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Data on methods of synthesis and the chemical properties of 1,6-dioxaspiro- 
[4.4]nonane and its derivatives are correlated. 

In recent years, the chemistry of spiro compounds has undergone intensive development. 
A particularly large number of studies dealing with the isolation of spiroketal structures 
from natural sources and the establishment of their stereochemistry by modern spectral 
methods have been published, and original methods for the synthesis of natural spiroketals 
have been proposed. It has been shown that they have a broad spectrum of biological activity. 
Thus, natural spiroketals display antibiotic, anti-anaphylactic [i], antlphlogistic [2], and 
antispasmolytic [3] activity. In addi=ion, they are used as catalysts in the manufacture 
of polymers [4], as attractants for bark beetles [5], and to accelerate processes involved 
in the combustion of solid rocket fuel [6]. Despite the great interest of chemists in such 
compounds and the constantly increasing number of publications in this area, there is only 
one review on 1,6-dioxaspiro[4.4]nonanes, which was published in 1959 [7]. Our review encom- 
passes the literature up to 1984. 

I. METHODS OF PREPARATION 

i.i. Synthesis from Aliphatic Compounds and from y-Lactones 

1,6-Dioxaspiro[4.4]nonane and its dimethyl and diethyl homologs were first obtained by 
Fittig [8, 9] starting from lactones of y-hydroxy carboxylic acids. The synthesis of these 
compounds included the condenstation of two molecules of the lactone in the presence of so- 
dium ethoxide to give a dilactone, conversion of the latter to the sodium salt of a spiroketal 
acid by heating with a concentrated solution of sodium hydroxide, and decarboxylation of the 
resulting acid by refluxing with water or a dilute mineral acid: 
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The yields of the dimethyl- and diethylspiroketal reached 80%, whereas the unsubstituted 
spiroketal was obtained in lower yield as a consequence of partial cleavage of the 5utyrolac- 
tone and the formation of a hydroxybutyrlc acid salt. A spiroketal from butyrolactone and 
its dimethyl derivative from valerolactone were synthesized 10 years later by the same method 
(in the presence of diethylzinc) [i0]. This method was also used for the preparation of 
spiroketals from u-substituted y-lactones [Ii]. 

Volhard [12] proposed a new method for the preparation of such structures starting from 
aliphatic y,y'-dihydroxy ketones. He obtained diallylacetone dihydrobromide from diallylace- 
tone by the action of hydrobromic acid, and 2,7-dimethyl-l,6-dioxaspiro[4.4]nonane was iso- 
lated by refluxing it with potassium carbonate solution: 
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A method for the preparation of spiroketals from keto dicarboxylic acid diesters was 
later developed [13] : 
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A simple method for the preparation of substituted spirononanes on the basis of acetone 
dimethylhydrazone and oxiranes was proposed in 1983 [14, 15]: 
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T h e  one-step synthesis of spiroketals by oxidation of heptane-l,7-diol with lead tetra- 
acetate in refluxing benzene in the presence of calcium carbonate was realized in 1965-1969 
[16, 17]. However, because of the difficulties involved in the isolation of the spiroketals 
from the mixture of oxidation products, the yields of the desired products were less than 
30%. The enantioselective synthesis of chalcogran from D-glucose [18, 19], as well as from 
the (S)-(--)-bromo epoxide [20], was accomplished by cyclization of the dihydroxy ketone. 
Unsaturated spiroketals that are present in products of plant origin [21, 22, 24-28] were 
synthesized by cyclization of alkenyl dihydroxy ketones [21-23]: 

HCOOC2H s 
(CH~)2C(OH)C-~CH + C2Hb-%fgBr ~--- (CH3)2C(OII)C=CCtI(0H)C~CC(CH~)2OH~ 
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The structure of the principal aggregation-sex pheromone which is produced by male 
bark beetles of the species P~tyogen~8 c;~do~rphu8 was recently established [5]. This 
pheromone was isolated and identified as a mixture of isomers of 2-ethyl-l,6-dioxaspiro- 
[4.4]nonane (V) and was named chalcogran. The high biological activity of chalcogran as an 
attractant for'hark beetles which feed on the Norwegian spruce was confirmed by field tests 
[5, 29]. A number of syntheses of chalcogran have been described [18-20, 23, 30-39]. A pre- 
parative method for the synthesis of chalcogran and its homologs based on the reaction of 
lithium salts of protected alkynols with equimolar amounts of lactones and subsequent hydro- 
genation, acid-catalyzed hydrolysis, and cyClization can be considered to be extremely effi- 
cient [37, 40, 41]: 

R~O 
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A series of homologs of chalcogran was obtained in rather high yields by this method. 
The synthesis of 2,2,7,7-tetramethyl-l,6-dioxaspiro[4.4]non-3-ene, which was obtained in 
42% yield from y,~-dimethyl-y-butyrolactone and the lithium salt of the tetrahydropyranyl 
ether of 2-methyl-3-butyn-2-ol with subsequent hydrogenation over Pd/CaCOs, was presented 
in [23]. 7-Methyl-l,6-dioxaspiro[4.4]nonanylacetic (exogonic) acid and its methyl ester 
(28% yield) were obtained by the same method from the lithium salt of (carboxymethyl)-y- 
butyrolactone. 

A model synthesis of enol ethers of spiroketals [43-47] on the basis of 2-hydroxytetra- 
hydrofuran via the following scheme was developed to confirm the structures of a large group 
of polyyne compounds [42-79] from natural sources: 
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A method for the preparation of spiroketals by incramolecular cyc!ization of a hemiace- 
tal through selenium-containing derivatives was proposed in [80] : 
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Spiroketal structures, together with condensed structures, were obtained in the oxidative 
addition to butadiene of acetopropyl alcohol or dihydro-~-methylfuran under the influence of 
the Mn(OAc)~-Cu(OAc)= oxidizing system [81]: 
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An original method for the synthesis Of spiroketal IV from ethyl 3-cyclopropyl-3-oxo- 
propionate in 58% yield was proposed in 1956 [82]: 

0 I J COCH2COaC2H~ NaOC2H 5 ~.,,..0 IV 

The Va, b (2R,bRS) and Vc, d (2S,bRS) diastereomers of chalcogran were obtained as the 
key products by alkylation of the dianion of e-acetyl-y-butyrolactone with optically active 
epoxybutanes [30, 31, 83]: 
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1.2. Synthesis from Tetrahydrofuran Derivatives 

A method based on Diels-Alder condenstation between 2-methylenetetrahydrofuran and 
acrolein with subsequent oxidation of the resulting spiroketal VI to the corresponding car- 
boxy aldehyde VII has proved to be quite successful [34, 38]: 
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The previously unknown substituted 1,6-dioxaspiro[4.4]non-2-enes were obtained by con- 
densation" of tetrahydrofurfural with acetylacetone and acetoacetic ester [84, 85]: 
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The maximum yield (65%) was achieved when a mixed catalyst, viz., piperidine or 8-ala- 
nine with acetic acid, was used. Similar compounds in even higher yields (up to 70%) were 
obtained [86, 87] by thermal isomerization of propargyl esters of the tetrahydrofuran series. 
The reaction was carried out on quartz in a flow-type reactor at 500at in an inert gas stream. 
It was shown that both acetates and benzoates in the vapor phase undergo isomerization to 
substituted 1,6-dioxaspiro[4.4]non-2-enes: 
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Tetrahydrofuran alcohols Vlll were the key compounds for the synthesis of chalcogran pro- 
posed by Torgov and coworkers [88]. The yield of chalcogran from VIII was 57%. 

~=H. A= 

1.3. Synthesis from Furan Compounds 

CH30- -- 
-- %, 

1.3.1. CatalYtic Hydrogenation. 1,6-Dioxaspiro[4.4]nonane (IV) was detected for the 
first time in the products of hydrogenation of furylacrolein in 1934 [89, 90]. Hydrogenation 
was carried out on Raney nickel at 160~ and atmospheric pressure, and the yield of the spiro- 
ketal did not exceed 33%. It was later established [91] that 1,6-dioxaspiro[4.4]nonane and 
its 2,methyl homolog are formed in better yields (38-54%) in the hydrogenation of l-furyl-3- 
propanol and 1-furyl-3-butanol over nickel on kieselguhr than in the case of hydrogenation 
of the corresponding unsaturated furan oxo compounds under the same conditions. 

The formation of 2-methyl- and 2-(=-furylethyl)-l,6-dioxaspiro[4.4]nonane was noted in 
[92] in the hydrogenation of furfurylideneacetone and difurfurylideneacetone with a copper- 
chromium catalyst; the yields of splroketals ranged from 15 to 25%. A number of homologs of 
1,6-dioxaspiro[4.4]nonane were isolated in 30-40% yields in the hydrogenation of furan un- 
saturated alcohols in the liquid phase on a Raney nickel--aluminum catalyst [93-95]~ 3-Methyl- 
and 3-ethyl-l,6-dioxaspiro[4.4]nonanes were obtained in 12-20% yields from the products of 
hydrogenation of e-alkyl-8-furylacroleins on a copper--aluminum catalyst. The following reac- 
tion mechanism was proposed in a study of the formation of spiroketal structures [91, 96, 97]: 

R=AI]~ 
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The experimental data on the formation of spirans in higher yields in the hydrogenation 
of furan alcohols than in the hydrogenation of aldehydes and ketones served as a basis for 
this assumption. In addition, the scheme of the formation of acetopropyl alcohol in the 
hydrogenation-hydration of 2-methylfuran proposed in [98] was taken into account. Ponomarev 
ec al. synthesized 1,6-dioxaspiro[4.4]nonane derivatives by hydrogenation of various furan 
alcohols [7, 96, 97, 99-109]. It was established that, like primary and secondary furan 
alcohols that contain a hydroxy group attached to the third carbon atom of the side chain 
(y-furylalkanols), tertiary y-furylalkanols undergo cyclization with the formation of gem- 
disubstiCuted spiroketais in 20-78% yields when they are hydrogenated in the presence of 
nickel catalysts. The authors showed that the formation of homologs of 1,6-dioxaspiro[4.4]- 
nonane depends on the structure of the starting alcohol and the nature of the catalyst [104]. 
The following dependence of the yields of spiroketals in the hydrogenation of y-furylalkanols 
on the nature of the catalyst was observed: nickel on kieselguhr >5% Ru/C > Raney nickel. 
The structure of the side chain of the furan alcohol has an even greater effect on the yields 
of these products. The yields of 1,6-dioxaspiro[4.4]nonane homologs from tertiary y-furyl- 
alkanols are higher than those from secondary y-furylalkanols; however, bulky subsCitu- 
ants attached to the third carbon atom in the side chain hinder cyclization, and the 
spiroketal is formed in 4% yield. The yields of 1,6-dioxaspiro-[4.4]nonane homologs 
increase significantly in the hydrogenation of tertiary y-furylalkanois with aikyl 
substituents attached to the first (from the ring) carbon atom of the side chain; in 
a number of cases the spiroketals are the chief reaction products. It has been assumed 
[104] that the presence of a branched side chain attached to the first (from the furan ring) 
carbon atom, by hindering hydrogenation of the double bond between the ring Ca and Ca atoms, 
creates favorable conditions for the formation of the intermediate 4,5-dihydrofuran compound 
that is necessary for the subsequent cyclization. 

The catalytic hydrogenation of furan compounds has been successfully used for the syn- 
thesis of a number of natural spiroketals. Thus, Dedek et al. [ii0, iii] were able to 
accomplish the synthesis of exogonic acid by hydrogenation of isopropyl 5-(3-hydroxybutyl)-2- 
furylacetate over Raney nickel (160~ 7MPa) with subsequent alkaline saponification: 

H2/N i 
-- ~ I I / 0  ~/CH2COOCH(CH3)2 

CH3CH(0H)(CH2) 2 //~" 0/~ CH2C0 0CH( CH~ ) z CH3~O/~_~ 

NIOH 

CH 3 O 

Among the numerous methods for the synthesis of chalcogran and its analogs, the hydro- 
genation of furan compounds under mild conditions (at room temperature and atmospheric pres- 
sure) over 10% Pd/C can also be considered to be quite successful [32]. The yields (20-53%) 
vary as a function of the substituents. 
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1.3.2. Electrolytic Alkoxylation of yTFurylalkanols and y-Carbonyl-Containing Furan- 
Compounds ,. On the basis of the Ciauson-Kaas method, Ponomarev et al. [112-118] developed a 
new method for the preparation of ~,6-dioxaspiro compounds by electrolytic alkoxylation of 
y-furylalkanols. The authors started from the assumption that, because of the spatial close- 
ness of the hydroxy group in the side chain to the furan ring in such alcohols, in addition 
to alkoxylation, intramolecular cyclization is extremely likely: 

l IO R ~L TR 
~0" ~CH~CH z CHaO" 0 ~ R 

R, RT =Alk 

It was established that primary, secondary, and tertiary y-furylalkanols are converted 
to the corresponding 2-methoxy-l,6-dioxaspiro[4.4]non-3-ene derivatives in the case of elec- 
trolysis of solutions of them in methanol [i14-i16]. The yields reached 76% of the theoreti- 
cal values. In a study of the alkoxylation conditions it was shown [i17] that the presence 
of a methyl group in the 5 position of the furan ring in the alcohols does not have an appre- 
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ciable effect on the formation of 2-methyl-2-methoxy-l,6-dioxaspiro[4.4]non-3-enes and that 
an accumulation of alkyl groups in the aliphatic chain, particularly the presence of a gem- 
dimethyl group attached to the first (from the furan ring) carbon atom of the side chain, 
significantly facilitates cyclization under electrolysis conditions. The yields of polyalkyl- 
substituted 2-methoxy-l,6-dioxaspiro[4.4]non-3-enes reached 95%. Similarly, a number of 2- 
ethoxyspirononenes were obtained in 76-83% yields in the electrolysis of solutions of primary, 
secondary, and tertiary y-furylalkanols in ethanol IllS]. Makrushina and Shulyakovskaya stud- 
ied the electrolytic alkoxylation of y-carbonyl-containing furan compounds [119, 120]. It was 
shown th@t under electrolysis conditions aldehydes'and ketones of the furan series behave 
differently. The electrolytic methoxylation of furan aldehydes led to 2,7-dimethoxy-l,6- 
dioxaspiro[4.4]non-3-enes in 72-75% yields. 

R~(CH2)2CH O (NH4Br)CH~OH=" Ic | r  R ~----~ OCH 3 ] ~ R~OyOCH~ 
L~H~O~'~O/~CH2CH2CH(OH)OCH~ CH~O O ~._.~ 

R=ll. CH 5 

The authors assume that the hemiacetal of the furan aldehyde is formed as an interme- 
diate during the reaction. The electrolytic methoxylation of furan ketones led to 2,5- 
dimethoxy-2,5-dihydrofuryl-3-butanones; the formation of spiro compounds was not observed. 

In addition to the electrolytic alkoxylation of furan compounds, chemical alkoxylation, 
which has been successfully used to prove the structures of natural spiroketals isolated 
from various higher plants, has been used for the synthesis of 1,6-dioxaspiro compounds [44, 
47]. Chemical alkoxylation has also been used for the synthesis of enol ethers of spiro- 
ketals that have sulfur-containing groups as an additional function [45]. 

A photooxidative analog of the Clauson-Kaas reaction was proposed in 1982 [121] for 
the conversion of furan compounds to alkoxydihydrofurans. A mixture of diastereomers of 
2-meChoxy-l, 6-dioxaspiro [4.4]non-3-enes, which are structural units for many natural com- 
pounds, was obtained from 4-(2-furyl)-2-butanol in good yield. 

OH 

R=H, CH~ 

2. PROPERTIES OF 1,6-DIOEASPIRO[4.4]NONANE AND ITS DERIVATIVES 

With respect to their chemical structures, 1,6-dioxaspiro[4.4]nonane (IV) and its homo- 
logs are intramolecular cyclic spiroketals of y,y'-dihydroxy ketones. 1,6-Dioxaspiro[4.4]- 
nonane is a molecule that has activity without the presence of an asymmetric atom. The five- 
membered rings of spiroketal IV lie in mutually perpendicular planes, and the relative orien- 
tation of the oxygen atoms in the rings (to the right and left of the spiral) is responsible 
for the existence of optical antipodes; this was confirmed experimentally by the asymmetric 
synthesis of optical antipodes by hydrogenation of furylacrolein over nickel applied to 
an optically active support (d- and l-quartz) [122-123] and l-(2-furyl)-3-butanol over Raney 
nickel modified by D-tartaric acid [124]. 

It has been established [8, ii, 12, 90, 91, 125] that 1,6-dioxaspiro[4.4]nonane and its 
alkyl derivatives react with concentrated hydrohalic acids to give dihalides, which are 
readily hydrolyzed to dihydroxy ketones; the latter are converted to the starting spiro- 
ketala as a result of spontaneous intramolecular cyclization to the starting spiroketals: 

R ~ E  1 + ~HBr ~ RCHBr(CHz)2CO(CHz)aCHBrP. ~ 

Ketone IX was obtained in 43% yield by acetylation of spiroketal IV with acetic anhy- 
dride. Acetylation of the same compound with acetyl chloride led to l-acetoxy-7-chloro-4- 
heptanone (X) in 62% yield [126]. Products of acidolysis of spiroketal IV by organic acids 
(HX) were isolated in quite good yields and were characterized. 
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.(CH2)3OAe Ac~O AcCl /(CH2)3OAe +H~ 
O=C~ ~ - ~ ~ O=C~ ; ~ ~ O=C I(C~z)3~ 

�9 (CH2}~0Ae (CHz)~Cl ~(CH2)3X 
X 

X=HCO0, CHsCOO, CICH2CO0 

The experimental facts under consideration are in good agreement with the general mech- 
anism of acidic hydrolysis of acetals. Like ordinary ketals, spiroketals with saturated 
carbon bonds are characterized by stability in alkaline media [8]. As regards the carbonyl 
derivatives of 1,6-dioxaspiro[4.4]non-2-enes, heating to 45~ with 15% sodium hydroxide 
solution led to 2-(2-hydroxyethyl)-3-methyl-2-cyclo-l-pentenone in quantitative yield [84]: 

cc :,H~ 0 

OH- 

Butyrolactone was obtained in the oxidation of 1,6-dioxaspiro[4.4]nonane with nitric 
acid, whereas oxidation of the simplest spiroketal with potassium permanganate in an aqueous 
medium led to succinic acid in good yield [7]. Spiroketals are quite active reducing agents. 
They react with an an~oniacal solution of silver oxide with gentle heating to give a silver 
mirror [7]. 

When a solution of spiroketal IV in benzene is refluxed with powdered sodium, it is 
reduced to the y-tetrahydrofurylalkanol in 48% yield [126]. Hydrogenolysis of saturated 
spiroketals was detected under severe hydrogenation conditions. Thus, spiroketal IV at 
2000C and 10-20 MPa undergoes partial reduction in the presence of nickel on kieselguhr to 
give tetrahydrofurylpropanol in 39% yield [89]. 2-Methyl-l,6-dioxaspiro[4.4]nonane forms a 
mixture of octane-l,4,7-triol (47.8%) and tetrahydrofuryl-3-butanol (18.2%) when it is hydro- 
genated under pressure (20 MPa, 200~ nickel on a zeolite) in the presence of water and a 
small amount of formic acid. In the presence of copper--chromium catalyst under the same con- 
ditions 56.2% octane-l,4,7-triol and 16.2% tetrahydrofuryl-3-butanol are formed [127]. 

The hydrogenation of polyalkyl-substituted 2-methoxy- and 2,7-dimethoxy-l,6-dioxaspiro- 
[4.4]non-3-enes in the presence of heterogeneous and homogeneous rhodium catalysts has been 
investigated [3, I14-120]. The hydrogenation of unsaturated spiroketals XI under pressure 
of i0 MPa at room temperature in the presence of Raney nickel led to the corresponding me- 
thoxyspiroketals XII in 70-89% yields. Not only reduction Of the ring double bond but also 
splitting out of the methoxy group to give saturated spiroketals XIII (54-69% yields) were 
observed at a high temperature (IO0~ [118-120]. 

R' CII~O ~ ~O: ~_~'R' Cl,30''O/~_~'R ' 

XIII XI XII 

R. R~ =Alk 

The hydrogenation of spiro-3-nonene derivatives that contain not only a methoxy group 
but also a methyl group in the 2 position leads, even at room temperature in the presence of 
Raney nickel, to a mixture of products [1!7]: 

R. R' =AIk 

The corresponding saturated 2-methoxy-l,6-dioxaspiro[4.4]nonanes were obtained in quanti- 
tative yields in the hydrogenation of polyalkyl-substituted 2-methoxy-l,6-dioxaspiro[4.4]non- 
3-enes under mild conditions in the presence of homogeneous catalysts based on rhodium com- 
plexes. Splitting out of the methoxy group was not observed. A catalyst based on a complex 
of rhodium with fluorescein was found to be the most effective [3]. 

It is known [128] that 2- and 3-methyl-l,6-dioxaspiro[4.4]nonanes in the vapor phase on 
platinized carbon at 300-320~ undergo the following transformations: 
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It should b e  noted that, in addition to the final reaction products, viz., aliphatic 
ketones and diketones, intermediates, viz., tetrahydrofuran homologs and a tetrahydrofuran 
ketone, were isolated. The behavior of the simplest spiroketal (IV) in the vapor phase on 
pumice and various forms of Si02 at 340-360~ has been examined. Spiroketal IV remains un- 
changed on pumice, whereas when silicon dioxide is used, IV undergoes partial conversion to 
8- (tetrahydro-2-furyl) propionaldehyde and 3- (4,5-dihydro-2-furyl) -l-propanol [ 129 ]. 

Pyrrolizidine (XIV) (6% yield) was isolated when spiroketal IV was treated with an equi- 
molar mixture of concentrated formic acid with f0rmamide. The same compound was obtained in 
higher overall yield (36%) by a three-step synthesis through oxime XV with subsequent hydro- 
genation on Adams' catalyst and treatment of the resulting amino diol XVI with hydrobromic 
acid [126]: 

NIIzOH �9 /(CH2)~OH HZ/Pt02 .(CHz)~0H KSr ~ N  
IV -------- H0N =C (CH2)~01~ --- NHz--CH.(CH2)~0 H 

HC00H. HCONH 2 

N-Substituted l-(2-pyrrolyl)-3-alkanols were obtained in 42-98% yields in the reaction 
of 2-methoxy-l,6-dioxaspiro[4.4]nonanes XII with primary amines [130]. 

~I + H2NR 2 ~ m~"~CH2CHz CRRIOH 

# 

3,5-Dimethyl-4-(5-hydroxy-2-oxopentyl)-N-phenylpyrazole phenylhydrazone was obtained 
in 42% yield as a result of the reaction of spiroketal XVII with phenylhydrazine at room 
temperature [84] : 

~COCH 3 

P h N H M H 2 _  H0 
CHs " - -  N N 

F h N H  CR 5 N r 
xvii Ph 

In [131-139] it was shown that the bromination of 1,6-dioxaspiro[4.4]nonane with dioxane 
dibromide takes place in the 4 and 9 positions. It was subsequently observed that mono- and 
dibromo derivatives of the spiroketal are also formed in rather good yields (58-78%) upon 
reaction with bromine in the presence of calcium carbonate [134]. Instead of the expected 
spirononenes XIX, (hydroxyalkyl)furans XX were isolated in the dehydrobromination of mono- 
bromo-substituted spiroketals XVIIIa-c [134, 135]. 

~Br -I 

R 
OH 

l%q~ a- c kqx 

)D~ X'VIII a R=R' =rob R=H. R'=CH=;C RfR'=CH= 
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The only reaction products in the dehydrobromination of monobromo derivatives of 1,6- 
dioxaspiro[4.4]nonanes with several alkyl substituents were the corresponding spirononenes 
[i35]. Their yields reached 83%. The peculiarities of the chemical structures (internal 
two-ring ketals) of 1,6-dioxaspiro[4.4]nonane derivatives have also been reflected in the 
reaction of monobromo-substituted 1,6-dioxaspiro[4.4]nonanes with sodium metal. The expected 
3-(4,5-dihydro-2-furyl)propanol could be isolated in 70% yield only in the case of the simples 
bromospiron, viz., 4-bromo-l,6-dioxaspiro[4.4]nonane (XVIIIa) [136]. 

~---~ 0 RZ Na H 0 

l~ I /J'~O/~R ~ R ~ ~ CHRSCHR4CRJRZONa 

R3 / ~R 4 

Kx1! 

In the action of sodium on monobromo-substituted 1,6-dioxaspiro[4.4]nonanes with several 
alkyl substituents the principal reaction products were the corresponding spiroketals XXII 
(60-70% yields). It was assumed that they are formed from intermediate (dihydrofuryl)alka- 
nolsXXI, traces of which were detected in the reaction products by means of IR spectroscopy. 

Under the conditions of the Grignard reaction in the case of equimolar amounts of the 
reagents or an excess of the organomagnesium compound [137] 1,6-dioxaspiro[4.4]nonane (IV) 
and its 2-methyl homolog react only with one molecule of RMgX to give the corresponding 3- 
(2-R-tetrahydro-2-furyl)propanols [138]. The reactivities of the spiroketals in the reac- 
tion with Grignard reagents depend on the nature of the substituents. Thus, for example, 
when a methoxycarbonyl group was present, cleavage of the acetal bond of spiroketal XXIII was 
not observed, and tertiary alcohol XXIV was isolated in 72% yield [139]: 

OOCH~ . C(CsHs)2 OH 
CsHs'~gS=----- 

XXH! )D[IV 

Methoxy-substituted 1,6-dioxaspiro[4.4]non-3-enes have been used as dienophiles in the 
diene synthesis. The reaction of 2-methoxy-7-methyl-l,6-dioxaspiro[4.4]non-3-ene with var- 
ious dienes in absolute toluene at 130-160~ was realized. The yields of adducts ranged 
from 20 to 48% [140]. 

~o~ ~ :c"~ + ~ ~ ~ o\ c,~ 
c~,o ~._7 c.,o/<,,o ~__~ "" 

Using dimethyl sulfoxide, which is known for its high isomerizing ability, as the sol- 
vent, Karakhanov et al. [84] were able to obtain 2-methyl-3-acetyl-5-(3-hydroxypropyl)furan 
from spiroketal XVII by refluxing in an inert gas atmosphere. 

It was recently shown that 1,6-dioxaspiro[4.4]nonane (IV) reacts with ferrocene in the 
presence of Lewis acids [141]. The pathway of this acid-catalyzed reaction depends on the 
nature of the catalyst. When boron trifluoride etherate or aluminum chloride was used as 
the catalyst, the reaction proceeded with the formation of 2-ferrocenyl-2-(3-hydroxypropyl)- 
tetrahydrofuran (XXV) (55-89% yields). The authors feel that diol XXVI is formed only at 
the end of the process, when the reaction mixture is treated with ice water, as a consequence 
of reaction of the principal product (XXV) with the hydrochloric acid liberated in the hydro- 
lysis of AICI,. The reaction with ferrocene in the presence of trifluoroacetic acid led to 
a mixture of ferrocene derivatives. The isolated ferrocene derivatives are used as components 
for the direct introduction of ferrocenyl groups into polyurethane systems and as catalysts 
for the acceleration of the combustion of solid rocket fuel [6]. 
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i. AIC[~ [ ~ F-c + Fc-~(CIt2)30H 
IV + FcH 2. H20 <~.O1 <~(CH2~OH CIICHzCII20H 

I ~'~%" X.'XVI 
CFjCOOH 

Fc (CH~),Ot[ f ro (e l i2 ) ,  , I 
,L-k'V" + .~[XVI § ~C ~ "- + -~C(Fc) i (Csli,)~F'e Fo ~ "(CH~hOH [ ~o(c:. ), ~ ] 

Fo= CsHsFeCsH ~ 

LITERATURE CITED 

i. J. Breinlieh and K. Scharnagel, Arzneim.-Forsch., 18, No, 4, 429 (1968). 
2. H. Linde and G. Cramer, Arzneim.-Forsch., 22, No. 3, 583 (1972). 
3. N. V. Shulyakovskaya, L. V. Vlasova, M. L. Khidekel', and I. A. Markushina, Izv. Akad. 

Nauk SSSR, Ser. Khim., No. 8, 1799 (1971). 
4. W. Mesch, D. Voges, and S. Winderl, West German Patent No. 2136886; Chem. Abstr., 78, 

iili14 (1973). 
5. W. Francke, V. Heeman, B. Gerken, J. A. A. Renwick, and J. P. Vite, Naturwissenschaften, 

64, No. ii, 590 (1977). 
6. W. P. Norris, US Patent No. 3968126; Chem. Abstr., 85, 124161 (1976). 
7. A. A. Ponomarev, Uchen. Zap. Saratovsk. Gosudarstv. Univ. im. N. G. Chernyshevskogo, 

71, iiI (1959). 
8. R. Fittig, Ann., 256, 50 (1890). 
9. R. Fittlg and K. T. StrUm, Ahn. Chem., 267, 186 (1892). 

i0. E. Graniehstadcen and F. Werner , Monatsh. Chem., 2_~2, 315 (1901). 
ii. G. BDhrer and R. Knorr, TeCrahedron Lett., No. 34, 3675 (1984). 
12. J. Volhard, Ann. Chem., 267, 48 (1892). 
13. H. Ste=ter and H. Rauhut, Chem. Ber., 91, 2543 (1958). 
14. D. Enders, W. Dahmen, E. Dederichs, and P. Weuster, Synth. Commun., 13, 1235 (1983). 
15. D. Enders, P. Weuster, and W. Dahmen, West German Patent No. 3219705; Chem. Abs., i01, 

7054 (1984). 
16. V. M. Micovic, S. Stojcic, S. Mladenovic, and M. Stefanovic, Tetrahedron Let=., No. 21, 

1559 (1965). 
17. V. M. Micovic, S. Stojcic, M. Bralovic, S. Mladenovic, D. Jeremic, and M. Stefanovic, 

Te=rahedron, 25, 985 (1969). 
18. H. Redlich and W. Francker, Angew. Chem., 92, 640 (1980). 
19. H. Redlich, Ann. Chem., No. 4, 708 (1982). 
20. E. Hungerbuehler, R. Naef, D. Wasmuth, D. Seebach, H. R. Loosli, and A. Wehrli, Helv. 

Chim. Acta, 63, 1960 (1980). 
21. Y. Naya and M. Ko=ake, Tetrahedron Left., No. 18, 1715 (1967). 
22. A.W. Burgstahler and G. N. Widiger, J, Org. Chem., 38, 3652 (1973). 
23. R. Jacobson, R. J. Taylor, H. J. Williams, and L. R. Smith, J. Org. Chem., 47, 3140 

(1982).  
24. Y. Naya and M. Kotake, Nippon Kagaku Zasshi, 88, 1302 (1967). 
25. G. N. Widiger, Diss. Abstr. Int. B, 34, 5919 (1974). 
26. R. Tressl, L. Friese, F. Fendesach, and H. Koeppler, J. Agric. Food Chem., 26, 1422 

(1978) .  
27. R. Tressl, L. Friese, F. Fendesach, and H. Koeppler, J. Agric. Food Chem., 26, 1426 

(1978). 
28. G. Bect, T. L. Peppard, and J. Haley, J. Inst. Brew., 87, No. 3, 158 (1981). 
29. E. J. W. Francke, G. Ohloff, and J. Vite, US Patent No. 4205084; Chem. Abs., 93, 

162732 (1980). 
30. K. Mori, M. Sasaki, S. Tamada, T. Suguro, and S. Musuda, Heterocycles, 105 iii (1978). 
31. K. Mori, M. Sasaki, S. Tamada, T. Suguro, and S. Musuda, Tetrahedron, 35, 1601 (1979). 
32. W. Francke and W. Reith, Ann. Chem., No. l, 1 (1979), 
33. W. Francke, W. Reith, and V. Sinnwell, Chem. Ber., 113, 2686 (1980). 
34. R. E. Ireland and D. Habich, Tetrahedron Left., No. 15, 1389 (1980). 
35. R. Weber, K. Hintzer, and V. Schurig, Naturwissenschaften, 67, 453 (1980). 
36. B. Koppenhoefer, K. Hintzer, R. Weber, and V. Schurig, Angew. Chem., 92, 473 (1980). 
37. C. Phillips, R. Jacobson, B. Abrahams, H. J. Williams, and L. R. Smith, J. Org. Chem., 

45, 1920 (1980). 
38. R. E. Ireland and D. Haebich, Chem. Bet., i14, 1418 (1981). 

940 



39. W. Francke and W. Reith, Tetrahedron Lett., No. 21, 2029 (1981). 
40. L. R. Smith, H. R. Williams, and R. M. Silverstein, Tetrahedron Left., No. 35, 3231 

(1978). 
41. R. Kaiser, Helv. Chim. Acta, 67, 1198 (1984). 
42. F. Bohlmann, P. Herbst, C. Arndt, H. Sch~nowsky, and H. Greining, Chem. Bet., 94, 3193 

(1961). 
43. F. Bohlmann, H. Gas~row, G. Ertingshausen, and D. Kramer, Chem. Ber., 97, 801 (1964). 
44. F. Bohlmann, L. Fangh~nel, R.-M Kleine, H.-D. Kramer, H. Moench, and G. Schuber, Chem. 

Ber:, 98, 2596 (1965). 
45. F. Bohlmann, H.-D. ~ramer, and G. Ertingshansen, Chem. Ber., 98, 2605 (1965). 
46. F. Bohlmann, B. Diedrich, W. Gordon, L. Fangh~nel, and G. Schneider, Tetrahedron Left., 

No. 19, 1385 (1965). 
47. F. Bohlmann and G. Florentz, Chem. Bet., 99, 990 (1966). 
48. F. Bohlmann, H. Bornowski, and C. Arndt, Ann. Chem., 668, 51 (1963). 
49. F. Bohlmann, C. Arndt, and J. Starnick, Tetrahedron Left., No. 24, 1605 (1963). 
50. F. Bohlmann, P. Herbst, and J. Dohrmann, Chem. Ber., 96, 226 (1963). 
51. F. Bohlmann, C. Arndt, H. Bornowski, R.-M. Kleine, and P. Herbst, Chem. Ber., 97, 1179 

(1964). 
52. F. Bohlmann, W. V. Kap-herr L. Fangh~nel, and C. Arndt, Chem. Ber., 98, 1411 (1965). 
53. F. Bohlmann, K.-M. Kleine, C. Arndt, and S. K~hn, Chem. Ber., 98, 1616 (1965). 
54. F. Bohlmann and K.-M. Rode, Chem. Ber., 99, 2426 (1966). 
55. F. Bohimann and H. Kapteyn, Chem. Ber., I00, 1927 (1967). 
56. F. Bohlmann, R. Jente, W. Lucas, J. Laser, and H. Schulz, Chem. Ber., ~09, 3183 (1967). 
57. F. Bohlmann and H. Sohulz, Tetrahedron Left., No. 46, 4795 (1968). 
58. F. Bohlmann and H. Schulz, Tetrahedron Left., No. 15, 1801 (1968). 
59. F. Bohlmann, W. Lucas, J. Laser, and P. H. Bonnet, Chem. Ber., !00, 1176 (1968). 
60. F. Bohlmann and C. Zdero, Chem. Bet., i05, 1879 (1970). 
61. J. S. Piquet, C. Van Wijlick, and J. H. Zwaving, Pharm. Week51., 105, No. 12, 329 (1970). 
62. F. Bohlmann and H. Bethke, Chem. Ber., 104, II (1971). 
63. F. Bohlmann and C. Zdero, Chem. Bet., 106, 845 (1973). 
64. J. Hoelzl and G. Demuth, Deutsch. Apoth.-Zeit., 113, No. 18, 671 (1973); Chem. Abs., 

79, 70268 (1973). 
65. R. Zeisberg and F. Bohlmann, Chem. Ber., 107, 3800 (1974). 
66. F. Heinrich, J. Chromatogr., 114, No. i, 215 (1975). 
67. F. Bohlmann and C. Zdero, Chem. Bet., 108, 1902 (1975). 
68. J. Hoelzl, C. Franz. D. Fritz, and A. Voemel, Z. Naturforsch., 30c, Nos. 11/12, 853 

(1975); Chem. Abs., 84, 28096 (1976). 
69. A. Wrang Per and Joergan Lam, Phytochemistry, 14, 1027 (1975). 
70. H. Kameoka, C. Kitagawa, and Y. Hasebe, Nippon Nogei Kagaku Kaishi, 49, 625 (1975). 
71. G. Verzar-Petri and E. Lemberkovics, Acta Pharm. Hung., 46, 129 (1976). 
72. R. Jente and E. Richter, Phytochemistry, 15, 1673 (1976). 
73. J. Reichling and H. Becket, Deutsch. Apoth.-Zeit., 117, No. 8, 275 (1977). 
74. H. Greger, Phytochemistry, 17, 806 (1978). 
75. W. Debska and T. Bartkowiakowa, Acta Pol. Pharm., 35, No. 6, 699 (1978). 
76. W. Debska, E. Wasiewiczowa, and T. Bartkowiakowa, Herba Pol., 24, No. 4, 215 (1978). 
77. C. Radaelli, L. Formentini, and E. Santaniello, J. Chromatogr., 209, No. i, ii0 (1981). 
78. R. Ter Heide, H. Schaap, H. J. Wobben, P. J. De Valois, and R. Timmer, Qual. Foods 

Beverages: Chem. Technol., 2nd, No. i, 183 (1981); Chem. Abs., 96, 18607 (1982). 
79. F. Bohlmann and C. Zdero, Phytochemistry, 21, 2543 (1982). 
80. A. M. Doherty, S. V. Ley, B. Lygo, and D. J. Williams, J. Chem. Soc., Perkin Trans, 

I, No. 6, 1371 (1984). 
81. M. G. Vinogradov, M. S. Pogosyan, A. Ya. Shteinshneider, and G. I. Nikishin, Izv. Akad. 

Nauk SSSR, Set. Khim., No. 4, 842 (1983). 
82. H. Hart and O. E. Curtis, Jr., J. Am. Chem. Soc., 78, 112 (1956). 
83. H. Redlich, Lieb. Ann., No. 4, 708 (1982). 
84. R. A. Karakhanov, M. M. Vartanyan, T. Yu. Solov'eva, and A. V. Ignatenko, Izv. Akad. 

Nauk SSSR, Ser. Khim., No. 4, 908 (1984). 
85. R. A. Karakhanov, M. M. Vartanyan, and N. P. Karzhavlna, Izv. Akad. Nauk SSSR, Ser. 

Khim., No. 6, 1443 (1983). 
86. R. A. Karakhanov, M. M. Vartanyan, and T. Yu. Solov'eva, Zh. 0rg. Khim., 20, 666 (1984). 
87. M. M. Vartanyan and T. Yu. Solov'eva, Izv. Akad. Nauk SSSR, Set. Khim., No. i, 209 

(1985). 

941 



88. 

89. 
90. 
91. 
92. 

93. 
94. 

95. 

96. 

97. 

98. 
99. 

i00. 

I01. 
102. 

103. 
104. 
105. 
106. 

107. 

108. 

109. 

ii0. 
iii. 
112. 
113. 
i14. 
115. 

I16. 

117. 

118. 

119. 

120. 

121. 
122. 
123. 
124. 

O. A. Kozhich, G. M. Segal', and I. V. Torgov, Izv. Akad. Nauk SSSR, Ser. Khim., No. 2, 
325 (1982). 
H. E. Burdick and H. Adkins, J. Am. Chem. Soc., 56, 438 (1934). 
M. Farlow, H. E. Burdick, and H. Adkins, J. Am. Chem. Sot., 56, 2498 (1934). 
K. Alexander, L. S. Hafner, and L. E. Schniepp, J. Am. Chem. Sot., 73, 2725 (1951). 
K. Alexander, L. S. Hafner, G. H. Smith, Jr., and L. E. Schniepp, J. Am. Chem. Sot., 
7!, 5506 (1950). 
N. I. Shuikin and I. F. Bel'skii, Dokl. Akad. Nauk SSSR, 131, 109 (1960). 
N. I. Shuikin, I. F. Bel'skii, and Z. K. Vol'nova, Izv. Akad. Nauk SSSR, Ser. Khim., NOo 
6, i128 (1964). 
I. F. Bel'skii and Z. K. Minashklna, Izv. Akad. Nauk SSSR, Ser. Khim., No. i0, 233~ 
(1970). 
A. A. Ponomarev, V. A. Afanas'ev, and N. I. Kurochkin, Dokl. Akad. Nauk SSSR, 87, 983 
(1952). 
A. A. Ponomarev, V. A. Afanas'ev, and N. I. Kurochkin, Zh. Obshch. Khim., 23, 1426 
(1953). 
K. S. Topchiev, Dokl. Akad. Nauk SSSR, 19, 497 (1938). 
A. A. Ponomarev, Z. V. Til', I. Markushina, and K. Sapunar, Dokl. Akad. Nauk SSSR, 
93, 297 (1953). 
A. A. Ponomarev, Z. V. Til', I. Markushina, and K. Sapunar, Zh. Obshch. Khim., 27, 
ll0 (1957). 
A. A. Ponomarev and Z. V. Til', Zh. Obshch. Khim., 27, 1075 (1957). 
A. A. Ponomarev and V. A. Sedavkina, Uchen. Zap. Saratovsk. Gosudarstv. Univ. im. 
N. G. Chernyshevskogo, 71, 143 (1959). 
A. A. Ponomarev and Z. V. Til', Uchen. Zap. Saratovsk. Gosudarstv. Univ., 73, 41 (1962). 
A. A. Ponomarev, V. A. Sedavkina, and Z. V. Til', Zh. Obshch. Khim., 33, 1303 (1963). 
A. A. Ponomarev and A. D. Peshekhonova, Khim. Geterotsikl. Soedin., No. 5, 771 (1967). 
A. A. Ponomarev and Z. V. Til', Methods for Obtaining Chemical Reagents and Prepara- 
ations [in Russian], No. 17, All-Union Scientific-Research Institute of Chemical Rea- 
gents and Ultrapure Chemical Substances (1967), p. 130. 
A. A. Ponomarev and V. A. Sedavkina, Methods for Obtaining Chemical Reagents and Prepara 
tions [in Russian], No. 17, All-Union Scientific-Research Institute of Chemical Rea- 
gents and Ultrapure Chemical Substances (1967), p. 77. 
A. A. Ponomarev, A. D. Peshekhonova, and I. Ya. Evtushenko, Khim. Geterotsikl. Soedin., 
No. 2, 85 (1970). 
A. D. Peshekhonova and I. Ya. Evtushenko, Research on Heterocyclic Compounds [in Rus- 
sian], N. G. Chernyshevskii Saratov State University, Saratov (1971), p. 94. 
V. Dedek, P. Trska, and R. Hofeditz, Z. Chem., ~, No. 12, 468 (1966). 
V. Dedek, P. Trska, and R. Hofeditz. Collect. Czech. Chem. Commun., 33, 3565 (1968). 
N. Clauson-Kaas, F. Limborg, and K. Glens, Acts Chem. Scand., ~, No. 4, 531 (1952). 
A. A. Ponomarev and I. A. Markushina, Dokl. Akad. Nauk SSSR, 126, 99 (1959). 
A. A. Ponomarev and I. A. Markushina, Zh. Obshch. Khim., 31, 554 (1961). 
A. A. Ponomarev and I. A. Markushina, Methods for Obtaining Chemical Reagents and Pre- 
parations [in Russian], No. 17, All-Union Scientific-Research Institute of Chemical 
Reagents and Ultrapure Chemical Substances (1967), p. 72. 
A. A. Ponomarev and I. A. Markushlna, Methods for Obtaining Chemical Reagents and Pre- 
parations [in Russian], No. 17, All-Union Scientific-Research Institute of Chemical 
Reagents and Ultrapure Chemical Substances (1967), p. 99. 
A. A. Ponomarev, A. D. Peshekhonova, and I. A. Markushina, Khim. Geterotsikl. Soedin., 
NO. 3, 397 (1969).  
I. A. Markushina and N. V. Shulyakovskaya, Khim. Geterotsikl. Soedin., No. i0, 1303 
(1970). 
I. A. Markushina and N. V. Shulyakovskaya, Khim. Geterotsikl. Soedin., No. 9, 1155 
(1971). 
I. A. Markushina and N. V. Shulyakovskaya, Methods for Obtaining Chemical Reagents and 
Preparations [in Russian], No. 26, All-Union Scientific-Research Institute of Chemical 
Reagents and Ultrapure Chemical Substances (1974), p. 109. 
B. L. Feringa and R. J. Butselaar, Tetrahedron Left., No. 18, 1941 (1982). 
A. A. Ponomarev and V. V. Zelenkova, Dokl. Akad. Nauk SSSR, 87, 423 (1952). 
A. A. Ponomarev and V. V. Zelenkova, Zh. Obshch. Khim., 23, 1543 (1953). 
N. V. Shulyakovskaya, T. P. Belova, and A. S. Buntyakov, Research on the Synthesis 
and Catalysis of Organic Compounds [in Russian], Saratov (1983), p. 82. 

942 



125. 
126. 
127. 

128. 
129. 
130. 

E. Graf and E. Dahlke, Chem. Ber., 97, 2785 (1964). 
V. Dedek and P. Trska, Collect. Czech. Chem. Commun., 35, No. 2, 651 (1970). 
C. Russel, K. Alexander, W. Erickson, L. Hafner, and L. Schniepp, J. Am. Chem. Soc., 
74, 4543 (1952). 
I. F. Bel'skii, Izv. Akad. Nauk SSSR, Ser. Khim., No. 2, 333 (1962). 
C. S. Rondestvedt, Jr., and G. J. Mantell, J. Am. Chem. Soc., 84, 3307 (1962). 
I. S. Monakhova and A. V. Malev, Khim. Geterotsikl. Soedin., No. 3, 358 (1975). 

131. A. A. Ponomarev and A. D. Peshekhonova, Zh. Obshch. Khim., 30, 147 (1960). 
132. A.'A. Ponomarev and A. D. Peshekhonova, Khim. Geterotsikl. Soedin., No. 3, 403 (1969). 
133. A. D. Peshekhonova, Khim. Geterotsikl. Soedin., No. ii, 1450 (1970). 
134. P. Trska and V. Dedek, Collect. Czech. Chem. Commun., 35, No. 2, 661 (1970). 
135. A. D. Peshekhonova and A. A. Ponomarev, Khim. Geterotsikl. Soedin., No. ii, 1446 

(1970). 
136. A. D. Peshekhonova and T. N. Shcherbakova, Khim. Geterotsikl. Soedin., No. 12, 1587 

(1970). 
137. A. E. Chichibabin and S. A. Kmazin, Zh. Russk. Fiz.-khim. Obshchestva, 46, 802 (1914). 
138. A. A. Ponomarev, Dokl. Akad. Nauk SSSR, 92, No. 5, 975 (1953). 
139. P. Trska and V. Dedek, Collect. Czech. Chem. Commun., 35, No. 9, 2589 (1970). 
140. A. A. Ponomarev, I. A. Markushina, and G. E. Marinicheva, Khim. Geterotsikl. Soedin., 

No. 12, 1591 (1970). 
141. W. P. Norris, J. Org. Chem., 43, 2200 (1978). 

SYNTHESIS AND THREE-DIMENSIONAL STRUCTURES OF 2-(2-FURYL)- 

ACRYLONITRILES 

V. G. Kul'nevich, P. A. Pavlov, and G. D. Krapivin I/DC 547.722.321.1.239.2 
543.422.254.6 

Conditions for carrying out the Schmidt reaction that make it possible to ob- 
tain 8-(2-furyl)acrylonitriles in high yields were found. It was shown by PMR 
and IR spectroscopy that the furylacrylonitriles obtained have an E-s-cis con- 
figuration. 

In a previous communication [I] we described the conditions for the synthesis of 2- 
cyanofurans from the corresponding 2-formylfurans via the Schmid~ reaction. These conditions 
were found to be unsuitable for the synthesis of furylacrylonitriles IIa-h from furylacro- 
leins Ia-h because of pronounced resinification of the reaction mixtures. One can, however, 
avoid resinification if dioxonium perchlorate is introduced into the reaction mixture in- 
stead of HCIO~. 

O 

R I C R I CN 

R/---o 

~a-h na-h 
R=H, CHy C6H 5, ~.4.S-CsH2C| 3, NO2; RI=H, CH 3 

According to PMR data, starting furylacroleins I have an E configuration [2, 3]. We 
were interested in the peculiarities of the three-dimensional structures of the resulting 
ni~riles IIa-h (Table i). 

The Ha K~ spin-spin coupling constants (SSCC), which are 15.0-17.0 Hz (when R ~ = H) and 
1.4-2.0 Hz (when R ~ = CH3) (Table 2), constitute evidence for a trans orientation of these 
groups relative to the exocyclic double bond in IIa-h. Their IR spectra contain an absorp- 
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