion of thiols, esters, amines, phenols and other compounds lead-
ing to products of a great economical importance. The possibllities have been
established of exchange reactions and recycling cyclic ucetala effected under

acid cataelysis conditions.

The results of a study of the structure and the reactivity of 1,3-dioxacyclane
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radicals and of the various transiormations have been summed up in a redently
published reviewEB.

In the present work, the authors have generalized the achievements of recent
years in tpne fisld of some reactions of 1,3-dioxacyclanes with heterolytic

breakdown of carbon-oxygen GLOGGS.

Slako QUitna o VRY , KINSGLIUS Ak welHanlow OF meall f0Ns OF 1,3-
W 10X YU Lapins> & ILH AL00H0LS
keactions of cyclic acetals witn alcohels are a convenient method for obtaining

24'37, methanclysis being very widely employed in
28=-33

glycols end another products
preparative organic chemistry
However, the number of publications devoted to the Btereochemistry, kinstics and
mecnanism of the reactions is very limited.

Initial data on the maintenance of tne configuration of the dicl part of the mo-
lecule in acetalization and alcoholysis were obitained by Garner anmd m08534. It
was established that 4,5-dimethyl- and 2,4,5-trimethyl-1,3-dioxolanes obtained
from an optically asctive 2,3-butandiol exhibit an optical aotivity%, the loss
in optical activity on transition irom glycol to formal and then again to glycol
amounts 1o a mere (.ds.

The retention of the steric centres of molecules of 1,3-aioxans in methanolysis

has been noted in several works<2? > 3’

35,36

« Lhug the reduction by lithium aluminium
nydride of oxyketones or acetoacetic esters 37 resulted in substituted
1,3-diols whose acetalization leads to 1,3-dioxanes with a preferable content of

one of the isomers:

1ialH GH.O
HOQUH(R* Jo(R), 8 ——— RUH(m)GH(RI)C(R)EQi —2
RJ.
R R
R
(D
LinlH
U,H 000G (R (RICOCH 3 ———He HOCHC(R)(RT) CH(GH)CH , ——-
I r!
&5 co GH 5
RIIZN 11
B,aT, I’ = H, ALKYL

Initial glycols were obtained by methanolysis I, irans-isomers yielding tnreo-

1,3-daiels, and from cis-erythro:
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Retention of the configuration in the transition from aiocl to dioxycyolane and

i

back evidences the fragmentation of the heterocycle ring on the ¢arbon-oxygen
bonda by the acetal carbon.
Five- and seven-link oyclic acetals show, during the methanclysis, a greater re-

38. Farberov and co-worker539 have found that

activity as compared to 1,3-dioxan
the methanolysis of 4-alkyl-q,3-dioxan may be described by an equation of rever-
sible reactions of the tnird order (first order in each of the reagents and the
catalyst).

4 highly negative value of s° (-24 to -27 e.u.), in the view of the euthors, con
firms that methanolysise follows 8 bimoletular mechanism. The quantitative effect
of the substituents on the rate of reaction is described by the Taft equatiom:

g K = -1.35.§ = (r = 0.985)
ko
The suggested mechanism consists in a consecutive formation of oxanium and car-

benium ions and fragmentation of the molecule on the O -02 and (:2-03 bonds:

1

rE +u* ul‘,‘/\‘ +ROH, ~H"* t
U _— + — RICH(OH)Cﬂz(:HzOUHEOR:.—_-—_

HOVO
(1I)
H +ROH,-H" I
RICH(OH)CH.CH,, OUH,OR =———> RICH(OH)CH.GH,OK + CH,{ OR)
2"y X, ) AR

The addition of the first molecule of alcohol is, probably, the rate determing
step. The asymmetric acetal (II) reacts with the sscond molecule ROH rapidly,
this leading to the observed producte of the reaction, i.e. to diol and dialko-
xyméthane. Lhe poseible formation of oxonium ion as a result of attack by a pro-
ton remote from the oxygen atom substituent is not discussed.

4 detailed study of the producis of the methanolysis of 1,3—dioxans40’ 41 has
revealed 4,b-dioxaheptan -1-ols which are very important for determnining the se-

quence of the reaction stages. The study of the behavior of the individual compo
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nents of the reaction mixture in an acid ¢catalysis has made possible a conclus-
ion that the primary product in a reaotion between 4,4-dimethyl-1,3-dioxan and

methyl aleohol is 3,3-dimethyl-4,6-cioxa~1-hepthancl ( III) whose transformations
lead to the following productis of the reaction;

fi4C UHBOH (CH3)200H20H20H
HBQ)@ » \
Qun OGH
(ILI) 2773
Cﬂa(mHB)a
. . [
Cltp GO OO e 0
‘ -H,0 (CH4 ) ,U( GH JCH,CH, B
(GH3)ZC=GHOﬂ20H ==—-—______——.:'-———--—'-‘_—s
+(.:H30H
(CB4) ,C(OH)GH=CH, -H,0 |
—520 . ‘
(0H3J20(&H3)LHZLH20H
UHQ"U(UHB)(}Hﬂiﬁz

The close valuep of the kinetic parsmeters of methanolysis of 1,3-dioxans sub-
stituted at 04

(l'asble 1) are probably the effect of the remotéeness of the substi-
tuents from the reaction centre of the molecule42' 43.
The reaction includes the formation of the first stage of the intermediate aub-
stituted 4,6-dioxaheptan-1-ol (IV) which may be obtained, under certain condit-
ions, also as the main product of the reaction*ts

R* GHi 401 CH 0

o m =t CHy0CH,00(R) (RN CHCH 0 et

O

(Iv)

I
= HOG(RJ(R )(.HZCHzoﬁ + cuztmﬂ3)2

The authors explain the failure of 4-alkenyl-1,3-dioxans to conform to the rate
constant ve. Taft constant correlation by a posaible split of the hetercoycle

on 03-04 bond and a formation of a stable allyl cation.

RuaCLIONS OF 1,3-LIOXaCYCLaNeS WITH TT0LS aNb HYLROGLN SULFILe

The possibility of the interaction between cyclic acetals and thiols was shown

for the first time by Shestakovskii and co-workara45. Cyolic acetals, similar to

linear ones46'47, react with thiols in the presence of aucid catalysts p~toluene-
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sulfonic acid, HC1, .'énC12=

R‘Lﬁ
h
0+ 2R5H—*Ri—cu(0ﬂ)(uﬂ?_}ncﬁzou + BHCH(sR),
n =g.1
R=C_H., C,H,, C H,tert-G,  H. 3 kL,kIl=H, GH,,
oHgs G4y, Gy, yobass KT, » Gy, Goly

Table 1
KINBY IC PARAMLTEKS F wblHANOLYSIS QF SUBSTILULLL 1, 3-b IOXANS
RI

T

3 5
gt Kp. 107, H K 107, By Referen-
R i/mole koal = 1/mole kcal _ ces
mole mole
H CGHS 8.40 8.1 0-39 22.7 42, 43
GHB CH201 1.84 3.2 o.41 24.8 42, 43
H 10.83 5.8 1.68 26,7 42, 43
CH2=CH 7.16 3.7 0.09 24.4 4z, 43
CH30H=CH 14 .70 3.1 1.35 21.4 42, 43
CH3 0635 11.73 7.0 0.82 21.8 42, 43
H Gﬂ3 5.40 6.1 1.20 27.0 42, 43
CHqy caa=cﬁ 4.93 4.7 0-87 21+4 42, 43
GHB CBB T30 4.4 2.79 23.8 42, 43
i CH3 18.6 39
H C2H5 19.0 39
H G3H7 19.0 39
H C4H, 19.2 39

The authors have advenced a suggestion on the primary formation of intermediate
product (V). However, the aeuthors failed to isolate this compound because of its

decomposition in distallation?’;

202H5bCH(cH3)00H20H ™

(v

20H—-GH30H{802H5)2 + + H(XJHZCHZ
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After treatment of 2-methyl-1,3-dioxoleme by hydrogen sulfide the product was

2,4,6-trimethyl-1,3,5-trithiane and glycol48.

3H ] 1 SRV el ] ANLIE . 4 1
B (:HB%B&H(CHB)&:H(QHB)? + HCLHZBHECH

0 0
It is essumed that an unsiable J-ohloro éster(VI) is formed on the first stage

of the reactian:

I_l o1 KE}H20H20H +H2b
0 B Ourrs c1” o
“TCH -HCLl
Y s :L
LHB H3 (V1)

—_— CHBCH( SH) OCH

(VII)
However, no ¥I and VI[ were found in reaction products. The cationite Kl’-—249 may

2GH.2 OH

serve apg a gplitting ocatalyst.

Unsubstituted trithiane is formed from cyclic formals in a good yieldso.

The information thiolysis carries as regards the ascertainment of the stage me-
chamism of acid-catalysed transtormations of 1,3-dioccyclanes, and the possibili-
ty of obtaining glycols and dithioacetals having a practiocal significance, were
the reasons for investigating the thiolysis of 1,3-dioxgoyclanes in detail. |
It was shown by way-of numerous examples that the main producfs of the reaction

are dithicacetala and glycols 21-%6,

!
Xﬂﬁ + 2RSH —-— —?(cﬁz}ncﬂzm + >C(6R)2

0><0 Od

It was established that the structures of the 1, -dioxacyclane tells, in the
first place, on the seleotivity of formation of glycol. bithicacetals are rorm-
ed mostly at a yield close on 907&57 {Table 2).

The factor having a most substantial effeot upon the activity of 1,3-dioxacyc-
lane in & thiolysis is the size of the substituent by the acetal carbon of & he-
terocoyclic compound. In a homogeneous oatalysis, the reactivity of 1,3-dioxan is
symbatic with the size of the subatituentsa. In a catalysis by the K¥-2 catio-
nite 56'53, the rate of the reaction for 2-hexyl and 2-o0tyl-1,3-dioxan is I;ro-
bably determined by the rate of diffusion of subatrates toward the active cent-

res of the oatalyst.
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Table 2
YInib OF GLYCOL AND b [bTHYLIHIQAGET&LS IN THIOLYSIS QF 1,3-DIO-
XACYC LaNeS IN THe PRESunNCE (F KY~2 CAT IONITE

RI
ril
0
RH.[
n gt gl gt Tempe- Lurat- Yield of
rature, ion,
°G h glycol thioasetal
4] H H 100 1.5 J2.3 99.5
1 H H 100 1.0 67.6 9.5
2 H H H 80 1.5 37.8 80.2
1 H B CH, 60 3.5 61.2 98.5
1 H H Ueils 6p 3.5 92.5 96.5
1 H GH3 H 8p 1.5 B85.8 98.¢
1 CH3 CH3 H 80 0-8 34.4 69.2
1 06}15 H H 80 3.0 - 98. 1
1 H GH3 (}H3 Ty 2.0 82.6 95. 1
1 H H C4H30 60 4.0 - 78.2
1 H H C3H7 80 3.0 Tt.2 82.5
1 H H CBHW 60 4.0 68.8 84.0
1 H H GGH‘[B 60 3.5 T0+5 88.7
1 B H 06}110 100 2.0 - 63.5

In 8 homogensous catalysis, the activities of thioalcohols up to butanethiol dif-
fer but nagligiblyss. In a heterogenecus catalysis, there is observed an sppre-
ciable difference in the activity of the primary thiols differing by one methyl-
ene group, this being linked to a drop in the rate of diffusion of the reagent
toward the esctive centres of the catalyst. DBeginning with heXaneiniol, the reast
ion practically atop55 6.

The reaction products of the thiolysis of 4,4-dimethyl-t,3-dloxan contained a

compound with a structure of 4-thio-2,}-dimetbylhex-‘]-enesg. Tetrehydrofuran is
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formed in substantial amounts from 1,3-dioxepane as a result of a fast dehydrat-

ion of the resulting 1,4-butanedio1®0: 81,
It is of intereat to note that the addition of thiols to 2-vinyl-1,3-dioxacyc-

lanes can be carried out only in an alkali catalysis reaction. 'the use of an

a0id catalyst leads to di(alkylthio)acetals®?r 63,

I
B Nazc 03 RJ[ ]
—_— 2
HSH
CH=CH,, éx GH;CHSR
R
%

RICH(CH)(CHa) CH,OH + RSCH(CH,)CH(5R),
n=0, 1, 2; R = alkyls RY = H, CH,

The thiolysis of bis- and eplro-1,3-dioxadyclanes proceeds as a consecutive fra-
gmentation of oyclis compoundM' 65,

0 M, 0
<° >< %_RI +2RoH R1_< +2RSH C(CH, ),
RGH(SH) o~/ Vo, -rTCH(sR),

+2RuH CH(oR), t2RSH
(F()—( 9)-110((44 T 0)’ 2 Ho(Ch) 0
—_— (Rb)ECH-CH(b'R)Z

n =0, 1, 2; R, Rl =alkyl

The rate of thiolysis by the use of the KY-2 cationite is desoribed by the
equatian for first order reactiions. The zero order in terms of thiol is related
to a high rate of saturation of the catalyst by mercaptane, as evidenced by a
change in the time of the muolear spin-latiice reaction of protonssa. The ensrgy
of aotivation of thiolysis depends but slightly on the structure of 1,3-dioxacyc-
lane, whereas the relative reactivity differs by approximately an order of mag-

nitude ('fable 3).

Yhe electron density of oxygen atoms fails to correlate with the reactivity of
the heterooyclic compound®0+07;

g ol -0.2586 m -0.2809 O -0.2615
S ~—

3.04 1.00 2.69
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Table 3
He LAt IVe ReACl IVITY aANb paeKGy OF ACVIVATION O THIOLYSIS OF
1, 3~LIOXACYU IANKS

1, 3-bioxacyc lane Relative snergy of activat-
reactivity ion, kcal/mole
1,3-bioXan 1.00 14.5
1, 3-bioxolane 3.04 11.9
1,3-Lioxepane 2.69 13.6
2,4-bimethyl-1,3-dioxan 1.19 16.3
4-yethyl-1,3-dioxan 0.-51 14.3
4,4-Dimethyl-1,3-dioxan 0.49 15.9
2-0styl-1,3-dioxan 0.31 16.7

Ihus, protonation is not, in all probability, the slow estage, and the process is
limited hy the rate of the asplitting of the cyclic compound:
sy’ 4‘,»/\' slow UH.CH,GH,OH +RoH,-H® CH,CH,CH,CH
0 OCH, bR
o 2
+ (.Hz
The second stage - fragmentation (VIII) to thioacetal and glyool - proceeds ai-

milarly to the first one.

RunaGlIONS OF 1,3-LI0XACYCLanNbG W ilH ESIBHS (EolaROLYSIS)
The data on reactions of 1,3-dioccacyxlanes with such an abundant olass of orga-
nic compound ass esters have appeared in the literature but recently. hsterolysis
expands sustantially the potentialities of the synthesis of some very valuable
compounds and the understanding of the acid-catalyzed iransformations of 1,3-
dioxacyclanesss.
In an acid catalysis, the main products of eaterolysis (at temperatures of up to
15000) of uneubstituted 1,3-dioxans are four products, linear acetal, glycol di-
acatate (IA), oxy eater formal (X) and unsymetric oxy ester and aliphatic aloo-
hol formal (11)66' 67:

CH,(OR) CH4C 00CH,( GH ;) G ,006CH 5 ( 1X)

GH,, [ouﬁz(cH3) usaooccnﬂz (X);
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ROGH,0GH,( CH, ), CHo 006G (XI)

A separate study of the behaviour of (XI) in an esterolysis is indicative of its

formation in the first stawe of the reactionée:

R : Lot o .
0 + RUCOOR —e= & GOGCH,(CH, ) Ui, 0CH,0R

Interacting with the second molecule of ester, {(X) turms to a diester {( IX) and

acetals

LI + RICOOR me——== IX + CHy(OR),

Sympetrization of (XI) leads to acetal and (X):
2] m—=— X +GH2(OR)2

Products, similar to compounds ( IX}, (X) and (XI), are formed in esterolysis by

68. As the sulphur atom is always with acetal carbon, it may be‘assu.m-

thicesters
od that the hetercoyclic compound is fragmented on the bonds between acetal car-

bon and oxygen atoms 01 and 03 s

h] + C SECH g . N
@ 2H5HCH; ——= ¢ . 5CH, 0CH,(CH,), CH,00UCH,
~CH (50 5H) ~CH (ECH5),
CH3C 00GH(GH, ) GH, 000GH CH, [ Ol (GH, )nuu?_oocc&iﬂ )

Jt should be noted that active and selective esterolysis catalysts are proton-
donor aoidaag' 70. Polymers are mainly formed in catalysis by lewis acids. The
selectivity of formation of diacetales increases by a faator of 1.5-2 in & hete-
rogeneous ¢catalysis by cation-eXchange resinaba
The introduction of the propenyl, methyl or phenyl substituent in the fourth pO-‘

sitiom of the ring results in c¢racking proauots68

_O--(\J( 11 R'uoor rMock O(a(LHB)(RII)Cﬁsz-IzOOCRI

CH =G(R )c}H.ﬂe ¢, =G(r! )(.H20H2CH oocrt i G(RH) =GHGH,CH,, oocr®

R, RL = alk.; R? ==c1:13, GgHg,s CH,CH=CH

The tormation of 2-methyl-5,6-dihydro-2H-pyran is the resuli of the elimination

of the formaldehyde molecule from 4-propenyl-i,3-dioxan:
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Ci4GH=CH~ wt ~CHO [
—— o GHyCHGHOHGH Gl 00t )0 —— <
-H 0" UH,

A8 the molecular weight of the ester increases, 1ts activity in the esterolysis
talls oriba.

The rate of the reaction of 1,)-dioxolane, 1, >~dioxan and 1, 3-dioxepane with
amyl acetate is proportional to the concentration of each of the reagents and
the catalyst, which 1a sulfuric acid71. Tne energy of activation, determined on
the interval of temperatures between 4p and 80°C by the beginning rute of con-
sumption of 1,3-dioxacyclanes, amount io 8.9, 13.2, 10.8 kcal/mole for 1,3-dio-
Xolane, 1,3-dioxen and 1,3-dioxepune respectively. 'hé character of the value of
concentration as a function of time is typical of reversible reactions, and the
results evidence a possibility of describing esterclysis by tne reversiple reac-

71, 73,

tion equations
2-alkoxytetrahydropyrans react with esters 1o exchange alkoxyl groups72=
+

H
(:L + ploor?t  —/—— Ej\ + rcoor
o Nar o ~ortt

It was shown by quantum-chemical calculations that the aplitting of exo-cyclic

acetal bond is energetically more favourable (by 100 kcal/mol) than the opening
68

of the ring ":
Q+ ¥ CHy0H  (-927,743 e.v.)
X
xB
R+
+ +
07 06k 5 \u;imﬁzcﬂzuuzcuzuﬂoc% (-919,672 e.v.)

The esterolyais of 2-alkoxytetrahydropyrans is described by an equation for re-
versible third-order reactionséa.

The dependences of rate constants and reaction equilibrium upon the temperature
(Table 4) nave yielded the energies of activation of tne forward ana the reverse
reaction (12.3 and 9.1 kcal/mole respectively).

Based on the coneideration of the siructure of the reaction proaucts ana the ki-
netic regularities, the mecnanism of esterolysis may be representea as the split

ting of the oycllc compound along the C-0-C bond of the acetal carbon by the

action of the gcyl cation:
@

pardsy
gCooR + HY === RICX + Rm
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are usged, a8 convenient me thod for shifting the equilibrium is to conduct the re-
action in methanol. The removal of methylal from the reaction zone ensurea obtai-

ning the end product in high yield!!;

) n
W v Ri(uiljco 2CH M m +cua(ocn3)21
-0 o?<o
a LI

when ketones are employed, the formation of 1,3-dioxacyclanes proceeds smoothly
for both 1,3-dioxacyclanea unsubstituted and substituted at 0478.
The reacetalization of 1,3-dioxacyclanes by di-, tri- ana tetraols is the method

for introducing various subgtitutes into the fourth, fifth, sixth position ot

the ring and varying tue number ol links .n I:nell cyclic compound.?tj’ {9:
}{I {{I.Il H+ Ru; |
N+ nuocnz-ff)acuou — P T HOGH,(Gy) G
0 LI
R R
R= H, alkyl; &%, RLY, wftl=u, i, O, CH M; m,u =0, 1, 2

It beoomes possible to shift the equilibrium by removing the low-boiliug 1,3-az0-
xacyclane from the reactioc. zone. For sgaid purpose, it is good practice to emp-
loy as startiug compounds eéthylene glyc¢ol ana 1,3-aioxacyclans, free from substi-
tutes at 02. because of a high yield of 1,3-dioxalane, said wmetnod may be recom-
mended as means for analyzing high-boiling cyclic formala"'g.

Reacetalization of 1,3-dioxmlanes by linear acetals is carriea out under milder
conditions as compared to that by aldehydesao.

The primary product of the reaction is probably mixed acetal forming as a result
of the addition of fragments of linear acetal on the (}2—0 bond of 1,3-dioxacyc-

lanaa1=

GH,CH,0GHR  + CH( WHy )y T CHyOUH(R) (OHCH ,0CH ,00H , e

—_— UﬂzQHZO(-‘HzO + RUH(Q)HB)E

When using methyl slcohol acetals and cyolic fc;rmals, the resuliing methylal is
driven from the reaction zme and the yield of final 1,3-dioxacyclane rises to
80~390%-.

bthylene and propylens oxides react with 1,3-dioxacyclanes to form up to 25-4g#%
1,3-dioxalanes and 4-methyl-1,3-dioxalanessz. when uge is made of the stabler

3,3-bie (chloromethyJoxacyclobutane and 1-¢hloro-2,3-~epoxypropane, lormed are
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2-guvstituted 5,v-bisfohloromethyl)}-1,3-dioxans ana 2-substituted 4-chlorome-
thyl-1,3-cioxolanes with yields of 65-754. [t proves impossible to isclate the
expected alkyl-substituted ol,}}—oxides from the reaction producta because of a
high rate of their polymerizstion. The reaction between 1,3-dioxepane with ha-
lide-aubsgtituted oxides results in tatra.hydrOpyranaz.

kxchange reactions of 1,3-dioxacyclanes with 41,3-dioxacyclames, 1,3-oxsthianes,

1, 3-dithions 52787,
J/Hn\f . TR " l/H\ﬁ . rH\\<
~ M Y
I RII R.[.[ RJ'

mn =0, 1, 2; RI, RI‘[ 2 alkyl, aryl... ; &,Y = 0, 9, N~
bxchange reastions of 1,3-dioxacyclanes make it possible to obtain asymmetrie

bis- ana gpiro-1,3-dioxacyclanes 86"58=

D - 2 DL
T (&= OO O

R

The resultant compounds are very interesting objeocts from the viewpoint of de-
termining the reactivities of each of the cycli¢ compounds and investigation of
stereochemical proolems.

The activation energy of exchange reactions lies within the limits of 2 to 12
kcal/mole (Table 5).

‘'he rate of the slow stage is proportional to the concentration in the firat

order of each of the resgents ana the catalyst. In all probability, the reaction

follows the pattern: ( { 0 II
@ S h = HOGH (GHy ) GH, 0% I
@®

slow | Ly o: 0 oy pdd
HOUH (C.H s LH OuH HO(:Hz(CHZ) CH2(LH(R )&HE(CHE)m(..Hzoi-bHR

== ) PROALUCLS
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Table 5
LIFFRRENCE IN ACTIVALTION wNeRGIS OF FORWAHL AND RBVoRsh
sXCHANGE Riald JONS OF 4, 3-L JIOXACYCLANLSG

h-=bf-m

Reactiion pt
kcal/mole

1,3-dioxolane + 2-methyl-1,3-dioxan 127
1,3-dioxolane + 2,4-dimetnyl-1,3-dioxan 1.3
1y3-dioxolane + 2,4,4-tertmetinyli-1,3-dioxan 7.7
1y 3=dioxolane + 4-methyl-2-isopropyl-1,3-dioxan 5.5
1, 3-dioxolane + 4-methyl-2-propyl-1,3-dioxan 7.8
1,3-dioxolane + 4-methyl-Z-amyl-1,3-dioxan 8.9
4-methyl-1, 3-dioxolane + 2-isopropyl-1,3-dioxan 4.8
4-methyl-1,3-dioxolane + 2-isopropyl-1,3-dioxepane 9.4
4-methyl-1,3-dioxclane + 2-isopropyl-1,3-dioxolane 7.9
4-methyl-1,3-dioxolare + 2,4-dimethyl-1,3-dioxan D.6

RBACLIIOND aNL ReUYCLIealION OF 1, 3-LIO0XaGYC fabeb

It was established that 2-alkyl-4,4-dimethyl-1,3~dioxans recsyclize in tne pre-

gence of hydrochloric acid into 2nalky1-4—4—chloro-—4—methyltetrahydrupyransag'90:

: CH gl

Gl + HU1 3F<

— (L

3 { H20 o ,
"

Probably, the reaction of reacetaligaiion 18 common to 1,3-0ioxans with elsciron-
donor substituents at G4+ ‘Lhus, in the reacetalization of 4-R-4-methyl-1,3-dio-
xans by ketonesthere are formed not the 2,2,4,4,-tetraalkyl-1,3-dioxans, but iso-

meric alkyl-substituted dihydropyransah 923

cH ot ol II

3 ~H,0 —w QUH.CH=C(R)CH,C(RLR

1 + RICORI'L 2 L 2 2]

R 0 . ocH.CH. C(R)=cHG(RT)RTT
. L oI \ Con ou o

R = CHy, C.Hoi R°, R GHyy GoH,, =(CHL)g, =(UHy)g
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4-methyl~ and 4-phenyl-3,o-dihydro-2H-pyrans are rormed as a result of intramo-
lecular dehydration of 4,4-dimethyl-, or 4~metnyl-4-phenyl-1,3-dicxan in the

process of their synthnesis and splittings

R
CH, | =
3 >rﬁ - H20 E'j
R
\/o o

In the presence of aldehydes, keiones or linear (cyclic) acetals, there is noted

the formation, along with 4-pnenyl-3,6-dihydro~2H-pyran, of 2—-RI-2-RII-4-phenyl-
3,b-dihyuro- ana 2-H'[-2-RII-4-phen,yl-5,6-—-dihydr0pyrans 92:
1.xorH (lIJHECH=C(R)GH2(f(RI)RH
r

>(\ 2.311:(01«“1)23“
R LIl ey (o , l. ey o . I,.il
\/O 3.R(R )Lmng(uﬂz)nbﬁz? %Habﬂgb(ﬁ) %H?(R IR

2,4,0-lrimethyl-5,b-dihydro-2i-pyran only is obtainable from 2,4,4,6-tetramethyl

1 3-dioxa.n92 H

CHy .
B3 - a0

CH &

Ci e QUH(CH,)CH=CHOR 0 (CHy),

Thus, the formation of dihydropyrans is the result of the breakdown of the

B (I)CH(CH3)CH=LLLH3)UH2£|-HL'H3

03-(,'4 bond, which is possible only if a sufficiently stavle (for example, a ter-
tiary) carbonium ion is formed.

Recyclization geems to be a convenient transition from the readily available
petroleum olefins to suovstituted dihydropyrans and their derivatives., In addit-
ion, the study of said reaction makes it possible to go into greater detail on
the formation of dihydropyrans in thermcoontact splitting of 4,4-disubstituted

1,3-dioxans into diene hydrocarpons.

REACLLIONS G 1,3~-DICXACYCLANDS witH AwINbs AL PHesOLS

among the known methods of ovotaining diene hydrocarbons, and in particular, of
igoprene, promising is the *dioxan metnod® consisting in the splitting of 4,4-
dimethyl-1,3-aioxan over solid catalysts in the vapour phasegj. The technology

94

developed by soviel scientists features good performance indicators” and makes
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it poseible to obtain specific high-purity productsgb. A dipadvantage of the
process is the formation of consideraple amounts of nard-to-utilize by-producis
ana the need of frequently regenerating the Gatalyst1.

In scientific literature, there aredata on the possipility of owtaining diene
hydrocarbons as a result of the decomposition of alkyl-1,3-aioxaans in liguid

phase by water or alcohols 21, %o

« However, the selectivity of formation of di-
ene is then lower than that in thermocatalytic processes. This underlies the
gearch for Compounds whioh react with formaldehyde but do not react with dienes.

Most promising for said purpose proved 1o be amines and phenols.

THE Re ACTION OF 1,3-LIOXaNBS wITH AxlNns

The best yields of dienes are achieved at a molar ratio of asmine to dioXan with-

in the limits of .2 to 0.4-'60—197. At lower amine concentration, the diene

yield drops because of the presence in the reaction zone of a large guantity of
unbonded formaldenyde.

The number of alkyl subetituents in tne heterocyclic compound has negligibleeffect upm
its reactivity. Nonetheless, it is well to note a somewhat lower selectivity of
formation of divinyl from 4-methyl-1,3-dioxan because of the aifficulty of de-
bhyaration of tne primary-secondary glycols as compared to the primary-tertiary

onesBB. *he determining influence upon the selectivity ot formation of diene is

the nature of the amine (lable b).

‘i'he attendant aiene products are, depending on the nature ol tae amine, oximes%‘
29, hexamethylenetatranine 199, formalzene 0% ana others.

0f interest is the splitting of aioxane in the presence, instead of amine salts,
of bifunctiopal organic compoundscontaining, along with the NH2 group, acid re-
aidues suchas sulfanilic ac 1410, The diene yield is in this cuse as high as Be-

85%.

THE RBAQLION OF 1,3-DIOXANS WILH PHLAQLS

The aim of the first investigation of the reaction of 1,3-adioxans with phenols
was the manufaciure of phenol resins103’ 04, The obtained phenol resine were
worse in quality than industrial specimens, the reasan lor this being the pre-

gence in the polymer of propylens and ethylene bridges:
OH OH CH On

U(RI)(RII)UH20H2 , @-cml) (CH,CH, OH)CH 3
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''able 6
WHanUFaGTURS OF DIMNeS BY AMINOLYoIo OF 4-ubTHYI~, 4,4-D LdeTHY L-

AND 4,4,5-0R TueTHY 11, 3~L L1OXANS

Canversion oif dioXans,s delectivity of for-
mation of diens, %

Amine 4-methyl- 4-dime- 4,4,5- divi- iso- 2y3-di-
1, 3=dio- thyl-1,3 trime- nyl prene amethyl-
xan -dioxan thyl- 1, 3~ou-

1,3-dio- tadiene
xan
Butylamine 39.6 40.3 38.5 52.7 ©8.5 72.4
Libutylamine  31.4 34.5 3e.8 59.4 67.4 68.5
Yributylamine 5Sg.4 51.8 48.6 11.8 12.6 15.8
0o tylamine 39.0 42,3 42.4 62.8 6.9 0.5
beoy lamine 40.5 42.8 39.8 60.3 ob.4 69,2
Aromatic
amines 55.8 58.3 51.6 83.4 93.3 98. 1
wethylaniline 49.7 b3.4 49,9 b8.5 T8.b  73.9
Limetny lani-
line 52.3 91.0 48.5 54.4 b2.8 59.7
Pyrrolidone Te.4 17.0 63,2 52.8 65.2 01.3
wethylpyrro-
lidone 29.4 ©1.0 57.8 33.59 ©3.0 61.3
morpholine 48.4 45,0 48.2 T7.4 93 .4 38.8
cihylenedia-
mine Bb2.9 60«3 59.4 oE.2  T1.4 72.6
Hydroxilamine 7.2 82.9 T1.3 5.1 83.3 87.6
Non-organic

axine 3903 9Bob 90-8 abo'? 97-9 95'7
anmonia 57-9 5809 58-3 4413 5002 50.2

It was shown laterw5 that tne reaction may be directed toward the formation,
depending on conditions, of glycols or diemes (lables 7, 8).
The presence in phenol of substituents inf'luences suvstantially the yield of

glycols. The condensation of m,p- and o-chlorophenols and 2,4-dichlorophencl with
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aldehyde on thed -carbon atom of the aromatic ring is ditficult, and the yield
of glycol falls off to 30-404%.

when the temperature is raised ana the experiment is conducted under non-equi-
librium conditions favouring the dehydration of glycols, the end products of the
reaction are diene hydrocarbona105-

lower yields of dienes in phenolysis as against aminclysis are, in all probabi-
lity, the conseguences of a high rate of processes of alkylation of phenols by
compounds containing unsaturated oonds and hyaroxyl groups.

The study of the reaction of alkyl-1,3-dioxans with various sucstituted phenols
{'able 8) tends to indicate that dienes are formed effectively when using phe-

nols free from most active J-hydrogen atoms, €.g., 2,b=-di~tert-putylphenol.

‘table 7
KMANUFAULURE OF GLYCOLs BY PHENOLYSIS OF 1,3-LI0XACYCIaNLS

1, 3k ioxacyo- Phenol Glycol Yield, #
lane
1,3-bioxan Phenol 1, 3-Propandiol 96,7
1,3-biocxan m-Uresol 1,3-Propandiol 95.8
1, 3-Dioxan o-Uresol 1, 3-Propandiol 36.3
1, 3=biioxan p-uhlorophencl 1, 3-Fropandiol 41.5
1, 3~bioxan o-Ghlorophenol 1, 3-Propandicl 39.6
1, 3~bioxan 2,4-bichlorophe-
nol 1,3-Propandiol 31.4
1, 3-bioxan 2,6-ki-tert-bu-
tylphenol 1, 3=Propandiol 99.3
1, 3=brioxan 2,4-bi~tert-bu-
ty lphenol 1, 3-Propandiol 63.5
1, 3-bioxolane  Phenol kthyleneglycol 92.1
Zifethyl-1, 3-
dioxan Phenol 1, 3-Butandiol 91.0
4,4-bime thyl-
1,3-dioxan Phenol 3=Me thy 1- 1, 3=
outandiol 1246
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Table B
MANUFACTURL OF LIbknkS THROUGH PHRNOLYSIS QF ALKYIL-1,3-bL I0XaNS
BY VARIOUS PHuNOLS

biene yield, %

Phenol 2,3-dime thyl-

divinyl isoprene 1, 3buted iene
Phenol 52.3 60.2 61.8
o-Cresol 53.6 23.8 61.2
o=Cresol 49,2 52.3 54.1
m-Chloropnenol 31.6 38.4 38.9
o~Chlorophencl . 38.9 42.3 42.8
2,4-pichlorophenol 38.3 39.4 38.6
2,b-Di-tert-butylphenol 53.6 61.3 63.8

In the oase in hand, bie(3,6-di-tert-bubyl-4-oxyphenyl)methane was isclated
from the still residue.
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