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Assmff.-Nmr spectra of synthetic structures corresponding to those initially reported 
for natural compounds calanolidec E l ]  and calanolide D 121 showed some subtle differences from 
those of the natural products. Further analysis has resulted in revision of the structures of the 
~ r ~ r a l  compounds, now renamed pseudocalanolides C 131 and D 141. The absolute stereochem- 
istry of pseudocalanolide C was established as [6Si,7S,8R] using the modified Mosher’s method. 

The isolation of the calanolides, a 
novel class ofHIV-1 reverse transcriptase 
inhibitors, from a tropical rainforest tree, 
Calophyllum lanigerum Miq. var. 
austrocoriaceum (T.C. Whit more) P .F. 
Stevens (Guttiferae), was recently de- 
scribed (1). The isolation of some related 
anti-HIV-active dipyranocoumarins, the 
inophyllums, from Caloplyllum inophyllum 
L. was the subject of another report (2). 
Subsequently, the total syntheses of race- 
mic calanolides A 157, B, C 111, and D 127 
were published (3) .  However, in the lat- 
ter paper there was an apparent discrep- 
ancy in the ‘H-nmr spectrum ofsynthetic 
calanolide C compared to that of the 
natural product. The natural compound 
had an observed chemical shift of 6 6.83 
for H-8 ( l ) ,  while the corresponding pro- 
ton resonance of the synthetic material 
reportedly was observed at 8 6.63 (3). 
Our direct comparison of recent ‘H-nmr 
spectra of natural compounds originally 
identified as calanolides C and D and of 
the synthetic, racemic calanolides C and 
D has confirmed this discrepancy. Ac- 
cordingly, we communicate here the 
structure revision of the two natural com- 
pounds to 3 and 4, respectively, where 
the orientation of the two pyran rings is 
opposite that initially reported. 

’SmithKline Beecham Pharmaceuticals R & 
D, King of Prussia, PA 19406; current address: 
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The primary structural challenge of 
the dipyranocoumarin class lies in the 
fully substituted central aromatic ring. 
Three of the positions on the ring are 
substituted with oxygen and have similar 
carbon chemical shifts (e.g., 6 151.1, 
153.1,154.4incalanolideA). Thechemi- 
cal shifts of the remaining three carbons 
are also very similar (6 104.0, 106.3, 
106.3 for calanolide A). The assignment 
of these chemical shifts to individual 
carbons can only be accomplished via 
long-range heteronuclear correlation ex- 
periments such as HMBC. However, 
multiple correlations to three of these 
carbons are necessary to distinguish be- 
tween the two possible ring configura- 
tions exemplified by the calanolide C 111 
and pseudocalanolide C 137 structures. 
The assignment of the central ring car- 
bons is further complicated in calanolide 
D 127 and pseudocalanolide D 141 by the 
ketone functionality, which decreases the 
number of observable correlations to the 
central ring. In the original report of the 
natural compounds ( l ) ,  the carbon sig- 
nals for “calanolide C” (now pseudo- 
calanolide C) were assigned by analogy to 
calanolide A 157 and for “calanolide D” 
(now pseudocalanolide D) using limited 
data from a single HMBC experiment 
(Yc,=8.3 Hz), plus analogy to 5 and 
chemical correlation to “calanolide C.” A 
reanalysis of the original HMBC data 
indicated that the observed correlations 
did not distinguish between the two pos- 
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sible ring systems. Further HMBC ex- 
periments optimized for 8.3 and 5.5 Hz 
long-range coupling constants have been 
conducted for pseudocalanolide C .  Ob- 
servedcorrelations to62.79and 2.88(H- 
13, -13’)fromC-3 (6 l l l . l ) a n d C - 4 ( 6  
158.6) were consistent with those ob- 
served for calanolides A and B. An addi- 
tional correlation between 6 103.5 and 
these same protons led to its assignment 
as C-4a. Observed correlations to H-7 (6 
2.22) and H-8 (6 5.06) from a carbon at 
6 109.2 suggested its placement at  C-8a. 
In the same manner, the carbon at 6 
154.6 was assigned to C-8b based on its 
correlations to H-8 (6 5.06) and H-12 (6 
6.83); 6 152.6, which correlated to H-8 
and H-6 (6 4.32), was assigned to C-4b; 
and 6 150.6 was assigned to C-l2b, be- 
cause it correlated to H-12. This left the 
carbonsignal at 6 102.9for C-12a. Thus, 
structure 3 was established for pseudo- 
calanolide C. 

The relative stereochemistry of 
pseudocalanolide C is the same as that 

originally reported for “calanolide C” (1). 
The absolute stereochemistry of 
pseudocalanolide C was determined us- 
ing the modified Mosher’s method (45) .  
By this method (see Figure l ) ,  the abso- 
lute configuration of C-8 was determined 
to be R, thus establishing the absolute 
configurationof3 to be [@,7S,8R]. There 

H3c++H H3C 4.9 

H -1.0 

FIGURE 1. ’H-nmr A8 values (A8=8,-6, in Hz 
at 500 MHz) for (R)- and (S)-MTPA 
esters of pseudocalanolide C 131. 
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was essentially no difference in the cou- 
pling constants of H-6, H-7, or H 4 ,  
suggesting that the ring conformation 
was unchanged by esterification. 

AnHMBCexperiment("J,,=5.5 Ht) 
was also performed for synthetic calanolide 
C. Observed correlations to 6 2.92 and 
2.86(H-13,13')fromC-3 (6 1lO.l)and 
C-4 (6 158.9) were consistent with as- 
signments for the other calanolides. Ad- 
ditional correlations between 6 103.8 
and H-13 and H-3 (6 5.94) placed this 
carbon at C-4a. The carbon signal at 6 
152.0 was correlated to three protons 16 
6.63 (H-8), 4.39 (H-lo), and 5.09 (H- 
12)] and, therefore, had to be placed at C- 
8b. H-12 (6 5.09) was also correlated to 
carbons at 6 105.7 (C-12a) and 6 154.6 
(C-l2b), while H-8 (8 6.63) showed ad- 
ditional correlations to a carbon at 6 
151.3(C-4b)andH-7 (6 5.54)wascorre- 
lated to C-8a (6 106.5). These observed 
correlations are analogous to those ob- 
served for calanolides A and B and are 
best accounted for by structure 1. This 
structure is identical to that originally 

equivocal assignment of all but two car- 
bons. The assignments for those carbons 
could not be firmly established because of 
a paucity of the compound and its insta- 
bility in CDC1,. The uncertainty in the 
assignment of C-8b and C-12b is re- 
flected in Table 1. Pseudocalanolide D 
has the same gross structure as 
tomentolide B 167, reported as a racemate 
from the seeds of Caiopbyiium tmntosum 
(6). However, based on differences be- 
tween the reported 'H-nmr data of 
tomentolide B and pseudocalanolide D, 
we believe that they are diastereomers. As 
noted in the original report ( l ) ,  
pseudocalanolide D can be cleanly con- 
verted to pseudocalanolide C by reduc- 
tion with NaBH4, and, therefore, must 
have structure 4 and the &,7R stereo- 

The nmr keys to correct placement of 
thepyran rings in this class ofcompounds 
are the 'H-nmr shifts for the olefinic 
proton at H-8IH-12, where a distinctive 
0.2 ppm shift difference is typically ob- 
served (see Table 2), and the 13C-nmr 

1 3 

FIGURE 2. Key HMBC correlations for the assignments ofthe benzene ring carbons ofsynthetic calanolide 
C 111 and natural pseudocalanolide C C31. 

proposed for calanolide C. Figure 2 illus- 
trates the critical correlations in both 1 

'After completion of this work, Palmer and 
JowDhs remned an indewendent racemic svnthe- - .  . 

and 3. 

experiments optimized for "Jc,=8.3 and 

D. These experiments allowed the un- 

sis of structures 1 and 2 and proposed the same 
strucrure revision for the natural compounds (8). 

31t should be noted that the structures origi- 
nally assigned (1) to calanolides A and B are 

&with pseudocalanolide C, HMBC 

5.5 HZ were Obtained forpseudocalanolide correct, demonstrated by rigomus spectral a d y -  
S ~ S  ( I )  and synthesis (3). 
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TABLE 1. %-Nmr Data (CDCI,) for Compounds 14. 

Carbon 

2 . . . . . . . . . . .  
3 . . . . . . . . . . .  
4 . . . . . . . . . . .  
4a. . . . . . . . . . .  
4b . . . . . . . . . .  
6 . . . . . . . . . . .  
7 . . . . . . . . . . .  
8 . . . . . . . . . . .  
8a. . . . . . . . . . .  
8b . . . . . . . . . .  
10 . . . . . . . . . .  
11 . . . . . . . . . .  
12 . . . . . . . . . .  
12a. . . . . . . . . .  
12b . . . . . . . . .  
13 . . . . . . . . . .  
14 . . . . . . . . . .  
15 . . . . . . . . . .  
16 . . . . . . . . . .  
17 . . . . . . . . . .  
18 . . . . . . . . . .  
19 . . . . . . . . . .  

1' 

160.2 
110.1 
158.9 
103.8 
151.3 
77.6 
126.9 
116.6 
106.5 
152.0 
75.7 
35.2 
63.0 
105.7 
154.6 
38.7 
23.3 
14.0 
27.8 
27.8 
16.2 
9.6 

Compounds 

z 
159.7 
112.1 
157.0 
104.0 
155Bb 
79.2 
126.9 
115.9 
105.5 
158.8b 
77.3 
45.9 
191.5 
102.9 
156.0 
38.8 
23.2 
13.9 
38.1 
28.2 
16.1 
9.2 

3 

160.8 
111.1 
158.6 
103.5 
152.6 
75.6 
35.1 
65.9 
109.2 
154.6 
78.8 
126.9 
115.7 
102.9 
150.6 
38.9 
23.2 
14.0 
16.8 
7.2 
28.2 
28.4 

4 

160.0 
111.4 
158.1 
102.7 
160.0 
77.4 
45.7 
192.9 
106.8 
157.6' 
78.9 
128.2 
115.0 
104.1 
154.3' 
38.9 
23.0 
13.9 
15.9 
9.0 
28.0 
28.1 

'Synthetic 1 and 2 (3). 
bCorrelations were observed to both carbons from H-8, assignments were based on 

'Assignments may be interchangeable 
an additional very weak correlation from H-10 to C-8a. 

shifts for C-8/C- 12 and C-8dC- 12a, where 
complementary 3 ppm shifts are observed 
(see Table 1). 

EXPERIMENTAL 
GENERAL EXPERIMENTAL PROCEDURES.-AS 

mnw.-As previously reported 

EXTRACTION AND ISOLATION.-AS previously 

SYNTHESIS OF 1 AND 2.-As previously re- 

Pseuakalano[ide C [3].+a)D +68" (~0.7, 
CHCI,); ir (film) Y max 2960, 1729, 1620, 1582, 
1120 cm-'; hreims observed m/z 370.1695 (calcd 
forC,,H,,O,, 370.1780);lreimsm/z370(M~,25), 
355 (loo), 337 (25), 299 (35). 

Pse&a[ano[ideD { 4 ] . A a ] D  +bo" (~0.5, 
CHCI,); ir (film) Y max 2960,1734,1697,1684, 
l575,1558cm-';hreimsobservedm/z 368.1213 
(calcd for C22H2401, 368.1624); lreims mlz 368 
(M+, 25), 353 (loo), 297 (68). 

Preparation of the (R)- and (S)-MTPA esters of 

previously reported (7). 

(1). 

reported (1). 

poned (3). 

pseudour[ano/ide C.-A solution of(R)-a-methoxy- 
a-(trifluoromethy1)-phenylacetic acid chloride (2.7 
mg in 50 p1 of C6H6) was added to 3.1 mg 
pseudocalanolide C [3) in 4.5 ml C6&. A small 
amount of (dimethy1amino)pyridine (DMAP) and 
10 ploftriethylamine were added and the reaction 
was refluxed at 90". After 6 h, an additional 3 mg 
of (R)-MTPA chloride was added and the reaction 
was refluxed overnight. The mixture was cooled 
and then chromatographed on a short silica plug 
(1 X 1 cm) eluting stepwise with a gradient of 
hexandEtOAc. Thedesired (S)-MTPA ester eluted 
with 20% EtOAc. The same procedure was used to 
generate the (R)-MTPA ester from the (S)-MTPA 
chloride. 
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Proton 

~~ 
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~ B L E  2. Comparison of 'H-Nmr Data (CDCI,) for Compounds 1 4 ,  and 6. 

Compounds 

1' 
~ 

5.94, s 

- 

5.54, d, 

6.63, d, 

4.39, dq, 

2.28, m 

5.09, dd, 

f.92, m 

2.86, m 
1.66, m 

1.04, t, 

J = l O  Hz 

J = l O  Hz 

J=6.7, 3.3 Hz 

J=6.0, 1.0 Hz 

J=7.0 Hz 
1.49, s 

1.49, s 

1.42, d, 

1.14, d, 

3.29, d, 

J=7.0 Hz 

J=7.0 Hz 

J= 1 .O Hz 

Synthetic 1 and 2 (3). 
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'Nigami and Mitra (6). 
d N O t  RpoKed. 

3 

5.94, t, 

4.32, dq, 

2.22, ddq,]= 

5.06, dd, 

J= 1 .O HZ 

J=2.5, 7.0 Hz 

2.5,6.0, 7.0 Hz 

J=6.0, 1.5 Hz 
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5.56, d, 

6.83, d, 

2.88, ddd 

2.77, ddd 

J = l O . 5  Hz 

J=l0.5 Hz 

1.60, sen, 

0.98, t, 

1.41,d, 

1.06, d, 

1.46, s 

1.46, s 

3.64, d, 

J=7.0 Hz 

J=7.5 Hz 

J=7.0 Hz 

1 ~ 7 . 5  Hz 

J=1.5 Hz 
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5 .  
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6.02, s 
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5.57, d, 
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4.67, dq, 

2.66, dq, 

J= 10.0 HZ 

J= 10.0 Hz 

J=7.0, 3.5 HZ 

J=7.0, 3.0 Hz 
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2.85, dt, 
J=7.0, 2.5 Hz 

1.61, sext, 

1 .00, t,  

1.52, s 

1.51,s 

1.39, d, 

1.13,d, 

J=7.5 Hz 

J=7.5 Hz 

J=7.0 HZ 

J=7.5 Hz - 

46 

5.98, t, 

4.69, dq, 

2.61, dq, 
]=3.0, 7.0 Hz 

J=1.0 Hz 
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- 

- 

5.61, d, 

6.78, d, 

2.85, m 
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J=ll.OHz 

1.63, sext, 

1.01, t, 
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4.22, m 

2.42, rn 

- 

- 

5.58, d, 
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1.51, s 

J=7 Hz 

J=7 Hz 

- 
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