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THE STEREOCHEMISTRY AND REACTIVITY OF 
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REACTIVITY OF THE DOUBLE BOND IN AWYCLOHEXENE AND 

A’-OCTALIN DERIVATIVES RELATIVE TO THEIR 

CONFORMATIONS’** 

G. P. KUGATOVA-SHEMYAKINA, G. M. NIKOLAEV and V. M. ANDRRRV 
Z&sky Institute of Organic Chemistry of the Academy of sciencea, Moscow, USSR 

(Receitwd 16 /me 1966 ; occep:ed for publicorion 17 Ocro&r 1966) 

Abstract-A study of the double bond reactivity in A+yclohcxcm derivatives with OIK polar substit- 
ucnt in the side chain and MC subetitucnts in the ring has shown that the preferred conformation for 
these compounds, independent of their stereochemistry, has the polar group axial, giving rise to 
supra-annular interaction. Such interaction dcaea~~ the nuckophilicity of the ring doubk bond. 
A similar study of A*-octalin-1.2-dicarboxylic acids and their esters has shown that in contrast to 
the reported conformational assignments the preferred conformations, even for the rruns derivatives 
are those with the polar substitucnts in diaxial position. 

EARLIER it was shown that the CO group of carbonylic Akyclohexene derivatives (I) 
is less prone to take part in nucleophilic addition reactions than the CO of the corre- 
sponding AQyclohexcne (II) and cyclohexane (III) analogs.1*4*5 

I II III 

The underlying cause of such diminished activity of compounds I is stereochemical 
in origin. These compounds are preferentially in the fixed conformation IV with an 
axial CO close enough to the ring double bond to give rise to intramolecular inter- 
action between the n-electrons of the latter and the electrophilic carbon of the former.6 
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’ Part I. G. P. KugatovaSbcmyakina and Yu. A. Gvchinnikov. Trrr&dron 18, 697 (1962). 
’ Part II, G. P. Kugatova-Shcmyakina, V. M. Andreev and S. A. Kamryan, Zlr. 0%. film. 2, 

2665 (1966). 
a I N. Naxarov. V. F. Kucherov and V. M. Andruv, Izv. Akad. Nauk SSSR. O~del. Khh. NaJ( 

715. 817 (19S6). 
l G. P. Kugtova-Shcmyakina. Abstracrs of wqress hctures and scienf~jicpqxrs (XIX-th JUPAC). 

Rbsfrucrs A.149, (1963). 
’ G. P. KugatovaShcmyakina and G. M. Nikolacv, Infrrmfional s~mposkon on rhe Ctirry of 

Narural ProaUs. Absrracfs E24S, Kyoto (1964). 
@ We have called the intramolecular exduqe interaction WC obscnad in A’cyclohexenic and 

A4-octalinic systems the supra-annular ctfcct’ in distinction to the well known rraar-annular’ 
and field effects described by H. Kwart and L. J. Miller.’ 
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The chemical data previously obtained led to the conclusion that firstly, the 
supra-annular effect should be present whenever an unsaturated compound has an 
electrophilic center and the molecular geometry allows this center to come sufficiently 
close to the double bond and, secondly, the supra-annular interaction can modify the 
reactivity not only of the CO, but also of the ring double bond. In extension of these 
findings the present study is devoted to a more quantitative assessment of the effect 
of supra-annular interaction on the double bond reactivity. 

Compounds with varying electrophilicity of the functional groups in position 
I(a<) and with varying numbers and positions of the ring methyls (V-VIII) were 
chosen for investigation. 

MC MC 
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V VI VII VIII 

Va: Ri:CHO Via: R .J CHO Vlla: R CHO Vlllb: R -. AC 
Vb: R z AC Vlb: R-AC VIIb: R - NO* VIIIc: R COOMe 
Vc: R = COOMe Vlc: R. .COOMc VIIc: R : COOMe VIIId: R L NO, 
Vd: R.-Me VId: R-Me VIIIe: R CH(OMe), 
Ve: R = CH(OMe), Vie: R .n CH(OMc), VIIIa: R - CHO VIIIf: R - Me 

Although most of the compounds had been synthesized previously,g-le they were 
all mixtures of the cis and rra)t~ isomerP and therefore, the individual stereoisomers 
had to be isolated and then configurations determined. The separation was achieved 

IX X XI XII 

’ A. C. Cope, M. M. Martin and M. A. McKcrvey, Qaurr. &us 20, 119 (1966). 
@ H. Kwart and L. J. Milkr, /. Am. Ch. Sot. 83.4552 (1961). 
* I. N. Nararov. G. P. Kugatova and G. A. LaumyanskaJ. Zh. Obshch. Khim. 27, 2450 (1957). 

lo I. N. Nazarov, G. P. Kugatova and V. V. Mozolis, Zh. Obshch. Khim. 27.2635 (1957). 
I1 G. P. Kugatova, G. A. Laumyanskas. V. V. Mozolh and P. I. Stcponavichyus. Problcmr in the 

Chemistry of Tcrpenes and Terpenoids. p. 27. Papers prcscntcd IO the All-Union conference, 
Vilnus (1958). 

ia A. A. Pctrov and N. P. Sopov, Zh. Obshch. Khim. 22, S91 (1952). 
ig A. A. Pctrov and N. P. Sopov. Zh. Obshch. Khim. 27, 1795 (1957). 
I’ A. A. Pctrov and N. P. Sopov. Zh. Obshch. Khim. 17, 1295 (1947). 
I’ W. H. Carothers and A. Collins, US Pat. 1967862 (1934). 
I@ D. S. Noycc and H. J. Weingartcn. 1. Am. Chem. Sot. 79.3093 (1957). 
I’ I. N. Nazarov, Yu. A. Tifov and A. I. Ku7ncrsova, fro. Akad. Nat& SSSR. O&I. Khim. Nauk. 

887 (1960). 
i’ A. A. Dudinskaya, G. A. Shvekhgcimcr and S. S. Novikov, Irv. Acad. Nauk SSSR. 01&l Khim. 

Nauk 522. 524 (]%I). 
*’ An exception is the ketone VILIb which WC have synthesized for the first time. This compound is 

obtained in practically pure rram -from form XI% 
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XIII XIV xv 

Xllla: R ‘. CHO XIVa: R = CHO XVa: R = CHO 
XIIIb: R = AC XIVb: R -a AC XVc: R = COOMe 
XIIlc: R _ COOMc XIVc: R = COOCH, XVe: R ‘3 COOH 
XIIId: R -. NO, XIVd: R = NO, 
XIIIe: R COOH XIVe: R -- COOH 

by preparative GLP and, in the case of the aldehydcs, by fractional crystallization 
of their derivatives. The stereochemical purity of the substances was checked by 
GLC and TLC. The configurations of the isomers were determined by NMR spectra 
and chemically, by stereoselective synthesis to compounds of known configuration, as 
well as by application of the acetone rule ‘**i which, from the results ofthecondensation 
of acctonc with Wcyclohexene aldehydes allows unambiguous determination of the 
configuration of both the latter and their reaction products (set the following com- 
munications). 

It should be mentioned that the adduct Vllld obtained by condensation of 
piperylene and I-nitropropylene had earlier been described as an ortho and mera 
isomeric mixture.= Actually, the condensation yields a mixture of cis-rrurts-XIIId 
and rruns-rranr-XIVd orrho adducts, where configurations were vigorously proved 
by NMR spectroscopy. The structures of these compounds were confirmed by 

Mc Me 

XVI XVII 

catalytic hydrogenation to XVI and XVII followed by Nef transformation to the 
corresponding 2,6dimethylcyclohexanones,~ which were identified by their semi- 
carbazones.“.?b 

The degree of the supra-annular induced double bond deactivation can be estimated 
by the extent of dithiocyanogen uptake, a reaction that has found wide application in 
quantitative determination of double bonds.W*n 

” The authors wish to express their acknowkdgemcnt to V. A. Vaver and A. N. Ushakov of the 
Institute for Chemistry of Natural Products, USSR Academy of Sciences for use of their chroma- 
tograph and for their aid in the isolation of the individual isomers. 

** G. P. Shcrnyakina, Doctor’s Theses. Institute of Organic Chanistry. USSR, Acad. Sci. Moscow 
(1961). 

n A. A. Dudinskaya. S. S. Novikov and G. A. Shvekhgeimer, IN. Akad. Nuuk SSSR. Otdcl. Khim. 
Nuuk. 2024 (IWS). 

p W. Wildman and R. Wildman. J. 01x. Chcm. 17, 581 (1952). 
u M. A. Halkr. C.R. Rcud. Sci.. Puris 157, 179 (1913). 
y R. Trave and L. Garanti, Rend. LI. Lombard0 Scl. PI. I, C&sse Sci. nnz~. c Nor. 94.405 (1960). 
m A. A. Znov’cv, Khimiyo zhiroo (77~ chemistry of Furs) pp. 48, 234. Pishchcpromizdat. M.-L. 

(1939). 
n A. A. Bugorkova, L. N. Pctrova and B. M. Rodionov. Zh. Obshch. Khim. 23, 1808. 1813, 1822 

(1953). 
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It seemed quite feasible to assume that for compounds with the alkyl group cis to 
the electrophilic substituent (X, XII, XIII, XV), the confirmed conformation would 
be such that the latter is axial, making possible the existence of the supra-annular 
effect. On the other hand, the preferred conformation for the trun.r isomers IX, XI 
and even more so for the trans-trons isomers XlVad, because of possible mefa 

TABLE 1. TtitKYANAnON OF ~‘-CYCLOHEXENC ISOMW 

Compound 7; Thiocyanation Compound % Thiocyanation 
--- -. ___ 

‘- 
.--. _-_ 

IX 67 XIIld 0 

XI 65 XIVd 0 
IX + x (2:l) 64 

XlVh 59 XIII + XWd (I : 1) 0 

Compound “/, Thiocyanation Compound 7: Thicxyanation 
-.--.. _ -_-.---._--_.. - 

XUIC 65 XIVC 13 
?U.IIC 64 XVa 32 
XIVa 51 XVb 57 
XIVC 76 xvc 48 

diaxial interaction, should be that of IVa rather than IV, making the supra-annular 
e&t impossible. In view of this, we carried out the thiocyanation, first of the 
individual isomers and then of the mixtures .ss Actually the preferred conformation 
for both cis and rrans isomers turned out to be IV with axial electrophilic substituent 
(Table l), so that in contrast to monocyclic compounds with two polar substituents 
XVIII, XIX,* deactivation of the double bond in monocyclic compounds with a 
single polar substituent VI, VII is practically independent of the stereochemistry. 

XVIII XIX 

However, the double bond reactivity becomes configuration-dependent in the presence 
of a second orfho substituent on the AQyclohexenering(compds. XIII-XV; Table la). 
This could be due to possible meradiaxial interaction of the alkyl groups, absent in 
cis-front-XIII and rtons-c&XV isomers. 

The thiocyanation data clearly reflect the degree of deactivation by electrophilic 
substituents of the Aa bond in the series VIIIa< (Table 2), showing the applicability of 
this reaction for evaluating the strength of the supra-annular effect. 

It is noteworthy that for the same degree of electrophilicity of the I-substituent 
the double bond reactivity depends on the amount and position of the alkyl groups 
adjacent to this substituent. For instance, the ease of thiocyanation decreases on 
passing from the unsubstituted ketone Vb or aldehyde Va to the disubstituted ketone 
o ‘Thiocyanation was carried out with a solution of (!SCN), in a 1:2 AcOH4Cl, mixture at - 10” 

for 5 min. 
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Compound 
VIIIf: VI&: VIIIb: VUIa: MIId 

R - Me R = COOMe R = AC R - CHO R-NO, 

Thiocyanation 92 71 59 51 0 

TAFU 3. TIUOCYANATION OF Akxux~~~h.tc compounds 
(V-VIII) 

Compound “/: Tbiocyanation 
___~_____ _.._ 

Va: R = CHO 72 
Via : R = CHO 58 
VIIa: R = CHO 68 
VIIIa: R - CHO 51 
Vb: R = AC 81 
VIb: R-AC 66 
VIIIb: R .-l AC 59 

Compound % Thiocyanation 
-. -_-_-. 

vc: R - COOMe 65 
VIc: R - COOMc 64 
WC: R = COOMe 65 
VIIIc: R - COOMe 71 
VIIb: R = NO, 5 
VIIId: R .J SO, 0 
VIIIf: R 7 MC 92 

VlIIb or aldehyde VIIIa, remaining greater, however, for the ketones than for the 
aldehydes. Such change in thiocyanation reactivity also occurs with the nitro 
adducts Vllb and VIIId, but is almost absent in the esters Vc-VIIIc. The lower 
degree of double bond deactivation among the non-alkylated and monoalkylated 
adducts as compared to their dialkylated homologs is apparently due to decreased 
stability of type IV conformations in the former. 

Another way of assessing the A*-bond deactivation is to determine the ability of 
the compounds to undergo ally1 bromination ED by bromosuccinimide and the exchange 
ability of the allylic bromine in compounds such as XXa-e. 

MC XXa: R-Me MC 
R XXb: R = COOMe I 

XXc: R r- CHO NO, 

XXd: R = CH(OMc), 
XXc: R - NO, 

Me Me 

MC 

cr SO, 

MC 

Br er 
xx XXI XXII 

For instance, whereas the N-bromosuccinimide bromination of hydrocarbon 
VIIIf proceeds with evolution of heat and is complete in 15-20 min. bromination of 
the aldehyde VIIIa requires heating and of the nitro adduct VIIId in the absence of 
initiator occurs with considerable difficulty. 

Bromosuccinimide treatment of the individual isomers XIIId and XIVd yielded the 
corresponding nitrobromides XXI and XXII with greatly differing mobility of the 
bromine atom. Thus, on treatment with potassium acetate in glacial acetic acid 
(IO@, 4 hr) the nitrobromide XXII readily exchanges its bromine for OAc whereas 
in the bromide XXI such exchange does not take place even under more drastic con- 
ditions (IOU’, 12 hr), the latter being recovered unchanged after treatment.31 

m G. P. Kugatova-Shcmyakina and V. V. Lutsenko, Trud’ Akod. Nauk Litovskoi SSR Series B, 
1(21), 165 (1960). 

w G. P. Kugatova-Shcmyakina and V. V. Lurs~nko. Ire. Akad. Nauk SSSR, Of&I. Khim. Nauk 
1429 (1964). 

al This is apparently bccau.u the nitro group in the bromide XXI is apparently axial. 
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The strength of the supra-annular effect may therefore also be estimated by the 
ease of allylic bromine acetoxy exchange. Indeed on acetolysis under the conditions 
indicated in Table 4, the bromide XXe, i.e. the compound with the strongest supra- 
annular effect either does not undergo substitution or only to the extent of 3-S%. 
whereas the bromide XXa with no supra-annular interaction, undergoes exchange 
to the extent of 4&55x.= As was to be expected, the rate of bromine exchange in 
compounds XXb-d lies between that for the bromides XXa and XXe. 

TABLE 4. EXCHANGE OF BR~WW R)R OAc (r~ 7.) IN SHE 

~‘-CYCUWEXENJl DEIUVATIVEJ mxa+) 

1 Compound 

Rcactio>\ XXa: XXb: Xxc: XXd: xxe: 
Conditions’\ R = Me, R = COOMe R - CHO R - CH(OMc)* R 0 NO, 
2MAcOKin\ 
glacial AcOH 1~ - _... ~. ._ _~ __ --.. 

2d’ 
-~ 

I hr. 40” 37 25 23 0 
1 hr. 60” 46 37 34 33 0 
1 hr. 80” 70 58 53 46 3 

2.5 hr. 80” 85 79 57 56 5 

The same regularity is observed in the exchange of allylic bromine for hydroxyl 
in the compounds XXa,c,d (Table 5). although here there is a certain 1evelIing in 
the bromine reactivity. This is apparently due to the anionic reageot OH- which may 
lower the stability of type IV conformations during attack on the CO carbon of 
aldehydes and esters.= 

TABLE 5. E~CWNGE OF BROWNE R)R OH (IS %) IN THE 
A’-CYCUWEXENE DERIVATIVE3 xx 

\ Compound \ 

React idi\ (XXa): R - Me (XXc): R = CHO (XXd): R - CH(OMe), 
conditions \ 
7%KOH \ 
in 80% CH,OH ‘\,, _- _~ --- - - _ - . _-. _. ___ _ 

24 hr. 17” 55 45 42 
1 hr, 60” 64 50 45 

2.5 hr. 60 71 57 50 

In view of the peculiar behaviour of the allylic bromine due to deactivation of the 
double bond, the-reactivity of 
XXIII-XXV was investigated. 

MC 

/‘\’ 

/ L/J 
Cl - 

XXIII 

the vinyl halogen in the A*+ohexene derivatives 

CHO NO, 
1’ 

0 I ’ / \ 
Cl Cl MC 

XXIV XXV 

‘* The degree of bromine exchange is determined by the amount of potassium bromide formed, 
which is separated and titrated with O.IN AgNO,. 

a* The catalytic hydrogenation of the double bond, as expcctcd, cccurs with greater case in the case 
of the aatal VIlIe than of the corresponding ester VIIIc or aldchydc VIIIa.* 
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It is well known that the chlorine of vinyl chloride is practically inert and does 
not take part in exchange reactions. In compounds manifesting the supra-annular 
effect, the double bond halogen acquires a certain mobility’ (Table 6). 

TABI.F. 6. EXCNANG~ OF c! H)R Ok (IN %) IN 

A’-c~c~otr~~mrc DERWA~WS 
\ 

\ 
Compound 

Reaction \ XXIII XXIV xxv 
Conditions:\, 
2MArOKin \ 
glacialAcOH,80”\ - -. 

28 hrs. 0 6 ‘29’- 

Extending these observations, the relative reactivity was determined of the 
individual stereoisomers of bi-functional AGctaline derivatives XXVI-XXIX 
because Kucherov er 01. ascribed to the rrons-isomers XXVII and XXIX the con- 
formation with diquatorial substituents.’ 

XXVI XXVII XXVIII XXIX 

XXVIa: R 7 COOMe; XXVIIa: R - CoOlbIg; XXVIIIa: R = COOMe; XXIXa: R 3 COOMe; 
XXVlb: R - COOH; XXVIIb: R 1 COOH; XXVIIIb: R ‘7 COOH; XXIXb: R = COOH 
XXVIc: R .- Me; XXVIIIc: R :- Me: 

The syn-cis-XXVIc and anri-rrunr-XXVIlIc 1,2dimethyld’-octalines were 
synthesized as model compounds for NMR peak assignments and also for com- 
parative characterization of the double bond, according to the following scheme: 

XXVIa 

XXVIIIa 

LAH reduction of the esters XXVIa and XXVIIIa yielded the corresponding 
glycols XXX and XxX11. Attempts to obtain their tosylates were unsuccessful: 
the tosylate XXX1 (R = OTs) could not be isolated, whereas compound XXX111 
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(R = OTs) was formed only in small amounts. However, good yields of the mesylates 
XXX1 (R = OMs) and XXX111 (R = OMs) were formed by treating the glycols with 
methanesulfonyl chloride. LAH reduction of the mesylates then gave the hydro- 
carbons XXVIc and XXVIIIc. 

One might expect that in the cis isomers XXVIa and XXVlIa (differing from each 
other in the stereochemistry about the C, atom) the nucleophilicity of the A’ bond 
would decrease to about the same extent, because one of the two polar groups is 
always axial, regardless of the conformation (see XXXIV-XXXVII). However, 
the thiocyanation reactivity of the double bond of compound XXVIIa is markedly 
higher than that of the isomer XXVla, approaching the reactivity of the hydro- 
carbon XXVIc (Table 7). 

TABLE 7. THIWXANATEOS OF A~CTAUHIC DEJWAIWS (XXVI-XXIX) 

Compound XXVIC XXVIIIC XXVIa XXVIIa . - --- - ___ 
e/O Thiocyanation 96 96 76 95 

Compound XXIxa XXVIb XXVIIb XXVIIIb __._.___ ----. - --.. - - --. -- - - _ 
o/o Thiocyanation 68 a7 91 67 

XXVIIIa 

77 

XXIXb 

10 

Examination of the molecular models of these compounds showed that the axial 
nucleophilic group cannot approach the double bond in compound XXVIIa. Similar 
results were obtained in the thiocyanation of the mans isomers XXVIIIa and XXIXa 
the percentage addition of dithiocyanogen in these compounds being less than in 
the corresponding cis isomers. From this it follows that for all the isomers examined 
the preferred conformation is probably the one with the polar substituents diaxial (see 
XXXVIII-XLI). The NMR data of these and a large number of other related sub- 
stances indicates the complete absence of conformers with diequatorial electrophilic 
substituents.= All these data invalidate several rules derived by Kucherov et al. for 

if 

+4 

ROOC H 

@I.:, *==- 
XXVII COOR 

- 
H 

COOR 

XXXVI’ XXXVIP 

ROOW- 

XXVIII 
Ii 

w G. P. Kugatova-Shcmyakitm, G. M. Nikobev. V. M. Andruv, V. I. Shcichcnko and V. F. Bystrov, 
unpublished data (see following communications). 
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XL’ XLI’ 

l The conformations as determined from NMR data.” 
* The conformations as repotted in the literature.’ 

compounds of this type and based on erroneous conformational assignments.M The 
same authors also assigned an incorrect conformation to the anti-cis isomer XXVII. 

In conclusion it should be mentioned that according to preliminary results 
obtained in our laboratory by A. V. Etogdanova, T. M. Ushakova and A. N. Volkov, 
intramolecular interaction similar to that described above occurs also in linear com- 
pounds of the type CH, CH(CH&, -X, the strength of the interaction depending 
on the elcctrophilicity of the substituent X. 

EXPERIMENTAL 

,Y-C#ohexcnc deriwtiws (V-VIII) were obtained by condensing the corresponding dicnc 
(1.2 mok) and dknophik (I mole) in the presence of 0.5 % hydroquinone, the mixture being heated 
in a steel tube at 19&200” for S7 hr, yield 6&80:< (Tabk 6). 

Hydrocmbons Vd. VId. VIIIf and XXIII were synthcsizcd by the Wolf-Kishncr reaction. a mixture 
of akkhydc (0.14 mole), 10 g 72% hydrazinc hydrate and 100 ml dkthyknc glycol being rcfluxcd 
for 30 min at lSOa.y following which the reaction mixture was cookd, 8.4 g of fused KOH was ad&d 
and heating at 125-130” continued for 2 hr. The product was distilled off by gradually raising the 
tanp 10 190”. ykld 62-77x (Table 8). 

Dimrrhy/ucctoLs (Vc. Vie, VIIIe) were obtained from 0.25 mole of aldehydc (Va-VIlIa). 1SO ml 
abs McOH ami 05 ml cone HCI at room temp. After 72 hr. tbc mixture was treated with twice the 
volume of water and sat NaHCO,aq, and dried over MgSO,, yield 8S-92% (Tabk 8). 

The rnhturr of isomers obtained from the dknc synthesis was separated by preparative GLC 
onacolumn(1 -2000mm,d- SO mm.) packed brick filkr impregnated with polyethylene glycol 
succinate (lOyO), at 10s” in a current of N, using a Gasofract PR-UX)O instrument manufecturcd by 
Dr. Vii Bonn or by fractional crystallization of the aldehydc dcrivs, to yield the individual isomers 
(Tabk 8). 

The ~-bronwz-f6_dlnwthyf-~‘-cycloh~xene dcricurlors (XXa-). To a soln of 0.3 mok of substance 
in 4Oml dry Ccl, heated to boiling, 587g N-bromos uccinimide was added so that the mixture 

U V. F. Kucherov and E. P. Scnbryakov, Izv. Acad. Nauk SSSR, 0111. khim. Nauk 1057 (1960) 
and all the previous papm of this series dealing with the conformations of Akycbhcxmc and 
AQctaline series. 

y Huang-Minlon, /. Am. Chum. Sot. 68,2487 (1946). 
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boiled gently. After addition of the N-bromosuccinimide the mixture was refluxed for another 
30 min after which it was cooled and the swzinimidc filtered off. The filtrate was washed with dil 
HCl. water and sat NaHCO,aq. and then dried over MgSO,. The unstabk bromide was obtained 
by distillation in wcuo. yield -90% (Tabk 8). 

2,6-Dimerhykyclohcxunotu was obtained by rcfluxing a mixture of 3.4 g 2,6dimcthylnitrocycIo- 
hcxane (b.p. 83’/8 mm; n: 14612) in 15 ml alcohol and I.12 g KOH in 15 ml alcohol for 3 hr. The 
alcohol was distilled off in cucuo, the residue dLssolvcd in 4Oml water and then added to 80ml 
20% H,SO,aq. It was then extracted with ether, washed with NaHCO,aq and water and d&d over 
MgSO,. A yield, (I.5 g. 59.5%) of a mixture of cir- and rronr-ketones with b.p. 54-57”/9 mm, 
nz 14491 was obtaincd.8’.n The mixture was converted to the semkarbazonca and fractional crystal- 
lization gave the lruns semicarbazonc m.p. 19&197” (alcohol-hcxanc, 3: l).y and ci.r sankarbatone 
m.p. 182-183” (alcohol-hexanc, 1: l).m 

AaifiUon of di~hiocynnqqen lo rhe double bond of A8-cycfohexene uuifucrs. To a soln of dithyo- 
cyanogcn in glacial AcOH prepared from lead thiocyanate:@a’@ twice the volume of dry CC& was 
added and 60 ml of this soln was then added to a soln of @I+2 g of the reactant in A&H cooled to 
- 10”. The mixture was shaken and kept for 5 min at that tcmp, following which 20 ml KI soln was 
ad&d with vigorous shaking. The cxozss I, was then titrated with O*lN Na,!&O,. 

Acerolysis of 5-bromo-2&Snwhyl-A’-cyclohexene &riwrices (XXa+). To a soln of 3.92 g 
(m M) fused AcOK in 20 ml glacial AcOH, a soln of 0.02 mok of the bromide in 10 ml glacial 
AcOH was added and the mixture heated with stirring for 2.5 hr at 80”. It was then cooled, the 
KBr filtered off, washed with glacial AcOH and dry ether and titrated with O.lN AgNO,. The filtrate 
was washed with water, and sat NaHCO,aq and dried over MgSO,. After distilling off the solvent 
the product was distilled in wcuo and chromatographed on silica gel (Tabk 8). 

Hydrolysis of 5-bromo-2.6dimcrhyl-~‘-cyclo~xene deritwitws (XXa,c.d). To a soln of 0.65 g 
KOH in 8.6 ml 80% MeOH, 2.3 g of the bromide XXa was added and the mixture stirred for 24 hr 
at 17”. Ether (17 ml) was then added and the KBr crystals tiltercd off. washed with glacial AcOH 
and abs ether and then titrated with O.lN AgNO,. 

syn-cis-1,2-Dihyrtox)rmrhyl-h’-ocrolin (XXX). To 6Oml of an 0.87M LAH soln in ether, 
8.7 g of the dimethyl ester XXVIa in 40 ml of abs ether was added with stirring during 15 min so 
that the mixture continued to boil gently. It was refluxcd for another hr. cooled and 50 ml of lOy_ 
H,SO, (on cooling with ia) added. The ether layer was removed, washed with water and NaHCQaq 
and dried over Na,SO,. After distilling off the solvent the product was distilled in wcm. yielding 
5.65 g (84%) of a viscous, colorku liquid, b.p. 131-132”/016 mm; nz l-5335. (Found: C. 72.89; 
73.04; H, 10.05; l@20. Cak. for CI,HnO,: C. 73.43; H. 1Q270/,) 

The bis m&late XXX1 (R - OMs); m.p. 87-88” (chf); yield 50%. (Found: C. 47.72; 47.61; 
H, 6.97; 6.85; S, 18.38; 18.21. Cak. for C,,H,,O,S,: C, 47.70; H. 6.86; S, 18.190/,) 

antLtrans-1,2-Dihydroxymerhyl-~4-ock&n (XXXII). From 5.6 g omi-rrunr-dicstcr XXVIIIa 
in 40 ml ether and 40 ml Q87M LAH, 3.5 g (80~o) of crystalline XXXII, m.p. 95-%’ (hcptanc) was 
obtained. (Found: C. 73.30.7348; H. l@20, 1030. Cak. for C,,H,,O,: C, 73.43; H, 1027x.) 

Bis-tosylate XXX111 (R = OTs) m.p. 13LL131.5” (heptane) (Found: C, 62.23. 62.28; H. 6 35. 
6.53; S, 1246, 12.22. Cak. for CUHIaO&: C. 61.88; H. 6.39; S, 12.71%) 

Bis-mesylate XXX111 (R - OMs) m.p. 99-100” (MeOH); yield 69%. (Found: C. 47-96.47.95; 
H, 690, 6.78; S, 18.23. 18-02. Calc. for C,,H,,O,S,: C, 47.70; H. 6-86; S. lll,l99;.) 

syn~-l,2-Dimc~hyl-~‘-oc~ul~ (XXVIc). To 60 ml of a boiling soln of 1.17M LAH in abs ether, 
a soln of 4.7 g of XXXI (R 2 OMs) in 20 ml of abs THF was added with stirring during 45 min. 
The mixturewasrcfluxcd for another 12 hr. sat NH.Claq (Eml) was thencarefully added. with stirring, 
which was continued for another hr. To this soln. 12 g anhydrous Na,SO, was added and the stirring 
continued for 6 mom hr. The pp’ was BItered off, carefully washed with ether, and the tiltrate con- 
antrated, following which the product was distilled in wcw over Na in a current of N, yield 1.56 g 

a’ F. E. King and T. J. King, /. Chem. Sot. 1373 (1954). 
‘0 N. S. Vul’fson and V. I. Zaretskij, Zh. Obshch. Khim 28,369 (1958). 
a* Humfbuch der pri#pururiwn unorgun&chen Chemie. G. Braucr, Ferdinand Enkc Vexlag, Stuttgart 

(1954). 
a* Ho&en-Wcyl, Merlin &r orgunischen Cheti. B.IX. E. Miilkr, Gcorg Thianc Vcrlag. 

Stuttgart (1954). 
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(71%) of XXVIc. b.p. ll~l1S”/2S mm. $ 1.4960. (F ound: C. 87.56, 87.65; H, 12.26. 12.22. 
Cak for CI,Hw: C. 87.73; H. 12-27x.) 

anti-traru-l,2-Dimzrhyl-A’-ocra/fn (XXVI&). SimiIarly from 2*84g XXXLII (R = OMs) in 
30 ml THF and 40 ml 1.17M LAH in abs ether, 0.71 g (57%) of XXVIIIc, b.p. 109-l 100/2S mm; 
$ I.4900 was obtained. (Found: C, 8766, 87.49; H, 12.30, 12.31. Cak. for C,,Hw: C, 87.73; 
H. 12.27x.) 


