
C + 0 MIGRATION OF AN ETHOXYCARBONYL GROUP 

crystallization to give, after recrystallization from methanol, 
280 mg (84%) of 34: mp 188-190'; [ a l Z 0 ~  -9"(c 1, MeOH); 
nmr (CDC13) T 4.01 (d, 1, Jlf,zt = 9.5 Hz, H-l'), 7.93 and 8.04 
(s, 3,2'- and 4'-OAc), 8.18 (8 ,  3, NHAc), 8.27 ( s ,  3,3'-CH3). 

Anal. Calcd for C3BH37N309: C, 65.94; H, 5.69; N, 6.41. 
Found: 

C-Methyl-Branched Cyclanols. lr-Methylcyclohexane-1 ,2c,6c- 
triol.-To an ethereal solution of methylmagnesium iodide, pre- 
pared from 3.4 g of magnesium and methyl iodide (11.4 ml) in 
ether (80 ml), was added a solution of 4.3 g of 1,3-diacetoxycyclo- 
hexan-2-0ne~~ in chloroform (140 ml). The mixture was re- 
fluxed for 30 min and subsequently stirred into an excess of 2 
X H2S04. After evaporation of the organic solvents and addi- 
tion of the calculated amount of silver carbonate, the mixture 
was neutralized with 1 A7 sodium hydroxide (pH 7), filtered to 
remove the silver iodide formed, and evaporated to dryness. 
The residue was extracted with ether overnight, to give, after 
evaporation and recrystallization from ethyl acetate, 900 mg 
(31%) of a product melting at  122-124'. 

Anal. Calcd for C1HI4O3: C, 57.51; H, 9.65. Found: C, 
37.43; H,  9.68. 

Tri-0-acet yl- lr-methylcyclohexane- 1,2c, 6c-triol (39) .-To a 
mixture of 5 ml of acetic anhydride and 3 drops of concentrated 
HzSO~ was added 300 mg of lr-methylcyclohexane-l,2~,6c- 
triol. After 4 hr a t  ambient temperature, the solution was 
stirred into ice-water, which was repeatedly extracted with 
chloroform. The extracts were washed with XaHC03 solution, 
dried (NazS04), and evaporated to dryness. Recrystallization 
of the residue from ethyl acetate afforded 240 mg (457,) of 39 
as colorless prisms, mp 102-103"; for nmr cf. Table 11. 

Anal. Calcd for C13HzOOe: C, 67.34; H ,  7.40. Found: C, 
57.22; H, 7.30. 

1-Acetamido-2c,6c-dimethanesulfonyloxy- lr-methylcyclo- 
hexane (36).-To a cooled solution of 22.2 g (0.12 mol) of the 
N-acetate 3S21 in pyridine (300 ml) was added gradually 40 ml 
(0.52 mol) of methanesulfonyl chloride with stirring. The 
mixture was stored at  0' for 20 hr, then concentrated to a 
crystalline solid in  vacuo (finally 0.1 mm), and triturated with 
ice-water. The product was filtered off, thoroughly washed 

C, 85.84; H,  5.49; N,  6.48. 

(42) G. W. Cavil1 and D. H.  Solomon, J .  Chem. Sac., 4426 (1955). 
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with acetone-methanol (2 : l ) ,  and recrystallized from water- 
methanol (10: I )  with the addition of activated carbon, to give 
34.0 g (81%) of 36 as colorless crystals: mp 147"; nmr (DMSO- 
&) T 2.30 (s, 1, NH), 4.52 (q, 2, J,,, = 10 and Ja,, = 5 Hz, H-2 
and H-6), 6.92 (s, 6, 2- and 6-0Ms), 8.18 (9, 3, NHAc), 8.87 

Anal. Calcd for C11H21N07Sz: C, 38.47; H,  6.16; N,  4.08. 
Found: 

l-Acetamido-2t,6t-diacetoxy-lr-methylcyclohexane (37).-The 
dimesylate 36 (3.0 g) was refluxed for 17 hr with sodium acetate 
(3.6 g) in 160 ml of 2-methoxyethanol-water (9:1), and then 
concentrated. The resulting residue was extracted several 
times with hot acetone and the combined extracts were then 
evaporated to dryness to give a pale yellow sirup, which is 
acetylated by treatment with acetic anhydride (5  ml) and py- 
ridine (30 ml) a t  room temperature overnight. The mixture was 
concentrated to a semicrystalline solid, which, after trituration 
with water, was filtered off and recrystallized twice from water to 
yield 1.42 g (607,) of 37 as colorless crystals: mp 156-158'; 
nmr (CDC13) 7 4.13 (s, 1, h"), 4.50 (m, 2, H-2 and H-6); nmr 
(DMSO-d6) 2.67 ( s ,  1, NH),  4.70 (m, 2, H-2 and H-6); for other 
data cf. Table 111. 

Anal. Calcd for C13H21XOj: C, 57.55; H,  7.80; N,  5.16. 
Found: 

(S, 3, I-CHs). 

C, 38.35; H, 6.13; N,  4.05. 

C, 57.50; €1, 7.71; N, 5.17. 

Registry NO.+ 13184-57-1; 5, 13184-60-6; 6, 
13184-59-3; 7, 34280-68-7; 8, 13184-58-2; 9, 13154- 
65-1; 10, 13184-64-0; 11 ,  34280-72-3; 12, 13184-61-7; 
13, 34280-74-5; 14, 34280-75-6; 15, 34280-76-7; 16, 
13184-63-9; 17, 34280-78-9; 18, 34297-61-5; 19, 
34280-79-0; 20, 34297-62-6 ; 2 1 ,  34280-80-3 ; 22, 
34280-81-4; 23, 34280-82-5; 24, 34280-83-6; 25, 
34280-84-7 ; 26, 34280-85-8; 27, 34280-86-9; 28, 
34280-87-0; 29, 34280-88-1 ; 30, 34280-89-2; 31, 
34297-63-7; 32, 34250-90-5; 33, 34280-91-6; 34, 
34280-92-7 ; 36, 34280-93-8; 37, 34280-94-9; 39, 

96-1. 
34280-95-0; l~-methylcyclohexane-l,2c,6c-triol, 34280- 
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The first example of a base-catalyzed C - 0 ethoxycarbonyl shift is described, occurring during the reaction of 
dialdehyde 1 (obtained from methyl a-D-glucopyranoside by periodation) with ethyl nitroacetate in tlie presence 
of base. The reaction products were proved to be methyl 3-deoxy-6-0-ethoxycarbonyl-3-nitro-or-c-hexoside~ 
of gluco (8) and manno configuration by preparation of a number of derivatives 9-12 by hydrolysis of the ethoxy- 
carbonyl group in 9 and 12 to  give known glucosides and by nmr and mass spectral data. Mechanistic aspects of 
this C -P 0 migration are discussed. 

While the occurrence of C + C migrations of alkoxy- 
carbonyl groups is exceedingly well documented in the 
l i t e r a t ~ r e , ~  only one example each of an Y + O4 and of 
an 0 + 0 alkoxycarbonyl shiftb has been disclosed. 
We now wish to  report on yet another type, namely, on 
the first exarnple of a C + 0 migration of an ethoxy- 
carbonyl group. This rearrangement took place in a 
product formed from reaction of ethyl nitroacetate with 
a 1,s-dialdehyde. 

(1) Nitromethane Condensation with Dialdehydes. XIX.  Paper XVIII:  
F. W. Lichtenthaler and €€, Zinke, J .  Org.  Chem.,  37, 1612 (1072). 

( 2 )  (a) Taken in part  from the doctoral dissertation of G .  Bambaoh, sub- 
mitted to tlie Technische Hochschule Darmstadt, Oct 1971. (b) Financial 
support of this work by the Deutsche Forschungsgemeinschaft and the 
Fonds der Chemisohen Industrie is gratefully acknowledged. 

(3) R.  M.  Acheson, Accounts Chem. Res., 4, 177 (1971). 
(4) J .  H. Ransom, Chem. Ber., 33, 199 (1900). 
( 5 )  D. Trimnell, W. MI. Doane, C. R .  Russel, and C .  E. Rist, Carbohyd. 

Res., 18, 301 (1970). 

The reaction of 2-0-(S-methoxyformyl)met~hyl-(R)- 
glyceraldehydes (readily accessible from methyl CPD- 

glucoside by periodate oxidation) with ethyl nitro- 
acetate in aqueous et'hanol at pH 8.6 has been reported 
t'o give a substance to  which the 1,4-dioxane structurc 2 
was assigned. Though structure 2 was further sup- 
ported by derivatives 3-5, and though some nrnr data 
were cited a's proof,' these findings ncither explain why 
addition should preferentially occur at one aldehyde 
function nor why tn-o pentose dialdehydes,8 differing 
from 1 only in the absence of a hydroxymethyl sub- 

(6) I n  naming 6, we prefer this designation derived from R-glyceraldehyde 
rather than the previous system of E. L. Jackson and C .  S. Hudson, J .  
Amer. Chem. Soc., 69, !XI4 (19371, according to whicli 6 worild b e  a "u'-me- 
thosy-~-h  ydros ymethyldigl ycolaldehyde ." 

(7) S. Zen, A. Yasuda, H. Hashimoto, and Y .  Takeda, h ' i p p o n  Kugnku 
Zasshi, 90, 110 (1969); Chem. Abstr., 70, 97153 (1969). 

(8) H. Yanagisama, M. Kinoshita, and S. Umezawa, Bull. Chem. Soc. 
J W ,  43, 1719 (1969). 
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stituent, as well as other dialdehydesg yield products of 
the normal dialdehyde-nitroalkane cyclization type on 
reaction with ethyl nitroacetate under essentially iden- 
tical conditions. As has been pointed out,'O these 
queries might be answered satisfactorily by invoking 
structure 6, formed by addition of ethyl nitroacetate to 
the free aldehyde function in the internal hemiacetal 
lb. However, as shown by the results presented 
below, the products from this reaction have neither 
structure 2 nor 6, but are tetrahydropyran derivatives 
of general structure 7. 

OH OH 

la 

11 
n 

NO2 
2 

OR' 

l b  
3, R = R'- H 
4, R = Ac; R'- H 
5, R =R' = Ac 

0 OH 9 

6 NO, 
7 

When dialdehyde la e lb was treated with ethyl 
nitroacetate in aqueous ethanol in the presence of 
either sodium acetate or sodium carbonate (pH 8.6)7 or, 
experimentally more convenient, 1 molar equiv of so- 
dium hydroxide, a sirupy mixture was obtained on de- 
ionization which consisted (tlc) of two major compo- 
nents in a 5:2 ratio (nmr). This material was later 
shown to be the nitroglucoside 8 and its C-2-epimeric 
manno analog. Two minor products amounting to 
about 5% of the total mixture were not further char- 
acterized, but by analogy with the product distribution 
of the nitromethane cyclization of 1" may be the 
galacto and the tal0 isomers of 8. Elution of the prod- 
uct mixture from silica gel afforded 8 as a colorless 
sirup that was contaminated with only traces of the 
manno analog. A crystalline di-0-acetate was ob- 
tained on treatment of 8 with BFa-acetic anhydride. 
Catalytic hydrogenation yielded the aminoglucoside 10 
which on acetylation gave the triacetate 12. Despite 
minor differences in melting points and rotations, the 
properties of 10 and 12 are sufficiently close to those of 
the alleged compounds 3 and 5 described by Zen, 
et C C Z . , ~  to lead to the conclusion that the products ob- 
tained are the same substances and, hence, that struc- 
tures 3-5 will have to be revised to 10-12, respectively, 
based on the evidence to be presented. 

Structural and configurational assignments for com- 

(9) S. Yen, Y. Takeda, 4 .  Yasuda, and S. Umesawa, Bull. Chem. Soc. 
Jap.,  40, 431 (1967); S. Zen and A. Nishikai, zbzd., 42, 1761 (1969). 

(10) F. W. Lichtenthaler, Fortschr. Chem. Forsch., 14, 572 (1970). 
(11) H. H. Baer, J. Amer. Chem. Soc.,  84, 83 (1962). 

CH,OCOOE t yH2OCOOEt 

OR OR' 
8 ,R=H 
9 ,RSAc  

10, R = R' -H 
11, R = Ac; R' = H 
12, R =R'- Ac 

CH~OAC CH,OH 

AcO QOCH3 OAc 'rYAcH3 NHR OH 

13, R = NO? 15, R =: H 
14, R = NHAc 16, R COHjINO,)? 

pounds 8-12 rest on chemical as well as on spectro- 
scopic evidence. Firstly, hydrolysis of the G-0-ethoxy- 
carbonyl group in the nitroglucoside 8 with methanolic 
ammonia afforded methyl 3-deoxy-3-nitro-a-~-gluco- 
pyranoside,'2 characterized as its crystalline triacetat'e 
13. Similarly, t'he 6-0-et'hoxycarbonyl aminoglucoside 
12 on treatment with methanolic ammonia and subse- 
quent acetylation gave a crystalline tetraacetate, shown 
to be met'hyl 3-acetamido-3-deoxy-2,4,6-tri-0-acetyl-a- 
D-glucopyranoside (14) by melting point, rotation," 
and nmr data.l3~l4 On the basis of these results, the 
st'ructure of the supposed 15, obtained on hydrolysis of 
t'he alleged 3 (revised, 10) with barium hydroxide7 and 
its 2,4-dinitrophenyl derivative 16, must be revised t'o 
t'hat of methyl 3-amino-3-deoxy-a-~-glucopyranoside 
and its 2,4-DNP derivative, despite discrepancies in 
the reported7 analytical data. 

Secondly, comparison of the mass spectral fragmen- 
tation patterns of methyl 3-deoxy-3-nitro-2,4,6-tri-O- 
acetyl-P-D-glucopyranoside'6 or its a anomer 13, which 
are expectedly16 identical, except' for intensit'y differ- 
ences, with those of the 6-ethoxycarbonyl nitroglucoside 
9 showed only minor deviat'ions of 30 mass units (C2- 
H50 us. CH,) in the region of higher mass numbers, in 
which the C-acyl moiety is still present. Below m/e 
200, the spectra of 9 and 13 (or its p anomer) become 
essentially identical, showing significant peaks at  m/e 
81, 99, and 141. These peaks can readily be attributed 
to ions stemming from a series, init'iated by rupture 
of the C-1-C-2 and/or C-5-C-G bonds followed by loss of 
t'he nitro, acetoxy, and C-6 acyloxy groups.17 Since 
very similar relationships were revealed in the mass 
spectra of the aminoglucosides 12 and 14, the alter- 
native structures, ie., 2 and 5, can be ruled out unequi- 
vocally. 

Finally, the nmr data of the 6-0-ethoxycarbonyl 
glucosides 9 and 12, when compared wit'h those of their 
(12) H. H. Baer, F. Kienale, and T. Neilson, Can. J. Chem., 48, 1829 

(1965). 
(13) H. Agahigian, G. D. Vickers, M. H.  yon Saltaa, J. Reid, A. I. Cohen, 

and H. Gauthier, J. O w .  Chem., 80, 1086 (1965). 
(14) The anomeric proton in 14 appears within the complex 4 H multiplet 

centered around T 5.2, and not a t  T 5.83, as previously reported.13 
(15) H. H. Baer, F. Kienzle, and F. Rajabalee, Can. J. Chem., 46, 80 

(1968). 
(16) K. Heyns, H. F. Grutamacher, H. Scharmann, and D. Muller, 

Fortschr. Chem. Forsch., 5, 448 (1966); N. K. Kochetkov and 0. S. Chiahov, 
Aduan. Carbohyd. Chem., '21, 39 (1966). 
(17) For a detailed discussion of the various fragmentation routes of 

peracetylated 3-deoxy-3-nitrohexopyranosides cf. ref 2a and W. Fischer, 
Doctoral Dissertation, Technische Hochschule Darmstadt, April 1972. 
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6-0-acetyl analog 13 and 14, correspond convincingly to 
what one expects for an a-D-gluco configuration in these 
compounds. I n  the 100-MHz spectrum of the nitro- 
glucoside 9 in CDC13, the multiplet splittings of the ring 
protons, despite partial overlapping, allowed a first- 
order interpretation, showing at 7 4.90 a small cou- 
pling (3.5 Hz) for the anomeric proton, while the 2,3-, 
3,4-, and 4,5-coupling constants were in the range of 
9.5-10.5 Hz, as expected for an axial orientation of H-5. 
These assignments are strongly supported by the nmr 
data of the tri-0-acetyl nitroglucoside 13, in which the 
multiplet patterns for H-1-H-4 in the 7 4.4-5.2 range 
were superim.posablc on those of 9.  Similarly, the nmr 
features of 12 and 14, in CDC13 and in DMSO-&, were 
identical, except for the signals caused by thc cthyl 
group in 12 us. the C-6-acetoxy rcsonancc in 14. 

Scvcral intcrmediatcs and/or mechanisms may be 
postulatod to account for the convcrsion 1 -+ 7. Of 
thcsc, a direct cthoxycarbonyl transfer from the ethyl 
nitroacotatc to  the primary hydroxyl group in 1 prior 
to attack on a carbonyl function can bc ruled out. If 
this occurred, a similar transfer to the ethanol or water 
present, in the rcaction mcdium would take place, 
giving, owing to the liberation of nitromethane, a mix- 
t,uro of products \\hich would include methyl 3-deoxy- 
:3-nitro-a-I)-h(:xopyranosides. Honevcr, a direct com- 
parison of the reaction mixturo obtained on nitro- 
methane cyclization of 1 l 1  with the corresponding reac- 
tion mixture from 1 and cthyl nitroacetate showed (by 
tlc in sovcral solvonts) that none of the tlc spots were 
duo to idontical compounds. 

T ~ v o  mcchanistic formulations appear to satisfy the 
cxpc:rimontal data presently available. I n  the first, 
nhich has good analogics with the readily occurring 
4 -P 6, 0 -+ 0 acyl migrations in hcxopyranosides,ls the 
C -+ 0 ethoxycarbonyl shift occurs in an intermediate 
of type 17, formed from preferential attack of thc ni- 
troacctate carbanion at thc unblockcd aldehyde func- 
t,ion (Ib -P 6) jvit'h subsequent opening of the  hemiacetal 
ring. The rosulting 1-aldehydo-6-nitro derivative is 
thcn converted into 7 by cyclizing addition. I n  the 
altornativo mechanism, a normal dialdehyde-nitro- 
alkane cychat'ion to 18 takes place, followed by the 
C + 0 migration of the ethoxycarbonyl moiet'y. 

2- 

17 18 

There seems to  be no way a t  present to decide which 
of these mechanisms is operating. However, the 
C 3 0 ethoxycarbonyl shift may be circumvented by 
blocking the primary hydroxyl function in 1, e.g., by 
tritylation of the dialdehyde precursor. Since com- 
pounds of type 18 will then be accessible by detri- 
tylation of the products, an investigation of their be- 
havior towards base will decide between the two mech- 
anisms. These aspects are currently being studied. 

(18) R. U. Lemieux, in P. de Mayo, Ed . ,  "Molecular Rearrangements," 
Par t  2, Interscience, New York, pv'. Y . ,  1964, p 763 ff,  and literature cited 
therein. 

J .  Org. Chem., Vol. 37, N o .  10, 1972 1623 

Experimental Sectionlg 
Reaction of Ethyl Nitroacetate with 2-0-(S-Methoxyformyl)- 

methyl-(R)-glyceraldehyde.6 (1). Mixture of Methyl 3-Deoxy- 
6-0-ethoxycarbonyl-3-nitro-~-~-hexopyranos~des (7) .-TO a solu- 
tion of dialdehyde 1 [obtained from 7.8 g (0.04 mol) of methyl 
a-n-glucopyranoside by periodate oxidationz0] and 5.3 g (0.04 
mol) of ethyl nitroacetate in 50 ml of ethanol was added 20 ml 
(1 molar equiv) of 2 N sodium hydroxide and the mixture was 
kept a t  ambient temperature for 1 hr. Deionization with a 
strongly acidic ion exchange resin (Merck I), filtration, and 
evaporation afforded a reddish sirup, which was dissolved in a 
little ethanol and purified by chromatography on silica gel with 
t5 : 1 benzene-2-propanone. After evaporation of the appropriate 
fractions a yellowish "sirup A" (6.3 g, 53'35, based on methyl 
a-n-glucoside) was obtained. Sirup A was composed of two 
minor components of Rr 0..73 and 0.72 (tlc in 1: 1 benzene-ethyl 
acetate), that amount to 5% of the mixture, and two major 
products, the gluco compound 8 and its manno analog of Ri 
0.61 and 0.68, in a 5 :  1 ratio, as evidenced by the intensities of 
the two methoxy signals a t  7 6.65 and 6.68, respectively, in 
DMSO-cle. Elution of sirup A from silica gel with the same 
eluent gave two fractions; the first contained mainly the manno 
derivative,zl whereas the second, on evaporation, afforded 4.8 
g of a colorless oil (sirup B j ,  being practically pure (tlc) gluco 
derivative 8, contaminated with traces of manno compound. 
Sirup B, which was not amenable to crystallization from the usual 
solvents, was used for the further experiments: nmr (DMSO- 
d 6 )  7 3.9.7 and 4.23 (d, 1, J = 7 Hz, C-2 and C-4 OH), 5.28 (d, 
1, J1,2 = 3.3 Ha, E - l ) ,  5.37 (m, 2, H-2 and H-3), 5.80 (complex 
m,  6, H-4, H-5, C-6 CHt, EtCHt), 6.65 (s, 3, OCHs), 8.77 (t,  
3, J = 7 Hz, EtCHa). Addition of trifluoroacetic acid eliminated 
the two OH doublets. 

Anal. Calcd for C10H17N09: C, 40.68; H,  5.80; N,  4.74. 
Found: 

Methyl 3-Deoxy-2,4-di-O-acetyl-6-0-ethoxycarbonyl-3-nitro-or- 
u-glucopyranoside (9).-A solution of 1.65 g of sirup B in acetic 
anhydride (<7 ml), containing 3 drops of boron trifluoride etherate, 
was kept for 2 hr at ambient temperature and subsequently taken 
to dryness in vacuo with repeated reevaporations from benzene. 
After treatment with activated carbon in benzene solution, the 
residue was triturated with ethanol, causing crystallization. 
Recrystallization from ethanol afforded 1.34 g (63y0) of 9 as 
colorless crystals: mp 94-9:5"; [or]% S l l 2 "  (c 1, CHCla); 
nmr (100 MHz in CDC13) 7 4.53 (t,  1, J3,4 = J 4 , j  = 9.5 Hz, 

J1,% = 3.5 Hz, H- l ) ,  4.99 (t, 1, H-3), 5.78 (m,4, C-6 CHn and 
EtCH2), 6.01 (m, 1, H-5), 6.56 (s, 3, OCHs), 7.92 (s, 6, C-2 and 
C-4 OAc), 8.68 (t, 3, J = 7 Hz, EtCH3); assignments were 
made by double resonance experiments. 

Anal. Calcd for C14H21NOll: C, 44.33; H ,  5.58; N ,  3.69. 
Found: 

Hydrolysis of the Ethoxycarbonyl Group in 9. Methyl 3- 
Deoxy-3-n~tro-2,4,6-tr~-0-acetyl-cr-n-glucopyranos~de (13) .-sirup 
B (220 mg) was kept in 10 ml of methanolic ammonia for 12 
hr a t  room temperature and the solution was then taken to 
dryness followed by several reevaporations from methanol. 
After treatment with charcoal in water, a colorless sirup (80 mg, 
53%) was obtained, which was allowed to stand for 2 hr in 3 ml 
of acetic anhydride containing a few drops of BF3 etherate. 
Work-up as described for 9 afforded a sirup which was crystallized 
from water-ethanol to give 60 mg (25%) of 13 as needles: mp 
83'; [alZs~ +122" (c 1, CHCla); nmr (100 MHz in CDCls) 7 

10.5 He, H-2), 4.90 (d, 1, H-1), 4.99 (t, 1, H-3), 5.78 (m, 2, 
C-6 CHz), 6.02 (m, 1, H-5), 6.55 (9, 3, OCH,), 7.88 (s, 3, C-6 
OAcj, 7.92 (9, 6, C-2 and C-4 OAcj; the multiplet patterns in the 

C, 40.45; H,  5.69; N ,  4.60. 

H-4), 4.69 (9, 1, Ji,z 3 . 5 ,  J z , ~  = 10.5 Hz,  H-2), 4.90 (d, 1, 

C, 44.44; H ,  5.44; X, 3.49. 

4.50(tj, 1 , J s . 4 =  Jq,j = 9.5Hz,H-4), 4.67 (9, l , J i , z  = 3.5,Jz13 = 

(19) Melting points mere determined in a Bock Monoskop apparatus and 
are uncorrected. Nmr spectra were obtained on a Varian A-60 and Varian 
HA-100 spectrometer with tetramethylsilane as an internal standard; mass 
spectra were determined on an Atlas CH4 instrument. 

(20) H. H. Baer and H. 0. L. Fischer, J .  Amer. Chem. Soc., 82, 3709 
(1960). 

(21) When subjected to BFs-catalyzed acetylation, analogous to the con- 
version of 8 to 9, a sirupy mixture was obtained containing approximately 
30% of 9. The manno configuration of the major part  was clear from nmr 
data in CDClr, which showed, when compared to 9, distinct differences 
in the splitting patterns of the ring protons: a quartet for H-2 a t  7 4.46 with 
J1.2 = 2.0 and J2,8 = 3.5 Hz and, similarly, a quartet for H-3 a t  T 5.02 with 
couplings of 10.5 and 3.5 Hz. 
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7 4.4-5.2 region were superimposable with the corresponding 
ones of the 6-ethoxycarbonyl compound 9. 

Anal. Calcd for C13Hl~NOta: C, 44.70; H,  5.48; N, 4.01. 
Found: 

Acid-catalyzed hydrolysis of the ethoxycarbonyl group in 9 
could be effected, though rather retardedly, by refluxing sirup B 
with a strongly acidic ion exchange resin (Merck I)  in methanol. 
As monitored by tlc (1: 1 benzene-ethyl acetate) the reaction 
was still incomplete after 5 days, giving after work-up and 
acetylation as performed above, a tri-0-acetate in very low yield 
(3%), identical in all respects with 13. 

Methyl 3-Amino-3-deoxy-6-0-ethoxycarbonyl-cu-~-glucopyrano- 
side (lo).-Sirup B (900 mg, 3.0 mmol) in 80 ml of ethanol was 
hydrogenated in the presence of 5 ml of Raney nickel T4 cata- 
lystZ2 for 3 hr a t  100 atm. Removal of the catalyst followed by 
evaporation to dryness afforded a solid residue, which was 
chromatographically not homogeneous. After two recrystal- 
lizations from ethyl acetate, 200 mg (257,) of 10 was obtained as 
colorless crystals: mp 122-125" (reported' for alleged 3 mp 
128.5-129.5'); nmr (DIO) 7 5.24 (d, 1, J ~ , I  = 3.5 Hz, H-l), 
5.55 (m, 2, C-6 CHI), 5.76 (q, 2, J = 7Hz,  EtCHZ), 6.15 (m, 1, 

C, 44.68; H,  5.39; K, 3.88. 

H-5), 6.51 (9, 1, J l , z  
OCH,), 6.68 (1, 1, J3,4 

8.73 (t,  3, EtCH3). 

3.5, J I , ~  = 10 Hz, H-2), 6.59 (s, 3, 
Ja,,j = 10 Hz, H-4), 7.05 (t, 1, H-3), 

Anal. Calcd for C,OH19N07: C, 45.28; H,  7.22; N,  5.28. 
Found: 

Methyl 3-Acetamido-3-deoxy-2,4-di-0-acetyl-6-0-ethoxycar- 
bonyl-a-D-glucopyranoside (12).-To a prehydrogenated sus- 
pension of platinum (1 g) in 1: 1 methanol-acetic anhydride 
(40 ml) was added 420 mg of nitrodi-0-acetate 9, and the hydro- 
genation was continued in an autoclave at  100 atm of HI for 2 hr. 
Removal of the catalyst, which was thoroughly washed with 
methanol, and concentration of the combined filtrate and wash- 
ings in vucuo, followed by repeated reevaporations from benzene, 

C, 45.12; H ,  7.10; N,  5.36. 

(22) S. Nishimura, Bull. Chem. SOC. Jap.,  82, 61 (1959). 

left a crystalline residue, which was filtered off (440 mg, quanti- 
tative). The crude product was recrystallized twice from eth- 
anol to give 170 mg (40%) of 12 as colorless crystals: mp 179"; 
[ C Y ] ~ ~ D  $102" ( c  1, CHC18) [reported for alleged 5' mp 177-178" 
from 2-propanol and [cuIz5n +119" ( c  1.1, CHCls)]; nmr (DMSO- 

H-1, H-2, and H-4), 5.7-6.2 (m, 6, H-3, H-5, C-6 CH2 and 
EtCHt), 6.66 (s, 3, OCH,), 8.01 and 8.04 (s, 3, C-2 and C-4 

Anal. Calcd for CleHIbNOlo: C, 48.86; H,  0.41; N,  3.58. 
Found: 

Overnight treatment of the aminoglycoside 10 with pyridine- 
acetic anhydride a t  room temperature similarly afforded a tri- 
acetate, identical in all respects with 12, as obtained above. 

Methyl 3-Acetam~do-3-deoxy-2,4,6-tri-O-acetyl-~-~-gluco- 
pyranoside (14).-A solution of 300 mg of triacetyl glucoside 12 
in 20 ml of methanolic ammonia was kept a t  room temperature 
overnight, and subsequently taken to dryness with repeated re- 
evaporations from methanol. The sirupy residue was dissolved 
in 2: 1 pyridine-acetic anhydride (15 ml), and the resulting solu- 
tion was kept overnight and then evaporated to dryness in 
vacuo. Several reevaporations from benzene and treatment with 
activated carbon in the same solvent left a residue on evaporation 
which crystallized on trituration with ethanol. Recrystalliza- 
tion from ethanol afforded 180 mg (65%) of 14: mp 178-179"; 
[(Y] '~D +105" (c 1, CHC18) (mp 178-179", [ o r I z 3 ~  +log", re- 
ported previouslyll); nmr (DMSO-&) 7 2.23 (d, 1, J 3 , N H  = 9 Hz, 
NH), 5.2 (m, 3 H-1, H-2, and H-4), 5.73 (broad m, 1, H-3), 
5.96 (m, 3, H-5 and C-6 CHI), 6.67 (s, 3, OCHI), 8.00, 8.01, and 
8.03 (s, 3, C-2, C-4, and C-6 OAc), 8.25 (s, 3, NHAc). 

Found: C, 49.97; H, 6.25; N, 3.61. 

de) T 2.21 (d, 1, J 3 , N H  = 9 Hz,  NH),  5.1-5.4 (complex m, 3, 

OAC), 8.27 (5, 3, NHAc), 8.78 (t, 3, J = 7 Hz, EtCH3). 

C, 49.02; H ,  6.55; N ,  3.42. 

A d .  Calcd for C15H23NOQ: C, 49.86; H,  6.42; N, 3.88. 

Registry No.+ 34246-31-6; 8 manno derivative, 
34280-29-0; 9, 34246-26-9; 10, 34246-27-0; 12,34280, 
30-3; 13, 34246-28-1 ; 14,2595-38-2. 
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Several related schemes for the synthesis of the novel sesquiterpene dihydro-&santalol(3), a material possessing 
the powerful, woody fragrance of East Indian sandalwood oil, are described. A preferred sequence utilizes boric 
acid esters as a means of protecting reactive hydroxyl groups during hydrobromination, alkylation, and Wittig 
reactions. A novel Meerwein-Ponndorf-Verley reduction discovered during these synthetic studies is also de- 
scribed. 

East Indian sandalwood oil, an isolate of Santalum 
album L., is a prized essential oil known for its power- 
ful, sweet woody fragrancen2 Although numerous 
minor components are important for the reproduction 
of the natural aroma of the oil, the two major com- 
ponents-a-santalol (1) and 6-santalol (2)-are re- 
sponsible for the basic sandalxood note. While 
syntheses of these two materials have been accom- 

1 2 

(1) For a preliminary communication of this work, see W. I .  Frtnta and 
W. F. Erman, Tetrahedron Lett., 4155 (1969). 

( 2 )  (a) E .  Guenther, "The Essential Oils," Vol. V, Van Nostrand, Prince- 
ton, N. J., 1952, pp 173-186; (b) J .  L. Simonsen and D. II. R. Barton, "The 
Terpenes," 2nd ed, Vol. 3, University Press, Cambridge, England, 1951, pp 
98, 178-188; (0) F. V. Wells, Soap Chem. Spec., 48 (12), 74, 76-78, 149-151 
(1967). 

plishedJ3 these schemes do not permit the accumulation 
of large amounts of material owing to the complexity 
of the natural sesquiterpene structures. The greater 
synthetic accessibility of compounds in the 6 series and 
the challenge to construct a simpler molecule with a 
powerful sandalwood note prompted us to synthesize 
dihydro-6-santalol (3). 

Corey has shown4 that either of the epimeric meth- 
ylnorcamphors 4 or 5 undergoes stereoselective alkyl- 
ation from the exo face to produce 3-exo-alkyl-3-endo- 
methylnorcamphors. Using this information, our syn- 
thetic scheme was to preconstruct a side chain-such as 
6-which on condensation with ketone 4 or 5 would be 
expected to  yield stereoselectively a dihydro-P-santalol 

(3) (a) R. G. Lewis, D. H. Gustafson, and W. F. Erman, Tetrahedron 
Lett., 401 (1967); (b) S. Y. Kamat, K.  K.  Chakravarti, and S. C. Rhatta- 
charyya, Tetrahedron, 28, 4487 (1967); (0) H. C. Kretschmar and W. F. 
Erman, Tetrahedron Lett., 41 (1970); (d) J. Colonge, G .  Desootes, Y .  
Bahurel, and A. Menet, Bull. Sac. Chim. F r . ,  374 (1966); (e) E. J. Corey, 
H. A. Kirst, and J. A. Katzenellenbogen, J .  Amer. Chem. SOC., 92, 6314 
(1970); (f) E. J. Corey and H. Yamamoto, zbzd., 92, 226 (1970). 

(4) E. J. Corey, R. Hartmann, and P. A. Vatakenoherry, zbzd., 84, 2611 
(1962). 


