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ABSTRACT

A total synthesis of the immunosuppressive alkaloid (�)-FR901483 (1) has been described. The intriguingly azatricyclic structure of 1 was con-
structed by the semipinacol-type rearrangement and intramolecular Schmidt reaction of an azido cyclohexanone derivative. This strategy
provides a distinctive and competitive approach to the natural product 1.

FR901483 (1, Figure 1), a metabolite, was isolated from
the fermentation broth of the fungal stain Cladobotryum
sp.NO. 11231 by scientists at the FujisawaPharmaceutical
Co. in 1996.1 Its structure and relative configuration were
determined by X-ray crystallography, and the absolute

configuration was ascertained by total synthesis.2a It was
demonstrated that FR901483 exhibits potent immunosup-
pressive activity in vitro and significantly prolongs graft
survival time in the rat skin allograft model, which prob-
ably resulted from the interference with de novo purine
nucleotide biosynthesis via inhibition of key enzymes
involved in the pathway.1 This alkaloid contains a unique
and highly strained 5-azatricyclo[6.3.1.01,5]dodecane ske-
leton, which was unprecedented in nature. Its potential
medicinal value and intriguingly azatricyclic structure are
very attractive to a number of synthetic chemists. Several
elegant total syntheses2 andnumerous synthetic approaches3

toward 1have been disclosed in the past fewyears.However,
developing an enantioselective total synthesis of 1 is still
necessary.
In light of Aub�e’s report of the improved intramolecular

Schmidt reaction,4 many important relevant reactions
have been designed and widely applied in the total synth-
eses of alkaloids.5 However, construction of the bridged
azapolycyclic system still remains an under-explored

Figure 1. Structure of (�)-FR901483 (1).
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project by utilizing these reactions. As a result, only a
few examples were reported.4a,6 In connection with our
longstanding interest in the semipinacol rearrangement
reaction,7 the intramolecular Schmidt reaction8 and rela-
tive alkaloid syntheses,9 herein, we wish to present our
total synthesis of (�)-FR901483 (1) by these reactions of
an azido cyclohexanone derivative and subsequent ela-
boration of the resulting aza-tricyclic skeleton.
Our retrosynthetic analysis is outlined in Scheme 1.

FR901483 (1) could be easily obtained from the precursor
2 by means of transformation of functional groups. Com-
pound 2 might be accessed via introduction of an amino
group at C3 in 3. The aza-tricyclic structure of key inter-
mediate 3 was conceived via an intramolecular Schmidt
reaction of azido spirocyclobutanone 4, which will be
derived from carbonyl compound 5 through a semipina-
col-type rearrangement reaction. The azide 5 might be
synthesized by azido transfer reaction from amide 6, which
can be easily obtained from commercially available ketone
7 and Boc-protected chiral amino aldehyde 8.

With the above synthetic strategy in mind, we began
with construction of the key precursor 17 of the intra-
molecular Schmidt reaction (Scheme 2). The known diol
9 was prepared from 7 and 8 through an aldol reaction
and a reduction reaction according to the protocol of
Brummond.2g Under our modified conditions,10 benzyl pro-
tection of 9 afforded 71% yield of 10, whose configuration
was confirmed by X-ray crystallography analysis.11 After
removal of the Boc protecting group,2g treatment of the
amine with shelf-stable imidazole-1-sulfonyl azide hydro-
chloride (11)12 gave the azido compound 12 in 82% yield
over two steps.Theketal protectinggroupwas removed from
12 using TsOH to produce the carbonyl compound 13 in
excellent yield. We synthesized 17 using a semipinacol-type
rearrangement reported byTrost,13 which utilized selenoxide
asa leavinggrouptopromote the formationof stereoreversed
cyclobutanone (Scheme2).Accordingly, ketone13was treat-
ed with cyclopropyldiphenyl-sulphonium tetrafluoroborate
(14) andKOHinDMSOat roomtemperature toproduce15.
Then the epoxymoiety of 15was openedwith phenylselenide
in ethanol to give the hydroxysenide 16. After oxidation of 16
withm-CPBAat�30 �C inn-hexane andCH2Cl2, rearrange-
ment in the presence of pyridine from �30 �C to room
temperature afforded the azido spirocyclobutanone 17 in
57%yield over three steps and its diastereoisomer 170 in 14%
yield. The structures of two compounds were confirmed by
X-ray analysis, respectively11 (see Figure 2). It should be
noted that no purification was needed for compound 15 and
16 during this procedure.

Scheme 1. Retrosynthetic Analysis of (�)-FR901483 (1)

Scheme 2. Preparation of Azido Ketone 17
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With the key precursor 17 in hand, our effort was
focused on the construction of challenging complex lactam
18 by the intramolecular Schmidt reaction. As shown in
Table 1, treatment of 17 with neat trifluoroacetic acid
(TFA) at 60 �C did not afford the desired product 18

(Table 1, entry 1). Lewis acids used frequently in Schmidt
reaction also gave the same results (Table 1, entries 2�5).
In particular, using TiCl4 as the promotor, 18 was not ob-
tainedbut17disappeared (Table1, entry6).14Encouragingly,
when applying trifluoromethanesulfonic acid (TfOH) in
CH2Cl2 at 0 �C (Table 1, entry 7), we obtained the desired
product 18 albeit a low yield of 36%. When the reaction
was carried out at �10 �C for about one day, the yield

slightly increased to 41% (Table 1, entry 8). Futher low-
ering the temperature had no effect on the yield, but longer
reaction time. Nonafluoro-1-butanesulfonic acid gave
similar results as TfOH (Table 1, entry 9). To our delight,
treatment of 17 with chlorosulfonic acid (ClSO3H) in
CH2Cl2 at 0 �C for only 5 min led to 18 in 40% yield
(Table 1, entry 10). After a series of experiments, we found
that treatment of 17withClSO3H inCH2Cl2 at�30 �C for
6 h gave the best result (Table 1, entry 11). To the best of
our knowledge, it was the first time that ClSO3H was used
as a promotor of the Schmidt reaction. Additionally, the
use of more acidic fluorosulfonic acid (FSO3H) resulted
in lower yield (Table 1, entries 13, 14 and 15). ClSO3H,
therefore, was selected as the promoter of the intramole-
cular Schmidt reaction for 17 leading to 18. However,
diastereoisomer 170 had no corresponding product under
the optimized conditions and most of 170 was consumed.
As illustrated in Scheme 3, the X-ray crystal structures

of compound 17 and 170 unambiguously reveal that the
carbonyl group is distant from the azido group in both
stable conformations in which the side substituents are at
an equatorial position (Figure 2). For compound 17, a
conformational inversion facilitates the intramolecular
Schmidt reaction successfully since azido group is close
to carbonyl group (see conformation II). However, con-
formational inversion is ineffective to 170, because both
of two conformations have unsuitable distance between
the two reactive groups for the expected intramolecular
Schmidt reactionunder the optimized conditions (Scheme3).
This information explains well with our experimental results.
Furthermore, coordination of the Lewis acids to the two
ether oxygen atoms of 17 more or less prevents the con-
formational inversion, which probably explains the failed
results during the optimization of the reaction conditions
(Table 1, entries 2�4 and 6).
With the main skeleton of FR901483 (1) constructed,

subsequent introduction of the amino group and transfor-
mation of functional groups would complete the total
synthesis of 1 (Scheme 4). Compound 18 was treated with
LDA in THF at�78 �C, followed byDPPA and Boc2O at
the same temperature gave 19 and its epimer in 85% yield
(dr=2:1).15Despite itsmodest dr value, thismethodology
provides a good method for the synthesis of R-amino
lactam. Removal of the benzyl protecting group of
2-Boc-aminolactam 19 was completed with catalytic hy-
drogenolysis over Pd(OH)2/C to give20 in 95%yield. Both
of Boc and the lactam group were reduced in one step
through LiAlH4 in refluxing THF, and then the resulting
secondary aminewas protectedwith a Cbz group to afford
diol 21.2c Compound 21 was converted to 1 under mild
conditions in two steps.2e Selective phosphitylation of
the C-9 hydroxy gave the corresponding phosphite ester
intermediate, which was then oxidized with m-CPBA in
the presence of Et3N to give the dibenzyl phosphate 22.

Table 1. Intramolecular Schmidt Reaction of Azido Ketone 17

entry conditions yield (%)

1 TFA (neat), 60 �C 0a

2 MeAlCl2 (2 or 10 equiv), CH2Cl2, �78 �Cfrt 0a

3 BF3 3Et2O (2 equiv), CH2Cl2, �78 �Cfrt 0a

4 SnCl4 (2 equiv), CH2Cl2, �78 �Cfrt 0a

5 HBF4 3Et2O (2 equiv), Et2O, �78 �Cfrt 0a

614 TiCl4 (2 equiv), CH2Cl2, �78 �Cfrt 0b

7 TfOH (2 equiv), CH2Cl2, 0 �C, 2 h 36

8 TfOH (2 equiv), CH2Cl2, �10 �C, 24 h 41

9 NfOH (2 equiv), CH2Cl2, 0 �C, 24 h 40

10 ClSO3H (2 equiv), CH2Cl2, 0 �C, 5 min 40

11 ClSO3H (2 equiv), CH2Cl2, �30 �C, 6 h 67

12 ClSO3H (2 equiv), CH2Cl2, �40 �C, 24 h 60

13 FSO3H (2 equiv), CH2Cl2, 0 �C 0b

14 FSO3H (2 equiv), CH2Cl2, �30 �C, 2 h 35

15 FSO3H (2 equiv), CH2Cl2, �40 �C, 24 h 25

aAll of the azido ketone 17 was recovered. b 17 disappeared, but no
desired product was present.
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Simultaneous hydrogenolysis of the dibenzyl phos-
phate ester and benzyl carbamate of 22 over Pd/C
proceeded smoothly to afford FR901483 (1), of which
the spectral data were identified with those of the natural
product.1,2f

In conclusion, we have completed a total synthesis of
the potent immunosuppressant (�)-FR901483 in 3.5%
overall yield and 16 steps from commercially available
ketone 7 by utilizing the semipinacol-type rearrangement
and intramolecular Schmidt reaction of an azido cyclohex-
anone derivative as the key steps.
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Scheme 3. Probable Process of the Intramolecular Schmidt
Reaction

Scheme 4. Completion of the Total Synthesis of (�)-FR901483

Figure 2. X-ray crystal structure of 17 and 170.
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