
7- AND S-MEMBERED RING SUGARS AND 
RELATED SYSTEMS 

7-MEMBERED RINGS FROM DIOLEFINS DERIVED FROM 
DIOXEPANS VIA DOUBLE MICHAEL CONDENSATIONS 

C. IA. BHARDWAJ, JOHN C. Imxm: J. BARRY LEE* and MICHAEL J. TYLER 
The School of Natural Sciences. The Hatkld Polytechnic. Bayfordbury Rcvarch Labora~oriir. Hertford SGl3 

81.D. England 

(Rrcciucd in /he UK 20 May 1417: Accrpfed /or publication 26 June 1977) 

Ab&m&-The possibilities of cyclisarion IO 7-membered ring sugars containing nitro- and cyano-functions via 

double Mrchael condensations of drokfins derived from sugar diorepans was mvestigared. With nitromcthanc 

cyclixd products were obtained while wrth the larger ethyl cyanoacctak and malononitrik only one doubk bond 

was attacked without cyclisauon. Treatment of the diokhns wrth excess ammonia resulted in cyclisation IO novel 

helcrocychc systems containing oxygen and nitrogen often of known stereochemistry; with hutylammc no 

qclrsation occurred. Treatment with hydrogen sulphidc also resulted in cyclisalion IO novel helcrocyclic systems 

containing sulphur and oxygen often of known stereochemistry In these systems cyclisarion only occurs with rhe 

smaller reagents 

The chemistry. stereochemistry and biological activity of 

furanosc and pyranose forms of sugars have been mas- 

sively studied. In contrast the literature on larger ring 
analogues is very sparse. The conformalional control of 
reactivity demonstrated originally in cyclohexane and 

cyclopentane systems has found powerful application in 
riitionalising the reactivity of sugar ring analogues. We 

have undertAken a programme of synthetic and bio- 
chemical work to develop routes IO larger ring sugars, IO 

elucidate their chemical and stereochemical properties 
particularly in the light of gaining knowledge of the 

stereochemistry of alicyclic analogues. and IO study the 
effect of such changes in ring size upon the interaction of 

the compounds with enzymes acting upon pyranose 

analogues. The potential use of such systems chemo- 
therapeutically and in probing enzyme mechanisms are 
obvious. 

Recently we reported the preparation of nitro- and 

cyanoseptanoses.’ potential intermediates in amino-sugar 
preparations of analogues of some well known antibio- 

tics. We now describe some further work providing 
alternative routes lo sepIanose systems, and azo- and 

rhia-analogues. The generation of active points for 
cyclisation has been achieved in alicyclic chemistry in 
many ways, but little attention has been paid to the 
possibility of cyclisation cio a double Michael conden- 

sation. We show here that the route is a useful addition 

lo mcthodc for carbohydrate synthesis. 

Treatment of methyl 4.6 - 0 - benzylidene - (I - D - 
glucopyranoside with periodate gave the dialdehyde 
isolated as the dihydroxydioxepan (I); another di- 
hydroxydioxepan (2) with different stereochemistry at 
C-l and Cd can be obtained by similar treatment of 
methyl 4.6 - 0 - benzylidene - p - D - galactopyranoside. 
In our earlier work these dihydroxydioxepans were 
condensed with active methylene compounds to give 
?-member ring sugars containing nitro and cyano 
groups.’ In the course of other work I was condensed 
with ciirbethoxy- and acetylmethylenetriphenyl- 
phosphoranes IO give ethyl 2.3 - didehydro - 2.3 - dideoxy 

- 4.6 - 0 - benzylidene - 5 - 0 - (3’ - ethoxycarbonyl - I’ - 
melhoxyl - prop - 2 - enyll - D - eTyt/tro - hexonatc (3) 
and I - deoxy - 3,4 - didehydro - 3.4 - dideoxy - 5.7 - 0 - 
benzylidene - 6 - 0 - (I’ - methoxy - pent - 4 - one - 2 - 
enyl) - D - tvyfhrv - heptulose (4) respectively.‘” Treat- 

ment of 2 with carbethoxymeIhylcncIriphenyl- 
phosphorane gave the Bfhreo analogue of 3 (S).‘” In 
view of the proximity of IWO electrophilic centres. 

cyclisation IO a ‘I-membered system was considered IO he 
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a likely possibility when the Michael reaction was carried 
out, thus providing an alternative route to the systems 

described in the earlier paper. 

Kitromcthane has been added IO a&tnsaturated es- 
ters using a variety of catalysts such as diethylamine, 

di-isopropylamine. benryltrimethylammonium hydrox- 
idc. etc.’ As the double bond becomes more crowded the 

yield of the adduct falls off.’ However it has been 
reported’ that nitromethane adds to a&unsaturated es- 
ters in the presence of 1.1.3,3-tctramethylguanidine giv- 
ing 4&W% yields of the product. The addition of 

nitromethane to unsaturated diestcr. 3. in the presence of 

1.1.3.3-tetramethylguanidine was examined. A potential 
disadvantage of the route could be addition to one or 

both bonds independently rather than cyclisation: in 

practice IWO isomers of the cyclic methyl 2.4 - di - C - 
ethoxycarbonylmethyl - 3 - deoxy - 5.7 - 0 - benzylidene 

- D - Pryfhro - heptoseptanoside (6) were formed, hut 
were nol scparaled since the mixlurc gave a single spol 
on tic. Structure 6 was consistent with the elemental 
analysis. In the PMR spectrum rhe IWO singlets at 4.50 

and 4.52 I (I proton, C,HKlj-). the two singlets at 6.60 
and 6.65 T (3 protons. OCJj,) and the two triplets at 8.24 
and g.25 T (6 protons, J = 7.0 Hz. CJj,CH_,-) showed the 
presence of two isomers. The IR spectrum showed a 
saturated ester band at 173Ocm ’ and a nitro band at 
ISOOcm-‘. 

Treatment of unsaturated ketone. 4. with nitromcthanc 
under similar conditions gave two isomers of rhe cyclic 
adduct. methyl 5.7 - 0 - benzylidene - 3 - deoxy - 3 - nitro 
- di - c’ - 2’ - oxopropyl - D . eryfhro - hcptoscptanosidc 
(7. 8): one isomer was separated by fractional crystal- 

7 R,*H QNC, 

8 R,*N% t+H 

lisation and the other by column chromatography of the 
mother liquor. The analytical and spectroscopic data 

showed that these compounds had septanose ring s~ruc- 
lures. The IR spectra of both compounds showed sa- 

turated ketone bands; no olefinic protons were present in 
the PMR spectrum. The P.WR spectrum of 7 showed a 
doublet at 5.31 T (I = g.0 Hz) which was assigned IO the 
C-l proton: the large coupling constant between the C-l 

and C-2 protons suggested that the C-2 proton was axial 

as the C-l proton was known IO be equatorial. The 
doublet at 4.8 7 (J = lO.OHz) was assigned IO the C-3 
proton; this suggested that the C-3 proton was almost 

split equally by the C-2 and C-4 protons. and the large 
coupling constant required them IO lx axial; thus the 
groups at C-2. 3. 4 were equatorial. The PhlR spectrum 

of 8 showed doublets due IO the C-I and C-3 protons 
with rhe same chemical shift (5.42 T). The doublet with 

the larger coupling constant (J = 8.0 Hz) was assigned IO 

the C-l proton (hence rhe C-2 proton was axial). and the 
other with the smaller coupling constant (J = 4.0 Hz) was 
assigned to the C-3 proton; this suggested that the C-3 

proton was equatorial and thus the nitro group was axial. 
This contrasts with our earlier work’ where we only 
separated 3 - nitro - 3 - deoxy - heptoseptanosides having 
the nitro group equatorial. Clearly interaction with the 
flanking substitutents in this case narrowed the energy 
differences between the axial and equatorial possibilities 
favouring production of a greater proportion of the for- 
mer. Steric interactions in ring closure arc known to be 
often critical in determining the direction of the reaction. 
The more sterically demanding ethyl cyanoacetate and 
malononitrile added smoothly to unsaturated dicstcr 3 IO 
give ethyl 2.3 - didehydro - 2.3 - dideoxy - 4.6 - 0 - 
benzylidene - 5 - 0 - (3’ - cthoxycarbonyl - 2’ - C - 
cthoxycarbonylcyanomethyl - I’ - methoxypropyl) . D - 
erylhm - hexonate (9) and ethyl 2.3 - didehydro - 2.3 - 
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dideoxy - 4.6 - 0 - benzylidene - S - 0 - (3’ - ethoxy- 

carbonyl - 2’ - C - dicyanomethyl - 1’ - methoxypropyl) - 
I) - e~thro - hexonate (IO) and its isomers (where attack 

occurred at C-3) in the case of the latter. These struc- 

tures were confirmed by elemental analyses and IR and 
PMR spectra. Although 9 appeared IO be homogeneous 
on tic. the PMR spectrum suggested that it was a mixture 

of isomers (presumably at the new asymmetric centre. 
C-2’): the benzylidene proton signal was seen as two 

singlets which integrated for one proton. It also con- 

tained two olefinic protons showing that cyclisation had 
not occurred. The fact that the C-I’ proton shifted upfield 

(as compared with unsaturated diester. 3) showed that 
attack occurred at C-2’. 10 gave four spots on tic and as 

might be expected the PMR spectrum was poorly 

resolved but it did show the presence of two olefinic 

protons, again showing that cyclisation had not occurred. 

A similar steric effect was demonstrated in attempts to 
prepare ozu-analogues; Michael reactions with ammonia 

and n-butylamine were examined. Treatment of un- 
saturated diester (3) with excess ammonia resulted in 

cyclisation. From analytical and spectroscopic data the 

product was assigned structure. II (i.e. 3.5 - diethoxy- 
carbonylmethyl - 6.8 - 0 - benzylidene - 2 - Q - methoxy . 

1.4 - oxazepan). It is interesting to note the lack of 
reactivity of the ester groups with ammonia under these 

conditions. The IK spectrum showed the presence of a 

saturated ester CO band. The PMR spectrum showed the 
presence of two ester groups and it also showed the 

product to be a mixture of three isomers (the ben- 
zylidene proton and the OMe protons both showed two 

singlets. one having a shoulder). Reaction of excess 

ammonia with 5 gave one isomer of 3.5 - diethoxy- 

carbonylmethyl - 6.8 - 0 - benzylidene - 2 - /I - methoxy - 
I .4 - oxazepan (12) in 80% yield; this is an analogue of I I 

which differs in its stereochemistry at C-2 and Cd. 

Presumably in this case these differences precluded the 

formation of the other isomers in detectable amounts. 
Again the IR spectrum showed an ester CO band; also 
the PMR spectrum showed the presence of two ester 
groups. In suitable cases this cyclisation can lead to 

novel ‘I-membered heterocyclic systems containing N 

and 0 of known stereochemistry, and we are in- 
vestigating the extension of this route to the smaller and 

larger ring systems. 
When 3 was treated with an equimolar amount of 

n-butylamine. addition occurred to one double bond only 

and no cyclic product could be detected; the isolated 
product was ethyl 2.3 - didehydro - 2.3 - dideoxy - 4.6 - 
0 - benzylidene - 5 . 0 - (3’ - ethoxycarbonyl - 2’ - n - 
butylamino - I’ - methoxypropyl) - I) - epfhro - hexonate 
(13) in which attack was restricted to the less hindered 

electrophilic centre. The IR spectrum showed both 

saturated and unsaturated ester CO bands. The PYR 
spectrum showed only two oletinic protons; the upfield 

shift of the C-l’ proton confirmed that the attack was at 

C-2’. Treatment of 3 with a large excess of n-butylamine 

still yielded no cyclic product; three amine residues were 
found in the product, the amine having added onto the 

two double bonds and also formed an amide with one 
ester group. Whether the material isolated was the n- 

butyl 2.3 - dideoxy - 3 - n - butylamino - 4.6 - 0 - 
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benzylidcne - 5 - 0 - (3’ - ethoxycarbonyl - 2’ - n - 
butylamino - I’ - methoxypropyl) - D - eryfhro - hcx- 
onamide (14) or its isomer where the amide is formed 
from rhe other ester group remains to be determined 

although the latter is less hindered. Steric hindrance 
presumably prevented the reaction of 14 with a further 

molecule of n-butylamine. 

CONH(CH&X, 

r! % 
CW’ 

I4 

Hydrogen strIphide* has been reported to add smooth- 

ly to a&unsaturated carbonyl compounds although 
anomalous reactions have been noted. Treatment of 3 

and 4 with hydrogen sulphide gave the expected novel 
cyclised 7-membered rings containing both 0 and S 

atoms, namely 3.5 - diethoxycarbonylmethyl - 6,8 - 0 - 

benzylidene - 2 - u - methoxy - 1.4 - thiaoxepan (15) and 
3.5 - di - C - 2’ - oxopropyl - 6.8 - 0 - benzylidene - 2 - Q - 
methoxy - 1.4 - thiaoxepan (16) respectively. Compound 

IS was a syrup. apparently a mixture of isomers from the 
PMR data; the benzylidene proton was not very sharp 
and the OMe signal showed two shoulders. One isomer 

of 16 could be isolated as a crystalline compound by 

column chromatography. In the PMR spectrum this 
isomer showed a doublet at 5.65 T (J = 9.0 Hz) which was 

assigned to the C-2 proton; the high coupling constant 

between the C-2 and C-3 protons suggested that the C-3 

proton was axial, as the former was equatorial. and thus 
the 2’ - oxopropyl group at C-3 was equatorial. The 

stereochemistry at C-5 remains to be determined. 
Treatment of 5 with hydrogen sulphidc gave 3.5 - 
diethoxycarbonylmethyl - 6.8 - 0 - benzylidcne - 2 - B - 
mcthoxy - I.4 - thiaoxcpan (I’I), an analoguc of IS; this 
product was a single isomer. Again in suitable cases this 
cyclisation can provide a route to novel 7-membered 

heterocyclic systems containing 0 and S of known 
stereochemistry. 

From these additions it can be concluded that smaller 

reagents, such as nitromethane, ammonia and hydrogen 
sulphidc add IO both double bonds giving a cyclic 
product, whereas bulkier reagents such as methyl 
cyanoacetatc, malononitrile. and n-butylamine added IO 

only one double bond and cyclisation was prevented, 
possibly sterically. Even under forcing conditions using a 
large excess of n-butylamine cyclisation did not occur. It 
would be interesting to investigate the effect of com- 
pounds intermediate in size between ammonia and n- 
butylamine such as methylamine, ethylamine and n- 
propylamine. 

These reactions offer routes IO novel septanose sugars 
and also to related aza and fhia analogues which can in 
certain cases give ready routes IO novel heterocyclic 
systems of known stereochemistry. The chemistry of 
these novel structures is under active investigation and 
will form the subject of subsequent communications. 

Ekmental analyses were carried OUI aI either the h’arional 

Physkal Laboratory. Tcddmgton. Middx. or aI Ptizcrs l.Id.. 
Sandwich. KenI. 

M.ps were taken using a Kotkr hoIstagc appararus and arc 

uncorrected. IR spectra were recorded on a Perkin-Elmer 257 

spccIroplmIomeIer. solids as nujol mulls and liquids as Ihin films 

PMR spectra were recorded on either a Varian AMA or HA100 

spcctromeIer using IeIrameIhylsilanc as an inkrnal sIatird in 

various solvenls aI 27’. Column chromatography was carried OUI 

on B.D.H. &I20 mesh silica gel. Lhin layer and prepararive layer 

chroma~ograpby on Kksel ~1 G t~ype 60); deIection was wiIh 

iodine. Solvenrs were dried. where required, by standard 

tlUlhOdS. 
7.9 Ddhydmxy . 6 . a . mefhoxy 2 . phnyl - Irans . m . 

dioxano (5.4 . eMl.4) . dioxcpon hydmfr (I). This was prepared 

by rhe IiIeraIurc procedure’ (78% yield, m.p. 142-143’ (III. m.p. 

143-1499). This procedure was used IO obtain ~hc periodale 

ox&&n product of mcrhyl 4.6 0 . benzylidnr . B . D . 
&arlopyrmoGdt (2. yield WZ mp. ll6’-IW (lit.’ m.p. II8 

I IQ)). 

Bhyl 2.3 . didehydro . 2.3 didtoxy - 4.6 0 . bttrylidtnr - 5 
0 . (3’ - rfhoxycorbonyl . 1’ . methoxypmp 2’ - my/) D 

crythro . huonale (3). Dialdehyde I (3.160. 0.01 mole) and car- 

kthoxymelhyle~Iriphcnylpho,phorane (IO.44 g. 0.03 mole) in 

DMF (90 ml) were healed Igthcr at 90-Y for 3 hr. The solvcnl 

was removed in cacuo. Triphenylphosphine oxide was removed 

by complexabon with lithium bromide. The syrupy residue 
was chromamgraphcd on silica gel (6ogl. The Iirle compound was 

obtained as a homogeneous syrup when Ihe column was clukd 

with 4:% aceIonc:pcIrol-eIhcr (v/v), yield 348g (66.9%). 

Found: C. 63.1: H. 68. CnH,Os required: C. 62.9; H. 6.998). 

Y,,: 3060 and 3WO (w. okfinic and aromatic). 1727 Is. C=Ol. 

1667 1s. C<l. 710 1s) IaromaIic ) cm-‘. I (CDCI,): 2.57 (m. SH. 

C&l: 2824.1 lm. 4H. 2 x Clj-Cy); 4.44 Is. IH. C,H,CH); 4.91 

t&l. IH. J 4Hz and l3Hz. C(OCH,)lj): 5.78 (q, 4H. J 7.OHz. 

2xClj,CH,. overlapping some oIher proronsl: 8.73 (I. 6H. J 

7.0Hz. ?xCH,CH,J. 6.64 Is. 3H. 0CH.l and M-6.7 Im. IIH. 
including 4 proronr from Cl&CH, groups and 3 from CK’H, 

group. 2 was reacted wnh carbethoxymcIhykncrriphcnyl~ 

phosphoranc m a similar way IO give erhyl 2.3 . didehydm - 2.3 . 
didewxy 4.6 . 0 . bmrylidtne . 5 . 0 . (3’ . rrhoxy-rcrrbonyl I’ 

mtihoxy-pmp . 2 - enyl - 0. ~hreo huonoare (5) (yidd 41%. 

SYNP ). 
I . Lkoxy . 3.4 didthydrv . 3.4 . dideoxy . 5.7 0 

bmrylidmr 6 . 0 . (I’ . mrrhoxy-pent - 4 . onr - 2 - my/) - I). 

erythro heprulosr (4). D&cbyde I (2.1 g. 0.0067 mok). acc- 

IylmcIhykneIripbcnylphosplmrane IS.36 g. 0.02 mok) and DMF 

l9Omll were heated aI %95” for 3 hr. The solvem uas 

evaporaled under vacuum. Triphenglphosphine oxide was rc. 

moved by compkxahon wirh LiBr. The solid residue was 

cryrlalliscd from ether aI Q. The IiIk compound was obIaincd as 

a white crysralline ma&al. yield I.!g (50.2S) m.p. 7&74. 
(Found: C. 66.7; H. 6.7. CdH?,O, requires: C. 66.7; H. 6.79&l. 

Y,,: 30.50 fw. C=Cl; 1678 1s. C=Ol. 1660 Is. C-Cl. 772 Is) and 710 

1s) laromaricl cm ‘. I (CDCI,): 2 98 Im. 5H. C&J; 2.7-3.i rm. 

4H. ?xC&Cul; 4.38 1s. IH. C,H,CH); 4.87 Id. IH. J 3.0Hr. 

H-l’); 6.6 1s. 3H. OClj,l: 7 7 ts. 6H. 2 x COQI,) and 5 4IL6 4 (m. 
4H. H-45.6). 

Methyl 2.4 . di C . tthoxycarbonylmefhyl 3 - dtoxy - 3 . 

nirro - 5.7 . 0 bcnnrylidenr . D . cryrhro hepplostpplanosidt (6) 
Unsaturakd dicskr 3 (2.1 g. 0.005 mole). rulromerhane (I C 8, 

0.0246 mok) and Ictramcrhylguanidinc (0.23 (1. 0.002 mole) vvcre 

suned at room Iemp. for 3 days ‘ti solvenl and ~hc caIalysI 
were evaporared under vacuum. A dark brown syrup (2.5 g) was 

obrained. A pars (0.5p.l of ~hc syrup was chromaIographcd on 
sihca gel (Sag) and elukd with increasing proportions of acelone 
m pcvokrhcr. When rhc column was cluted with 41% 

acetone: pcIrol-fIhrr Iv/v) the lillc compound IO.23 gl was oh- 
Iaincd as a homogenous (11~) syrup. lolaI yield I.15 g (43.74). 

(Found: C. 57.S; H. 6.5; N. 2.8. C,,H,,NO,, Rcquucs: C. 57.4. H. 

6.5; N. 2.W). Y_,: 1730 Is. COOCC,H,l. IS50 (sl and 1372 (ml 
(SOz). 755 (I) and 700 (m) (aromalrc) cm-‘. I rCDCI,l~ 2 S! rs. 

SH. C,H,l: 4.J and 4.52 (2 rmgkfs. IH. C,H.Cljl; 4.824 C (m. 
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IOH); 6.6 and 6.6S (2 singlets. 3H. CM&): 6.78-7.24 (m. 6H) and 

8.SW3.94 (m. 6H. 2 xCtJ,CH,). 
Mcrhyl S.7.0. benzylidenr .3 - deoxy - 3 _ nitro - 2.4 - di . C. 

2’ . c)~~propy/ . D . erythro heprorepranortie (7.8). A soln of 4 

(0 98. 0.002S mok). niaomethanc (0.7 8) and &OH (IS ml) was 

made alkaline IO litmus paper by adding a cont. soln of NaOMe. 
Tbc solution was kft at mom temp. for 7 days. AmMite resin 
IR-120 (H’) (5.0~) was added and tbc suspension was stirred for 
0 S hr. The suspension was filtered and he fika~e was coKen- 

trarcd A crystalline subslance separated which was collec~cd 

and found IO be an isomer (7) of [he title compound. yield 0.06 g 
(S?s): m.p. 2OS’. (Found: C. S9.4; H. 6.S: N. 3 1. Cz,H,h’Os 
Requires: C. 59.8; H. 6.4: N. 3.35). Y_,: 1720 (I. C=O). 1SSO fs) 

and 1367 cm) (NO,). 7SO (s) and 700 (s) (aromatic) cm-‘. I 

KIXI,): 2.57 (5. SH. C&l,); 4SS fs. IH. C,H,Clj); 6.66 (s. 3H. _.. 
OKIj,): 7 9 and 7.97 (2 singlets. 6H. 2 x CiKlj,; 4.8 fd. 1H. 1. 
IOHz. H-3): 5.31 (d. IH. J 8.0Hz. H-l) and 6.8F7.76 fm. 6H. 
H.2. 4 and 2 x Cy#ZO). The mother liquor was evaporated and 
the residue was chromatograpbed on silica gel (SOg). Elution 

with 4:% acelone in pcrrd<lbcr (v/v) gave 0.228 of a syrup 
which was crystalhsed from EtOH IO give isomer. 8. yield 0.1 g 
(9.51): m.p 17&171°. (Found: C. S9.7; H. 6.7: N. 3 2. C,,H,NO, 

Rcquncs: (‘. 599; H. 6.4: N. 3.3%). Y,,: 1708 (s. GO). IS80 
INO,) cm ‘. I (CM,): 2.62 (I. SH. C&I,): 4.S4 (I. IH. 

(‘,H;Cfj,l: 4S4 (5. IH. C.H,Clj); S.42 (d. IH. J KOHL H-l). S.42 
(d. IH. J 4.0H7.. H-3’); 6.77 (I. 3H. OCH,); 7.85 and 7.90 (2 
singlets. 6H. 2 x COQI,); S.M.S (m. 4H. H:<. 6.7) and 6.89-7.48 

(m. H-2. 4 and 2 x Clj,CO). 
Efhyl 2.3 didehydro . 2.3 dideoxy .4.6 - 0 benrylidene . 5 

0. II’. nhoxycarbonyl . 2’. C . ethoxycarbonylcyanomefhyl . I’ 
methoxypropyl) D cryrbro hexonoare (9). Ethyl cyanoacc- 

MC (0 I I3 g. 0.001 mok) was added IO a soln of NaOEt (0.23 g. 
0 001 mole of Na in IS ml of abs EtOH). After IO min the solvent 

was cvaporaled and quickly replaced by pyridme (IS ml) Un- 
wturaled dicster 3 (0.42 g. 0.001 mok) in pyridine (IS ml) was 

added. The resulting soln was kept at room temp. for 48 hr The 
solvenl wiu evaporated under vacuum The syrupy residue was 
dissolved in chloroform and washed with dilute AcOH and 

water. ‘Ihe dried chloroform layer was evaporated. The syrupy 
residue was chromarographed on silica gel (2S g) and cluted wtrh 
mcrcasmg proportions of acetone in pctrol-erher. When II was 

eluted with 4:% acetone :pcrroklhcr (v/v) the ritk compound 
was ohtamed as a homogenous sbn,p. yield 0.258 (46%). 

IFound. C. 61.0: H.6.8; N. 2.8. C,,H,,SO,, Requires. C. 60.8: H. 
6 6: hi. 2.65G). Y,,: 22SO (w. C=h’). 1730 (s. COOC‘,H,). 1660 (w. 

(‘=C). 762 and 708 (aromatic) cm ’ I KXCI,)~ 2.6 fm. SH. C,lj,); 
2x94.17 (m. 2H. C&CH); 442 and 4S3 (2 sin&s. IH. 
(‘,H,(‘H): S.3-6 S2 (m. I2H); 6.62 (sir&et with 2 shoulders, 3H. 

OClj,). 7 F7.M (m. 2H. C&CO) and 8.SF9.0 (m. IOH. 3 x Clj, 
and H.2’). 

Ethyl 2.3 dufehydro 2.3 - dideoxy . 4.6 . 0 . benzylidene - S - 
0 . (3’ . nhoxycarbonyl . 2’ . C . dicyanomerhyl . I’. merhoxy- 
propyl) - 11. crythro . huonoafr 110) (or ifs ixomer). Unsaturated 
dksrer 3 (0.42 g. 0.001 mole) in pyridinc (IS ml) was treated with 

h’a.salr of malononitrik (O.i.Mp. 0.001 mole). The soln was kept 
al room Icmp. for 60 hr. After cvaporaling lhc solvent the residue 
was found lo be a complex mixture. II was chfomatographed on 
srhca gel and elured with acetone :pctrokther mixture. When it 

ua< clutcd uifh 4:% acetone~pctrol-e~hcr (v/v) starting makrial 
(0 06 g) was rcco\ered. followed by a syrup which gave 4 spars 
on IIC I : I9 McOH.bcnrcr~ (v/v). ‘~KK arc probably the 

Isomers of rhc rirlc compound, yeld 0.21 (41.M). (Found: C. 
61.0; H. 6 I; N. S.4. C,,H,N,O, Rcquucs: C. 61 7; H. 6.2; S. 

22SS (w, C-N). 
- _ . 

S.83t). Y,; 1730 (s. C&C,H,). 1660 (w. C-c). 
760 (O and 70s (s) (aromatic) cm ‘. I (CDCI.): 2.62 (I. SH. C&H,): 

3.W.l (m. 2H. C&Cy): 4.42 and 4.62 (2 s&lets. IH. C,H,?i); 
6.62 ts. 3H. OClj,); S.32d.SS (m. IOH); 7 67.3 (m. 2H. Clj?CO); 
7.S-7 8 (m. IH) and 8.55-9.0. 

3.5 fXe~hoxycorbonylme~hy/ . 6.8 - 0 - benrylidene - 2 o - 
mrfhoxy . I.4 . oxarepan II. Ahs EtOH (a ml) containing 
ammoma (0.S g. 0.003 mole) was added to 3 (l.oOg. 0.0024 mole) 
m ah\ lirOH (IOml). Tbc soln was kept at room temp. for I2 
days. The soln and lhc unreactcd ammonia were evaporarcd. A 
3yrupy residue (Log) was obtained. a part of which (0.1s p.) was 

put onto a preparative tk plate which was elutcd twice m 

l.S:9S.S MeOH :bcnzenc (v/v). Small portions of the plate were 

developed with iodine in Ccl,. The middk band was scraped 

from the plate and elu~cd with CHCI,. The solvent was 

evapora~cd and a syrupy residue (O.lOtg) which was found IO be 

a mixture of three iwuxrs of he titk compound was obtained. 
tolal yield 0.720 (69.296). (Found: C. S9.9; H. 7.4: N. 3.0. 
C,,H,,NO, Requires: C. 60.2; H. 7.1; N. 3.25). Y,,: 3340 (m. 
NH). 1730 (b. COOC,H,). 760 and 708 (aromatic) cm-‘. I 
(CD&): 2.6 (m. SH. C&f,): 4S2 and 4S8 (2 singkts with a 

slmuldcr at 4.S. IH. C,H,CY); 8.7s (3 tripkrs. 6H. J 7.0Hz. 
CH,CH,): 6S9. 6.62 (2 singkls with a shoulder at 6.64. 3H. 
Wu,): S.%.S (m. 9H) artd 6.7-7.7 (m. 7H). Reaction of am- 

monia with 5 under similar conditions gave an isomer of 3.S . 
diethoxycarbonyl methyl - 6.8 - 0 . benzylidene - 2 - B mahoxy 
. 1.4 - oxaztpan (12) in &M yield (syrup). (Found: C. 607; H. 

7.1; N. 3.1. C,>H,,O,N Requires: C. 60.4; H. 7.2; N. 3.X). Y,,,: 
3360 (N-H). l72S (C-O). 7SO artd 703 (aromatic) cm”. I VXKI,): 
2.24-2S8 (m. SH. C,Ij,). 4.52 (s. IH. C,H,CY). S.98 fq. 2H. J 

7.S Hz. CH,CH,). 6.00 (q. 2H. J 7.S Hz). CIj,CH,). 6.54 (s. 3H. 
CKH,). 6.96 (s. IH. hIj. excwabk with 40). 8.73 (I. 3H. J 

7.S HZ. CH,Cij,) and 8.7s (I. 3H. J 7.5 Hr. CH,Clj,). 
Ethyl 2.3 didehydro . 2.3 . dideoxy - 4.6. 0 - benzvlidene C . 

0 . (3’. ethoxycaionyl . 2’ . n-burylbmino . I’ methoxypvpropyl . 
D . erylhro hexonare (13). Unsaturalcd dicsrer 3 (2.1 8, 
O.oOS mole), n-butylammc (0.37 8. 0.00s mok) and abs EtOH 

@ml) were kept at room temp. for IO days. The solvent was 
evaporated and the resultant syrup was kft under vacuum over 

P,O, IO remove rraces of lbc amine. The syrup thus obramed was 
~KII further purified. A mixture of the confrprational isomers at 

C-Y was obtained, y&d 2.30~ (93.0%). (Found. C. 63.6; H. 7.7; 
N. 2.8. CsHwNO, Requires. C.63.3; H. 8.0: N. 2.896). Y,,: 3400 

(w. NH). 1733 (s. saturated COOC,H,). 1720 (s. conjugated 
COOC,H,). I600 (m. C=C). 7S2 (b) and 6% (I) (aromatic) cm ‘. 7 
ICDCI,): 2.S (m. SH. C.H.): 2.8-3.9 fm. 2H. CH-CHI: 44 (s. 
IH. CiH,Ctj): S.4-6.6 (i:‘iZH). 6.7-j.77 (m. 6H’) anb R.ZS-9.0 

(m. l3H. 2 x CH,CIj, and C&f,). 
n Bury1 2.3 . dideoxy . 3 . n-butylamine .4.6.0. bmzylident 

. S - 0 (3’ . ethoxycarbonyl 2’ n . hufylamtno . I’ . 
methoxypropyl) . D - erythro . htxonamide (14) (or ifr isomer). 

Unsaturated dicster 3 (2.1 g. 0 OOS mok). n-hutylaminc (3.65 g, 
0.0s mole) and abs EtOH (20 ml) were kept ar room lemp for 20 

days. The solvent and rhe unreactcd amine were disrilkd. and the 
resultant syrup was kept under vacuum over P,O, for a few days 

IO remove the las~ maces of the amine. The syrup thus ohtamed 
was not further pur&rd. II was found to be an uomenc mixture 
of the title compound. yield 2.6~ (92.295). (Found: C. 65.2: H. 

9.4. K;. 8.8. C H s; 0 Requires: C. 65.7: H. 9.7; N. 9.m). Y_,: Y Y)‘. L 
330 (b. bonded NH). 1730 (s. CoOC,H,). l6SO (b. CONH). IS42 
(m. h’H) and 700 (aromatic) cm’ ‘. T (CDCI,): 2.S (m. SH. (‘&I.): 

4.S (s. IH. C,H,CY); S.M.S (m. IOH); 6.74.0 fm. ISH three of 
whKh are exchangeabk with D,O) and 8.3-9.1 fm. 24H. CH,CH, 
and 3 x C,lj,). 

3.S . lXefhoxycartmnylmnhy/ . 6.8 . 0 - benrylidene - 2 . a . 
merhoxy 1.4 . rhlaoxepan (In. H$ was bubbled for 6 hr 

through 3 (0.8 g) in pyridinc (3 ml) and trierhylamrne (I ml). The 
coloured soln was poured onto Iced-water whereby an emulsion 
wh( formed. II was detmulsifkd by adding NaCl and then 

filtered. The residue was washed with water. dried and chroma. 
tographed. II was eluted with mcreasmg proportions of acetone 
in petrol-ether. The Iitk compound was obtained as a syrup wtrh 
4:% acerone:pcltol<ther (v/v). yield 0.3s 8 (40.59E). (Found: C. 

S7.9; H. 6.S. C,H,O.S Reauircs: C. S8.1; H. 6.7; S. 4.W). Y,..: 
1730 (s. COO?,&- 760 is) and 70s W (aromauc) cm r-7 
(CDCI,): 2.60 (s. SH. C,&): 4.u) (I. IH. C,H,Cfj); 6.60 0. 3H. 
OClj,); 8.7s (I. 6H. J 7.0Hr. CIj,CH,); 6 7S-7.68 (m. 4H. 
Clj,CO) and S 336 S2 (m. I4H). Trcatmenr of 5 under simdar 
conditions gave a singk isomer of 35 diethoxycarbonyl .6.8.0 
- bmxyhdene - 2 - @ methoxy . I.4 . fhiaoxepan (IT). Found. C. 

S8 2; H. 6.9; S. 7.1. &,H,O,S Requires: C. S8 I; H. 6 7; S. 7.W 
v,,: 1745 fC=O). 740 and 695 (aroma&c) cm ‘. 7 (CDCI,); 2.3& 
2.68 (m. SH. C&i,): 4.48 (I. IM. C,H,CH); S82 (q. 4H. J 7Hz. 
2 x Cfj,CH,); 6S2 (s. 3H. OCij,); 8.7s (I. 3H. J 7 Hr. CH&M,) 
and 8 78 (I. 3H. J 7 Hz. CH,Cij,). 
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3.5 . a - C . 2’ . txopropyl . 6.8 . 0 - bmzylidenr - 2 . a . 
mnhory . 1.4 . lhiaoxtpan (IO. H$ was bubbled for 6 hr 
lhrough a soln of 4 (l.Og) in pyridinc (4 ml) and triethyhmine 
(1.3 ml). The colourcd soln was poured onto iced water. It was 
de-cmulsrhed by addmg NaCl and filtered. The residue was 

washed with water. dried and chromatographcd. When it was 
elured with I :9 aceronc:pctrokther (v/v). 0.161 of one isomer 

A of rhe title compound was obtained. II was crystalliscd from 
ErOH On bemg further elurcd. 0.2 g of a crystalline material was 

obtained which was found (IR. PMR and microanalysis) IO he a 
mixture of isomers of the rirk compound. It was crystallised 

from &OH. 
firs1 crysrollinr martriol. yield O.lbg (15%): m.p. l87-lw. 

(Found: C. 60.6. H. 6.6. C&t&S Requires: C. 60.9; H. 6.6; S. 
8.1%). Y,,: 1710 (s. C=O). 762 (I) and 708 (I) (aromauc)cm ‘. r 

(CDCI,). 2.62 (s. SH. C&f,); 4S2 (s. IH. C,H,CY); 6.52 (I. 3H. 

CCH,j; 7.82 and 7.88 (i singkrs. 6H. 2 x C-tj,CO); 6.b7.01 (m. 

2H. CH,CO); 7.L7.55 (m. 2H. CH,CO): 5 65 (d. IH. J 9.0Hz. 
H-2) and 5.72-b.U (m. 6H). _. 

771r orhrr cry~follint martrial isolartd. yield 0.2 g (18%); m.p. 
I2S-179’. (Found. C. 60.8; H. 6.6%). Y_.: 1710 (C-O). 762 and 

708 (aromaIic) cm’ ‘. The finger-print region is almost identical 10 

thar of the firs1 material. PMR spectrum of this compound was 
identical IO thaw of isomer A excepl Utahar rhe peaks were kss well 
resolved and the singkr ar 4.49 f had a shoulder at 4.51 T. 
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