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Abstract. Adamantanethione S-methylide (5) is an easily accessible thiocarbonyl S-ylide. Generated by
Ni el-mlnnhm fregnu tha nvnlnAM“nf nf ndnmnn'-nnl‘“nnn -'ul tllnvl\nmlhnnn the nnr\lAnnlulun 1 'l_ﬂ-_
pole § reacts in situ with lluocarbonyl compounds fumnishing 1, 3—d|tlnolanes § and carbon dlsulﬁde
afford 1:1 and 2:1 cycloadducts. The structures are assessed by NMR spectra, a X-ray analysis, and
C-S hydrogenolyses. The C=S group is an ambident electrophile; the ratios of regioisomeric adducts
suggest that electronic effects favor the 4°,5"-substituted 1,3-dithiolanes, whereas steric effects support
the 2',4'-substituted systems. Electropluhc carbonyl compounds and § regiospecifically provide 2,4-
disubstituted 1,3-oxathiolanes. Imines appear to be weak dipolarophiles vs. 5. © 1999 Elsevier Science Ltd.
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Tne tneérmai eiimination o o Hom 2,5—diuydru-1,.),4—uu diazoles pr*vides a convenient and variable
access to thiocarbonyi ylides.3 The 2',5'-dihydrospirofadamantane-2,2'-(i,3,4)-thiadiazoie] (4) is easily
available by addition of diazomethane to adamantanethione (1),4 which, in turn, is prepared from commer-
cial adamantanone by reaction with P,S,, in 75-80% yield.5 The extrusion of N, from thiadiazoline 4 pro-
ceeds as a first-order reaction with a half-life of 90 min in THF at 40°C.4 The adamantanethione S-meth-

ylide (5), formulated by its resonance structures of allyl anion type, is not isolable, but enters an irreversible
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electrocyclic ring closure to give the spirothiirane 2. However, thiocarbonyl ylide 5 can be intercepted in
situ by electrophilic C=C bonds, e.g., furnishing 3 (89%) by reaction with methyl acrylate.5 Also acids HX
are suitable trapping reagents.” It should be noticed that the N, elimination from 4 is a 1,3-dipolar cyclore-
version, and the sequence 1 + CH,)N, —» 5+ N, constitutes a 1,3-dipole metathesis.
Due to its easy access, 5 is a fitting test system for the 1,3-dipolar reactivity of thiocarbonyl ylides. It
s been shown for the related thiobenzophenone S-methylide (9), 8 that the C=S bond exceeds the C=C
a4
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to be a general phenomenon of concerted [ 4.+ 2] cycloadditions. MO calculations (MP2/6-31(}* Becke-
3LYP) revealed, that the low x--HOMO-LUMO energy distance of the C=S bond, compared with the C=C
bond, is responsible. 12

The cycloadditions of § with aromatic and aliphatic thioketones, dithiocarboxylic esters, carbon disul-
fide, and other thiones are described here,13 and the dipolarophilic activity of carbonyl compounds and imi-

nes vs. § is tested.
Cycloadditions to Thioketones and Dithioesters

The 1,3-dipole § was generated by warming the THF solution of thiadiazoline 4 in the presence of 1.1
equiv of the thione for 8 h at 40°C. After removal of the solvent, a standard was weighed to the residue; the
quantitative TH NMR analysis was based on the comparison of the integrals. Subsequently, the cycloadducts
were separated and purified by chromatography or fractional crystallization. Table 1 provides the yields and

some NMR parameters.
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pairs o of regioisomeric 1,3-dithiolanes, e.g., 6a gave rise t0 50% of 7a and 42% of 8a. 7a bears the substi-

tuents in positions 4' and 5'. The same dithiolane, 10d = 7a, was obtained by the cycloaddition of the mat-
ched pair, thiobenzophenone S-methylide (9) and adamantanethione 1.14 That establishes the regiochemistry
of 7a unambiguously. Only the dithiolane with 2'-H, can occur as common product from matched
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CH, S~ S S
\?, CH, + RC=S8 . (CsHs)st \le (CeHs), \2_17 H,
CeHs R, S ! S R,
9 6 10 i1
R, as above (10d = 7a)

Dipolarophile 1,3-Dithiolane Methylene Group
Formula  %Yield mp (°C) 8 dc RJR(13C-H)
Thiobenzophenone Ta 50(28) 197-199 3.28 28.0 35
+ 8a 42(18) 126-128 3.95 48.3 25
Thiofluorenone T 60(44) 173-176 3.92 29.6 39
+ 8b 18 3.42
Thioxanthione 7c 41(25) 183-185 4.07 30.8 41
+ 8¢ 3427) 237-239 3.59 44.2 26
Adamantanethione 8d 86(76) 165-166 3.25 45.5 24
2,2,4,4-Tetramethyl-
3-thioxocyclobutanone 8e 80(58) 128-129 3.30 41.9 25
Methyl dithioacetate 16 64(44) 43-45 3.02,3.30 48.2 24
Methyl dithiobenzoate 15 51(28) 166-168 3.45,3.94 28.1 41
+ 17 45(23) 109-111 3.64,3.73 473 23
Diphenyl trithiocarbonate 18 85(5%5) 122-124 3.12 45.9 25
Carbon disulfide (1:1) 19 89(82) 108-110 4.17 55.9
Dithiolactone 19 22 (81) 230-231 3.42,3.62 48.2 32
Phenyl isothiocyanate 21 31(70) 77-79 4.05 43.3 34

was not found in the reaction of 9 + 1, The mixtures

The regiochemistry of the methyl acrylate adduct 3 revealed that the CH, group is the nucleophilic
terminus of 5, symbolized by resonance structure 5a.6 The thiocarbonyl group is an ambident electrophile.
Organometallic reagents may attack thiones at sulfur (thiophilic route) or carbon atom; the ratio depends on
the nature of the reactants and the conditions.15,16 The formation of 7 and 10 would correspond to the thio-
philic attack of the nucleophilic 1,3-dipole - also in the framework of a concerted cycloaddition.

Additional structural evidence came from the hydrogenolysis of the C-S bonds by Raney nickel in re-

fluxing alcohol. All three S functions were removed from the thioxanthione adduct 7¢, and 2-benzhy-
dryladamantane (12, 91%) was formed. Incidentally, considering the easy hydrogenolysis, cycloadditions of
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thiocarbonyl ylides to CC-double bonds and subsequent removal of sulfur may constitute a useful method for
carbon-carbon bond formation.

The cycloadditions of § with adamantanethione (1) and 2,2,4,4-tetramethyl-3-thioxo-cyclobutanone
(6e), i.e., thioketones with high steric demand, afforded only the dithiolanes 8d and 8e. Steric hindrance on
the pathway to 7d and 7e is probably responsible.

NMR criteria confirm the assignments. The singlets due to 2'-H, of 7 and 5'-H, of 8 are observed at §

12 - A.l’7 bhut do not allow the differentiation of 7 and 8 However. the 13C chemical s
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1). Obviously, the deshielding of the CH, in the neteronng by the adjacent quaternary C-atom in 8 i
than the effect of the second sulfur function in 7; this is in accordance with literature experience. 17

How are the pertinent §; parameters distinguished from those of the five CH, groups of the ada-
mantane system ? The &, triplets which appear in the off-resonance decoupled spectrum show rather constant
values of LJp(13C,H) for the adamantane methylene groups; the residual splitting in the individual spectrum
is related to the frequency offset Av. The residual coupling constant, 1, (13C,H), is significantly greater
for the CH, of the five-membered dithiolane ring than for those of the adamantane part; greater by 38-41%
for the 2'-CH, of 7, and by 23-26% for the 5'-CH, of 8 (Table 1).
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trahydrothiophene (142.1 Hz) !8 demonstrate that the vicinal sulfur atom increases the coupling constant.
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f 13C-signals appeared for

CH, in the ratio 1:2:2, apart from the s for the quaternary C-2. Two such sets o
the dispiro[(1,3)-dithiolane-2',2;4",2"'-bis-adamantane] (8d); the two adamantane groups are in different
environments.

Even the thione groups of dithioesters and trithiocarbonate are sufficiently dipolarophilic for adding
the S-methylide 5. Whereas methyl dithiobenzoate produced the two regioisomers (51% of 15 and 45% of
17), only the cycloadduct corresponding to type 8 was observed for methyl dithioacetate (64% of 16) and
dipheny! trithiocarbonate (85% of 18). Besides the 13C NMR parameters (Table 1), the hydrogenolysis with

nickel aided again in the elucidation of the structures: 15 gave rise to 2-benzyladamantane (14), while ada-

AAAAA o Frvanad L‘.AM 1£ ~nnd 1Q
mdntane \IJ} was 107imca 1roil 19 4diid 10.



Vol V41 ] f-d'~4

G. Miosion et al. / Tetrahedron 55 (1999) 11475-11494 11479

Cycloadducts 15-17 are chirai and show in their 13C NMR spectra the undiminished set of adamantane
signals. The 2'-H, of 15 and the 5'-H, of 16 and 17 appear as AB spectra.
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Cumuiaied C=S Bonds as Dipolarophiies
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in dilute solution, the 1H NMR analysis established 89% of the 1:1-adduct 19; 82% of the dithiolactone was
isolated as brick-red crystals. Due to the adjacent thione function, 8(C-5') 55.9 was higher than usual. The
reduced set of adamantane 13C-signals and the singlet at 4 4.17 due to 5'-H, testified to the o plane. The
central dithioester C-atom resonates at & 239.2. The acidity of the 5'-H, was demonstrated by reaction with

2,4-dinitrochlorobenzene in alkaline medium furnishing the ketene dithioacetal 20.
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/ yclic dithioester, 19 still ins a thione functio
bon disulfide in dipolarophilic activity. The N, elimination from 4 in
experiment above) led to 41% of the 1:1-adduct 19 ¢
rough estimate 0.05 m as medium concentration of 19, then the dithiolactone 19 wouid be 3

reactive than carbon disulfide vs. 5. Of course, the isolated 19 smoothly combined with the S-methylide § in
cyclohexane giving 22 (81%).

The trispiro compound 22, isolated in colorless crystals, possesses a C, axis which cuts the dithiolane
plane at the spiro center 4,4" at an angle of 45°C; the 180° rotation shows the two adamantyl residues being
equivalent. As a consequence of the chirality of 22, one full set of 13C parameters (5 t, 4 d, 1 s) was obser-
ved for the two adamantane systems. As expected, 5-H, and 5'-H, are equivalent and generate one AB

enactrinm
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The N, extrusion from 4 in neat phenyl isothiocyanate led to the cycloaddition of 5 to the C=S bond.
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The *H NMR analysns indicated 91% of the coloriess CYCIIC thioimidate 21. The 6 43.3 due to C-5' and a

i (“C H) which was greater by 34% than that of adamantyl-CH, established the regiochemistry. The
dithiolactone 19 was converted to 21 (81%) by aniline at room temp., thus connecting the two cycloadducts.



Structure Analyses of 1,3-Dithiolanes 7a and 8a

The crystal analysis of 2,2'-bis(1,3-dithiolane) disclosed a half-chair conformation.!® The NMR para-
meters of alkylated 1,3-dithiolanes were also well accomodated by assuming half-chairs.20 However, steric
effects may change the conformational preference of a 1,3-dithiolane ring in the presence of voluminous
substituents.

A Anen laea ¢t~ n marfant anvalama epeé tha - lana avassen (KN o tha flan Tis MTalelr I s o "
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dihedral angie S1'-C2'—83'-C4' amounis to only 3.0°, and the intracyclic torsion angies at C4'-C5'

(-52.2°) and C5'-S1' (51.5°) are the largest. The folding angle of the heteroring is 53°, and C5' is located
0.78 A above the quasi-plane of the other ring members. This puckering displacement amounts to 0.43 A
for the envelope form of cyclopentane (electron diffraction in gas phase).21 Previously, NMR parameters
led to the assumption, that 1,4-dithianes 22 and 1,3-dithiolanes 20* are more strongly puckered than their
oxygen analogues; it was based on the vic-H,H coupling, Jicans > Joigr and finds confirmation in our X-ray
data.

\ 9

c19

Figure 1. X-Ray Structure of 4',4'-Diphenylspiro[adamantane-2,2'-(1,3)-dithiolane] (8a);
ZORTEP Plot (thermal ellipsoids represent 30% probability).

In the envelope conformation, the big substituents avoid crowding. The closest distance is that between
18-H and 3-H, 2.87 A, somewhat less than the sum of the van der Waals radii (3.24 A).23

The lenghts of the four C-S bonds in the dithiolane ring stretch from 1.80 to 1.86 A. The bond angles
at sulfur are 95.3° for S1' and 100.2° for S3'. The pheny! groups at C4' are twisted to a different degree;
the phenyl hexagons cut the plane C4'-C5'-S1' at angles of 20.5° and 88.5°.

The van der Waals interaction of nhen vl ¢ ups and adamantane system in a_jav.e.n_t pﬂSItlonS of the
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1,3-dithiolane 7a causes much stronger deviations from an ideal envelope conformation than observed for
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the flap and a dihedral an gl C2'-83' —C4'C5' of 16.1°, S1' is out of the planes C2'-S3'-C4' by 0.55 A
and S3'-C4'-C5' by 1.25 A, thus making one phenyl quasi-axial and the other quasi-equatorial.



Table 2. Bond Lengths, Angles and Dihedral Angles in the 1,3-Dithiolane Rings of 8a and 7a
(In parentheses standard deviations on the last decimal)

Bond lengths (&) 8a Ta 8a 7a
s1'-c2! 1.829(2) 1.777(3) C4'-C5' 1.5343) 1.617(3)
C2'-83' 1.857(2) 1.802(3) C5'-S1' 1.796(3) 1.853(3)
§3'-C4' 1.844(2) 1.883(3)
anolec (°)
AFNTRIN ﬂ.llsl‘lﬂ \ ,
C5'-S1'-C2 95.3(1) 93.5(1) S$3'-C4'-Cs' 103.4(2) 103.7(2)
S1'-C2'-S3 106.2(2) 108.0(2) C4'-C5'-S1' 107.7(2) 105.3(2)
C2'-83'-C4' 100.2(1) 100.5(1)
Dihedral angles (°)
S1'-C2' —-83'-C4' 3.02) 19.1Q2) C4'-C5'-81'-C2’ 51.5(2) 54.1(2)
C2'-83'—-C4'-C5' 28.8(2) 16.1(2) C5'-S1'-C2'-83' -28.2(2) -41.7(2)
S§3'-C4' -C5'-S1' -52.2(2) -44.5(2)
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by the phenyl is reflected in the structural parameters of the spiro annulation. The plane §3'-C4'-C5° should
bisect the adamantane system. However, the distances of C1 and C3 from the mentioned plane are 1.21 and

-127A. Ina regular spiro structure the angles C5'-C4'-C1 and C5'-C4'-C3 should be identical; 118.7° and
113.7° again reveal the push by the phenyl group.
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Our expectation that 7a would assume a half-chair conformation with C4' and CS' above and below
the plane S1'-C2'-S3' was not fulfilled. It may well be that lattice forces are responsible for generating a

distorted envelope.
Mass Spectra of 1,3-Dithiolanes

Two matching pairs of thione S-methylide + thione lead to cycloadducts 7. The two corresponding
fragmentation pathways are illustrated in 23; the m/z and peak intensities of the radical cations 24 and 25
which appear in the MS of 7a-c are listed. The radical cations of the thiones are found to a minor extent.
The ratios of the radical cationic fragments are influenced by their ionization potentials.

+ T psw [0/ ) Pha  n /e fO7 N\ - s fO/ 0\
CH. S ] S: 7a mvz (%) Tb m/iz (%) T7¢ miz (%)
al ., " ~ - PPt il IBAL A iAs PAAS
s gEIDHz‘ R,C , CH, 212 (35) 10 (80) 42 (60)
= 4
R>~s ~Y
+
23 CH P’S\\r‘u 1010 111\ 120 (70) 100 119\
Ug' |14V AV 4] |2 OV \l |l 1OV \IUI OV \l‘,
R, as above 25

The ionized 1,3-dipoles are formulated in 24,25 as distonic radical cations, i.e., a species in which the
centers of charge and spin density are separated.24 Fast electrocyclic ring openings have been observed for
the radical cations of oxiranes.Z5 According to calculations (MP4/6-311G™"), H,C=0+-CH, lies 20 kcal
mol-! below the energy level of the oxirane radical cation.26 Species 24,25 are the analogous allyl type radi-

calg with a sulfoninm function in the middle, anhhﬁn with thiirane radical cations are conceivable.
The molecular formulae of the fragments were confirmed by the intensities of 34S and 13C isotope

=8

peaks, and in the case of 8a by high resolution. In the following, we will discuss further splitting pathways

of M+ rather than speculate about the structures of the fragments.

CQH,4.>|'<53\+. S 7a m/iz (%) T¢ m/z (%)
) .-.L'I \\\ H2 CQH“(P:)t‘qHz —CHZS_Z ~ U+ N~ U ot
sy RCT VS T el e
4 B ‘ 300 (100) 330 (100)

26 27

The breaking of M+ along the lines of the original cycloaddition is not as prevaient here as it is for the
cycloadducts of § with electrophilic ethylenes. High populations of [M*- CH,S,] appear in the MS of all
dithiolanes of type 7 (path A in 26), even as base peaks for 7a and 7¢. A ring opening to the intermediate 27
and an intramolecular radical substitution looks attractive for the loss of CH,S,. Whether [M*- CH,S,] is
an olefin, e.g., 2-(diphenylmethylene)adamantane in the case of 7a, or (more probable) an isomerization
product, is an open question. The minor fragmentation B, shown in 26, consists of the elimination of CH,S.

A strong peak m/z 198, confirmed as C,,H, ,S,*, appears in the MS of type 8 dithiolanes. Previously,

g peak m; 16714°2
. 7
this fragment was found in the MS of spiroadamantane derivatives of 1,2,4-trithiolanes (28, X = $)?7 or
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¢ HM|/ s CSH'.-‘.C/?C.CHa “HC=CR, ,S+. ’,—éx :
S-,g/ -é/ +C|3R2 9H14<é — GCH,C S
/"R,
28 29 30 31

R, as above CoH,yy = || J

1,2,4-oxadithiolanes (28, X = 0),28 and the structure 31 of the distonic radical ion was attributed to it. The
M+ of type 8 dithiolanes corresponds to 28, X = CH,, and its fragmentation is similar to path 4 for 26. In

the dissociation of intermediate 29 (in contrast to 27), the positive charge remains on the S-containing frag-
me ion of 3‘] occurring on the nathwav to 31 is no loneer darino. since dithiiranes 29 and
nt. Th n of occurring on the pathway to 31 is no longer daring, since dithiiranes <” and

The radical ion 31 appears as the base peak in the MS of 8a and 8d, and to a notable extent in those of
8c, 19, 21, 22. The latter cases take an intermediate position insofar as the positive charge can appear on
each of the two fragments; 8¢, 21, and 22 show [M*- C,,H,,S,] as base peaks, accompanied by
[C,oH;4S,*] (31) in lower population. Adamantanethione* (1), likewise established by the intensities of
isotope peaks, is a steady companion of 31 and suggests the loss of a sulfur atom. A further sequential pro-
duct is CyoH,;% (m/z 133); all thioketones studied show the fragment [M*- SH]).30

By-the-way, M+ of the CS, adduct 19 occurs as base peak; even in the MS of the bisadduct 22, m/z
436 (M) is populated with 41%. Several cycloadducts of Table 1 reveal special fragmentations in their
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Cycloadditions to C=0 and C=N Bonds

After 4 was reacted with benzaldehyde at 40°C for 8 h, the 1H NMR analysis indicated 90% of the

iro-1, 3-oxathiolane 32. Chloral in bulk was nnl merized in the reaction with 4. but when 1.05 equiv was
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used in THF, a high yield of adduct 33 was obtained. Butyl glyoxylate and diethyl mesoxalate likewise con-
e carb

tain very electrophilic carbonyl groups and smoothly combined with 5 affording the oxathiolanes 34 and 35
(Table 3).
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Table 3. Cycloadditions of Adamantanethione S-Methylide (§) with C=0 and C=N
Bonds in THF at 40°C (the yields refer to 1H NMR analyses, those in brackets to

isolation)
Cycioadduct NMR Parameter
Dipolarophile Formula %Yield mp(°C) 4(4'-H) 8(5'-H,)
Benzaldehyde 32 90 (82) oil dd 5.13 2.90,3.22
Chloral 33 91 (8D oil dd 4.69 m 3.20
Butyl glyoxylate 34 98 (74) 3537 dd4.71 m 3.19
Diethyl mesoxalate 35 87 (68) oil - s 3.53
N-Benzylidenemethylamine 39 13 (7 97-99  dd 4.68 m 3.20
Phenyl isocyanate 40,41 oil s 3.77

Acetone did not interact with §, nor did non-activated carboxylic esters; ethyl acetate can be used as
solvent. However, the keto group of methyl 3,3,3-trifluoropyruvate accepted 5 and other thiocarbonyl yli-
des, as recently reported.3!
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is the superior nucleophile among the two allylic cen
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ters of the 1,3-dipole, as observed in the cycloadditions with acrylic ester and acrylonitrile.

Q

The major fragments in the MS of 32-35 can be explained via a 1,2-fission which allows an oxonium
stabilization in 36. In the breakdown of 36, the radical cation character may reside on each of the two frag-
ments (pathways 4 and B). The MS of 32 shows m/z 136 as the base peak; CgHgS+ was confirmed by the
intensities of isotope peaks and could well be the thiirane radical cation 37, R = C.H,, or the ring-opened
distonic ion analogous to 24,25. Adamantanone radical cation (37, m/z 150) comes from path B and is po-
pulated with 20%. The m/z 104 (27%) is attributed to styrene* (loss of sulfur from 37).

atd A 1% * 12 Ll | 23S 02 SR22 219

In the MS of 33 and 34, radical cation 38 (mm/z 150) is the base peak, and 37, R = CCl or CO,C,H,,

HC  CH, cH;, O N=CgH,

v v =

Yields are not a measure of rate constants. Since the cycloaddition competes with the electrocyclization
5 — 2, the meager yield of 13% for the cycloadduct 39 of N-benzylidenemethylamine speaks for low dipola-
rophilic activity. Indeed, the interaction of 4 with the 9:1 mixture of N-benzylidenemethylamine and benzal-
dehyde gave rise only to 32, as established by the 'H NMR signals of the crude product. The 4'-H of isola-
ted 39 appeared as dd at § 4.68 with J .. = 10.4 and 6.6 Hz; thus, the NCH, group must be in position 3'.
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Phenyl isocyanate reacts with 5, but the adduct could not be obtained pure. Tentative experiments did
not allow to distinguish between 40 and 41, or a mixture of the two. The broad IR absorption at 1690 cm!
would be compatible with both of the structures. When the crude adduct was dissolved in ethanol, a crystal-
line compound precipitated (53%) which was richer by C,H;OH than the 1:1-adduct. The ethanolysis pro-
duct could be an N,S-acetal or a §,0-acetal, as the conversion to adamantanone 2,4-dinitrophenylhydrazone
suggests. Further experiments are required.

EXPERIMENTAL

General. IR spectra were recorded with a Perkin-Elmer 125 instrument or a Beckmann FT model IFS
45. - 'H NMR spectra were obtained with a Bruker instrument WPS8OCW (80 MHz), and 13C NMR spectra
with Bruker WP80DS (20 MHz); comparison of the IH-decoupled with the off-resonance !13C spectra provi-
ded the multiplicities. Spectra which were repeated with a Varian XR 4008 instrument are marked. All
NMR spectra were taken in acid-free CDC13, if not mentioned otherwise, with TMS as internal standard.
Quantitative 'H NMR analysis (CDCly) was routinely applied to the crude products after evaporation of the
solvent: a weighed standard (sym-tetrachloroethane 8 5.92, as-tetrachloroethane & 4.28, or trichloroethylene

8 6.70) was added in an amount which made the integrals to be analyzed comparable with the s of the stan-

dard. - Mass spectra (EI, 70 eV) were run on a AET 902 instrument or a Finnigan MAT 90 the latter prin-
g R I B .S . UL U, NP . N T ol R SR J e S ale o £ tVal or [Pyl
Cl PCAK HILCIISILCS WILIT DICUCISION. THIEISILCS O6 1ISOWUPC PG4k 4IC Elven 11 UIC 1011, e. g N “C 7 caicda/

% found. For high resoiution (HR) the program CMASS on MAT 95Q (R > 5000) was used; small distor-
tions of m/z can result from insufficient separation. - PLC is preparative thick-layer chromatography: 2 mm
of silica gel 60 PF (Merck) on glass plates. Column chromatography (CC) was carried out on silica gel
60-200 (Merck). - Melting points are uncorrected.

Cycloadditions to C=S Bonds

Reaction with Thiobenzophenone (6a):32 Thiadiazoline 4 4 (417 mg, 2.00 mmol) and 436 mg (2.20
mmol) of 6a in 10 ml of absol. THF were heated for 8 h in a 40°C bath. After removal of the solvent at the
rotary evaporator, the residue was dissolved in CDCl;, and a weighed amount of standard was added; the
IH NMR analysis of an aliquot, using machine integrals, indicated 50% of 7a (6 3.28) and 42% of 8a (6
3.95). The separation required repeated PLC with petroleum ether/CH,Cl, (8:2); 212 mg (28%) of 7a and
134 mg (18%) of 8a were isolated pure.

5'.5'-Diphenylspiroladamantane-2.4'-(1,3)-dithielane] (7a): Recristallized from CH,,Cl,/methanol,
the colorless 7a showed mp 203-205°C (dec,, blue). - IR (KRBr) v 701 cml 722, 749 gt (C4H; out-of-
plane deform.), 1438, 1453, 1494 m, 1598 w (arom. ring vibr.), 2855, 2910 st (C-H). - 'H NMR (400
MHz): 6 1.20 - 2.00 (structured m, 10 H of adamantyl), 2.55-3.10 (m, 4 H of adamantyl), 3.28 (s,

2'-H,), 7.11 - 7.20 (m, 2 arom. H), 7.21 - 7.29 (m, 6 arom. H), 7.90 (s br, 2 arom. H). - 13C NMR:
26.30, 26.32, 37.0 (3 d, 1:1:2, 4 CH), and 33.3, 39.2, 39.9 3 t, 2:1:2, 5 CH, of adamantane part), 28.0
(t, C-2'; UL (13C,H) is in the off-resonance spectrum by 35% greater than the values for adamantyl-CH,),
76.6, 77.2 (2 s, C-4', C-5), 126.8, 126.9, 131.6 (3 d, 10 arom. CH), 143.4 (s, 2 arom. C,). -

(110°C); m/z (%): 378 (2) [M*], 332 (22) [M*- CH,S, C)3H,,S*; 13C 5.5/5.5, (34S+13C2) 11.6/1.41,
300 (100) [M*- CH,S,, CysH,,*; 13C 26/24, 13C, 3.2/3.7, no 348}, 243 (8) [C,,H,;S,*], 212 (35)
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[C4H 58T, 24a; 13C 5.5/6.2, (345+13C,) 2.0/1.8], 211 (31) [C,,H,,S*1, 198 (5) [6a+; 13C 0.77/0.85],
180 (11) [C, H (ST, 25, or C,H,,*], 179 (11) [9-methylfluorenyl* 7], 167 (12), 165 (27) [fluorenyl*],
121 (5) [C¢H5-C=S+], 91 (10) [C;H,*], 77 (5) [C¢Hs*]. - Anal. for C, H, S, (378.6): calcd C 76.14,
H 6.92, S 16.94; found C 76.10, H 6.95, S 16.88.

X-Ray Diffraction Analysis of 7a (Fig. 2, Table 2):33 Triclinic. Space group P1, No.2. Unit cell di-
mensions: a = 8.306(4), b = 9.394(5), ¢ = 12.798(7) A a=m7. 60(4)°, B8 = 80.99(4)°, y = 85.77(4)°,

volume 945.7(8) A3 | Z = 2, D, = 1.329 g/ml; F(000) = 404, T = 293(2) K, x(Mo-K ) = 0.287 mm-!
onme 340, /(8) , L Ly D g/mi; F{UJ) 3, M) K, p(Mo-K o 0287/ mm™,
Nata rnllactinn: AT Thffrantamotor rnlarlocec rad 1 €2 v AT v YT mam) manntad in a alacse Anmillam
Lraw LULRAUUIL, LALST LALIETaVIVINWTL, VUIVTIUSS 1V (WJJ A .50 A .40 diidy, MOUinch il 4 gidss {dapiuary,
nall mmctnmbo Fonme V€ nnabanad waflocinee AL LS FPCI, _—nrin R L
11 CONSIANLS 1TOM 45 Cenerea renéexions. mo-R_ raaiaion, A = U./1U/>5 A, grapniie monocnromator w -

2 © scan, scan width (0.90 + 0.45 tan ©)°, maximum measuring time 60 sec, intensity of three standard
reflections checked every 2 h, © range 2.26 - 23.95° for all -h, +k, I reflexions, 3192 reflexions measu-
red, 2958 unique, and 2578 with I > 20(I). Structure solution by SHELXS-86 and refinement by SHELXL-
93,34 non-hydrogen atoms refined anisotropically, hydrogens with U =12x Ueq of the adjacent carbon
atom. Full matrix refinement against F 2. Final R1 = 0.0508 and wR2 = 0.1417 for 2578 reflexions with I
> 20(I) and 235 variables and O restraints. R1 = 0.0508 and wR2 = 0.1475 for all data. Weight SHELXL-
93. Maximum and minimum of the final difference Fourier synthesis 0.445 and -0.486 eA-3. ZORTEP
olot 35

Pivee

A' A' Ninhanvicnicalodoamanta -
Tl -Ulpllcu Bllll U aAUGIIBRLIISLICT &y had

A

1 4

from CH,Cl,/ethanoi. - IR (KBr): v 698 cm™,
1499 st, 1593 w (arom. ring vibr.), 2855, 2905, 2924 st (C-H). - 'H NMR (400 MHz): & 1.67 - 1.87 (m, g
H), 2.05 - 2.26 (m, 6 H), 3.95 (s, 5'-H,), 7.19 (tt, 2 arom. p-H), 7.27 (tt, 4 arom. m-H), 7.47 (dt, 4 arom.
o-H). - 13C NMR (100 MHz, DEPT): 5 26.3, 26.5, 42.1 (1:1:2, 4 CH), 36.5, 36.8, 37.6 (2:2:1, 5 CH, of
adamantyl), 48.3 (C-5'; assignment based on 25% increase of 1/ (13C,H) in off-resonance spectrum), 73.7,
77.7 (C-2', C-4'), 126.8, 127.7, 128.1 (1:2:2, 10 arom. CH), 144.8 (2 arom. C, ) - MS (140°C, MAT
95Q); m/z (%): 378.1470/.1489 (15) [M*], 212.0657/.0628 (15) [C,,H,,S™, 24a] 211.0579/.0573 (12)

1 14

[C4H; Q""I 198.0501/.0493 (100) [C,3H,,S*, 6a*] or 198.0534/.0493 [C, 10H; Q- , 311,

180 0936/ 0955 (15) [C,4H,,t; likewise reconcﬂable is C; H (ST, 25: 180.0969/.09 5], 165 0702/ 0728

£\ IY + flicnenass +1 122 1N1A NOTT DN I 1T 4+ 14+ _ QLIT1. inn tha nracanna AF D noalio Af alonilae
(10} lblaﬂg N uu01cuy1 Jy 1909.1VLR VT 1T (&V) [\/loﬂ13 s, 4L - OIj, i Wme pleCUbC Ul 4 pccum UL Millllidi
m/z, the program CMASS averages. - Anal. for C,,H,S, (378.6): caicd C 76.14, H 6.92, S 16.94; found

C 76.27, H6.87, S 16.90.

X-Ray Diffraction Analysis of 8a (Fig. 1, Table 2):33 Triclinic, space group P1, No.2. Unit cell di-
mensions: @ = 6.475(2), b = 10.983(2), ¢ 14.875(2) A o= 68.282(13)°, B = 87.25(2)°, ¥ =
88.28(2)°, volume 981.6(4) A3,z =2, D = 1.284 g/ml; F(000) = 404, T = 295(2) K, u(Mo-K ) =
0.276 mm-1. Data collection: CAD4 Diffractometer, colorless rod (.33 x .50 x .53 mm), mounted in a glass
capillary, cell constants from 25 centered reflexions. Mo-K, radiation, A = 0.71073 A graphite mono-

chromator, w - 2 © scan, scan width (0.90 + 0.45 tan Q\°, maximum meammmr time 60 sec, mten_51tv of

&V AV e TN 3 Lot Lo S LR G LV, Lo 9

three standard reflections checked every 2 h, © range 2.89 - 23.97° for all -k, +k, +/ reflexions, 3382 re-

N ~ o ol Tan o ~ ~ ~Aldo Ao Aa
IICXIU s m Cd.bul'w, .')U ID umquc, d.llu AIW Wll.ll 1 -~ 40“/ Structure sumuuu U_y tii€ saine metnoas as ae-
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Nanas -

scribed above. Final R1 = 0.0401 and wR2 = 0.1014 for 2740 reflexions with / > Zo(I) and 255 variables
and 2 restraints. Rl = 0.0462 and wR2 = 0.1172 for all data. Weight SHELXL-93, Maximum and mini-
mum of the final difference Fourier synthesis 0.379 and -0.350 eA-3. One of the phenyl groups is disorde-
red, and the signals are split in the ratio of 82:18.



Reaction with Thiofluorenone (6b): The reaction of 2.00 mmol of 4 with 2.20 mmol of 6b 36 follo-
wed the same protocol. The 1H NMR analysis revealed 60% of 7b (5 3.92, 5'-H,) and 18% of 8b (5 3.42,
2'-H,). After removal of the CDCl;, the residue was dissolved in 5 ml of CH,Cl,, and 5 ml of ethanol was
added. In 2 h at r.t. 330 mg (44 %) of 7b crystallized, mp 173-176°C. The mother liquor contained a ~ 1:1
mixture of 7b and 8b; the latter could not be obtained pure.

Dispiro{adamantane-2,5'-(1,3)-dithiolane-4'-9"-fluorene] (7b): IR (KBr): v 709 cm1 716, 720 st,
732 m (arom. CH out-of-plane deform.), 1413 st br, 1575 m br. - 1H NMR: 6 1.0 - 1.8 (m, 10 H), 2.25 -
262 (shr. A 302 (¢ 5'-H.) 7.0-80(m. &arom. H. - 13C NMR: adamantane sienals at § 26.4
. \o Uiy T ll}’ T o T Lt \n‘l, -7 112}, LAY ) V. ‘lll, U ERLIVIEE, ll}. s AVNAVIEN, Auallidilualnin ﬂlsllmﬂ ailw v ‘-U.-r,
NL € A7 12 M3 1.1.9 A LI 21 £ 120 12 200 /2 ¢« N.1 & MIT N\ M £ 1 Yo LAY N T OTITT A N 7~ A
£0.3, 37.5 (3 G, 11114, 4 Lnj, 33.G, 30.3, 36.5 I i, 21114, I LKy, 250 (i, U-2'), /2.7, 77.4 {25, U4,

C-5", 119.9, 126.6, 127.9, 128.2 (4 d, 8 arom. CH), 139.6, 145.7 (2 s, 4 arom. C ) - MS (100°C); m/z
(%): 376 (100) [M*1, 330 (7) [Cp3H,,S*, M+- CH,SI, 298 (50) [Cp3H,,", M- CH,S,], 210 (80)
[Ci4H (ST, 24b], 180 (70) [C, H (S, 25], 165 (30) [C,3Hg*, fluorenyl™]. - Anal. for C,,H,,S,

(376.6): caled C 76.54, H 6.42, S 17.03; found C 76.32, H 6.66, S 17.06.

Reaction with Thioxanthione (6¢): The same procedure gave a crude product, which contained 41%
of 7c (6 4.07, 2'-H,) and 34% of 8¢ ( 3.59, 5'-H,). After evaporation of the solvent, the residue was tritu-
rated with 2 ml of CHCly; 208 mg (25%) of 8¢ remained undissolved, mp 233-236°C. Methanol (3 ml) was
added to the mother liquor; within 10 min at r.t. 219 mg (27%) of 7¢ crystallized, mp 180-184°C. Both
isomers were purified by recrystallization.

Dispiro[adamantane-2,4'-(1,3)-dithiolane-§' 10"-thioxanthene] (7¢): Colorless leaflets, mp 183-

185°C, were obtained from CH,.Cl./methanol. - IR (KRr): v 717 r'm'l m, 758 st 7ﬂﬁ 789 (arom. out-of-
9 VWAV VUL 11VHL XRgRig) 1l aniiivs . ALS \SwFE g, 28 st 9, (e v, UL 941

wlana Aafavear Y 1NKEA 1NQLE 17 ;e 1441 1AL ot _ lu ARNRMD: 19 _ 0N fema 17O D28 _ D TR (2~ D LI

piane aeiorim. ), 1Ul4, 1U70, 12/U M, 1441, 1402 SU nINMR! 1.2 - 290N, le ), 2.33 - 2.75 (I, 2 ),

4 - Tr 12 » m

4.07 (s, 2'-H,), 7.0 - 7.2 (m, 6 arom. H), 8.32 - 8.62 (m, 2 arom. H). - *°C NMR: 6 of adamantane sig-

nals: 26.5, 26.7, 35.4 (3 d, 1:1:2, 4 CH), 34.1, 38.9, 39.6 (3 t, 2:2:1, 5 CH,); 30.8 (t, C-2'; increase of
Jo(13C,H) by 41%), 74.8, 81.9 (2 s, C-4', C-5"), 124.5, 124.8, 127.2, 135.3 (4 d, 8 arom. CH), 130.4,
134.7 2 s, 4 arom. C). - MS (110°C); m/z (%): 408 (20) [M*], 362 (45), [Co3H,,S,*, M*- CH,S], 330
(100) [CpsHyyST, M*- CH,S,], 242 (60) [C14H oS, +, M*- 1, 24c], 228 (10) [C 5H ¢S,*, 6c*], 196
(17) [C13HgS *], 180 (12) [C;{H ¢S, 251, 152 (10) [C,,Hg*, biphenylene], 78 (15) [CH,S,* ?]. - Anal.
for C,4H,,S; (408.6): caled. C 70.54, H 5.92, S 23.54; found C 70.36, H 6.01, S 23.53.

247724
Hwirnoprmlvwc nf' Tc: 250 mg {ﬂ 61 mmol) of 7e and ~ 3 g of fresh Ranev nickel (W7\37 were reflu-

xed in 30 ml of methanol for 15 h. Hot filtering, washing with 3 x 15 ml of hot methanol, concentrating,

and working up with waier/CH,Cl, furnished 168 mg (31 %) of 2-diphenyimethyladamantane (12) as co-
loriess needles, mp 138-140°C (ethanol). - 'H NMR: 8 1.3 - 2.2 (m, 14 H), 2.5 (d br, J = 12.0 Hz, 2-H),
4.12 (d, J = 12.0 Hz, benzyl-H), 7.0 - 7.4 (m, 2 C;Hy). - Anal. for C,3H,, (302.5): caled C 91.33, H

8.67; found C 91.34, H 8.59.

Dispiro[adamantane-2,2'-(1,3)-dithiolane-4',10''-thioxanthene] (8¢): mp 237-239°C (dec.) after
recrystallization from CHCl,. - IR (KBr): v 749 cm'! st, 1439 m, 1450 st. - 'H NMR: § 1.4 - 2.5 (m, 14
H), 359(s 5'-Hy), 7.0 - 7.5 (m, 6 arom. H), 8.1 - 8.3 (m, 2 arom. H). - 13C NMR: §26.8, 27.1, 41.4 (3

1:1:2, 4 CH), 36.7, 36.8, 37.8 3 t, 2:2:1, SCH_A\foradamantanesystem 44.2 (t, C-5"), 73.3, 77.1 (2
s, Ce2', C-4", 125.8
(140°C); m/z (%
lLMnma r- 31], 1§

2. 126,88, 128.8 (4 d. 8 arom. CH), 132.2. 138.1 (7 , 4 arom, C ), - MS

\7 Ny © i)y ALy a2 BA LM

S,*, 24c], 241 (13) [C14H982+], 210 (100)
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(408.6): caled C 70.54, H 5.92, S 23.54; found C 70.47, H 5.91, S 23.61.

Dispiro[(1,3)-dithiolane-2',2;4' ,2''-bis(adamantane)] (8d): Freshly sublimed adamantanethione 5
(1, 2.20 mmol) was used in the same procedure. The !H NMR analysis indicated 1.71 mmol (86%) of 8d (&
3.25, 5-H,); no other dithiolane was detectable. After removal of the solvent, trituration with 3 ml of etha-
nol afforded 525 mg (76%) of 8d as colorless crystals, mp 165-166°C (2-propanol). - IR (KBr): v 966 cm1,
1095, 1452 m; 2850, 3005 st (C-H). - 1H NMR: § 1.45 - 2.45 (m, 28 H), 3.25 (s, 5-H,). - 13C NMR: §

267 27.0,27.7. 382 42 8(6d 1-1:1:1:2:2 SCH) 34 8 ’lﬂﬂ’ 317.9 38
13

Ty T Tedvy - ~y Bedidedy U Ay SOy, JUWY

Q . g+,
(£ 3 L <, { t 1
6], 8 (100) [CioH,4S,*, 31; 13C 11.1/10.5, (34s+13C) 9. , 166 (18) [cmH S, 1
13C

]. - Anal. for C,Hy.S,

(,2) 0.9/0.9], 148 (14), 133 (21) [C,oH,5+, 17~ SH], 91 (12) (
(346.6). caled C 72.77, H 8.73, S 18.50; found C 72.44, H 8.93, S 18.53.

A
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2',2".,4" 4" -Tetramethyldispiro[adamantane-2,2'-(1,3)-dithiolane-4',3' '-cyclobutane]-1''-one

(8e): The reaction of 2.00 mmol of 4 with 2.20 mmol of 2,2,4,4-tetramethyl-3-thioxocyclobutanone 38 pro-
vided 80% of 8e (6 3.30, 5'-H,); no second dithiolane appeared. From ethanol crystallized 393 mg (58%)
of 8e, mp 128-129°C. - IR (KBr): ¥ 970 em-l, 1032, 1101, 1158, 1455, 1469 m; 1780 st (C=0). - !

NMR: 6 1.25 (s, 2 CHy), 1.35 (s, 2 CHj), 1.55 - 2.35 (m, 14 H), 3.30 (s, 5'~H2). - 13C NMR: § 19.4,
25.3 (2q, 4 CH,), 26.3, 26.5, 42.4 (3 d, 1:1:2, 4 CH), 36.6, 36.8, 37.7 (3 t, 2:2:1, 5 CH,), 41.9 (t,
C-5"), 63.2 (s, C-2'', C-4'"), 70.8, 75.2 (2 s, C-2, C-4"), 221.0 (s, C=O) - MS (60°C); m/z (%): 336
(14) [M*; 13C 3.0/3.1, (45+13Cy) 1.6/1.51, 266 (100

N e’

o+ 1+
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e vELLAR (Lt h AR LR A 28 L 5 5 2822 L] 2LAalUiv L4
mmanl} with 2 20 mmal nf mothyl Adithinarotate 39 nrmiched a crida nradnct which cantainad GA07 AF 1K (AD
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L 0 3.UZ, J2.3VU) Dy LA Wil UHOICUI CLIC Ihnzk,lz (0.4), 439D llg (44 70) O 10 WdS 001lAaInCU 45 4 CO-

lorless oil which crystallized from ethanol, mp 43-45°C. - IR (film): v 985 cm-1, 1072, 1098, 1350, 1388,

1420 m, 1450 st; 2854, 2912 vst (C-H). - 1H NMR: 6 1.5 - 2.3 (m, 14 H), superimposed by 1.82 (s, 4'-
CH,) and 2.17 (s, SCH,), 3.02, 3.30 (AB, 2] = 12.5 Hz, 5' -H,). - BC NMR: 6 19.5 (q, SCHj), 30.3 (q,
CH,;); the adamantane signals indicate chirality: 26.2, 26.5, 41.6, 42.6 (4 d, 4 CH), 36.0, 36.1, 36.4, 37.3,
37.7 (5 ¢, 5 CHy), 78.7 (s, C-2); 48.2 (t, C-5'), 69.3 (C-4"). - MS (30°C); m/z (%): 286 (18) [M+; 13C
3.0/3.1], 239 (100) [C;4H,¢S,*, M- SCH,], 198 (4) [C,(H,,S,*, 31], 181 (10) [C,,H,,S™], 167 (9),
166 (10) IC, J—I §+ 1+], 133 9) IC, ,\H + 1+- SH], 117 (11), 91 (20) [("..H..‘*] 79 (12), 73 (13), 59

ANt A | = N5 N==s

(7) [CH,5C —S"’]. Anal. for C\,H 2253 (286.5). caled C 58.68, H 7.74, S 33.58; found C 58.85, H 7.70,

C 117 AR
D JJI.2J,

g Y

Hydrogenolysis: 16 (250 mg, 0.87 mmol) and 3 g Raney nickel in 30 ml of ethanol were refluxed for
* (closed tube)

15 h. Workup, as described above, gave 98 mg (82%) of adamantane (13), mp 264-267°C
after recrystallization from ethanol; the 1H and 13C NMR spectra 40 established the identity.

Donntineg with Adaothu]l Nithinhonynnts 39 Tha I NMBR analucic indicatad §10 ~f 18 AR a+ 8§ 2 A8
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J.¥Y4) ana 4257 O1 1/ (AD dt 0 0.04, J./3). rFiA. Wil pCloiculn Clllcrl\,nz\_,lz (0.4) 1ursned 17o Iy



(28%) of pure 18 as the first fraction. The second fraction (245 mg, 15/17 1:6) was subjected to another se-
paration by PLC and yielded pure 17 as a colorless oil (162 mg, 23%) which solidified.
4'-Methylkthio-4'-phenylspiro[adamantane-2,5'-(1,3)-dithiolane] (15), mp 166-168°C (ethanol). -
IR (KBr): v 713 cml 722 st, 774, 792 m (CgH4 out-of-plane deform.), 1096 w; 1317 w, 1443 m (S-CH,),
1474, 1481 m (C4H; ring vibr.). - IH NMR: 6 0.6 - 2.8 (m, 14 H), superposed by 1.92 (s, SCH;); 3.45,
3.94 (AB, 2/ = 8.8 Hz, 2'-H,), 7.2-7.4,79-8.1Q2m, CgHy). - 13C NMR: 6 14.4 (q, SCH,); ada-
26.7,37.2,38.1(4d, 4 CH), 32.7,33.3,37.4,38.8, 41.4(5 t, 5§ CH,), 788 (s
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=3
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2
Q
f=]
=
(7]
]
(=}
“n

bbbt Sadide’ — st =3 3 hd y =~ ] b} AN b haginbey? 744 A\~
C-2y: 281 (¢ C2"Y 843 (C-4")Y 1279 1282. 1312 (3 4. § arom. CH), 1374 (5. arom. C ). - MS

b}, A \l, A ” Ve \\./ v ” & b I’ A dv D b’ Aot A o dw \J \l, o7 GAANSELLX \411}’ Lol 17T \D’ CLI\JiER,. L/ql. LVIHWD
FQONON\ . 2/ QLY. 2AQ /18 TAL4+T1 2ANT 1NN jo ¢ + W4 CMIT T N07T /11N I 1T © 41 AN O
WU L), TIVZ (). 540 (1J) i1 " ], JVI (1W) "18ﬂ21°2 s M7 - OUH,), 207 (11) [Ly900999 7 ], £/U (55)

[C gHyS*, M*- CH,S,], 255 (35) [C{;H ¢S*, 301 - CH,S], 223 (16), 180 (58) [C,H (ST, 25], 168
(10), 166 (10) [C,oH4S*, 17], 121 (51) [C{HsC=S+], 91 (29) [C,H,*1, 84 (13), 79 (13), 78 (8), 77
(12) [C¢Hs*]. - Anal. for C gH,,S, (348.6): caled C 65.46, H 6.94, S 27.60; found C 65.48, H 7.02, S
27.66.

Hydrogenolysis: The usual procedure with 65 mg (0.19 mmol) of 15 and 3 g Raney nickel in 20 ml of
methanol furnished 2-benzyladamantane (14, 36 mg, 84%), bp 135-136°C/0.7 mm.41 - 1H NMR: § 1.25 -
2.25 (m, 15 H), 2.71 (d, 3J = 7.5 Hz, benzylic CH,), 7.1 (s, CgHs). - MS (180°C); m/z (%): 226 (23)
00) IC. H. <1 91 (11 I'(‘..I—L'*'] - Anal. for C.-H,, (226 4): caled C 90.20, H 9.80; found

LR h ‘107715 » L R Uk Y hiaha i
C89.99, H 9 95.

4'-ﬁ«féi'[‘lﬁﬂﬁﬁ-s’%'-i‘:h“‘y}spii‘ﬁ{“t‘n“i‘ﬁiﬁmi‘n‘rz 2'-(1,3)-dithiolane] (17): mp 109-111°C (ethanol). -
IR (KBr): vV 690 cm-1, 705, 723 st (C¢H; out-of-plane deform.), 965, 1097 m; 1453 m, 1472, 1490 w

(arom. ring vibr.); 2852, 2912 vst (C-H). - THNMR: §1.5-2.5 (m, 14 H), 1.95 (s, SCH3), 3.64, 3.73
(AB, 2J = 12.5 Hz, 5' -H,), 7.0 - 7.6 (m, C4Hy). - 13C NMR: 6 15.5 (q, SCH,); adamantane system:
26.2, 26.4, 42.1, 42.3 (4 d, 4 CH), 36.3, 36.5, 2 x 36.7, 37.6 (5 t, 5 CH,), 75.5 (s, C-2); 47.3 (t, C-5"),
78.3 (s, C-4"), 2 x 127.5, 128.0 (3 d, 5 arom. CH), 142.1 (s, arom. C ) - MS (70°C); m/z (%): 348 (2.2)
[M*], 301 (71) [C,gH,,S,*, M*- SCH,], 198 (4), 179 (22) [C,;H .‘S‘*] 166 (12) [C,oH,,ST, 1], 150
(9), 135 (35), 121 (7) [C H -CES‘H 103 (10), 91 (24) fC.H-."‘] 79 (12), 77 (10) [C.H; ], 48 (89), 47

== = d 'D—— a3
(100) [CH,S*]. - Anal. for C,gH,,S, (348.6): calcd C 65.46, H 6.94, S 27.60; found C 65.25, H 6.89, S
3T £1

4' 4'-Bis(phenylthio)spire[adamantane-2; 2'-(1?3)-__i_!!ig!g__i (18): The gx_penment with 2.00 mmol

of 4 and 2.20 mmol o dzphenyl trithiocarbonate 42 gave 85% of 18 (s, & 3.12); no other dithiolane was
4°C. - IR (KBn): v

found. 488 Mg {55 %) Cl"y'S ' (P 3 CI“'!, 704, 754 st {CGHS
out-of-plane deform.), 933, 971, 1026, 1102 m; 1441, 1455, 1473 st, 1572, 1582 w (arom. ring vibr.). -
'H NMR: 6 1.50 - 2.25 (m, 14 H), 3.12 (s, 5'-H,), 7.0 - 7.75 (m, 2 C¢Hy). - 13C NMR: é 26.2, 26.4,
41.6 (3 d, 1:1:2, 4 CH), 36.1, 36.6, 37.6 3 t, 2:2:1, 5 CH,), 45.9 (t, C-5"), 80.0, 82.0 (2 5, C-2, C-4");
128.6, 129.5, 137.1 (3 d, 2:1:2, 10 arom. CH), 132.5 (s, 2 arom. Cy- - MS (120°C); m/z (%): 332 (26)
[CigHyoS3H, M*- CHgSH; 13C 5/7, (348+13C,) 4.0/4.5], 243 (9) [(C4HsS),CH*], 166 (10)
[CioH4ST, 171, 147 (5), 119 (5), 110 (100) [CgHSHT; (34S+13C,) 4.6/4.9], 109 (24) [CgH4S], 91
(15) [C;H, ], 84 (18), 77 (18) [C4Ht]. - Anal. for C,,H, S, (442.7): caled C 65.11, H 5.92, S 28.97;
found C 65.04, H 5.65, S 28.88.

Hydrogenolysis: 18 (442 mg, 1.00 mmol) and 5 g aney nickel in 30 m

fLDOFN L2 m '\ N NLAOLY L

usuai and gave 85 mg {(63%) of 13, mp 262-264°C (closed tube), identified as

'l
)

\
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Spiro[adamantane-2,3'-(1,3)-dithiolane]-2-thione (19): (a) 4 (208 mg, 1.00 mmol) in 200 ml (3.32
mol) of carbon disulfide were heated in a 40°C bath for 8 h, whereby the solution turned brick-red. After
evaporation of CS,, the 'H NMR analysis showed 89% of 19 (s 5 4.17) and no 22. PLC with
hexane/CH,Cl, afforded 210 mg (82%) of brick red needles, mp 108-110°C (tube put in bath at 100°C). -
IR (KBr): v 1010 cm-1 st, 1099, 1145, 1450 m; 2855, 2910 st (C-H). - 'H NMR: § 1.35 - 2.55 (m, 14 H),
4.17 (s, 5'-Hy). - 13C NMR: adamantane signals, & 26.3, 26.5, 39.6 (3 d, 1:1:2, 4 CH), 35.4, 36.4, 37.4
(3t, 2:2:1, 5 CH,), 84.2 (s, C-2); 55.9 (t, C-5'), 239.2 (s, C=S). - MS (60°C); m/z (%): 256 (100) [M+],

+

+ + M+
198 (25) [CyH S, %, 31], 180 (95) [C, H(S*, M*- CS,, 28], 166 (70) [C,(H S+, 1+], 133 (35)
[CioH3t, 1+- SH], 91 (76) [C,H, ], 78 (38). - Anal. for C,,H,¢S, (256.4): caled C 56.20, H 6.29, S
T 1 L£-_.. 1 gL N TY £ "™ o Ary ary
27,01, 10UNAd LU 00.£3, 1 0.04, d J/7.4/.

(b) 4,4'-Spirobis[adamantane-2''-spiro-2-(1,3)-dithiolane] (22): The thermolysis of 208 mg (1.00)
mmol of 4 was repeated in 5.0 ml (83 mmol) of CS,, and the IH NMR analysis indicated 41% of 19 and
40% of 22, the latter by the AB system at  3.42, 3.62. When the residue was dissolved in 5 ml of diethyl
ether, the 2:1 adduct (22, 72 mg, 33%) crystallized in several h at 5°C. From CH,Cl,/methanol came co-
lorless prisms of 22, mp 230-231°C. - IH NMR: § 1.45 - 2.50 (m, 28 H), 3.42, 3.62 (AB, 2J = 12.0 Hz,
5-H, + 5'-H,). - 13C NMR (CS,/CDCl,): adamantane, 6 26.6, 26.8, 41.4, 42.8 (4 d, 8 CH), 35.5, 36.1,
36.6, 37.8, 38.0(5¢, 10 (‘H-\ 77.1 (s, 2 C-2''; coincides with middle line of CDCl; and increase

gral); 48.2 (t, C-5/C-5"), 82 1 (s, C4 = C—4) - MS (140°C); m/z (%): 436 (41) [M*; 13C 11/13,
(34s+ 13n2) 8.6/8.81, 270 (21 [ [\.,131118.33 , M*- 1}, 238 (100) {C13H1852+, M*- 31; (34S+ Lz)
9.8/10.07, 198 (i1) [C,oH 4S,*, 31], 166 (46) [C,,H,,S*, 1], 133 (i6) [1*- SH], 104 (15), 91 (24)
[C;H;*]. - Anal. for C,3H,,S, (436.6): caled C 63.85, H 7.46, S 28.69; found C 63.48, H 7.33, S 29.34.

(c) Hydrogenolysis of 22: 1.00 mmol of 22 and 3 g of Raney nickel in 30 ml of ethanol reacted as be-
fore and afforded 128 mg (47%) of 13, mp 264-267°C (closed tube), identified as above.

(d) 4'-(2,4-Dinitrophenylthio)spiro[adamantane-2,2'-(1,3)-2H-dithiole] (20): 19 (128 mg, 0.050
mmol) in 10 ml of ethanol was reacted with 0.5 mmol of NaOH and 112 mg (0.50 mmol) of 2,4-dinitro-
chlorobenzene. After refluxing for 1.5 min, 175 mg (83%) of 20 crystallized as vellow needles, mp 207-

209°C (dec.; CH,Cly/ethanol). - IR (KBr): v 1339 cm-l, 1528 vst (NO,); 1450 w, 1586 vst (arom. ring
vibr. and C=C). - IH NMR: § 1.50 - 2.75 (m, 14 H), 6.62 (s, 5'-H), 7.65 (d, 3J = 9.4 Hz, 6''-H), 8.33
(dd, J = 9.4, 2.2 Hz, 5''-H), 8.97 (d, 4/ = 2.2 Hz, 3'"-H). - MS (150°C); m/z (%): 422 (100) [M+], 301

(10), 239 (9), 166 (25) [(.,101-1145*, i+], 119 (19), 105 (24), 91 (64), 86 (98), 84 (99). - Anal. for
C,gH;gN,0,S; (422.5): caled C 51.16, H 4.29, N 6.63, S 22.77; found C 50.88, H 4.34, N 6.48, S
23.03.

(e) 4 (0.50 mmol) and 130 mg (0.51 mmol) of 19 in 5 ml of cyclohexane were heated at 40°C for 8 h.
After evaporation and dissolving in CDCl,, the 'H NMR analysis with weight standard showed 81% of 22.

N-Phenylspirofadamantane-2,2'-(1,3)-dithiolane]-1'-imine (21): (a) 4 (416 mg, 2.00 mmol) in 5 ml
of freshly distilled phenyl isothiocyanate was stirred at 40°C (oil bath); the nitrometer indicated 47 ml of N,,
(94 %) after 5 h. The excess of the dipolarophile was distilled at 50-55°C/0.2 mm, and the residue subjected
to 'H NMR analysis (as- C,H,Cl, as standard); the integral of the s at & 4.05 showed 91% of 21. Trituration

of the residue with 4 ml of ethanol and storage at +5°C for 20 h afforded 443 mg (70%) of 21 as colorless
1

needles, mp 78-80°C. - IR (V“'). v 694 cm'l, 768 st (CgHg out-of-plane deform.); 1091, 1098 m; 1458,
. v olen Jy 1 .8t £ A NN - n ~N oy ~ O
1485 m, 1591 st (CgH; ring vibr.), 1631 vst (C=N). - *"H NMR: 6 1.57-2.00 (m, 10 H), 2.07 - 2.45 {(m,
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4 H), 4.05 (s, 5'-H,), 6. 7.37 (m, CgHy). - NMR: adamantane part, 6 26.3, 26.7, 40.0 (3 d, 1:1:2,

4 CH), 35.4, 36.3, 37.7 (3 t, 2:2:1, 5 CH,), 77.9 (s C-2); 43.3 (t, C-5'; LU (13C,H) by 34% increased),
120.0, 129.0 (2 d, 4 arom. H), 124.5 (d, 2 arom. H), 151.7 (s, arom. Cq), 172.6 (s, C=N). - MS (70°C);
m/z (%): 315 (86) [M*], 225 (9), 198 (22) [C,oH,S,, 31], 180 (46) [C, H S+, 25], 166 (22)
[CioH14ST, 17], 149 (66) [CgH,NS*], 133 (27) [CygH 3+, 1+- SH], 117 (100) [CgH,N+, M+- 31,
CeHs-N=C=CH,*; no 34§ peak], 91 (38) [C;H;*], 77 (43) [C¢H*]. - Anal. for C;gH, NS, (315.5):
caled C 68.52, H 6.71, N 4.44, S 20.33; found C 68.33, H 6.64, N 4.14, S 20.30.

TR 3 = 5 i
i
i

(b) 19 (165 mg, 0.64 mmol) in 4 m! of freshly distilled aniline was kept for 4 h at r.t. (smell of H,S).
After distillation of the excess of aniline at 0.1 mm, the crude 21 was recrystallized from ethanol: 118 mg

(58%) of the anil 21, mp 78-80°C, was obtained and identified by mixed mp and !H NMR spectrum.
Cycloadditions with Carbonyl Compounds and Imines

El Dhanecawlommivnladomantama Y 91 r A\ NP OPPS 'SP P T AP T ool
o "THCHYDPDII U] RUMIIIR IS &L '\I,JJ'UKII.tﬂlU“ﬂCj (J4&). 1K IC ction 0

of freshly distilled benzaldehyde, was carried out in 8 h at 40°C. The excess of aldehyde was distilled in va-
cuo and the 1H NMR-analysis indicated 90% of 32 (5 5.13). PLC (CH,Cl,/petroleum ether 3:7) afforded
470 mg (82%) of 32 as a colorless oil. IR (film): v 696 cm-!, 738, 764 (arom. CH out-of-plane deform.),
1070, 1080, 1104 st (C-O), 1453 st, 1468, 1490 (CcH; ring vibr.), 2858, 2905 st (C-H). - 1H NMR: § 1.5 -
2.0 (m, 10 H), 2.0 - 2.45 (m, 4 H), ABX at 2.90 (t, 4'-H,), 3.22 (dd, 4'-Hy), and 5.13 (dd, 5'-H) with
Jyas = Jyasp = 100Hz, Jp o = 4.7 Hz), 7.2 - 7.5 (m, CgHy). - MS (40°C); m/z (%): 286 (4)
[M+; 13C 0.84/0.79; (34S+13C;) 0.22/0.26], 180 (3) [25], 166 (1) [1+], 150 (20) [C,,H,,O*, 38], 136
(100) [CgHgS™; 37, R = CgHg; 13C 9/11; (34S+13C2) 4.8/5.6], 104 (27) [CgHgt, styrene*], 91 (15

nmol of 4 with 5 ml

[C,H,*1, 79 (18) [CaH, ™1, 78 (11) [CHg*1, 77 (10) [C4Hy ). - Anal. for C,gH,,08 (286.4): caled C
75.48, H 7.74, § 11.20; found C 75.40, H 7.76, § 11.05.

5'-Trichloromethylspiro[adamantane-2,2'-(1,3)-oxathiolane] (33): Chloral (2.10 mmol, freshly
prepared from chloral hydrate and distilled) was reacted with 2.00 mmol of 4 in 3 ml of abs. THF at 40°C
for 8 h. The 'H NMR integral at 4.69 indicated 1.82 mmol (91%) of 33. After removal of impurities by

PLC, 532 mg (81%) of 33 was isolated as a colorless oil. In a preceding experiment, chloral polymerized

LN, JIL 12 wao 208N a3 4 URARDIIas VIL. PASARALLE LAPLIAT

when it was used in excess as solvent. - IR (film): v 800 cm-1, 812 st (CCly), 1010, 1103 st (C-0). - TH
NMR: 61.5-2.0(m, 10 H), 2.0-2.5 (T 4 H), 3.20 (mc, AB of ABX, 4'-H,), 4.69 (dd + satellites, X

of ABX, 5'-H) with "AB ~ 11 Hz, JAX ~ 6 Hz, Jpx ~ 8 Hz. - MS (30°C): Of the four isotope peaks for Cl
(100:96:30.7:3.3 with increasing mass) the lowest is quoted; m/z (%): 326 (51) [M*], 291 (15) [M*- Cl],
209 (54) [M*- CCl,], 182 (95) [C,H¢S*; 13C 11.6/12.3; (34S+13C,) 4.9/5.8], 166 (5) [C,oH S+,
1+], 154 (32), 150 (100) [C,,H,,OF, 38], 133 (6) [1*- SH], 121 (17), 117 (8) [CCl;*], 91 (26)
[C;H,*]. - Anal. for C|3H;Cl,0S (327.7): caled C 47.64, H 5.23, S 9.79; found C 47.73, H 5.22, §
9.79.

s m e

Butyl Spiro[adamaniane-2,2'-(i,3)-oxathiolane]-5'-carboxylate (34). Butyl glyoxylate 43 (2.20
mmol) reacted with 2.00 mmol of 4 in 4 ml of abs. THF; the t at 6 4.69 analyzed for 98% of 34. PLC
(petroleum ether/acetone 95:5) gave 460 mg (74%) of a colorless oil which solidified, mp 35-37°C. - IR
(film): v 1103 ¢cm-1, 1149, 1195 st (C-0), 1734, 1761 st (C=0). - 'H NMR: § 0.82 (t, CH,), 1.1 - 2.5 (m,
18 H), 3.19 (pseudo-d, J4 5. = 6.5 Hz, 4'-H,), 4.12 (t, J = 6.4 Hz, OCH,), 4.71 (pseudo-t, J = 6.5 Hz,
5'-H). - MS (20-30°C); ;n/z (%): 310 (18) [M*; 13C 3.4/3.5], 209 (9) [M+*- CO,C Hyl, 166 (9)



(C-0); 1748 vst, 1765 m (C=0). - 'H NMR: 5 1.27 (t, 2 CH,), 1.5 - 2.7 (m, 14 H), 3.53 (s, 4'-H,),
4.15, 4.23 (2, diastereotopic OCH,). - MS (40-50°C); m/z (%): 354 (28) [M+1, 281 (100) [C,5H,,0,S*,
M+- CO,C,H; 13C 17/18; (345+13C,) 5.8/7.0], 204 (61) [CgH,,0,S*, M+*- adamantanone; 13C
5.4/6.5; (34S+13C,) 2.9/3.8], 166 (7) [1+], 158 (13) [C,H,,0,*], 150 (55) [C,,H,,0*, 38], 133 (8)
[1+- SHI, 91 (24) [C,H,*]. - Anal. for C gH,OsS (354.5): caled C 60.99, H 7.39, S 9.05; found C

60.80, H 7.27, § 9.03.

3'-Methyl-4'-phenylspiro[adamantane-2,2'-(1,3)-thiazolidine] (39). The N-benzylidenemethylamine
must be free of benzaldehyde, because the latter reacts much faster with 5. The aldimine was kept over
KOH pellets in THF solution containing an excess of methylamine for several days, then distilled over a 30
cm column under argon, and immediately used. 4 (2 mmol) in 5§ ml of N-benzylidenemethylamine was hea-
ted to 40°C for 8 h. After distilling the excess of dipolarophile in vacuo, the NMR analysis (5 4.68) re-
vealed 13% of 39. P1.C afforded a fraction wich c-rvq_zLIl zed from ethanol: 43 me (7%) of 39 mp 97-99. -

RIS v QISVRRAL & 1142V (R} T i) L3R ALY >
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4.68 (dd, J4 515 = 10.4 Hz, J, 55 = 6.6 Hz, 4'-H). - Anal. for C,gH)sNS (299.5): caled C 76.20, H
8.42, N 4.68, § 10.71; found: C 76.55, H 8.16, N 4.41, S 10.69.

=

3'-Phenylspiroladamantane-2,2'-(1,3)-thiazolidine]-4'-one (40): (a) 2.00 mmol of 4 and 10 ml o

o K EECAIVESEILL

freshly distilled phenyl isocyanate, magnetically stirred, were warmed to 40°C for 8 h (96% N,). The ex-
raca nf Ainalaranhila wae digtillad at N1 tAare (AN _hathY 14 A~AnlAd not ha nht -nwnrl mirma . ITD (Flan) e
OO UL UllJUJ.dlU ullb wad \.u.)uuw at V.1 il (v LvTuadly). ity qulU nut e vu 1CAL PUIC. PUAN \111“!} | 4
1 50N -1 i '7al Fa Yy o BEEE § 2 1YY RTRATY. © 7 A7 /- £t TT PR | PR B A | A DN g [ S |
oy cdm* Stor (L=uU o0r .=N). - * NIVIIK. 0 J.77 (,.)- 2), &md.llCl'bdl_)Dl,‘L!fU € unexpiaineda. -
9 13C 3 34 C 6 (13) [no S, M+- SH; 13C

MS (40°C); m/z (%): 299 (19) [M+; 13C 3.8/4.1; (
2.5/2.5], 225 (26), 180 (32) [C|,H,(S T, 25], 176 (33), 151 (82) [C10H150+], 150
167 (11), 166 (9), 133 (11), 104 (21), 93 (41) [CgHsNH, ], 91 (37) [C;H,; *].

(b) When 150 mg of the crude product was dissolved in 2 ml of ethanol, 130 mg precipitated in 5 min
and was recrystallized from ethanol: 93 mg (54%), mp 157-159°C. - IR (KBr): v 1727 cm! st br (C=0),
3345 w (N-H). - 'TH NMR: 6 1.17 (t, J = 7.0 Hz, CH,), 1.4 - 2.4 (m, 14 H), 3.32 (s, SCH,), 3.55 (q, J
= 7.0 Hz, CH, of ethoxy), 6.9 - 7.6 (m, C_H.). - MS (120°C); m/z (%): 345 (0.2) [M+*], 299 (2) [M+-

L, LIk O 821 ~505

C,H,OH], 179 (100) [no S peak, C,H,g0*; 3C 13/15], 151 (27) [C,oH,s0*1, 150 (8) [CyoH,0%,

~

100) [C,H,,0*, 38],

a3 FON M TT ATTY -l-'l n| £ON Iy LY -l-'! N 70y 1T O\ I LT 41 Annl £~ o AnlaAd
Jﬂj, 7‘) ) |_L.6 Sl‘ﬂz I 7L \0) lb7ﬂ7 Iy 17 40), 11 (U} [\.,6“5 " §. - Alldl. 10T \/2011271VU20 \J"’J J} “adily
C 69.52, H 7.88, N 4.05, S 9.28; found: C 65.31, H 7.80, N 3.94, § 9.32. In accordance with the struc-
ture of an acetal, the specimen was converted to adamantanone 2,4-dinitrophenylhydrazone, mp 214-217°C

(ethanol), mixed m.p. with authentic material.
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