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Synthesis of sugar phosphinimine derivatives 
from amino sugars 

(Received Februsry 2nd. 1976; acceprc~3 for publtcarton, June 2nd. 1976) 

We have applied’ the Staudrnger reaction for the formation of phosphinimines’ 

to 0-acetylaldosyl azides 10 obtain the Grst aldosyl phosphinimines. The compounds 

permrtted the simple synthesis of a number of new aidosgl derivatives, for example, 
sugnr carbodi-irnidcs’ that are percursors of heteroqclic and urea dtrivotivcs. 

We now describe the use of the Xppel reaction3. namely. the conversion of 

amino compounds into substituted aminophosphonium salts using triphengl- 

phosphine-carbon tetrachloride. for the synrhesis of sugar phosphinimines containing 

the reactive group at C-l and else\vherz in thz molewle. 

Reaction of 1,3.4.6-tetra-O-acetyl-2-amino-2-deouy-P-D-,olucopyranosc or 

6-amino-6-deou} -I ,2:3,3-di-O-isopropylidrne-~-D-_ealaclop~anoje wth triphenyl- 

phosphine and carbon tetrachloride in dichloromcrhane gave the cq%tlline hydro- 

chlorides of the corresponding triphenylphosphonioamino sugars 1 and 2 (75 and 

6844, respectively); their structures \%ere supported by i r. data. 

Treatment of I ,3,4,6-tetr3-O-acetyl-2-deoxy- Z-(triphenylphosphonioamino)+ 

D-glucopyranose hydrochloride (I) with trierhylamine in anhydrous media afforded 

the phosphinimine 3 which yielded the same SchlfT base (4) lrith p-nitrobsnzaldehyde 

as did the starting amine. With methyl iodide, 3 gave the N-mrthylaminotriphenyl- 

phojphonium iodide 5. 



I18 NOTE 

6-Deoxy- I .3:3.4-d1-U-isopropyI~dene-6-(triphenlpc- 

topyranose hydrochloride (2) could not be converted into the phosphlmmine in 
anhjdrous media even Lbith strong organtc bases such as triethylamine and 1,8- 

bis(dimcth> Iamino)naphthslene. The structure of 2 was established when the 

phosphlnimlne 6. prepared by Ihe Staudinger reaction from 6-azido-6-deo~q-l.~:3.1 

dl-O-isopropylidene-r-D-galactopyranose’ by treatment with hydrochloric acid, gave 
a product which was identical to 2. The phosphinimine 6 is not crystalline. but forms 

a stable A’-meth>lamlnotriphenylphosphonium Iodide 7 with methyl iodide. 

When 1.3,1,6-tetra-O-acetyl-8-D-elucop~,ranosyiamine was treated under the 

ccndltlons of the Appel reaction, the expected lriphenyl(2.3.4.6-terra-C-acetyl-/3-D- 

glucopyranosylamino)phosphonium chloride (Sa) l\as formed as a by-product (I 3%) 

and could be isolared only I iu the fluoroborate salt (Sb). The two main products were 

dk(D-,oiucopyranos>l)amine octa-acerate’ and arninorriphenylphosphonrum chloride”. 

Small amounts of tctra-O-acetyl-D-@ucopyranosylammonium chloride7 were also 

Isolated. 

The structure of 8b was established hy Ihe fact that it was identical wth the salt 

prepared from viphenyl-l\i-(3.3.4,6-terra-O-acetyl-B_ol)phosphine 

Imide’ by treatment wrth hydrogen Huoroborate. 

If, Instead of using cquimolar amounts of triphenylphosphine and carbon 

rerrachlorlde. the reagents are used in a molar rauo of 2~1, rhe aminophosphonium 

salt Sa is the main product formed from 3.3.-X6-tetra-U-acetyl-o-~lucopyranosyl- 

amine, and chloromefhyltriphenyiphojpbonium chlortde’ IS also iormed. The latter 

compound IS a characreristic bq-product of the chlorinaCon of alcohols \\ith trl- 

phcnylphosphine-carbon tetrachlonde’. Its formation lndlcater that Lhe Xppel 

reaction int’olves an intermediate (e.g., 3) of similar structure. If fast deprotonation of 

9 IS ensured by the presence of a strong proton-accepror. e.g., I .S-bis(dimethjlamlno)- 

naphlhalene, no di-(D-glucopyranosql)amine octa-acelate is formed and the main 

product IS the aminotrlphenylphosphonium salt 8a. together with chlorometh>I- 

triphenylphosphonjum chloride. 

The Rappel reaction 1s a useful preparative method in carbohydrate chemistr!. 

\‘r hen the srarting amines are available by routes other than azide reduction. 
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EXPERIMENTAL 

Gtincral. - 1.r. spectra were recorded, for KBr discs. using a Clnicam SPlOO 

spectrophotometer Microanalyses Lcere performed by Dr. Eva Boromissza and her 

co-\rorkers In tl~e Illicrcanalytical Laboraiory of the Instliulr 

1,3.1,6-Terra-O-acer IV-2-dt10x1’-.?-( rrtplrer~~r~lplto~pltonioa~trirro)-~l-~-yltt~-~~p~ ramw 

Il_ldrocitforrLdt~ ( 1) - A mixture of I.3.4.6-~trn-O-ncet~I-2-amino-2-deox~-/?-~- 

_elucopyranose’” (8.67 g. 25 mmol), tnphea>lphosphine (6 55 p. 25 mmol). carbon 

tetrachloride (3.85 g, ‘5 mmol), and anhjdrous dichloromethane (75 ml) itas boiled 

under refiux for 30 h. I .X4.6-Tetra-O-acetJ I-2-amino--3-deoxy-D-glucopyranose 

hydrochloride (0.3 g, 3 ?ti! was removed from the cooled mixture. Addition of dry 
eiher (3 vol.) to the filiratc gn\r I (13.5 p. 5496). m-p. 193”. [xlD + 16” (c 2. dichloro- 

methane): \lhar 3000-25OO(*NH). 17-i5(C=Oacetyl). l-and I I IS cm- ’ (P-phenbl) m=x 
Anal. Calc. for C,,H,,CINO,P: P. -1.51; CI. 5.51 ; AC, 36.76. Found: P. -!.$!I: 

Cl, 5.93; AC, 26. I I 

1..3.~.6- Tetru-0-ace?) - ! ~-dro.\:~.--7-(‘tripiten~ ipltospltoran~~li~~~neafftinn)-p-D-ylrrco- 

p_i*rnose (3). - To a solutron of 1 I, IO g. 15.5 mmol) in anhydrous dlchloromerhane 

(30 ml), anhydrous trlerhylamlne (7.05 g, 69.7 mmol) !bas added dropwse w i h stirring. 

After stirring for 3 h. the tnerhqlamine hydrochloride [l.S g, S5%; m.p. 25l-253- 

(from ethanol)] was removed and the filtrate \cas concentrated. Trexment of the 

residue \\ith dry benzene (40 ml) yielded I ( I .7 g, 17%). Concentratron o.‘the mother 

liquor and Irealment of rhe residue \rith dry ether (20 ml) ga\e 3 (5.5 p, 5S.S%), 

m.p. 154-155”. Rxr)srallirntion from cjclohexane (900 ml) afforded the purt product 

(4.3 g. 469.b). m.p 155-l 56’. [,xlD - 16.5 (r 2. dlclllorocrethane). From the mother 

liquors, more 3 (I.0 g. lO?b) \\a5 isolated. m.p. 153-l 55’. [xl,, - I6 (c I. dichloro- 

methane): I$,:: I745 (C=O ncetyl) and I-MO cm- ’ (P-phenj I) 

-1nal. Calc. for C,,H,;NO,P: P. 5.10: N, 2.31; AC. 38.35. Found: P. 5.59; 

N, 2.53: AC. 27.30. 

1,3.-I.& Terra-O-a&v I./-.?-deo.kj*-2-i p-ntrrobe~~~~~~ttie~reanrttto)-B-o-glucose (4). - 

(a) To a solulion of I ,3,4.6-tetra-O-acet~l-2-amlno-2-d~o\~-P-D-glucopyranose”’ 

(0.70 g, 2 mmol) in warm, anhydrous ethanol (7 ml). \\as added a warm solution of 

p-nitrobenzaldehyde (0.32 g. 2 I mmol) in ethanol (3 ml). The mivturc was kept at 

-10’ for 4 h and then af room rrmpsrature overnight. The product (0 6 g. 630,;: 

m.p. 173-174”) \tas collected, washed \sith ethanol, and recrystalliscd from ethanol 

(i? ml) to give J (0 5 p), m.p. 176-17s’. [oxID + 101’ (c I, chloroform). 

(b) A mixture of 3 (I g. I.65 mmol). p-nitrobenzaldehyde (0.26 p. 1.72 mmol), 

and dry l.2-dlmethoxyethane (IO ml) was boiled under retlux for 20 h. and then 

concenrraled 111 LUCIIO. Recrystalhzat~on of rhe residue (I .5 g) from ethanol (I I ml) 

afiorded 4 (0.65 g. 830,b). m-p 175-176’ alone or in admIxture \rlth ihe producr 

from (a). 

Addition of water to the mother liquor gave tnphenylphosphine oxide (0.4 g. 

87%), m.p. I52- I53- (from cyclohexane). 

/.3,1.6- Tefra-0-acef>d- _?-deo UJS- N-ntefIt~*i-_?-( !rtpltett~+ltosplrotttoatttttto)-/I- u- 
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g/ucop?~rarrose iodia’e (5). - A solution of 3 (0 61 g, I mmol) in methyl iodide (3 ml) 

\vas stored for I h and then n;i\ed with dry ether (IO ml) to give crude 5 (0.46 ,g, 
6l.S?&), m.p. 235-236°. Precipitation with ether from a dichloromethaoe solution 

fiorded the pure product (0.4 g. 53.5%), m.p. ?36-237”, [I],, - 3’ (c 2, aceronitrile); 

$yl 17-10 (C=O aceryl), 140 and I I IO cm- ’ (P-phenyl). 

Anal. Calc. for C3,H3,1NOgP: 1, 16.93; P, 4.13. Found: I, 16.96; P, -LOS. 

6-Deo.r~~-1,2:3,4-di-O-isoprop~~iide~~~-6-(tripherr~lphosphoaioan~ino)-~-~-ga~a~-~~~se 

hydrochloride (2). - (a) A misture of 6-amino-6-deoky-l,2:3,4-di-O-isopropylidene- 

r-D-galactopyranoseS (7.50 g, 29 mmol). triphenylphosphine (7.59 g, 29 mmol), 
carbon tetrachloride (4.46 g, 23 mmol), and dry dichloromethane (90 ml) \~as kept 

ac 10” for 20 h. Addition ofether (500 ml) gave the crude salt (10.9 g. 68?&), m-p. 213- 
21-I’. Repeated dissolution in anhydrous dichloromethane (40 ml) and precipitation 
with dry ether (X0 ml) gave 2 (8.5 g, 53%), m.p. 2lZ-213’ (from water), [r’JD -55” 
(c I, dichloromerhane): imax sKBr 3000-3600 (‘NH), I-US and 1 I I5 cm- I (P-phengl). 

Anal. Calc. for C,,H,,CINO,P: Cl, 6.38; P, 557. Found: Cl, 6.47; P, 5.55. 
(6) To a solution of 6 (0.5 g, 0.96 mmol) in dr): ether (6 ml). dry ether saturated 

Hith hydrogen chloride (2 ml) was added. The resulting precipitate (0.45 g, 8-!Sb), 
m.p. 21 I”. was repeatedly precipitated wirh ether from solution in dichloromethane to 
give 2 (0.38 g, 710/b), m-p. 21 I-212’alone or in admixture with the product from (a). 

5- Deo.v>*- I.2:3,4-di-O-isoprop~~lidene-6-(~ripi~e~~~ipl~osphorat~~~~idet~eat~~ino)-~~-D- 

galactopl*rarlose (6). - To a solution of 6-azido-6-deoxy-1,23,4-di-O-isopropylidcne- 
a-D-galactopyranose’ (3.4 g, 11.9 mmol) in dry ether (50 ml), a solution of triphenyl- 
phojphine (3.12 g. 11.9 mmol) in dry ether (30 ml) was added. Nitrogen evolution 
ceased withln 3 h. The mixture was stored overnight, and tben conczntrated in tlacuo 

to yield 6 as an amorphous, glassy product (6.3 s), [,I]~ -83” (c I, benzene); v~$““ 
1440, 1105. and 715 cm - ’ (P-phenyl). 

A/la/. Calc. for C,,H,,NO,P: N, 2.70; P, 5.96. Found: N, 2.63; P, 5.80. 

6- Deos]*- i,l:3,4-di-O-i.~c~prop~~~itie~~e-N-r~~e~l~~~l-6-(iripf~et~~~fplrosphonioan~it~o~-~~- 

D-galaclop~rmulose iodide (7). - To a solution of6 (0.78 g, I .5 mmol) in methyl iodide 

(3 ml), dry ether (IO ml) was added after I h. The resulting precipitate (0.92 g, 9396), 
m.p. X8-230”, \ias repeatedly precipitated \\ith ether from solution in dichloro- 
methane to give 7 (0.8 g, SI%), m.p. 230-23 I J, [crJn - 49” (c I, chloroform). 

Anal. Calc. for C,,HJ,lNOsP: I, 19.18; P, 4.68. Found: I, 19.37; P, 4.81. 
Reactiorz of -3,3,l,d-~elra-O-acrt~~f-~-~-glncop~ranos~l~~~ne with tripltetI~+ 

phosphine-carbon tefrachloride. - (a) 21 mixture of the title compound (I .0-l g, 
3 mmol), triphenylphosphine (0.79 g, 3 mmol), carbon tetrachloride (0.46 g, 3 mmol), 
and dry dichloromethane (IO ml) \\as boiled under rellux for 7 II and then stored 
overnight at room temperature. 2.3.4,6-Tetra-0-acetyl_8-D-gtucopyranosylainine 
hydrochloride (0.09 g, 8X.), m.p. I63-164”, was removed and the filtrate was con- 
centrated. The residue (2.2 g) Has extracted with hot dry ether. The extract contained 
a small amount of di-(o-glucopyranosyI)amine ocra-acetate, m.p. 19&!92”, and 
triphenylphosphine oxide, m.p. I SO-152”. 

The residue (l.7g) insoluble in ether was extracted briefly with boiling ethyl 
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Trrphen Y/f .?J,-!.Ci- rerra-O-ace~~~~l-~-~-glucop~~~rano~~~lan~ino)phon~~~~~~ Juoro- 

borae (Sb) - (a) A solution of triphenyl-N-(2,3.4.6-telra-O-acelyl-/I-D-gluco- 

pyranosyl)phosphine imide (1.22 g. 2 mmol) in a mixture (8 ml) of acetic anhydrlde 

and 40% Ruoroborlc acid (5:l) was mlxed wtth dry ether (80 mlj Htth surrtng. The 

crude product (I 4 g). m.p. 181-184”. was prscipitated from chloroform solution with 

ether or recrystalllscd from water to g:vc 8b, m.p 192-193’. [@ID 1-6.5” (c 5. chloro- 

form). 

Anal. Cnlc for C,,H15BF,NOqP: C. 55.27. H, 5.07: P. 1.35. F. 10.93. Found: 

C, j-%75: H. 5.24: P. 3.92: F. IO.%. 

(6) Upon dissolution of triphenyl-A’-( 3,&!,6-tetra-O-acetyl-/?-D-glucopyranosyl)- 

phosphinr imide ( I ,g. I .65 mmol) in cone HCI-acetic anhq’dride (I :S. 4 ml). followed 

by the addlrton of dry ether (40 ml). the phosphintmine hydrochloride was obtatned 

as an OI! which soltdifed upon triruratton with dry ether. The product (0.9 g) had 

m.p 105-106’. [zlr, -5’+ +X3 (c 5. dichloromethane). Upon srorage. more 

product (0. I5 g) separated from the mother liquor (overall yield, 95%). 

The crude phosphinimine hydrochlortde (0.4 g) was briefly extracted wtth 

boilins ethyl acetate (I 2 ml). The extract was concentral?d. and a solution of the 

residue In water (3 ml) ~‘as mixed wtth a solution of sodium Huoroborate (0.2 g) in 

ktater (2 ml) to give 8b (0.39 g, 67%). m.p. 191-193”. [z]~ +6.5’ (c 5. chloroform). 
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