
Terrahedron Letters, Vol. 35. No. 51, pp. 95059508, 1994 
Elsevw Science Ltd 

Printed in Great Britain 
0040-4039/94 $7.oo+o.oo 

0040-4039(94)02110-4 

An Improved Synthesis of (-)-Dodecahydro-3a,6,6,9a-tetramethyhmphthoP,l-bl~ran 
via Ozonolysis of (-)-Sclareol. 

Derek H.R.Barton,* Dennis K.Taylor and Chi-lam Tse 

Depttmnt of Chemistry, Texas A&M University, College Station, 

TX 77843-3255. USA. 

Abstract: Ozonolysis of (-)-sclareol 1 under a wide range of experimental conditions has been 
investigated. The addition of one of the following; sodium period&e. sodium iodate. iodine or potassium 
iodide dords after workup the methyl-ketone 2 in excellent yield. Further elaboration of 2 @or&d the title 
compound 4 in high yield. 

In a recent communication1 we reported an efficient three step synthesis of Ambrox2 4, a 

commercially important synthetic constituent of fine fragrances? from naturally occurring (-)-sclareol 1 

(Scheme 1). The key step involved osmium tetroxide / sodium periodate oxidative cleavage of 1 followed 

by an osmium catalyzed rearrangement, affording the methyl-ketone 2 in excellent yield. Baeyer Villigar 

oxidation of 2 followed by reduction of 3 with a variety of reducing agents in the presence of a Lewis acid 

completed an efficient synthesis of Ambrox 4. 

Although this route repmsents a simple and high yielding method for the. preparation of 4. the use of 

the expensive and toxic osmium tetroxide makes this synthetic sequence less attractive to industry. With this 

thought in mind we decided to develop a practical, inexpensive alternative for the conversion of (-)-sclamol 

1 to the methyl-ketone 2. Herein we report that oxonolysis of 1 under a variety of conditions affords 2 in 

excellent yield which can be further elaborated to Ambrox 4.1 

It was first conceived that oxonolysis of (->s&reol 1 in the presence. of NaIO44 might afford 2. The 

results from a variety of experimental conditions are summari zed in Table 1. Entries l-3 indicate that a 

methanol / water cosolvent favors the formation of 2, while t-butanol and t-amyl alcohol / water mixtures 

favor over oxidized products. Approximately 50% of the desired 2 is isolated when the reaction is run 
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rable 1: 02011 ysis of (-)-!%A~1 I in the pre 

Entry Conditions 

1 MeOIj / tj120 (4: 1) at WC 

2 %uOHi/ Hz0 (4: 1) at 2SC 

3 tAmOIj!/HzO (4: 1) atOW 

4 Ted. = 25W or (WC) 

5 @np. = -78°C 
6 NGO4 (0.7 cc+) 

7 N+O4 (0.2 cquiv) 

8 react/l>ntime=15min. 

9 react/oniime=3Qm3n. 

10 nb NalO4 added 

11 pH = 1.W 

12 pH = 2.95c 

13 NaI 0 4 ozonolysed first 

I 14 I 1 NaQ+ 
~lJlll&?satheiw&8med1 
watersohsticm(!!5mL,4:1) added NdO4 (3.0 eq& 

ICC of NalO4 under a variety of condition0 

2 

46 

- 

7 

51 

- 

63 

38 

25 

63 

5 

14 

% 

- 

!3 (16) 

14 

5 

4 

8 

5 

16 

40 

7 

13 
- 

‘aarb 
3f entries 1-S. entr 

Productsb (%) 

4 

- 

19 

42 

- 

- 

- 

- 

- 

- 

- 

- 

- 

7 

17 

- 

- 

7 

23 
- 

- 

- 

- 

- 

24 

- 

5 
- 

KGi 

8 

- 

- 

- 

- 

23 
- 

- 

25 

- 

23 
- 

- 

- 

6 

9 

- 

- 

- 

- 

- 

6 

4 

11 

6 
- 

- 

9 
- 

7 
Ilol) 

10 

- 

- 

- 

- 

- 

5 

26 

22 

5 
- 

- 

11 

4 

- 

ethanol 
.0.7 -iv.} at 2!PC. 

9 10 11 12 

between CPC and 4OW 1, and 4) however at -7PC formation of 2 is mot observed. (Entry 5). The 

methyl-ketone 2 is in gmtest yield when 0.7 equivalents of NaIO4 were employed (Entries 67). 

Further addition of (up to 3 quiv.) had no effect on the OU~COIIN of the reacth. U&r short 

reaction tims (Entries 8- ) inmmediates 8-10 were identified. The vinyl-ether 8 was confd as the key 
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interme&te in these reactions by simple subjecting 1 to ozonolysis without addition of Nala (Entry 10). 

Interestingly. only @aces of the desired methyl-ketone 2 were obtained below pH = 2.95 in favor of 

snbstantial quantities of products 5 and 7 (Entries 11-12). However, betWixti pH = 3 and 7.5 good yields 

of 2 are found. 

Mechanistically, fmm Table 1 it is clear that the vinyl-ether 8 is the intermaI& precursor to methyl- 

ketone 2 framation. At this stage it is unclear as to the exact composition and structure of the species 

responsible for the oxidative ring-contraction of 8 into 2 hut several points are worth mentioning. Treatmmt 

of 8 with NaIO4 does not yield 2. However, ozonolysis of an aqueous methanolic solution of NaIO4 

yielded a white precipitate. Treauncn t of 8 with either this white solid or the xmainiug filtrate quantitatively 

converted 8 into the methyl-ketone 2. This lead to the cenclusion that the NaIO4 solution should be 

subjected to ozonolysis prior to the addition of (-)-scla1~01 1. Indeed, this discovery lead to a substantial 

increase in the yield of 2. (Entry 13). Interestingly, NaIOl can also be suceessfulIy employed and gave 

moderate yields of 2. (Entry 14). It is believed that 8 is forrued via the “anomalous ozonolysis”5 of (-)- 

sclareol1 in a similar manner to that obs~ed for other allylic akohoIa.6 

Table 2: Ozonolysis of (-)-Mare01 1 in the presence of iodine under a variety of condition%a 

Entry colKlilions Yield 2 (k) Entry conditions Yield 2 (%I) 

1 MtoH 62 5 I2 (0.5 eqlliv.)h 71 

2 tBuOH 23 6 0.25 mL Hz0 added 53 

3 i.WplUplOl 65 7 0.5 mL Hfl added 69 

4 12 (1.0 aluiv.)b 72 8 0.25 mL Hfl adcledb 85 
l Unless o&rwise staled all remxions wue performed in isopopanol ac.cadhg to the following gcncd procedure: To s 
m~turcofgclarcoll(O~g,~64~inisopPprurd(20mL,~added~indicaeed]at250Cwasaddsdiodine(O.lg,O.38 
mmol). Ozone was then pas& through the mixtum for 10-12 minutes. after which time the mixture was s&red fcr an 
additianal15hoursetambicot~pcranne.W~isrs~~inTablc1;bThcsertactioaswere~~aafollows;Thc 
hpmpanol/ iadine mixlure was OuMolysBd for 10 mins priar to sclareol and water addition. ozonolysis was then ccdnued 
forrfiuthrrSminutes,~~whichtimeUlemixOlrew~gtirredforana~~lShoursatambimltcmpenrtllnand~- 
UphtheUSUdllWWlW. 

A possihiIity is that the elecuophilk iodine apccks HOI was generated in the reaction mcditun and is 

responsible for the conversion of the vinyl-ether 8 to the methyl-ketone 2 via intemxdiate 11. This seemed 

to Ix substantiated by the fact that iodine was Iiberatai during the reaction. Moreover, treatment of 8 with a 
aqucmas mcthanolic solution containing iodine afforded the methyl-ketone 2 quantitatively. Heace it was 

conceived that iodine or potassium iodide would be ideal substitutes for Mate and per&late and a number 

of reactions were performed, the results of which are summary -zed in Table 2. 

Both methanol and isopropsnol afforded moderate yields of desired 2 on ozonolysis of 1 in the 
presence of icdine, (lWrk.s l-3). The yield of 2 could he increased further by ozonolysing the isqwopanol/ 

iodine solution (LO mina) prior to the addition of the (-)-schueol 1. Entries 4-5 indicate that only an half a 

equivalent of iodine is necessary under these conditions. Employing even less iodine substantially decreased 

the yield of 2. Furthermore, if HOI was a necessary intemxdiate then the addition of Hz0 should enhance 

the yield further. Indeed, a small amount of water is desirable for the formation of 2, (&tries 6-7) while 

addition of 10 mL Hz0 wss detrimental for formation of 2. The greatest yield of the desired methyl-ketone 
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2 could be obtained if the isopropanol / iodine solution was ozonolysed (10 r&s.) prior to the addition of 

the (-)-s&mm1 1 and a @tlI but significant amount of water, (Entry 8). Finally it is worth mentioning that 

potassium iodide can aldo replace the iodine and afforded 2 in yields of 8083%. In an attempt to isolate an 

intermediate (-)-sclareol 1 was subjected to oxonolysis in isopropanol. After 10 minutes the solvent was 

removd and the residue recrystalixed from pentane affording the dimer 12. The formation of 12 comes 

from the ma&on of the kinylcther 8 and formaldehyde, a by-pm&m of the ozmolysis reaction. Diier 12 

has been identified pre&usly.8 

In summary we describe several simple, inexpensive and high yielding syntheses of the metbyl- 

ketone 2, an important huermediate in the synthesis of Ambrox 4.l starting from naturally occuring (-)- 

sclareol2. Although the kxact species responsible for the oxidative ring-contraction of 8 to 2 in the various 

ozonolytic reactions des&ibed herein is yet to be fully identified. these sequences should make the synthesis 

of Ambrox 4 from sclar+l economic&y attractive. 
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