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In the foregoing papers (2,3), it was reported that dialkylamino-
alkyl S-alkyl xanthates thermally rearrange to dialkylaminoalkyl
alkyl dithiolcarbonates with or without shift of the dialkylamino
group. The general feature of the rearrangement is that it requires
antiparallel coplanarity of the xanthate group with the dialkylamino
group, where the latter group can anchimerically work on the carbon
atom holding the former. The reaction mechanism was discussed and
interpreted in » manner as proceeding through a transition state
formulated as Ig (3). As far as the steric requirement is satis-
factory, the rearrangement occurs regardless of in aliphatic, ali-
cyclic (2,3) and heteroalicyclic (4) fields. As have been prelimi-
narily reported (2), this aspect suggests that the rearrangement may
be expanded into xanthates, thionocarboxylates, thionocarbamates and
imidates which involve in neighbourhood of the ester function an
anchimeric group such as the alkylthio group and the olefinic double
bond. Thus, the present report concerns thermal treatments of esters
which are well qualified for the requirement of the rearrangement.
Tables 1~v5 show compounds treated and products (5) formed.

Of dialkylaminoalkyl thionobenzoates (Table 1), dialkylaminoalkyl w,
N-dimethylthionocarbamates (Table 2) and methylthioalkyl S-mephyl
xanthates (Table 3), all the compounds treated underwent transforma-
tion to thiol esters. Particularly, it should be noted that pairs of
position isomers were converted to the same transformation product

respectively and the rearrangement occured acrompanyins racemization
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TABLE 1. ROgcsHs R qgc6H5

Material A Product

R °C/mm RY

\ N . a
(CQHS,QN(CHQ)z— 1%8/2 R
(CHz):N(CHp)5- 280 R
[:::[N(CH3)2 [ DL-trans] 175/42 R
{ (-)trans] 163/3% DL-R

(CHE)ENCHZCH(CHB)- [ 1] 142/1.5% (cuz)2N04(CH3)CHz- [or]

(CHz )pNCH(CHz )CHp- [ DL] 132/2%
(CHz)oNCHCH(CgHs )~ [DL] 200
(CHz )pNCH(Cgl5 )CHp= [DL] 200

R
R

(CHK)ZNCHQCH(06H5)- {on]

TABLE 2. Rogr(cng)z A R'SQN(CH3)2
——
0
(02H5;2N(C¥2)2— 180 R
N\
0 N(ZHp),- 200 R

< M(oHp)o- 200
E::I~(cnz)2 [ DT.~trans] 200

(Cug)piiCHpCE(CHz )~ [ DL] 200
(CHK)ZNCH(CHB)CH2- [or] 200

R

(Cii5) MG 1(Citg)CHp= [D1]
R

[::[scu3 200 R
TABLE 3. ROGSCH3z R'SECHS
S o
CHzSCHCHp- 114/8%
140/4®

[:::[scn3 [ DL-trans]

CH35CE,CH(CHz )~ [DL]
CH35CN(CHz )CHp- [ DL]

148/20%

148/20%

Cilg3CH(CH3 )CHy~ [pn])

R

N2.31

Yield

85
76

78
86

76
74

48
76

74
71
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TABLE 4. ROGC6HS A R'gcocsas
NCgHj > ¢g 5
Material Product vield
R °C/mm R! %
(CHg ) NCHpCHp~ R 59
(Cgllg ) oNCH,CH(CHz ) - {n1] (CZHS)ZNCHZCH(CH5)- {or]
250~ A0 ~
or 270 + b
(CoHs ) pNCE(CH3 )CH, - Lor] (02H5)2NCH(CH3)CH2- [pL]
TABLE 5. ROgSCH3 A R'sgsCH3
1 CaC-C= 57/32 R 82
2 Cc=C-¢-C 86/1% C-C=C-C~ 63
3 C-C=C-C- 16/5.5% C=C-C-C 59
4 C-CuC-G-C 79/2.5% R 58
5 C=CaC-C-C-C 92/3% C-C~C=C-C-C 69
6 cac-c- 69/32 O36-cat 73
]
7 Q— 95/3% R 33

8 O-c.:-c 108/1.5% Q-c-c 60
9 Qc-o- 118/2.5% O(C’C 61
10 @-c=c-c- 150 R -

11 ©c=c ~g-C 190 elimination® -
a
12 g)c=c-<|: -C 170 elimination -

Table 1~5 a. vac. distilled at the temperature. be. Weight ratio
=about 2:3., c¢. Product: l~phenylbutadiene. d. Polymerization
product with no sulphur atom probably resulted from lyl-dimethyl-

butadiene.

in the treatment of (~)trans-2-dimethylaminocyclohexyl thionobenzoate
(Table l). These observations tell us that the results parallel
those reported earlier in the study of dialkylaminoalkyl S-methyl
xanthates (2,3) and therefore  pathways might be closely related each
other thus indicating that an intermediate in each can be commonly

represented by the general formula (I). Previously Tordwell (6
y
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H
A 8. A=RpN, X=CH3S | Y5 H A H
Nelt et b. A=RoN X=CgH Yas NN,
/3 oM T 2N, 615, ? t I
\i“/ c. A=CH3S,  X=CHzS, Y=5 s\\ A
d.  A=R,N X=Cgls, Y=CgHeN gcn5

reported that DL-trans-2-p-tolylthiocyclohexyl S-methyl xanthate
suffered cis-elimination by pyrolysis along the Chugaev reaction
behaving against the case of the methylthio analogue in the present
study. This will be because the p-tolylthio group is not so anchi-
merically powerful to assist the rearrangement as the methylthio
group is.

Thermal rearrangement of imidates to amides (the Chapman re-
arrangement (7)) has been widely studied. However,K it is known that
of alkyl imidates’ the rearrangement occurs only when alkyl is methyl
(e). T> examine the neighbouring group effect for the rearrangement,
alkyl inidates in which the alkyl gronup contains the dialkylamino
function were submitted to pyrolysis. Thus 2-diethylaminocethyl N-
phenyl “enzimidate was converted to the corresponding amide. And
also pyrolysis of a pair of position isomers the 2-diethylamino-
propyl and the 2~diethylaminoisopropyl esters’ equally gave a mixture
of N-2-diethylaminopropyl and N-2-diethylaminoisopropyl N-phenylbenz-
amides, presumably suggesting that the reactiondg proceeded through
Id in analogy with the cases of thionic acid esters. See Table 4.

Rearrengements of allylic thiocyanates (9), thionobenzoates (10)
and thicnocarbonates (11) have been investigated from a viewpoint of
allylic shift. These species also fall into the category which is
discussed here. Hence’ allylic xanthates which have been left for
close examination were submitted %o thermal treatment. As be shown
in Table 5’ compounds 1~9 transformed to dithiolcarbonates accompany-
ing allylic shift (12). Of those,k a pair of position isomers,
compounds 2 and 3, did not transform to a same product but to cross-
wise products with allylic shift respectively. This attitude in the
formation of products suggests that the transformation occurs most
likely tarough a type of cyclic intermediate (II) (Syi'), as P.A.S.
Smith et al (9) and S.G.Smith (10) pointed out in the kinetical
studies of allylic thiocyasnates and thionobenzoates. On the other
hand  conpound 10 suffered transformation of the xanthate group on

the carbon atom to which it attaches and compound 11 did elimination
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to give l-phenylbutadiene. These results may follow from a reason
that stabilization of the olefinic double bond by conjugation with
the benzene nucleus disturbed allylic shift in the two compounds.
Thus  the conjugation assisted the development of another conjugate
double bond in compound 11 and the Syi-like transformation in compound
10 which is not reliable to elimination because an energically unfs-
vourable allene derivative would be resulted. Compound 12 also
suffered elimination of the xanthate group. This may be interpreted
by a speculation that allylic shift to a branched carbon atom is less
favourable than elimination which stabilizes the transition state by

development of conjugation of double bonds.

C\ c\ c\
/?-C-C—C CuC~CuC CnC-C=C
c ¢ X / ! > ¢

SCSCH c OCSCH

3 3
allylic shift 12 elimination

c\ c\ C\

C-C=C C-C-? CuC=C
C/l ¢ c, ¢’

SSSCH3 O§SCH3

6.9
’

However, as stated above, compounds 6 and 9 which are analogous
with compound 12 in the structure relationship underwent allylic
shift. The cases may be explained by considering that allylic shift
preferred to elimination because the formation of allene derivatives
from compounds 6 and 9 as results of elimination would be energically
unfavourable. But it should be stated that the mechanistic discuss-
ion given for the behaviours of allylic xanthates is no more than a
passing attempt at the present stage of the study. ﬁnlike the examples
where the dialkylamino group plays anchimerically as an inducer of
the rearrangement as have been shown hitherto, there are cases where
the group works as a basic catalyst for elimination when it situates
unfavourably for the steric requirement of the rearrangement. The
previous paper (2) reported that pyrolysis of DL-cig-2~dimethylamino-
cyclohexyl S-methyl xanthate (IIla) caused trans-elimination to give
cyclohexanone through l-dimethylaminocyclohexene and the cause was
explaired in a sense that the reaction was catalyzed by the basic di-
methylamino group. The present study also offered an associate of

the example by revealing that DL-gig-2-dimethylaminocyclohexyl thio-
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nobenzoate (IIIb) suffered trans-elimination to give the same product
J Ho0
Q—N(GH3)2 2 O-o + (CHz)oNH
(cH3)2 5

III &. XaCH3S b X=Cglg

as the case of IIIa. The finding must be a warning to the Chugaev
reaction rule when it is applied to conformational analysis of &

molecule involving a basic function.
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