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ABSTRACT 

2-Acetamrdo-2-deoxyaldohexopyranose polyacetates are transformed by the 
action of phosphorus pentachlonde mto 2-tetrachloroethyhdeneammo derivatives, 
the trans-2-acetamtdo-l-acetate system reactmg more raprdly than the czs A l- 
acetamrdo-pyranosyl polyacetate afforded the 1-tetrachloroethyhdeneammo dertvatrve 
and 2-O-tnchloroacetyl-/i-D-glucopyranosyl chlonde The latter was also observed, 
amongst other products, from the reactton of B-D-glucopyranosyl azrde tetra-acetate 
w&h phosphorus pentachlorrde. Sunrlar reactrons on acetamrdocyclohexane and its 
2-acetoxy derivative afforded drchloroacetamrdo, tnchloroacetamrdo, and tetra- 
chloroethyhdeneammo derrvattves Ltkewrse, l-acetamrdo-2-acetoxyethane gave the 
I-drchloroacetamrdo dertvatrve 

INTRODUCTION 

In 1921, Brrgl’ treated penta-O-acetyl-/l-D-glucopyranose (1) wrth phosphorus 
pentachloride at 95” and obtained 3,4,6-trr-O-acetyl-2-U-trrchloroacetyl-~-r+gluco- 
pyranosyl chloride’ (2) Other studres3-’ extended tlus reactron to srmrlar acetate 
denvattves, which also yrelded the correspondmg l-chloro-2-trtchloroacetyl j?-D 

anomers 
It was, therefore, envisaged that treatment of 2-acetamdo-1,3,4,6-tetra- 

U-acetyl-2-deoxy-j?-D-glucopyranose (3) with phosphorus pentachlonde mrght yield 
the 2-trrchloroacetamido denvattve (4) 

RESULTS AND DISCUSSION 

Phosphorus pentachlonde reacted with the tetra-acetate 3 to grve a crystalhne 
product m 60% yield (C,gH1gC14N0g) It gave no precipitate with sliver mtrate 
solution and therefore dtd not contam a chlorme atom on C-l Hydrogenation gave 
1,3,4,6-tetra-O-acetyl-2-amino-2-deoxy-B_D-glucopyranose hydrochloride, and treat- 
ment with 4hf hydrochlonc acrd at 100” produced 2-ammo-2-deoxy-D-glucose hydro- 
chloride Hence the co&matron of the molecule had not changed and C-l had 
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retained its acetate group The i r. spectrum showed no NH-stretch at 3270, no armde 
II band at 1560, and no tnchloroacetarmdo carbonyl-stretch at 1710 cm- ’ The 
presence of chlorrne was mdlcated by bands at 750 and 780 cm- ‘, and an N=C 

groupmg was mdlcated by the peak at 1675 cm-’ The IH-n m r spectrum (Table I) 

showed four acetate-methyl signals, but the acetanudo-methyl slgnal of the startmg 
matenal and the NH doublet were both absent 

TABLE I 

‘H-N M R PAFCAMFXER.~ 

Compound 5 6 7 10 12 18 

Solvent 
H-l 
H-2 
H-3 
H-4 
H-5 

CD& CDCIo CDCIS CDC13 CDCIJ CDC13 
4 18d 4 28d 5 45d 3 8d 4 04d 4 70t 
- - 611s - 5 62q 4 got 
4 62t 4 65q 4 7oq - 4 79q 4 9i?t 
4 93t 4 94t 49st - 4 62t 5 06t 
- 6 18cm 631cm - 6 150 6 210 

H-6a 
H-6b 
OAc 

OMe 
NH 
J 12 
Jz J 
Jz .s 
J4 5 

J 5&a 
J 5 6b 
J 616b 
Jz P. 

- 
- 
7 9.5 
797 
8 00 
807 

80 
91 
91 
91 

56-61cm 5 65-6Ocm - - 

7 94 
7 95 
797 
7 99 

2 77d 
88 
97 
97 

102 
50 
20 

12 5 
110 

796 

6 56 
3 14 
81 

102 
97 
97 
50 
25 

11 7 
88 

5 65q 5 72q 
5 99q 5 98q 

792 796 
7 98 7 98 
8 00 800 

804 

795 
i 98 

8 00 

330 - 5 60 
- 15 90 
- 34 90 
- 95 70 
- 95 90 
- 50 42 
- 25 20 
- 12 0 12 0 

- - 

“First-order chemical shtits (r values) and couplmg constants (Hz) at 100 MHz Key s, smglet, 
d, doublet, t, tnplet, q, quartet, o, octet, cm, complex multlplet 

The large couphng-constants for the rmg hydrogens confirmed the jI-~-gZwo 

configuratlon with the 4C, conformation ? he mass spectrum’ O m&cated a molecuIar 
weight of 509 (Cl = 35) whch, combmed v&h the elemental analyws, gave a molecular 
formula of C,,H,,Cl,NO, The compound was therefore 1,3,4,6-tetra-O-acetyl- 
2-deoxy-2-tetrachloroethyhdeneammo_P-D-~ucopyranose (5) It IS noteworthy that 
tie ‘H-n m r. spectrum of 5 was very slrmlar to that of 1,3,4,6-tetra-O-ace@-2- 
amsyhdeneammo-2-deoxy-P_D-glucopyranose, whch also contams a double-bonded 
mtrogen on C-2 

1,3,4,6-Tetra-O-acetyl-2-deoxy-2-~lchloroacetarmdo-B_nose (6) was 
synthesised by reachon of tnchloroacetyl chloride m pyrldme on 1,3,4,6-tetra- 
0-acetyl-2-ammo-2-deoxy+D-glucopyranose hydrochlonde Thus compound was 
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reported by Osawa’l m lS60, and further preparatrons have been described by the 
authors lz and by Wolfrom and Bhat ’ 3 Proof of the structure was obtained from the 
‘H-n m r. spectrum (Table I), which mlcated the 4CI conformatron Treatment of 6 
with alumrmum chlonde gave startmg matenal and not the required 8-D chlonde 4, 
whereas treatment wrth phosphorus pentachlonde gave a very complex mrxture 
However, treatment of 6 with glacral acetrc acrd saturated wrth hydrogen bromrde 
gave a syrupy bromide whrch, wrth methanol and actrve srlver carbonate, afforded 
methyl 3,4,6-tn-U-acetyl-2-deoxy-2-tnchloroacetamldo-~-D-glucopyranos~de Q, as 
confirmed by the ‘H-n m r. spectrum (Table I) G I c of the reactlon mature 
suggested the presence of -4% of the a-D anomer 8 

cH,OAC $&OAc CHZOAC 

Aco& Kco@ *co&J- 
AAC OCOCCl, HNAc 

1 2 3 

AcO@OAC AcO~OAC AcO@ 

HIjR 
Cl bAC 

9 R = COCHj 12 R = N=C’ 
‘ccl, 

14 R = Nz, 
10 R = COCCl, ¶6 R = NHAc 

13 R = NHAc 17 R = /C’ N=C\ 
cc13 

18 R = NHCOCCI3 

R’ 

R* 

HNCOCC13 

4 R’ = Cl , 2 = H 

6 R’ = OAc R2 = H 

7 R’ = OMe R2 = H 

6 R’= H R*=OMe 

ococcl, 

15 

CH20Kc 

0 

0 

OAC 

AcO 

N=( 

5 R’=OAc R2= 

llR’=H,R’=C 

N 

Cl 

c?- 
Cl 

19 

The reaction of hydrogen bronnde m glacml acetrc acrd wrth the tetrachloro- 
ethyhdeneammo denvatrve 5 gave a syrupy product which, wrth methanol and active 
sliver carbonate, yielded a rmxture of the tnchloroacetamrdo denvatrves 6 and 7 
Hence, the tetrachloroethyhdeneammo group of 5 had been hydrolysed to the trr- 
chloroacetanndo group dunng the treatment with hydrogen bromrde 111 acetic acrd 
Von Braun and Haymans l4 observed the hydroiysls of the chloro-nnme 19 to 3,3- 
chchloroprpend-2-one and tially to 5-ammo-2,2-chchloropentanolc acid 

The reactron of phosphorus pentachlonde wrth 2-acetamrdo-1,3,4,6-tetra-O- 
acetyl-2-deoxy-c+D-ghrcopyranose (9) gave a complex mrxture contammg two major 
products wmch were isolated crystalhne, albett m small yield, by column chromato- 
graphy From the mass spectrum lo of the faster movmg derrvatrve, the structure was 
deduced as 1,3,4,6-tetra-O-acetyl-2-deoxy-2-tetrachloroe~yhdeneamlno-~-o-gluco- 
pyranose (11). The ‘H-n m r. spectrum of the second derrvatrve (Table I) showed an 
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NH resonance, but the methyl srgnal for the Zacetamrdo group was absent, mdrcating 
substrtutron here, and the mass spectrum lo showed rt to be 1,3,4,6-tetra O-acetyl- 
2-deoxy-2-trichloroacetamido-a-D-glucopyranose (10) 

Repetrtron of the chlormatron reaction on 2-acetamrdo-1,3,4,6-tetra-O-acetyl- 
2-deoxy-a-D-mannopyranose (13) produced 1,3,4,6-tetra-U-acetyl-2-deoxy-2-tetra- 
chloroethyhdeneammo-a-D-mannopyranose (12), as shown by the ‘H-n m r spectrum 
(Table I) whrch contamed no NH resonance and only four acetate-methyl smglets 
The above reactions suggested that the tetrachloroethyhdeneammo denvatlves (5,11, 
and 12) are produced m higher yreld from tvans-2-acetamrdo-l-acetates of pyranoses 
(3,13) than from the crs-Isomer (9) 

Extension of the reaction of phosphorus pentachlonde to 2,3,4,6-tetra-o-acetyl- 
/3-D-glucopyranosyl azrde (14) produced a mvrture of four chlormated products whrch 
were separated by column chromatography The major product was the slowest 
movmg compound, which was mdrstmgulshable from 3,4,6-trr-0-acetyl-2-O-tnchloro- 
acetyl$-D-glucopyranosyl chlonde (2) The next product was isolated m very small 
yield, its ‘H-n m r spectrum resembled that of the tetrachloro derrvatrve 2, but 
Mered m that the methyl srgnal for the 6-acetate was absent and the centre of the 
resonances for H-6,6’ was shrfted upfield from r 5 85 to 6 45 Thus evrdence suggested 
that further chlormatron had occurred at positron 6 (e g ,15) The two fastest-moving 
compounds crystalhsed as a mixture Their ‘H-n m r spectra were srmrlar to that of 
the tetrachloro derrvatrve 2, except that the resonances for H-6,6’ occurred as a 
doublet at ‘c 5 75 and the methyl srgnal for the 6-acetate group was absent Thus, the 
B-acetate group seemed to have been attacked m the last three compounds, and this 
could be vlsuahsed by extending Lemleux’s mechanism (see below) to mclude 

partrcrpatron by the carbonyl group at C-6 with subsequent actrvatron and 
chlormatron 

Reductron and acetylatron of the aztde 14 gave N-acetyl-2,3,4,6-tetra-O-acetyl- 
/3-D-glucopyranosylamme (16), and treatment of thus denvatrve with phosphorus 
pentachlorrde gave a crystalhne, but labile, product u-r 49% yield The I r. spectrum 
showed the absence of NH and acetamrdo-carbonyl groups, but contamed a band at 
1690 cm- ‘, mdrcatmg an rmme group Attempted punficatxon by drssolutron m dr- 
chloromethane and washing with water gave crystals of 2,3,4,6-tetra-O-acetyl-l- 
deoxy-1-tnchloroacetamrdo-P-D-glucopyranose (18) The p m r. spectrum (Table I) 
showed a doublet at r 5 60 assigned to NH, whrch, compared to that of the starting 
matenal (16), had moved downfield due to the influence of the chlorine atoms m the 
tnchloroacetamrdo group Thus, the orrgmal product was 2,3,4,6-tetra-o-acetyl- 
N-tetrachloroethylidene-,SD-glucopyranosylamme (17) Repetrtron of the reaction, 
usmg a larger excess of phosphorus pentachlonde, produced a complex mrxture which 
was fractionated on a column of srhca gel, grving crystalline 3,4,6-trr-Q-acetyl- 
2- 0-tnchloroacetyl-/?-D-glucopyranosyl chlonde (2) 111 16% yield 

Bngl suggested’ that the 2-O-tnchloroacetyl-/?-D-ghrcopyranosyl chlonde (2) 
arose from the penta-acetate 1, whereby the acetate group was eliminated from C-l, 
then chlormated, and exchanged vzu an oxomum-ion mtermedrate However, thrs 
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mechamsm dtd not explain the formatton of the 8-n chlonde 2 Dauben and 
Vaughan1 5 prepared 2,3,4,6-tetra-U-acetyl+D-glucopyranosyi l-[carboxy-14C]- 
acetate, treated it with phosphorus pentachlorrde, and found no Isotope mcorporatton 
into the product, thereby lsprovmg thts hypotheses. H&mbottom’6 noted that 
there was no change in the optrcal rotatron of solutions of the tetrachloro derivative 2 
m benzene, acetomtnle, or acetone, whereas the correspondmg 2,3,4,6-tetra-O- 
acetyl-/3-D-glucopyranosyl chlonde mutarotated rapidly. Abramovrtch” suggested 
that there were two processes mvolved, namely, replacement of the I-acetoxy group 
followed by chlonnatton of the 2-acetoxyl group Thts mechamsm was favoured due 
to the mducttve (-I) effect of the new chlorine atom on C-l. 

Lemieux et al 18-24 showed that the nature and stereochemtstry of the 
substttuents at C-2 are rmportant m determmmg the mechamsm of solvolys~s and 
anomertsatton of glycosyl hahdes, glycosyl acetates, and glycostdes Thus, m- 
vesttgatlon into the rate of exchange of the 1-acetoxyl groups in penta-O-acetyl- 
/?-D-glucopyranose and 1,3,4,6-tetra- U-acetyl-2-O-tnchloroacetyl-/I-o-glucopyranose 
showed that the latter exhibIted a 390-fold reduction m reactivity compared to the 
former due to the reduced partrcrpatlon and inductive effect Stmtlar expenments with 
the CC-D anomers showed only a 50-fold reductton due to different mducttve effects 
Lemteux showed that increased sterlc effects due to the large trrchloroacetyl group 
were neghgtble because the point of equthbrmm m the hydrolyses was affected only 
shghtly by successtve mtroductlons of chlorme substttuents mto the 2-acetoxyl group, 
and consequently the velocity constants for the forward and backward reacttons were 
equally affected Newth and Phtlllps25, however, contended that a strong, shteldmg 
effect was exerted at C-l by a tnchloroacetate group on C-2 

Lemteux” proposed the followmg mechamsm for the formatton of the 
tetrachloro dertvatrve 2 Inmally, AcO-2 parttcrpates m the ehmmatton of AcO-1 to 
gave a resonance-stabthsed, cychc 1,Zacetoxonmm ton Successive rmg-opening, 
chlormatton, and partlctpatron reactions would yield the final product (see Scheme 1) 
However, Lemreux did not explam m detatl the chlormatton of the methyl group of 
the 2-acetate substttuent, nor dtd he comment on the latter stages of the partlctpatton 
by the partially chlormated group on C-2 The step-wtse chlormatton of AcO-2 would 
successively decrease the ability of this group to participate m reactions at C-l, but 
once one chlorme substttuent had been introduced mto the methyl group of AcO-2, 
the necesstty to postulate further parttcipatton becomes less rmportant Smce the 
reaction of phosphorus pentaehlonde on 2-acetamtdo-1,3,4,6-tetra-O-acetyl-2-deoxy- 
/3-n-glucopyranose (3) gave 5 with AcO-1 intact, rt seemed hkely that no partt- 
crpatton mvolving the 2-acetaundo grouping was takmg place Hence, a drfferent 
mechamsm from that wtth penta-0-acetyl+o-glucopyranose (1) must have operated 
However, the compounds havmg a trapIs-draxial (IX-D-n?f~lO) or frans-drequatonal 
(8-D-gZuco) arrangement of the I-acetoxy and 2-acetamrdo groups gave better yrelds 
of the tetrachloroethyhdeneammo denvattves than &d that havmg an axtal-equatonal 
arrangement (ac-o-glzlco) The absence of parttcipatron in these reactions rmphes that 
the carbonyl function of the Z-acetamrdo group m, for example, 2-acetamrdo-1,3,4,6- 
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t&a-U-acetyl-B-D-glucopyraranose (3) IS attacked fist, gwmg a product contammg the 
N=CCI-CH3 group However, only small quantities of the tetrachioroethyhdeneammo 
denvatlve 5 were detected when the reaction was camed out with 1 or 2 moles of 
phosphorus pentachlonde in carbon tetrachlonde; m chloroform, Zacetarmdo- 
3,4,6-tn-O-acetyl-a-D-glucopyranosyl chlonde was formed. Alternatively, paticrpa- 
tion could be prevented by lmtlal conversxon of the acetamido group mto the tn- 
chloroacetarmdo group wluch could then be further chlonnated to gve the tetra- 
chloroethyhdeneammo denvative However, treatment of 1,3,4,6-tetra-O-acetyl- 
2-deoxy-2-tnchloroacetamido-j&D-glucopyranose (6) with phosphorus pentachlonde 
Id not yield any of the tetrachloroethyl;deneammo derivative 5. 

Scheme 1 

In order to investigate the mechanism of 
derivatives further, the reactions of phosphorus 

formatlon of the chloro-lmme 
pentachlonde on some sunpler 

derivatives were undertaken. The reactions with acetamidocyclohexane produced 
three products Lmnted quantities of phosphorus pentachlonde gave the dichloro- 
ace-do derivative (21) and the trichloroacetarmdo derlvafive (22) 111 yields of 30 
and 47%, respectively, but, with excess reagent, 22 (65% yield) and the tetrachloro- 
ethyhdene denvatlve 23 were formed The products were charactensed from I r. and 
n m r. data (Table II) Treatment of tnchloroacetamidocyclohexane (22) with 
phosphorus pentachlcnde produced no further reactxon Repetmon of the reactlon 
with I-acetmdo-2-acetoxyethane and hrmted quantities of phosphorus pentachlonde 
produced crystalline I-acetoxy-2-(&chloroacetanudo)ethane (24) m 35% yield The 
structure was determmed from the H’-n m r (Table II) and mass spectra (Table III) 
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cy”“*= (HCOCHCb (NHCOCC(I 

OAc 

20 
2$ 22 

NHCOCHCf2 

H2= 
I 

1, ,2 q”COCH”’ QJHCOCC13 

OAC 

OAc OAC 

24 25 26 

TABLE II 

‘H-NMR PARAMETEF& 

N=C-CC13 
I 

Cl 

23 

hc 
27 

Compound 21 22 23 24 25 26 27 

Solvent 
H-l 
CHC12 
NH 
CHNO 
OAc 

CDCIs CDCIa CDCIJ CDCla CDC13 CDCll CDC13 
6 35cm 6 35~x11 6 4Ocm 6 51q 6 26cm 6 3Ocm 6 20cm 
42s - - 4 18s 4 30s - - 
3 7d 3 58d - 2 90cm 3 43d 3 20d - 

5 88t 5 4Ocm 5 33cm 5 IOcm 
7 95s 802s 802s 802s 

“First-order chermcal shifts (r values) and couphng constants at 100 MHz 

TABLE III 

MASS SPECTRA (??$? VALUES) OF N-SUFJSTiTUTE D DERIVATNES 

OF frans-2-ACETOXYCYCLOHEX- 

20 26 27 24 Loss of 
RNHAP RNHCOCCr, RN=CCICCl~ R NHCOCHClz 

199(M+) 

157 
156 
140 
139 

114 

266 

258 

241 

224 

206 

l 284 

276 
260 
259 

242 
241 

224 

171 
172 
154 
153 

141 

130 

Cl- 
CHzCO’ from NHAc 
CHnCO* from OAc 
CH,COO” 
CH,COOH 

CH&O’+ Cl 
CH&O’ + Cl 
CH,CO’ + CH,CO 
CH,COOH + Cl 
CHCl; 

OR = trans-2-Acetoxycyclohexyl, R’ = 2-acetoxyethyl. 
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When (+)-trans-1-aretamrdo-2-acetoxycyclohexane was treated wrth lrmrted 
quantrtrtres of phosphorus pentachloride, (f)-frans-1-acetoxy-2-(dichloroacetamrdo)- 
cyclohexane (25) and (+)-rrans-l-acetoxy-2-(trrchloroacetamrdo)cyclohexane (26) 
were Isolated m yields of 4 and 3%, respectrvely They were characterrsed by then 
‘H-n m r. (Tab le II) and I r spectra, as m prevrous cases Mass-spectral data 
(Table III) confirmed the structure of the tnchloroacetamrdo denvatrve (26). Wrth 
larger quanhtres of phosphorus pentachlorrde, two further hqurd products were 
isolated from the reaction mixture by fractional drstrllatron The first, and the slower- 
moving on t 1 c , showed one acetate-methyl srgnal but no NH doublet m the ‘H-n m r 
spectrum (Table II), and an acetate carbonyl-stretchmg frequency and a peak at 
1690 cm- ‘, assigned to an -N=C- group, but no NH peaks, m the I r. spectrum On 
exposure to au for a few days, hydrolyses occurred, producrng the trrchloroacetamrdo 
denvatrve (26) On this evrdence, coupled wrth the mars spectrum (Table III), the 
product was identified as (t)-trans-l-acetoxy-2-(tetrachloroethyhdenearmno)cyclo- 
hexane (27) The second compound gave a p m r spectrum (Table II) that was devord 
of acetoxy-methyl signals and NH resonance The 1 r. spectrum confirmed the 
absence of the NH and carbonyl groups and showed peaks at 1690 (N=C) and 
1630 cm- ’ (C=C) On exposure to arr, the stren,ti of the peak at 1630 cm-’ decreased, 
and both the NH and tnchloroacetanudo-carbonyl peaks appeared, mdrcatmg the 
presence, ongmally, of a tetrachloroethyhdeneammo functron Further structural 
determmatron was not camed out As m the case of trrchloroacetamrdocyclohexane, 
the !-acetoxy-2-tnchloroacetamrdo derrvatrve 26 could not be further chlormated 
with phosphorus pentachlonde 

The mechamsm (see Krrsanov2’ and Von Braun28) that accounts for the above 
data mvolves attack by the carbonyl oxygen on phosphorus pentachlorrde (28) to 
grve the intermediate 29, followed by the ehmmatron of phosphorus oxychlonde and 
hydrogen chlonde with the formation of the chloro-rmme 30 Enohsatron of 30 to the 
chloro-ene 31 would facilitate direct chlorinatron to the trichlonde 32, whrch could 
then erther be hydrolysed to the monochloroacetamrdo derrvatrve (34) or ehmmate 
hydrogen chlonde to give the drchloro-rmme 33 Repentron of these reactrons would 
produce the tetrachlonde 35 and the tnchloro-muue 36, both of which could then be 
hydrolysed to the Ichloroacetamrdo derrvanve (37) The final step would mvolve 
(see Scheme 2) the formatron of the pentachlonde 38 followed by ehmmatron of 
hydrogen chloride to gave the tetrachioroethyhdeneammo derivative (39) Hydrolyses 
of both the pentachlonde 38 and the tetrachloroethyhdeneammo denvatlve (39) would 
@ve the trrchloroethyhdeneammo derrvatlve (40) The tetrachloroethyhdeneammo 
denvatrves (e g , 39) cannot enohse and were Isolated, provrded care was exercised to 
prevent hydrolysis Smce all of the mono-, dr-, and tn-chloro-rmmes (31,33, and 36) 
could enohse and further chlorinate, thrs would explam why they were not Isolated. 
Explanation of the farlure to convert the tnchloroacetamrdo denvatrve (40) mto the 
tetrachloroethyhdeneammo derrvatrve (39) must be due to the mductrve effect of the 
trrchloro group preventing the carbonyl group from attackrug the phosphorus 
pentachlonde, as m the uutral formatton of the mtermedrate 29 
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Cl0 

? 
R-NH-C-CHJ 

5k PCI. 

4 
(28) 

R-NH-CCI-CH, 

I 
R-NH-CC$-CH$ 

R-NH-CCI=CHCl 

R-NH-CC$-CHC12 

R-NH- ccI=cc~ 

(31) 9--_ R-N=CCI-CHJ (30) 

(32) - R-NH -CO-CH&I (34) 

1 t 
_ R-N=CCI-CH&I (33) 

(35) - R-NH-CO-CHCl2 (37) 

1 t 
v R-N=CCI-CHCl2 (36) 

R-NH- CCb-Ccl, (38) - R-NH-CO-CC13 (40) 

Scheme 2 
\ t 

R -N=CCI-CC13 (39) 

EXPERIMENTAL 

1,3,4,6-Tetra-O-acetyl-2-deoxy-2-tetrachloroethylrdene 
(5) - 2-Acetam~do-l,3,4,6-tetra-O-acetyl-2-deoxy-~-D-glucopyranose (5 g) and 
phosphorus pentachlonde (11 g) were thoroughly mixed together m a dry flask Dry 
carbon tetrachlorlde (5 ml) was added and the mixture heated to 95” It became 
homogeneous after 30 mm and was left for a further 5 h, by which tnne t 1 c (ether- 
hght petroleum, 5 1) showed the preponderance of one fast-movmg component 
ExtractIon with dry ether followed by evaporation gave crystals which were dissolved 
m chloroform The solution was qmckly washed with cold water, drxed (MgSO,), and 
evaporated to grve a syrup which crystalhsed from dry ether to @ve 5 (3 5 g, 60%), 
m p 164-165”, [alaG -6” (c 2, chloroform) (Found- C, 37.6; H, 3 7, N, 2 7 
C,,H,,CI,NO, talc C, 37 6; H, 3 7, N, 2 7%) The 1 r [1675 (N=C), 750 and 
780 cm- ’ (chlonne)], p m r (Table I), and mass” spectra were consistent ~th the 
asslgned structure 

1,3,4,6-Tetra-O-acetyl-2-deoxy-2-irrchIoroacetamrdo-8_D-glucopyranose (6) - 

1,3,4,6-Tetra-O-acetyl-2-armno-2-deoxy-8_~-giucopyranose hydrochloride (5 g) was 
suspended m pyndme (150 ml), tnchloroacetyl chlonde (5 g) was slowly added, and 
the rmxture was gently warmed until a yellow preclpltate appeared. After standmg for 
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1 h at room temperature, the solutron was poured onto me and water, and extracted 
with chloroform The extract was washed successively with dilute sulphunc acid, 
aqueous sodmm hydrogen carbonate, and water, and dned (MgSOJ Decolounsatron 
and evaporation gave a pale-yellow syrup which crystalhsed from ethanol (3 5 g, 
70%) Recrystalhsatron from ethanol gave needles of 6, m p 167 5-l 68 5”, [a]u + 0 5” 
(c 10, chloroform) (Found C, 39 5, H, 4 3, Cl, 217, N, 2 3 C,,H,&l,NO, c talc - 

C, 39 1, H, 4 1, Cl, 21 6, N, 2 8%). The 1 r. [3370 (NH), 1750 (OAc), 1710 
(NHCOCCI,), and 1535 cm-’ (armde IIj], p m r. (Table I), and masslo spectra 
supported the structure 6 Osawa” reported m p 135-136” Wolfrom and Bhat13 
reported m p 159-160”, [@ + 7” 

Methyl 3,4,6-trz-0-acetyI-2-deoxy-2-tr~cJ~Iorvacetam~do-~-~-g~ucopyranoside (7) 
- l,3,4,6-Tetra-O-acetyl-2-deoxy-2-tr~c~oioacetarmdo-8_nose (8 g) was 
dissolved in glacial acetic acrd saturated with hydrogen bromide (60 ml) and left m 
the dark for 24 h. Cold chloroform was added and the solution was poured mto cold, 
aqueous sodrum hydrogen carbonate untrl no effervescence occurred After washmg 
with water and drying (MgS04), concentratron gave a syrup wluch showed many 
rmpuntres on t 1 c (ether-hght petroleum, 10 1) Dry methanol (50 ml) was added, and 
active silver carbonate (0 5) and calcmm sulphate (0 5 g) were stirred m After shakmg 
for 24 h m the dark, the solutron was filtered and evaporated to a syrup which 
crystalhsed from ethanol, the product had m p 125-129’ G 1 c showed these crystals 
to be a mixture of two components m the ratro of 20 1 m favour of the compound 
havmg the faster retentron tune T 1 c showed R, values of -0 5 and -0 45 (ether- 
hght petroleum, 2 I), the major component bemg the faster Repeated recrystalhsatron 
from ethanol-light petroleum gave 7 (4 5 g, 60%), m p 13l-133”, [cx]n -2 3” (c 2, 
chloroform) (Found C, 38 7, II, 4 4, N, 3 0 C,,H,oC13NOlo caIc C, 38 8, H, 4 3, 
N, 3 0%) The 1 r [3280 (NH), 1750 (OAc), 1695 (NHCOCI,), 1550 cm- ’ (amide II)], 
p m r (Table Ij, and masslo spectra supported the structure The mmor component 
was not isolated 

Reactron of hydrogen bromrde m acetrc acrd, foIlowed by methanol, wrth 1,3,4,6- 

tetra-O-acet),l-2-deoxy-2-tetrac/zloroethyZrdeneam~~zo-~-~-gI~~copyranose (5) - A solu- 
tron (2 g) of 5 in glaaal acetrc acid saturated wrth hydrogen bromrde (32 ml) was left 
in the dark overnight A further quantity of glacial acetic acid saturated with hydrogen 
bromrde (8 ml) was then added, and the solutron was agam left m the dark overnight 
Cold chloroform (80 mlj was added and the solutron was washed untrl acid-free wrth 
cold, saturated, aqueous soclmm hydrogen carbonate, and finally wrth water. After 
drying (MgSO,), evaporation gave a dark syrup which was redrssolved m dry 
chloroform, and the solutron was decolounsed and evaporated A solution of the 
resuhmg, clear syrup in dry methanol (50 ml) was treated with acuve silver carbonate 
(2 g) and c&mm sulphate (2 g) After tiltratron and decolounsatron, evaporatron 
gave a syrup which crystalhsed. Recrystalhsation from ethanol-light petroleum gave 
needles (1 2 g), m p 130-153”. T I c (ether-hght petroleum) showed the presence of 
two components (confirmed by g 1 c ) m the ratio of 4 1. The mrxture (350 mg) was 
chromatographed on a column of silica gel with ether-light petroleum (3 1) The faster 
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component, when crystalhsed from ethanol-hght petroleum, had m p 130-132” and 
was indistmgmshable from methyl 3,4,6-tri-O-acetyl-2-deoxy-2-tchloroacetamdo- 
B-D-glucopyranoslde (7) The second component was not isolated. 

Treatment of the tetrachIoroethyhdeneammo denvatlve 5 (100 mg) mth dry 
methanol (20 ml) and active silver carbonate (100 mg) for 24 h m the dark at room 
temperature gave no reactlon, and startmg matenal was recovered m 90% yield 

Actron of phosphorus pentachlorlde on 2-acetamdo-I,3,4,6-tetra-O-acety!-2- 
d~OXJM-D-ghCOpyrmOSe (9) - Compound 9 (0 21 g) was thoroughly mlxed with 
phosphorus pentachlonde (1.1 g), and dry carbon tetrachlorlde (1 ml) was added 
The mixture was heated to 95” for 4 h T 1 c (ether-hght petroleum, 2 1) showed a 
complex mixture, the fastest bemg the maJor component The mature was extracted 
with ether, and the extract was washed with water, tied (MgSO,), and evaporated to 
a syrup which was fractionated on a column of slhca gel, usmg ether-hght petroleum 
(2 1) The first fraction crystalhsed from di-isopropyl ether-ether-hght petroleum, 

@vmg 1,3,4,6-tetra- O-acetyl-2-deoxy-2-tetrachloroethyhdeneam~no-~-D-gluco- 
pyranose (11, 10 mg, 4%), m p 101-102° Another fraction crystalhsed from &- 
isopropyl ether-ether-hght petroleum to gve 1,3,4,6-tetra-0-acetyl-2-deoxy-Z 
tnchloroacetamldo-a-D-glucopyranose (10, 13 mg, 5%), m p 159-160” (Found 
C, 39 5, H, 4 15. C,gHZOC13N010 talc C, 39 2, H, 4 1%) 

Action of phosphorus pentachioride on 2-acetamido-1,3,4,6-tetra-O-acetyl-2- 
deoxy-a-mmannopyranose (13) - Compound 13 (640 mg) was thoroughly mrxed 
mth phosphorus pentachlonde (1.7 g), and dry carbon tetrachlonde was added 
(2 ml) The mixture was heated for 5 h at 95”, and t 1 c (ether-hght petroleum, 2 1) 
then showed the presence of a maJor product The mixture was fractionated on slhca 
gel with ether-hght petroleum (2 l), avmg 1,3,4,6-tetra-0-acetyl-2-deoxy-2-tetra- 
chloroethyhdeneammo-a-D-mannopyranose (12) (225 mg, 27%), m p. 141-143”, 
[a], -50” (c 1, chloroform) (Found C, 37 6, H, 3 7, N, 2 7 C,6H,&l,N09 talc 
C, 37 6, H, 3.7, N, 2 7%) 

Actzon of phosphorus pentachIorrde on 2,3,4,6-tetra-O-acetyi-B-D-gkopyranosyl 
azzde (14) - Compound 14 (1 g) was thoroughly shaken with phosphorus penta- 
chlonde (5 g), and carbon tetrachlonde (2 ml) was added The mixture was heated to 
95” and became homogeneous after 30 mm After 18 h, t 1 c showed four products 
and no startmg matenal The solution was evaporated to a syrup that was extracted 
urlth dry ether, and the extract was filtered and chromatographed on s&a gel urlth 
ether-l&t petroleum (1 1) The first fraction (20 mg) contamed a mixture which was 
separated by fractional crystalhsation (m p 82-86” and 122-126”), but the structures 
were not determined 

The second fraction (50 mg) crystalhsed from I-isopropyl ether-hght petroleum 
and had m p. 120-122” (Found C, 39.5, H, 4 5), but the structure could be only 
patially asslgned The tid fraction contamed the major product, 3,4,6-tn-O-acetyl- 
2-0-trichloroacetyl-j?-D-glucopyranosyl chlonde (2) (330 mg, 27%), whch crystalhsed 
from dl-isopropyl ether-hght petroleum, with m p and nwLture m p. 141-142” 
(Found C, 35 8, H, 3 6, Cl, 30 0 C14H16C1409 talc - C, 35 8; H, 3 4, Cl, 30 2%) 
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Reactron of phosphorus pentachloride with N-acetyi-2,3,4,6-tetra-O-acetyl- 
j3-3-D-glucopyranosylamine (16) - (a) Compound 16 (800 mg) was heated to 95” with 
phosphorus pentachlonde (2 g) and dry carbon tetrachlonde (2 drops) After 4 h, the 
reaction mixture was evaporated to remove most of the phosphorus-contammg 
components, ether was added to the residue, and the resultmg extract was filtered and 
evaporated to a syrup Crystals of 2,3,4,6-tetra-O-acetyI-N-tetrachloroethyhdene- 
B-D-glucopyranosylarne (17, 510 mg, 49%) were obtained from ether-di-isopropyl 
ether-&@ petroleum, wrth m p 140-148”. The r,r spectrum [I690 cm-’ (N=C)] was 
consistent with the structure The crystals had a tendency to decompose giving off 
hydrogen chlonde A solution of 17 m drchloromethane was washed wnh water and 
then evaporated to give another product (40 mg, 40% based on 16) Recrystalhsation 
from ethanol-hght petroleum gave 2,3,4,6- tetra- 0 - acetyl - 1 - deoxy - 1 - trichloro - 
acetamtdo+D-glucopyranose (lS), m p 113-l 15” (Found C, 39 1, H, 4 35, N, 2 85, 
Cl, 21 3 C,gH20C13N010 talc C, 39 0, H, 4 1, N, 2 85, Cl, 21 6%) The ‘H-n m r 
(Table I) and I r [3300 (NH), 1710 (NHCOCCI,), 1530 cm-’ (amide II)] spectra 
verified the structure 18 

(b) The reaction was repeated on 16 (1 g) and phosphorus pentachlonde (5 g) 
for 6 h. T I c (ether-hght petroleum, 2 1) showed the presence of three malor products 
moving ahead of the prevrous two products (17, X3) After concentration of the 
solution, extraction with ether, and evaporation of the extract, the resulting syrup was 
separated on silica gel, usmg ether-hght petroleum (1 4) The third component 
crystallised from the eluate on slow evaporation, yielding 3,4,6-tn-O-acetyl-2-O-tn- 
chloroacetyl-j?-D-glucopyranosyl chlonde (2, 90 mg, 16%), m p and mixture 
m p 140-141” 

Reactron of phosphorus pentachlorrde on acetamrdocyclohexane - (a) The 
acetamido derrvauve (4 g) was thoroughiy nuxed with phosphorus pentachlonde 
(25 g), when the mrxture became warm and hquefied wrth evolutron of hydrogen 
chloride The solution was heated to 95” for 3 h T 1 c (ether-hght petroleum, 1 10) 
then showed the presence of three products The solutron was evaporated at 60” on a 
water-bath to remove the volatile phosphorus by-products (PCl,, POCl, , etc.) The 
residual, viscous lrquid was chromatographed on slhca gel, using light petroleum 
Only a trace of the fastest component was obtamed m the first fractton, but the second 
fractron gave (trrchIoroacetamrdo)cyclohexane (3 2 g, 47%), m p 97-99” (from dl- 
rsopropyl ether-light petroleum) (Found C, 39 4, H, 4 95, Cl, 43 5, N, 5 75 
C,H,.&l,NO talc C, 39 2, H, 4 9, Cl, 43 5, N, 5 7%) P m r spectrum, Table II, 
mass spectrum, Table III, i r spectrum 3300 (NH), 1690 (NHCOCCI,), 1520 cm- ’ 
(amide 11) 

The thud fraction gave crystals from dr-rsopropyl ether-hght petroleum of 
(drchloroacetamrdo)cyclohexane 21 (1 8 g, 30%), m p 138-140” (Found- C, 45 2, 
H, 6 1, N, 63. C,H,,Cl,NO talc- C, 457; H, 62, N, 6.7%) Pmr spectrum, 
Table JI, 1 r spectrum, 3280 (NH), 1670 (NHCOCHCl,), 1540 cm-’ (anude II) 

(b) The experrment was repeated using 10 g of acetamidocyclohexane, the 
volatile phosphorus compounds were removed by evaporation, and the remarmng 
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hquld was frachonally drstdled A colourless hqmd was collected at 800/l 5 mmHg, 
whrch corresponded (t 1 c ) to the fastest compound m (a) Redrstdlatton gave 
(tetrachloroethyhdeneammo)cyclohexane (23, 12 1 g, 65%) (Found C, 36 3, H, 4 5, 
N, 5 15 CSH, rCl,N talc C, 36 5, H, 4 2, N, 5 3%) P m r spectrum, Table II, 
i r spectrum, 1680 cm-l (N&Z) 

Actron of phosphorus pentachlorrde on I-acetamrdo-2-acetoxyethane - l- 
Acetamrdo-2-acetoxyethane (2 g) was boiled under reflux wrth phosphorus penta- 
chlonde (8 g) and carbon tetrachlonde (5 ml) The mtxture became very dark and was 
homogeneous after 1 h After 5 h, the solution was treated with charcoal, filtered, 
and concentrated to dryness After further decolounsatron m ethanol, crystals of 
l-acetoxy-2-(drchloroacetamldo)ethane (24) (0 17 g, 35%), m p 79-80”, were 
obtamed (Found C, 33 4, H, 4 3, N, 6 5 CBH,C1,NOs talc C, 33 6, H, 42, 
N, 655%) The or [1685cm-’ (NHCOCHCI,)], p m r (Table II), and mass” 
spectra supported the structure 

Actzon of phosphorus pentachlorrde on ( f)-trans-1-acetamzdo-2-acetoxycyclo- 
hexane (20) - (a) The cyclohexane denvative (2 g) was thoroughly muted wrth 
phosphorus pentachlonde (20 g) and calcmm carbonate (5 g), and dry carbon 
tetrachlonde (3 ml) was added The mtxture was heated to 60” for 4 h, and t 1 c 
(ether-light petroleum, 1 4) then showed the presence of three products and no 
starting material The mixture was evaporated to a syrup and fractionated on s&a 
gel, using ether-light petroleum (1 4) The first fractron contained only a trace of 27 
and no further charactensatron was posstble The second fraction crystalhsed from 
ether and hght petroleum, yleldmg (f )-trans-I-acetoxy-2-(tnchloroacetamrdo)- 
cyclohexane (26, 700 mg, 30%), m p 90-91” (Found C, 39 7, H, 4 7, N, 4 75 
C,oH,&I,NO, talc C, 39 7, H, 4 65, N, 4 65%) The p m r (Table II) and 1 r 
spectra [3300 (NH), 1730 (OAc), 1710 (NHCOCCl,), 1540 cm- ’ (amide II)] supported 
the structure The thrrd fractton crystalhsed from ether and light petroleum, yreldmg 
(+)-trans-l-acetoxy-2-(dlchloroacetamldo)cyclohexane (25) (100 mg, 4%), m p 116 
117’(Found C,445,H,56,N,51 C,oH,,CI,NO,calc C,447,H,56,N,52%) 
The p m r (Table 11) and 1 r. spectra [3280 (NH), 1745 (OAc), 1675 (NHCOCHCI,), 
1580 cm- ’ (amrde II)] supported the structure 

(b) (i-)-trans-1-Acetamldo-2-acetoxycyclohexane (500 mg) was thoroughly 
mtxed with phosphorus pentachlorrde (5 g), and dry carbon tetrachlonde (1 ml) was 
added The mixture was heated to 100” for 4 h Fracttonal drstlllatron of the products 
produced a clear hqmd (27), whose p m r (Table II), 1 r El745 (OAc), 1690 cm- ’ 
(N=C)], and mass spectra (Table III) supported the asstgnment of the structure 
(+)-tra~zs-l-acetoxy-2-(tetrachloroethyhdeneamlno)cyclohexane (27) 

ACKNOWLEDGMENT 

One of us (A M D ) thanks the S R C for an award 



76 A M DEMPSEY, L HOUGH 

REFERENCES 

1 P BRIGL, 2 Physzol Chem, 116 (1921) 1. 
2 R U LEMIEIJX AND J HOWARD, Methods Carbohyd Chem ,2 (1963) 400. 
3 P BRIGL, 2 Physzol Chem , 126 (1923) 120 
4 V E. HARDEGGER AND R M MONTAVON, Welo Chrm Acta, 30 (1947) 632 
5 A M GAKHOKWZE AND N D KUIIDZE, Zh Obshch Khrm ,22 (1952) 139,247 
6 3. DE PASXJAL TEXEZA AND F GARRIDO ESPINOSA, Acta Salmantlcensm, Ser Czenc ,2 (1958) 53 
7J DEPASCUALTJZREZAANDF GARR~D o ESPfi-OSA, An Real Sot Espan FIS Quxm , Ser. B, 52 

(1956) 447. 
8 S N DANILOV, 0 P KOZMINA, AND A N SHIRSHOVA, J Ger Chem USSR (Eng TransI), 27 

(1957) 1026 
9 F G.4RRIooANoM.L C-, Bol Sot Chrlena Qmm , 13 (1963) 36 

10 Unpubhshed data 
1 i T OSAWA, Chem Pharm Bull, 8 (1960) 597 
12 C H BOLTON, A M DEMFSEY, AND L HOUGH, Chem Cornman, (1967) 658 
13 M L WOLFROM AND H B BHAT, J Org Chem, 32 (1967) 1821 
14 J VON BRAUN AND A HEYMONS, Ber ,63B (1930) 502 
15 W G DAUBEN AND C W VAUGHAN, J Amer Chem Sot, 77 (1955) 1674 
16 W J HICKINBOTTOM, J Chem Sot, (1928) 3140, (1929) 1676 
17 R A ABRAXOVITCH, J Chem Sac, (1951) 2996 
18 R U LE-, Can J Chem, 29 (1951) 1079 
19 R U LEMIEIIX AND C BRICE, Can J Chem ,30 (1952) 295 
20 R U LEMIEIJX AND G HUB=, Can J Chem ,31 (1953) 1040 
21 R U L~ha~ux AND C BRICE, Can J Chem ,33 (1955) 109 
22 R U LEMIEUX AND W P SHYLUK, Can J. Chem ,33 (1955) 120 
23 R U LEMIEUX AND G HUBER, Can J Chem ,33 (1955) 128 
24 R U LE~~JJZXJX, C BRICE, AND G HUBER, Can J Chem ,33 (1955) 134 
25 F H NEWTH AND G 0 PHILLIPS, J. Chem Sot, (1953) 2904 
26 C A VANDERWERF, R Y HEIST, AND W E MCEWEN, J Amer Chem Sot ,76 (1954) 1231 
27 A V KIR.SANOV, Bull Actid Scz USSR (Eng TransZ), (1954) 551 
28 J VON BRAUN, Ber ,60 (1927) 92, J VON BRAUN, F JOSTES, AND K. MUNCR, Ann, 453 (1927) 118 


