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99.5% purity as determined on a gas chromatograph. The benzene 
and tetrahydrofuran solvents were spectroscopicaUy pure and were 
used without further purification. The chlorobenzene solvent was 
purified by double distillation. VPC analyses were done on 6 ft  
X 0.25 in. copper columns of 10% SE-30, 7% SE-30 and 3% 
Carbowax 20M, and 10% Carbowax 20M. The N-iodosuccinimide 
was determined to have 98.5-99.5% active iodine and was used 
as purchased. Irradiation of reaction mixtures was effected with 
a GE Projector Spot 150-W, 130-V tungsten lamp. 

Oxidation of a-Hydroxy-a-methylbutyric Acid with NIS 
and Irradiation. A mixture of 0.0726 g (0.615 mmol) of a-hy- 
droxy-a-methylbutyric acid, 0.2448 g (1.088 mmol) of NIS, and 
5 mL of chlorobenzene was irradiated and stirred. Reaction times 
and percentage yields were as follows: 10 min (96%), 30 min 
(94%), 40 min (96%). 

Oxidation of a-Hydroxy-a-methylbutyric Acid with NIS 
in the Dark at Ambient Temperatures. A mixture of 0.0752 
g (0.637 mmol) of a-hydroxy-a-methylbutyric acid, 0.2532 g (1.125 
"01) of NIS, and 5 mL of chlorobenzene was stirred in the dark 
for 25 h. Reaction times and percentage yields were as follows: 
1 h (34%), 3 h (71%), 6 h (88%), 7 h (99%), 24 h (104%), 25 h 
(103%). 

Oxidation of Mandelic Acid with NIS and Irradiation. 
Determination of I2 and C02 Percentages. Mandelic acid 
(6.506 g, 0.0428 mol) and 20 mL of diphenyl ether were placed 
in a 50-mL round-bottomed flask. NIS (6.2308 g, 0.0277 mol) was 
weighed in another flask. Both flasks were placed on a vacuum 
rack, and the system was evacuated. The chemicals were mixed, 
stirred, and irradiated for 20 min. Analyses gave a 99% yield of 
iodine and a 99% yield of carbon dioxide with a molecular weight 
of 43.8 g/mol. Mass spectrometer analysis of the carbon dioxide 
indicated a purity of 99.9%. 

Iodine Determination. The iodine produced in the oxidation 
of a-hydroxy carboxylic acids with NIS was determined by adding 
reaction mixtures to 25 mL of a 1:l mixture of acetic acid and 
water. Several drops of concentrated hydrochloric acid were 
added, and the iodine was titrated with a standardized solution 
of thiosulfate. The iodine was found in 85-99% yield, assuming 
that 1 mol of iodine is produced from 2 mol of NIS. 

Succinimide Determination. Succinimide was recovered 
from the completed reactions by pouring the reaction mixtures 
into diethyl ether and extracting the ether solution with water. 
The combined water extracts were washed with fresh ether, and 
the water solution was evaporated. Succinimide was recovered 
in 80-98% yields. 
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The established preparative route to an alcohol like 
Ph3CCH2CH20H, for example, involves a rather lengthy 
synthesis's2 (eq 1). The obvious organometallic route to 

triphenylpropanol, i.e., reaction of Ph3CLi and ethylene 
oxide, fails to give the expected product. The reason is 
that the charge-delocalized organolithium reagents may 
exhibit reactivities toward ethylene oxide comparable to 
those of lithium alkoxides. Therefore, on addition of 
ethylene oxide to a reagent like Ph3CLi, two competing 
reactions take place, namely, addition of the carbanion to 
the oxirane linkage and poly- or oligomerization of ethylene 
oxide by the catalytic action3 of the alkoxide 
Ph3CCH2CH20Li. Perhaps, this is the reason that reac- 
tions of charge-delocalized organometallics with ethylene 
oxide have attracted the interest of polymer  scientist^.^ 
One method6 claims an ca. 50% yield of 3-(2-pyridyl)- 
propanol from 2-picolyllithium and ethylene oxide, which 
is not impressive. 

Our need for a number of propanols with aryl substit- 
uents in the 3-position prompted us to search for a more 
convenient method of preparation. We chose to study the 
coupling between charged-delocalized organolithium 
reagents with benzhydryl 2-chloroethyl ether, 1. The 
reasons for choosing 1 are its ready availability6 and the 
ease with which benzhydryl ethers can be cleaved or sol- 
volyzed? An additional reason was that benzhydryl ethers 
themselves constitute an interesting class of organic com- 
pounds from both synthetic8 and mechaniitid' standpoints. 

Charge-delocalized organolithiums like trityllithium, for 
example, react very readily with 1 and give the expected 
coupling product (eq 2). The yields, which ranged from 

Ph3CLi + ClCHzCHzOCHPhz 90.1,- THF 

Ph3CCH2CH20CHPhz (2) 

fair to excellent, are summarized, along with other relevant 
data, in Table I. Butyllithium does not couple with 1 in 
the presence of THF. This probably indicates that the 
charge-delocalized organolithiums behave as strong nu- 
cleophiles,1° a contrasting feature to the simple alkyl- 
lithiums which, most probably, react by a SET mecha- 
nism." Despite the simple structure of the benzhydryl 
ethers in Table I, all were previously unknown. This, 
perhaps, indicates the synthetic value of the present me- 
thod. Noteworthy could be the ability of the method to 

(1) Wilt, J. W.; Lundquiet, J. A. J. Org. Chem. 1964,29,921. Stames, 
W. H., Jr. Ibid. 1968,33, 2767. 

(2) A synthesis of 3,3-diphenylpropanol involves the transformation 
PhCH=CHC02H - Ph2CHCH2C02H - Ph2CHCH2CH20H Fel'dman, 
Kh.; Vinokurova, N. M. Med. Prom. SSSR 1964,18(3), 39; Chem. Abstr. 
1964,61, 1780f. 

(3) See. ex.. Sorensen. W. R.: Cambell. T. W. "PreDarative Methods 
of Polymer chemistry*, 2nd ed; Interscience: New Pork, 1968; p 367. 

(4) Vidal, B.; Lasalle, P. D.; Diffeux, A,; Boileau, S.; Sigwalt, P. First 
Znternat. Symp. Polym. Heterocycles 1975,87. Warsaw-Jablona. Sig- 
W a l t ,  P. J. Polym. Sci. 1975,50,95. Solov'yanov, A. A.; Kazanskii, K. S. 
Vysokomol. Soyed., Ser. A 1974,16(3), 595, cited indirectly via Hogen- 
Each, T. E. Adv. Phys. Or#. Chem. 1977,15, 153. 

( 5 )  Walter, L. A. "Organic Syntheses"; Wdey: New York, 1955; Collect. 
VOl. 111, p 757 

(6) Sugasava, S.; Fujiwara, K. 'Organic Syntheses"; Wiley: New York, 
1963; Collect. Vol. IV, p 72. 

(7) Hal",  E. In 'Protective Groups in Organic Chemistry": McO- 
mie, J. F. M., Ed. Plenum Press: London, 1973; Chapter 5. 

(8) Hartzell, G. E.; Huyser, E. S. J. Org. Chem. 1964, 29, 3341. 
Hartzell, G .  E.; Bredeweg, C. J.; Loy, B. Zbid. 1965,30, 3119. Ziebarth, 
M.; Neumann, W. P. Justus Liebigs Ann. Chem. 1978, 1765. 

(9) See, e.g., Garst, J. F.; Smith, C. D. J.  Am. Chem. SOC. 1973, 95, 
6870. 

(IO) Kobrich, G.; Baumann, A. Angew. Chem., Int. Ed. Engl. 1973,12, 
75. 
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Benzylic Organolithium Reagents 
Table I. Benzhydryl Ethers PRpared by Coupling of Benzhydryl 2-Chloroethyl Ether with Various 

mp  or bp 
entry reagent product % yield (mmHg), "C NMR dataP 

1 PhCH,Li Ph(CH,),OCHPhZb 155-160 (0.05) 1.92. m. 2 H (CCH,Ch 2.72. dist t. 80.5 

72 

52 

87 

75 

6 1  

77 

90 

100  

93 

68 

60 

86 

52 

2 H (CH,O); 3.44, dk t  t, 2 H 
(PhCH,); 5.29, s, 1 H (PhCHO); 
7.23, d ,  1 5  H ( 3  Ph) 

2.07, m, 2 H (CCH,C); 2.91, dist t, 
2 H (CH,O); 3.48, dist t, 2 H 
(PyCH,); 5.30, s, 1 H (PhCHO); 
7.29, s-like m,  1 3  H (arom) 8.52, 
d i k e  d,  1 H (6-pyridyl) 

1.88, m, 2 H (CCH,C); 2.66, dist t, 
2 H (CH,O); 3.40, dist t, 2 H 
(PyCH,); 5.27, s, 1 H (PhCHO); 
6.99, d ,  7.27, s-like m,  1 2  H 
(arom); 8.42, br  s, 2 H (2,6- 

' 

2 2-PyCH2Li 2-Py(CH, ),OCHPh,' 

4-Py( CH,),OCHPh, 

180-190 (0.2) 

3 4-PyCH,Li liquid (high bp) 

pyridyl) 
2.34, q, 2 H (CCH,C); 3.37, dist t, 

2 H (CH,O); 4.18. dist t. 1 H 
4 Ph,CHLi Ph,CH( CH,),OCHPh, e 70-72 (MeOH) 

(PhC'HCfi 5.19, s , ' l  H (PhCHO); 
7.25, d-like, 20 H (4  Ph) 

2.40, dist t, 4 H (CCH,C); 2.86, 
dist t, 4 H (CH,O); 4.89, s, 2 H 
(PhCHO); 7.11, 7.57, centers 
of m, 28 H (arom) 

2.50, m, 2 H (CCH,C); 3.39, dist 
t, 2 H (CH,O); 4.34, dist t, 1 H 
(PyCH); 5.21, s, 1 H (PhCHO); 
7.29, s, 18 H (arom); 8.53, s-like 
d,  1 H (6-pyridyl) 

2.35, dist q,  2 H (CCH,C); 3.37, 
dist t, 2 H (CH,O); 4.20. dist t, 

5 9-flLiO 106.5-108 
(hexane ) 

(CH, CH, OCHPh, ), 

2-Py( Ph )CH( CH, ),OCHPh, 6 2-Py(Ph)CHLi viscous liquid 

4-Py( Ph )CH( CH, ), OCHPhZh 7 4-Py(Ph)CHLi 66-67 (hexane) 

1 H (PyCH); 5.21, s, 1 H 
(PhCHO); 7.25, d-like, 17 H 
(arom) 8.48. d-like. 2 H (2.6- ~. 
pyridyl) ' 

3.15, m, 4 H (CH,CH,); 5.09, s, 
1 H (PhCHO); 7.21, s-like d, 
25 H ( 5  Ph) 

2.24, m, 2 H (CCH,C); 3.45, m, 
2 H (CH,O); 4.44, t-like q, 1 H 
(PhCHS); 5.19, s, 1 H (PhCHO); 
7.23, d-like, 20 H (4 Ph)  

2.55, dist t-like q, 2 H (CCH,C); 
3.53, dist t-like q, 2 H (CH,O); 
5.17, s, 1 H (PhCHO); 7.27, 
d-like, 25 H ( 5  Ph) 

2.77, dist t, 2 H (CCH,C); 3.58, 
dist t, 2 H (CH,O); 5.24, s, 1 H 
(PhCHO); 7.29, dist d-like, 20 
H (4  Ph) 

2.60, dist t, 2 H (CCH,C); 3.55, 
dist t, 2 H (CH,O); 4.75, s, 1 H 
(OH), 5.13, s, 1 H (PhCHO); 
7.21, s, 20 H ( 5  Ph)  

2.24, m, 2 H (CCH,C); 3.39, m, 
2 H (CH,O); 3.87, dist t ,  1 H 
(PhCHCO); 5.23, s, 1 H 
(PhCHO); 7.19, s, 1 5  H (3  Ph); 
10.15, s, (acidic) 

2.79, dist t, 2 H (CCH,C); 3.28, 
dist,t, 2 H (CH,O); 5.14, s, 1 H 
(PhCHO); 7.24, d-like, 20 H 
(4 Ph); 10.20, s, 1 H (acidic) 

8 Ph,CLi 

9 Ph( SPh )CHLi 

1 0  Ph,C(SPh)Li 

11 Ph,( CN)CLi 

1 2  (Ph,CO)2-Li,z+ 

13 PhCH(C0,Li)Li 

Ph,C( CH, ),OCHPh, 

Ph(SPh)CH(CH,),OCHPh, 

130-131 
(C, H, -MeOH) 

viscous liquid 

Ph, C( SPh )( CH, ),OCHPh, j 136-137.5 
(C,H,-hexane) 

Ph,C( CN)( CH,),OCHPh, 109-111 
(C,H, -hexane) 

Ph,C(OH)(CH,),OCHPh,' 97-98 (EtOH) 

PhCH(CO,H)(CH,),OCHPh, 118-120.5 
(EtOH) 

1 4  Ph,C(CO,Li)Li Ph,C(CO,H)( CH,),OCHPh," 129-131 
(EtOH) 

All benzhydryl ethers in the table gave satisfactory elemental analyses for C and H. The microanalyses were performed 
by the Microanalytical Laboratory of NHRF, Athens, Greece. 
for 0.5 h at room temperature. Overnight a t  room temperature. 
crystalline product also formed. e 3 h at room temperature. 1 added to 9-fluorenyllithium at 0-5 'C, 24 h a t  room 
temperature. 18 h at  60 "C. 18 h at 60 "C. Product purified by repeated precipitations, as an oil, from ether by 
adding hexane. * Overnight at room temperature. J 48  h at room temperature. 
ature. 48  h a t  room temperature, 
is reported for the first time in this paper. Fluorenyl, fl. Distorted 
doubletlike multiplet = "dist d-like m". 

1 added to  an excess of PhCH,Li at -50 f 20 OC, stirring 
Overnight a t  room temperature. An unidentified 

4 8  h at 40-45 "C. I 3 h at  room temper- 
Although spectral and other data have been reported for this compound, its synthesis 

Lit.13 mp 100-102 "C. " 40 h a t  45-50 "C. 
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afford benzhydryl ethers containing an additional func- 
tional group such as OH, SPh, COzH (see entries 9-10, 
12-14, Table I). 

Most of the benzhydryl ethers reported here could be 
hydrolyzed to the respective alcohols by acid catalysis in 
aqueous dioxane (eq 3). Under the above-mentioned 

H+ 
RCH2CH20CHPhz + HzO 

RCHzCH2OH + PhzCHOH (3) 

R = PhCH2, PhzCH, Ph&, 4-PyCH2, PhCH(CO,H), 
2-PyCHz 

conditions the ether Ph2C(OH)CH2CH20CHPhz, which 
contains the acid-labile functionality Ph2C(OH), under- 
went fragmentation. 

Considerably more facile appeared to be the phenyl- 
thiolysis12 of the Ph2CH0 group. In this reaction the 
benzhydryl group is transformed to the corresponding 
sulfide, according to eq 4. Again, the method is applicable 
to solvolysis of benzhydryl ethers without an acid-labile 
functional group. 

H+ 
RCHzCHZOCHPhz + PhSH 

RCHzCHzOH + PhzCHSPh (4) 

R = as in eq 3, PhCH(SPh) 

Lithium naphthalene radical anion, or lithium metal in 
THF under naphthalene ~atalysis, '~ was found to be a 
convenient method for cleaving benzhydryl ethers. In this 
case the benzhydryl group is converted to (diphenyl- 
methy1)lithium. The latter can be transformed either to 
diphenylmethane on hydrolysis or to lithium diphenyl- 
acetate on carbonation. One then can choose between the 
two alternatives, guided by the convenience in the product 
isolation step (eq 5). 

t -  
RCHzCHzOCHPh f 2Li C10Hg 

R C H ~ C H ~ O L I  -t PhzCHLl 

Notes 

in aqueous NaOH, and Ph2CHSPh was prepared by a published 
procedure.12 Ben~yllithium,'~ PhCH(Li)SPh,l6 Ph2C(Li)SPh,13 
and pi~olyllithium'~ were prepared according to published 
methods. 

Reactions of air-sensitive reactants and/or products were 
carried out under an atmosphere of argon. 

Exemplary Runs. Benzhydryl 3,3,3-Triphenylpropyl 
Ether. To a mixture of 12.2 g (50 mmol) of Ph&H and 50 mL 
of THF was added with cooling (dry ice and acetone bath) 40 mL 
(68 mmol) of 1.70 M BuLi in benzene. The reaction flask was 
surrounded with ice and the mixture was stirred at 0 "C for several 
hours and then at  room temperature overnight. A solution of 12.5 
g (50 mmol) of 1 in ca. 15 mL of THF was added to the trityl- 
lithium; and the reaction was allowed to proceed overnight. The 
reaction mixture was diluted with 50 mL of benzene and hy- 
drolyzed. The organic layer was washed with water, dried over 
MgS04, and evaporated to constant weight, after removal of the 
drying agent. The product, after one recrystallization from 
benzene methanol, weighed 20.5 g, 90%, mp 127-130 "C. The 
pure ether had a melting point of 130-131 "C. See entry no. 8 
in Table I for NMR data. 

Hydrolysis of Benzhydryl3-Phenylpropyl Ether. A 1.2-g 
sample of benzyhydryl3-phenylpropyl ether was refluxed for 2 
h with water (15 mL), dioxane (60 mL), and 70% perchloric acid 
(3 mL). The reaction mixture was diluted with water and ex- 
tracted 3 times with 50-mL portions of benzene. The combined 
extracts were dried over MgS04 and evaporated to constant weight 
after removal of the drying agent. The product (1.3 g) was found 
by NMR analysis to be a mixture of Ph2CHOH and 3-phenyl- 
propanol: NMR 6 1.46 (br s, OH), 1.80 (m, CCH2C), 2.63 (t-like 
q, CH20), 3.57 (dist t, PhCH2), 5.75 (s, PhCHOH), 7.29 (d-like 
m, arom). 

Phenylthiolysis of Benzhydryl3,3-Diphenylpropyl Ether. 
Trifluoroacetic acid (2 mL) was added at  once to a mixture of 
1.9 g ( 5  mmol) of benzhydryl 3,3-diphenylpropyl ether and 1.0 
mL of thiophenol. The resulting mixture within 1 min or less 
turned into a solid mass. Methylene chloride (10 mL) was added 
to the solid mixture and the resulting solution was stirred for 0.5 
h at room temperature. More CH2C1, (50 mL) was added and 
the solution was washed with water, NaOH solution, water, and 
dried over MgS04. The drying agent was filtered off, and on 
evaporation to dryness, the filtrate left 2.6 g of a mixture of 
Ph2CHSPh and 3,3-diphenylpropanol. A 1.5-g portion of this 
material was applied on a column of 50 g of neutral alumina. The 
sulfide was eluted twice with 100-mL portions of hexane-benzene 
(5050, v/v): 0.80 g, mp 74 "C (lit.'* 78 "C). Diphenylpropanol 
was eluted twice with 100-mL portions of CHC13-CH30H (W10, 
v/v): 0.69 g, mp 20-22 "C (pentane); lit.2 bp 185 "C (10 mmHg); 
NMR d 2.20 (dist q, 2 H, CCH2C), 2.52 (br s, 1 H, OH), 3.44 (dist 
t, 2 H, CH20), 4.04 (dist t, 1 H, PhCHC), 7.17 (s, 10 H, 2 Ph). 

Cleavage of Benzhydry13,3,3-Triphenylpropyl Ether with 
Lithium in THF. A 2.3-g sample benzhydryl3,3,3-triphenyl ether 
(ca. 5 mmol) was stirred under an atmosphere of argon with 0.140 
g (20 mmol, 100% excess) of lithium chips and 10 mL of THF 
containing 43 mg of naphthalene. After 5 min the mixture turned 
yellow and then rapidly orange-red. Stirring was continued ov- 
ernight. Anhydrous THF (10 mL) was added and the diluted 
reaction mixture was carbonated by siphoning it into a mixture 
of crushed dry ice and ether. Usual workup of the carbonation 
mixture afforded 1.05 g (100%) of Ph2CHCO2H, mp 125-137 "C 
[after one recrystallization from ethanol, mp 146-148 "C (lit.19 
mp 148 "C)]. From the neutral fraction of the carbonation mixture 
was isolated 1.2 g (83%) of crude 3,3,3-triphenylpropanol, mp 
80-100 "C. Recrystallization from hexane improved the melting 
point to 105-108 "C (lit.lb mp 108.5-110 "C): NMR 6 1.37 (br 
s, 1 H, OH), 2.90 (dist t, B2 part of an A2B2 system, 2 H, CCH2C), 
3.49 (dist t, A2 part of the A2B2 system, 2 H, CH20), 7.24 (s, 15 
H, 3 Ph). 

/ \.. ( 5 )  

RCHzCHzOH t PhZCH2 RCHzCHzOH f PhZCHCOzLI 

The benzhydryl ether Ph2C(OH)CH2CHz0CHPhz, 
which is not compatible with the reagents and the con- 
ditions of eq 3-5, was found to undergo a smooth catalytic 
hydrogenolysis (eq 6). 

W C ,  H2 
Ph&(OH)CHZCHzOCHPhz - 

PhzC(OH)CH&H20H + Ph2CH2 (6) 

Experimental Section 
Proton nuclear magnetic resonance spectra were recorded with 

a Varian FT-80 NMR spectrometer. Chemical shifta are reported 
in parts per million downfield from Me4& as follows: ppm, 
multiplicity, coupling constant, number of protons, and the 
segment to which the hydrogens are attached. The solvent used 
for the NMR spectra was CDC1,. 

Boiling points and melting points are reported uncorrected. 
The latter was obtained in open capillaries with a Buchi apparatus. 

The various chemicals and solvents used were purchased from 
Merck or Fluka. THF was purified as described pre~iously.'~ 1 
was prepared according to the method in 'Organic Syntheses".6 
PhCHzSPh was prepared from thiophenol and benzyl chloride 

(12) Micha-Screttas, M.; Screttas, C. G. J. Org. Chem. 1977,42, 1462. 
(13) Screttas, C. G.; Micha-Screttas, M. J.  Org. Chem. 1979,44, 713. 
(14) Screttas, C. G.; Micha-Screttas, M. J.  Org. Chem. 1978,43, 1064. 

(15) Screttas, C. G.; Eastham, J. F.; Kamienski, C. W. Chimia 1970, 

(16) Biellman, J. F.; Ducep, J. B. Tetrahedron Lett. 1968, 5629. 
(17) Beumel, 0. F., Jr.; Smith, W. N.; Rybalka, B. Synthesis 1974,43. 
(18) Finzi, C.; Bellavitto, V. Gazz. Chim. Ital. 1932, 62, 699. 
(19) "Handbook of Chemistry and Physics", 54th ed.; Chemical Rub- 

24, 109. 

ber Publishing Co.: Cleveland, OH, 1973-1974; p C-86. 
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In a recent note2 we discussed the problems associated 
with determining the C-11 stereochemistry of sesqui- 
terpene lactones in which the a-methylene y-lactone 
function is oxidized to an 11,13-diol. Two such compounds 
are the pseudoguaianolides florigrandin and hymenoflorin 
from Hymenoxys grand if lor^.^ The relative and absolute 
stereochemistry shown in formulas 1 and 2 for C-1, C-2 (for 
florigrandin), C-5, C-7, C-8, and C-10 has been established? 
but attempts to use various chiroptical methods for solving 
the C-11 stereochemistry failed3s4 and the configuration 
of the 2-methylbutyrate ester side chain of florigrandin 
remained unknown. 

To settle these matters and to continue our study of the 
conformations of different types of sesquiterpene lactones, 
we undertook an X-ray analysis of florigrandin. Crystal 
data for florigrandin are listed in the Experimental Section. 
Figure l a  is a stereoscopic drawing of the molecule which 
shows that the C-11 hydroxyl group is 0 and that the 
earlier3 stereochemical assignments for the other asym- 
metric centers were correct. Since 0 elimination of the 
five-carbon ester side chain results in conversion of flo- 
rigrandin to hymenoflorin, the stereochemistry of the latter 
compound is thereby established as well. Figure l a  also 
represents the absolute configuration because of the neg- 

(1) Work at the Florida State University waa supported in part by a 
grant from the U.S. Public Health Service (CA-13121) through the Na- 
tional Cancer Institute. 

(2) Herz, W.; Blount, J. F. J. Org. Chem. 1982,47, 1594. 
(3) Hen, W.; Aota, K.; Hall, A. L.; Srinivasan, A. J. Org. Chem. 1974, 

39, 2013. 
(4) However, the chemical shift of H-7 in hymenoflorin (2.74 ~ p m ) , ~  

which indicates little or no deshielding by the C-11 hydroxyl, suggests 
that the latter is @ orientated. 
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ative Cotton effect due to the cyclopentenone chromophore 
of 2. Hence the confguration of the 2-methylbutyrate ester 
side chain is R. 

Tables I-IV listing final atomic and final anisotropic 
thermal parameters, bond lengths, and bond angles are 
available as supplementary material. Table V lists selected 
torsion angles. As is apparent from these and from Figure 
l a  and the framework model lb,  the cycloheptane ring 
closely approximates a twist boat, whose C2 axis passes 
through C-10 and the midpoint of the C-6,C-7 bond. E2, 
the deviation of the ring from C2 symmetry? is only 1 1 O .  

The two five-membered rings are attached to the cyclo- 
heptane ring in the C-5(e), C-l(e), and the C-7(e), C-8(e) 
positions, respectively. The cyclopentanone and the lac- 
tone rings are very slightly distorted envelopes with C-5 
and C-7 as the respective flaps. 

The conformation of the cycloheptane ring of flori- 
grandin is very similar to the conformations found in the 
C-8 cis-ladonized pseudoguaianolides paucin monohydrate 
(3): hymenograndin (4); hymenolane (5): and rudmollin 
(6)g but different from the conformation found in bro- 
mohelenalin (7), which approximates a twist chair.1° 
Apparently the presence or absence of unsaturation in the 
cyclopentane ring is of some importance, whereas satura- 
tion of the a-methylene y-lactone ring exercises little in- 
fluence on the conformation of the seven-membered ring. 
For reasons that are not immediately apparent, the cy- 
clopentanone ring of paucin monohydrate (3), which in all 
other respects very closely resembles florigrandin, is a 
half-chair rather than an envelope.6 It is also noteworthy 

(5) McPhail, A. T.; Sim, G. A. Tetrahedron 1973, 29, 1751. 
(6) Cox, P. J.; Sim, G. A. J. Chem. SOC., Perkin Trans. 2 1977, 259. 
(7) Hen, W.; Govindan, S., Biemer, M. W.; Blount, J. F. J. Org. Chem. 

(8) Pettersen, R. C.; Kim, H. L. J. Chem. Soc., Perkin Trans. 2 1976, 

(9) Herz, W.; Kumar, N.; Blount, J. F. J. Org. Chem. 1981, 46, 1356. 
(10) Mazhar-ul-Haque; Caughlin, C. N. J. Chem. SOC. B 1969, 956. 

1980,45, 493. 
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